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RESIDUES IN FISH, WILDLIFE,
AND ESTUARIES

Chlorinated Hydrocarbon Pesticides

in California Bays and Estuaries

John C. Modin

'

ABSTRACT

As part of a nationwide program to monitor organochlorine

pesticide residues in estuaries, the U. S. Bureau of Commer-

cial Fisheries in January 1966 contracted to the California

Department of Fish and Game the responsibility to monitor

selected estuaries in California for pesticides. Analyses of

oysters, mussels, and clams sampled at points of interest

within each estuary revealed DDT, DDD, DDE. dieldrin.

and endrin in concentrations from 10 to 3,600 ppb. Calcula-

tions are based on the laboratory wet weight of homogenized

tissue. In studies of offshore exposure, high levels of DDT,

DDD, and DDE were found in a king crab (2,739 ppb) and

in ova from a king salmon (668 ppb). Pesticides were also

measured in the ova of prawn, flounder, halibut, and sole;

of these, halibut ova were the most highly contaminated,

with DDE, DDD, and DDT measuring 591 ppb.

Introduction

As part of a nationwide program to determine the sea-

sonal and geographical variation of organochlorine resi-

dues in estuaries (i), the U. S. Bureau of Commercial

Fisheries in January 1966 contracted to the California

Department of Fish and Game the responsibility to

monitor selected California estuaries for pesticides. A
monthly sampling program began in January 1966 and

continued through 1967 in nine California estuaries

located from Humboldt Bay in northern California to

Hedionda Lagoon in southern California (Fig. I). In

1968, emphasis was placed on monitoring estuaries with

comparatively high pesticide pollution.

1 California Department of Fish and Game, Marine Resources Opera-
lions, Menlo Park. Calif. 94025.
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FIGURE 1.—Pesticides monitoring stations

Methods and Materials

Shellfish rapidly concentrate minute amounts of pesti-

cides present in estuarine waters. In laboratory studies

pesticides were found to accumulate in oysters at levels

as much as 70,000 times those present in surrounding

waters (2). It should be pointed out that shellfish purge

themselves rapidly of pesticide residues and therefore

represent only recent pollution levels. Butler (5) reports

three seasonal peaks in residues in shellfish at the mouth

of the Arroyo Colorado on the southern coast of Texas
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where much of the rich farm land is harvested three

times a year. The filter-feeding characteristic of sed-

entary shellfish insures a continuous uptake of pesticide

residues in the area of observation. Because of this

special trait the giant Pacific oyster, Crassostrea gigas.

the Asiatic clam, Corhicula fluminea, and the bay mussel,

Myliliis edidis. were selected for sampling. Analyses of

routine samples were conducted at the Bureau of Com-
mercial Fisheries Laboratory, Gulf Breeze, Fla., and

duplicate analyses of all samples were made by the

California Department of Fish and Game Laboratory,

Menlo Park. Similar results have been obtained at each

laboratory; for example, analysis of shellfish samples by

the Bureau of Commercial Fisheries in May, June, July,

and August of 1968 showed 28, 66, 60, and 25 ppb

DDT, respectively. Duplicate analyses of these samples

by the California Department of Fish and Game revealed

28, 81, 58, and 23 ppb DDT, respectively. Data pre-

sented in Tables 1 thru 4 are the results of the Bureau

of Commercial Fisheries Laboratory, Tables 5 and 6

present data from the California Department of Fish

and Game.

TABLE 1.

—

Chlorinated pesticides in the giant Pacific oyster, Crassostrea gigas

Year



TABLE 3.

—
Chlorinated pesticides in the Bay mussel, Mytilus edulis

Year



TABLE 5.—Chlorinated peslkidcs in ihc Dungcness Crab. Cancer magister. in the San Francisco Rcf;ion

S*MPi INC Site

Pesticide Residues in PPB (mo/ko)

DDE DDD DDT

OCTOBER 1967

Point Bonita



Samples were refrigerated at 35 to 40 F and were

desiccated within 48 hours after collection. Oysters,

mussels, and clams were shucked into a clean blender

jar and homogenized for approximately I minute. Thirty

grams of homogenized tissue were mixed with 90%
sodium sulfate (anhydrous powder) and 10% Quso, a

fine precipitated silica, to equal exactly 90 g (4). Crab

and fish samples were prepared similarly with the ex-

ception that twice the amount of desiccant mix described

above was added. The sediment samples were prepared

as prescribed for oysters, clams, and mussels. The sample

and desiccant were mixed thoroughly and placed in a

freezer for approximately 1 hour. The sample was then

removed from the freezer, capped with a cutting as-

sembly, and blended until a free flowing mixture was

obtained. A duplicate sample of this material was folded

in aluminum foil and sealed in a self-sealing plastic hag,

removing as much air as possible during the sealing

operation. This unfrozen desiccated sample was then

packed in a cardboard container and mailed to the

Bureau of Commercial Fisheries Laboratory for analysis.

All samples were routinely screened for lindane;

heptachlor: aldrin: heptachlor epoxide; the o.p' and p.p'

isomers of DDT, DDD, and DDE; dieldrin; endrin; and

methoxychlor. Each sample was weighed in an extraction

thimble, placed in a Soxhiet extraction assembly and re-

fluxed with 250 ml of petroleum ether for at least 4

hours. The petroleum ether extract was evaporated to

approximately 10 ml and transferred to a separatory

funnel for partitioning with two 50-ml aliquots of

acetonitrile saturated with petroleum ether. The two

acetonitrile partitions were drained into a crystal dish,

evaporated to dryness, and transferred to a Florisil clu-

tion column. The Florisil was stored at 135 C prior to

use. DDT and its metabolites DDD and DDE. lindane,

heptachlor, aldrin, heptachlor epoxide, and methoxy-

chlor were eluted from the Florisil column with 200 ml

of 6% ethyl ether in petroleum ether; endrin and

dieldrin were eluted with 200 ml of 15% ethyl ether in

petroleum ether. Further cleanup of the 15% extract

on an MgO-Celite column was required. This extract

was evaporated to approximately 10 ml and transferred

to a 25-ml graduated cylinder for analysis.

Analyses by the California Department of Fish and

Game were determined on an F and M model 402 gas

chromatograph equipped with a tritium-foil electron

capture detector cell. A dual-column system was em-

ployed to identify and confirm suspected pesticides. A
1:1 ratio of 3% DC-200 and 5% QF-1 on 80/100 mesh

Gas Chrom Q in a 5-foot 3 mm column was used to

separate the o.p' and p.p' isomers of DDT, DDD, and

DDE. A 3-foot column of 3% DC-200 on 80/100 mesh

Gas Chrom Q was used for confirmation. Ancillary con-

firmation techniques were not employed. Operating

parameters were as follows;

Temperature: Detector 210 C
Flash heater 280 C
Column oven 175 C

Carrier Gas: 95% argon, 5%. methane operated

at 40 psi and a flow rate of 70 ml/

min. A purge gas was not used.

Instrument Settings; Pulse interval 150 micro sec-

onds

Range 10

Attenuator 16

Recoveries of the o.p' and p,p' isomers of DDT,
DDD, and DDE ranged between 82% and 111%. A
sample of homogenized Pacific oyster tissue free of

measurable levels of pesticides was spiked with a stand-

ard solution of o.p' and p.p' DDT, DDD, and DDE. An-

alysis of the spiked sample recovered 89% p,^'-DDE,

102% o,p'-DDE, 102% p.p'-DDD, 111% o,p'-DDD.

92% /).p'-DDT, and 82% o./)'-DDT. No corrections for

recoveries were made.

Although all samples were screened for 10 organo-

chlorine pesticides, only DDT, DDD, and DDE were

routinely found. Toxaphene was found in two samples

and endrin in only one. Quantitative measurements were

recorded as low as 10 ppb and were based on the lab-

oratory wet weight of a single sample of 1 2 homogenized

shellfish. Pesticides identified at lower concentrations

are indicated as less than 10 ppb. Polychlorinated bi-

phenyls reported by Risebrough el al. (7), were not

found in samples submitted to the Bureau of Commercial

Fisheries for analysis. Polychlorinated biphenyls were

not considered in the data presented in Tables 5 and 6.

iRe.<iult.s and Discussion

Data collected during the study period show signifi-

cantly higher pesticide pollution in estuaries receiving

runoff from large agricultural and urban areas than in

estuaries which are isolated from agricultural and urban

drainage. Humboldt Bay, Morro Bay, and Drakes Estero

are geographically isolated from extensive agricultural

lands. Pesticides in shellfish from these areas seldom

exceeded 100 ppb (Table I). Shellfish in small estuaries

receiving irrigation return waters from regions with

extensive agricultural operations were found with much

higher pesticide levels. Pesticide levels in Elkhorn and

Anaheim .Sloughs, Mugu, and Hedionda Lagoons re-

flected the increased exposure to pesticide pollution from

nearby agricultural and urban areas; for example, in

November 1967, a mussel sample taken in Hedionda

Lagoon contained approximately 11,000 ppb toxaphene.

DDT and its metabolites DDD and DDE in shellfish
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from these areas frequently exceeded 100 pph (Tables

2 and 3).

Expected high levels of pesticides were not found in

San Francisco Bay. the terminating point for the Sacra-

mento and San Joaquin Rivers which drain over 6

million acres of agricultural land in the Sacramento and

San Joaquin Valleys. The dilution of highly polluted

irrigation water by a voluminous tidal exchange prob-

ably retards the accumulations of pesticides in San

Francisco Bay shellfish. The greatest accumulation in

oysters which occurred in January and August 1967

measured only 130 ppb DDD (Table 4). Additional

sampling at the Petaluma and Napa Rivers and Alviso

and Guadalupe Sloughs within San Francisco Bay failed

to indicate pollution levels comparable with the smaller

estuaries influenced by agriculture. Significantly higher

pesticide levels were found in shellfish from waters of

the Sacramento-San Joaquin River Delta entering San

Francisco Bay. In November 1967. a sample of the

Asiatic clam from West Island, located in the delta

region, contained 1,100 ppb DDT. nearly 10 times the

highest level found in San Francisco Bay (Table 4).

PESTICIDE ACCUMULATION IN THE DUNGENESS
CRAB, CANCER ^fAC,ISTER

Commercial fishermen speculate that pesticide pollu-

tion may be a factor contribLiting to the decline of the

commercial crab fishery in the San Francisco area where

average annual landings dropped from 5.4 million

pounds between 1953 and 1960 to 895.000 lb between

1963 and 1968. A similar decline did not occur in the

Fort Bragg area. 150 miles north of San Francisco.

where extensive pesticide pollution does not exist. An-

nual landings at Fort Bragg averaged 328,000 lb between

1953 and 1960. Fort Bragg landings increased between

1963 and 1968 averaging 504,000 lb annually.

A preliminary study was initiated in October 1967 to

measure pesticide accumulation in adult crabs and in

the ova of gravid females. Pesticides in ova and stripped

females decreased sharplv in samples collected at in-

creasing distances from the entrance to Sun Francisco

Bay (Table 5). Ova collected at Point Bonita near the

bay entrance contained 430 ppb DDE. At Double Point,

17 miles north of Point Bonita, ova contained 210 ppb

DDE; and at Bodega Bay, 43 miles north of Point

Bonita, ova contained only 54 ppb DDE. Lowe (6)

found that juvenile blue crabs, CaJlinectes sapidus. could

survive in flowing sea water containing 0.25 ppb DDT
but perished in a few days in water containing DDT in

excess of 0.5 ppb DDT. Laboratory studies will be

neces,sary to determine if the inuch higher levels of less

toxic DDE found in ova of the Dungeness crab in the

San Francisco area are of sufficient magnitude to lower

survival of larvae.

PESTICIDES IN OCEAN MUD, FISH, AND SHELLFISH

Bottom sediments were taken at a depth of 200 feet off

Ano Nuevo Island and Bodega Bay to obtain pesticide

data in two areas being considered for receiving waters

from a proposed central California agricultural drain.

Two samples comprising 50O to 75 '~f ophiuroids and

miscellaneous marine invertebrates were found with 12

and 19 ppb DDE. Pesticides were not found in the

sediment samples with a small proportion of animal

material. Pesticides with a retention time less than the

o.p' isomer of DDE could not be measured. Highly

electronegative, unidentified compounds present in these

sediments obscured the identification of rapidly eluting

pesticides. Since it is unlikely that pesticides other than

members of the DDT family would be found in the

study area, no effort was made to remove or identify the

interference.

Ova from a king salmon, Oncorhynclnis tshawytscha,

taken in the American River in January 1968, contained

668 ppb DDT, DDD, and DDE (Table 6). These resi-

dues probably were deposited in the ova prior to the

salmon's spawning migration up the American River.

Burdick and co-workers (/), investigating hatchery

losses of lake trout fry in a New York State fish hatchery,

found mortalities beginning in fry containing 2.900

ppb DDT. A slight increase in environmental pollution

could increase the pesticide burden in king salmon ova

to levels that might result in the loss of fry.

Unusually high pesticide levels were found in a

California king crab, Paraliihodes californiesis, taken

in the Santa Barbara channel nearly 5 miles off the

southern California coast. This specimen had accumu-

lated in its body tissue 2,430 ppb DDE, 98 ppb DDD,
and 21 1 ppb DDT (Table 6). During 2 years of inshore

estuarine monitoring, shellfish were seldom found with

pesticide residues in excess of 1,000 ppb. It is suspected

that an incidental exposure to an unknown but imusually

high level of pollution resulted in the pesticide levels

observed in the king crab.

Pesticides also were measured in the ova of the spot

prawn. Pandahis plalyceros: starry flounder, Platichlhys

stellatus: California halibut, Paralichlhys californiciis;

and the sand sole, Psclliclilhys mehmosiiclus. DDT was

found in six of the nine samples collected; and DDE
and DDD were found in all samples. Halibut ova were

the most highly contaminated, with DDE, DDD, and

DDT measuring 407, 108, and 76 ppb, respectively

(Table 6).

Plans are being made to investigate how current

pesticide pollution in California estuaries affects im-

portant sport and commercial species. This information

is essential to insure the protection of fisheries and wild-
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life resources from the chronic, sublethal pesticide levels

prevailing in the marine environment.

Siiinmary

This study is part of a nationwide surveillance pro-

gram conducted by the Bureau of Commercial Fisheries

to determine the extent of pesticide pollution in estuaries.

Shellfish are used as sampling organisms because of

their ability to concentrate extremely low pesticide levels

commonly present in the marine environment. The filter

feeding characteristic of sedentary shellfish insures a

continuous uptake of pesticides in the areas of observa-

tion. All samples were routinely screened for lindane;

heptachlor; aldrin: heptachlor epoxide: the o.p' and

p.p' isomers of DDT, DDD, and DDE; dieldrin; endrin;

and methoxychlor. DDT. DDD. DDE. and dieldrin were

routinely identified in California estuaries. The volumin-

ous dilution of pesticides and the time lapse from pesti-

cide application prevent identification of other pesticides

in estuarine shellfish.

Pesticide residues in estuaries geographically isolated

from agricultural areas .seldom exceeded 100 ppb. Pesti-

cide residues frequently exceeded this level in agricul-

tural regions and were found as high as 11.000 ppb in

shellfish from polluted areas.

Studies revealed 430 ppb DDE in the ova of Dunge-

ness crab taken in the San Francisco area. This level

decreased to 54 ppb in samples collected 43 miles north

of San Francisco.
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PESTICIDES IN WATER

Pesticide Residues in Sediments of the

Lower Mississippi River and its Tributaries
^

W. F. Barthel% J. C. Hawtho^ne^ J. H. Ford^

G. C. Bolton', L. L. McDowell*, E. H. Grissinger*, and D. A. Parsons'

ABSTRACT Introduction

Sliiiliex of the chlorinaled liydrocarbon content of sedi-

ments and water from the lower Mississippi River and its

Irihiilaries were condiicled in 1964, 1966, and 1967 to de-

termine the extent and possible sources of agriciitliiral pesti-

cides in the streams of the Delia.

The Mississippi River bed was sampled at II sites located

between Tiplonvitle. Tenn., and New Orleans, La. Tribu-

taries of the Mississippi in the Delta were sampled in Ten-

nessee. Mississippi, Louisiaiw, and A rkansas.

Pesticides residues were detected from both agricultural

and nonagricultural sources: however, no evidence was

found of a general buildup of chlorinated hydrocarbons in

tlie sediments of these streams from farm use. Dieldrin,

<d<hin. endrin. en<hin kelo. isodrin. chlordane, heptachlor,

hexachloronorbornadiene, and licplachloronorbornene were

found in sediment ami water samples collected from Cypress

Creek and Wolf River at Memphis, Tenn., near a primary

manufacturer of endrin and lieplachtor. Lower concentra-

tions of several of these compounds were detected in sedi-

ments collected from tributary streams in Mississippi near

formulating plants that prepare the technical pesticides for

agricultural use. DDT analogs and metabolites were found
in some of the tributary streams where no known formula-
tors are located.

' Cooperative study: USDA ApricuUiiriil Research Service. IVIississippi

AMricnitiirul Experiment Station, and the University of Mississippi.
- F-ood and Drui: Administration. Puhlic Health Service. Department
of Health. Education, and Welfare. Atlanta. Ga. .10333. Formerly
with the Plant Pest Control Division. U. S. Department of Agricul-
ture. Gulfport. Miss. 39501.

' Plant Pest Control Division, U. S. Department of Agriculture. Gulf-
port. Miss. 39501.

' Sedimentation I aboratory, Soil and Water Conservation Research
Division. U. S. Department of Agriculture. Oxford. Miss. 38655.

8

A stutJy of the chlorinated hydrocarbon insecticide

contamination of streambed materials in the lower Mis-

sissippi River and its tributaries was conducted in June

and July 1964. This study was part of a planned program

to investigate the fate of pesticides in our environment.

The area of sampling was principally within the Missis-

sippi RiverDelta (Fig. 1) a productive agricultural area

where relatively large quantities of pesticides are used.

Results of this investigation indicated two distinct

sources of contamination (/). One was in the region of

manufacturing operations in the Wolf River-Cypress

Creek complex in Memphis, Tenn. The second was

associated with several pesticide formulating plants,

located on other tributaries, that prepare the pesticide

materials for agricultural use. Perhaps the most signi-

ficant finding of the 1964 study was that the large

quantities of pesticides previously applied to crops in the

Mississippi River Delta had not caused measurable

widespread contamination of the streambed materials.

A second study of the pesticide contamination of

streambed materials in the Mississippi River Delta was

conducted in June and July 1966 and was essentially a

repeat of the 1964 study. A supplemental study of con-

tamination of the Wolf River-Cypress Creek complex in

Memphis. Tenn.. was conducted in April 1967. The

results of the 1964. 1966. and 1967 studies arc included

in this report. The 1964 data have been published pre-

viously (/) but are included for comparison with the

1966 and 1967 data.

Pesticides Monitoring Journal



FIGURE 1.

—

Streambed sampling locations on the
Mississippi River and its tributaries

Sampling Sites and Methods

The general sampling pattern was the same in 1964,

1966, and 1967. Separate sets of samples were taken up-

stream and downstream from possible sources of pesti-

cide pollution. Specific industrial and municipal areas

were bracketed to separate possible contributions of

these sources from those of agriculture. Although

Vol. 3, No. 1, June 1969

sparsely distributed over many miles of stream channels

(Fig. 1), the pattern of sampling at each of the selected

sampling sites was designed to present a representative

portrayal of conditions at each site.

The Mississippi River was sampled at 1 1 sites between

Tiptonville, Tenn., and New Orleans. La. In Table 1,

both the 1964 and 1966 sampling sites are designated

by river miles upstream from the Head of Passes on the

Gulf of Mexico. River miles were obtained from the

1962 Flood Control and Navigation Maps of the Missis-

sippi River (2).

Bed material of a meandering stream usually differs

in characteristics from one side of the stream to the

other and from one cross section to another along its

length; therefore, 12 samples were collected at each

Mississippi River site. Samples were taken at three cross

sections (U—upstream, M—middle, and D—down-

stream) which were usually one or more stream widths

apart. At each of the three cross sections, samples were

taken at two water depths (2 feet and 7 feet below mean
low water elevation) and on both sides of the river

(L—left bank and R—right bank). Deviations in this

procedure are shown in Table 1 . A total of 1 27 samples

were collected in 1964 and 132 samples in 1966.

The equipment shown in Fig. 2 was used, generally,

from a boat to obtain bed material samples. The

weighted sampler was dragged along the bottom until it

was partly filled. Six or seven grab samples were mixed

to obtain approximately 1 ',4 gallons of bed material for

each sample.

The Corps of Engineers from the Memphis, Vicks-

burg. and New Orleans Districts assisted in collecting

the samples from the Mississippi River in 1964. The

U. S. Coast Guard assisted in taking the samples from

the Mississippi River at Memphis in 1966.

Several tributaries were sampled in Tennessee, Louisi-

ana, Mississippi, and Arkansas (Table 2). A total of

119 samples were collected in 1964, and 146 samples

were collected in the 1966 sampling. Usually three cross

sections were sampled at each site and a composited

IV2 -gallon sample obtained from the low water perim-

eter at each cross section. A distance of several stream

widths usually separated the sampling sections. Devia-

tions in procedure between the 1964 and 1966 sampling

are noted in Table 2. Sampling sites on the tributaries

are indicated on the accompanying maps (see Map
Section).



TABLE 1.

—
Sampliiif; silex on the lower Mississippi River—

1964 ami 1966

Sample
No.

Year
River
Mile

Tiptonville, Tenn.

Redman Bar. Tenn.

Memphis, Tenn.

West Memphis, Ark.

Field

Designation ^

OX- 1



TABLE 1.

—
Sampling sites on the lower Mississippi River-

1964 and 1966—Continued

FIGURE 2.

—
Bed material sampler

Year
River
Mile

Field

Designation '



TABLE 2.—Sampling sites on iribuuiiies of ihc Lower Mississippi River—1964 and 1966

Sample
No.

Year

Field

Site

Designation '

Field Location

TENNESSEE

Wolf River. Memphis



TABLE 2.—Sampling sties on liibutaries of the Lower Mississippi River—/964 and 1966—Continued

Sample
No.

Year
Field
Site

Designation '

Field Location

LOUISIANA—Continued

Little River near Jonesville, Catahoula Parish



TABLE 2.—Sampling sites on tribuiaries of lite Lower Mississippi River—1964 and 1966—Continued

Sample
No.

Yeah
Field
Site

Designation '

Field Location

MISSISSIPPI—Continued

1 1

Bear Creeti near Canton. Madi^nn County (Continued)



TABLE l.Sampliug sites on tributaries of the Lower Mississippi Rivcr~1964 a„d 7966—Continued

Sample
No. Year

Field

Site

Designation >

Field Location

MISSISSlPPI—Continued

Sunflower River near Indianola, Sunflower County
219

220

221

219

220

221

222

223

224

1964

1964

1964

1966

1966

1966

1964 and 1966

1964 and 1966

1964 and 1966

Ditch 24 near Indianola. Sunflower County

1966317

225 1964 and 1966

Tallahatchie River near Greenwood. Leflore County
226

227

228

1964 and 1966

1964 and 1966

1964 and 1966

Yalobusha River near Greenwood, Leflore County
229

230

231

1964 and 1966

1964 and 1966

1964 and 1966

Yazoo River near Greenwood. Leflore County
232

233

234

1964 and 1966

1964 and 1966

1964 and 1966

Yazoo River near Satartia, Yazoo County
235

236

237

238

239

240

1964 and 1966

1964 and 1966

1964 and 1966

1964 and 1966

1964 and 1966

1964 and 1966

U
M
D

U
M
D

U
M
D

U

D

U
M
D

U
M
D

U
M
D

u



TABLE 2.

—

Scwipling sites on liihiitarics of the Lower Mississippi River— 1964 and I966> Continued

Sample
No.

Yeak
Field
Site

Designation '

Field Location

MISSISSIPPI—Continued

BoRlte River near Grenada, Grenada County



TABLE 3.

—

Sediment sampling sites on Wolf River and Cypress Creek, Mempliis, Tenn.— 1964, 1966, and 1967—Continued

Sample No.

1964 1966

Field
Site

Designation
Field Location

Cypress Creek

141



Analytical Methods

SEDIMENT: EXTRACTION AND FORTIFICATION

Samples were arranged in sets, each containing Ironi

24 to 36 samples, including 5 controls. .All samples con-

tained sediment, except the first 3 controls. Subsamples

of moist sediment were taken from each set, and a

300-g composite of moist sediment was weighed into a

half-gallon glass jar; 600 ml of a 3:1 mixture of hexane

and isopropanol and appro.ximately 250 g of anhydrous
Na^SO, were added. The jar was closed with a screw lid

backed with aluminum foil and rotated concentrically

for 4 hours. The contents \\ere then filtered through

Na^.SO, and Celite into a I -liter separatory funnel

equipped with a Teflon stopcock and washed three times

with distilled water. The hexane remaining in the separa-

tory funnel was dried hy the addition of 10 to 20 g of

anhydrous Na.SO,, and 5 to 10 g of Celite, followed by
vigorous shaking. A 300-ml aliquot of the extract was
filtered into an amber glass sample bottle using a filter

tube containing a cotton plug. Na_,SO|, and Celite, in

that order. Sample bottles were sealed with foil-lined

crown caps backed with aluminum foil.

Each milliliter of the bottled extract contained the

chlorinated hydrocarbons derived from 0.67 g of moist

soil. The moisture content of the original sediment was
determined separately. Concentrations reported are

on a dry sediment weight basis. In most cases the extract

needed no further cleanup before screening by gas

chromatographic analysis. In fact, it is only by such

screening that need for further cleanup is ascertained.

When extracts could not be analyzed immediately, thcv

were stored at 3 C.

Five controls were processed and analyzed with each
group of samples. These controls were arranged as

follows:

Control 1 : Solvent. 300 ml: fortified hut not proc-

essed. This control was used as a standard for

measurement.

Control 2: Solvent. 300 nil: iu>l fonifu-d. hid proc-

essed. This control checked for contamination at

any stage in processing.

Control 3: Solvent. 300 ml: fortified, processed.
This control checked on processing loss.

Control 4: Composite of sediment samples, proc-
essed (IS a sample. This control showed the average
concentration of pesticides in the group and pro-
vided a base on which to calculate recovery data
with Control 5.

Control 5: Coniposile of sediment, /ortificd and
processed. This control, together with Control 4.
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provided data for calculation of recovery of pesti-

cides in the group of samples.

Routinely, control samples I. 3, and 5 were fortified

just before the extraction stage with 9 ml of a composite

standard hexane solution containing nine of the most

commonly found insecticides. The concentration of in-

secticides in this standard were as follows:

Lindane

Heptachlor

Heptachlor epoxide

Dieldrin

P.p'-DDE

P.p'-DDT

o.p'-DDT

Endrin

p.p'-TUE

10 fig/ml

20 /xg/ml

50 /ig/ml

.Selection of the standard mixture depended on the

previous history of the area from which the samples

were taken. All pesticides likely to he encountered in

the sample were included in the composite standard.

Standard solutions used for fortification were checked

periodically for degradation of pesticides.

WATER: EXTRACTION AND FORTIFICATION

Water samples, including five control samples, were

arranged in a set for extraction of the chlorinated

hydrocarbon pesticides. A single batch of redistilled

solvent (pentane-ether 3:1) was used in the extraction

of each set. Routinely. 1 liter of solvent was added to

11.3 kg (4 gallons) of the water sample contained in

the original 5-gallon sample carboy. The carboy was

rotated on a ball mill for 20 minutes at 30 rpm. Sub-

sequently, a 750-ml aliquot of the solvent extract was

concentrated to 50 ml, using a Snyder column, and

transferred to a sample bottle for gas chromatographic

analysis.

Five controls were processed and analyzed with each

group of unknown water samples. These controls were

arranged as follows:

Control 1: Solvent. 1000 ml: fortified, hut not

processed. Exactly I ml of a composite pesticide

standard was added to 100 ml of solvent contained

in a 2-liter Erlenmeyer flask. After mixing, a

750-ml aliquot was concentrated to 50 ml as in the

unknown sample extraction procedure. The gas

chromatographic peaks were calibrated on the basis

of the dilTcrcni pesticides contained in the Control

1 concentrate.

Control 2: Solvent. WOO ml: not fortified, hut

processed. The solvent was added to a clean, emptv
5-gallon carboy. The carboy was rotated on a ball

Pesticides Monitoring Journal



mill for 20 minutes at 30 rpm. A 750-ml aliquot

of the solvent was concentrated to 50 ml and

transferred to a labeled sample bottle. This control

sample served as an analytical blank. Any pesticides

analyzed in this extract represented contamination

by glassware and handling.

Conlrol 3: Solvent. WOO ml: fortified, processed.

This control was prepared in the same manner as

Control 2, except that 1 ml of the composite pesti-

cide standard was added to the solvent at the be-

ginning of the procedure. The pesticide concentra-

tions analyzed in this extract, compared with

traces present in Control 2, provided recovery

data in the absence of water.

Conlrol 4: Solvent. 1000 ml: not fortified, but

processed. This control was prepared in the same

manner as Control 2, except that II. 3 kg of distilled

water plus 100 ml of redistilled acetone, were added

to the carboy prior to the addition of the solvent.

Control 5: Solvent. 1000 ml: fortified, processed.

This control was prepared in the same manner as

Control 4 except that 1 ml of the composite pesti-

cide standard contained in 100 ml of redistilled

acetone, was added to the water prior to the addi-

tion of the solvent. The pesticide concentrations

determined in this extract permitted calculation of

recovery data obtained in the presence of water,

when compared to (a) the known quantities added

in the fortifying standard, and (b) the traces of

contaminants recovered in Control 4.

The recovery data obtained from the analyses of the

control samples were used in computing the concentra-

tion-, of pesticides. Concentrations are reported on a

total weight basis.

GAS CHROMATOGRAPHIC ANALYSES

Analyses were perfomed on standard gas chromato-

graphs using electron affinity detectors and glass columns

with column injection. Each sample was analyzed using

two separate columns: 3'7f DC-200 on Gas Chrom

and 9% QF-l on Diatoport S. Column temperature for

3% DC-200 was maintained at 180 C to insure separa-

tion of endrin, dieldrin. and p.p'-DDE. The 9''r QF-I

column was maintained at about 166 C to insure separa-

tion of p.p'-TDE. endrin, and /'./''-DDT. Sulfur inter-

ference was eliminated by using a column of 5'^r XE-60

on Chromosorb W at 1 80 C. Because of partly fused

peaks, even under these ideal conditions, all calculations

were based on peak heights rather than on peak area.

Confirmation of specific residues was made by thin

layer chromatography, p values, and by conversion to

other products.
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Results and Discussion

Pesticide concentrations of bed material samples col-

lected in 1964 and 1966 from the lower Mississippi

River and its tributaries are given in Tables 5 and

6, respectively. In Table 5, only those Mississippi River

samples contaminated with pesticides are listed. Table 6

lists all samples from each tributary site where pesticide

residues were detected. Pesticide concentrations of sedi-

ment and water samples collected in 1967 from Wolf

River and Cypress Creek are given in Tables 7 and 8.

The pesticide analyses of the sediment and water

samples indicate two major areas of pesticide contami-

nation—one in association with manufacturing opera-

tions in the Memphis Wolf River-Cypress Creek com-

plex and the other in association with a group of

pesticide formulating plants located on other tributaries

in Mississippi.

MEMPHIS WOLF RIVER-CYPRESS CREEK COMPLEX
Several chlorinated hydrocarbons including dieldrin,

aldrin, endrin, endrin keto, isodrin, chlordane. hep-

tachlor, hexachloronorbornadiene (X). heptachloronor-

bornene (Y). and Z, were found in sediment and water

samples collected in 1966 and 1967 from Cypress Creek

and Wolf River, near the manufacturing operations in

Memphis, Tenn. High concentrations of several of these

compounds were detected in bottom s?diments, spoils,

and flood plain deposits (see Tables 6 and 7) from

Cypress Creek, downstream from a primary manufac-

turer of endrin and heptachlor. In general these results

are in agreement with the 1964 data.

Isodrin. X, and Y are intermediates in the manufac-

ture of endrin (Fig. 3). Compound Z is believed to be

the reaction product of hexachlorocyclopentadiene with

X. but this has not been confirmed. Aldrin. the endo-exo

isomer of isodrin, and dieldrin. the endo-exo isomer of

endrin, may be minor by-products in the manufacture

of heptachlor.

Since the bulk of the intermediate compounds (iso-

drin, X, Y. and Z) is removed during the manufacturing

process, they are essentially absent from technical endrin

sold to formulating plants for insecticide purposes. No

contamination was found in 1966 in the Mississippi

River sediments upstream from the confluence with

Wolf River. Thus the onlv chlorinated hydrocarbons

found in the Mississippi River sediments were those ap-

parently coming from Wolf River and Cypress Creek

(isodrin, X, Y, and chlordane). Traces of X were found

in sediments at Baton Rouge, La., about 500 river miles

downstream from the source at Memphis.

Manufacturing wastes were detected in the Wolf

River sediment samples in 1966 and 1967 upstream

from the confluence with Cypress Creek. These residues
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may have originated from throe sourees: (a) Cypress

Creek — transported upstream h\ backwater from the

Mississippi River, (h) industrial waste sewers — direct

discharge of nianufacluring wastes into the Wolf River

or into the Mississippi River with subsequent transport

upstream during high stages of the Mississippi River, and

(c) seepage from wastes buried in recent years at the

HollywcKxl dump (see Map Section).

The immediate source of pesticide residues in Mc-
Kellar Lake and Tennessee Chute is unknown. Con-

tamination may ha\e ciime from C\press Creek and

Wolf River hy way of backwater flow from the Missis-

sippi River. More plausibly, it may have come from

industrial dumps along Nonconnah Creek which drains

into McKellar Lake.

In 1967 recent deposition of a dark deposit, 'i to 3

inches in depth, on the upper banks of Wolf River from

Summer Avenue (well upstream from the industrial

area) to the confluence with the Mississippi River was

observed and sampled. This deoosition was undoubtedly

due to the slowing up of floodwaters in the Wolf River

hy high stages in the Mississippi. Upstream at Summer
,A\enue this recently deposited layer looked like ordinary

mud of the region. Downstream from Hollvwood Street

the deposits became increasingly dark colored (Fig. 4

and 5). The dark colored layer was contaminated with

pesticide residues at three of the sampling locations

along the River: Hollywood St.. Watkins St.. and North
Bellevue Crossings (see "Bank deposits." Table 7).

The dark colored deposits appeared to be a mixture

of se\eral industrial organic wastes, largeh' nonpcsticidal.

Such nonpcsticidal organic compounds could plav a

major role in the transport of the chlorinated hydro-

carbon pesticides.

The extent and magnitude of the chlorinated h\dro-

carbon deposits associated with the manufacturing op-

erations in the Memphis area is difficult to assess quanti-

tatively. The difficulty rests largely with the procure-

ment of samples that are representative of the deposits

in the area. Several factors contribute to this sampling

problem: (a) the variability in the nature of the de-

posits, (b) continuous dredging operations, and (c)

unknown locations of industrial sewage outfalls. The
results of the 1964. 1966, and 1967 surveys indicate the

presence of a variety of chlorinated hydrocarbon resi-

dues, some in locally high concentrations, in the Mem-
phis area. Clearly, it is impossible to predict the long

term effects of this potential source of industrial pollu-

tion on water quality in the immediate area and in the

downstream sections of the Mississippi River.

When the Mississippi River is at low stage, it is plau-

sible that intense flood flows in Cypress Creek or in the

Wolf River due to local rain storms would flush con-

laminated sediments from the bed and banks into the
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Mississippi Ri\'er. The susceptibilit) of the contaminated

sediments along C\press Creek to erosion and transport

decreased during the 1964-1967 sampling period, be-

cause the concrete lining in the channel was extended

and uncontaminated fill was spread over the highly con-

taminated areas.

rKlBLJTARIE.S IN MISSISSIPPI, LOUISIANA, AND
ARK^ANSAS

A total of 125 sediment samples were collected from

tributary streams in Mississippi, Louisiana, and Ar-

kansas in 1966. About 5Q7c of these samples were con-

taminated with chlorinated h\drocarbons. DDT analogs

and metabolites were detected in all of the contaminated

samples and were the only contaminants in about 25%
of the 125 tributary samples.

It is difficult in some locations to separate the indus-

trial, municipal, and agricultural sources of pesticide

pollution: nevertheless, certain significant findings with

regard to sources of pesticide residues are evident:

1. IndListrial pollution is indicated by the variety of

chlorinated h\'drocarbon residues detected in close

proximity to formulating plants in Mississippi.

2. With one exception. DDT analogs and metabolites

were the onh' residues originating from nonin-

dustrial sources, i.e.. municipal and agricultural.

Contamination apparently associated with pesticide

formulating plants was found at five locations on tribu-

tary streams in Mississippi: Horseshoe Bayou and Fish

Lake at Greenville. Jones Bayou at Cleveland, and the

Sunflower River at Clarksdale and Indianola (Tables 6

and 9). Pesticide residues included dieldrin. aldrin,

endrin. isodrin. X. Y. chlordane. and lindane in addi-

tion to the DDT analogs and metabolites. Residues of

isodrin were foimd in association with formulating

plants at Greenville. Clarksdale. and Indianola. A trace

of Y was found in sediments from Horseshoe Bayou,

and traces of X and Y were detected in sediments from

Ditch A at Cleveland. The presence of isodrin, X, and

Y in association with other pesticide compounds in the

sediments near formulating plants was unexpected, but

confirmed by reanalysis (Table 9). Small amounts of

these compoimds may be present in some technical

chlorinated h\drocarbons supplied by the primary manu-

facturers.

Pesticide residues were found in sediments both up-

stream and downstream from the formulating plants in

Mississippi. Reconnaissance of the areas since the 1964

sampling revealed that some of the formulators had

been dumping waste materials in cit\ sewers, cit\- dumps,

privately owned dump areas, and in channels and

sloughs upstream from the plant site. At some locations

the reversal of normal streamflow by backwater from

other tributaries may also account for the apparent
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transport and deposition of pesticide wastes upstream

from the plants.

Residues of DDT analogs and metabolites originating

from nonindustrial sources, i.e., urban spray programs
or from agricultural usage were found in the following

streams in Louisiana. Mississippi, and Arkansas:

Louisiana

Tensas River, near Clayton, Concordia Parish

Brushy Bayou, near Tallulah, Madison Parish

Mississippi

Bayou Pierre, near Port Gibson, Claiborne County
Deer Creek, near Rolling Fork, Sharkey County
Rolling Fork Creek, near Rolling Fork, Sharkey
County

Sunflower River, Sunflower County

Coldwater River, near Marks. Quitman County
Bear Creek, near Canton, Madison County

Arl<onsas

Crooked Bayou, near McGchee, Desha County
St. Francis River, Lee County

Traces of dieldrin were also detected in the sediments

from the St. Francis River in Arkansas (Table 9). DDT
analogs and metabolites were found in 1964 and 1966 in

sediments from the Coldwater River at Marks. Miss..

and Bear Creek at Canton, Miss. Because formulating

plants are located on both of these streams, it is im-

possible to determine whether the residues originated

from formulation wastes or from other sources.

The absence of contamination in samples from several

streams indicates that the large amounts of pesticides

previously applied to crops in the Delta have not created

widespread contamination of streambed materials. No
contamination was detected at the following locations:

Louisiana

Alma Plantation

Belmont Plantation

Brushy Lake

Little River

Ouachita River

Boeuf River

Raccourci (Old River)

Mississippi

Big Black River

Homochitto River

Tallahatchie River

Yalobusha River

Yazoo River

Bogue River

Arkansas

White River

The lack of contamination in the samples from the

Alma and Belmont Plantations and from Brushy Lake is

especially significant. Endrin had been used on the

sugar-cane fields on the Alma and Belmont Plantations

5 or 6 years before the 1964 sampling. Five or si.x appli-

cations of 12-16 lb per acre of 2'7r endrin had been

applied during the period 1959-1964. Aquatic life was

observed in the bayous and borrow pits at the time of

sampling ,in 1964, Data on insecticide applications be-

tween 1964 and 1966 were not obtained. Brushy Lake

received the drainage water from about 5000 acres of

cotton on which endrin had been applied for a number
of years.

The results of the 1966 analyses indicate contamina-

tion of the streambed materials to a greater extent and

magnitude than that observed in 1964. This is a reflec-

tion, in part, of improvements in analytical procedures

that enabled better identification and measurement of the

chlorinated hydrocarbon residues. In the 1964 analyses

the detection limit was 0.1 ppm. This was lowered to

0.05 ppm in the analyses of the 1966 samples. Near the

completion of the analyses of the 1966 samples, the

overall methodolgy and experience had developed signi-

ficantly enabling further lowering of the detection limit

to 0.01 ppm for certain residues in a multi-component

analysis.

Improvements in the analytical methods that de-

veloped during the analysis of the 1966 samples

prompted an additional study to (a) evaluate the

methods of sample storage and subsampling and (b)

reevaluate the original analyses of several of the 1966

samples. Twenty-four samples of sediment were selected

for reanalysis. These samples had been stored in tin-

lined steel containers at 25 C for about 9 months. The

samples were permitted to thaw, stirred to a uniform

consistency, and subsampled. The results of these an-

alyses are presented in Table 9.

In general, analyses of the new subsamples agreed

with the original analyses indicating that storage at

— 25 C prevented anv appreciable lo"iS of pesticide resi-

dues. Traces of aldrin. dieldrin, endrin, isodrin. Y. and

lindane were detected in several samples upon (a)

reevaluation of the gas chromatographic records from

the original analyses, (b) reanalysis of the original

hexane-isopropanol extracts, and (c) analyses of new
subsamples of the sediment. Original reports of toxa-

phene/strobane were in error because of sulfur inter-

ference in the colorimetric method employed. The

colorimetric method was replaced by gas chromatog-

raphy using a column of 5% XE-60 on Chromosorb

W to eliminate sulfur interference. Chlordane was de-

tected in some samples after eliminating the sulfur

interference.

Summary

Chlorinated hydrocarbon analyses were performed on

a total of 548 sediment samples collected in 1964, 1966,

and 1967 from the lower Mississippi River and several

of its tributaries. These analyses indicated two localized

areas of significant pesticide contamination—one in as-

sociation with manufacturing operations in the Wolf

River-Cypress Creek complex at Memphis, Tenn., and

the other in association with a group of pesticide formu-

lating plants in Mississippi.
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Except for the contamination from Wolf River and

Cypress Creek, there is no huiidup or increasing pesti-

cide contamination of the sediments in the lower Mis-

sissippi River. High concentrations of chlorinated hy-

drocarbon residues were detected in bottom sediments,

spoils, and flood-plain deposits from Cypress Creek,

downstream from a primary manufacturer of endrin

and heptachlor. These were residues of dieldrin, aldrin,

endrin. endrin keto. isodrin. chlordane. heptachlor, hex-

achloronorbcrnadicnc (X), and heptachloronorbornene

(Y). Traces of X, an intermediate compound in the

manufacture of endrin, were detected in sediments from

Baton Rouge. La., about 500 river miles downstream

from the source at Memphis. Most of the Mississippi

River samples below West Memphis, Ark., however,

showed no pesticide residues in tests sensitive enough to

detect 0.05 ppm.

Contamination apparently associated with pesticide

formulating plants was found in sediments at five loca-

tions on tributary streams in Mississippi. Chlorinated

hydrocarbon residues included dieldrin. aldrin. endrin

isodrin, X, Y, chlordane, lindane, and DDT analogs

and metabolites. Many of these residues were found in

low concentrations, i.e., <0.05 ppm.

Residues of DDT analogs and metabolites originating

from urban spray programs or from agricultural usage

were found in several streams in Louisiana, Mississippi.

and Arkansas. With one exception, DDT analogs and

metabolites were the only residues originating from

nonindustrial sources, i.e.. municipal and agricultural.

The most significant conclusion from these investiga-

tions is that the large amounts of chlorinated hydro-

carbons previously applied to crops in the Mississippi

River Delta have not created widespread contamination

of streambcd materials.

FIGURE 3.

—
The iiuiniifuclure of endrin

See Appendix for chemical names of compounds mentioned in this

paper.

IWention of trade products or companies in this paper does not imply

that they are recommended or endorsed by the Department of Agn-

cullurc over similar products of other companies not mentioned.

Trade names arc used here for convenience in reference only.
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TABLE 5.

—

Pesticide concentrations of bed material samples from the Lower Mississippi River—1964 and 1966— Continued

Sample



TABLE 6.

—

Pesticide concentration of bed material samples from the Irihutaries of the Lower

Mississippi River—7964 and 1966—Continued

Sample



TABLE 6,

—

Pesticide concentration of bed material samples from the tributaries of the Lower
Mississippi River—1964 and 1966—Continued

Sample
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Peslkide coitqeiuralion of bed imilciial samples from the IrihiiUiries of the Lower

Mississippi River—1964 and 1966-—Continued

Sample
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—
Pesticide concenlralion of bed material samples from the tributaries of the Lower

Mississippi River—1964 and 1966—Continued

Sample
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—

Pesticide concentration of bed material samples from the tributaries of the Lower

Mississippi River—1964 and 1966—Continued

Sample



TABLE 6.—PcsiUule coticcnlraiion of bed maicrial iampUs from the irihulaiics of ihc Lower
Mississippi River—1964 and 1966—Continued

Sample

No.

Field

Sire

Designation i

Pesticides (ppm) '

1964

MISSISSIPPI—Continued

Horseshoe Bayou, near Greenville, Washington County (Continued)

242 D

243

244

Fisk Lalie, near Greetnilte. Wushint^lnn C nuntr

245

246

247

248

249

250

M

M

Ditch 6, near Green\tlie, H'ashinnton County

318 D

No Residue

No Residtie

0.2 DDE
3.3 TDE

No Residue

No Residue

No Residue

No Residue

No Residue

No Residue

No Sample

1966

0.15

1.55

1.41

0.31

5.33

2.41

0.69

1.31

0.18

0.59

5.80

3.31

1.04

1.16

0.41

0.86

6.61

3.94

Dieldrin

Chlordane

Aldrin

P.P-DDE
p.p -TDE

o,p'-TDE

Dieldrin

Chlordane

Aldrin

p,P -DDE
P.p-TDE

o.p'-TDE

Dieldrin

Chlordane

Aldrin

p,p -DDE
P.P-TDE
o.p'-TDE

0.19 p.p'

0.06 o,p'

0.39 p.p

0.46 p.p

0.08 o.p'

0.19 p,p'

0.05 o.p'

0.40 p.p'

0.56 p.p'

0.11 o.p'-

0.08 p.p'-

0.05 o.p'-

0.39 p.p'-

0.48 p,p'-

0.13 o,p'-

0.07 o,p'-

0,48 p.p'-

0.57 p.p'-

0.14 o.p'-

0.07 o.p'-

0.34 p.p'-

0.28 p,p'-

0,06 o.p'-

0.24 p.p'-

0.22 p.p'-

-DDT
-DDT
-DDE
-TDE

-TDE

DDT
DDT
-DDE
-TDE

TDE

DDT
DDT
DDE
TDE
TDE

DDT
DDE
TDE
TDE

DDT
DDE
TDE
TDE

DDE
TDE

0,18 Dieldrin

0.29 p.p'-DDE

1.05 p,p'-TDE

1. 1 9 oj)'-TDE
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TABLE 6.

—
Pcstkhtc lomciilniiinn of hid iiniurial samples from llic irihuUiiics of ihc Lower

Mississippi River— /Vft-/ diiil l'^6f>—Contiiuicil

Sample



TABLE 7.

—
Pesticide concentrations of sediments from Wolf River and Cypress Creek, Mempliis, Tenn.— 1967—Continued

Sample
No.

Pesticides (ppm) :

DiELDRIN
Endrin
Keto ISODRIN Chlordane

Hepta-
CHLOR

Cypress Creek

^ Parts pesticide per oven-dry sediment weight,

- Bank deposits.

^ Also contains in ppm: 0.06 heptachlor epoxide.

* Also contains in ppm: 0.12 p.p'-DDT: 0.41 o.r'-TDE; 0.12 r.P'-ODE.
'' Also contains in ppm: 1.62 p.p'-DDT; 0.41 o.p'-DDT; 1.83 p.p'-TDE; 0.32 p.p'-DDE.
'^ Spoils; apparently dredged from Cypress Creek.

' Stream deposition area.

TABLE 8.

—

Pesticide concentrations in water samples from Wolf River and Cypress Creek,

Memphis. Tenn.—1967
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TABLE 9.

—
Pesticide concciilniiioiis of selected bed inateriid sumples from the Irihutuiies of the Lower Mississippi River;

collected and (incdyzed in 1966: rediidlyzed in 1967
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FIGURE 4,

—

Dark, greasy dcpu.sils on bank of Wolf River near old North Bellevue Boulevard Cros.iinf;, Memphis, Tenn.

FIGURE 5.

—

Dark, greasy deposits on bank of Wolf River near confiiience with Mississippi River, Memphis. Tenn.
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Basic information obtained from general highway map made by

Mississippi State Highway Department in cooperation with the

Bureau of Public Roads.
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Mississippi Stale Highway Department in cooperation with the

Bureau of Public Roads.
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Basic information obtained jrom general highway map made by

Mississippi State Highway Department in cooperation with the

Bureau oj Public Roads.
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Basic information obtained from general highway map made by
Mississippi Stale Higliway Department in cooperation with the

Bureau of Public Roads.
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TH. Basic injnrmution obtained from general highway map made by
Mississippi Slate Highway Department in cooperation with the
Bureau of Public Roads.
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APPENDIX

Chemical Names of Compounds Mentioned in This Issue

ALDRIN

BHC

CHLORDANE

DDE

DDT (including its Isomers and

dehydrochlorination products)

DIELDRIN

ENDRIN

ENDRIN KETO

HEPTACHLOR

HEPTACHLOR EPOXIDE

ISODRIN

LINDANE

METHOXYCHLOR

STROBANE®

TDE (DDD) (including its

isomers and dehydrochlorina-

tion products)

TOXAPHENE

X

Y

Not less than 95% of l,2,3.4,10,10-hexachloro-l,4,4a,5,8.8a-hexahydro-l, 4-eHdo-<?.vo-5,8-dimethanonaphthalene

1,2,3,4,5,6-hexachlorocyclohexane, mixer isomers

l,2,4,5.6,7,8,8-octachloro-3a,4,7,7a-tetrahydro-4,7-methanoindane

l.l-dichloro-2.2-bis(p-chlorophenyl) ethylene

l.l,l-trichloro-2.2-bis(p-chlorophenyI)ethane; technical DDT consists of a mixture of the p.p'-isomer and the

o,p'-isomer (in a ratio of about 3 or 4 to 1

)

Not less than 85% of 1,2,3.4. 10,10-hexachloro(6.7-cpoxy-l,4,4a, 5,6,7,8, 8a-octahydro-l,4-e;i<;o-fj:o-5,8-dimethano=

naphthalene

I,2,3,4,10,10-hexachloro-6,7-epoxy-l,4,4a.5,6,7,8,8a-octahydro-l,4-fn(/p-fN(f(?-5,8-dimethanonaphthalene

Structure uncertain

l,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahydro-4.7-methanoindene

l,4,5,6,7,8,8-heptachloro-2,3-epoxy-3a,4.7,7a-tetrahydro-4.7-methanoindan

l,2,3,4,10,10-hexachloro-I,4,4a,5,8,8a-hexahydro-l,4-e«(/{7, e/?rfo-5,8-dimethanonaphthalene

1,2,3,4,5,6-hexachlorocyclohexane, 99% or more i:amma isomer

1 , 1 , l-trichloro-2,2-bis(p-methoxyphenyl ) ethane

ferpene polychlorinates (65% chlorine)

l,l-dichloro-2.2-bis(/7-chlorophenyI iethane; technical TDE contains some c/j'isomer also

chlorinated camphene containing 67% to 69% chlorine

hexachloronorbornadiene

heptachldronorbornene
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Information for Contributors

The Pesticides Monitoring Journal welcomes from

all sources qualified data and interpretive information

which contribute to the understanding and evaluation

of pesticides and their residues in relation to man and

his environment.

The publication is distributed principally to scientists

and technicians associated with pesticide monitoring,

research, and other programs concerned with the fate

of pesticides following their application. Additional

circulation is maintained for persons with related in-

terests, notably those in the agricultural, chemical manu-
facturing, and food processing industries', medical and

public health workers; and conservationists. Authors are

responsible for the accuracy and validity of their data

and interpretations, including tables, charts, and refer-

ences. Accuracy, reliability, and limitations of the

sampling and analytical methods employed must be

clearly demonstrated through the use of appropriate

procedures, such as recovery experiments at appropriate

levels, confirmatory tests, internal standards, and inter-

laboratory checks. The procedure employed should be

referenced or outlined in brief form, and crucial points

or modifications should be noted. Check or control

samples should be employed where possible, and the

sensitivity of the method should be given, particularly

when very low levels of pesticides are being reported.

Specific note should be made regarding correction of

data for percent recoveries.

Preparation of manuscripts should be in con-

formance to the Style Manual for Biological

JouRNAis. American Institute of Biological

Sciences, Washington, D. C, and/or the Style

Manual of the United States Government Print-

ing Office.

An abstract (not to exceed 200 words) should

accompany each manuscript submitted.

All material should be submitted in duplicate

(original and one carbon) and sent by first-class

mail in flat form—not folded or rolled.

Manuscripts should be typed on 8'/2 x II inch

paper with generous margins on all sides, and
each page should end with a completed para-

graph.

All copy, including tables and references, should

be double spaced, and all pages should be num-

bered. The first page of the manuscript must

contain authors' full names listed under the title,

with affiliations, and addresses footnoted below.

Charts, illustrations, and tables, properly titled,

should be appended at the end of the article with

a notation in text to show where they should be

inserted.

Charts should be drawn so the numbers and texts

will be legible when considerably reduced for

publication. All drawings should be done in black

ink on plain white paper.

Photographs should be made on glossy paper.

Details should be clear, but size is not important.

The "number system" should be used for litera-

ture citations in the text. List references alpha-

betically, giving name of author/s/, year, full title

of article, exact name of periodical, volume, and

inclusive pages.

Pesticides ordinarily should be identified by common
or generic names approved by national scientific so-

cieties. The first reference to a particular pesticide

should be followed by the chemical or scientific name
in parentheses—assigned in accordance with Chemical
Abstracts nomenclature. Structural chemical formulas

should be used when appropriate. Published data and

information require prior approval by the Editorial

Advisory Board; however, endorsement of published in-

formation by any specific Federal agency is not intended

or to be implied. Authors of accepted manuscripts will

receive edited typescripts for approval before type is set.

After publication, senior authors will be provided with

100 reprints.

Manuscripts are received and reviewed with the under-

standing that they previously have not been accepted for

technical publication elsewhere. If a paper has been

given or is intended for presentation at a meeting, or if

a significant portion of its contents has been publishcil

or suhniiltcd for publication elsewhere, notation of such

should be provided.

Correspondence on editorial and circulation matters

should be addressed to: Mrs. Sylvia P. O'Rear, Editorial

Manager, Pesticides Monitoring Journal, Pesticides

Program, Food and Drug Administration, 1600 Clifton

Rd., N.E., Atlanta, Georgia 30333.
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The Pesticides Monitoring Journal is published quarterly under the auspices of the Federal

Committee on Pest Control and its Subcommittee on Pesticide Monitoring as a source of

information on pesticide levels relative to man and his environment.

The parent committee is composed of representatives of the U. S. Departments of Agriculture,

Defense, the Interior, and Health, Education, and Welfare.

The Pesticide Monitoring Subcommittee consists of representatives of the Agricultural Research
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and community monitoring programs, universities, hospitals, and nongovernmental research

institutions, both within and without the United States. Results of studies in which monitoring

data play a major or minor role or serve as support for research investigation also are welcome;

however, the Journal is not intended as a primary medium for the publication of basic research.

Manuscripts received for publication are reviewed by an Editorial Advisory Board established

by the Monitoring Subcommittee. Authors are given the benefit of review comments prior to

publication.

Editorial Advisory Board members are:

Reo E. Duggan. Food and Drug Administration, Chairman

Anne R. Yobs. Food and Drug Adnuiustration

Andrew W. Breidenbach, Environmental Control Adntinistration

James B. DeWitt. Fish and Wildlijc Service

William F. Stickel, Fish and Wildlife Service

Milton S. Schechter, Agricultural Research Service

Paul F. Sand, Agricultural Research Service
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A ddress correspondence to:

Mrs. Sylvia P. O'Rear

Editorial Manager

PESTICIDES MONITORING JOURNAL
Pesticides Program

Food and Drug Administration

1600 Clifton Rd., N.E.

Atlanta, Georgia 30333



CONTENTS

Volume 3 September 1969 Nmnber 2

Page

EDITORIAL 69

Paul F. Sand

RESIDUES IN FOOD AND FEED
Cooperative study on uptake of DDT, dieldrin, and endrin by peanuts.

soybeans, tobacco, turnip greens, and turnip roots . 70

GENERAL INTRODUCTION 70

C. H. Van Middelem

SECTION A: FLORIDA^Resiiliies of endrin and DDT in turnips

grown in soil containing tlicse compounds '^

W. B. Wheeler, H. A, Moye, C. H. Van Middelem, N. P. Thompson, and W. B. Tappan

SECTION B: MISSISSIPPI—Residues of endrin and DDT in soybeans

grown on soil treated with lliese compounds 77

B. F. Barrentine and Jimmie D. Cain

SECTION C: NORTH CAROLINA— Residues of DDT and dieldrin in

peanuts and tobacco grown on contaminated soil 80

T. J. Sheets, M. D. Jackson, W. J. Mistric, and W. V. Campbell

SECTION D: SOUTH CAROLINA—DDT residues in tobacco and

soybeans grown in soil treated with DDT 87

John K. Reed and L. E. Priester

SECTION E: TEXAS— Residues of DDT and endrin in peanuts and

soybeans grown in soil containing tliese pesticides 90
H. Wyman Dorough and N. M. Randolph

SECTION F: VIRGINIA— Residues of dieldrin and DDT in peanuts and
turnip greens grown in soil containing these compounds 94

Roderick W. Young

GENERAL SUMMARY AND CONCLUSIONS 100
C. H. Van Middelem

RESIDUES IN FISH, WILDLIFE, AND ESTUARIES
Organochlorine insecticide residues in starlings 102

William E. Martin

Nationwide residues of organochlorine pesticides in wings of mallards

and black ducks 1 ] 5
Robert G. Heath

PESTICIDES IN WATER
Pesticides in selected western streams—a progress report 124

Douglas B. Manigold and Jean A. Schulze

APPENDIX
Chemical names of compounds mentioned in this issue 136

ERRATA 137



EDITORIAL

In recent years public and scientific attention has

focused mainly on DDT and the other chlorinated hydro-
carbon insecticides as causes of environmental contami-

nation. The singling out of this group of pesticides has

resulted in the present controversy over whether or not

the use of persistent insecticides should be curtailed or

discontinued. There has been an actual decrease in the

use of such chemicals, accompanied by an increase in

the number of projects designed to develop biological

controls and nonpersistent insecticides.

The interest in possible hazards from persistent insecti-

cides has no counterpart where persistent herbicides are

concerned. Herbicides that persist for more than one
crop season may inhibit growth of subsequent crops and
reduce crop yields.

One of the threats to the environment from persistent

herbicides is the possibility of their leaching into the soil

where the rate of degradation would be much slower.

If herbicides reach ground water supplies used for irri-

gation, crop damage may result.

In the past 5 years, herbicide usage has more than

doubled. At the present time nearly 300 million pounds
are used annually. In 1967, herbicide sales were nearly

55% of the value of all sales of synthetic organic pesti-

cides, and the value of herbicide sales exceeded the value

of insecticide sales for the first time. More acres of land

in the conterminous United States are treated with herbi-

cides than are treated with all other pesticides combined.
With the increased demand for food and fiber and a

probable decrease in hand labor, it is likely that the use
of herbicides will continue to grow.

As new herbicides are developed their effect on the en-

vironment should he established. The potential hazards

from persistent herbicides have been recognized by the

U. S. Department of Agriculture, and its soil monitoring

program has been expanded to include the detection of

more herbicides. Increased monitoring of herbicides to

determine their distribution and concentration in the

environment is a step toward preventing problems similar

to those encountered with persistent insecticides. Those
responsible for pesticide monitoring programs should

keep abreast of pesticide usage and adjust their programs
accordingly.

Vol. 3, No. 2, September 1969

Paul F. Sand

Member. Editorial Advisory Board
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RESIDUES IN FOOD AND FEED

Cooperative Study on Uptake of DDT, Dieldrin, and Endrin by

Peanuts, Soybeans, Tobacco, Turnip Greens, and Turnip Roots

SECTION A
SECTION B:

SECTION C:

FLORIDA
MISSISSIPPI

NORTH CAROLINA

SECTION D
SECTION E:

SECTION F:

SOUTH CAROLINA
TEXAS
VIRGINIA

GENERAL INTRODUCTION
Crops may acquire excessive pesticide residues through

direct or indirect contamination. Excessive pesticide

residues can usually be avoided by observing the proper

number of applications and the recommended dosage

and time interval between the last application and

harvest. However, indirect or inadvertent illegal residues

may result from absorption and/or translocation of pesti-

cides bv plants growing in soils that have been contami-

nated by repeated applications to previous crops.

Pesticides, particularly the chlorinated hydrocarbons,

have been applied rather intensivch' in the southern re-

gion of the United States during the past 2 decades for

the control of insects on such crops as cotton and to-

bacco. It is well known that certain chlorinated insecti-

cides and their toxic metabolites may persist in soils for

months and even years following applications, depending

on a number of interrelated factors. These factors in-

clude the physical properties and chemical reactivity of

the toxicant as well as the formulation and mode of

application; the soil type, moisture, temperature, and

microorganisms: the cover crops and the degree of

cultivation.

Ii is well established that root crops absorb certain chlori-

nated insecticides from soils. Absorption of these soil

residues has been reported in such crops as carrots, beets,

sugarbeets, onions, potatoes, radishes, sweet potatoes,

turnips, etc. Efforts have also been made to analyze

aerial portions of plants growing in contaminated soil

in order to determine if any absorption and translocation

occurred from the soil into the developing plant. Trans-

location of a number of chlorinated insecticides from the

soil into the aerial portions of lettuce, cabbage, celery,

peas, beans, soybeans, cucumbers, tomatoes, peppers,

peanuts, rice, wheat, cotton, alfalfa, etc, has been re-

ported. In most instances care was taken to prevent

surface contamination of the crop by windblown pesti-

cide residues from the soil. Although some of the pesti-

cide residues were found to be extremely low, there

appears to be significant evidence that some limited

absorption and translocation can occur in some plants,

at least imder certain conditions. It should also be noted

that improved methodology in recent years has resulted

in the detection of positive pesticide residues where

previously negative or unrealistic values were obtained.

More efficient extraction techniques have recently been

reported for the quantitative removal of field-weathered

pesticide residues from soil, animal, and plant sub-

strates. In addition, recent improvements in gas chro-

matographic detection systems have significantly in-

creased the sensitivity and selectivity for detecting

pesticide chemicals. These improvements in methodology

have contributed substantially to the many recent reports

of low levels of chemical residues in certain crops grown

in pesticide-contaminated soils. It is not always appar-

ent from the data presented whether the residues in the

aerial plant portions are due to direct or indirect con-

tamination.

Obviouslv. there are many interacting factors which con-

tribute to the "uptake" of pesticides from the soil by

plants. Since these factors undoubtedly vary in different

plants, soils, climatic conditions, etc., it is important that

individual pcrsisteni pesticides be evaluated under l(K-aI

7() Pesticidf.s Monitoring Journal



or regional conditions. For these reasons the S-58 re-

gional committee on pesticide residue research decided

to undertake cooperative tield and laboratory studies.

The objective of the studies was to determine the extent

of contamination of several commercially important

crops grown in soils containing known concentrations of

several pesticides. Six State residue laboratories ( Florida.

Mississippi, North Carolina, South Carolina, Texas, and

Virginia) participated in this cooperative study. Three

commonly used chlorinated hydrocarbons (DDT, endrin,

and dieldrin) and several commercial crops (soybeans,

peanuts, turnip greens, and tobacco) were selected. Each

State selected one or two pesticides and one or two crops

for their individual experiments. Three pesticide appli-

cation rates were selected: DDT at 2, 8, and 16

lb/acre; endrin and dieldrin at 1,2. and 4 lb/acre. Each

pesticide formulation was obtained from a single source

and distributed to each cooperating State for application

in the field. Three separate randomized block designs

were prepared for the field experiments depending on the

number of crops and insecticides selected by the indi-

vidual State. Each experimental field treatment was

replicated three times. The central laboratory in Florida

analyzed not only the three replications of their own
field experiments, but also one replication from each of

the cooperating States" experiments.

A preliminary soil analysis was conducted by the indi-

vidual laboratories prior to the actual incorporation of

pesticides into the soil to determine the existing level of

residual pesticides at each localion. Another purpose of

the preliminary soil study was to provide each analytical

laboratory an opportunity to obtain experience in soil

analvscs for the pesticides under study. The Florida

laboratory analyzed duplicate samples of the preliminary

soils from each of the cooperating Stale experiment plots.

Because of the diversity of the crops under study, com-

plete standardization of the crop extraction and cleanup

was not always possible or practical. It is also realized

with the extraction procedures employed in these co-

operative studies, that complete extraction of the pesti-

cide from the soil or plant substrates was not usually

achieved. All cooperating States standardized as many

variables in the cooperative experiments as was feasible.

Following completion of the laboratory phase, statistical

analvses of the data were conducted at North Carolina

State University.

C. H. Van Middelem'

Chairman. S-58 Technical Committee

I Pcsiicide Rese^irch I ,ihnr:'trirv. ncnnrtment of F'ood Science, Univer-

Mly of Florida, Ciinesville, Fla. .126(11.
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Cooperative Study . .

.

SECTION A: FLORIDA

Residues of Endrin and DDT in Turnips Grown in

Soil Containing These Compounds^

W, B. Wheeler-, H. A. Moye^, C. H. Van Middelem-, N. P. Thompson^, and W. B. Tappan^

ABSTRACT

Turnips grown in soils fortified with I. 2, and 4 Ih/acre en-

drin and 2, 8, and 16 lb /acre DDT were analyzed to deter-

mine the degree of crop contamination. The maximum levels

of endrin in turnip peels, peeled turnips, and turnip greens

were 0.12. 0.04. and 0.02 ppm, respectively. The highest

levels of DDT in turnip peels, peeled turnips, and turnip

greens were 0.10, 0.03, and 0.02 ppm, respectively.

Introduction

Large quantities of pesticides have been applied to to-

bacco and tobacco soil for pest control in the production

of cigar wrapper tobacco. Pesticide treatments of this

type have been shown to result in the accumulation of

rather high insecticide levels in soils. After rates of 15 to

75 lb/acre active DDT were applied to tobacco soils the

previous spring, Kincaid et ai. (J) found from 5.0 to

21.1 lb/ acre DDT residues remaining in the soil 1 year

later. Since DDT is quite persistent, months and even

years of weathering might be required before soil levels

are significantly reduced. Kincaid et al. (.?) reported that

in North Florida soils this insecticide disappeared at an

average annual rate of approximately 18%.

Whether or not these cumulative soil residues might

cause above tolerance residues in or on vegetables or

forage crops grown in the soil is of concern in Florida

and elsewhere. Dupree and Beckham ( / ) reported low

levels of DDT in squash (0.02 ppm), lima beans (0.07

ppm), turnip greens (0.08 ppm), and turnip roots (0.04

ppm) when grown in soil containing this chemical.

'Florida Agricullural Expcrimcni Sialion Journ:il Scries No. 3191.

'Pesticide Research I aboraiory, Dcparlmcni of Food Science. Univer-
sity of Florida, Gainesville. Fla. 32601.

•iNonh Florida Experiment Station, Quincy. Fla. 32351.

Endrin has been used also to control tobacco pests and

may be a more significant problem than DDT since its

tolerance level on crops is zero. Endrin has been re-

ported by Kincaid et al. (3) to disappear from North

Florida soil at an annual rate of approximately 11%.

Thus, the opportunity exists for vegetables grown in

endrin-contaminated soils to accumulate detectable en-

drin residues. In fact, endrin has been detected in pole

beans grown on Florida soil previously treated with this

pesticide for the control of tobacco insects. Furthermore,

low levels of endrin have also been reported bv Dupree

and Beckham (/ ) in turnip greens, turnip roots, summer
squash, and lima beans following growth in soils which

had received previous applications of endrin. The State

Department of Agriculture has also occasionally encoun-

tered low levels of endrin on and in such crops as squash.

CLicumber, and eggplant. Since these crops had no his-

tory of anv foliar application of endrin during the grow-

ing season, translocation of endrin by these vegetables

was suspected. The detection of endrin in the seeds of

these crops supported this assumption.

Materials and Methods

The experimental soil at the North Florida Experiment

Station, Quincy. is a loamy, fine sand of the Orangeburg

type. The pH, organic matter, cation exchange capacity

and clay content were 5.2, 1.94% , 4.09 meg/IOOg, and

8.8%, respectively. A randomized block design was fol-

lowed for one crop anti two pesticides at one location.

There were three replications of each pesticide at each

level of soil fortification. Experimental plots were 16 x

20 feel with 4-foot alleys between plots and 6- to 10-inch

ditches around plots. The alleys and ditches were de-

signed to prevent the contamination of one plot by run-

off from another.
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Granular formulations of either endrin or DDT were in-

corporated into the soil of separate plots. Endrin was
applied at rates of 0, 1, 2. and 4 lb/acre and DDT at

0, 2, 8. and 16 Ih/acre. (The rates of 1. 2, 4. 8, and 16

lb/acre will sometimes be used interchangeably with 0.5,

1, 2, 4, and 8 ppm. respectively. This conversion is

based on the assumption that a 6-inch deep acre of soil

weighs 2 x lO' lb). The granules (4.7'7f DDT and 3.2%
endrin) were roto-tilled to a depth of 4 to 6 inches to

insure uniform incorporation.

The turnips. Just Right F variety, were planted on Sep-

temper 26 and harvested on December 1, 1966. Cli-

matological conditions during this period are shown in

Table 1. The only rainfall of any consequence during

the crop-growing period was as follows: September 28

—

1.94 inches, October 10—0.64 inches, October 19—2.02

inches. November 2— 1.05 inches, and November 28

—

0.34 inches. No supplemental irrigation was applied

during the course of this experiment.

TABLE 1.— Climalological data for tlie experimental area

(Quiiicy. Fla.) during the 1966 growing season



The limit of sensitivity of the instrument was O.OI ppm
for all compounds (cndrin and p.p'-DDE, o.p-DDE.

o.p-DDT. p.p'-DDT).

Results of separate extractions of a single sample were

considered acceptable if average deviations from the

mean did not exceed ±20'^'c . If one of the replicate

analyses resulted in a deviation in excess of 20%, the

value was subjected to a statistical test described by

Sachs (5) to determine if elimination of the value was

valid. In several instances when data were discarded as

a result of this test, additional replicate samples were

processed to replace these values.

Results

Efficiencies of the extraction and detection methods util-

ized in this study were established by adding known
amounts of endrin or DDT to untreated soil or crop

samples and following the procedures as outlined in the

Materials and Methods section. The pesticides were

added to the substrates (soil or turnips) prior to extrac-

tion, and the percentages recovered are indicated in

Table 2. Since p.p'-DDE and o.p-DDT are commonly
found in soils and crops treated with DDT. these an-

alyses were included in the recovery studies.

In all instances, an average of 75% or more of the added

insecticide survived the cleanup and extraction steps. The
lowest recoveries, averaging 75-80%. were obtained

from turnip tops and roots. However, the reproducibility

of results was considered satisfactory and, therefore, the

described extraction and cleanup procedures were fol-

lowed. No corrections were made for any deviations of

recovery values from 100%.

ENDRIN IN SOILS

The levels of endrin in the planting soils (Table 3) were
0.01. 64. 0.74. and 1.98 ppm at application rates of

0. 1.2. and 4 lb/acre, respectivelv. These data illustrate

the difficulty in obtaining predetermined soil levels of

insecticide even under carefully controlled experimental

conditions. Only the 4 lb/acre rate was found to be close

to the expected level of 2.0 ppm. Statistical analyses in-

dicate a significant difference between alt planting soil

levels of endrin and the control. Although the 1 and 2

lb/acre applications were not statistically different at

the 95% confidence level, the 4 lb/acre application was
found to be sienificantlv greater than the next lower level

of treatment with a 99% level of confidence.

The harvest soil levels of endrin were 0.03. 0.77. 1 .59

and 3.71 ppm. respectively, for the 0, I. 2, and 4 lb/acre

application rates. The two low levels at planting and
harvest were similar, but the two higher levels found in

harvest soils were significantly greater than found in

planting soils and were in excess of the amount of endrin

originally applied.
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ppm in soils treated at rates of 0, 2, 8, and 16 lb/acre,

respectively. These data illustrate again the difficulty in

obtaining desired levels of fortification under field con-

ditions. Moreover, the statistical analysis of the data

indicated that the 0, 2, and 8 lb/acre levels were not sig-

nificantly different even at the 95Q confidence level.

However, the two highest planting soil levels of DDT
were significantly different at the 95 '"f confidence level.

The total DDT (Table 4) detected in harvest soil sam-

ples was 0.09, 1.22, 4.92, and 13.35 ppm in plots treated

at rates of 0, 2, 8, and 16 lb/acre, respectively. As was
the case with endrin, the DDT levels in harvest soils sta-

tistically were significantly greater than planting levels.

Moreover, harvest soil levels were similar to the planting

DDT levels in that the two lowest DDT rates (0 and 1

ppm) were not statistically different at the 95% con-

fidence level. Furthermore, the 2 and 8 lb/acre rates

were not significantly different. The 8 lb/acre DDT rate

was different from the zero rate, and the highest applica-

tion (16 lb/acre) was statistically different from the 4

ppm rate at the 99% level of confidence.

DDT IN TURNIPS

TTie levels of DDT and its analogs found in turnip peels,

peeled turnips, and tops are presented in Table 5. Again.

only the levels of total DDT will be discussed. The

highest levels of insecticide detected were in the turnip

peels as was the case with endrin. There were no statis-

tical differences (95% confidence level) for total DDT
levels in peels between the and 1 ppm rales. The two

highest soil application rates (8 and 16 lb/acre) resulted

in statistically different DDT levels in peels (0.06 ppm
and 0.10 ppm, respectively) at the same level of con-

fidence.

There were not statistical differences in DDT levels

among the peeled turnips grown in soils containing dif-

ferent insecticide levels. The levels were all low (0.01 to

0.03 ppm), demonstrating that widely different soil con-

centrations of DDT (0.1 to 13 ppm) did not cause differ-

ences in residues in the peeled crop.

Small quantities of total DDT (.02 ppm) were detected

in turnip greens grown in soil fortified at the three rates.

Again, it is apparent that even high soil levels of this

insecticide did not cause significant residues in the aerial

portions of this crop. If any DDT residues were ab-

sorbed and translocated from the soil into the turnip

plant, it occurred only to a very limited extent.

TABLE 4.

—

Levels of p.p'-DDE. o.p-DDT. p.p'-DDT and lolal DDT in soil at planting and at harvest



Discussion

The recovery data in Table 2 have the usual limitations

in that crop or soil fortification was followed shortly by

extraction, cleanup, and analysis. The extraction effi-

ciencies were not determined using weathered residues

nor were exhaustive extraction procedures utilized. The

possibilities of inefficient extractions ha\L' boon pointed

out by several investigators (2.4.6.7 and Lichtvnstcin.

E. P. 1966. Personal cominiinication)

.

The soil analyses yielded some unexpected data, particu-

larly with reference to the harvest residue levels being

greatly in excess of planting levels. Possible explana-

tions for this discrepancy were: pesticide drift from ad-

jacent fields during the growing period; runoff from

neighboring plots or fields; poor sampling or mixing

procedures at planting or at harvest: poor methodology

(i.e.. inefficient extraction of freshly incorporated insec-

ticide and/or ineffective mixing of soil and insecticide

during plot preparation). Each of these possibilities has

has been carefully investigated, and none appears to be

a valid explanation.

The levels of DDT or endrin in turnips were low. As
would be expected because of the direct contact with

the soil, the peels did contain the highest insecticide

levels, while the peeled turnips and the greens contained

very small quantities of these chemicals. If these verv

low levels are considered in light of the method sensi-

tivity (0.0 1 ppm for each insecticide) and the fact that

levels ranging from 0.01 to 0.03 ppm are commonly con-

sidered to be the same in magnitude, then only the two

higher soil treatment rates of endrin and DDT resulted

in significant crop residues as reflected by the turnip peel

data.

Under the experimental conditions described, it cannot

be concluded that absorption and translocation of endrin

or DDT was the sole mechanism by which the turnip

plants were contaminated. There is the possibility that

above-ground plant parts could have been contaminated

by several other mechanisms such as vaporization and

co-distillation of the insecticide from the soil as well as

splashing or blowing of the contaminated soil onto leaves

and stems. The experiment was not designed to differ-

entiate or measure the effects of each of these possible

a\enues of pesticide contamination of the plant.
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Cooperative Study . . .

SECTION B: MISSISSIPPI

Residues of Endrin and DDT in Soybeans Grown on

Soil Treated with Tliese Compounds^

B. F. Barrentine and Jimniie D. Cain

ABSTRACT

Eitilrin and DDT were disced iitio tlie soil at rales of 2. 4.

and 8 lb/acre and 8, 16, and 32 Ih/acre, respectively. Soy-

beans were grown in the treated soils anil analyzed at harvest

to dclerniine the degree of uptake by this crop. Data obtained

indicated that DDT was not taken up by the soybeans. A

small but significant amount of endrin (maximum, 0.12 ppm)

wci.', found ill the beans grown on endrin-lreated soil.

Introduction

Reports of endrin in soybeans in 1963 and 1964 caused

serious concern in agricultural and regulatory agencies.

In 1966 the Food and Drug Administration. U. S. De-

partment of Health, Education, and Welfare, seized a

tank car of crude soybean oil that contained residues ot

endrin reported to be about 1.0 ppm.

Endrin has never been approved for insect control on

soybeans but has been approved and widely used for cot-

ton insect control in Mississippi. The occurrence of en-

drin in soybeans suggested the possibility that endrin

present in the soil, from areas formerly planted to cotton,

were being picked up by the soybean plant and trans-

located to the bean. It had been assumed previously that

the chlorinated hydrocarbons were not translocated from

soil to crops.

The purpose of this study was to determine the uptake of

endrin by soybeans grown in soils treated at planting

with various levels of endrin. DDT was also included in

the study.

Materials and Methods

The experimental area was located on a Leeper clay loam

soil. This soil is 25 to 40'7f clay and contains about 1 to

l.5'7f organic matter. This soil usually has a cation ex-

change capacity of 20 to 25 meq of Ca"+ per 100 g of

soil. The pH of the soil varied from 7.5 to 7.9, averag-

ing 7.7. A randomized block design for one crop and

two pesticides was used. There were seven treatments,

three levels of DDT, three levels of endrin, and one com-

mon check plot. There were three replicates making a

total of 21 plots. Each plot was 1 .3.3 by 32.7 feet or 0.01

of an acre. The area was disced and the plots laid off.

DDT was diluted and applied as a spray to give levels of

S, 16, and 32 lb/acre. Endrin was applied in a similar

manner to give levels of 2, 4, and 8 lb/acre. These are

higher levels than used by the other States. The area was

then disced again to a depth of 6 inches. Four rows of

Lee soybeans were planted on each plot by conventional

methods.

Climatological data from a weather station in the experi-

mental area is shown in Table 1 . Rainfall and tempera-

lures were about normal for this period.

TABLE 1.— Climatological data for the experimental area

during the 1966 growing season

Mississippi Agricultural Experiment Station, Department of Agricul-

tural Chemistry, Mississippi State University, State College, Miss.

39762.



T.ABT.F 2.—Levels of p.p'DDi:. o.p-nOT, p.p'DDT, aiul total DDT in soil 10- to 6-inch depth)

at planting anil harvest and in soybeans



Results and Discussion

The applicalion of 8. 16, and 32 lb of DDT per acre

(top 6 inches) should have resuhed in 4. 8. and 16 ppm
of total DDT in the soil. Values shown in Table 2 for

total DDT both at planting and harvest are in fair agree-

ment for the 8- and 32-lb treatment. The soils from the

16-lb treatment of DDT were lower in total DDT than

expected; no explanation for this can be offered. It will

be noted in Table 2 that no DDE was found in the soil

at planting; but DDE was found at harvest as expected.

The time between planting and harvest was approxi-

mately 5 months. No significant drop in total DDT in

the soil occurred during this period. No DDT was de-

tected in the soybeans grown in this soil.

Endrin application of 2, 4. and 8 lb/acre in the top 6

inches of soil should have resulted in soils containing 1,

2, and 4 ppm of endrin. The values foimd were for the

most part less than half the expected values (Table 3).

The soils from the 2- and 4-lb treatments showed some

drop in endrin from planting to harvest. The 8-lb treat-

ment showed an apparent increase which was probably

due to sampling variation. The amount of endrin in the

beans, although small, was highly significant for treat-

ments (Table 3). The amount of endrin found in the

soybeans approximated 10% of that found in the soil.

The results of this study on DDT in soybeans is not in

.igrecnicnl with the other .States, as most of them foimd

small amoimts of DDT and its metabolites present in the

beans. The occurrence of endrin in soybeans grown in

soil containing endrin is in agreement with the monitor-

mg studies of the U. S. Department of Agriculture (2).

In a study near Greenville, Miss., they reported soil

levels of endrin ranging from 0.04 to 1.12 ppm. Soy-

beans from these soils contained endrin in varying

amoimts from 0.17 ppm to a high of 0.54 ppm.
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Cooperative Study . . .

SECTION C: NORTH CAROLINA

Residues of DDT and Dieldrin in Peanuts and Tobacco

Grown on Contaminated Soil
'

T. J. Sheets', M. D. Jackson=, W. J. Mistric', and W. V. Campbell'

ABSTRACT

Ntils. hiitts, and green forage of pcanul plants grown in soil

fortified with DDT or dieldrin contained residues of these in-

secticides. At harvest, dieldrin was more concentrated in nuts

than DDT. Nuts from plots sprayed with I lb/acre of diel-

drin had 0.22 ppm at harvest. On conversion of analytical

values to a dry-stemless basis, green tobacco leaves from the

same plots contained 0.18 ppm of dieldin at harvest. DDT
was also present in tobacco leaves, but contamination of con-

trols prevented an unqualified conclusion on DDT absorption

from soil and transport to leaves. In .hose plant parts with

significant residues attributable to soil contamination, concen-

tration.^ of the insecticides increased in a direct linear relation

with rale of application.

At peanut harvest 5 months after application of 2, 8, and 16

lb/acre of DDT, the upper 6 inches of soil contained 44, 44,

and 52%, respectively, of the "total DDT" in the soil at plant-

ing. About 31% of the o.p-DDT remained in the soil at the

end of the 5-month season, whereas about 50% of the p.p'-

DDT remained. Dieldrin residues present at peanut harvest

were 42, 56, and 40% of the initial concentrations resulting

from applications of I, 2, and 4 lb/acre, respectively.

Introduction

Chlorinated hydrocarbon insecticides have been em-

ployed extensively in North Carolina to control insects in

cotton (Co.M>7)(i(/n hirsutum L. ), peanuts {Arachis hy-

pogaea L.). tobacco (Nicotiana tahacuin L.), and sev-

eral other crops. DDT and toxaphene remain the most

widely used pesticides for insect control in cotton. TDE
is still a major insecticide ft)r tobacco, but DDT is no

longer recommended for use on this crop. With the oc-

* Paper numljer 2789 of the Journal Scries of the North Cyrolina State

University Atrricultural Fxpcrinicnt Station. Raleigh, N.C.
- Pesticide Residue Research Laboratory, North Carolina State Uni-

versity. Ralciiih. N.C. 27607.
' Department of Entomology, North Carolina State University. Ral-

eigh, N.C. 27607

currence of insect resistance to endrin and recognition

of the persistence of endrin in the environment, it was

dropped from recommendations for tobacco in 1964,

Due to extensive use and persistent nature of the chlori-

nated hydrocarbons many of the agricultural soils in

North Carolina may be expected to contain low levels

of these insecticides. A limited survey conducted over

several counties in eastern North Carolina in 1966

(Campbell, W. V.. T. J. Sheets, and M. D. Jackson.

1966. Unpublished results. Dep. Entomol. and Pesticide

Residue Res. Lab.. N. C. State Univ. Agr. Exp. Sta.,

Raleigh, N, C.) showed that 31% of the soil samples

from a total of 39 fields contained residues of aldrin and

dieldrin >0.1 ppm; and 36% had "total DDT" residues

> 1 .0 ppm.

Approximately 170,000 acres of peanuts and about 400,-

000 acres of flue-cured tobacco are grown for market in

North Carolina. The cash value of these two crops

amounts to about $530 million annually; therefore, pea-

nuts and tobacco were selected for study as a part of the

regional experiment on the contamination of crops grow-

ing in soil containing residues of insecticides. Dieldrin

and DDT were chosen for the experiment because, based

on past and present pest control practices, low levels

might be expected in many soils.

Materials and Mctfiods

IRE.ATMENT OF THE .SOIL

A coastal plain soil with no record of pesticide use was

selected for the experimental site in North Carolina. The
soil type was Nortolk loamy sand in replication 1 and

Norfolk sandy loam in replications 2 and 3. The pH of

the soil in the experimental area was 5.0. Organic matter

content was 0.8. 1.6, and 2.3% in replications I, 2, and
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3, respectively, and averaged 1.6%. Cation exchange

capacity varied from 1.75 meq per 100 g in replication 1

to 3.45 in replication 2 and 4.55 in replication 3. The
average cation exchange capacity over replications was
3.25 meq per 100 g. The sand, silt, and clay contents

were 83. 13, and 4%, respectively. After the field was
plowed. 1000 lb of lime, 500 lb of 0-20-0 fertilizer, and

1000 lb of 4-8-12 fertilizer were applied per acre. The
lime and fertilizer were mixed in the soil by discing.

During July calcium sulfate (gypsum, containing boron)

was applied to the foliage of the peanuts at the rate of

800 lb/acre.

DDT and dieldrin were applied on May 6. 1966. to plots

28 feet wide (8 rows) and 30 feet long. Rates of appli-

cation were 2, 8, and 16 lb/acre of DDT and I, 2, and 4

lb/acre of dieldrin. The insecticides were incorporated

by discing twice, and rows were prepared for transplant-

ing tobacco and seeding peanuts. One unsprayed plot in

each replication served as a control. The experimental

design was a randomized split plot with insecticides and

rates as the main plots and crops (tobacco and peanuts)

as the subplots. Four of the eight rows in each main plot

were planted to peanuts (variety NC-2) May 9, 1966;

tobacco (variety Coker 319) was transplanted in the

other four rows May 11, 1966. Rainfall and tempera-

ture records were kept for the experimental period

(Table 1).

SAMPLING

One soil sample consisting of thirty 1-inch cores was

taken from the surface soil (0- to 6-inch depth) of each

replication prior to application of the insecticides. Im-

mediately after application and incorporation of the in-

secticides and again at the time of peanut harvest, one

sample consisting of 20 cores was taken from each main

plot (0- to 6-inch depth) in each replication. The soils

were dried in the laboratory to a water content of 4%
or less (oven-dry basis), screened through a 2-mm screen

and stored at —5 to —8 C.

The fifth and sixth leaves (3rd priming) of the tobacco

plants were harvested July 13, 1966, and placed in cold

storage at —5 to —8 C. Leaves 19 through 22 (last

priming) were harvested August 18 and stored.

On October 10, 1966, 2 to 3 lb of peanuts were harvested

from each plot. The peanuts were shelled, and nuts and

hulls were saved for analysis. Green forage samples

were also collected October 10, 1966. All samples were

stored at -5 to -8 C.

Subsamples of soil, tobacco leaves, and hulls, nuts, and

green forage of peanuts from all samples of the first

replication were shipped to the S-58 Regional Laboratory

at Gainesville, Fla., for insecticide analyses.

EXTRACTION OF DDT AND DIELDRIN FROM SOIL

The method described in the initial report on the moni-

toring program of the U. .S. Department of Agriculture

(/O), with slight modifications, was employed for an-

alysis of the soils. The soils were removed from storage,

and subsamples weighing 100 g on an oven-dry basis

were placed in I quart jars. A 200-ml mixture of hexane-

isopropanol (3:1) was added. The jars were sealed, set

vertically on a reciprocating shaker, and agitated for 1

hour. After removing the jars from the shaker, the soil

was allowed to settle. Approximately 100 ml of the

extraction solution was decanted through a plug of glass

wool into a separatory funnel. The extracts were washed

twice with a solution of 2% NaCI in water. The water

washings and unbroken emulsions remaining were dis-

carded. The washed solution was drained into a storage

container. The solution at this point was ready for injec-

tion into the gas chromatograph. Each mililiter of the

solvent was equivalent to 0.67 g of soil.

EXTRACTION OF DDT AND DIELDRIN FROM PEANUTS

The method of analysis for peanuts was modified from

that published in the Food and Drug Administration Pes-

ticide Analytical Manual (/). After the samples were

removed from storage, 100-g subsamples of peanuts were

chopped, and the undried nuts were blended with 100

ml of ethanol (95%) and 50 ml of water. The mixture

was shaken with 50 ml of ethyl ether. Fifty milliliters of

petroleum ether was added and the mixture shaken

again. After centrifugation the mixed ether layer was re-

moved and washed three times with a solution of 2%
NaCI in water. The mixed ether extract was filtered

through anhydrous Na2S04 and evaporated. The pea-

nut oil remained.

A 3-g sample of peanut oil was dissolved in 1 5 ml of

petroleum ether, and the pesticide was partitioned into

acetonitrile (four partitions). The acetonitrile portions

were added to 500-600 ml of a solution of 2% NaCI in

water, and the insecticides were partitioned into 100 ml

of petroleum ether. The partititioning step was repeated

once. The combined petroleum ether solution was

washed twice with 2% NaCI solution, filtered through

anhydrous NajS04 and reduced to a small volume (less

than 10 ml) in a Danish-Kuderna evaporator. The pe-

troleum ether remaining was placed on a 10-cm Florisil

column and the pesticides eluted with 6% diethylether in

petroleum ether. Columns containing samples from diel-

drin plots also were eluted with 200 ml of 15% diethyl-

ether in petroleum ether. The ether was evaporated and

the residue dissolved in hexane for gas chromatography.

The oil content of the nuts was determined (6) . For pre-

sentation, the concentrations of insecticides for peanuts

were converted from ppm in oil to ppm in nuts.

Vol. 3, No. 2, September 1969 81



EXTRACTION OF DDT AND DIELDRIN FROM HULLS
AND GREEN FORAGE OF PEANUTS AND
FROM TOBACCO

Samples of peanut hulls, green forage of peanuts, or

green tobacco leaves were chopped, and subsampies

weighing 25 g were blended with .^00 ml of petroleum

ether for 2 minutes. The ether was decanted through an

anhydrous NajSOi column into a Danish-Kuderna

evaporator. The residues were extracted twice more with

200-ml portions of petroleum ether. The ether extracts

were filtered through ;mhydrous Na._.SO, and combined

with the original ether extract. The volume was reduced

for acetonitrile partition. The remainder of the cleanup

steps were identical to those described for peanut oil.

DETERMINATION OF RESIDUES

Determinations in the clean extracts were accomplished

with a Jarrell Ash 28-731 gas chromatograph equipped

with an electron capture (tritium) detector. The instru-

ment parameters for the analyses were as follows:

Detector voltage: 15 volts

Column: Glass. >4"x6'. packed with 5% DOW
11 on Chromosorb W HDMS (60/80

mesh)

Carrier Gas: Prepurified nitrogen at 100 ml/min

Temperature: Inlet 220 C
Column 175 C
Detector 205 C

The amounts of insecticides were measured from peak

areas, estimated by triangulation, on the chromatog-

raphic charts. For each sample, two injections were

made into the gas chromatograph except for those that

were negative on the first injection. All finite values are

averages of the two injections.

Recoveries of p.p'-DDF. the two major isomers of DDT
(o.p-DDT and p.p.'-DDT) . and dieldrin were determined

for each commodity. Samples from untreated plots were

fortified with the insecticides at the initial extraction step

and were carried through the analysis with samples from

sprayed plots. Values in the tables were not corrected

for incomplete recoveries.

STATISTICAL EVALUATION

Standard deviations were calculated for recoveries. An-
alyses of variance were performed for all other data.

Each pesticide or metabolite within each crop was an-

alyzed separately. In each analysis, variation attributed

to replications, rate of application of insecticide, and

error was calculated. The change in ihc insecticide resi-

due level in each commodity with the rale of insecticide

application was tested for a significant linear or quadratic

relation. Least significant difTcrenccs (I.SD) and the co-

cflficicnts of variation (CV) were computed to aid intcr-

prclaiion. A combined analysis of variance was per-

formed on the two tobacco primings for each insecticide.

Results and Discussion

Climatological data for the 1966 growing season indicate

that temperatures were typical for the coastal plain of

North Carolina (Table 1). Rainfall patterns deviated

somewhat from the long term average; July and October

were drier and May wetter than normal.

The range, mean, and standard deviation for recoveries

of p.p'-DDE, o.p-BDT. p.p'-DDT. and dieldrin from

soil, vegetable oil (for peanuts), peanut hulls, green pea-

nut forage, and green tobacco leaves are given in Table

2. Mean recoveries equaled or exceeded 80% except for

dieldrin in green tobacco leaves.

TABLE 1.

—

Climatological data for the experimental area

during the 1966 growing season



the upper 6 inches of plots sprayed with 2, 8, and 16

Ib/acre was 0.87, 2.31, and 4.89 ppm, respectively. From
the low to high rate of application, 44, 44, and 52% of

the total DDT present in the soil at planting remained

at peanut harvest.

The o.p-DDT disappeared from the surface soil more

rapidly than p.p'-DDT. Calculations from the values in

Table 3 revealed that at each of the three rates of appli-

cation 31% of the o.p-DDT remained in the surface

soil at peanut harvest: whereas, levels of p.p'-DDT re-

maining at harvest from application of 2, 8, and 16

Ib/acre were 47, 46, and 58% . respectively (an average

of 50% ) . Disappearance of o.p'-DDT over the 5-month

period was proportional to the concentration at planting.

We cannot determine from the statistical computations

if the high percent recovery of p.p'-DDT after 5 months

at the 16 lb/acre rate was significantly different from

that at the 2 and 8 lb/acre rates. At the two lowest

rates, disappearance was proportional to the initial con-

centration. Coefficients of variation (CV) indicate that

the data for residues at harvest were more variable than

those for residues at planting.

Peanut hulls were contaminated with DDT through ab-

sorption or translocation or by direct adherence to the

peanut hulls. Hulls from control plots contained p,p'-

DDT (Table 4) levels in the hulls increased linearly

as the rate of application increased. Although each DDT
component was detected in nuts from the 16 lb/acre

plots and p.p'-DDT in the 8 Ib/acre plots, none of the

residues in the nuts was significantly different (statis-

tically) from the levels in the control. The three DDT
components were present in green peanut forage from

all plots, including the control, but differences were too

small for statistical significance except those for total

DDT. Hulls for the 16 lb/acre plots contained an aver-

age of 1 .00 ppm of total DDT; nut samples from the

same plot contained an average of 0.13 ppm; and green

forage samples averaged 0.10 ppm for total DDT. These

data indicate that, although quite significant amounts of

DDT may be absorbed into peanut hulls, only very small

quantities reach the nuts and green forage. Residues of

chlorinated hydrocarbons, especially DDT and dieldrin,

have rendered peanut hulls and hay unsuitable as feed

for dairy cattle and for poultry, cattle, and other animals

for slaughter. Meat and milk have become contaminated

with these insecticides when such feeds were used.

Individual values for p.p'DDE, o.p-DDT. and p.p'-DDT

were low for tobacco leaves and varied little with the

rate of application (Table 4). Trends for the two prim-

ings were identical: therefore, only total DDT data aver-

aged over the two primings are reported.

TABLE i.—Levels of p,p'-DDE, o.p-DDT. p.p'-DDT and total DDT in soil (0- lo 6-inch depth) at planting and at harvest

Rate of
Application
(lb/acre)



The level of total DDT in green tobacco leaves from

control plots averaged 0.16 ppm for two primings (Table

4) and leaves from the 16 lb/acre plot averaged 0.18

ppm. This difference was not significant. Over the range

of soil concentrations employed and the prevailing en-

vironmental conditions in this experiment, DDT levels

were relatively low and were unrelated to the residue

level in the soil at planting.

At the end of the ."i-month growing season dieldrin con-

centrations in the upper 6 inches of soil were 42, 56, and
40% of the initial concentrations, respectively, in plots

sprayed with 1, 2, and 4 Ih/acre (Table 5). Residues in

the soil varied from 1.00 to 4.11 ppm at planting and
0.42 to 1.64 ppm at harvest.

Concentration of dieldrin in nuts were about equal to

those in hulls, and green forage contained small but sig-

nificant amounts (Table 5). These results are in general

agreement with those of Beck ei al. (2) and Bruce et al.

(4).

There was a direct linear relation between the concen-

tration of dieldrin in nuts at harvest and the concentra-

tion in soil at planting (Fig. 1). In Fig 1, extrapolation

of the line to zero provides an estimate of residues in

peanuts that could occur at dieldrin concentrations in

the soil below 1 ppm. A dieldrin concentration of about

0.22 ppm in this soil at planting would cause a residue

TABLE 5.

—

Levels of dieldrin in soil at planting and at

harvest and in hulls, nuts, and green forage of peanuts,

and in leaves of tobacco



aged 0.10 ppm. Because sampling was limited. Seal et

al. (9) were unable to resolve the magnitude and sig-

nificance of the problem.

Dieldrin was present in low concentrations in leaves of

tobacco (Table 5). This result is in agreement with that

of Schmid and Rastetter (S) who found dieldrin in

leaves of tobacco that had been grown in aldrin-treated

soil. There was no significance between primings nor

was the interaction (treatment x priming) significant.

There was a significant linear relation between the con-

centration of dieldrin in the green leaf of tobacco and

the rate of application. Because dieldrin residues in to-

bacco from the two primings were so similar, only the

average values for the two primings are given in Table 5.

From the results in Table 5, there is little question that

dieldrin was absorbed by roots of peanuts and tobacco

and translocated to the tops. Levels in the tops of the

two plants are about the same. Significant amounts of

DDT were transported into the tops of peanuts also

(Table 4). At equal concentrations in the soil dieldrin

apparently was present in peanut forage and tobacco

leaves in greater concentrations than DDT. Concentra-

tons for controls must be subtracted from those for the

other treatments for an accurate comparison.

According to Bowery et al. (3). residues of several in-

secticides including TDE and endrin decrease during the

flue-curing of tobacco. Before computing losses of resi-

dues during curing, they converted all analytical values

for TDE and endrin to a "dry-stemless basis." TDE
residues decreased from 780 ppm on green tobacco to

463 ppm on cured tobacco; those for endrin dropped

from 101 to 60 ppm. The decreases were 41 and 42%,
respectively, for TDE and endrin. Since DDT is similar

to TDE and dieldrin to endrin in structure, reactivity,

and persistence, we used the percent losses obtained by

Bowery el al. {3) to calculate the residue expected on

cured tobacco. If losses of 42% occurred during the

curing of tobacco containing 0.46 ppm of dieldrin

(equivalent to 0.05 ppm on a green-weight basis, see

Table 5), the cured tobacco would have about 0.27 ppm.

The same conversions for 0.18 and 0.28 ppm of dieldrin

(0.02 and 0.03 ppm on a green-weight basis) showed

that the cured leaf would contain 0.10 and 0.16 ppm,

respectively. Hence, residues of dieldrin present in some

agricultural soils of Nortb Carolina may cause significant

contamination of flue-cured tobacco through absorption

into the roots and translocation to the leaves. Calcula-

tion for 1.66 ppm of DDT (0.18 on a green-weight

basis, see Table 4) showed that the cured product would

contain about 0.98 ppm of DDT. However, this value

was not significantly different from that of the control;

and the question of significant DDT residues in leaves

of tobacco grown on contaminated soil remains un-

resolved.

The greatest unexplained contamination in this experi-

ment was the DDT on tobacco leaves from control plots.

Since the plants were not sprayed with DDT, we assumed

this contamination occurred by (a) drift during spray

operations on adjacent fields or (b) movement of con-

taminated dust within the experimental area. The latter

explanation seems least plausible since so little cross-

contamination was encountered with dieldrin. The un-

explained contamination of tobacco leaves may have

masked low levels of DDT in the leaves arising from

absorption into roots and transport to leaves.

Values obtained by the Regional Laboratory at Gaines-

ville, Fla. for dieldrin in soil samples from the first

replication agreed with those from our laboratory,

whereas our values for DDT in most soil samples were

less than those obtained in the Regional Laboratory

(Table 6). Data are given only for residues in soil at

planting. The greatest discrepancies between results of

the laboratories occurred with green tobacco (data not

reported ) ; our values were greater than those from the

Regional Laboratory for dieldrin and DDT. There is no

clear explanation for the differences. With green to-

bacco, drvine during shipping or processing for analysis

could alter the green, or "as received," weight and in

consequence result in different concentrations without a

change in the actual amounts of insecticides. To explain

the differences between concentrations reported by the

Regional Laboratory and those obtained in North Caro-

lina, the excessive drving would have had to occur in

North Carolina instead of during shipment to Florida.

TABLE 6.

—

Values nhlahicii by the North Carolina State

Universilx taboralorv and hv the Regional Laboratory' at

the University of Florida lor total DDT and dieldrin

in soil from the first replication at planting

Total DDT
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Cooperative Study . . .

SECTION D: SOUTH CAROLINA

DDT Residues in Tobacco and Soybeans

Grown in Soil Treated With DDT'

John K. Reed" and L. E. Priester'

ABSTRACT

DDT was incorporated iiilo Norfolk fine sandy loam soil to a

depth of 6 incites at concentrations of 2, 8, and 16 Ih/acre.

Tobacco leaves harvested from plants grown in this soil con-

tained up to 0.70 ppm "total DDT." and beans from soybeans

contained up to 0.65 ppm total DDT. Soil contamination of

the plant parts may be responsible for some of these high

residues. The loss of DDT from the soil was not great from

planting to harvesting of the crops.

Introduction

The purpose of this study was to determine to what ex-

tent pesticide residues in the soil could be transferred to

tobacco leaves or soybeans. Tobacco was chosen to rep-

resent a crop with a large leaf surface, and beans of soy-

beans were chosen to represent a crop product containing

a concentration of oil which tends to accumulate non-

polar chlorinated hydrocarbon pesticides. Both crops

are important to the agricultural economy of South Caro-

lina and other areas of the Southeast. DDT was chosen

as the pesticide, because it has been widely used in recent

years and has accumulated in soils where these two crops

are likely to be grown.

Materials and Method.f

The study plan called for tobacco and soybeans to be

grown in plots fortified with 0, 2, 8, and 16 lb/acre of

DDT. Each plot was replicated three times in a random-

ized block design. Soil samples were taken before treat-

ment and analyzed for DDT content. Approximately 2

lb/acre of DDT was found to be present in the soil

1 Technical contribution number 775. South Carolina Agricultural Ex-

periment Station, Clemson, S. C. 29631.

- Department of Entomology and Zoology, Clemson University, Clem-

son, S. C. 29631.

" Present adress: Medical College of South Carolina, Charleston, S.C.

29401.

prior to treatment. Therefore, the check and the plot

that would have received the first treatment both con-

tained 2 lb/acre of DDT. Sufficient DDT was then ap-

plied by spraying onto the soil to bring the concentration

in the other plots to the desired levels of 8 and 16

lb/acre. The material was thoroughly disced into the

top 6 inches of soil, and samples of soil from all plots

were taken to a depth of 6 inches at planting and harvest-

ing. A I -inch soil sampling tube was used to take suffi-

cient samples to fill a 1 -quart container. Weather data

for the growing period are shown in Table 1. The to-

bacco and soybeans were planted on May 15, 1966. The

crops were allowed to grow to maturity following usual

agricultural practices, except that no additional pesti-

cides were applied at any time during the growing

season.

TABLE 1
.

—

Climatological data for the experi/nental area

during the 1966 growing season



In the laboratory the three types of samples were ex-

tracted, followed by cleanup procedures as necessary'.

Cleanup by acetonitrile partition was based on the orig-

inal technique reported by Jones and Riddick (/) as

modified by Mills (2). The routine was as follows:

To each lO-g sample of air-dried soil, 20 ml of 1:1

hexane-acetone solution was added. The samples were

capped, shaken, and allowed to stand for 30 minutes.

then shaken again, and a lO-ml aliquot was taken for

analysis. The 10-ml aliquot was placed in a separatory

funnel and washed with two 25-ml portions of distilled

water. The hexane layer was adjusted to 10 ml and an

aliquot injected directly into the eas chromatograph for

analysis.

Samples of fresh tobacco, weighing 100 g each, were

chopped in a food chopper and then placed in a gallon

jar with 200-ml of I : I hexane-acetone solution. The jar

was capped with a mylar liner and rolled on a rolling

machine for I hour. A lOO-ml aliquot was placed in a

1 -liter separatory funnel and washed with two 500-ml

portions of distilled water. The hexane extract was dried

over sodium sulfate, evaporated almost to dryness under

a stream of dry air, and adjusted to 10 ml with hexane.

An aliquot was taken from this solution for injection

into the gas chromatograph.

A portion of the shelled beans from each plot was ground

in a Servall homogcnizer, A 25-g sample of the ground

beans was weighed into a small flask and 50 ml of 1:1

hexane-acetone solution added. The flasks were capped

and placed on a Burrell wrist-action shaker and shaken

for 1 hour. The samples were allowed to stand until a

25-ml portion could be pipetted from the top relatively

free of suspended particles. The aliquot was washed

with three 25-ml portions of water followed by three

5-ml portions of acetonitrile. The acetonitrile extracts

were adjusted to a known volume and an aliquot in-

jected into the gas chromatograph for analysis.

Residue determinations were make by gas chromatog-

raphy using a MicroTek 220 with a Ni"'' electron cap-

ture detector. Operating parameters were as follows:

Columns: Glass. 6' x Va"

1, 5% DC 200 on 60/80 Chromport

XXX
2, 5% DC OF-I on 68/80 Chromport

XXX
Temperatures: Column 195 C

Inlet 230 C
Detector 275 C

Carrier gas: N2 at 120 cc/min

Inlet pressure: 40 psi

Detector voltage: 1 .6 x 10"" AFS

TABLE 2.

—

Levels of p.p'-DDE. o.p-DDT. p.p'-DDT and total DDT in soil (0- to 6-inch depth) at planting and at harvest



Contirmation of the analysis of the analogs of DDT
was checked on the two types of column packing listed

above. Resolution of the DDT products was uncompli-

cated by the presence of other pesticides except traces

of BHC isomers. The sensitivity of the method allowed

detection of DDT at 0.01 ppm in soil, tobacco, and soy-

beans. Recovery of p.p'-DDT. when added at the rate

of I ppm. was as follows:

Soil 92.7-93%
Tobacco 92.4%

Soybeans 78.3 -80.8%

Results and Discussion

The levels of DDT and related compounds applied in

these tests were sufficiently high to allow ready detec-

tion by the methods used. Levels of p.p'-DDE. o,p-

DDT, A'./''-DDT, and total DDT in the soil are

reported in Table 2. Since appro.ximately 2 lb/ acre

of total DDT was detected in the soil as a residue from

previous usage, the check and the 2-lb/acre experimen-

tal plot are replicates as no insecticide was added. Re-

sults in Table 2 show that the loss of DDT from the soil

was not great from planting to harvesting of the crops.

This soil was classified as Norfolk fine sandy loam with

a pH of 6.0 - 6.5. It contained little organic matter but

retained the insecticide well. The levels of DDT trans-

ferred to the leaves of tobacco and the beans of soy-

beans are considerable (Table 3). A high of 0.70 ppm
total DDT in tobacco leaves and 0.65 ppm total DDT in

beans does not indicate that translocation alone was re-

sponsible for the presence of the residue. The tobacco

leaves were sticky and would have retained dust blown

or splashed on them from the surrounding soil. Similarly,

dust and splashed soil particles could have been de-

posited on the bean plant, especially the bean pods. Dur-

ing threshing much of the dust from the plant was mixed

with the beans and was not blown off in the hand

processing.
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Cooperative Study

SECTION E: TEXAS

Residues of DDT and Endrin in Peanuts and Soybeans

Grown in Soil Containing These Pesticides^

H. Wyman Dorough and N. M. Randolph

ABSTRACT

Peanuts and soybeans were f;rown in soils wliicli. on rlic day

of planting, were treated with either DDT or endrin. When

DDT was applied to the soils at rales of 2, 8, and 16 Ih/acrc,

"total DDT" residues did not exceed 0.17 ppm in mature pea-

nuts or 0.09 ppm in soybeans. Ma.ximum endrin residues in

peanuts and soybeans grown in soils treated with 1, 2, and 4

lb/acre of this insecticide were 0.1 ppm and 0.03 ppm. re-

spectively. Although these ma.ximum levels of residues re-

sulted from tlie highest treated rates of DDT and endrin. only

peanuts from the endrin plots contained residues which were

significantly different as the rates increased.

Introduction

There are many methods by which food and feed crops

may be contaminated with pesticides. Fortunately, con-

lamination is usually avoided by good farm practices

and by the proper use of toxic materials. Possibly the

most unexpected source of contamination is from resi-

dues remaining in soil following application of a recom-

mended pesticide. The user generally assumes that there

are no hazards if the material is applied as directed. In

most cases this is true; however, harmful side effects can

occur.

In Texas. DDT and endrin have played an important role

in the successful production of many agricultural com-
modities. In many areas they have been used season

after season for many years. This is especially true for

DDT on cotton where multiple applications of the insec-

ticide have been common practice. Fndrin has been

used to a lesser extent on cotton, but prior to 196.1 it was

used as a routine pest control agent in the cotton-produc-

ing areas of .South Texas. Fn addition to being used on

cotlon, DDT ami endrin arc used to control insect pests

From Department of Entomology, Texas A&M University. Ctillepe

Station. Tex. 77843.

on many other crops. Thus, a large proportion of the

farmland in Texas has been exposed to deposits of DDT
and endrin and must be considered as a potential source

of crop contamination. Soybeans and peanuts are often

grown in these soils, and the level of pesticides in the

soil that will result in residues in the crops grown therein

is not known.

Previous studies have indicated that the translocation of

DDT and endrin from the soil would account for little,

if any, insecticide contamination of certain crops. Eden

and Arthur (/) reported that, although no residues of

DDT were translocated in soybeans grown in soils

treated at 5, 10, and 20 lb/acre, residues of heptachlor

and heptachlor epoxide were found in soybeans har-

vested from soils treated with heptachlor. DDT was not

translocated to corn kernels harvested from plants dusted

with this insecticide (2). However, Randolph et al. (4)

found traces of DDT, toxaphene, dieldrin, and BHC
residues in the oil and meal of cottonseed produced on

soils treated with these insecticides. Nash (3) found

that concentrations of endrin in soybeans grown in soils

treated with endrin-C'^ increased almost linearly with

time when the entire plant was considered. He also

reported that soybean shoots from plants grown in Lake-

land sandy loam soil contained about twice as much

endrin as found in plants grown in Hagerstown soil.

Obviously, there are many factors which attribute to the

uptake of insecticides from the soil by plants. Because

these factors may vary in number or in importance in

different areas, it is necessary that each crop and each

pesticide be evaluated imder local conditions. The pres-

ent research was designed to determine the magnitude

of insecticide residues in peanuts and soybeans grown in

our area in soils containing three different levels of DDT
and endrin.
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Materials and Methods

SOIL TREATMENT

Emulsifiahle concentrates of DDT and endrin were ap-

plied to the soil on May 30. 1966. Each insecticide was

applied in 25 gallons of water per acre using a hand-

operated stainless steel sprayer equipped with a No. 8002

fan nozzle and using a pressure of 40 psi. Each plot

was four rows wide and 25 feet long. Application rates

for DDT were 2, 8. and 16 Ib-'acre and for endrin. 1. 2,

and 4 lb acre. Each experimental plot plus a check were

replicated three times. The soil plots were disced imme-

diately following application of each insecticide.

The peanuts (Star variety) and soybeans (Lee variety)

were planted on May 30, 1966, and harvested October

29, 1966. Climatological conditions during this period

are shown in Table 1. Because of the low amount of

precipitation, the crops were irrigated periodically start-

ing on June 20. 1966.

TABLE 1.

—

Cliniafolopical dam for the expcrinwntal area

during llie 1966 growing season



with 50 ml of hcxane]. The insecticide was cluted from

the column with 100 ml of 6*^ ether in hexane. Concen-

tration of the eluate to a constant volume was accom-

plished before aliquots were removed for analysis.

GAS CHROMATOGRAPHY
Two Barher-Colman Series 5000 Gas Chromatographs

equipped with electron capture detectors were used to

qiiantitatc residues of DDT and cndrin. The operating

parameters for the two instnmients were as follows:

TABLE 2.

—

Recoveries of DDT and endriii from soil

and from peanuts and soybeans



"weathered" residues are more persistent in the soil than

those which have recently been added.

I.ITFRATURE CITED

{I) Eden. IV. G and B. W. Aiiliiir. 1965. Translocation of

DDT and heptachlor in soybeans. J. Econ. Entomol. 58:

161-62.

(2) Ginshurg. J. M., R. S. Filmer. J. P. Reed, and A. R. Palcr-

.•ioii. 1949. Recovery of parathion, DDT, and certain

analogs of dichlorodiphenyldichloroethane from treated

crops. J. Econ. Entomol. 42:601-11.

(i) Nash. Ralph G. 1968. Plant absorption of dieldrin, DDT,
and endrin from soils. Agron. J. 60:217-19.

(4) Randolph. Neal M.. Robert D. Chisliolm, Louis Kohlilsky,

and J. C. Gaines. I960. Insecticide residues in certain

Texas soils. Texas Agr. Exp. Sta. MP-447. 1 1 p.

TABLE 3.

—

Levels of DDT in soils ul planting and at harvest, and in peanuts and soybeans



Cooperative Study . .

SECTION F: VIRGINIA

Residues of Dieldrin and DDT in Peanuts and Turnip Greens

Grown in Soil Containing Tliese Compounds

Roderick W. Young'

ABSTRACT

Peanuts and turnip greens grown in soils treated with 2. 8.

and 16 lb/acre DDT and I, 2. and 4 lb/acre dieldrin were

analyzed to determine to what extent residues present in the

soils were taken up by these crops. The two crops were grown

in different areas of Virginia. The data indicate thai in areas

with high temperatures residues in the soil tend to disappear

at a faster rate, although other factors such as rainfall and

soil type may also influence the removal of residues from the

soil. Higher application rates resulted in higher levels of diel-

drin, and DDT and its analogs DDE. o,p-DDT, and p,p'

DDT in soil, peanut hulls, peanut forage, and turnip greens,

while the peanuts contained only traces of the residues for all

treatments.

Introditctioii

Pesticides, principally the chlorinated hydrocarbons, have

been used extensively and found to be persistent in the

environment as indicated by various monitoring pro-

grams of food crops. Although data from these programs

show persistence of pesticides, little information is avail-

able from controlled experiments to determine the con-

ditions that result in significant levels of residues in food

crops. Heptachlor and its epoxide have been found in

levels above the tolerance in alfalfa hay and in milk in

Virginia and other southern States. In some cases use

of byproducts of peanuts, such as peanut vines and hulls,

as feed supplements for milk cows has been impossible

because of DDT, dieldrin, heptachlor, and heptachlor

epoxide contamination.

This laboratory has investigated the levels of DDT and

dieldrin resulting in crops grown on soils treated with

different levels of these compounds. These pesticides

were selected because they represent typical chlorinated

Dcparlmcni of Biochcmislry and Nutrition. VifKinia Polytcchnit
InMiiulc. RbcksbtirK. Vu. 24061.

hydrocarbons used in commercial growing areas in Vir-

ginia. The products selected for study were peanuts and

turnip greens. Although DDT and dieldrin may not nor-

mally be applied to the crops under study, it is necessary

to determine if residues from the application of these

pesticides to the area are taken up by these crops. This

study represents the first controlled experiment to be

conducted in Virginia to determine the application rates

that will assure production of a crop having residues

hclou the tolerance level.

To provide ideal growing conditions, the crops were

grown at different locations in soils best suited for each.

The peanuts were grown at the Holland Station on a

sandy loam soil, and the turnip greens were grown at

the Horticulture Farm at the Blacksburg Station on a

silt-loam soil. A randomized block design for one crop

and two pesticides was used at each location.

Materials and Method.';

soil. TREATMENT
The experimental area at each location was marked info

21 plots. There were three replicates for each of the

three treatment levels of DDT and dieldrin and for the

common check plot. The plots were fertilized at normal

rates, plowed, and disced. DDT and dieldrin were ap-

plied to the prepared plots with a power sprayer and

ilisced into the soil on April 20, 1966 (turnip green

plots), and May 9, 1966 (peanut plots). The pesticides

were applied at rates of 2, 8, and 16 lb/acre for DDT
and 1, 2, and 4 lb/acre for dieldrin. The turnip greens

were planted on May I and the peanuts on May 9.

SAMPLING

The soil samples were taken prior to the application of

the pesticides, just after the incorporation of the pesti-
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cides into the soil (at planting), and when the crops

were harvested.

Twenty I -inch soil cores were taken from each plot at

6-inch depths, mixed, and transported to the residue

laboratory in Blackshurg. The samples were cleaned of

plant material and held in the freezer until analysis.

The turnip greens ( approximateh 6 Ih plot) were har-

vested June 10. 1966. from the two middle rows of each

plot (6 rows/plot) starting 4 feet from either end. The

samples were taken to the laboratory, cut up with a

Hobart cutter with dry ice (to prevent loss of residue

due to heating and mushing), mixed, divided into three

equal parts, and frozen.

The peanuts were harvested October 20, 1966. in the

same manner as the turnip greens. The tops (hay) were

cut from 20 plants, and the peanuts were removed from

the plants with electric hedge clippers. The hedge clip-

pers were cleaned after each sample was taken. The

samples were placed in paper bags and taken to the labo-

ratory in Blackshurg; the hay was dried at 50 C in a

force draft oven, ground in a Wiley Mill, mixed, and

stored in a freezer.

The peanuts were shelled by hand, and the nuts and

shells were ground in a Waring blendor, mixed, and

stored in the freezer at —20 C.

EXTRACTION OF DDT AND DIELDRIN FROM SOIL

Tn order to obtain uniform extraction of residues, the

moisture content of soil samples was adjusted to 12%
before extraction. All solvents used for extractions were

redistilled in glass.

Soil samples weighing 50 a each were taken for analysis,

adjusted to contain 12% moisture, and mixed in a 500-

ml Erienmever flask with just enough distilled water (ap-

proximately 10 ml) to make a slurry. Each sample was

shaken vigorously for 20 minutes with 125 ml of 3:1

hexane-isopropyl alcohol on a wrist-action shaker and

allowed to settle for 10 minutes. The hexane layer was

decanted into a 500-ml separatory funnel. The extrac-

tion was repeated twice more as given above. The hexane

extract was then washed three times with 200 ml of

water, run through a 25 mm x 80 mm column of granu-

lar anhydrous NaL'S04, and evaporated to dryness in an

air-flow evaporator, 35-40 C. The residue was taken up

in 10 ml of petroleum ether and run through a 25 mm x

200 mm Florisil column with a 300-ml reservoir. The
column consisted of a layer of glass wool at the bottom,

covered with a
'

'2 -inch layer of granular anhydrous

Naj.SOj. with a 200-mm layer of Florisil (5% water)

and topped with a Vi-inch layer of granular anhydrous

Nai'SOj. The column packing was moistened with 35-

40 ml of petroleum ether before the sample was added.

The sample was poured onto the colimin and permitted

to percolate through at a rate of about 5 ml/min. After

two successive rinsings (5 ml each) of the beaker were

poured onto the column, the sample was separated into

two fractions by eluting il from the column using two

solvent mixtures. Two hundred milliliters of 6% puri-

fied dielhvl ether in petroleum ether was used to elute

aldrin. chlordane. heptachlor. and DDT products;

beakers were changed, and 200 ml of 15% purified

diethyl ether in petroleum ether was used to elute en-

Jrin. dieldrin. heptachlor epoxide, and other residues

from the column. Each of the above two fractions was

evaporated to dr\ness in the air-flow evaporator and

made up to the desired volume in 15-ml centrifuge tubes

with hexane. The samples were then injected into the

gas-liquid chromatograph at the optimum level for

analysis.

EXTRACTION OF DDT AND DIELDRIN FROM PEANUTS.
PEANUT HULLS, PEANUT HAY, AND TURNIP GREENS

Samples of ground peanuts or hulls, weighing 10 g each,

were blended in an Omni-Mixer for 2 minutes with 15

ml of water and 45 ml of cthanol. One hundred milli-

liters of hexane was added to each sample, and the mix-

ture was blended for an additional 2 minutes. The

sample was than transferred to a 250-ml centrifuge tube

and centrifuged for 5 minutes at approximately 1500

rpm. The hexane layer (top) was siphoned into a sepa-

ratory funnel. An additional 75 ml of hexane was added

to the centrifuge tube, which was stoppered, shaken vig-

orously, and centrifuged; the hexane layer was siphoned

off as above. The hexane was washed twice with two

50-ml portions of distilled water, the water discarded,

and the hexane poured through a 2-inch column (1-inch

diameter) of cranular anhydrous NajS04 into a 400-mI

beaker, followed bv a 10-ml hexane rinse. The hexane

extract was evaporated just to dryness on an air-flow

evaporator at 35-40 C, taken up in 10 ml of hexane. and

triple partitioned with acetonitrile-hexane. The acetoni-

trile was collected in a 500-ml separatory funnel con-

taining 200 ml of 2% Na-2S04 in water. One hundred

milliliters of petroleum ether was added to the above

sample, which was shaken and allowed to settle for 10

minutes. The aqueous phase was discarded and the

sample washed with two additional lOO-ml portions of

2% NasSOi water solution as described above. The pe-

troleum ether layer was drained through a 50 mm x 25

mm granular anhvdrous Na-SOj column and evapo-

rated to dryness. The sample was then taken up in 5 ml

of hexane. 50 "1 of dye (7 mg of band C violet. No. 2

dve. Pylam Products. 799 Greenwich Street, New York

14, New York) added and poured onto a silicic acid

column, 25 mm x 135 mm, composed of 4 layers: glass

wool, a '/2-inch laver of granular anhydrous Na2S04, a

1-inch laver of silicic acid mixture (2 parts silicic acid,

2 parts Super-Cel, and 1 part granular anhydrous

NajSO, by weight), and topped with a V2-inch layer of

granular anhydrous Na-2S04. The sample beaker was
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rinsed twice with two 5-mi portions of hexane. allowing

each rinsing to go to dryness on the column before ap-

plying the next one to the column. The sample was

then eluted from the column with 0.75% nitromethane

in hexane solution. When the dye had moved halfway

down the column, the heaker was removed from under

the column labeled A and replaced by a second beaker

labeled B to obtain the second part of the eluted sample,

which included the dye. After the dye was removed

from the column, an additional 10 ml of the above

solution was added to the column. Beakers A and B

were evaporated almost to dryness, made up to the de-

sired volume with hexane in graduated centrifuge tubes,

and injected onto the gas chromatographic column.

A lO-g sample of the turnip greens was blended with 50

ml of ethanol for 2 minutes in an Omni-Mixer. One

hundred milliliters of hexane was added and the sample

blended for an additional 2 minutes. The sample was

centrifuged at approximately 1500 rpm for 10 minutes

in a 250-ml centrifuge tube and the hexane layer si-

phoned into a beaker. An additional 75 ml of hexane

was added to the centrifuge tube which was stoppered,

shaken vigorously, and centrifuged; the hexane layer

was siphoned off. The sample was then evaporated to

dryness on the air-flow evaporator, 35-40 C, and taken

up in 10 ml of methylene chloride. To remove the pig-

ments and some waxes, the sample was run through a

No. 5 column. The No. 5 column was composed of a

homogeneous mixture by weight: 8 parts granular an-

hydrous NaL'.S04, 8 parts Celite 545. 2 parts Attapulgus

clay, 3 parts activated carbon, and 6 parts alumina. The
No. 5 column was prepared by pouring I inch of the

mixture into a 30-ml coarse glass-fitted Buchner funnel

and covering the mixture with a '/s-inch layer of granular

anhydrous NajSOt. The sample was poured gently on

the column and the filtrate caught in a beaker. When
the sample liquid had sunk in the column, two lO-ml

rinsings of the beaker were poured onto the column one

at a time. An additional 40 ml of methylene chloride

was required to elute the sample from the column. (The
column was not allowed to go to dryness until the 40 ml

of methylene chloride was used.) The sample was evapo-

rated on the air-flow evaporator, 35-40 C, taken up in

2-3 ml of hexane and evaporated just to dryness to re-

move any traces of methylene chloride. The samples

were taken up in hexane and stored under refrigeration

in 15-ml glass-stoppered graduated centrifuge tubes until

they could be analyzed in the gas chromatographic units.

GAS CHROMATOGRAPHY
A MicroTek 200 gas chromatograph with a Ni"^ elec-

tron capture detector was used for analysis. The oper-

ating conditions were as follows:

Column: Glass. 1 80 cm x 5 mm I.D., packed

with 4% SE-30 + 6% QF-l on 80-

100 mesh gas Chrom Q (Applied

Science Labs., State College, Pa.),

preconditioned 48 hours at 230 C.

Temperatures: Inlet 220 C
Column 200 C
Detector 275 C

Carrier Gas: Ns at 100 ml/min, tank pressures

at 40 lb

Results and Discussion

Data in Table I show the vast differences in climate be-

tween the two experimental areas. The Blacksburg Sta-

tion, with an elevation of 2500 feet, had a total of 1440

monthly degree days in the 7-month growing period

while the Holland Station, 30 feet above sea level, had

only 652 monthly degree days in the same period.

To calculate the recoveries as shown in Table 2. control

samples were spiked with known amounts of DDT and

dieldrin (I mg of pesticide per sample). Samples were

made up to the desired volume to give approximately 10

ng//(l of sample injected onto the GLC column for an-

alysis. From four to eight analyses were determined on

each level of the standard curve. The standard devia-

tions ranged from 1 to 6.

Data show that DDT and dieldrin decreased at a faster

rate at Holland Station where higher average tempera-

tures occurred (Tables I, 3, 4. and 7). However, rain-

fall and soil type may also have been factors contributing

to the more rapid disappearance of residues. The results

of the soil analyses (Tables 3 and 4) show such great

variations, especially at the lower application levels, no

conclusion can he made on the rate of residue disappear-

ance. In some cases levels of DDT and its metabolites

increased between planting and harvest periods; the

values were significant at the I % level for the planting

and harvest periods with the exception of p.p'-DDE

which was at the 5% level. No explanation for this in-

crease can be given.

The data in Table 5 indicate that the uptake of DDT and

its metabolites by peanut hulls and dried peanut forage

was significant at the I % level with the exception of

p.p'-DDE which was only at the 5^^ level. The amount

of residue taken up by peanuts was at or below 0.05 ppm
for all treatments. The F-values for the uptake of DDT
in turnip greens (Table 6) were at the I % level for p.p'-

DDT and total DDT while the F-values for p.p'-DDE

and (i.p-T>DT were not significant.

Table 7 shows the results of analyses of dieldrin residues

recovered from the soils and crops at the two locations.

The levels resulting from the increased application rates

on the peanut soils at planting time were significant only

at the 5% level while the harvest results were at the

1 % level. The amounts of dieldrin found in the turnip
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TABLE 1.

—

Climatologica} dala for ihc cxpcriniciual areas

(lurini! [/w !^66 }^rowini^ season

Month

Temperature

Average
Maximum

Average
MrNlMUM

Degree
Days'

Rainfall

( Inches)

BLACKSBURG STATION

April



TABLE 5. Levels of p.p'-DDE. o,p-DDT, p.p'-DDT, ami total DDT in hulls, nuts, and dried joragv of peanuts



TABLE 7.

—

Levels of ilicUhin in soil iit rUiiiline diul cil liciivcs!. in hulls, nnls. and dried forage

of peanuts, and in iiirnip greens



Cooperative Study

GENERAL SUMMARY AND CONCLUSIONS

It is apparent from the results obtained in these co-

operative studies that it is very difficult to incorporate

a predetermined, homogeneous mixture of a pesticide

to a 6-inch depth in soil plots of the size normally em-

ployed in field experiments. Actual values varied on an

average of at least ±20% of theoretical in the various

experiments of this cooperative study.

In most cases the following quantities of pesticides were

incorporated in the top 6 inches of soil: DDT at 2, 8.

and 16 lb/acre: endrin and dieldrin at 1. 2, and 4

lb/acre. Assuming a standard soil density of 2x10"

lb/acre in the top 6 inches, the pesticide concentrations

were calculated to be: DDT— 1, 4, and 8 ppm; endrin

and dieldrin—0.5, 1, and 2 ppm.

Peanuts: The most significant pesticide residues detected

in the entire cooperative study involving possible uptake

from the soil were found to be "total DDT" and dieldrin

in peanut meats, bulls, and forage. Considerably more

than 1 .0 ppm total DDT residue was found in the peanut

hulls and dried forage, definitely constituting an exces-

sive residue potential in milk if fed to dairy cattle for any

length of time. Total DDT residues detected in peanut

meats were found to be from 0.04 to 0. 1 y ppm ( based

on whole nut) taken from plants grown in the soil plots

containing the highest DDT contamination. Dieldrin

residues were detected at O.'^S to 0.83 ppm in peanut

meals, hulls, and forage. Dieldrin residues of this magni-

tude would be illegal in peanut meats and also constitute

a possible hazard in milk if fed to dairy cows over an

extended period of time.

Soybeans: The level of total DDT in soybeans varied

considerably in the three laboratories involved, ranging

from less than 0.01 to 0.15 ppm in beans taken from

plants grown in soils previously treated with the highest

rate of this pesticide. Endrin residues from 0.02 to 0.11

ppm were found in soybeans grown in soil treated with

as much as 8 lb/acre of this pesticide. It would appear

from these studies that soybeans may present a possible

low-level residue problem when grown in soils contain-

ing relatively high levels of such pesticides as DDT and

endrin.

Turnip Greens: Total DDT residues detected in turnip

tops, peeled turnip roots, or root peels were found to be

less than 0.13 ppm, regardless of the level of DDT in

the soil or the location of the level of DDT in the soil or

the kxration of the experiment. Levels of endrin were

found to be insignificant in the turnip tops, but 0.12 ppm
was detected in the peels of the turnip roots. Turnip

tops contained 0.06 ppm dieldrin when grown in soil

fortified with as much as 4 lb/acre dieldrin at planting

time. Although DDT residues of this magnitude pose

no human health problem there is always the possibility

of illegal residues appearing in milk if cows were fed

this type of feed over an extended period of time. Since

the tolerance for endrin and dieldrin is zero in turnip

greens, any detectable residue would be illegal.

Toluuco: Insignificantiv low residues of total DDT and

endrin (0,02 and 004 ppm, respectively) were found in

the green leaves of tobacco. Since tobacco is not a

source of footi, there appears to be no pcsticiile residue

hazard to man under the conditions outlined for these

experiments.
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In general, there was satisfactory agreement between crop were usually within the experimental variability

residue results determined by the coordinating central- that might be expected when comparing analytical data

ized laboratory in Florida and those obtained by two or from samples selected from two or more field replica-

more cooperating laboratories on duplicate field samples. tions of the same experiment.

This observation was made by comparing the results ob-

tained for the analyses of total DDT, dieldrin, and en- ^J.
^ ^^" Middelem

drin in peanut meats, soybeans, turnip greens, and to-

bacco. Most of the differences in data obtained from two
, , ^ . . , . ^, ,, 1 1 See Appendix for chemical names of compounds mentioned in ttiese

or more laboratories involvmg the same pesticide and papers

Chairman, S-58 Technical Committee
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RESIDUES IN FISH, WILDLIFE,
AND ESTUARIES

Organochlorine Insecticide Residues in Starlings

William E. Martin'

ABSTRACT

As pari of the National Pesticide Monitoring Program,

starlings (Sturnus vulgaris) were collected from 128 sampling

sites throughout the contiguous United Slates. In most cases,

three collections were made at each sampling site. Residue

analyses for the persistent organochlorine insecticides were

made at a private laboratory under contract with the Bureau

of Sport Fisheries and Wildlife. DDT and its metabolites and

dieldrin were found in all samples. Other residues, in order

of frequency, were heptachlor epoxide, lindane, and BHC.

Higher averaged residues of DDT and its metabolites and/or

dieldrin were found in the southeastern United States: south-

ern New Mexico. Arizona and California: eastern Utah: and

the Willamette River drainage of Oregon.

Introduction

A stated objective of the National Pesticide Monitoring

Program, coordinated hy the Federal Committee on Pest

Control, is to develop a continuing nationwide assess-

ment of the general levels of pesticide residues in the en-

vironment (2). This report contains data collected for

the purpose of establishing a "baseline residue index" of

persistent organochlorine insecticides in starlings (Stur-

nus vulgaris) as a step toward accomplishing a portion of

the program goal. Starlings represent one of three sub-

strata sampled by the Bureau of Sport Fisheries and

Wildlife; the other two arc waterfowl and fresh-water

fish.

Starlings were selected to be sampled, because they arc a

terrestrial avian species found year-round throughout

most of the contiguous 48 States; they arc generally

regarded as expendable; and their omnivorous feeding

' Divistnn of Wildlife .Services, Bureau of Sport Fisheries and VVildlifi-.

U.S. Deparimcni of the Inlcrior, Wasliiniiion. D.C. 20240.

habits can be expected to reflect pesticide intake from

insects, fruits, grain, crops, and miscellaneous other

foods.

Data presented in this report result from three starling

collections taken at approximately 128 sites during

August/September and November 1967, and January/

February 1968.

Sampling Sites and Procedures

Sampling sites were selected randomly. The 48 contigu-

ous States were divided into blocks of 5 degrees latitude

(24° to 49°) and longitude (64° to 124°). The five

north to south rows were designated by numbers 1

through 5. The 12 each to west columns were lettered

A through L. This delineated 44 sampling blocks, each

containing at least a portion of one of the 48 States.

Within each block, up to four sampling sites were ran-

domly selected and numbered consecutively. (Four

blocks contained no sampling sites.) Thus, each location

was uniquely identified by a row number and a column

letter to designate a five by five degree block and, within

each block, a specific sampling site number; e.g., l-A-1

designates a specific site near Tacoma, Wash, (see Fig,

1 ). There were 1.19 sampling sites initially selected.

Where sufficient starlings were not present to permit

sampling, movement of a site within the same five de-

gree block was permitted. In three such instances the

original sites were located near block lines, making it

necessary to relocate those sites in an adjoining block

in order to obtain birds.

Collections were taken three times during a 15-nionth

period:
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August 28 to September 7, 1967—designated S

(summer)

January 29 to February 9, 1968—designated W
(winter)

November 18 to November 29, 1968—designated

F (fall)

Collection period designators are placed after the sam-

pling site numbers to clearly establish when and where

the collections were made; e.g., 1-A-l-W identifies the

winter collection near Tacoma, Wash.

The summer collection was expected to reflect residues

resulting from direct exposure to crops during growing-

season pesticide treatments at a time when birds were

dispersed. The winter collection was selected to repre-

sent a time when birds had flocked and when direct con-

tact with pesticides would be minimal and might reflect

a more stabilized residue level. The fall collection was

chosen as a midpoint between summer and winter for

consideration as a future single sampling period when
it became apparent that biannual collections would not

be economically feasible.

Each sample normally consisted of a "pool" of 10 birds

collected at each site. Pools of less than 10 birds are in-

dicated in Table 5. Birds were taken either by trapping

or shooting. The 10 pooled birds were placed together

in a polyethylene bag and frozen immediately after col-

lection. The samples were kept frozen until laboratory

analysis.

A nalytical Procedures

All residue analyses were done by the Wisconsin Alumni

Research Foimdation* under contract with the Bureau

of Sport Fisheries and Wildlife.

The birds were prepared by skinning and then removing

the beak. feet, and wings at the first joint out from the

body. The removed parts were discarded, and analyses

were made on the remaining whole body. Residues of

the persistent organochlorine insecticides and their

metabolites were determined by gas chromatography,

and identification confirmations were made by thin layer

chromatography on 5'^'c of the total collection.

Analytical methodology followed procedures outlined in

the Food and Drug Administration's Pesticide Analytical

Manual (/) with minor modifications. Each 10-bird

pool was ground in a Hobart food chopper. A sample

weighing approximately 20 g was taken and partially de-

Mention of this commercial laboratory is for identification only and

does not constitute endorsement hy the U.S. Department of the In-

terior.
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hydralcd in a 40 C oven for 48-72 hours. The sample

wa<s then grourj with approximately 50 g of NajSOi

and placed in a 33 mm x 94 mm Whatman extraction

thimble and extracted 8 hours on a Soxhlet extractor

using ethyl ether and petroleum ether (70:170). The

extract was then concentrated to 10-15 ml on a steam

bath and made to appropriate volume (50-100 ml).

Cleanup was accomplished as outlined in the FDA Pesti-

cide Analytical Manual Sect. 211.15. Where additional

cleanup was necessary, methods in Sect. 211.14 and

211.16 were used. Determination was made using a

Model 5360 Barber-Colman gas chromatograph with a

Sr-90 electron capture detector. Instrument conditions

were

:

Column: Glass, 4' x 4 mm, packed with 5%
DC-200 on Chromport XXX 70/90

mesh

Temperatures: Tnlet 230 C
Column 190- 210 C
Detector 240 C

Carrier Gas: Nj at 70-90 ml/min

Lipid content was calculated by placing an aliquot of the

extract in a tared beaker, reducing it to dryness on a

steam bath, placing it in a 40 C oven for 2-4 hours, and

weighing the end result.

Results and Discussion

SAMPLE DESIGN AND COLLECTION

Starlings were unexpectedly diflicult to collect in some

areas. TTie sampling design did not fit availability of

birds in Texas in particular, where no collections were

made at eight originally selected sites. Personnel in other

areas reported that, even with the latitude provided for

moving sampling sites a considerable distance, birds in

some locations were either not available or were so dis-

persed that collection of a 10-bird pool was extremely

difficult.

Collections were made at 128 of the planned 139 sam-

pling sites (92% ). A total of 360 pool samples were col-

lected of a planned 417 {S67c). States and counties in

which samples were taken are indicated in Table 1.

.Some deviation from the designated collection periods

was unavoidable; however, every effort was made to

obtain these samples as close to the designated time as

possible. Hopefully, a thorough analysis of variation

between data from different collection periods contained

in this report will guide the future selection of an appro-

priate single sampling period for further monitoring.

Future planning will include consideration of relocating

some sampling sites to areas of higher or more concen-

trated bird populations without losing the benefits of the

present baseline data.

RESIDUE LEVELS IN STARLINGS

Results of residue analysis for persistent organochlorine

insecticides are shown in Table 5. These results are re-

ported as ppm (Mg/g) wet weight of prepared, whole

starling. In keeping with the general policy of the Pesti-

cides Moniiorini; Journal, data generally are presented

in an unevaluated form. Efforts were made only to

summarize some data: however, it appears from this

summary that a thorough evaluation of the complete

data and its possible implications will be a profitable

endeavor.

DDT and its metabolites and dieldrin were found in all

samples taken. Frequency of occurrence at various resi-

due levels for 126 sample sites is indicated in Table 2.

Sites in which only one collection was made are not in-

cluded. The summary does include data from 20 sites at

which collections were made in only two of the three

sampling periods. As indicated in Table 2, most of the

averaged residues found for DDT and metabolites oc-

curred in the range of < 1.0-3.0 ppm: and for dieldrin.

in the range of <0. 1-0.3 ppm.

Sampling sites having an averased residue level greater

than 3.0 ppm DDT and metabolites and/or greater than

0.3 ppm dieldrin are shown in Table 3. Higher averaged

levels of these two pesticides were found in the South-

eastern United States (DDT and dieldrin): southern

New Mexico, Arizona, and California (DDT): eastern

Utah (DDT): and the Willamette River drainage of

Oregon (dieldrin). Spots of relatively high dieldrin

residues in eastern Washington and Oregon (l-B-3 and

4) and in Illinois (2-G-3) suggest a need for more re-

fined monitoring of these areas. A spot of relatively high

DDT residue in Oklahoma (3-E-4) and the higher levels

found in New Mexico (4-D-3) and Louisiana (4-G-4)

indicate a possibility of finding relatively high residues

in Texas, since patterns of land use are similar in areas

bordering these States.

Reco\ery of heptachlor epoxide, lindane, and BHC ap-

pears to follow more of a seasonal than geographic dis-

tribution. High frequency of occurrence also seems to

correlate with the frequency of highest lipid weight found

in the winter and fall collection periotis, as shown in

Table 4.

Thin layer chromatography was used to confirm gas

chromatography findings in 21 samples. Of 107 residues

identified by gas chromatography, 80 were confirmed

(75.7'f ). Five residues not foimd by gas chromatog-

raphy were identified by the thin layer method.
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TABLE I.

—

Sampling silc locations by Slate and county



TABLE 2.—Dislrihulion of average residues of DDT and

melaboliles and dicldrin hy frei/iiency of occurrence

in different quanlitative ranges

TABLE 4.

—

Frequency of occurrence of residues of

lieplachlor epoxide, lindane, and BHC by

collection period

DDT AND Metabolites



TABLE 5.

—

Pcsriciclc residue levels in Mailings—Continued
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Pcsticiile residue levels in starlings—Continued
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Pesticide residue levels in starlings—Continued
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Pesticide residue levels in starlings—Continued

' 3 birds.
: 4 birds.
» 5 birds.
< 6 birds.
« 7 birds.
" 8 birds.
' 9 birds.
> 12 birds.



Nationwide Residues of Organochlorine Pesticides in

Wings of Mallards and Black Ducks

Robert G. Heath'

ABSTRACT

Nationwide monitoring of organochloiine pesticides in wings

of more than 24,000 mallards and black ducks bagged during

lite 1965 and 1966 hunting seasons showed DDE to be the

predominant residue, followed in order by DDT, DDD, diel-

drin, and heptachlor epoxide. Residues were generally high-

est in wings from the Atlantic and Pacific Flyways, and

lowest in the Central Flyway. DDE was reported for every

State and was notably high in wings from New Jersey, Mas-

nachusetts, Connecticut, Rhode Island, New York, Pennsyl-

vania, Alabama, California, and Utah. Dieldrin residues

were prevalent in wings from Arkansas, Texas, Utah, Califor-

nia, and several Stales in the Atlantic Flyway.

Introduction

Nationwide monitoring of organochlorine pesticides in

wings of wild mallards and black ducks was initiated by

the Bureau of Sport Fisheries and Wildlife in late 1965

as a segment of the National Pesticide Monitoring Pro-

gram. Findings reported here are based on chemical

analyses of wings from more than 24,000 ducks bagged

during the 1965 and 1966 hunting seasons. The data

provide base readings from which future trends in resi-

due levels can be measured, and they permit geographic

comparisons of residues. Wing monitoring is scheduled

hereafter at 2- to 3-year intervals. A full description of

the Bureau's monitoring commitments has been given

by Johnson, Carver, and Dustman (5).

The decision to monitor mallard and black duck wings

was based on several factors: (a) The combined range

of the two species covers the continental United States,

the mallard being relatively abundant in all but the East-

ern States where the black duck predominates; (b) Wings

were readily available as a byproduct of an established

1 Patuxent Wildlife Research Center. Bureau of Sport Fisheries and
Wildlife, U.S. Department of the Interior. Laurel. Md. 20810.

nationwide survey of waterfowl productivity wherein

each fail cooperating hunters mail the Bureau tens of

thousands of duck wings for biological examination: and

(c) Dindal and Peterle (.?), using DDT, ring-labeled

with chlorine-36, to study DDT dispersion in a marsh

ecosystem, found highly significant correlations in 104

captive mallards and scaup ducks between DDT resi-

dues in wings and those in breast skin, kidney, breast

muscle, uropygial gland, adrenal gland, pancreas, brain,

gonads, liver, and thyroid. The average level in the

wings was essentially equal to the median level in the

above body parts; it was approximately twice that in

breast muscle and about one-eighth that in the uropgial

gland.

The monitoring methodology was successfully tested in

early 1965 with wings from mallards and black ducks

taken in New York and Pennsylvania during the fall of

1964, as reported by Heath and Prouty (4). Findings

based on analyses of 36 "pools'" of wings, each pool com-

posed of 25 defeathered wings chopped and blended into

an homogenate, indicated that organochlorine residues

were present in all pools and that levels of DDE tended

to be higher in wings of adults than in those of imma-

ture birds. Wings were analyzed in pools rather than

individually to increase the precision of estimates of

averot:e residue levels from a fixed number of analyses.

Variability of residue levels among replicated pools indi-

cated that pool size should not be reduced from 25 wings.

Methods

Wings from the 1965 and 1966 hunting seasons were

mailed by selected hunters throughout the United States

to one of four regional collecting points and held in

frozen storage for examination in early 1966 and 1967.

During examination mallard wings from most States and
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black duck wings from Eastern States were first segre-

gated into State groups of immature and adult wings,

and each group was then systemalicaliy sorted into pools

of 25 wings each. A random sample of these pools,

roughly proportional in number to a State's mallard or

black duck harvest, was selected for pesticidal analysis.

Pools not selected were discarded. Fach selected pool

was enclosed with an individually numbered lag in a

plastic bag, packaged in dry ice, and shipped to the an-

alytical laboratory. Records associating pool number

with pool description (State and age) were retained by

the investigators: thus, pools were identified only by

number during chemical analysis.

Wings were analyzed in 1966 by the Hazleton Labora-

tories, Falls Church, Va., and in 1967 by the Wisconsin

.Mumni Research Foundation, Madison. Wis. Labora-

torv selection was by bid. Prior to selection both labo-

ratories satisfactorily analyzed material treated with

known amounts of the pesticides expected in monitoring;

recovery rates generally exceeded 84*^.

Preparatory to analysis, wings were trimmed of flight

feathers with a band saw and chopped and blended into

25-wing homogenates with a Hobart food cutter. Resi-

dues were measured to a limit of sensitivity of 0.05 ppm
(wet weight). Analytical procedures (/) were as

follows:

Hazleton Lahoratorie<:. A 20-h aliquot of the homogenate

was dried by grinding with anhydrous sodium sulfate;

extracted by shaking and centrifuging three times with

petroleum ether (one lOO-ml portion and two 50-ml por-

tions): cleaned by acetonitrile-petroleum ether partition-

ing and elution through a Florisil column in two frac-

tions, the first containing 6% ethyl ether and 9A%
petroleum ether, and the second containing 15% ethyl

ether and 85% petroleum ether. The two fractions were

analyzed separately by electron capture gas chromato-

graphy using a Chromalab Model A-110 gas chroma-
tograph with a radium-226 detector (Glowall Corpora-

tion). The operating parameters were:

Column: Glass, 6'x>i" OD, packed with

10% nC-200 on 100/120 mesh
Gaschrom

Carrier Gas: Nj at 120 ml/min

Temperatures: Inlet 225 C
Column 205 C
Detector 250 C

WARF Instiiuie. A 40-g aliquot of the homogenate was
air-dried 96-120 hours at 40 C; extracted in Soxhlet for

8 hours with 70 ml ethyl ether and 170 ml petroleum

ether; cleaned and separated by elution through a Flori-

sil column in two fractions, the first containing 5% ethyl

ether and 95% petroleum eihcr, and the second con-

taining 15% ethyl ether and 85"^; petroleum ether. The

two fractions were analyzed separately by electron cap-

ture gas chromatography using a Barber-Colman Pesti-

cide Analyzer Model 5.'?60 with a strontium-90 detector.

I ho operating parameters were:

Column: Glass, 4' x 4 mm OD, packed with

5% DC-200 on 70/90 mesh Chrom-

port XXX
Carrier Gas: N;; at 70-90 ml/min

Temperalures: Inlet 230 C
Column 200 C
Detector 240 C

Table I lists, by State of collection, the average residue

levels of DDE, DDT, DDD, and dieldrin in the wings

of adult and immature birds in late 1965 and 1966. The

2-year range in levels and the number of pools in each

set are also presented. Table 2 lists the 2-year average

levels and standard errors of these chemicals, derived by

combining both years' data. The 2-year averages are in-

tended as reference points for detection of trends in

futLire levels. Other chemicals were detected in no more

than trace amounts and are discussed in text only.

States are listed in both tables in north-to-south order

within each of the four continental waterfowl flyways:

Atlantic, Mississippi, Central, and Pacific. Geographic

rather than alphabetical listing was used to facilitate geo-

graphic comparisons. States were stratified (2) by fly-

ways since a majority of mallards and black ducks

remain within a given flywav during migration. Essen-

tially, then, we are monitoring flyway as well as State

populations, the wings from each State being a sample

of that part of a flyway population frequenting the State

during its hunting season. Table 3 gives the 2-year fly-

way means and standard errors for the subject pesticides,

derived hv weighting (2) each State statistic by the esti-

mated total bag in that State of the respective species

and age group.

Results

DDF proved to be the predominant residue throughout

the survev. Measurable amounts of this stable metabolite

of DDT were reported in nearly all pools of adult wings

and in most pools of immature wings. Residues of DDE
were generally from two to five times higher than those

of DDT which, in turn, tended to be higher than those

of DDD. Dieldrin was found in wings from more than

30 States, although aldrin, which converts to dieldrin.

was not detected. Hcptachlor epoxide was reported at

trace levels from onc-thinl of the States: hcptachlor was
not detected. Lindane was found in wings from only

luo States, and endrin w;is not detected.

Pronounccil Stale ami regional differences in average

levels of DDl' wore apparent. Some of the highest levels

were encountered in atlull black ducks from a contigu-
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ous yroup of Atl;iniic FKway Stales that included New
Hampshire, Massachusetts, Rhode Ishind, Connecticut,

New York, Pennsylvania, New Jersey, and Delaware.

DDE averages ranged from 0.88 ppm in New Hamp-
shire to 2.10 ppm in New Jersey. Mallards from the

three States sampled in this group—New York, Penn-

sylvania, and New Jersey—exhibited similarly high resi-

dues. Elsewhere, only Alabama. California, and Utah

showed comparable levels of DDE. Adult mallards from

Alabama had the highest average level in the survey

(2.17 ppm). adult black ducks from New Jersey the

second highest level (2.10 ppm). and adult mallards

from California the second highest level among mallards

( 1 .45 ppm )

.

In contrast. DDE averaged below 0.14 ppm in both adult

and immature mallards from Illinois and Missouri in

the Mississippi Flyway and from North Dakota. South

Dakota, eastern Montana. Nebraska, Kansas, and Okla-

homa in the Central Flyway.

DDT and DDD residues in a given set of pools tended

to parallel those of DDE, but at lower levels. Nation-

wide, DDT exceeded 0.50 ppm in only five sets of pools

(immature black ducks from New Jersey were high at

1.72 ppm DDT), and DDD averages failed to exceed

0.50 ppm.

Comparison of average DDE residues in flyway popula-

tions (Table 3) shows that levels in black ducks, in the

Atlantic Flyway. were the highest in the survey. Among
mallards, averages were similarly high in the Atlantic

and Pacific Flyways. and about one-third as high in the

Mississippi and one-fourth as high in the Central as in

either coastal flyway. Average levels of DDT and DDD
were highest in the Atlantic Flyway and were usually

too low to be quantified in the Mississippi and Central

Flyways.

Dieldrin was detected most frequently in the Atlantic

Flyway in both mallards and black ducks: wings from

only Maine and the combined States of Georgia and

Florida failed to show residues. Dieldrin also was preva-

lent in wings from Arkansas. Texas, Utah, and Califor-

nia: otherwise it was either undetected or present in little

more than trace amounts. State averages rarely exceeded

0.25 ppm.

Residue levels of DDE tended to be higher in wings of

adults than in those of immature birds, a difference not

apparent with DDT. DDD. or dieldrin. This phenome-

non, first observed in trial monitoring (4). suggests that

equilibrium between chemical storage and elimination, in

at least the wing, is less readily attained with DDE than

with the other chemicals.

Heptachlor epoxide was reported in at least one pool

from each of 16 States, nine of them in the Atlantic

Flyway. Residues were most prevalent in both mallard

and black duck wings from New York and Connecticut

where levels averaged about 0.06 ppm. Traces of hepta-

chlor epoxide were also recorded for New Hampshire,

Massachusetts, Rhode Island, Pennsylvania, Maryland,

Virginia, and North Carolina in the Atlanta Flyway;

Ohio. Wisconsin, and Iowa in the Mississippi Flyway;

Nebraska in the Central Flyway; and Washington, Ore-

gon, and western Montana in the Pacific Flyway.

Lindane at trace levels was recorded in wings from

Washington and Michigan; otherwise, it was not re-

ported. Lindane is recommended by the U. S. Depart-

ment of Agriculture primarily to control aphids in apple

and pear orchards (7). which could explain the residues

associated with these two orchard States.

Analysis of the ground wing material showed that the

homogenates contained approximately 1 1 % lipid mate-

rial and .36% moisture. (Precise percentages of mois-

ture ind lipid content for specific sets of pools are avail-

able upon request.)

Discussion

While agricultural uses of pesticides probably accounted

for much of the residue material detected in wing moni-

toring, other sources of contamination should be consid-

ered. Sewage from population centers may contribute

significant amounts of pesticides to some aquatic en-

vironments. Similarly, industrial effluents from pesticide

manufacturing plants have been known to contain sub-

stantial residues of pesticides lost in chemical processing.

It is well known that in some States, vast quantities of

DDT have been applied to coastal marshes over the past

2 decades in mosquito control programs. The practice

has been especially notable in those States extending

from Massachusetts to Delaware.

Because of persistence and a tendency to accumulate in

many organisms, substantial residues of DDT, and espe-

cially the metabolite DDE. are now present in marsh

soils and fauna. Woodwell. Wurster, and Isaacson (6)

report that residues of DDT and its metabolites aver-

aged more than 13 lb/acre in the soil of an extensive

salt marsh on the south shore of Long Island, and that

within the marsh, residues increased with trophic levels

from 0.04 ppm in plankton to 75 ppm in a ring-billed

gull. DDE residues were exceptionally high in wings of

both mallards and black ducks from New Jersey, where

for many years coastal marshes have been treated with

repeated aerial applications of DDT. A number of

States are now using chemicals less persistent than DDT
in mosquito control work.

Sidnmary and Conclusions

The findings from 2 years of monitoring indicate that

duck wings can function as sensitive detectors of environ-
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mental DDT and the metabolites DDE and ODD, as well

as dieldrin and undoubtedly other organochlorine com-

pounds. Despite some variation due to sampling and

analytical processes, residue statistics were sufficiently

precise to show differences in levels between flyways.

various groups of States, and frequently between indi-

vidual States. In some instances adjacent States, un-

doubtedly frequented by many of the same ducks,

showed clear differences in residue levels, suggesting

rapid assimilation of pesticides into the wing, probably

through the diet. The precision with which monitoring

will detect trends in wing residue levels will vary from

Stale to State depending upon numbers of wings sampled

and the variability in residue concentration within a

State's waterfowl habitat.
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TABLE l.—Nalionwiilc residue levels oj DDE. DDT, DDD. anil dieldrin

in wings of mallards or black ducks: 1965-1966

[Estimates are 2-year means and standard errors for pools of 25 wings each]

Total Pools
1965 + 1966

Residues in ppm (wet weight)

2-Year
Mean

Standard
Errok

DDT

2-Year
Mean

Standard
Error

DDD

2-Year
Mean

Standard
Error

Dieldrin

2-Year
Mean

Standard
Error

BLACK DUCKS, ATLANTIC FLYWAY

Maine
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PESTICIDES IN WATER
Pesticides in Selected Western Streams—A Progress Report ^

Douglas B. Manigold and Jean A. Schuize

ABSTRACT

7/ii.r paper presents data from the U. S. Geological Survey

program for monitoring pesticides in the streams of the West-

ern United States and covers the period October 1966 - Sep-

tember 1968. Data from the first year's study beginning in

October 1965 were published in an earlier issue of this Jour-

nal (2). The original network of 1 1 monthly sampling sta-

tions, established in October 1965, was increased to 20 in Oc-

tober 1967. Compounds determined include the common
cholorinated insecticides and herbicides. All of these pesti-

cides were detected at one time or another; DDT was the

most frequently occurring insecticide, and 2.4-D the most

common herbicide. The amounts observed were small; the

maximum concentrations of DDT and 2,4-D were 0.12 and

0.35 fig/liter, respectively. Concentrations were highest in

the water samples that contained appreciable amounts of

suspended sediment. Data obtained thus far in the operation

of the network have been insufficient to show real correla-

tion with discharge or season of the year.

Introduction

In the September 1967 issue of this Journal, Brown and

Nishioka (2) reported on data obtained by the U. S.

Geological Survey during the first year of operation of a

pesticides monitoring network, which is part of a pro-

gram for continuous surveillance of pesticides in surface

waters proposed for joint operation by the Federal Water

Pollution Control Administration and the Geological

Survey of the U. S. Department of Interior (5). This

paper presents data from this study for the period Octo-

ber 1966-Sepiember 1968. Beginning in October 1965,

the Geological Survey obtained pesticide data for 1

1

streams in the Western United States. The study was
expanded in October 1967 to include a total of 20 sites.

Pesticides selected for routine analysis were chosen

mainly from the primary list of compounds established

' Water Resources Division, U.S. Geological Survey. Austin, Tex.
78701. (Publication authorized by the Director, U.S. Geological Sur-
vey I
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in March 1964 by the Subcommittee on Monitoring,

Federal Committee on Pest Control, and include the

chlorinated insecticides aldrin, DDD, DDE, DDT, diel-

drin, endrin, heptachlor, heptachlor epoxide, and lin-

dane; and the chlorinated herbicides, 2,4-D, 2,4, 5-T; and

silvex.

Analytical work for the program, from its initiation until

June 1967, was performed in the Geological Survey

laboratory in Sacramento, Calif. During an interim

period. August 1967 to January 1968, samples were an-

alyzed in Menlo Park, Calif., and in February 1968 the

program was transferred to the Survey Laboratory at

Austin. Tex.

Data Collection Sites

Each of the 20 sampling stations is a designated or oper-

ated U. S. Geological Survey irrigation-network location

where inorganic water quality and stream discharge data

are obtained (S). These stations are listed in Table 1

and their locations shown on Fie. 1. The original 1 1 sta-

tions are indicated by underlined numbers on the map.

Historical hydrologic data for all 20 stations are avail-

able in annual reports of the U. S. Geological Survey

entitled "Quality of Surface Waters for Irrigation, West-

ern United .Slates." These reports give inorganic water

quality data, drainage area, and stream discharge figures.

The latest report, released in 1967, contains data for the

period from October 1, 1962 to September 30, 1963 (8).

Sampling Procedures

In these studies samples are collected in 1 -quart Boston

Round glass bottles sealed with a Teflon-lined screw cap.

The narrow-mouthed bottles make possible the collec-

tion of depth-integrated samples. Earlier, wide-mouth
bottles were used which filled almost instantly when low-

ered into a stream and made a depth-integrated sample
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practically impossible. Two bottles are collected at each

station, one being used for insecticide analysis and the

other for herbicides. A duo-pak container is used for

mailing the samples, with the bottles protected by a

form-fitting expanded polystyrene case placed in a cor-

rugated cardboard carton. The package is compact and

light-weight, and no breakage has occurred. The samples

are transported by airmail because herbicides, particu-

larly 2,4-D, can decompose quite rapidly (4). The
average time from sampling to receipt of the sample at

the laboratory is 3 days.

TABLE 1.

—

Pesticide monitoring stations in Western

United States

Irri-

gation
NETWORK

NO.l



time on one column as the insecticide of interest, the

lowest value is reported. Occasionally a mixed DC-

200—QF-I column as described by Burke and Holsvvade

(i) is used to confirm the identity of pesticides when

separation is diflicult. as in the case of DDE and dieldrin

on the DC-200 column.

Recovery data range from 899f to 12! '^ using emulsi-

fiable concentrates added to water solutions. Routine re-

covery checks of the entire procedure are conducted by

adding hexane solutions of standard insecticides to dis-

tilled water in regular sample bottles. The alumina

cleanup step is frequently checked by putting I ml of

insecticide standard in hexane through the column and

L-luting in 0..S ml increments. This tests cokunn resolu-

tion for DDE and dieldrin as well as total recovery.

Recoveries range from 75% to 98% for the entire pro-

cedure and from 85% to 105% for the column perform-

ance. No data corrections are made to compensate for

recovery losses because most of the values are only a

little above the lower limits of sensitivity, but corrections

are made for the reagent blank when necessary. Standard

solutions of insecticides are injected at the beginning of

each analysis and periodically thereafter to correct for

fluctuations in instrument response.

Herbicide sample extractions are also done in groups of

eight using the method of Goerlitz and Lamar (4) with

minor modifications. Each sample (800-900 ml) is ex-

FIGURE 1.

—

Pesticide moniloring stations in Western United States

126 Pesticides Monitoring Journal



traded with ethyl ether. The extract is saponified using

potassium hydroxide. This basic solution is subjected to

a cleanup extraction using ether to remove organic con-

tamination that may have been present in the original

sample. After the cleanup extraction the solution is

acidified and the phenoxy acid herbicides are extracted

with ether. The extract is allowed to dry over acid so-

dium sulfate, the ether is evaporated, and the herbicides

are esterified with boron trifluoride-methanol reagent.

After esterification the samples are passed through a

cleanup column using Florisil as the adsorbent. The her-

bicide methyl esters are eluted with benzene to obtain a

final volume of 2.0 ml. Spiked samples are used to check

the entire extraction and cleanup procedures; recovery

ranges from 85% to 1 10%. Herbicides are analyzed on

a dual column Aerograph Model 200 chromatograph.

Columns used are packed similarly to those used for in-

secticides, except for the addition of 0.5% Carbowax
20M. Using these procedures, pesticide concentrations

as low as 0.005 Mg/liter can be routinely determined in

most waters. An exception is 2,4-D, which is detectable

in concentrations of about 0.020 /ig/Viter.

Discussion of Results

Results from analyses of water samples for the 2-year

period, October 1966 to September 1968, are given in

Table 2. No samples were analyzed for July 1967.

Each pesticide of interest was detected at one time or an-

other during this investigation. Every river sampled con-

tained pesticides at least one time. There were streams

that showed only insecticides and no herbicides, such

as the Gila River below Gillespie Dam, Ariz.; Platte

River at Brady, Neb.; Colorado River at Yuma, Ariz.;

Feather River at Oroville, Calif.; and Rio Grande below

Anzalduas Dam, Tex. In the earlier months of the re-

porting period, herbicides were not found at any station.

Beginning in August 1967, all three herbicides have been

detected frequently.

Pesticide concentrations found were never in excess of

the permissible limits established for public water sup-

plies by the National Technical Advisory Committee to

the Secretary of Interior (7). The highest concentration

of insecticide observed was 0.12 /ig/liter DDT in the

January 1968 sample from Colorado River at Wharton,

Tex. The criteria permits 42 /jg/ liter DDT in public

water supplies. The highest concentration of herbicide

found was 0.35 /ig/liter, 2,4-D in James River at

Huron, S. Dak., in July 1968. The established criteria

permits 100 /ig/liter for herbicides. There has been no

conclusive pattern for the occurrence of pesticides. Data

published previously (2) and Table 2 show no real

correlation with discharge nor season of the year, al-

though lack of data for July 1967 and irregular sampling

at some stations limit the amount of information

available.

Although samples usually contained little sediment, the

highest insecticide concentrations found were in those

samples which contained the most sediment. Streambed
sediment samples have been found to contain much
higher insecticide concentrations than those shown in

Table 2(1). Correlative studies of both streambed ma-
terial and water would provide meaningful information

on the fate and movement of pesticides in streams.

Data for the period October 1967 to September 1968,

when all 20 stations were in operation, are summarized

in Table 3 to show the number of occurrences of the

various pesticides at each station. Insecticides occurring

most frequently were DDT and its metabolites, DDD
and DDE; 82% of all insecticide occurrences were due

to these compounds. DDT was detected at least once

at every station except Pecos River near Artesia, N. Mex.

The most frequently detected herbicide was 2,4-D, which

accounted for 50%- of the herbicide occurrences.

See Appendix for chemical names of compounds mentioned in this

paper.
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of the Interior. 1968. Water quality criteria. Eed. Water
Pollution Control Admin., Wash., D.C., p. 20-83.

(S) U . S. Geological Survey. 1967. Quality of surface waters

for irrigation, western United States. 1963. U. S. Geol.

Surv. Water-Supply Paper 1952, 148 p.
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Pesticide conlcnl of selected streams in Western United Stales
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Occurrence of pesticides, Oclober 1967 lo Scpleiiiber 1968

Stream and location



APPENDIX

Chemical Names of Compounds Mentioned in This Issue

ALDRIN

BHC

2,4-D

DDD (TDE)

DDE

DDT (including its isomers and
dehydrochlorination products)

niEl DRIN

ENDRIN

HEPTACHLOR

HEPTACHLOR EPOXIDE

LINDANE

SILVEX

2,4,5-T

Not less than 95% of l,2,3,4,10,10-hexachloro-l,4,4a,5.8.8a-hexahydro-l, 4-enrfo-exo-5.8-diniethanonaphthalene

1,2.3,4,5,6-hexachlorocyclohexane, mixed isomers

2,4-dichIorophenoxyacetic acid

l,l-<lichloro-2,2-bis(p-chloropheny])ethane; technical DDD contains some o.p'-isomer also.

1 ,l-dichloro-2,2-bis ( p-chlorophenyl ) ethylene

l.l,l-trichloro-2.2-bis(p-chlorophenyl)ethane; technical DDT consists of a mixture of the p.p'-isomer and the

o.p'-isomer (in a ratio of about 3 or 4 to 1)

Not less than 85% of l,2,3.4,10.10-hexachloro-6,7-epoxy-l,4,4a.5.6,7.8,8a-octahydro-l,4-cndo-pxo-5,8-dimethano=

naphthalene

l,2.3.4,IO,10-hexachloro-6,7-epoxy-l,4.4a,5,6,7,8,8a-octahydro-l,4-p«do-fnrfo-5,8-dimethanonaphthalene

l,4,5,6,7,8,8-heptachIoro-3a.4,7,7a-tetrahydro-4,7-methanoindene

l,4,5,6.7,8,8-heptachloro-2.3-epoxy-3a,4,7,7a-tctrahydro-4.7-methanoindan

1.2,3,4.5.6-hexachlorocyclohexane, 99% or more gamma isomer

2-(2,4,5-trichlorophenoxy) propionic acid

2.4,5-trichlorophenoxy acetic acid
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ERRATA

PESTICIDES MONITORING JOURNAL, Volume 2,

Number 4, p. 159: Under Organic Phosphate Pesticide

Chemicals, it was erroneously reported that "The inci-

dence and quantities of organic phosphate pesticide resi-

dues were quite low and comprised 5.5% and 15.5% of

the total organic pesticide chemical residues in 1967 and

1968, respectively." The percentage figures in this state-

ment are reversed and should read "15.5% and 5.5%."

Under Herbicide and Carbamate Chemicals, second

paragraph, it was erroneously reported that "The inci-

dence and amounts of carbamate chemicals detected

were very low and comprised 3.7% and 11.2% of the

total organic pesticide residues in 1967 and 1968, re-

spectively." The percentage figures in this statement also

were reversed and should read "1 1.2% and 3.7%."
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Information for Contributors

The PESTicroES Monitoring Journal welcomes from

all sources qualified data and interpretive information

which contribute to the understanding and evaluation

of pesticides and their residues in relation to man and

his environment.

Ihc puhlicalion is distributed principally to scientists

and technicians associated with pesticide monitoring,

research, and other programs concerned with the fate

of pesticides following their application. Additional

circulation is maintained for persons with related in-

terests, notably those in the agricultural, chemical manu-

facturing, and food processing industries; medical and

public health workers: and conservationists. Authors are

responsible for the accuracy and validity of their data

and interpretations, including tables, charts, and refer-

ences. Accuracy, reliability, and limitations of the

sampling and analytical methods employed must be

clearly demonstrated through the use of appropriate

procedures, such as recovery experiments at appropriate

levels, confirmatory tests, internal standards, and inter-

laboratory checks. The procedure employed should be

referenced or outlined in brief form, and crucial points

or modifications should be noted. Check or control

samples should be employed where possible, and the

sensitivity of the method should be given, particularly

when very low levels of pesticides are being reported.

Specific note should be made regarding correction of

data for percent recoveries.

-Preparation of manuscripts should be in conform-

ance to the Sty IF. Manual for Biological Jour-

nals, American Institute of Biological Sciences,

Washington. D. C, and/or the Style Manual of

the United States Government Printing Office.

-An abstract (not to exceed 200 words) should

accompany each manuscript submitted.

-All material should be submitted in duplicate

(original and one carbon) and sent by first-class

mail in flat form—not folded or rolled.

-Manuscripts should be typed on 8'/2 x 1 1 inch

paper with generous margins on all sides, and
each page should end with a completed para-

graph.

-All copy, including tables and references, should

be double spaced, and all pages should be num-

bered. The first page of the manuscript must

contain authors" full names listed under the title,

with affiliations, and addresses footnoted below.

-Charts, illustrations, and tables, properly titled,

should be appended at the end of the article with

a notation in text to show where they should be

inserted.

-Charts should be drawn so the numbers and texts

will be legible when considerably reduced for pub-

lication. All drawings should be done in black ink

on plain white paper.

-Photographs should be made on glossy paper.

Details should be clear, but size is not important.

_The "number system" should be used for literature

citations in the text. List references alphabetically,

giving name of author/s/, year, full title of article,

exact name of periodical, volume, and inclusive

pages.

Pesticides ordinarily should be identified by common or

generic names approved by national scientific societies.

The first reference to a particular pesticide should be

followed by the chemical or scientific name in parenthe-

ses—assigned in accordance with Chemical Abstracts

nomenclature. Structural chemical formulas should be

used when appropriate. Published data and information

require prior approval by the Editorial Advisory Board;

however, endorsement of published information by any

specific Federal agency is not intended or to be implied.

Authors of accepted manuscripts will receive edited type-

scripts for approval before type is set. After publication,

senior authors will be provided with 100 reprints.

Manuscripts are received and reviewed with the under-

standing that thev previously have not been accepted for

technical publication elsewhere. If a paper has been

given or is intended for presentation at a meeting, or if

a significant portion of its contents has been published

or submitted for publication elsewhere, notation of such

should be provided.

Correspondence on editorial and circulation matters

should be addressed to: Mrs. Sylvia P. O'Rear. Editorial

Manager, Pfstk idfs Monitoring Journal. Pesticides

Program, Food and Drug Administration, 1600 Clifton

Rd., N.E., Atlanta, Georgia 30333.

138 Pesticides Monitoring Journal



We regret to announce that Dr. James B. DeWitt, Member,
Editorial Advisory Board, died suddenly on August 15, 1969.

His loss will be felt keenly by his associates on the Editorial

Board and the Journal staff.

The Pesticides Monitoring Journal is published quarterly under the auspices of the Federal

Committee on Pest Control and its Subcommittee on Pesticide Monitoring as a source of

information on pesticide levels relative to man and his environment.

The parent committee is composed of representatives of the U. S. Departments of Agriculture,

Defense, the Interior, and Health, Education, and Welfare.

Th Pesticide Monitoring Subcommittee consists of representatives of the Agricultural Research

Service. Consumer and Marketing Service. Federal Extension Service, Forest Service, Depart-

ment of Defense, Fish and Wldlife Service, Geological Survey. Federal Water Pollution Control

Administration, Food and Drug Administration, Public Health Service, and the Tennessee

Valley Authority.

Responsibility for publishing the Pcsticiilcs Monitoring Journal has been accepted by the

Pesticides Program of the Public Health Service.

Pesticide monitoring activities of the Federal Government, particularly in those agencies repre-

sented on the Pesticide Monitoring Subcommittee which participate in operation of the national

pesticides monitoring network, are expected to be principal sources of data and interpretive

articles. However, pertinent data in summarized form, together with interpretive discussions,

are invited from both Federal and non-Federal sources, including those associated with State

and community monitoring programs, universities, hospitals, and nongovernmental research

institutions, both within and without the United States. Results of studies in which monitoring

data play a major or minor role or serve as support for research investigation also are welcome;

however, the Journal is not intended as a primary medium for the publication of basic research.

Manuscripts received for publication are reviewed by an Editorial Advisory Board established

by the Monitoring Subcommittee. Authors are given the benefit of review comments prior to

publication.

Editorial Advisory Board members are:

Reo E. Duggan. Food and Drug Administration, Chairman

Anne R. Yobs, Food and Drug Administration

Andrew W. Breidenbach. Fnvironmcntal Control Administration

William F. Stickel. Fish and Wildlife Service

Milton S. Schechter, Agricultural Research Service

Paul F. Sand, Agricultural Research Service

Trade names appearing in the Pesticides Monitoring Journal are for identification only and do

not represent endorsement by any Federal agency.

.Address correspondence to:

Mrs. Sylvia P. O'Rear

Editorial Manager

PESTICIDES MONITORING JOURNAL
Pesticides Program

Food and Drug Administration

4770 Buford Highway, BIdg. 29
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RESIDUES IN FOOD AND FEED

Arsenic in Cottonseed Products and Various Commodities ^

Reno Bradicich, Norman E. Foster, Frank E. Hons, Marshall T. Jeffus, and Charles T. Kenner"

ABSTRACT

Arsenic was determined on routine samples of various com-

modities obtained in 1963 for pesticide residue and radio-

activity determinations from areas in which arsenical defoli-

ation was known to be practiced. The study was continued

in 1964, 1965, and 1966 on cottonseed products. The results

indicated that levels of arsenic in commodities for human

consumption from areas in which arsenical defoliation is

practiced are well below the established tolerance of 4 ppm
fas As,0,). Of the 159 cottonseed product samples tested, 143

were positive, but only 3 were above the established toler-

ance, and the overall average was less than 0.9 ppm.

Introduction

Arsenic is determined on samples collected in the study

of pesticide residues in total diet samples being con-

ducted by the Food and Drug Administration (1-5).

These studies have shown that for any 1 year up to 18%

of the composite samples tested contained measurable

arsenic residues and that during the period from June

1967 through April 1968, 3 of 30 composite samples

of oils, fats, and shortenings contained from 0.1 to 0.4

ppm arsenic (as AsjO-,). However, no studies have been

reported concerning cottonseed products from areas

where defoliants are in general use.

In order to furnish background material on the arsenic

content of various crops in areas where arsenical de-

foliants are used on cotton, the Dallas District Labora-

tory of the Food and Drug Administration determined

' Dalla<^ District, Food and Drug Administration, U. S. Department of

Health, Education, and Welfare, 3032 Bryan Street, Dallas, Tex.

75204,
-' Present address: School of Pharmacy, Southwestern State College,

Weatherford, Okla. 73096.
3 Present address: Department of Chemistry, Southern Methodist Uni-

versity, Dallas, Tex. 75222.
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the arsenic content of 107 routine samples collected by

regular FDA procedures in 1963 for the determination

of pesticide residues or radioactivity. Seventy-two per-

cent of these samples showed measurable amounts of

arsenic, but all were well below the tolerance of 4 ppm
(as As.jO:i). Since arsenic was found in over 95% of

the cottonseed oil and cottonseed meal samples at values

which were in general significantly higher than the other

commodities, the study was continued in 1964, 1965,

and 1966, utilizing the random cottonseed product

samples collected by FDA Inspectors for the determina-

tion of pesticide content during routine cottonseed oil

mill inspections. In each case, a portion of the com-

posited sample prepared for the pesticide or radio-

activity determination was retained for the arsenic

determination.

The samples were collected from mills in all the major

cotton-growing areas in Texas in which defoliation with

arsenicals was known to be practiced. A few were ob-

tained from similar areas in Oklahoma. The samples are

probably representative of the areas in which the mills

were located but cannot be connected directly to defoli-

ation since it was not possible to trace the individual

samples to specific cottonfields. Similarly, it was not

possible to relate the various products picked up at any

one mill with each other since the cottonseed utilized in

the preparation of one product was not necessarily from

the same lot as that used in the preparation of the other

products.

Analytical Procedures

The silver diethyldithiocarbamate procedure of Morri-

son (6) was used for the determinations with minor

modifications. Bulky samples such as cottonseed hulls

required more than the stated amounts of the

MgO-Mg(NO:i)j slurry to offset the loss of arsenic

139



during the ashing step. Many of the determinations in

the 1963 pilot study were made on the ash used for the

determination of the radioactivity of the samples. These

samples were dried to incipient charring in a microwave

oven and then ashed at 550-600 C without the addition

of the MgO-Mg(NO:i)j slurry.

Reco\ery studies were pcrtornied in both 1963 and

1964 to deierniinc the efficiency of the determinations.

Results and Discussion

The arsenic content of various commodities from the

pilot study in 1963 is shown in Table I. Since the sensi-

tivity of the Morrison method (6) is 0.2 yug of As(0.26

fig of AsjO,). selection of proper sample weights allows

estimation of values to the closest 0.01 ppm. The values

below 0.1 ppm in the table, however, should be con-

sidered as estimates rather than absolute values. All the

samples were well below the established tolerance of

4 ppm (as As_.0,). A majority (77 out of 107) of the

samples showed a positive test for arsenic, and over

95% of the cottonseed oil and cottonseed meal samples

were positive at levels significantly higher than the

other commodities. The recovery study conducted at

the same time showed an average recovery of 71 '^. The
low value is due to the fact that the MgO-Mg(NO;,) j

slurry was not added to a large number of these

samples before ashing. The values in Table 1 have

not been corrected for this average recovery.

The results for cottonseed products for the years 1963

through 1966 are shown in Table 2. Of the 159 samples

tested, 143 were positive, but only 3 were above the

established tolerance of 4 ppm As._,0:i, and the overall

average was less than 0.9 ppm. Two of those above

4 ppm were hull samples, one was a meal sample, and

all three came from different areas of the State. One of

the hull samples occurred in 1965; the other two samples

were found in 1966. The average for all hull samples

was 1.2 ppm and for all meal samples was 1.4 ppm,

while the average for oil samples (the main product

for human consumption) was 0.4 ppm. Recovery studies

in 1964 showed an average recovery of 88%. The

values in Table 2, however, have not been corrected for

this average recovery.

These results indicate that levels of arsenic in cottonseed

products for human consumption from areas in which

arsenical defoliation is practiced are well below estab-

lished tolerances.
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TABLE I.

—

Arsenic (as As;0,) in various commodities, Texas, 1963

No. OF Counties
Sampled

No. OF
Samples

No. OF
Positives >

Ave.
PPM -

Max.
PPM =

Potatoes

Mustard greens

Turnip (jrcens

Cabbage
Sweet potatoes
Radisties and lops

Lettuce

Carrot tops

Carrots

Corn
Bell peppers
Nonfat dry millc

Tomatoes
Peaches
Rougti rice

Raw unshclled peanuts
Wheal
Cucumbers
Soybean oil

Cottonseed oil

Cottonseed meal
Spinach
Collards

2

5

4

7

1

1

27

1

10

1

2

1

6

4

2

3

2

2
1.^

y

1

2

2
4
.1

2

1

12

I

9

I

1

6

4

2

2

12

9

0.02

0.04

0.03

0.01

0.00

0.01

0.01

0.16

0.03

0.00

0.00

0.01

0.01

0.07

0.16

0.01

0.0.1

0.03

0.09

0.13

0.90

0.04

0.01

0.02

0.08

0.04

0.01

0.01

0.08

0.16

0.05

0.01

0.01

0.08

0.22

0.01

0.03

0.03

0.10

0.52

3.72

0.04

0.01

' Sensitivit> of mcili»d is 0.01 ppm.
Not corrected for average recovery of 71%.
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TABLE 2.~Arsenic (as As,0,) in cottonseed products, Texas, 1963-1966

Product

Meal

Hulls

OU

Cake

Pellets

Pepper dust

Flour

Year

1963
1964

1965
1966

1964

1965

1966

1963

1964

1965

1966

1964

1966

1966

1964

1964

No. OF Counties
Sampled

5

11

13

n
11

7

7

6

22

22

8

3

3

2

1

1

Sensitivity of method is 0.01 ppm.
Not corrected for average recovery of 88%.
The values in parentheses are averages excluding the over-tolerance value
The values in parentheses are ma.ximums excluding the over-tolerance value

' Expressed as ppm As instead of AsijOa.

No. OF



RESIDUES IN FISH, WILDLIFE,
AND ESTUARIES

Pesticide Residues in Eagles
*

William L. Rcichel. Eugene Cromanie. Thair G. Lamont, Bernard M. Mulhern. and Richard M. Prouty

ABSTRACT

Bald and golden eagles found sick or dead in 18 Slates and

Canada during 1964-1965 were analyzed for pesticide resi-

dues. Residues in bald eagles were considerably higher than

in golden eagles. Residues of DDE. ODD, and dicldrin were

delected in all samples of bald eagle carcasses: other com-

pounds found less frequently were heptachlor epoxide, en-

drin, and DCBP, a metabolite of DDT. DDE was detected

in all samples of golden eagle carcasses; DDD, DDT, diel-

drin. and heptachlor epoxide were detected less frequently.

Introduction

In 1960 the Patuxent Wildlife Research Center initiated

analyses of pesticide residues in samples of the declining

bald eagle (Haliaeetiis leiicocephahis) papulation. Sub-

sequently, eagles were included in the pesticide monitor-

ing program, because they are carnivorous and at the

top of food chains and their residues would therefore

reflect contamination in lower organisms. Golden eagles

(Aqiiilii chrysaelos) were analyzed for comparison.

because they are not a declining species and are at the

top of a different food chain.

The purpose of this paper is to report the residues

found in bald and golden eagles collected in 1964 and

1965.

Sami^Ung

A systematic sampling scheme for bald eagles could not

be considered because of their relatively low population

and their protected status. Bald and golden eagles found

dead or moribund are collected by Federal. State, and

private cooperalors. packed in dry ice. and shipped air

express to this laboratory for analyses. The collection

areas for the 66 samples included in this report are

shown in Table 1. Specimens that were decomposed or

held in captivity were not analyzed.

TABLE I.

—

Distribution of eagles collected, by Stale and
year of death

Area



on the QF-1 column. However, this column was re-

placed by a DECS column (12% DECS on 100/110

mesh Anakrom SD operated at 190 C) which produced

better resolution of these two compounds.

Sample extracts of all golden eagles and of the bald

eagles collected in 1964 were prepared and cleaned up

as described. However, the extracts were not separated

into four fractions before analysis by thin layer chroma-

tography. These samples were initially analyzed on a

2% SE-30 on 80/90 mesh Anakrom ABS column

operated at 150 C. The samples were reanalyzed on a

3% OV-17 60/80 mesh Gas Chrom Q column operated

at 170 C as described by Menzie et al. (2). The residues

were confirmed by thin layer chromatography using

aluminum oxide G plates, developed with hexane, and

visualized with silver nitrate spray and UV light. Resi-

dues of endrin and DCBP were not determined in the

1964 samples.

The average recovery for the common pesticides ranged

from 85 to 96'^ from eagle carcass tissue fortified at

the 2.5 ppm level. The lower limit of sensitivity was

approximately 0.05 ppm.

Results and Discussion

The chlorinated pesticides found in bald eagles are

shown in Table 2. Median values are presented instead

of means because of the skewness of the data. All bald

eagle carcass samples contained residues of p,p'-DDE,

p.f'-DDD. and dieldrin and in general contained high

residues of DDE. However, due to the wide range of

residue levels and the small sample size, no trend could

be determined between 1964 and 1965. Results of 12 of

the 1964 bald eagles have been briefly mentioned by

Stickel et al. (4). One specimen contained 8 ppm of

dieldrin in the brain, and dieldrin probably caused the

death of this bird.

The residues in golden eagles (Table 3) are considerably

lower than those in bald eagles. This may reflect the

differences in food habits. Both species feed on a wide

range of vertebrate animals, but the diet of the bald

TABLE 2.

—

Pesticide residues in bald eagles. 1964-1965

[T = <0.05 ppm]



eagle consists mainly of fish and birds whereas the diet

of the golden eagle is composed primarily of mammals.

The analyses of bald eagles revealed many unidentified

compounds that can interfere with the gas chromato-

graphic analysis of endrin. p.p'-DDD. n.p'-DDT. and

p.p'-DDT. However, these unknowns do not interfere

when the anaKlical procedure described for the bald

eagles collected in 1965 is employed.

The unknowns in the eagle samples have recently been

identified as polychlorinated biphenyls (PCB) by mass

spectrographic analysis. The mass spectra of the un-

knowns were obtained using a combined gas chroma-

tograph-mass spectrometer and were compared with the

mass spectra obtained from a commercial preparation

of PCB. The presence of PCB in wildlife samples has

also been demonstrated by mass spectrographic analysis

in Sweden (5) and the Netherlands (/).

The quantification of PCB was not attempted, but it was
evident from the gas chromatograms that these com-
pounds were present in the same order of magnitude as

DDE. It would appear from our analyses that PCB
compounds should be detected in other types of en-

vironmental samples such as water, aquatic inverte-

brates, and fish.
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Organochlorine Insecticide Residues in Fish

(National Pesticide Monitoring Program)

Croswell Henderson', Wendell L. Johnson", and Anthony Inglis"

ABSTRACT

As a pan of the National Pesticide Monitoring Program, fish

were collected from 50 sampling stations located in the

Great Lakes and in major river basins throughout the United

States. Three composite samples, consisting of five adult fish

of each of three species, were collected at all stations during

the spring and fall of 1967 and 1968. The composite whole

fisli samples were analyzed by commercial laboratories for

residues of 11 organochlorine insecticides. DDT and I or

metabolites were found in 584 of the 590 composite samples,

with values ranging to 45 ppm (mg/kg wet weight, whole

fish). Dieldrin was found in 75'vc of the samples, with values

ranging upward to nearly 2 ppm. Other organochlorine in-

secticide residues were found in fewer samples, but some had

fairly high residue levels. Relatively high residues of DDT
and metabolites, dieldrin, heptachlor, heplachlor epoxide,

and chlordane were found consistently during all sampling

periods at some stations.

Introduction

In the President's Science Advisory Committee report,

"Use of Pesticides," (19) one of the recommendations

was that various concerned agencies ".
. . develop a con-

tinuing network to monitor pesticide residues in air,

water, soil, man. wildlife and fish." To implement this

recommendation, the Federal Committee on Pest Con-

trol established a subcommittee to develop monitoring

programs and objectives.

* "The objectives of the National Pesticide Monitoring

Program are: (1) a continuing nationwide assessment

of the general levels of pesticide residues in the environ-

ment, and (2) the location of possible problem areas

within specific segments of the environment.

"These objectives are to be attained by sampling all

elements of the environment on a nationwide basis.

Sampling systems will he designed to represent the

national picture as well as the major categories of en-

vironment within the United States. Data will be col-

lected so that for each category, both the mean levels

and the range of variation can be determined. Sampling

will be repeated at appropriate intervals so that real

trends in le\els of pesticide residues can be detected.

"Possible problem areas will be located where the survey

data indicate the concentration of a pesticide has de-

veloped above the general level or where there is an

increasing concentration over a period of time."

A nationwide fish monitoring program was initiated by

the Bureau of Sport Fisheries and Wildlife in the spring

of 1967. The procedures, described in some detail by

Johnson et al. (12), were followed as closely as possible.

This report contains data on organochlorine insecticide

residues in fish at 50 nationwide sampling stations during

the spring (April. May) and fall (October. November)

of 1967 and 1968.

1 Division of Fishery Services, Bureau of Sport Fisheries and Wild-
life. U.S. Deparlment of the Interior, Fort Collins, Colo. SO-"^:!.

- Division of Fishery Services. Bureau of Sport Fisheries and Wild-
life, U.S. Department of the Interior, Washington. D.C. 20240.

Vol. 3, No. 3, December 1969

Adopted by the FCPC Subcommittee on Pesticide Monitoring and

accepted by the Federal Committee on Pest Control.
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FIGURE 1.—Fish sampling stations—National Pesticide Monitoring Program

Methods

LOCATION OF SAMPLING STATIONS

Fish sampling stations were located as nearly as possible

to coincide with those described by Johnson et al. {12).

These stations, numbered 1 to 50, correspond in con-

secutive order to numbers 100045 to 100094 listed in

the FCPC Catalog of Federal Pesticide Monitoring

Activities (7). Stations were located in the Great Lakes

and in major river systems throughout the United

States (Fig. 1); all were near locations where water is

monitored by other participants in the National Mon-
itoring Program (4, 9, 22). Specific locations are listed

in Table 4. Many stations were located near Bureau of

Sport Fisheries and Wildlife facilities where assistance

could be obtained in collecting fish.

FISH COLLECTIONS

It was realized initially that the same fish species could

not be sampled at all stations, instructions were issued

10 field personnel to collect composite samples of each

of three species at each station, preferably from a list

of indicator species near the lop of the food chain

—

carp, buffalo, black bass, channel cattish, green sunfish,

yellow perch, rainbow trout, and squawfish. Because of
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some diflSculty in obtaining preferred species, the list

was expanded to include suckers, other catfish, other

trout, etc. Species were to be selected that would prob-

ably be easily obtainable during each successive sampling

period. Each composite was to consist of five uniform

size adult fish of the same species. Three composites,

preferably the same three species, were to be collected

each spring (April, May) and fall (October, November)
at each of the 50 stations.

Fish were collected by various means, including seines,

gill nets, traps, hook and line, electrofishing, etc., and

some were purchased from commercial fishermen. The
only method not permitted was the use of fish toxicants

or other chemicals to avoid possible interference with

the residue analyses.

Each composite sample (five whole fish) was wrapped

separately in aluminum foil, frozen, packed in dry ice;

then the three composites from each station were

shipped immediately by air express to commercial

laboratories for organochlorine insecticide analysis.* |

During Ihe spring and fall 1967 and the spring 1968 collections, ttie

brain was dissected from each fish, packaged in a separate vial,

fro/cn, and shipped in dry ice to laboratories for brain cholinesterase
dctcrminalion. The cholinesterase data are not included in this re-
port hut may be reported separately at a later date.
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Accompanying the shipment was a legend showing
location, date collected, name of collector, method of

collecting, species of fish, and the length, weight, and
estimated age of each fish in each composite sample.

Laboratories were notified by telephone or telegraph

approximately when the shipment would arrive.

LABORATORY ANALYSIS

Five commercial laboratories in various sections of the

Uhited States participated in the residue analyses during

one or more of the four sampling periods. These labora-

tories are designated by letter code A, B, C, D, and E
throughout this report. Initially, it was believed that

the use of sectionally located laboratories would expedite

delivery and analysis of samples. Laboratories selected

had been used previously for pesticide residue analyses

by other Bureau of Sport Fisheries and Wildlife divisions

with apparently satisfactory results. It was believed that

cross-checks of samples between laboratories would
show up any major differences or discrepancies and
serve as an adequate quality control measure.

When arrangements were made with laboratories for

residue analyses, they were notified as to the approxi-

mate number of samples to be shipped and approximate

dates they would be received. They were requested to

analyze each composite sample (usually five whole fish)

for eleven organochlorine insecticides—DDE, TDE,
DDT, dieldrin, aldrin, endrin, lindane, heptachlor, hep-

tachlor epoxide, chlordane, and toxaphene. These pesti-

cides were believed to be the most significant with regard

to residues in fish. Results were to be reported as ppm
(mg/kg) wet weight, whole fish. No particular method
of analysis was specified, but each laboratory was re-

quested to furnish a description of the method used.

Details of methods as reported by each of the labora-

tories are as follows:

Laboratory A

The procedure with some minor modifications was taken

from the Guide to the Analysis of Pesticide Residues

published by the U.S. Department of Health, Education

and Welfare (21).

Sample preparation: Each frozen composite sample
was ground with a meat grinder and mixed thoroughly.

Extraction: A 25-g representative sample was blended

with 250 ml of petroleum ether and 50 g NaaSOj for

5 minutes. The mixture was filtered through NaoS04
into a 250-ml flask. Using the flash evaporator with

the water bath at 40 C, the solvent was evaporated

from the sample and the residue transferred to a 250-

ml separatory funnel with five 5-ml rinsings of hexane.

Partitioning: Twenty-five ml of hexane-saturated

acetonitrile was added, and the separatory funnel was
shaken for 1 1/2 minutes. The two layers were allowed

to separate, and the lower layer was drained into a
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1 -liter separatory funnel. The acetonitrile extraction

was repeated three times, transferring each acetonitrile

rinse to the separatory funnel. The acetonitrile

fraction was mixed with 500 ml of water and 100 ml

of petroleum ether. The mixture was shaken gently,

and the layers allowed to separate. The water layer

was discarded, and the petroleum ether layer was
filtered through NaoS04 into a 250-ml flask. The
filtrate was evaporated to dryness.

Column chromatography: A chromatographic col-

umn, 25 mm O.D. x 30 cm with Teflon stopcocks,

was prepared with 4 inches of settled Florisil topped

with a '/i-inch layer of NaoSO^. The Florisil had been

activated at 650 C and stored at 130 C in glass bottles.

The tissue extract, in approximately 5 ml of

petroleum ether, was added to the top of the column

and allowed to percolate through it at a rate of about

5 ml/minute. The flask which contained the extract

was rinsed with two successive 5-ml portions of

petroleum ether, and the rinsings poured onto the

column. The walls of the chromatographic column

were rinsed with an additional small quantity of

petroleum ether. When the solvent reached the top

of the Na^SOj layer, elution with 200 ml of 6%
diethyl ether in petroleum ether was commenced at

a rate of 5 ml/minute, and the eluate was collected.

When the last of the eluting solvent reached the upper

surface of the Na^SOj layer, the receiver was changed,

and elution cotninued with 200 ml of 15% diethyl

ether and the eluate from the column collected. Frac-

tion I contained lindane, aldrin, heptachlor, heptach-

lor epoxide, DDE, TDE, DDT. Fraction II contained

dieldrin and endrin. Each fraction was evaporated to

dryness and the residue dissolved in 10 ml of hexane.

Gas chromatography: The final analysis was done on

an Aerograph Hy-FI Model 600 C with an electron

capture detector. The 5' x Vs." column was packed

with 5% DC-200 on acid-washed, DMCS treated,

60/80 mesh Gas Chrom Q. Column temperature was

200 c and Nm flow was 40 ml/minute. Results were

calculated by comparison of the sample chroma-

tograms with those obtained from standards injected

under the same conditions.

No recovery rates were determined, and the results

are not corrected for recovery. The sensitivity was

reported as 0.001 ppm for all organochlorine insecti-

cides.

Laboratory B

The method used is given in the Guide to the Analysis of

Pesticide Residues (21).

Sample preparation and analysis: The fish were first

thawed and ground in a Staub Model 4E Laboratory

147



Mill with grinding plates for wet materials. A sample

was taken from the ground composite by standard

quartering techniques. The analysis consisted of a

hexane extract, acelonitrile partitioning, Florisil clean-

up and gas chromatography using a Micro Tek

MT220 equipped with a Ni"'' detector. The column
used wa.s a prepared DC200 Gas Chrom Q column

(Applied Science Laboratories. State College, Pa.).

Good separations were obtained on this column for

all of the pesticides analyzed with the exception of

dieldrin and DDE. Both dieldrin and DDE were

separated from each other during the Florisil cleanup.

However, recent literature published by the Analytical

Reference Service of the U.S. Public Health Service

indicates that an incomplete separation of these two

substances occurs which results in a somewhat lower

than actual value for DDE.

No recovery rates were determined, and the results

were not corrected for recovery. The sensitivity was

reported as 0.001 ppm for all organchlorine insecti-

cides.

Laboratory C

The spring and fall 1967 and spring 1968 samples were

analyzed according to the 1964 revision of the FDA
Pesticide Analytical Manual (3). Fall 1968 samples

were analyzed according to the 1968 revision of the same
manual (sections 211 and 311 for fatty foods and

sections 212 and 311 for non-fatty foods) with

modifications.

Sample preparation: The samples were received

(frozen and packed in dry ice) from individual col-

lectors. The samples were given an identification

number and kept frozen until grinding. Each sample

was chopped into about 1-lb pieces and then ground
in a model 841 81D Hobart food chopper until it

looked homogeneous. A 200-g portion was placed

in an 8-ounce bottle and frozen until analysis was
performed. Extraction and cleanup: The 200-g

samples were removed from the freezer, thawed and
mixed, and 20 g of each sample was weighed into a

I50-ml beaker. Each sample w;fs then transferred to a

1 -quart Waring Blendor jar and blended for 2 minutes

with acetonitrile. The acetonitrile was filtered

through a plug of glass wool into a I -liter separatory

funnel containing about 500 ml of tap water. The
sample was then blended for about Vz minute with

an additional 50 ml of acetonitrile and filtered into

the separatory funnel. Two hundred ml of petroleum

ether was added to the separatory funnel and shaken
for 2 minutes. The layers were allowed to separate,

and the bottom layer was drawn off. The petroleum

ether extract was washed two more times with about

600 ml of lap water, discarding the water layer both

times. Ten grams of Na.jSOj was added to the

petroleum ether extract, and the sample was filtered

into a 300-ml Erlenmeyer flask (rinsing the separi

atory funnel with about 70 ml of petroleum ether).

The sample was then taken down to about 5 ml on

a steam bath and made to 25 ml with petroleum ether.

A 15-ml aliquot was taken and an acetonitrile par-

tition run (3). The sample was then run through a

Florisil column. The column elutions were made up

to 25 ml.

Ten micrograms or less of the extract were injected

into a gas chromatograph and the peaks measured

for residue concentrations.

Gas chromatography: A Barber-Coleman Pesticide

Analyzer Model 5360 equipped with a Sr®" detector

was used. The 14" x 4' glass column was packed

with 5% DC-200 on Chromport XXX. 80 '90 mesh.

Temperatures were as follows: column— 195 C, in-

jector—250 C, and detector—240 C. The flow rate of

N^ carrier gas was adjusted to 100 ml/minute or to the

rate at which p.p'-DDT had a retention time of 8-10

minutes.

Laboratory D

The procedures were adapted from the FDA Pesticide

Analytical Manual, Volume 1 (5).

Samples as received were ground to the consistency

of hamburger. An aliquot was weighed and then

ground with twice to three times its weight of an-

hydrous Na.jSOj until free-flowing powder resulted.

This sometimes required two or three separate grind-

ing-mixing operations in an Osterizer blender-mixer.

The mixed sample was placed in a Whatman thimble

and inserted into a Soxhlet extraction apparatus where

it was subjected to 4 hours of continuous extraction,

using a solvent mixture of 10% (v/v) ethyl ether in

30-60C petroleum ether. The solvent extract was

then exaporated just to dryness in an air stream,

taken up in 30 ml of hexane, and transferred to a

125-ml separatory funnel, to which was added 30 ml

of redistilled acetonitrile. The contents were shaken

for several minutes, the layers allowed to separate,

and the lower or acetonitrile layer drawn off into a

250-ml beaker. An additional 30 ml of fresh acetoni-

trile was added to the hexane solution in the separ-

atory funnel; the mixture was shaken again for several

minutes, then allowed to separate, and the acetonitrile

was drawn olT into the same 250-ml beaker. The

acetonitrile solution, containing the pesticide residue,

was evaporated in an air stream until just dry. The

dry residue was then dissolved with several small

portions of 10% ethyl ether in petroleum ether, in

order \o rinse the residue onto a 50% -50% (v/v)
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Celite-MgO adsorption column (V2 I.D.), in which

the adsorbent was packed to a depth of approximately

4 inches. The column was prewetted with solvent,

and a total of about 30 ml of solvent was used to

transfer the contents of the beaker to the column. The
solvent was then forced through the column with air

pressure, into a 50-ml beaker. The eluate was evapor-

ated to dryness and then transferred, by multiple

washings with a solvent mi.xture of petroleum ether

and ethyl ether, into 4-dram vials, and again allowed

to evaporate to a dry residue. Just prior to iniecting

samples into a chromatograph, the dry residue in the

4-dram vials was dissolved and mixed with n-hexane

(reagent) in an amount equivalent to 10 mg of origi-

nal sample to 1 fji\ of solvent. Thus, if the original

sample weighed 20 g, 2 ml of hexane would be added

to the vial. This dilution was used for samples con-

taining only tenths of parts per million of pesticide.

For samples, which proved on chromatography to

contain 1 or more parts per million, additional dilu-

tion was performed to provide proper conditions for

the dynamic range of response of the gas chroma-

tograph used. A l-yul sample, contained in a Hamilton

microliter syringe was injected into the Dow 11-

packed column of an Aerograph Model 204B instru-

ment, equipped with a tritium electron capture

detector and operated at 8X attenuation with a

.standing current of at least 150 mv. Column tem-

perature was 170 C, and injector and detector

temperatures were about 200 C. After complet-

ing the sample chromatogram, a standard solution,

containing known concentrations of several pesticide

residues in hexane solution was injected, and its

chromatogram obtained. The sample was next in-

jected on the QF-1 packed column of the instrument,

the chromatogram obtained, and a comparison made
to a standard run on this column also. Measurement

of retention times identified the pesticide present in

the sample for each column, and its identification was

dependent upon its being present in chromatograms

from both columns. Next, peak areas for the identi-

fied materials were computed, using peak height x

half-band width, and calculated as parts per million,

upon comparison with standard peak areas. The
results obtained were corrected by multiplication by

1.2, a factor obtained assuming 90% recovery on

partition, and 90% recovery on the column cleanup,

for a 1.1 X 1.1 correction.

The sensitivity was reported as 0.01 ppm for all

organochlorine residues.

Laboratory E

These samples were analyzed following the procedures

outlined in the FDA Pesticide Analytical Manual (3).

Extraction: A 20-g representative sample was

ground with sufficient powdered anhydrous Na.jS04

to combine with the water present and to disintegrate

the sample. The sample was transferred to a centri-

fuge bottle and shaken vigorously with 100 ml of

petroleum ether. The residue was re-extracted twice

with 50-ml portions of petroleum ether after centri-

fuging and drawing off the organic layer. The com-

bined extracts were then evaporated to obtain the fat.

No more than 3.0 g of fat was taken for acetonitrile

partitioning.

Partitioning: The fat was dissolved in 15 ml of

petroleum ether and placed in a 125-ml separatory

funnel. This was shaken vigorously for 1 minute with

30 ml of acetonitrile which had been saturated with

petroleum ether. The lower acetonitrile layer was

drained off and the petroleum ether solution extracted

three more times with 30-ml portions of acetonitrile.

The acetonitrile layers were combined in a 1 -liter

separatory funnel and shaken with 700 ml of pe-

troleum ether. The petroleum ether was removed and

washed with two 100-ml portions of water. The
aqueous washings were discarded and the petroleum

ether layer dried by passing it through a 2-inch layer

of granular anhydrous NajSO,. The separatory funnel

and drying column were rinsed three times with 10 ml

of petroleum ether and the combined petroleum ether

layers evaporated to about 10 ml.

Florisil column cleanup: A 25-mm (O.D.) by 300-

mm column containing 4 inches of activated Florisil

was prepared and topped with one-half inch of gran-

ular sodium sulfate. The column was prewetted with

40 ml of petroleum ether and the partitioned pe-

troleum ether extract added to the top of the column.

The sample was rinsed onto the column with two 5-ml

portions of petroleum ether. The column was eluted

at a rate not faster than 5 ml per minute with 200 ml

of 6% ethyl ether (v/v) in petroleum ether. The

receiver was changed and the elution continued at

the same rate using 200 ml of 15% ethyl ether in

petroleum ether. These two fractions were concen-

trated to 5 ml in calibrated 1 5-ml centrifuge tubes

using Kuderna-Danish evaporative concentrators.

Lindane, heptachlor, aldrin, heptachlor epoxide,

y-chlordane, p,p'-DDE. DDD, p.p'-DDT, and toxa-

phene are eluted by 6% ethyl ether from the Florisil

column. Dieldrin and endrin are eluted in the 15%
ethyl ether fraction.

Gas chromatography: The purified sample extract

was analyzed on a Microtek 220 electron capture gas

chromatograph using a 6' x Vz" I.D. glass column

packed with 10% DC 200 on 90/100 mesh Anakrom

ABS. The nitrogen flow rate was about 110 ml per

minute. The column temp was 205 C, the injector

250 C, and the detector temperature 270 C. Standard

curves were prepared daily for each pesticide.
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Recovery ratios were not determined, and the results

were not corrected for recovery.

Laboratory F

Method adapted from FDA Pesticide Analytical Manual

(3). Details of this method are to be published in Hand-

book of Procedures for Pesticide Residue Analysis,

Bureau of Sport Fisheries and Wildlife. Fish-Pesticide

Research Laboratory (in press).

Sorvall blender method: This is the primary technique

for extraction of fish tissue. Fish must be small (2 g)

or they must be pre-ground. Fish eggs, vegetation,

mud, etc., may also be extracted by this procedure.

(1) Tare a standard pint Mason jar.

(2) Add the sample (15-35 g) and record sample

weight.

(3) Add anhydrous Na2S04 equal to the sample

weight.

(4) Add 100 ml of redistilled petroleum ether

solvent.

(5) Assemble Sorvall blender assembly and sample

jar.

(6) Lower the sample into an ice bath.

(7) After 30 seconds, turn on the blender to a low

speed at about 20% of full power.

(8) When the sample is blending smoothly, increase

the power to 80% and blend for 2 minutes.

(9) Decant the solvent. Using a large spatula, press

the solid mass to remove any adhering solvent

and add this to the decanted solvent.

(10) Add 100 ml of fresh solvent and reassemble

the blender. .

(11) Repeat steps 7-9.

(12) Pass the combined extracts through a column

of anhydrous Na2S04.

The extract is then ready for cleanup. If the extract

exhibits considerable turbidity at this point, it may be

necessary to repeat the drying step. If difficulty

is encountered in obtaining a clean break between

solvent and water layers, it may be necessary to add

a third extraction step.

Acetonitrile-hexane partition: This method may be

used with most types of sample extracts. Large

amounts of lipids in the sample, however, seriously

interfere with this method. See the FDA Pesticide

Analytical Manual, section 621, for explanation and

use of p-values. Those pesticides which have low

p-values will be recovered in good yield by this

method.

(1) Evaporate the sample extract to near dryness.

Do not allow the residue to become completely dry

as pesticide losses may ensue.
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(2) Transfer the residue to a 250-ml separatory

funnel with 30 ml of hexane.

(3) Add 30 ml of hexane-saturated acetonitrile. '

(4) Shake the funnel for 2 minutes.

(5) Allow the layers to separate. If the layers do

not separate within 10 minutes, add 30 ml each of

acetonitrile and hexane and rock the funnel for 30

seconds. This rocking allows the droplets to

coalesce.

(6) After the layers have separated, draw off the

lower acetonitrile layer. Save this solution.

(7) Repeat steps 3-6. Combine the extracts. Discard

the hexane layer. Note: When calculating efficiency

using the p-value tables the fact of double extraction

must be taken into account.

(8) Evaporate the acetonitrile solution to about 5 ml.

(9) Add 10 ml benzene and evaporate to 5 ml.

The extract may be made to volume and analyzed at

this point if interferences are absent. However, this

method is usually used as the first step in a two-step

cleanup procedure (e.g., Florisil as the second step).

Adsorption chromatography—Florisil: This is a

general procedure for most types of samples with

most pesticides. Large amounts of fat in the sample,

however, interfere with recovery of the pesticides.

When samples containing appreciable amounts of fat

are processed, smaller samples should be used, so

that the amount of fat added to the column does not

exceed 0.5 g. If smaller samples are impractical, a

prior cleanup step will be required.

(1) Prepare the Florisil column as follows:

Column—20-mm x 40-cm glass column with a

glass frit. To the clean, dry column add, in order,

10 g anhydrous Na^SO^, 10 g Florisil (5%
deactivated), and 10 g anhydrous Na2S04.

(2) Evaporate the extract of 30 g (or less) of sample

to about 5 ml.

(3) Add 30 ml of petroleum ether to the prepared

Florisil column. Have the evaporated extract ready

for immediate transfer to the column and have 100

ml of 5% diethyl ether in petroleum ether measured

and ready.

(4) When the top of the wash solvent just reaches

the top of the upper NaoS04 layer, immediately add

the sample using a small portion (5 ml) of the elution

solvent to effect transfer.

(5) When the sample has been added, immediately

place the collection container below the column to

receive the cluate.

(6) When the sample solution has reached the level

of the NaoSO,, add the elution solvent.

The eluate from this procedure may be used directly
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for gas chromatography after it has been made to a

known volume.

Gas chromatography: A Beckman GC-4 gas chroma-

tograph was used with an electron capture detector.

For quantitation, a 4' x 2-mm I.D. glass column was

packed with 0.3% Dow 200 on Corning GLC 110

glass beads. The column was operated using a 30

ml/minute helium flow with a temperature of 1.55 C
for both injector port and column and a temperature

of 235 C for the detector. For confirmation, a column

with a 3% QF-1, Anakrom ABS, 80/90 mesh pack-

ing was used. This column was operated using a

50-60 ml/minute flow of Nj with injector tempera-

ture at 200 C, column temperature at 1 80 C and the

Nifi-' detector at 235 C.

Recoveries reported were: Dieldrin—85 ±5%,
DDE—64 ± 5%, TDE—90 ±5%, DDT—81 ±5%.
Analytical values were corrected for recovery. Sensi-

tivity was reported as ranging from 0.002 to 0.01 ppm.

with the same carrier gas flow was operated with an

injection temp of 200 C, column temp of 190C and

detector temp of 194 C.

If corrections are desired, they may be made by

multiplying the results for partitioned samples by 1.1.

Correction factors for sweep co-distillation are as

follows: DDE—no corrections needed; DDT— 1.2;

dieldrin— 1.1; TDE—not derived but estimated to

be 1.1. The sensitivity for analysis of DDT, TDE,
DDE, and dieldrin was reported as 0.1 ppm.

Only one laboratory reported confirmation of results

by other methods. Laboratory G confirmed the presence

of DDT, TDE, and DDE in two of the laboratory cross-

check samples (S-3-21-LC and S-1-44-C, see Table 3)

by thin-layer chromatography. Other laboratories stated

that they did not confirm by other methods, but some

of them confirmed by using two or more columns.

Laboratory G

Method adapted from FDA Pesticide Analytical Manual

(3). Each sample was cleaned up by two methods.

Both methods gave similar results. Sweep co-distillation

gave somewhat higher recoveries in more cases than

did the partitioning method. The method of analysis

was as follows:

Extraction: The issue was mixed with five times its

own weight of purified anhydrous NajSO, and ex-

tracted for 6 hours in a Soxhlet extractor using a

solvent mixture of 10% ethyl ether and 90% pe-

troleum ether (50 g of tissue was used to prepare

each sample).

Cleanup I: The extract was partitioned with normal

hexane and acetonitrile.

Cleanup II: The sample extract was sweep co-

distilled using a Kontes Model No. K50075 sweep

co-distillation apparatus according to recommended

procedure.

Gas chromatography: The cleaned-up residues were

analyzed on an Aerograph Hy-FI Model 600C with

a tritium electron capture detector, using two separate

columns for each sample. The 5' x Vs" O.D. Pyrex

columns were packed with: (1) 5% DC-200 acid

washed, DMCS treated 100/120 mesh. Hi Per-

formance Chromosorb W: (2) 5% QF-1 on the same

solid support. The operating parameters were as

follows: The QF-1 column (used for quantitation)

was operated with a Nj flow of 40 ml/minute, injec-

tion temp of 185 C, column temp of 174 C and de-

tector temp of 178 C; the Dow-Corning 200 column

One laboratory (G) reported the presence of poly-

chlorobipheriyls (PCB's) but attributed them to bottle-

cap liners in which the cross-check samples were stored.

Other laboratories made no analyses to identify possible

interferences from PCB"s.

Laboratories A, B, and C conducted the analyses on the

spring and fall 1967 samples: Laboratories C, D, and E
on the spring 1968 samples; and Laboratory C analyzed

all of the fall 1968 samples.

Lnboratory cross-checks were conducted on the fall

1967 and spring 1968 samples. One laboratory prepared

10 regular composite samples and sent subsamples of the

fish homogenate to each of the other participating

laboratories for residue analyses. Laboratories A, B, C,

D, and E participated in the fall 1967 cross-checks and

Laboratories C. D. E. F, and G in the spring 1968

cross-checks. Laboratories F and G were Bureau of

Sport Fisheries and Wildlife laboratories which did not

participate in the regular monitoring program but only

in the laboratory cross-checks.

Results

FISH COLLECTIONS

More difficulty was encountered than had been antici-

pated in collecting the same species of fish at a par-

ticular station during all sampling periods. Only at 9

stations were the same 3 species collected during all 4

sampling periods. Two of the same species were col-

lected at an additional 1 1 stations and 1 at an additional

21 stations. Thus 41 of the 50 stations had at least 1

species collected during all periods.
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Also, more species were collected than had been antici-

pated. There were 62 species in the 590 composite

samples. However, of these, 21 species were collected

at only I station, 12 at 2 stations and an additional 6

at only 3 of the 50 stations. On the other hand, some

species or genera were represented at many stations.

A total of 97 samples of carp were collected at 34 sta-

tions. 105 samples of catfish at 31 stations. 111 samples

of suckers at 35 stations, and 61 samples of black bass

at 22 stations. A list of species collected is shown in

Table 1. Common and scientific names are those speci-

fied by the American Fisheries Society (/). Code

letters are included in this table in order to identify

the species in Table 4.

Much of the variation in species collected and the num-

ber of fish in a composite sample was in the first (spring

1967) collection and was due. apparently, to inadequate

initial instructions to the field collectors. Much more

uniformity was obtained in later collections. It is

believed that in the future at least two and possibly three

species can be collected consistently at a station. Results

indicate also that collection of the same species would

be expedited if samples were taken only in the fall.

LABORATORY CROSS-CHECKS

The results of the fall 1967 laboratory cross-checks are

shown in Table 2. It is apparent that there are in-

consistencies in the results reported by different labora-

tories on subsamples of the same homogenate. One
laboratory (A) found relatively low levels of DDT and

its metabolites, and little or no residues of other pesti-

cides. Laboratory B reported somewhat higher values,

but the abnormal DDT/ (DDE -f DDT + TDE) ratios

in many samples make some of their results open to

question. DDT results for Laboratories C. D. and E
were in fair agreement in most samples; however.

Laboratory D did not diff'erentiate among members of

the DDT complex. Some high aldrin values reported

by Laboratories D and E, and the high toxaphene values

by Laboratory D might also be questioned.

Actually only Laboratories A, B, and C participated in

the regular sampling program during the spring and fall

of 1967. The data on the cross-check samples were not

adequate to attempt any corrections in the regular

sampling data. However, as the data for Laboratories

C, D, and E appeared more comparable, these labora-

tories were selected to conduct analyses on the regular

spring 1968 collections.

The spring 1968 cross-checks (Table 3) appear more
consistent than was found in the previous cross-checks;

however, some inconsistencies remained. Laboratory E
reported lower and Laboratory F higher results for the

DDT complex than the other laboratories. Laboratory

D reported higher dieldrin results and Laboratories D
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and E higher aldrin results on some samples. Laboratory

F did not find residues other than DDT in any samples.

Only Laboratories C, D, and E participated in the

regular spring 1968 sampling program. The data from

the cross-check samples still did not justify a correction

factor for the regular samples; however, it did point out

possible places to look for inconsistencies. As there

were still uncertainties regarding the data, only one

laboratory was used for analysis of the fall 1968

samples.

RESIDUE LEVELS IN FISH

Results of residue analyses for 1 1 organochlorine insecti-

cides at the 50 sampling stations are shown in Table 4.

Results are reported as ppm (milligrams per kilogram)

wet weight, whole fish. Also shown are station locations,

collection dates, species of fish (see code—Table 1),

number of fish, and the average length and weight of

all fish in the composite. When interpreting these data,

consideration must be given to laboratory differences as

shown in cross-check samples and to possible variations

in species and size of fish, seasonal variation, etc.

It is interesting to note that some stations were consist-

ently high or low in residues compared with other sta-

tions during all sampling periods regardless of the

laboratory conducting the analyses or the species

collected.

DDT and metabolites were found in all but 6 of the 590

composite samples examined. Five of those without

DDT were at Station 50 in Alaska. Total DDT residue

levels ranged up to 45 ppm and were consistently above

I.O ppm (mean levels 1.0-16.0 ppm) at Stations 3, 4,

IS, 20, 21, and 39 during all sampling periods and also

above this level at Stations 2, 24, 28, 44, and 48 during

three of the four sampling periods. The latest data

(October 1968) show DDT residues at three other

stations at comparatively high levels. Values reported

from Stations 14, 16. and 30 exceeded 5 ppm.

Dieldrin residues were reported in approximately 75%
of all samples analyzed. Values of individual com-

posite samples ranged upward to a maximum of 1.94

ppm. Mean values above 0.1 ppm were reported from

four sampling stations (Sta. 2. 4. 26. 31 ) during three of

the four sampling periods. Values exceeding 0.1 ppm
were also reported in the spring and fall 1968 from

Stations 10. 14. 34, and 40.

Aldrin residues were not reported consistently from

any station during all sampling periods. A few scattered

values greater than 0.1 ppm were reported in the spring

196S samples. However, practically all of these were

reported from one laboratory which had also reported

relatively high values in the laboratory cross-checks.
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Endrin was reported consistently in samples from only

three stations (Sta. 15, 2S, and 30) and then at relatively

low levels (<0. 1 ppm). A few scattered higher values

were reported from several other stations but usually

represented only one or two composite samples.

Some lindane residues were found in 16""; of the

total samples; however, levels were usually less than

0.1 ppm. While reported from a fairly large number of

samples, lindane was not found consistently at any sta-

tions during all sampling periods.

Ne.\t to DDT and dieldrin, heptachlor and/or hepta-

chlor epoxide were found in the largest number of

samples, 32% of the 590 samples examined. Residiies

were found consistently during different sampling

periods at a number of stations and at levels greater

than 0.1 at Stations 2, 3, 18, and 24.

Chlordane residues were also reported from a fairly

large number of samples, 221^ of the total, with some

samples containing relatively high levels. While lower

levels were reported consistently during all sampling

periods from several stations, levels greater than 0.1

ppm were reported from Station 26 during three of the

four sampling periods.

Discussion

While there are variations in results from different

laboratories and possible differences in residue levels in

various species of fish and in individuals within a

species, these data (Table 4) show some waters with

fish consistently high in DDT, dieldrin, and some other

organochlorine insecticides. Recenth, the Food and

Drug Administration announced an interim guideline

of 5 ppm total DDT (including derivatives) residues

in fish shipped in interstate commerce, pending review

by an appointed commission (20). The latest data re-

ported by this monitoring study in fall 1968 (Table 4)

show that mean DDT levels in whole fish exceed this

level at 8 of the 50 monitoring stations. Also, some of

the DDT. dieldrin. and other organochlorine insecticide

residues are considerably higher than those established

by the FDA for milk. meat, fruits, vegetables, and other

food and feed crops (IS). FDA tolerances for meat are

on a fat basis, while the results reported here are on a

whole-fish basis. If these results were reported as residiies

in fat. the levels shown would be roughly tenfold higher.

Much accumulation of these residues may be in portions

of the fish not normally consumed by humans, but which

are consumed b>' and might be hazardous to fish-eating

birds and other animals.

The data (Table 4) are presented in a manner that

can be interpreted while taking into consideration the

above variations. A major value of the data may be to

point out possible problem areas where special studies
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are needed and to serve as a base for such studies. Some
of its utility might be lost if summaries only were pre-

sented.

VARIATION AMONG LABORATORIES

It Is obvious from the cross-checks (Tables 2 and 3)

that there are differences in residue results reported by

different laboratories. However, an examination of the

overall data (Table 4) does not reveal differences as

extensive as those shown in the laboratory cross-checks.

The reasons for this are not definitely known. Some
differences might be due to incomplete homogenization

of samples of whole fish, so that fat, stomach contents,

etc., were not equally divided in subsamples distributed

to different laboratories. However, consistently high or

low results from the same laboratory would indicate

other reasons. These could include incomplete extrac-

tion, partitioning, cleanup, instrument performance, and

interpretation.

Most laboratories use a referenced procedure but with

their own modifications. Each usually considers its

method the best and its results accurate. Who is to say

which of the laboratory results presented here most

nearly represent the actual picture? It is certainly neces-

sary to use different laboratories for various Federal and

State monitoring programs. Standardization of proced-

ures for a particular substrate is mandatory if results

are to be comparable (23). In a study such as this, it

may be necessary to use only one laboratory, especially

to determine yearly trends, until such standardization is

effected.

VARIATION IN RESIDUE LEVELS IN FISH

Following the large-scale use of DDT and other or-

ganochlorine insecticides and the development of suit-

able analytical methods and tools in the late I950's and

early 1960"s, many studies were initiated by various

groups to determine residue levels in fish. Most early

studies were concerned with the use of DDT or DDD
in specific watersheds. Such studies may be illustrated

by those in Clear Lake, Calif, by Hunt and Bishoff

(10): in the Yellowstone River by Cope (6); in New

York lakes by Burdick el al. (5); and in Sebago Lake,

Maine, by Anderson and Everhart (2). These studies

usually consisted of the analysis of a relatively small

number of fish and in some cases different species.

Among conclusions reached were that DDT residues

were present in practically all samples, that levels were

far abo\e those found in the water, and that individual

fish varied greatly in residue levels. Differences in residue

levels in individuals were attributed to fish movement,

size, food habits, and fat content. Some indication was

given that there may be differences in levels concen-

trated b> different species. In the above studies, the large

variation in residues in individual fish somewhat over-

shadowed the differences in species. A summary of these
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and many other field and laboratory studies showing

vast differences in residue levels in fish is reported by
Johnson (//). More recent studies in Tule Lake by

Godsil and Johnson (S), and in a Wisconsin stream by

Moubry ei al. (16), tend to support the above con-

clusions.

Extensive monitoring studies involving numerous bodies

of water and larger numbers of different species of

fish have been reported from New York by Mack
et al. (15), from Massachusetts by Lyman el al. (14)

and from Wisconsin by Kleinert et al. (13). These

studies, the latter including dieldrin as well as DDT,
show even wider variations in residue levels in diffrent

samples than had previous studies. In the Wisconsin

study (13), no differences in residue levels were ob-

served in different species but. in the other two studies

(14. 15). species differences were indicated. Differences

in residue levels in different sizes of fish of two species

were not apparent in the Massachusetts study (14).

A more detailed fish monitoring study is that con-

ducted by the Bureau of Commercial Fisheries in Lake
Michigan (17). In that study, where large numbers of

fish from the same body of water were analyzed for

DDT and dieldrin residues, there were obvious differ-

ences in residue levels in different species of fish. Also,

larger fish of the same species were shown to have the

highest residue levels. A relationship was shown be-

tween residues in fat and the whole fish and also between

edible and nonedible portions of fish.

In the present study (Table 4), it is somewhat diffi-

cult to make a comparison between residue levels in

species because of the small number of samples collected

from the same location. An examination of the data

reveals obvious differences at some stations (Sta. 4, 21,

22, and 24) but little, if any, at others. On the basis of

total samples, regardless of the magnitude of DDT
levels at particular stations, some species such as carp,

channel catfish, white perch, and lake trout appear in

the high category more often than other species such as

bullheads and bluegills. which are most often low. Other

species appear in the high, medium, or low categories

about equally. No dilTcrenccs in residue levels arc obvi-

ous from these data with regard to tish size. However,

all these samples were adult fish with most in the 2- to .'^-

year age groups.

Overall, the residue levels of DDT and dieldrin re-

ported in this study are of a magnitude and variation

similar to those reported from other studies ( /.?, 14)

at comparable locations. No comparable information

was available on residues of other organochlorinc in-

secticides.
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SEASONAL LEVELS AND TRENDS

On the basis of present data (Table 4), no definite
|

conclusions can be reached regarding differences ' in

residue levels between samples collected in different

seasons or in different years. A direct examination of

the data indicates that levels of total DDT and heptach-

lor were higher in the fall than in the spring and that

levels in 1968 were higher than in 1967. On the other

hand, dieldrin values appear higher in the spring than in

the fall, but an increase is also shown for 1968. How-
ever, when variation in laboratory cross-check samples is

considered, the picture is not clear. If only the data in

which one laboratory analyzed all of the samples from

a station during all sampling periods are considered,

there are no major differences in seasonal or annual

levels, with the possible exception of heptachlor epoxide.

Other studies reported somewhat different observations

regarding trends. The Masachuselts study (14) states

that generally DDT levels showed an increase during the

3-year study (1965, 1966, and 1967). The Wisconsin

study (13) concludes that their 3-year survey (1965,

1966, and 1967) did not indicate the rate at which

DDT and dieldren levels were building up or diminish-

ing and that resurveys will be necessary to establish

trends.

Conclusions

The major conclusions that can be drawn from this

study to date are: first, there are a number of widely

scattered waters in which fish show consistently high

residues of DDT, dieldrin, and other organochlorinc in-

secticides (some of these waters are in agricultural

drainages and others in highly industrialized areas); and

second, there is considerable variation in residue levels

in different samples, which could be caused by variation

in laboratory analyses, or variation in fish from move-
ment, food habits, species, size, age, fat content, etc.

Because of these variations, caution should be applied in

using and interpreting these data.

A nationwide fish monitoring program of the present

modest magnitude could not be expected to resolve all

of the differences. The major functions should be to

provide a continuing assay which would indicate the

magnitude of pesticide residues in this substrate of the

environment, to determine trends in residue levels, and

to locate possible problem areas where significantly

high levels may indicate the need for special studies.

Special studies could be made by Federal or State

agencies, universities, industrial concerns, conservation

organizations, or other groups to trace down sources of

insecticide contamination and to resolve other differ-

ences such as variation in laboratories, fish samples, etc.,

as mentioned previously.
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Until these differences are resolved, the present moni-

monitoring program should continue with the use of the

same indicator species at each station during each

sampling period and the use of a single laboratory for

residue determinations. The data might be more useful

if lipid content were determined for each sample. The

addition of a few more sampling stations would provide

more uniform nationwide coverage.

In the future it may be possible to correlate the fish

data with residue data in other substrates, such as

water, soils or wildlife (especially waterfowl), which

are being obtained by other participants in the National

Pesticide Monitoring Program.
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TABLE 1.—Code for fish species

Family Common Name Scientific Name Code

Amjidae—bowfins

Clupeidae—herrings

Salmonidae

—

irouts, whilefishes,

and graylings

Hiodontidae—mooneyes

Esocidae—pikes

Cyprinidae—minnows and carps

Calostomidae—suckers

Ictaluridae—freshwater catfishes

Gadidae—codfishes and hakes

Serranidae—sea basses

Centrarchidae—sunfishes

Percidae—perches

Sciaenidae—drums

Mugilidae—mullets

Bowfin

American shad
Gizzard shad

Lake whilcflsh

Bloater

Round whitetish

Mountain whilelish

C'oho salmon
Sockc>e salmon
Cutthroat trout

Rainbow trout

Lake trout

Arctic grayling

Goldeye
Mooneye

Chain pickerel

Northern pike

Chiselmouth
Goldfish

Carp
Golden shiner

Nonhern squawfish

Tui chub

Carpsucker
Longnose sucker

Bridgelip sucker

White sucker

Flannelmouth sucker

Largescale sucker

Klamath sucker
Tahoe sucker

Lake chubsucker
Smallmouth buffalo

Biymouth buffalo

Spotted sucker

Redhorse (sucker)

Humpback sucker

White catfish

Blue catfish

Black bullhead
Brown bullhead

Cliannel catfish

Flathead catfish

Burbot

White perch
White bass
Smped bass

Rock bass
Sacramento perch

Redbreast sunfish

Green sunfish

Pumpkinseed
Bluepill

Sm;ilImou(h bass
Lar^cmouth bass
White crappie

Black crappie

Yellow Perch
Saucer
Walleye

Freshwater drum

Striped mullet

Amia Calva Linnaeus

Alosii sapidissimu (Wilson)
Dorayomo cepfdtunum (LeSueur)

Core\;onus cUipctifornn\ (Mitchill)

C(>r<'\:onus hoyi (Gill)

Pn>\apiuni c\ lirulract'um (Pallas)

Prosopittm williamsoni (Girard)
Oncorhynchus kisutch (Walbaum)
Oncarhynchus nerka (Walbaum)
Sidmo chirki Richardson
Siihno KiUfdncn Richardson
Sal\ elinus namaycush (Walbaum)
TInmallus arcticus (Pallas)

Hiodon alosoides (Rafinesque)

Hiodon tergisus LeSueur

Esox niger LeSueur
Esox Lucius Linnaeus

Acrocheilus alutaceus Agassiz
Ciirassius auratus (Linnaeus)
Cyprinua carpio Linnaeus
Sotemigonus crysoleucas (Mitchill)

Pnchochedus oregonensis (Richardson)
Siphaieles bicolor (Girard)

Cdrpiodes sp.

Catostomus catoMomus (Forster)
Catostomus coluntbianus (Eigenmann)
Catostomus comniersoni (Lacep^de)
Ciitostotuus liitipinrii\ Baird
CutoMotnus mactochedus Girard
Ciiio\fontu}. riiuicidus Gilbert

Calo^tornwi lahoensis Gill

Erimxzon sucetta (Lacepede)
lcfi<>hii\ buhulus (Rafinesque)
Icimhus cyprinellus (Valenciennes)
.\finvtrcina mehwops (Rafinesque)
Moxostoma sp.

X\ raucheri texanus (Abbott)

Iciiilurwi catwi (Linnaeus)
litidurus furiiitut (LeSueur)
huilurus nifl(i\ (Rafinesque)
hialurus nehulosus (LeSueur)
Icfiilurus punctiiius (Rafinesque)
Pylodictis olixaris (Rafinesque)

[.Ota lota (Linnaeus)

Roccus americanus (Gmelin)
Rdccus chry.\ops (Rafinesque)
Hoccui sdxatilis (Walbaum)

Anihioplifes rupesiris (Rafinesque)
Archopliies interrupius (Girard)
I cpt>nti<i auriius (Linnaeus)
I cponii\ i\iii}cllif, R.itinesque

l.ipt>ini\ gibhosuK (Linnaeus)
l.epornis macrochiru\ Ritfuicsque

Micropicrus dolomiein Lacepede
Mtcropivrus \a}nioide\ (Lacepede)
Potnoxi-i annularis Rafinesque
Poinoxis nigrfntuicuhiiu'i (1 eSueur)

Pvn-a flinescens (Mitchill)

Sfizo\tedit>n cii'uidenst' (Smith)
Sti:o\tedion \iircum (Mitchill)

ti^lodinotus grutinicns Rafinesque

Muiid ccphalus Linnaeus

BP

ASh
GSh

LWh
Bio
RWh
MWh
CSa
SSa
CTT
RBT
LkT
AGr

GE
ME

ChPi
Npi

CM
GF
C
GSn
NSq
TCh

CpSu
LNSu
BLSu
WhSu
FMSu
LSSu
KSSu
TaSu
LCSu
SMBu
BMBu
SpSu
RSu
HBSu

WhC
BIC
BkBH
BrBH
ChC
FHC

Bot

WhP
WhB
StB

RkB
SaP
RBS
GrS
PkS
BGS
SMB
LMB
WhCp
BkCp

YeP
Sag
WE

FWD

StMu
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TABLE 2,

—

Laboratory cross-check samples, organoclilorine insecticides, fall 1967



TABLE 3.

—

Laboratory crosscheck samples, organochlorinc inscclicidcs, spring 1968



TABLE 4.

—

Organochlorine insecticide residues in fish, 1967-1968

Collection Data

Location &
Sta. No.

Species No.
Fish

Average

Length
(Inches)

Wt.
(Lb)

Lab. Date

Organochlorine Insecticides (ppm)i

Q
Q X u

ATLANTIC COAST STREAMS

Stillwater R.

Old Town,
Maine

#1



TABLE 4.—Organochlorine insecticide residues in fisli, 1967-1968—Continued

Collection Data



TABLE 4.

—

Organochlorinc insecticide residues in fisli, 1967-1968—Continued

Collection Data Oroanochlorine Insecticides (ppm)'

Location &
Si A. No.

Species
No.
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PESTICIDES IN AIR

A System for Monitoring Atmospheric

Concentrations of Field-Applied Pesticides
^

G. H. Willis-", J. F. Parr, R. I. Papendick', and S. Smith'

ABSTRACT

A system comprised of a stainless steel boom with regularly

spaced ports, stainless steel regulating valve, vapor trap,

pressure-vacuum pump, and flow-meter, was designed to

monitor atmospheric concentrations of field-applied pesti-

cides and other chemicals. The system is easily installed

and can he readily modified to meet special conditions and

experimental requirements.

A field study revealed that volatilization could he a signifi-

cant factor contributing to the net loss of endrin when

applied to sugar cane. The mean atmospheric concentration

of endrin readied a maximum of 540 nglm' during the 3-day

period after application and decreased asymptotically to 30

ngl m' 77 days later.

Introduction

The ultimate fate of applied pesticides in the environ-

ment has been the subject of considerable research

efTort in recent years. Various mechanisms of adsorption,

desorption, and reaction of different pesticides with

soil organic and inorganic components have been re-

ported, as well as the rate and extent of degradation,

losses through runoff and deep percolation, and absorp-

tion by roots and leaves of plants. Nevertheless, most

attempts to apply a balance-sheet approach to the pro-

blem of pesticide persistence in the environment have

been unsuccessful since relatively large amounts of

many pesticides remained unaccounted for even in care-

fully controlled experiments. Volatilization losses of field-

applied pesticides to the atmosphere may be a partial

explanation for these discrepancies.

• Contribulion from tlic Southern Branch, Soil and Water Conservation
Research Division. Apricultiiral Research Service, U.S. Department
of Apriculiurc. cooperating: with the Louisiana Stale University Agri-
cultural Fxperimcnt Station.

= USDA, ARS. SWC, Baton Roujie. la. 70803.
' USDA, ARS, SWC. Pullman, Wash. 99163.
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Laboratory and field systems designed for monitoring

atmospheric concentration and volatilization* of a num-

ber of pesticides and agricultural chemicals have been

reported. In a laboratory study, Harris and Lichtenstein

{4) aerated chambers of insecticide-treated soil with

moisturized air at a standard flow rate, the air stream

removing any volatilized insecticide, which was then

trapped in a suitable solvent.

In a laboratory study to determine the rate of insecticide

volatilization from plants, Starr and Johnsen (S)

described an all-glass vapor-collection system. They used

a direct-measurement method whereby the insecticide

could be quantitatively collected and recovered from

solvent traps. For a field study. Gray (2) used a small

plastic chamber placed over herbicide-treated soil, with

air being drawn through the chamber, at a standard

flow rate, into cold traps which retained the volatilized

herbicide.

Bramesberger and Adams (/) and Hinden et al. (5)

measured atmospheric concentrations of certain pesti-

cides in the field by pulling air into solvent traps through

specially designed impingers.

Some investigations of volatilization and atmospheric

content of agricultural chemicals other than pesticides

have been reported. Malo (6) and Malo and Purvis

(?) measured the ammonia content of air using pH-

adjusted filler-paper discs and a system that drew air,

at a standard flow rate, through an acid trap. Volk (9)

The expression "measmcment of volatilization" is often incorrectly

applicil. cspcci.illy in liek! studies. It implies that the rate of loss of
.1 compound or compt>ncnt per unit of surface area has been meas-
ured, when in fact few researchers actually evaluate the parameters
necessary to determine the volatilization rate.
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studied the volatilization of ammonia from urea ap-

plied to turf and bare soil by placing an acid-treated

glass wool pad in an inverted glass vessel directly on

the turf or soil. This method has been criticized, be-

cause the proximity of the glass wool to the ammonia
source may have created a "sink" which promoted a

higher volatilization rate than would have occurred

naturally. Hansen et ol. (3) investir;ated ammonia vola-

tilization losses during and after application of anhy-

drous ammonia to soil by drawing air through acid traps

at a standard flow rate.

VAPOR-COLLECTION APPARATUS

The apparatus developed for continuous collection of

volatilized endrin is shown in Fig. 1 and 2. Air was

drawn through the portholes of the stainless steel boom
at a rate of I liter/ minute by a vacuum pump rated for

continuous operation. The air passed through the boom
into an ethylene glycol trap which removed pesticide

vapors from the air. The air was exhausted from the

trap through the vacuum pump and back into the

atmosphere.

In a previous unreported studv on the fate and per-

sistence of granular endrin applied to sugar cane, the

authors noted that a large portion of the insc-ticidc was

unaccounted for. i.e., net present in the sugar cane,

soil, or runoff from the plots. Because loss of endrin

through volatilization was suspected in this study, it was

necessary to design a system for determining the atmos-

pheric concentration of endrin under field conditions.

The system could be used in future studies to determine

the magnitude of volatilization losses in the field.

This paper describes a system suitable for monitoring

the atmospheric concentration of endrin in the field.

The utility of the methodology and apparatus for moni-

toring the atmospheric concentration of other pesticides,

as well as volatile fertilizer components, is also con-

sidered.

Malcriah and Methods

Preliminary considerations indicated that the svstem

should not contain materials, except for the solvent trap,

which would selectively adsorb or absorb volatile

pesticide components. It was also decided that air

should be sampled at relatively low flow rates to reduce

the possibility of creating a "sink," which might lead to

erroneous conclusions concerning the rate and extent

of volatilization.

INSECTICIDE

The endrin used in the field study was from a commer-

cial source formulated on granules at 2% active ma-

terial. A 99% pure analytical standard of endrin furn-

ished by Shell Chemical Company was used in the

laboratory study and for gas chromatographic analysis.

REAGENTS

Technical grade ethylene glycol, washed with n-hexane

to remove impurities that might interfere with gas

chromatographic analysis of endrin, was used as the

vapor-trapping solvent.

Hexane for extraction procedures was of high purity

and had been redistilled over sodium.
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FIGURE 1.

—

Schematic diagram .Khowing arrangement of

boom, spacing and positions of porlliolcs in boom, mast, and

other structural features of a system for monitoring volati-

lization of field-applied pesticides

GUY WIRES-

SUPPORT WIRE

FIGURE 2.

—

Schematic diagram of the vapor-trapping

assembly of a system for monitoring volatilization of field-

applied pesticides

NEEDLE V*Lve

Va'lD STklNLESSSTEEL TUBING

REDUCING UNION

Bmn, CLASS TUBING

TO ATHOSPHERE

-TT60N TUBING

-VACUUM
PRESSURE

J PUMP

Boom. The boom was made from stainless steel tubing

(1/4-inch I.D.; Ti-inch O.D.). Portholes, 1/16-inch in

diameter, were drilled in the tubing at 6-inch intervals

along a 5-foot span near the end of the boom. At each

6-inch interval, 3 holes were drilled, 1 in the bottom and

1 on each side of the tube, providing a total of 33

portholes. To prevent water from entering the system

during rains, holes were not drilled in the top of the

boom. The boom was clamped to a mast for support.

173



Mast and Supports. The mast was made from 1 .5-inch

metal pipe fitted with a base plate for stability. Guy
wires fitted with turnbuckles were also used to ensure

stabilily. A support wire from the mast to the boom
prevented the booms from sagging. The mast could be

used to support additional booms at difTerenl heights

for sampling pesticide coneenirations at ditfcrent levels

above the ground surface, depending upon sampling

requirements.

Vapor Trap. The vapor trap was a I -liter Erlenmeyer

flask containing 750 ml ethylene glycol and fitted with

a No. 9 neoprene stopper. Air entered the trap through

a gas dispersion tube of medium porosity to ensure

efficient absorption of volatile components.

Valve and Tuhint; Connector. A Whitey stainless-steel

regulating-type valve (6RS-316) was attached to the

boom between the sampling ports and the solvent trap

to accurately regulate the rate of air flow through the

system. The -'s-inch O.D. boom was connected to the

7-mm O.D. gas dispersion tube with a Swagelok stain-

less steel reducing union (600-6-5-316).

Vacuitm Pump. A Neptune Dyna-Vac pressure-vacuum

pump (Model 3) rated for continuous operation was

used to pull air through the system. The pump has a

capacity of 7.1 liters/minute and a maximum vacuum of

14 inches of mercury. Tygon tubing was used to connect

the exhaust port of the ethylene glycol trap to the

vacuum side of the pump. By connecting a rotometer-

type flow-meter to the pressure side of the pump, flow

through the system was accurately measured. The use

of a flowmeter and regulating valve in conjunction with

the pressure-vacuum type pump permitted accurate

measurement and control of air flow over a wide range

of flow rates. Throughout the study, the pump was

housed in a small "A"-frame shelter for protection from

the weather.

EXTRACTION AND ANALYSIS

The 750 ml of ethylene glycol was transferred into a

2-liter flask with appropriate rinsing and was mixed with

375 ml of hexanc on a magnetic stirrer for 1 hour. The
contents of the flask were then transferred, with rinsings,

to a 2-liter separatory funnel. The ethylene glycol was

discarded and the hexane washed three times with H^,0.

The hexane was then dried with anhydrous NajSO,,

and the sample was concentrated to an appropriate

volume for gas chromatographic analysis by passing dry

air at a low flow rate over the surface of the hexane.

Previous laboratory trials with standard endrin solutions

have indicated that the extraction and concentration pro-

cedure results in greater than ')S''; recovery of itie adtled

endrin. Endrin determinations were made with a

Micro Tek MT220 gas chromatograph equipped with a

*^Ni electron capture detector. The detector was op-

erated at 290 r, the inlet at 215 C, and the oven at

195 C. The carrier gas was prepurified nitrogen, and the

flow rate was 135 cc/minute. The column, a glass U-

tube 6 feet by 'j inch, was packed with 80 '90 mesh

Chromport XXX coated with 3% SE-30.

LABORATORY STUDY

A laboratory study was designed to determine the suit-

ability (i.e., absorption efficiency) of ethylene glycol as

a trapping solvent for volatilized endrin (.'^). A cylin-

drical glass chamber, 2 inches (I.D.) x 48 inches, was

fitted on the ends with neoprene stoppers, each masked

with aluminum foil. A Vi-inch (I.D.) stainless steel tube

with 16 regularly spaced portholes was inserted through

one stopper and across the chamber to the opposite

stopper which was provided with three '/linch diameter

holes for admitting air to the chamber.

Six ml of HjO and 1 ml of hexane containing 0.1 mg
of endrin were placed in a small aluminum foil boat

and inserted into the chamber beneath the stainless

steel tube. The tube, projecting from one end of the

chamber, was connected to a vapor-trapping system

similar to Fig. 2, where two traps were placed in a series

to measure any possible carry-over of pesticide from the

first trap. Air was pulled continuously through the

chamber at a rate of I liter/minute for 15 days, after

which the chamber and all components were rinsed with

hexane to remove any residual endrin. Ethylene glycol

from the traps was extracted with hexane to recover

any endrin which had volatilized.

FIELD STUDY

Granular endrin was applied by hand to a sugar cane

plot at a rate of 2 lb/acre. Half of the endrin was

applied to the cane and half to the soil surface. The

sugar cane was approximately 10 feet high. The plot,

24 X 30 feet, was located within a larger field of sugar

cane which provided a desirable buffer zone for main-

tenance of natural field conditions with respect to air

movement, temperature, and humidity within the plant

canopy. Immediately after endrin application on July

26, 1968, the vacuum pump was activated and allowed

to run continuously for 1 1 weeks. Care was taken to

avoid contaminating the boom and trapping system

during pesticide application. Ethylene glycol was re-

placed in the trap at 3-day intervals during the initial

phases of the study and later at weekly intervals. Flow

rate of air was maintained at 1 liter/minute throughout

the study.
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Results and Discussion

The results from the hiboratory study showed that

28.4% of the applied endrin remained within the glass

volatilization chamber, probably from surface adsorp-

tion by the chamber and component parts. Analysis of

the two ethylene glycol traps revealed that 62.8% of the

endrin was in the first trap with none detected in the

second. Thus, more than 90% of the endrin could be

accounted for. It is possible that the rinsing procedure

was not completely effective in desorbing endrin from

the system, resulting in 8.8% unaccounted for. It is

unlikely that this amount of endrin could pass through

both solvent traps without leaving at least a trace in the

second trap. Therefore, it was concluded that ethylene

glycol would be an effective trapping solvent for volatil-

ized endrin in the field.

Results of a field study on the change in atmospheric

concentration of endrin that occurred after application

to sugar cane on July 26 until October 11, 1968, is

shown in Fig. 3. Cumulative recovery of endrin during

this period is also presented. Each data point is a mean
value and appears at the end of the time segment it

represents. The mean value for the initial 3-day absorp-

tion period is plotted at 3 days, even though this value

probably does not indicate the highest concentration

that occurred during the initial time period. Sampling

intervals would need to be shortened considerably during

the initial phases to determine the peak concentration.

FIGURE 3.

—

Atmospheric concentration of endrin 4 feet

above ground level in a sugar cane field and cumulative re-

covery from July 26 to October II, 1968.
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PESTICIDES IN SOIL

The Persistence and Movement of Picloram in Texas and

Puerto Rican Soils
^

R. W. Bovey". C. C. Dowler', and M. G. Merkle'

ABSTRACT

The persistence and luovemeni of the herbicide picloram was

suidied in two Texas, and three Puerto Rican soils. Picloram

applied at I Ihlacre moved downward and disappeared in

12 to 18 months from the tipper soil profile, especially under

high rainfall in clay and sandy soils. Picloram applied at

higher rates (3 and 9 Ihlacre) was usually detectable in the

soil pofile after 12 to 18 months. Loss of picloram will occur

also through pholodecomposilion if it is not leached into the

.soil following treatment. Bioassoy and gas chromatographic

methods of picloram detection produced comparable results.

Other possible reasons for dissipation and movement of

picloram in soils are discussed.

liurodtiction

Effective control of many tropical and subtropical woody

species can be accomplished with picloram {3.4.6.20) .

Picloram is persistent in soils (8.10.! 2.14.23 ) and may
injure crops seeded following treatment (2.11,16).

Higher rates of picloram are usually reqiiired for brush

control on grazing lands than are required for control of

perennial weeds in noncrop lands (1.4.20). This is

especially true for effective brush control in tropical

areas (20.2 1 .22) . Data from studies in Texas (/5) and

Puerto Rico (6) indicated that less than 0.05 ppm of

picloram was found 1 year after treatment at 8 and 9

lb/acre, respectively. However, the studv in Puerto Rico

was conducted on Janica and Nipe clay and Guineos

clay loam soils which were sampled to a depth of 48

inches; whereas, the study in Texas was conducted on

Cooperative investipalions of Ihe Crops Research Division. Agricul-

lural Research Service. U. S. Department of Agriculture and Texas
A & M University

Crops Research Div.. ARS. USDA. College Station. Tex. 77843.

Crops Research Div.. ARS. USDA, Coastal Plain Experiment Sta-

tion, Tifton, Ga. 31794.

Soil and Crop Sciences Dep., Texas A & M University, College Sta-

tion, Tex. 77843.

sandy loam soils which were sampled to only 24 inches.

Applications of picloram were made to plots contain-

ing dense vegetation at both locations.

Several environmental factors have been reported as re-

sponsible for the dissipation of picloram from soils

(7,8,14,16,19,23). Leaching is one of the more im-

portant factors contributing to picloram loss from soils

in areas of high rainfall (2.6,1 5.20). Degradation of

picloram by sunlight may be an important means of loss

in dry areas (9.15). Chemical (14) and microbial (7)

decomposition of picloram is relatively slow.

Materials and Methods

The loss of picloram was studied on two soils in Texas

and three soils in Puerto Rico under different rainfall

conditions. Vegetation on the experimental areas was

destroyed by cultivation. Soil types studied were Nipe

and Fraternidad clay and Catano sand near Mayaguez.

Puerto Rico and Erving clay loam and Lakeland sand

near College Station. Tex. The Nipe clay is derived from

serpentine rock, high in iron content, and low in fertility.

This lateritic soil contains more than 70% clay of

colloidal size but exhibits the physical properties of a

loam. Water penetrates rapidly and is poorly retained.

The Fraternidad clay is a brown calcareous heavy clay

showing lime accumulation at lower depths. Rock frag-

ments occur to a depth of about 4 feet. The subsoil con-

tains some salt and drains slowly after rainfall or irriga-

tion. The Catano sand occurs close to the ocean, uually

at such a low elevation that the water table is within 18

inches of the surface. It is mapped as a poorly drained

phase. The soil has a grayish-brown, friable, single-

grained, sandy surface and a lighter textured, friable

calcareous subsoil. Coconut palms often grow on these

areas (18).
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The Lakeland sand soil near College Station had a fine-

sand surface (8 to 15 inches). The subsurface sand

graded into yellowish-brown to reddish-brown acid

sandy clay loam at ?6 to 72 inches or more. The Erving

clay loam had a dark gray clay loam surface 7 to 12

inches thick over a dark gray blocky subsurface clay.

The acid soil forms a crusty, tight surface when dry.

The potassium salt of picloram was applied to bare soil

in each plot at rates of I. ^. and 9 lb/acre. The Puerto

Rican plots were 6 by 15 feet and the Texas plots, 10

by 30 feet; all plots were replicated three times in a

randomized block. A buffer space was left between all

plots, and a small ditch was dug around each to

prevent cross-contamination atfer heavy rainfall. Plots

were treated in mid-June 1966 at all locations.

Picloram content (ppm) was bioassayed in the Puerto

Rican soils using cucumber (Ciiciimis salivii'! L.. var.

Puerto Rico 39) as the indicator plant. Eight cucumber

seeds were placed in 1-quart cups containing treated soil.

Plants were thinned to two plants 7 days after planting

and grown for 28 days. Abnormal growth was recorded

on a 10-point scale where equals "no effect" and 10

equals "dead plants." A standard injury curve was

established for cucumber plants exposed to known
amounts of picloram in the soil (5). These data were

used to determine ppm of picloram in soils treated in the

field.

Picloram content in clay soils treated at the 3 lb/acre

rate was also determined by gas chromatography (15).

All samples were analyzed with a Barber-Coleman Model
5360 pesticide analyzer equipped with a radium-226

electron capture detector. The column, carrier gas flow-

rate, and temperature suitable for picloram detection

have been given (/*>). Picloram was extracted from the

sand with 50 ml of 0. In NaOH and from the clay and

sandy loam with a 1:1 mixture of O.In NaOH and

methyl alcohol. The addition of alcohol is essential for

rapid filtration of the soil-water suspension. However,

picloram recovery from the mixture is only 80% as

compared to 900^ when water is used alone. After

filtering, the mixture was heated until the alcohol evap-

orated. The aqueous portion was acidified with HCL
and the picloram extracted with three 30-ml portions of

ethyl ether. The ether portions were combined in a 150-

ml beaker and evaporated on a steam bath. Four millili-

ters of reagent containing 125 g of boron trifliioridc per

liter of methanol was added. The samples were again

heated until only a trace of methanol remained. Care was

taken to avoid complete evaporation since some of the

methylated picloram may also he vaporized. After

esterification. the beaker was washed with 10 ml of

water and 10 ml of redistilled hexane. These uashings

were mixed thoroughK in a 50-ml scparator\ funnel
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and the aqueous portion discarded. One /jlI of the

he.xane portion was injected into the chromatograph.

The methylated picloram content was determined by

comparing sample peak heights with those obtained

from known quantities of herbicide. All samples of

Texas soils were analyzed for picloram content by gas

chromatography: samples collected on the last date of

sampling were also bioassayed with beans (Phaxeoliis

vulgaris L.. var. Black Valentine). Beans were grown

for 3 to 4 weeks in the treated soil.

Soils were sampled at 1-foot intervals to a depth of 4

feet intermittently for a period of 1 or 1 Vz years after

treatment. A 3-inch bucket auger was used to collect at

least 1 quart of soil for bioassay and analysis by gas

chromatography. Duplicate soil samples were taken

from each plot in Puerto Rico and a single sample from

the Texas plots. The soil was sealed in airtight plastic

bags and frozen when immediate analysis was not pos-

sible. Untreated soils were sampled first, followed by

the soils treated with 1. 3. and 9 lb/acre of picloram.

Resiills

Table 1 shows rainfall accumulated at each date of soil

sampling for the Texas and Puerto Rican locations.

Lowest accumulated rainfall I year after treatment was

at College Station. Tex., with 28 inches, and highest

was at Tres Hermanos. P. R., with 77 inches.

TEXAS STUDIES

Picloram was applied to dry soil which received small

amounts of rainfall during the first 6 weeks after treat-

ment (Table 2). Loss of picloram was rapid during this

period. This was presumably due to photodecomposition

(14) since the picloram was directly exposed to sun-

light on bare soil. After 3 months, the picloram ap-

plied at 1 lb/acre disappeared from the sandy soil.

Picloram concentration in the sand and clav soils

treated at all rates was considerably reduced: these soils

received 9 and 12 inches of rainfall, respectively.

Six months after treatment at rates of 1. 3. and 9 lb/

acre, picloram applied to clay soils was present in the

upper 6. 12. and 36 inches, respectively. Picloram was
detected at nearly all levels down to 4 feet in sand,

except where the 1 lb 'acre rate was used. However, 18

months after treatment a small amount of picloram was
found in only the top 6 inches of clav soil treated at

3 lb/acre. No picloram was found in the sand at any
depth.

Plots treated with 9 lb/acre contained detectable

picloram in the top 3 feet of clay at the 3- and 6-month
samplings hui only in the top 2 feet of soil at IS months.
Most of the picloram in the sandy soil was found 3 to 4
feet deep at the 6- and IS-month sampling dates. Bio-

assay with beans, IS months after tre.iiment, detected
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no picloram in plots receiving 1 lb/acre on clay and

sandy soils, and none in the sandy soil at 3 lb acre.

However, beans grown in the top foot of the clay soil

treated with picloram at 3 lb acre were injured. Great-

est injury to beans occurred to plants grown in the top

24 inches of clay soil receiving 9 lb/acre of picloram.

Some injury was also recorded at depths of 24 to 36 and

36 to 48 inches. The greatest injury in the sand was in

samples taken from the 4-foot level, indicating the

greater tendency of picloram to leach in sandy soils

receiving abundant rainfall. The lower limit of sensi-

tivity with gas chromatography was 0.01 ppm, whereas

beans show visual symptoms at 0.001 ppm (13). Conse-

quently, beans may show injury in soils that show no

detectable picloram by gas chromatography.

PUERTO RICAN STUDIES

Three months after treatment, picloram was distributed

throughout the soil profile in the clay soils at all rates of

treatment (Table 3). Picloram residue concentration in-

creased as the rate was increased. Some picloram per-

sisted in the clay soils for a year, although the amount

of picloram at 3 lb/acre in Nipe clay was only 1 ppb.

Disappearance of picloram was related to soil type and

rainfall. Picloram was most persistent in the Fraternidad

clay where rainfall was lowest (Table 1 ). Disappearance

of picloram from the Catano sand was rapid; no herbi-

cide was detected a year after treatment in the upper 3

feet of soil. Abundant rainfall apparently leached the

picloram from the soil (Table 1 ).

Bioassay and gas chromatographic techniques are com-

pared in Fig. 1 for Nipe and Fraternidad clay soils re-

ceiving 3 lb/acre of picloram. Both methods show

similar trends in picloram concentrations at most depths

of sampling, but for undetermined reasons the bioassay

consistently gave higher readings for the Fraternidad

clay than did gas chromatography. Bioassay procedures

with cucumbers are accurate and sensitive to minute

quantities of picloram (5 ppb); however, growth may be

altered by pathogens and other soil to.xins which may

alter sensitivity of the method.

Discussion

The persistence of picloram in the soil is not unique.

Dowler el al. (6) found that the herbicides fenac and

prometone were more persistent than picloram in a

Jacana clay at Guanica, P. R., 1 and 2 years after treat-

ment. Both compounds were leached to at least 4 feet

TABLE 1
.

—

Total niiiifall received in Texas ami Puerto Rico front the lime of picloram treatment until the soils were sampled



TABLE 3.

—

Piclorain conccnlralion from various depths of ihrcc soil types after trealmenl

with I, 3, atul 9 lb/acre near Mayaguez, P. R-
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Absorption of Organochhrine Insecticide Residues from
Agricultural Soils by Crops Used for Animal Feed ^

C. R. Harris and W. W. Sans=

ABSTRACT

Several crops iiseil for animal feed were planted in sandy
loam. clay, and muck soils containing residues of five to six

organochhrine insecticides or their metabolites. DDT and
its metabolites were present in the soil, but the crops con-
tained little or no residue of DDT, DDE. or ODD. Aldrin.
dieldrin. and endrin were also present in the soils, but onlv
dicldrin and endrin were detected in the crops, dieldrin

being detected more frequently and in greater quantities.

Sugar heels absorbed the most dieldrin. followed by carrots,

potatoes, and sugar beet tops. Corn. outs, and alfalfa ab-
sorbed equal amounts of dieldrin but in lesser quantities

than the other crops. The influence of soil type on absorption

of dieldrin by crops was apparent in that the higher the
organic content of the .wil, the lower the amount of residue
absorbed by the plant.

Introduction

A previous study (4) established the presence of resi-

dues of orgunochlorine insecticides, particularly DDT.
its metabolites, and aldrin, dieldrin, and endrin, in agri-

cultural soils in southwestern Ontario. In order to

establish the significance of these residues, additional
studies were conducted. It was found that levels of the

cyclodienc insecticides were sufficiently high, particularly

in tobacco and vegetable soils, to cause constant selec-

tion pressure on soil insect populations with the resultant

development of a high level of cyclodienc insecticide

resisi;ince in several species of soil insects (t. 3). A
study (2) investigating the extent to which residues of
the organochlorinc insecticides are absorbed from soil

by crops has shown that, althouch root crops absorb
residues of dieldrin and endrin from soil, the residues

' Conlribulion No. 402, Research Inslilulc, Canada Deparlmenl of
A(iricul(urc, I on don. Onlario.
Research Insiitule. Can.ida Deparlmcnt of Agriculture, London 72
Onlario.
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usually do not exceed the acceptable levels established

for human consumption. Since other crops generally

absorb less insecticide residues than root crops, it seems
safe to assume that residues of the cyclodienc insecti-

cides in Ontario soils are not sufficiently high to result

in residues in crops in excess of the tolerances. However,
residue levels of the organochlorinc insecticides which
can be tolerated in crops for human consumption cannot
be tolerated in crops used for animal consumption, since

even minute quantities of some organochlorinc insecti-

cides in animal feeds may result in significant residue

levels in milk and other animal products. The object

of this .study was to determine if residues of the organo-
chlorinc insecticides in soils in southwestern Ontario are

sufficiently high to result in unacceptable residue levels

in crops used for animal feed.

Procedure.^

The procedures used have been published elsewhere

(2, 6) and will be summarized only briefly here. The
experimental plots were set up in 1967 at four locations

in southwestern Ontario. Plot A. located on a Beverly
fine sandy loam soil (2.4% organic matter), was utilized

as a control since insecticides had never been applied
directly to the soil in this area, and repeated tests had
indicated that only trace amounts of the organochlorinc
insecticides were present. The three remaining plots

were located on farms which previous studies had in-

dicated contained excessively high residues of the

organochlorinc insecticides for that particular soil type.

Plot B was situated on a Fox fine sandy loam soil (1.4%
organic matter): Plot C on a clay (3.6% organic
matter): and Plot D on a muck (66.5% organic matter).
The plot layout and varieties of crops grown are

illuslraled in Fig. 1. Soil samples were taken through-
out the plot area before planting to determine the initial

Pi;sTiciDi..s Monitoring Journal



FIGURE 1.

—
Plot layout and varieties of crops used in

experiment



The results of this study indiciite that crops used for

animal feed are capable of absorbing residues of dicl-

drin from contaminated soil, particularly mineral soils.

There is little agreement concerning the concentrations

of dieldrin in crops which will result in unacceptable

residue levels in milk and other animal products. It is

obvious that the significance of residue levels in crops

used for animal consumption will be dependent on a

variety of factors, including the dieldrin concentration

in the crop, the proportion of the crop included in the

animal diet, and the length of time that the crop in

question is fed to the animals. However, it is often

assumed that levels as low as 0.02 ppm dieldrin in a

crop could result in unacceptable residue levels in milk.

On this basis, it is apparent that in a number of instances

in these experiments, the residues of dieldrin in the soils

were sufficiently high to result in significant residue levels

in the crops grown for animal feed.

TABLE 1.

—

Residues of organoehlorine insecticides in soil and residues absorbed by crops used for animal feed

[T = trace = <0.0I ppm]



FIGURE 2.

—
Dicldrin residues absorbed by various crops

from a clay soil containing 1.2 pprn dieldrin
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PESTICIDES IN WATER

Behavior and Reactions of Copper Sulfate

in an Irrigation Canal '

J. L. Nelso^^ V. F. Brims', C. C. Coutanf, and B. L. Carlile"

ABSTRACT

Measurcmcnis of copper concentrations in water, in sus-

pended sediment, and in bottom sediment of an irrigation

canal after a copper sulfate treatment at I Iblcfs indicate

that, after dissolution, much of the copper is sorted by

suspended sediment which gradually settles to the canal

bottom. A large part of the copper in the deposited sediment

is then slowly fed back into the canal water over a period

of many hours. Buildup of copper in irrigated .':oils appears

to be very minor.

Introduction

Copper sulfate has been used for many decades as an

algicide in canals, lakes, and reservoirs [4. 6). It is still

used extensively for that purpose even though many new
organic compounds with algieidal properties have been

discovered and developed.

Few studies have been made on the fate of copper after

it is added to irrigation canals. The copper ion does

not volatilize or break down chemically and is not de-

graded biologically like many of its organic counterparts.

The objective of our study was to determine the chemical

and physical behavior of copper sulfate when applied

as an algicide in water of an irrigation canal.

Metliods and Materials

A total of 41 I lb of copper sulfate crystals were applied

to the Roza Main Canal immediately below the check

(water elevation control structure) at Mile 61.4 north

of Sunnyside, Wash., in late June 1966. The flow of

water in the canal was 411 cfs. This rate (1 Ib/cfs) is

the one most commonly used for control of algae in

canals. Copper sulfate crystals up to about 2 cm in

diameter were poured into a concrete-lined section (.5

mile long) of the canal during a period of 30 seconds.

The crystals dissolved rapidly in the swift current. The

pH of the water ranged between 7.0 and 7.3, and the

alkalinity ranged from 90 to 100 ppm (CaCOu
equivalent).

Sampling stations were established at four sites .5, 5.9.

1 1.5, and 23.2 miles downstream from the copper sulfate

introduction point. Rhodamine B dye was applied at

the same time as the copper sulfate to serve as a visible

tracer of the treated water. Samplings were started 5

to 15 minutes prior to arrival of the visible tracer at

sampling stations. Samples of water, suspended sedi-

ment, and bottom sediment were taken before and dur-

ing the treatment and daily thereafter for 1 week.

Aquatic weeds may sorb copper from the water (2).

Although small clumps of filamentous green algae were

starting to accumulate in farmers" head-ditches and were

clogging screens, siphon tubes, sprinkler heads, etc., the

population of such growths as well as rooted pondweeds

in the main canal was too sparse to sorb significant quan-

tities of copper from the treated water.

' Conlrrbulion of ihc Piicific Norihwcsl Laboratories. Ballclle Memo-
rial Inslilulc and Ihe Crops Research Oivision. At;ricnlliiral Re-
search Service. II. S. I')cparlmcnl of Agriculture under Contract No.
l2-l(X»-8863(34) financed by the latter with Washington State Uni-
versity College of Agriculture cooperating.

• Pacific Northwest laboratories. Baltelle Memorial Institute, Rich-
land. Wash.

• Crops Research Div., ARS. USDA. Irrigated Agriculture Research
and Exicnsion Center, Prosscr, Wash. 99350.
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Copper content of water and sediment was determined

by a cuproine (spectrophotomctric) method [3. .''
)

.

Four hundred milliliters of filtered canal water was

measured into a 16-ounce clear glass bottle, to which

10 ml of a 10'; solution of hydro.xylamine hydrochlo-

ride was added. The pH was then buffered to between
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4.0 and 5.0 with 10 ml of 1m sodium acetate. A 25-ml

portion of .05% cuproine in isoamyl alcohol was then

added, and the mixture was shaken on a shaker for 10

minutes. After separation of phases, 10 to 15 ml of the

surface solvent was drawn ofif with a transfer pipette

and placed in a small centrifuge tube. Centrifugation at

high speed for 1 to 2 minutes removed air hubbies. The

solution was then transferred to a cuvette and the ab-

sorbance read at 546 m/j.. Copper values were read from

a standard curve which had been developed by analyzing

water samples spiked with copper and by using the fore-

going procedure. The lower limit of detection of copper

in the canal water by this analytical method was 0.001

ppm. Deionized or glass-distilled water was used for all

dilutions and rinsing of glassware.

Total copper was not determined in soil samples, but

O.lN HCI-extractable copper was used as the index of

available copper. Twenty grams of soil was placed in

a 60-ml vial with a polyseal cap, to which 20 ml of O.In

HCl were added. The slurry was shaken gently for

1 hour and then suction-filtered through a Buchner

funnel that contained Whatman #40 filter paper. The

soil on the filter was leached with O.In HCl until the

volume approached 250 ml. The extract was transferred

to a 250-ml volumetric flask and brought to volume with

more acid. It was then transferred to a 16-ounce bottle

and analyzed for copper in the same manner as a water

sample.

Two- to four-liter samples of canal water were filtered

immediately in the field by means of a 0.3|U, pore size

pressure-membrane plexiglass ilter apparatus and com-

pressed COo gas. The membrane filters themselves were

found to contain appreciable amounts of O.In HCI-

extractable copper. Thus, the filter and sediment could

not be leached directly for measurement of copper as-

sociated with the sediment on the filter. Therefore, the

filters and sediment were air-dried, and the sediment

was carefully scraped from the surface of the membrane

filter. The dry sediment was weighed and placed in a

60-ml vial, and the copper was extracted and analyzed

in the same manner as the soil and water samples with

only slight modification. Eight-ounce bottles, 100 ml

O.lN HCl, 5 ml each of hydroxylamine hydrochloride

and buffer, and 10 ml of cuproine solution were used.

A few of the cuproine extracts were analyzed on an

atomic absorption spectrometer to cross-check the

methods. Results from the two procedures were similar.

Until the concentration factor with cuproine was estab-

lished, the concentrations of copper in the canal water

were too low to be read directly on the atomic absorp-

tion spectrometer.
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Before the copper sulfate was applied, caged, young-

of-the-year rainbow trout were planted in the canal

50 ft above and .5, 1 1.5, and 23.2 miles below the point

of introduction.

Results and Discussion

Copper measurements or values herein are expressed

in terms of copper ion unless stated otherwise. The

copper ion constitutes approximately 25% of copper

sulfate pentahydrate (the form in which copper is

usually applied for control of algae).

The copper content of the water did not return to

background levels until 1 to 3 days after the copper

sulfate application (Table 1). This much tailing would

not result merely from longitudinal dispersion of the

water. Thus, the extended, above-normal copper levels

apparently resulted from releases from bottom sedi-

ments. This conjecture was substantiated in several

ways. About 50% of the copper in the canal water prior

to the test application was carried by suspended sediment

(Table 2). After the application, the total copper

carried by suspended sediment increased gradually from

a low of 16% at Mile .5 to 39% at Mile 23.2. Ap-

parently the added copper was first dissolved in the

water and then a portion of it was sorbed by suspended

sediment. In the first 1 1.5 miles, redistribution of copper

between water and suspended sediment and deposition

of the sediment occurred. In the last 11.5 miles, the

process was primarily deposition, because the copper in

water and suspended sediment had neared equilibrium.

Before the test application, copper levels in bottom

sediments ranged from 3.9 ppm at Mile .5 to 8.1 ppm

at Mile 23.2. At the same locations, peak concentrations

of 6.1 and 9.8 ppm, respectively, were reached within

2 to 3 days after the application. The concentrations

fluctuated at all locations but returned to pretreatment

levels within about 7 or 8 days, which indicates that

copper was gradually released again (probably by hydro-

lysis) into the flowing stream.

The peak concentrations and total amounts of copper

that passed the sampling stations diminished progres-

sively as the treated water moved downstream. The re-

covery of copper from water and suspended sediment

was about 50% at Mile .5, and less than 10% at the

last sampling site 23.2 miles downstream. The first .45

mile of canal was concrete-lined, and the waterflow in

this section was nearly 2 mph. Some small undissolved

crystals of copper sulfate were swept past Mile .5 near

the bottom of the canal, and accurate sampling was

extremely difficult. This undoLihtedh' accounts for the

low rate of recovery of copper at Mile .5.
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The test canal had been treated with copper sulfate three

or four limes each year since 194? for algae control. A
few soil samples (0 to 4-inch depth) from cropland

near the canal as well as from virgin non-irrigated land

were analyzed. The .In HCl-extracIable copper aver-

aged .8 ppm in the virgin soil and 1.0 ppm in the irri-

gated soil. The buildup of copper in the irrigated soil

apparently is not significant and far below levels to.xic

to crop plants.

None of the caged fish were killed by the copper sulfate

treatment and a re-treatment 1 week later. The fish

apparently survived the treatments, because the high or

peak concentrations were of short duration (less than

2 minutes at Mile .5) and because dead algae did not

accumulate in the running water in sufficient quantity to

clog gills and cause suffocation.

tectcd at 1 to 5 ppm, and not because copper constituted

a health hazard. Presently, the permissible dosage of

copper sulfate pentahydratc in such waters as 2.3 ppm
(approximately .58 ppm copper ion). The measured

concentrations of copper in water or sediment in the

treated canal did not exceed .58 ppm, except during a

2()-minute period at .5 mile between 14 and ?i4 minutes

after the application (Table I). During that 20-minute

period, the measured concentrations exceeded 1 ppm
(1.610 ppm maximum) for only a few minutes. Thus,

the possibilities of harmful effects from the release of

such treated water for irrigation or domestic purposes

are extremely remote. As indicated in the introduction,

similar treatments have been used commonly for decades

to control algae in aquatic situations. To our knowl-

edge, harmful effects from such usage in irrigation canals

have never occurred or been reported.

For 20 years (1942-62), the permissible concentration

of copper in drinking water was 3 ppm (12 ppm copper

sulfate) as set forth by the IJ. S. Public Health Service

(/). In 1962, the recommended limit was lowered to

I ppm, because undesirable tastes of copper were de-
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Surface Slicks as Concentrators of Pesticides in the

Marine Environment ^

Douglas B. Seba- and E. F. Corcoran"

ABSTRACT

Surface slicks in the marine environment have been found

to be effective concentrators of the persistent chlorinated

pesticides and as such can indicate the presence of pesticides

when they are undeterminable in the surrounding water.

Because of the high biological activity associated with slicks

and their occurrence throughout the oceans, these findings

may he of considerable importance in understanding the

distribution of pesticides in the marine ccosphcre.

Introduction

The occurrence of pesticide residues in the llor;! and

fauna of estuaries both close to (5) and remote from

(//) sites of pesticide application has been reported,

little is known of the method of movement in estuaries,

but this undoubtedly depends on a number of factors

including the source and type of pesticides, pH, sedi-

ments, and microbiological activities (13).

Slicks, or calm streaks on a rippled sea. are often seen

on coastal waters and lakes and have been reported as

occurring throughout the cKcans. They are formed by

the ripple-damping action of a surface film of organic

matter which occurs naturally on biologicallv reproduc-

tive waters (9). This film has been reported to concen-

trate dissolved organics and inorganics (19) and marine

leptopel (10). The ability of films to dampen ripples

varies radically with the degree of compaction of the

film molecules. Such compaction may be caused by

horizontally convergent flow in the water surface or bv
horizontal convergence of the wind stress. The char-

acteristics of the resultant slicks vary with the force

producing compaction (9). Thus it seemed reasonable

' Contribulion No. 1121 from Ihc Instilutc of M:irme Sciences, Uni-
versity of Mi.'imi.

- Insiiiulc of Marine Sciences, Universily of Miami. Miami. Fla. .13149.
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that slicks might be agents in the transport of pesticides

in the marine environment.

It is reported here that pesticide distirbution in estuaries

and the open sea is influenced by concentration in sur-

face slicks.

Satnpliiiii Mctliods

Samples of surface slicks were collected from Biscayne

Bay and the Florida Current during June-August 1968.

Samples were collected in 200-ml glass bottles with

teflon-lined caps. A sample was taken by holding the

lip of the bottle just under the surface of the water and

allowing the slick to pull itself into the bottle. Sea water

samples were taken in the same manner. At the same

time duplicate samples of surface slicks and sea water

were taken in prepared bottles for head gas analysis of

organic compounds (7, 16).

Anolvtical Procedure.';

Sea slicks were directly extracted with hexane (1:10)

in the collection bottle. The hexane was then evaporated

to 1/10 volume under a stream of high purity N^ passed

through a molecular sieve. The hexane, obtained from

Burdick and Jackson Laboratories, Muskegon, Mich.,

could be concentrated 10- without producing interfering

substances.

Analysis of the hexane extracts was done on one of two

similar instruments. A Beckman GC-5 gas-liquid

chromatograph with a helium arc emission electron

capture detector or a specially designed Aerograph A-

6()()B gas-liquid chromatograph with a Ni"-' electron

capture detector (16). Identification was made by both

retention time correlation with FDA certified pesticide

standards and by the extractive para-values method of
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Bowman and Beroza (4). Three different columns were

used so that different retention times could be obtained

for any particular pesticide. The columns used were

5% QF-1 with 80/90 mesh Gas Chrom Q support, 3%
SE-30 with 42/60 mesh Chromosorb G support, and

3% AN600 with 80/90 mesh Anakrom Q support.

Careful attention was given to every phase of the

analysis to avoid any contamination or alteration of

samples. Blanks and controls were run throughout, and

no contamination was found. Experience has shown

that, when contamination has occurred, results usually

show the presence of an enormous amount of a particular

compound in relation to others present.

Sea water and surface slick samples were assayed for

acetone, butyraldehyde, and 2-butanone by the head gas

method (7, 19). Analysis of the head vapors was done

on a Beckman GC-5 gas-liquid chromatograph with dual

hydrogen flame ionization detectors. Matched columns

of 10% Carbowax 20M with 60/80 mesh Chromosorb

W support were used.

Fig. 1 shows the approximate location of the slicks and

their relationship to the South Florida Flood Control

Canals and the Florida Current. The six canal systems

replace natural drainage basins and are the source of

surface water discharge into Biscayne Bay from south-

west Dade County. The canals were almost continuously

flowing into Biscayne Bay during the sampling period

due to extremely heavy rainfall. Drainage of the ex-

tensive agricultural area southwest of Miami is accomp-

lished exclusively by these canals, particularly C-1 and

C-100. Extensive aerial and boat surveys revealed that

many of these slicks were semi-permanent features. One

slick near the Institute of Marine Sciences, associated

FIGURE 1.

—

Location of slicks and their relationship to

South Florida FU.od Control Canals and the Florida Current

with the discharge of the Miami River, was noted every

day from June to December 1968. Its width varied

greatly from a few to over 100 meters depending on the

tide, wind, and water outfall, but its length and location

were quite permanent. Permanence of slicks associated

with surface water discharges has been reported for other

locations (9). Aerial photos revealed that during the

period of June-August 1968, about 10% of Biscayne

Bay was covered with surface slicks with the coverage

rising to 20% in the area around Turkey Point. The

increase in slick areas around Turkey Point is probably

caused by the instability in the water induced by the

large thermal addition from the effluent of a power plant

located at Turkey Point.

Table 1 gives the concentrations of pesticides in the

surface slick samples. In addition to the pesticides

mentioned in Table I, lindane, heptachlor epoxide, and

chlordane were identified tentatively on the basis of

retention time but were not confirmed due to unknown

interfering peaks on the chromatograms. The values

given are the average of five to nine slick samples taken

at each location over a period of several weeks during

June-August 1968. Some locations were sampled more

often only because of their accessibility during inclement

weather. Variation was about ±25% and sometimes

occurred in duplicate samples of the same slick. A total

of 53 samples were taken.

TABLE 1
.

—

Concentration of pesticides in surface slicks

Slick
Num-
ber



on a weekly basis. The U. S. Geological Survey reports

no delectable amounts of pesticide in C-2 and C-100
(/2).

Three organic compounds, acetone, butyraldehyde. and

2-bulanone. have been recently reported as cKciirring in

the Florida Current and other oceanic waters (7). Head
gas analysis for these compounds revealed their presence

in all slick and sea water samples taken. The averaged

values are given in Table 2. While there was some over-

all concentration of acetone and butyraldch\de in sea

slicks, it was sporadic, independent of location, and was

never more than threefold, as compared to the at least

lO'" concentration of pesticides in some of the same
slicks. The slight concentration of these three organic

compounds may be due to their volatility and solubility.

(/9). The findings that acetone, butyraldehyde and 2-

butanone, common to all samples, were barely concen-

trated, if at all, while the pesticides were concentrated

by several orders of magnitude, demonstrates that the

slick enrichment reported by Williams {19) is a highly

selective fractionation and so may be of considerable

ecological importance.

The distribution of pesticides in the slicks was similar

enough to indicate perhaps some degree of causal re-

lationship to the pesticides recovered from trade wind

dust at Barbados, West Indies (15. 17). The higher

amount of p.p'-DDT and p.p'-DDE in slicks may be a

result of the continental dust impinging on the surface

of the water. Such dust particles would tend to collect

in surface slicks (10).

TABLE 2.

—

Averaged conceniraiion of organics in sea waler
and slicks

Sample
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APPENDIX

Chemical Names of Compounds Mentioned in This Issue

ALDRIN

ARSENIC

CHLORDANE

COPPER SULFATE

DCBP

DDE

DDD (TDE)

DDT (including its isomers and
dchydrochlorination products)

DIELDRIN

LNDRIN

FENAC

HEPTACHLOR

HFPTACmOR EPOXIDE

I IN DANE

PICIORAM

PROMETONE

2.3.6-TBA

TOXAPHENE

Not less than 95'y- of l.2..1.4,10.IO-hexachloro-1.4.4a,5.8,8a-hexahydro-I,4-<';ido-f-xo-5,8-dimethanonaphthaIene

AsiiOs

1.2,4, 5,6.7, 8, 8-octachloro-3a,4,7,7a-tetrahydro-4.7-mctlumoindane

CuSO, • 5 H.O

4.4'-dichlorobenzoptienone

1 ,l-dichloro-2.2-bis(r-chIorophenyI ) ethylene

I.I-dichloro-2.2-bis(p-chIorophenyl)ethane; technical DDD contains some o,p'-isomer also.

l,l.l-trichloro-2,2-bis(p-chlorophenyl)ethane; technical DDT consists of a mixture of the p.p'-isomer and the

o.p'-isomer (in a ratio of about 3 or 4 to I).

Not less than 85'"r of l,2,3,4,10.IO-hexachloro-6.7-epoxy-l ,4,4a.5,6.7.8,8a-octahydro-1 ,4-eJido-MO-5,8-dimethano=
naphthalene

1.2,.i.4,l0,l0-hexachIoro-6,7-epoxy-l.4,4a,5,6,7.8,8a-ociahydro-l,4-''Hrfo-e«t/o-5,8-dimelhanonaphthalene

2,3.6-trichlorophenylacelic acid

I,4,5.6.7.8,8-hcptachloro-3a.4,7,7a-tetrahydro-4.7-meIhanoindene

l,4,5.6.7.8.8-heptachloro-2.3-epoxy-3a.4.7.7a-tetrahydro-4,7-mcIhanoindan

1.2.3.4.5.fi-hexachlorocyclohexane. 99'^ or more jiamma isomer

4-amino-3.5.6-trichloropicolinic acid

2-methoxy-4.6-bis{ isopropylamino ) -A-triazine

2,3.6-trichlorobenzoic acid

chlorinated camphene containing 67% to 69% chlorine
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ERRATA

PESTICIDES MONITORING JOURNAL, Vol. 3.

No. 2 {Pesticides in Selected Western Streams—A

Progress Report by Manigold and Schuize)

:

On page 129, TABLE 2, IRRIG. NETWORK NO.

27, the heptachlor content of the sample collected on

04/24/67 should be .10 ppb rather than .01 ppb.

On page 130, TABLE 2, IRRIG. NETWORK NO.

37, the 2.4-D content of the sample collected on

09/22/67 should be .10 ppb rather than. .01 ppb.
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Information for Contributors

The PFsricinE Monitoring Journal welcomes from

all sources qualified data and interpretive information

which contribute to the understanding and evaluation

of pesticides and their residues in relation lo man and

his environment.

The publication is distributed principally to scientists

and technicians associated with pesticide monitoring,

research, and other programs concerned with the fate

of pesticides following their application. Additional

circulation is maintained for persons with related in-

terests, notably those in the agricultural, chemical manu-
facturing, and food processing industries; medical and

public health workers; and conservationists. Authors are

responsible for the accuracy and validity of their data

and interpretations, including tables, charts, and refer-

ences. Accuracy, reliability, and limitations of the

sampling and analytical methods employed must be

clearly demonstrated through the use of appropriate

procedures, such as recovery experiments at appropriate

levels, confirmatory tests, internal standards, and inter-

laboratory checks. The procedure employed should be

referenced or outlined in brief form, and crucial points

or modifications should be noted. Check or control

samples should be employed where possible, and the

sensitivity of the method should be given, particularlv

when very low levels of pesticides are being reported.

Specific note should be made regarding correction of

data for percent recoveries.

Preparation of manuscripts should be in con-

formance to the Stylf. Manual for Bioi ogicai

Journals. American Institute of Biological

Sciences, Washington, D. C , and/or the Styi f

Manuxl of the United States Government Print-

ing Office.

An abstract {not to exceed 200 words) should

accompany each manuscript submitted.

All material should be submitted in tluplicatc

f original and one carbon) and sent bv first-class

mail in flat form—not folded or rolled.

^Manuscripts should be typed on S'i x II inch

paper with generous margins on all sides, and
each page should end with a completed para-

graph.

— ^All copy, including tables and references, should

be double spaced, and all pages should be num-
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bered. The first page of the manuscript must

contain authors' full names listed under the title,

with affiliations, and addresses footnoted below.

Charts, illustrations, and tables, properly titled,

should be appended at the end of the article with

a notation in text to show where they should be

inserted.

Charts should be drawn so the numbers and texts

will be legible when considerably reduced for

publication. All drawings should be done in black

ink on plain white paper.

Photographs should be made on glossy paper.

Details should be clear, but size is not important.

The "number system" should be used for litera-

ture citations in the text. List references alpha-

betically, giving name of author/s/, year, full title

of article, exact name of periodical, volume, and

inclusive pages.

Pesticides ordinarily should be identified by common
or generic names approved by national scientific so-

cieties. The first reference to a particular pesticide

should be followed by the chemical or scientific name

in parentheses—assigned in accordance with Cheiviical

Abstracts nomenclature. Structural chemical formulas

should be used when appropriate. Published data and

information require prior approval by the Editorial

Advisory Board; however, endorsement of published in-

formation by any specific Federal agency is not intended

or to be implied. Authors of accepted manuscripts will

receive edited typescripts for approval before type is set.

After publication, senior authors will be provided with

I 00 reprints.

Manuscripts are received and reviewed with the under-

standing that they previously have not been accepted for

technical publication elsewhere. If a paper has been

given or is intended for presentation at a meeting, or if

a significant portion of its contents has been published

or submitted for publication elsewhere, notation of such

should be provided.

Correspondence on editorial and circulation matters

should be addressed to: A//.?. Sylvia P. O'Rear. Editorial

Manager. Pesticidf Monitoring JouRNAt , Pesticides

Program, Food and Drug Administration, 4770 Buford

Highway, BIdg. 29, Chamblee, Georgia 30341.
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EDITORIAL

Federal Committee on Pest Control in FY 1969

The Federal Committee on Pest Control met eight

times during the 1969 fiscal year—-a period when the

use of DDT and other persistent pesticides received

much public attention.

During the year, the Committee became a Class B
member of the Agricultural Research Institute of the

National Academy of Sciences/ National Research

Council.

Most activities of the Committee were concerned with

specific pesticide problems. However, on broader

issues, the Committee developed pest control objectives

designed to help the President's Environmental Quality

Council form public policies relating to pesticides;

reviewed and endorsed a proposal of the Federal Trade

Commission to require that pesticide advertising be

consistent with registered uses and recommendations

on labels; and began a study to determine how the

FCPC can better relate to the States and their pesticide

problems.

Working through five subcommittee task forces, the

FCPC carried out the following activities during the

1969 fiscal year:

Monitoring. As a culmination of more than 2 years'

work, the publication "Catalog of Federal Pesticide

Monitoring Activities in Effect July 1967" was re-

leased. A task force was established to review and

make recommendations for monitoring the environ-

ment by the Federal agencies. A revised statement of

the Objectives of the National Pesticide Monitoring

Program was developed. The Committee helped to

have some 500 samples of human tissue, collected by

the Armed Forces Institute of Pathology before

1942, established as resource material for scientific

reference. These tissue samples are now held at the

Food and Drug Administration Primate Research

Laboratory, Perrine, Fla.

Review of Federal Pest Control Programs. Over 40

pest control programs from 26 Federal agencies

were reviewed during the year requiring at least

1300 hours of staff work and technical review.

Typical programs include a wide spectrum of pest

control in forests, cropland, parks and urban areas,

in and around buildings and facilities. The objective

of review is to facilitate safe and efficient practices

in the best interests of human health and well being,

Vol. 3, No. 4, March 1970

fish and wildlife, and the various elements of the

environment. Special attention was given to weed

control in aquatic situations and general use of the

herbicide amitrole. One of the more controversial

programs reviewed concerned the use of the per-

sistent pesticide dieldrin in relation to Japanese

beetle control and pollution in Lake Michigan.

Research. A new publication released by the Com-
mittee is entitled "A Study of Federally Financed

Research on Pests, Pesticides, and Pest Control." The

Committee recommended increased research in evalu-

ating indirect costs and benefits of pest control and

established a task force to implement their recom-

mendations. More research on disposal of pesticide

wastes was also recommended.

Safety in Pesticide Marketing and Disposal. The

Committee established an interagency group to de-

velop a method for coordination of reporting and

investigating pesticide accidents. They recommended

that the Food and Drug Administration conduct a

survey to determine the extent of the re-use of

pesticide containers and for what purposes.

Public Information. The Committee started revision

of the 1966 brochure "FCPC, What It Is, What It

Does." The group recommended that the Depart-

ments develop a central office for handling informa-

tion on pests and pesticides and suggested that the

FCPC should find a way to brief the new Secretaries

on the role of the Committee in dealing with the

pesticide problem.

Recently, the President's Environmental Quality Coun-

cil announced the establishment of a Committee on

Pesticides. This Committee is chaired by the Secretary

of Agriculture and includes the Secretaries of Health,

Education, and Welfare and the Interior and the Execu-

tive Secretary of the Environmental Quality Council,

and also representation from the Departments of De-

fense, Transportation, and State, including the Agency

for International Development. The Committee will

establish a working group to provide day-to-day co-

ordination and to develop program and policy proposals

for its consideration. This group will replace the exist-

ing Federal Committee on Pest Control.

R. J. Anderson, D.V.M.

Chairman. Federal Committee

on Pest Control
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RESIDUES IN FISH, WILDLIFE,
AND ESTUARIES

Organochlorine Pesticides in Fur Seals

Raymond E. Anas' and Alfred J. Wilson, Jr.'

ABSTRACT

Samples of liver and brain tissue from 30 norlhern fur seals

(Callorhinus ursinus) and 7 fur seal fetuses that were col-

lected on the Prihilof Islands, Alaska, in 1968 and off the

Washington coast in 1969, wer-e analyzed for organochlorine

pesticides. These compounds were found in all of the fur

seals and in three of the fetuses. Polychlorinated biphenyls

(PCB) were not detected. Of 30 samples of liver tissue from

the seals, all contained DDE; 21, DDD; 24. DDT; and 3

contained dietdrin. Of the 30 brain samples, all contained

DDE: 5. DDD; 4. DDT: and none contained dieldrin. DDE
was present in liver tissue from three of the fetuses and in

brain tissue from two.

Introduction

Pesticides are widespread in the oceans. Organochlorine

pesticides have been found in the tissues of marine

mammals in Antarctica (/, 4), Scotland (2), Canada

(2), and the United States (A. J. Wil.son, Bureau of

Commercial fisheries, unpublished data.) This report

records the amounts of DDE, DDD, DDT, and dieldrin

found in the tissues of northern fur seals, Callorhinus

ursinus. collected on the Prihilof Islands, Alaska, and

off the Washington coast.

' Bureau of Commercial Fisheries, Marine Mammal Biological Lab-
ora(ory. Seattle. Wash. 98115.

' Bureau of Commercial Fisheries, BiolOKical Field Station, Gulf
Breeze, Fla. 32561.
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Thousands of fur seals are taken each year by the

United States on the Prihilof Islands, Alaska. The

skins are used for fur garments, and the carcasses,

minus the blubber, are ground and fed to mink. The

liver and meat are eaten by residents of the Pribilof

Islands. The U. S. S. R. takes seals on the Commander
and Robben Islands, and some seals are taken at sea

in research by Canada, Japan, the U. S. S. R., and the

United States. Fur seals migrate to the Bering Sea (to

return to the Pribilof and Commander Islands) and the

Okhotsk Sea (to return to Robben Island) during sum-

mer and autumn; they migrate as far south as Cali-

fornia and Japan in winter and spring. Fur seals feed

principally on small fishes and squids. Killer whales

and sharks are probable predators.

Sampling Procedures

Samples of liver and brain tissues were collected from

fur seals in July 1968 on the Pribilof Islands, and in

February and March 1969 off the Washington coast.

Samples of blubber were not collected, but the con-

centrations of pesticides are usually greater in the

blubber than in other tissues (2). Brain and liver tissue

samples weighing about lOg each were collected from

each of 30 seals and 7 fetuses. Tissues were kept frozen

from the time of collection until analysis. Seventeen of

the seals were animals of known age that had been

tagged previously as pups. The ages of the 1 3 other seals

were determined by counting layers of dentine in upper

canine teeth. The fetuses were in their fourth month.

Pesticides Monitoring Journal



Analytical Procedures

Liver and brain tissues were analyzed for BHC, hepta-

chlor, aldrin, heptachlor epoxide, toxaphene, methoxy-

chior, dieldrin. endrin, and the o. p' and p, p' isomers

of DDE, DDD, and DDT. Tissues were thawed and

mixed with anhydrous sodium sulfate in a blender.

The mixture was extracted for 4 hours with petroleum

ether in a Soxhlet apparatus. Extracts were concen-

trated and partitioned with acetonitrile. The acetoni-

trile was evaporated just to dryness and the residue

eluted from a Florisil column (J). The sample was

then identified and quantified by electron capture gas

chromatography. Three columns of different polarity

(DC 200, QF-1, and mixed DC 200 and QF-l) were

used to confrm identification. Operating parameters on

Varian Aerograph 204 and 610D gas chromatographs

were as follows:

Columns: 5' x Vs" (O.D.). pyrex glass, packed

with 3% DC-200, 5% QF-1, and a

1:1 ratio of 3% DC-200 and QF-1,

all on Gas Chrom Q
Temf)erature : Detector 210 C

Injector 210 C
Oven 190 C

Carrier Gas: Prepurified nitrogen at a flow rate

of 40 ml /minute.

A few samples were analyzed using thin-layer chro-

matography. Laboratory tests gave the following re-

covery rates: p, p'-DDE, 80-85%; p, p'-DDD (TDE),

82-95%; p, p'-DDT, 91-95%; and dieldrin, 85-90%.

The lower limit of sensitivity was O.OIO ppm (mg/kg

dry weight). Data in this report do not include a

correction factor for percentage recovery. Polychlori-

nated biphenyls (PCB) as reported by Holden and

Marsden (2) were not detected in these samples.

Results

Some form of pesticide was found in all 30 of the

seals examined, and 3 of the 7 fetuses had measurable

amounts of pesticide (Table 1). The largest concen-

tration of any pesticide in an individual was in the

liver of a male yearling taken on February 20, 1969

(5.1 ppm DDE). Tissue samples from males and

females collected in February and March 1969 con-

tained larger concentrations of pesticides, on the

average, than those from males collected in July 1968,

but some overlap occurred. Of 30 samples of liver

tissue from seals other than fetuses, all contained DDE;
21, DDD; 24, DDT; and 3 contained dieldrin. Of the

30 brain samples, all contained DDE; 5, DDD; 4, DDT;
and none contained dieldrin. DDE was present in liver

tissue from three of the seven fetuses and in brain

tissue from two. DDD, DDT, and dieldrin were absent

in fetal liver and brain.

TABLE 1.

—

Pesticides in liver and brain tissues of northern fur seals
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Pesticides in liver and brain tissues of northern fur seals—Continued



Absorption of Endrin by the Bluegill Simfish, Lepomis macrochirus ^

Harry J. Bennett and John W. Day, Jr.^

ABSTRACT

Endrin absorbed by bluegill sunfish in lethal and sublethal

concentrations was determined by electron capture gas

chromatography. The amount of absorption was measured

for the entire body, skeletal muscle, liver, and gastrointes-

tinal tract for varying times up to 24 hours. At the lethal

level all the tissues absorbed increasing amounts of endrin

throughout the tests. At the sublethal level, the entire body,

skeletal muscle, and liver exhibited an N-shaped absorption

curve. There was an initial sharp rise in endrin levels, fol-

lowed by a drop with a subsequent rise. At this level, the

gastrointestinal tract absorbed increasing amounts of endrin

throughout the tests.

Introduction

The publicity given to the use of pesticides in the last

few years has accelerated research on effects of these

toxicants on the environment. Much o. this research

has been concerned with determining the toxicity of

these substances to aquatic organisms. Henderson et al.

(9) observed that, among several organic pesticides

tested, endrin was the most toxic to fish. Pickering

et al. (14) found bluegills to be generally the most

sensitive fish to several organic phosphorus compounds.

Tarzwell and Henderson {16) measured the toxicity of

dieldrin contained in runoff water to three species of

iish. A few fish were reported to exhibit the charac-

teristic effects of insecticide poisoning when placed in

runoff water from the fourth rain following application

of the pesticide. Cope (5) reported that trout from a

' Industrial Research Laboratory, Department of Zoology, Louisiana
State University, Baton Rouge, La.

" Present address: Department of Environmental Sciences and Engi-
neering, University of North Carolina. Chapel Hill, N.C. 27514.
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stream sprayed with DDT concentrated the pesticide

in fat and in progressively lesser amounts in the kidney,

pyloric caeca, and brain. None was found in the liver.

Holden (/O) found that, brown trout accumulated

''C-labeled DDT in much the same way as reported by

Cope, but he found DDT in the liver. Cutthroat trout

have also been reported to concentrate DDT in the

liver (/).

The bluegill sunfish, Lepomis macrochirus, was chosen

for use in this research for several reasons. It has been

widely used in toxicity studies and is easily maintained

in the laboratory. It has a very wide distribution, has

great value in recreational fishing, and is important in

the food chains of several larger fish.

The purpose of this study was to determine the effects

of lethal and sublethal concentrations of endrin on the

bluegill sunfish and to study its absorption by the whole

fish and several organs.

Materials and Methods

The bluegills in this study were obtained from a small

farm in the vicinity of French Settlement, La. The
fish were tested at lethal and sublethal concentrations

of endrin. A bioassay was run to determine the 24-

hour TL„, of endrin to bluegills. This concentration

was used as the lethal level, and one tenth of this con-

centration was chosen as the sublethal level for 24

hours. The dilution water used for the bioassay and

for the tests was Reference Dilution Water (RDW)
devised by Dowden (4). He found (5) that RDW
supported bluegill for as long as natural waters in

laboratory tests and that it did not upset "normal"

metabolism as measured by oxygen consumption. The

201



fish were tested in a flow-through bioassay system (6).

Prior to the heginniiig of a test, the fish to be tested

were put into aerated RDW for 48 hours so that they

would empty their digestive tracts. One series of tests

was run at the lethal concentration, and a second series

was run at the sublethal concentration. Six groups of

six fish were used for each concentration. The degree

of absorption was measured for the whole body, gas-

trointestinal tract, somatic muscles, and liver at 1.0.

7.7, 12.0 and 24.0 hours. At each of the above times

a test was terminated, and whole fish and the selected

organs were frozen. Only those fish alive at the end

of a test period were used. The samples, consisting of

one fish or organ each, were analyzed for endrin con-

tent with electron capture gas chromatography. The
cleanup and extraction procedure was that described

by Barry et al. (2). Controls gave recovery values

ranging from 68 to 100%. A Varian Aerograph 1522-B

instalment was used. Thin-layer chromatography was

used as a confirmatory test. The following formula

was used in computing the amount of endrin in each

sample:

C-//. D
H,,' W

where

= concentration of endrin in

sample in ng/gram of tissue.

//«, = peak height of standard in cm
Ufa = peak height of sample in cm
W = weight of sample in grams
C = number of nanograms in standard in-

jection

D =: dilution factor. This is the reciprocal

of the fraction of the sample injected.

Resiills

The initial bioassay indicated a 24-hour TL„, of 2.0

± 0.27 ppb. Thus, 2.0 ppb was used as the lethal ex-

posure concentration, and 0.2 ppb was used as the

sublethal exposure concentration. Fig. 1 shows the

amount of endrin absorbed by the whole body, muscle,

gastrointestinal tract, and liver, respectively. Each
graph contrasts the amount of endrin absorbed at 2.0

ppb to that absorbed at 0.2 ppb. In the tests at the

lethal concentration, all of the tissues exhibited an

absorption curve showing increasing endrin levels with

elapsed time. In the tests at the sublethal concentra-

tion, the whole body, muscle, and liver exhibited an

"N-shaped" absorption curve. For these tissues there

was an initial rise in endrin levels followed by a de-

crease and subsequent increase. The gastrointestinal

tract exhibited a sublethal absorption curve showing

increasing endrin levels with elapsed time.
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Graphs of lime versus concentralion in nan-

ograms per gram wel weight for endrin absorption by

various tissues. Solid lines show absorption at 2.0 ppb, and

dotted lines show absorption al 0.2 ppb. Vertical bars in-

dicate the standard error.
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Discussion

Schatz et al. (15) describe the type of response noted

in this study at the lethal and sublethal concentrations

as a paradoxical effect. Dowden (4) and Huner et al.

{11) found that the oxygen consumption of bluegills

varied in a similar manner when the fish were exposed

to pesticides. Fry (8) stated that the best overall

measurement of metabolism in fish is oxygen consump-

tion. The respiration rates in the above studies are a

result of the pesticide to which the organism was ex-

posed; thus, a similar response should be expected in

other physiological functions of the fish.

The bluegills used in this study were obtained from an

area with no substantial agricultural activity, and

probably did not have any prior exposure to endrin.

Thus, it can be assumed that the fish had no mechanism

for coping with endrin. When the fish were first ex-

posed to the insecticide at sublethal concentrations

there was a sharp rise in the endrin levels in their

tissues. During this period the fish undoubtedly de-

veloped some mechanism to cope with it. By about

7 to 8 hours this mechanism must have been operative

because endrin levels started to decrease to a low at

about 12 hours. After this time the concentration in-

creased gradually to a high at 24 hours. The fact that

endrin levels decreased from 7 to 12 hours suggests

that the fish were metabolizing and/ or excreting it.

The gastrointestinal tract did not exhibit the paradoxical

effect at the sublethal concentration. Holden {10)

stated that DDT in the liver of brown trout was proba-

bly contained mainly in the blood of that organ. If

this is correct, then the endrin measured for the liver

may be a reflection of the circulating concentration.

March et al. {12) treated two groups of hens with

^-P-malathion. The group which was sprayed with an

emulsion containing the pesticide had the highest con-

centration in the blood. A second group which was fed

the pesticide in their diet had a much smaller amount

in the blood. Mount {13) concluded that endrin en-

tered carp mostly with swallowed water. Ferguson and

Goodyear (7) ligated the esophagus of black bullheads

and found that the main pathway for endrin entry was

through the gills. From these reports, it may be con-

cluded that bluegills absorb endrin through the gills

and gut and probably through the skin. Endrin present

in the digestive tract, therefore, could come from both

the blood stream and from swallowed water.
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Distribution Patterns of DDT Residues

in the Sierra Nevada Mountains

Lawrence Cory,' Per Fjeld,' and William Serat^

ABSTRACT

Frogs from throughout the Sierra Nevada Mountains in

California were examined for pesticide residues. The com-

monest substance found was p.p'DDE, a metabolite of p,p'-

DDT, and its occurrence was regarded as evidence of en-

vironmental contamination with DDT residues. Contamina-

tion of the range was found to be general throughout, even

at altitudes to 12,000 feet above sea level. General patterns

of distribution showed that concentrations were highest in

the central to southern areas and declined somewhat to the

north. Contamination was heavier on the western slope of

the mountains than across their crest on the east face. The

presence of the residues is ascribed to wind-borne drift of

aerosol DDT released in crop-dusting in the central valley

of California. Notably high concentrations in a limited area

in the Yosemite National Park to Sonora Pass region are

considered to be locally persistent residues of forest spray-

ings with DDT made in this area in 1953 and 1956.

Introduction

Examination of a map of the State of California (Fig.

1 ) shows the prominence of the central valley, formally

designated the Sacramento Valley North of the latitude

of San Francisco Bay and the San Joaquin Valley to

the south. Located to the east of this valley and ex-

tending approximately parallel to it in a north-south

direction lies the Sierra Nevada Mountain Range. This

range is over 300 miles in length and averages about

40 miles in width. The highest altitude in the con-

tinental United States, over 14,500 feet at Mt. Whitney,

occurs near its southern end, and the range includes

many areas rising to well over 13,000 feet. The several

rivers draining various areas of the northern part of

the valley converge to a common trunk in the Sacra-

mento River, just as those draining the southern valley

regions join to form the San Joaquin River trunk.

These two river systems merge in an extensive delta

area, through which their common effluent is discharged

into San Francisco Bay.

The topographic relationships of these regions to each

other and to the Pacific Ocean which lies west of them

have important meteorological consequences. For one

thing, prevailing winds blowing across the State are

from the ocean, so that they sweep from west to east

across the central valley and against the Sierra Nevada.

In crossing the range, the rising air masses release

much of their moisture as precipitation on the western

face of the mountains. The amount of preciptation

drops sharply to the east of the Sierra Nevada crest,

which marks the western boundary of the great desert

areas of the Western United States. These topographic

and meteorological features have important implica-

tions with respect to the distribution patterns of DDT*
residues we are finding.

The central valley of California is agriculturally one of

the most intensely cultivated areas on the earth. In

this agricultural activity enormous amounts of pesti-

cides are employed, including a high percentage of

DDT. Exactly how much of this material has been

used is impossible to determine, but conservative esti-

mates in the mid-1950"s indicated that about 20% of

all DDT used in the LInited States was employed in

California agriculture. (Robert Rawlins, California

' Biology Departmeni. St Mary's CoIIcbc Calif 94575
> California Stale Department of Public Health, Berkeley, Calif, and

Biology Department, St. Mary's CollcBe. Calif.
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FIGURE 1.

—

Map of the Stale of California showing rela-

tionship of the Sierra Nevada Mountain Range to tlie cen-

tral valley

Stale Department of Agriculture, personal communica-

tion). Figures from U. S. Tariff Commission Reports

quoted by Frost (7) and by Sodergren (9) indicate

that the annual production and sale of DDT in the

United States has increased steadily from 19,000 tons

per year in 1946 to a maximum of 79,000 tons per

year in 1962, with somewhat of a decline thereafter.

Increasing export of the material is indicated by the

79% export fraction of the 69,000-ton U. S. production

in 1968. Dobzhansky el al. (6) quote estimates of

3,243 tons and 3,168 tons of DDT used in California

agriculture in the years 1951 and 1955, respectively,

values that are consistent with the above figures. At

the rate of use indicated by these estimates, the total

amount of DDT applied to the central valley of Cali-

fornia since its introduction into agricultural use in

1945 becomes an awesome figure.

Most of this material is applied in crop-dusting by air-

plane. It can be expected that much of this material

in aerosol form would be carried eastward from the

valley by the prevailing winds, and that much of this

transported material would be deposited in the Sierra

Nevada, either by direct fallout in local eddies in

Vol. 3, No. 4, March 1970

canyons and glacial cirques or associated with the pre-

cipitation of moisture, in the manner indicated by Cohen

and Pinkerton (/).

Field Methods

A search for DDT residues is being made in body

tissues of frogs of the Rana boylei group (the "yellow-

legged" frogs). Previous work (2) had shown the

widespread distribution of these animals throughout the

Sierra Nevada, especially in the broad band of lakes

and ponds in glacial cirques alongside the main crest.

Frogs being well along in the series of food chains

represent a good indicator species for the assessment

of pesticide base levels. In frogs, moreover, the fatty

tissues are not widely scattered subdermally throughout

the animals, but are concentrated in a discrete pair of

fat bodies. It is this tissue that is analyzed.

Collections are made in the course of back-packing

expeditions throughout the most remote areas in the

mountains, and insofar as possible no use has been

made of animals occurring near trans-montane high-

ways or major trails, where random accidental local

contamination might occur. Frogs are brought to the

laboratory alive. They are killed by being quickly

deep-frozen immersed in water, a condition in which

they are kept until analyzed.

A nalysis

Processing is a modification of the technique of Stanley

and LeFavoure {10). Fat-body tissue is broken down
into an emulsion in a commercial perchloric-acetic acid

mixture (BFM Solution, G. F. Smith Chemical Com-
pany, Columbus, Ohio). For the small amount of tissue

in a pair of fat bodies from the yellow-legged frogs

(generally less than 1 gram), 1 ml to 3 ml of the acid

mixture is sufficient. Upon standing for 24 hours, the

tissue is broken down to an emulsion, and a layer of

lipid is visible on the surface. This emulsion is shaken

with 10 ml of pure hexane (Mallinckrodt, Nanograde)

in a separatory funnel, and the hexane layer containing

lipid-soluble materials is separated from the acid resi-

due. The latter is re-extracted a second and a third

time with 10-ml portions of hexane, and all three

extractions are combined in a separatory funnel. To
this combined extract are added 5 ml of analytical

grade concentrated sulfuric acid, then 5 ml of analytical

grade fuming sulfuric acid (20-23% SO.j). The funnel

is quickly stoppered and shaken vigorously by hand

for 2 minutes. This treatment destroys fats and many

other substances but leaves intact many lipid-soluble

components, including the DDT-related compounds.

Upon standing, usually fo. 24 hours, a clear hexane

layer separates from the acid phase. This hexane
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phase, containing the DDT-related substances, is drawn

ofF and concentrated by evaporation to a small volume,

generally about 1 ml. This concentrated extract is

retained in a stoppered, calibrated cylinder for examina-

tion by gas-liquid chromatography, and together with

rinsing from the evaporation vessel, totals a- few milli-

liters in \olunie.

In the examination of this final hexane extract by gas-

liquid chromatography, a Wilkens Aerograph HY-FI

Model 600 instrument was employed, under the follow-

ing conditions:

Detector: Electron capture, with 250 fjLC tri-

tium source

Carrier gas: Nitrogen

Temperature: ISO C
Columns: 5' x Vs" coiled glass with separate

columns:

5'^c Dow- 11 on 60/80 mesh

Chromosorb W
2% QF-1 on 60 80 mesh

Chromosorb W

The two columns were used separately for mutual con-

firmation of identifications. The QF-1 column was used

for quantification and showed a sensitivity of at least

2.5 mm per picogram of p.p'-DDE in peak height on

the chromatograms, with injection aliquots as low as

2 /i\. The biological material used in this study under

the conditions of extraction and cleanup employed pro-

duced sufficiently low-noise chromatograms that peak

heights of 5 mm could be unambiguously detected. In-

terlaboratory confirm;ition of a random sample of

identifications was performed by personnel of the Cali-

fornia State Department of Public Health, employing a

MicroTck chromatograph on an SE-30 -|- QF-\ column.

Results and Discussion

In the early stages of the work, use of a more elaborate

procedure allowing recovery of a more complete spec-

trum of chlorinated hydrocarbons showed indications

of endrin. dieldrin, heptachlor epoxide and other com-
pounds. Since p.p'-DDE was by far the most abundant

and consistently detected material, our investigation

was limited to a search for this compound. Tests of the

above simplified procedure on samples "spiked" with

known amounts of p.p'-DDE showed that recovery is

virtually complete. Comparisons made early in the

work of DDE content of fat-body tissue as compared
with whole-body samples indicated that the former was

generally above 1 ppm, while in the latter it was gener-

ally much less than .1 ppm. In whole-body analysis,

moreover, a much more complicated extraction proce-

dure was required, and chromatograms were not as low

in noise, making accurate detection very difficult.

Hence, this study is limited to the analysis of fat-body

tissue.

Although p.p'-DDE. is not applied as a pesticide, it is

one of the commonest metabolites of p.p'-DDT and a

frequent storage form in animal tissues (8). as found,

for example, by Dimond ct al. (3, 4, 5) for salamanders,

crayfish, and a variety of small mammals following

DDT application in Maine forests. Its occurrence in

the frogs in this study, therefore, is considered evidence

of environmental DDT.

Geographic distribution of the occurrence of DDE in

frog fat bodies is shown in detail in Tables 1-6. Table

7 summarizes comparatively the data of the others, and

interpretation of the tables is best done by reference to

the map of Fig. 1. Names of lakes, ponds, and streams

are as labeled on standard quadrangles of the U. S.

Geological Survey (//). as are altitudes, distances from

the central valley, and geographic coordinates.

Latitudinal zonation is based on our discovery of

notably high DDE concentrations in the area from the

higher altitudes in Yosemite National Park to the

Sonora Pass area. This area lies from about 37°40'

north latitude to about 38°20'. Hence we have des-

ignated the zone between these limits as the Yosemite-

Sonora zone. North of this we designate as the Northern

Sierra Nevada. The area to the south being so much
more extensive, we subdivide it at the 37°0' parallel

into the Central and the Southern Sierra Nevada.

The greater amount of data accumulated from the

Central Sierra Nevada permits us to compare values

from the lower altitudes (below 5,000 feet) with those

from higher altitudes on the western slope of the

mountains, and both of these with concentrations across

the crest, on the eastern face, as shown in Tables 3,

4. and 5.

The first generalization emerging from these data is

that contamination of the range is general. In fact, of

the several hundred animals we have examined from

throughout the mountains, all contained at least some
DDE. The 3.46 ppm average of the low-altitude Central

Sierra is not significantly different from the 3.19 ppm
high-altitude average (Tables 3 and 4), suggesting that

concentrations are fairly uniform from low to high

altitudes on the western face of the mountains. The
abrupt drop to an average of 0.97 ppm (Table 5) just

across the crest of the mountains is what would be ex-

pected from the hypothesis that the DDT residues are

carried eastward from the central valle\' and that con-

centrations in the mountains are related to precipitation

patterns.

The higher concentrations in the central and soiuhern

parts of the mountains (averages of 3.19 ppm, 3.46
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ppm, and 2.07 ppm shown in Tables 3, 4, and 6, re-

spectively) as compared to concentrations found in the

northern parts of the mountains (average of 1.32,

Table 1 ) are consistent with the greater agricultural

area and more intense agricultural activity in the

southern half of the central valley. The lower con-

centration in the Southern Sierra Nevada zone (2.07

ppm) as compared with the Central Sierra Nevada
zone is probably attributable to the presence of the

Great Western Divide to the west of the former. This

Divide extends as a ridge parallel to the main crest and

rises to over 13,000 feet. All but one sample (Smith-

Failing Meadow) are from the main crest, and their

lower DDE concentrations as compared with areas just

north of the Great Western Divide probably reflect the

protection from DDT of the main crest by fallout on

the Divide. It might be predicted that were this Divide

to be systematically sampled and tested, it would show
DDE values for this part of the Southern Sierra Nevada
as high as or higher than those found in the Central

Sierra Nevada zone where this type of protection of

the main crest is lacking.

Particularly noteworthy is the high concentration of

DDE in the Yosemite-Sonora area, averaging 5.38 ppm
as compared with the average of 3.19 ppm immediately

to the south of this area or the average of 1.32 ppm
immediately to the north thereof. It might be suspected

that the two extraordinary values of single samples, 16.52

ppm from a pond near Mt. Clark and 30.83 ppm from
the Koenig Lake area (Table 2) are mainly responsible

for this high average, and that if these are regarded as

suspect values, the average DDE concentration in this

zone is not significantly higher than in adjacent zones.

However, even if these two values were eliminated from

Table 2, the mean value would be 4.27 ppm, and the

standard error of the mean would be reduced to 0.444.

Comparing this mean and standard error with the

3.19 ± 0.27 mean and standard error of the zone just

to the south of the Yosemite-Sonora zone by a t-test

for the significance of the difference between means

shows a real difference at between the 95% and 98%
confidence levels. Hence, the indication is that levels

in this Yosemite-Sonora zone are significantly higher

than elsewhere. There are, in fact, good reasons for

expecting greater variability in sample values in this

zone than elsewhere (see discussion below), so that

these two high values, which are based on the same

methodology and as carefully done as any other determi-

nations in the investigation, probably represent elements

in this variability and should be left in the table.

The higher average value in this region would not be

expected for at least two reasons. For one thing, the

average distance of sample sites from the central valley,

82 miles, is greater in this zone than in any of the other

zones except the low-concentration zone east of the

Sierra Nevada crest (Table 7). For another thing, this

zone lies east of the least agricultural part of the central

valley due to the large part of this area occupied by

the delta of the Sacramento and San loaquin Rivers,

an intermingling of swamps, channels, and small islands

that occupy the greater part of the valley width in this

region. Also, the urbanization immediately north and

south of the delta area is much greater than elsewhere

in the central valley, further reducing the intensity of

agriculture in this part of the valley. It might be ob-

jected that the Yosemite-Sonora zone lies east of an

enormous metropolitan area in which much DDT is

employed. However, in such regions this material is

applied largely within buildings, to gardens and patios,

etc. by direct application rather than being applied, as

in agricultural areas, in massive aerosol exposures by

crop-dusting from airplanes.

Explanation of this unusual concentration seems to be

provided by two reports (12) of the U. S. Forest Service.

The first describes the application in 1953 of 11,024

lb of DDT in diesel oil to 11,140 acres of forest in

the Tuolumne Meadows area of Yosemite National

Park for control of the lodgepole needle miner. The
second report describes the application in 1956 of

10,110 lb of DDT in diesel oil to 9,560 acres of timber

in the Stanislaus National Forest for control of the

Douglas-fir tussock moth. This acreage was distributed

in several closely adjoining areas just to the west of

Yosemite National Park and averaging about 10 miles

north of the Mather area (Fig. 1). Forest sprayings

have been unique in California: these two and one other

north of the Sierra Nevada were the only ones found

recorded. Hence, the unusual concentrations of DDE
in the Yosemite-Sonora zone probably represent locally

persistent residues of these 1953 and 1956 sprayings.

This interpretation is consistent with the few previous

investigations on the persistence of DDT residues locally

in the biota of a forest area. Dimond et al. {3, 4, 5),

for example, found that following the spraying of forest

areas in Maine at the rate of 1 lb/ acre with DDT, the

same rate as used in the 1953 and 1956 Sierra Nevada
episodes, there was high concentration, especially of

DDE, the first year following the forest application in

the biota of the region (salamanders, crayfish, small

mammals). A notable drop in concentration occurred

the second year after application, but thereafter there

was very little further decrease in concentration through

a period of 9 years following application of DDT
to the forest. These authors estimated that it would be

well into the second decade following the forest treat-

ment before there would be further significant drop in

residue levels. Our interpretation of high levels in the

frogs into the second decade following a forest applica-

tion of DDT being due to this particular application is

perfectly consistent with their findings.

Another feature worthy of note is found in one of the

papers (5) of Dimond et al. This is the much greater
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variability in DDT residue concentrations within popu-

lations following a single application of DDT than in

populations repeatedly exposed or in populations sub-

jected only to general residue drift through the environ-

ment. The high variability (2.96 - 16.52 ppm) in the

population near Mt. Clark (Table 2) is probably a

special consequence of the 195.^ spraying episode (note

position from geographic coordinates in Table 2 in

relation to the Tuolumne Meadows, 1953 spraying).

Similarly, the high variability (1.70 - .'^0.83 ppm) in

the population of the Koenig Lake area (Table 2) is

probably a consequence of the 1956 episode. This

interpretation, at least, is consistent with the findings of

the above cited authors and would explain the greater

variability in levels found in the Yosemite-Sonora

region as well as the greater average concentration

present here as compared to that in other regions of

the Sierra Nevada range.
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TABLE I.—Northern Sierra Nevada, north of 38°20'

LocATtoN & County



TABLE 2.—Yosemite-Sonora area, 37°40' - 38''20'

Location & County



TABLE 3.
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Central Sierra Nevada, 37°0'-37°40', western slope, 5.000 ft. to crest—Continued

Location & County
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Location & County



Possible Selective Mechanisms in the

Development of Insecticide-Resistant Fish
^

Mack T. Finley, Denzel E. Ferguson, and J. Larry Ludke

ABSTRACT

Results of bioassays and gas chromatographic analyses show

that populations of insecticide-resistant fish from near

heavily treated cotton fields at Belzoni, Miss., are subjected

to relatively brief irregular periods of selection after rains.

Runoff from cotton fields increased mortality among caged

susceptible and native resistant fish. Feeding of endrin-

e.xposed and field-collected resistant mosquitofish (Gambiisia

affinis) to resistant and susceptible green sunfish (Lepomis

cyanellus) showed thai selective pressure from residues in

the food chain was minimal, compared with direct exposure,

provided the consumer was resistant. Live-cage bioassays

at lop and bottom depths revealed no insecticide stratification

in the water.

Residue analyses revealed DDT and loxaphene as the two

insecticides of selective importance. DDT and lo.xaphene

residues increased in wliole fish and water samples after

runoff. High DDT values, compared witli those of ODD
and DDE, suggested recent contamination.

Introduction

The selective process that produces resistant populations

in nature is poorly known. Laboratory exposure of

consecutive generations of mosquitofish to lethal levels

of insecticides has yielded strains showing increased

tolerances (5). In heavily contaminated environments

supporting resistant populations, top piscivores such as

largemouth bass (Micropterus sabnoides) are absent,

which suggests selection in the food chain through bio-

logical magnification. Presumably resistant fish, by

accumulating and tolerating high levels of residues,

aggravate the problem of pesticide accumulation in

terminal trophic levels (5).

We investigated possible selective mechanisms, espe-

cially food-chain relationships and environmental ex-

posure, in an attempt to determine the forces involved

in resistance development. Our data suggest that in-

secticide contamination resulting from runoff is a major

selective factor in the development of resistant fish

populations.

Fish populations in areas with a history of insecticide

contamination may be resistant to insecticides (3, 6, 8).

The occurrence of small numbers of resistant individuals

in susceptible populations, cross-resistance, and reten-

tion of resistance in several generations of progeny

reared in the absence of insecticides suggest genetic

resistance (3). Endrin resistance in mosquitofish

(Ganihusia affinis) was attributed lo physiological

toleration by Ferguson et al. (9) when no evidence of

exclusion, excretion, or detoxicalion was found.

' Department of Zoology, Mississippi Slate University, St.ilc College.
Miss. 39762.
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Materials and Methods

A ditch draining about 2,800 acres of cotton fields near

Belzoni. Humphreys County. Miss., was studied. The
ditch averaged 7.6 meters in width and contained a

deep accunuilalion of organic sediment. Water depth

averaged about 50 cm but varied with runoff from ad-

jacent fields.

During the growing season, surrounding fields receive

weekly applications of DDT, toxaphene, endrin, and

methyl parathion, either separately or in some combina-

tion. Insecticides enter the ditch as drift from ground

applicators, in runoff following rains, and as direct

Pesticides Monitoring Journal



contamination from aerial applications. Resistant fish

species in the ditch include mosquitofish (Gainbusia

affinis), golden shiners (Notemigomis crysoleucas), green

sunfish (Lepomis cyanellus), and yellow bullheads

(Ictaliinis natalis).

Susceptible mosquitofish, green sunfish, and black bull-

heads (Iclalurus inelas) were obtained from insecticide-

free ponds near State College. Oktibbeha County, Miss.

All fish were collected with a fine-meshed seine and

held overnight in the laboratory prior to bioassay.

Water and fish samples (2 g) were analyzed for pesti-

cide residues by gas chromatography (Barber-Coleman

Pesticide Analyzer Model 5680). The columns used

were as follows: (1) Mixed column consisting of 1.5%

OV-17 plus 1.95% QF-l coated on 100/120 Chromo-

sorb WHP, '/4" X 6'; (2) 10% Dow-200 coated on

80/90 Anachrome ABS, '/a" X 6'. Operating conditions

were: column temperature— 198 C, detector tempera-

ture—210 C. injection port temperature—225 C, and a

gas flow of about 90 ml/minute.

Extraction and cleanup procedures were those of Fer-

guson et al. (9), with the following modifications: (I)

Hexane was substituted for pentane in extraction and

column cleanup; (2) 750-ml water samples were ex-

tracted with 100 ml of hexane and shaken for about

12 hours on an Eberbach shaker. At times a technique

described by Moats {13) was used to separate toxa-

phene and DDT. Reference standards were injected

frequently. Recovery exceeded 75% from tissue sam-

ples and 90% from water; values reported are not

corrected for recovery and are reported on an "as is"

basis. All quantitations are based on peak height; thin-

layer chromatography provided qualitative confirma-

tion (14). Hexane and acetone were used as a solvent

system; plates were coated with Silica Gel G impreg-

nated with 0.2% fluorescein. Residues are reported as

parts per million Cppm) wet weight.

Experimental procedures included: (1) feeding endrin-

exposed resistant mosquitofish to resistant and suscep-

tible green sunfish; (2) feeding field-collected resistant

mosquitofish to susceptible green sunfish; and (3) live-

cage assay of susceptible and resistant fish in the drainage

ditch.

CONSUMPTION OF ENDRIN-EXPOSED RESISTANT
mosquito; :sH

Technical grade endrin was prepared in a 1 % acetone

solution and diluted in tap water (pH 7.8, hardness

—

28 ppm, temperature 22 ± 2 C) to obtain desired

concentrations. Resistant mosquitofish [36-hour TL„,-

value (median tolerated limit) about 1.5 ppm endrin]

were exposed for 24 hours to a 1.0 ppm solution of

endrin in a 57.7-liter aquarium, transferred to tap water
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for 24 hours, and fed, one each, to resistant and suscep-

tible green sunfish (36-hour TL„,— 0.225 ppm and 0.005

ppm endrin, respectively). Each of 40 resistant and 40

susceptible green sunfish was kept in a separate gallon

jar in 2 liters of tap water. Five controls from each

population were fed unexposed resistant mosquitofish.

Mortality was recorded at 3-hour intervals for a 96-

hour period begining with ingestion. Death was deter-

mined when opercular movements ceased.

CONSUMPTION OF FIELD-COLLECTED RESISTANT
MOSQUITOFISH

Susceptible green sunfish (average weight, 30 g) were

fed a continuous diet of field-collected resistant mos-

quitofish. All fish were held in 57.7-liter aquariums at

room temperature (22 ± 2 C). A maximum of four

green sunfish were placed in each aquarium. Controls

were fed susceptible mosquitofish from a pesticide-free

environment. Since green sunfish were kept in groups,

we were unable to determine the number of mosquito-

fish devoured by each individual. Tissue samples from

dead and dying fish were analyzed for insecticide resi-

dues.

LIVE-CAGE ASSAY

Fish were placed in hardware cloth cages (6 and 33 mm
mesh) in the drainage ditch at Belzoni. The cage di-

mensions were 60 X 60 X 10 cm, 60 X 60 X 15 cm,

and 30 X 30 X 10 cm. Two cages, one barely sub-

merged and the other resting on the bottom, were

suspended from a stake driven into the mud at each

of 11 stations. Stations were at 15.25-meter intervals

along the center of the ditch.

Between August 1, 1966, and February 2, 1967, 196

susceptible green sunfish (2 to 5 cm in length) and 51

susceptible black bullheads (5 to 10 cm in length) were

placed in the larger cages; while 104 resistant green

sunfish (2 cm in length) were placed in the smaller cages

as controls. Mortality was checked, and fish were added

at frequent but irregular intervals to keep the number

of live fish at 5 per cage.

Throughout the study, water and fish samples from the

caging area were analyzed for insecticide residues.

Water samples were taken about 8 cm below the surface

in gallon jars.

Between August 9, 1968, and March 6, 1969, suscep-

tible green sunfish (5 to 10 cm in length) were placed

in a cage (180 X 60 X 30 cm) to obtain data on

survival time and insecticide residue uptake of individ-

ual fish. The cage was visited weekly, and live fish

were removed and whole body samples analyzed for

residues. When mortality approached 70%, the re-

maining live fish were removed and 20 to 30 new fish

added.
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Results

CONSUMPTION OF ENDRlN-HXI'OSF.n RESISTANT
MOSQL'ITOFISH

The resistant and susceptible grcenfish populations fed

cndrin-exposed resistant mosquitofish have a 45.\ differ-

ence in endrin tolerances. Susceptible green sunfish

ranging from <i.25 to 19.25 g (average weight. 13.11 g)

and resistant green sunfish ranging from 5.0 to 5S.0 g

(average weight 19.04 g) each consumed one mosquito-

fish (average weight. 0.31 g). All susceptible green

sunfish died in 6.25 to 21.50 hours (an average of 1 1.75

hours). .Ml resistant green sunfish and controls sur-

vived the 96-hour test.

Susceptible fish showed symptoms of poisoning (e.g..

hyperactivity) soon after consuming the mosquitofish,

and 36 of 40 regurgitated the mosquitofish prior to

death. No apparent correlation between predator weight

and survival time was evident. Resistant green sunfish

exhibited no symptoms of poisoning, and all retained

the ingested mosquitofish. Three samples (10 whole

mosquitofish each) from the group that were consumed

contained an average of 180 ppm endrin.

CONSUMPTION OF FIELD-COLLECTED RESISTANT
MOSQUITOFISH

Of 20 susceptible green sunfish fed continuous diets of

field-collected resistant mosquitofish 7 exhibited symp-

toms (e.g., hyperactivity, loss of equilibrium) for as

long as 2 weeks before dying. Residues of DDT, DDT
metabolites (DDD. DDE) and endrin found in four of

the green sunfish are shown in Table I. Although

to.xaphene was not quantitated, for reasons discussed

by Bevenue and Be>.kman (2). typical multipeaked

chromatogranis confirmed its presence. The variation

in amoimt of residues foimd in the dead fish (Table 1 )

may reflect dilfercnces in numbers of mosquitofish con-

sumed.

Table 2 shows monthly analyses of pooled samples of

resistant mosquitofish. A comparison of Tables 1 and

2 reveals that the time required to kill susceptible green

sunfish seemed to decrease as DDT and toxaphene

residues increased in the resistant mosquitofish con-

sumed. Water samples (Table 2) exhibit a similar

increase.

Residues in resistant mosquitofish (Table 2) reflect the

occurrence and amount of runoff after rainfall (Fig.

2). This is also supported by subsequent data shown in

Fig. 1. for 1968-1969 mosquitofish samples. Also.

relatively accurate toxaphene residue estimates were

obtained for these samples. Toxaphene residues ap-

proaching 10. 80. 90. and 115 ppm were found in the

August. October. November, and February samples,

respectively.

LIVE-CAGE ASSAY

In the study ditch, fish were placed in cages near the

bottom to detect possible stratification of insecticides.

The number of fish used at the two depths were nearly

equal (Table 3). All fish shown in Table 3 died during

the caged period.

FIGURE 1.

—
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Before December there was little runoff, and no drastic

increase in mortality of caged fish (Fig. 2). Increased

rainfall in December and January (6.0 and 1.6 inches,

respectively) was accompanied by a marked increase

in mortality of caged fish. The heavy runoff brought

large quantities of mud and silt from adjacent cotton

fields.

FIGURE 2.

—

Percent nioilalily in /ish dining ihc 1966-1967

livc-Ciigc bioassay study—rainfall for tlic caging period is

sliowii
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4-FISH ADDITIONS .-CAGE CHECK

Water and fish samples (Table 2) showed a marked

increase in DDT and toxaphene that was correlated

with increased rainfall and mortality of caged fish (Fig.

2); DDD and DDE residues remained about the same.

Extensive die-offs of native resistant fish in the study

ditch, primarily yellow bullheads and green sunfish,

were noted after the December rains and runoff. Dead

fish were collected from the bottom with a 6-meter

seine at the rate of 2 to 6 fish per each 10- to 12-meter

haul. Numerous live but intoxicated fish were seen

floating at the surface exhibiting symptoms similar to

those observed in fish exposed to chlorinated hydrocar-

bons in the laboratory.

In February, after the 1966-1967 live-caging terminated,

the ditch was visited when the water level was 1 meter

above normal. A thin film of oil covered the water

surface, probably the same oil used as a base in insecti-

cide solutions applied on cotton crops. A yellow bull-

head was collected that showed symptoms of insecticide

poisoning, and a water sample (Table 2) showed the

highest level of DDT residues recoided in water during

the study.

In March, a pooled sample of resistant mosquitofish

showed increased DDT residues (Table 2).

Additional live-caging of susceptible green sunfish in

the Belzoni ditch during 1968-1969 (excluding the

months of December and January) provided informa-

tion regarding survival time and insecticide residue

uptake by individual fish (Table 4). Live fish were

kept longer than 8 days only on three occasions. No
fish were living when weekly cage visits were made dur-

ing September. The increase in DDT and metabolites

(Table 4) in a living caged fish analyzed during early

October reflects the first significant rainfall in September

(Fig. 1). DDT and metabolite residues in native re-

sistant mosquitofish also increased in the October sample

(Fig. I).

These data show that fish mortality, residue accumula-.

tion, and runoff after rainfall are closely related factors.

TABLE 1.—Residues in whole body samples of individual susceptible green sunfish that died on a continuous diet of

field-collected resistant mosquitofish (1966-1967)

no analysis; : present, not quantitaled)

Month
Feeding
Started

Days
Fed DDT

Residues in ppm

DDD DDE Toxaphene

CONTROL

Oct.

Oct.

91

97

0.043

0.223

0.017

0.147

0.060

0.216
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TABLE 2.

—

Monthly residue analyses of pooled samples (about 2 g) of native resistant mosquitofish and water

from the Belzoni cai^int; area (1966-1967)

IT = <0.001; • = present, not quantitated; nd = not detected]



water. Bridges et al. (4) found detectable amounts of

DDT in water for only a short time after contamination.

During heavy runoff, we recorded a marked increase

in DDT and toxaphene. During the fish kill of Decem-

ber 1966, a water sample collected 7 days after the onset

of rains contained 0.006 ppm DDT. A water sample

taken in February 1967 during heavy runoff contained

0.012 ppm DDT. Presumably, high DDT residues, as

contrasted with those of DDD and DDE, indicate

recent contamination.

Chlorinated hydrocarbons adsorb on suspended solids

(/), and presumably the silt contained in runoff from

agricultural areas would tend to reduce insecticide avail-

ability to fish. Ferguson et al. (10) found that muds

reduce the bioactivity of chlorinated hydrocarbon in-

secticides to fish by adsorbtion.

Susceptible predacious fish died when fed endrin-ex-

posed and field-collected resistant mosquitofish. When
resistant and susceptible green sunfish were each fed

one endrin-exposed mosquitofish containing 180.0 ppm,

all susceptible fish died in an average of 11.7 hours,

while no ill effects were noted in the resistant fish. Re-

gurgitation of the ingested mosquitofish by susceptible

fish failed to prevent death.

Susceptible green sunfish died after being fed a continu-

ous diet of field-collected resistant mosquitofish. Al-

though a small number of green sunfish were fed, the

time required to produce death in susceptible green sun-

fish appeared to decrease as DDT and toxaphene residues

increased in the resistant mosquitofish. Normal body

residues of resistant prey species could be fatal to

susceptible predators, but there is no evidence that

resistant predators experience selective mortality through

the food chain.

The species of fish occurring in the study ditch exhibit

levels of resistance ranging from 2 or 3x up to 1 ,500x to

several insecticides and are capable of tolerating mas-

sive body burdens in their tissues (9). George (11)

stresses the importance of biological magnification as a

potential hazard to animals occupying a position at the

top of a food chain. If selection occurred through the

food chain, species in higher trophic levels should ex-

hibit the highest levels of resistance. The fact that

mosquitofish are the most resistant followed by golden

shiners, green sunfish, and yellow bullheads shows that

this is not the case. Analyses of stomach contents of

larger specimens of green sunfish. which occupy the

highest trophic level among fish in the ditch community,

indicate that mosquitofish are a major dietary item.

Residue accumulation in resistant mosquitofish under

normal field conditions does not appear to harm resistant

predator species. This suggests that selective pressure

resulting from residues in the food chain is of little
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importance compared with direct uptake during heavy

runoff.

Insecticide stratification in the water would appear to be

a possible explanation for the interspecific differences in

resistance; however, no such stratification was detected

when fish were caged near the surface and on the

bottom.

DDT and toxaphene were the major selective agents

found. These two compounds, along with methyl

parathion and endrin, were sprayed weekly during July,

August, and September on cotton fields adjacent to the

drainage ditch. Although endrin use has declined in

the study area, the fish populations are more resistant

to endrin, than to any other pesticide, presumably re-

flecting past use. Methyl parathion, used in extremely

large quantities, was not detected in residue analyses.

Henderson el al (12) concluded that organic phos-

ohorus iiisecticides are not significantly toxic to aquatic

organisms due to the rapid hydrolysis to nontoxic prod-

ucts. Since contamination results from runoff, which

may not occur until several weeks after insecticide ap-

plications, the more stable chlorinated hydrocarbons are

of greater importance in the development of resistance.

In highly contaminated environments, such as the one

studied here, resistance appears to be essential for sur-

vival of fish populations.

See Appendix for chemical names of compounds mentioned in this

paper.

This work was supported by USPHS grants ES 00086 and FD-
(IOLU-01.
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Insecticide Residues in Some Components of the St. Lawrence River

Ecosystem Following Applications of DDD '

F. J. H. Fredeen^ and J. Regis Duffy'

ABSTRACT

Residues of DDD (TDE) were measured in waler, mud,

fresh mollusks, and fish from ihe Si. Lawrence River in

1967 during and after applications of DDD to control nui-

sance insects. The concentrations detected in water (up to

0.0139 ppm) ranged from 1 to 17% of those applied to the

river 10 miles upstream. DDD concentrations in mollusks 17

miles upstream from the point of application and 10 and 45

miles downstream averaged 0.002, 0.101, and 0.0 ppm, re-

spectively. In the same samples, concentrations of DDT
and DDE combined (from unknown sources) average 0.030,

0.225, and 0.027 ppm. In edible flesh from 216 fish of 5

species, DDD residues averaged 0.156 ppm in samples col-

lected 17 miles upstream and 0.369 in the combined samples

from points 10 and 45 miles downstream. Residues of DDT
plus DDE in these same samples averaged 0.224 and 0.227

ppm, respectively. The highest concentration of DDD in

an individual fish was 1.81 ppm.

Introduction

In 1966 and 1967 an emergency program for the abate-

ment of nuisance insects at the site of Expo 67 required

six applications of DDD (TDE) to the St. Lawrence

River at Montreal. The concentration of DDD achieved

in each of 4 applications in 1967 averaged 0.38 ppm
for 16 minutes. Similar dosages were used in 1966 al-

though in one test a concentration of 0.17 ppm for 39

minutes was used. Altogether 36,831 lb of technical

' Publication No. 9 resulting from the World Exhibition Shadfly Pro-
ject; Canada Department of At^riculture. Research Branch; Pro-
vincial Department of Agriculture, Quebec; and Canadian Corpora-
tion for the 1967 World Exhibition. Contribution No. 359, Research
Station. Saskatoon.

- Research Station, Canada Department of Agriculture, Saskatoon,
Saskatchewan, Can.

' Department of Chemistry, St. Dunslan's University, Charlottetown,
Prince Edward Island, Can.

grade DDD were applied to the river; 6,188 lb on June

22, 1966: 6.075 on August 19, 1966; 6,813 on May 5,

1967; 5.625 on June 13, 1967; 5,930 on July 10, 1967;

and 6,200 on August 7, 1967. Included in the research

program for this project was a study of the subsequent

distribution of the DDD residues derived in part from

these applications, and the residues of DDT and DDE
derived entirely from other sources. Information on

other aspects of this study has been published elsewhere

C-'. 7).

There have been many quantitative studies of residues

of DDT and DDD in aquatic ecosystems in recent years,

but very few of these have begun with applications of

known amounts of these chemicals to the system in-

vestigated. Two of these studies involved the use of

DDD to control nuisance insects in a lake and pond

(6, 10). Others involved the use of DDT in large

rivers to control black-fly larvae. These proved that

DDT was adsorbed onto suspended particles in the

water and carried downstream at least 68 miles (8).

Percentage kills of black-fly larvae were positively re-

lated to increased turbidity, presumably because larvae

ingested particles with the adsorbed DDT.

Study Area

All six applications of DDD to the St. Lawrence River

were from the Canada Department of Transport Ice

Control Structure which spanned the river 1,000 feet

upstream from the Champlain Bridge near Montreal.

The DDD was applied as an emulsifiable concentrate

across the entire river excepting 200 to 300 feet at

each end of the structure, and in direct proportion to

the volume flow through each of some 69 spans on the

structure.
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Samples for residue analyses were collected only in

1967. These were collected at three sites, one 17 miles

upstream from the point of application and two down-

stream. 10 and 45 miles from the point of application.

A site nearer than 10 miles would have been difficult to

manage, especially for fish collections. The upstream

site was located in Lake St. Louis about 0.5 miles west

of the Chateauguay River in water about 15 feet deep.

This site was in the mainstream of the St. Lawrence and

was not influenced by water from either the Ottawa or

Chateauguay Rivers. It was separated from the appli-

cation site by about 1 1 miles of basins where the water

flow was sluggish and the 6-mile long Lachine Rapids

where the drop totaled some 40 feet.

The two downstream sites were located near the south

end of Charron Island near Boucherville, and near

Sorel.

The St. Lawrence River in the first 4 miles or so imme-

diately downstream from the point of application con-

sisted mainly of rapids, those in the vicinity of the Expo-

67 site flowing up to at least 10 miles per hour. Here

the riverbed consisted of loose boulders, gravel, and

exposed argillite bedrock, clothed much of the time in

filamentous algae Tespecially Cladoplwra sp.). Through-

out the main part of the river, however, from Montreal

to Sorel, the flow was relatively sluggish in a deep, wide

channel navigable by ocean-going vessels. It was as-

sumed that this section of the riverbed consisted of

unconsolidated materials including considerable silt. In

shallow areas near some shores there were beds of

emergent vegetation.

The Boucherville site at the time of the first application

was located east of the Ship Channel and near the

geographic midpoint of the river. However, for subse-

quent applications the site was moved westward into

the Ship Channel as a result of a study of the flow

patterns of the river on June 6. Six drogues were re-

leased between piers 22 and 23 of the Ice Control

Structure, the midpoint of the total volume discharge

at that particular cross section. The point at which

these drogues crossed the Louis Lafontaine Tunnel near

Charron Island was thereafter used as the sampling

point. Since the drogues crossed that site exactly 2.5

hours after leaving the Ice Conrol Structure, it was
assumed that the front edge of each band of treated

water would pass that site 2.5 hours after the com-
mencement of each application of larvicide.

The residue sampling site at Sorel was located a few
hundred yards upriver from the outfall of the Richelieu

River and thus was not directly affected by its discharge.

This site was about 400 yards from the southeast shore

of the St. Lawrence and was in about 50 feet of water.
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Materials and Methods

M.A.TERIALS SAMPLED

Four kinds of material were sampled and analyzed: raw

river water, riverbed silt, living mollusks, and living fish.

Since concentrations of chlorinated hydrocarbon in-

secticide residues in living organisms are normally re-

lated to the position of the organism in the food chain,

four trophic levels were sampled: ( 1 ) mollusks; (2) bot-

tom feeding fish [suckers: Cyprinus carpio L., Catosto-

mus commersoni (Lac.) and catfish: Ameiurus nebu-

losiis (LeS.)]: (3) mixed feeders [perch: Perca

flavescens (Mitch.) and bass: Ambloplites mpestris

(Raf.)l: and (4) fish feeders [pike: Esox Indus L.]. All

samples were collected by T. W. Beak Consultants Ltd.,

Montreal, and the residue analyses supervised by one of

the authors (J.R.D.) at St. Dunstan's University, Char-

lottetown, P.E.I.

Samples of water were collected at each of the three

sites prior to and after each application except for the

first, when post-application samples were omitted. In

addition, water samples were collected at the Boucher-

ville site at 15-minute intervals throughout the calcu-

lated time of passage of each of the four bands of

treated water. Also, following completion of all four

applications in the autumn, water samples were col-

lected from all three sites on August 11, September 1,

October 1, and October 15. All water samples were

collected in 1 -gallon metal cans that had been thoroughly

washed in acetone. The cans were opened beneath the

surface to prevent the entrance of surface water.

One sample of riverbed mud approximately 6 inches

deep was obtained with a conventional weighted core

sampler from each of the three stations before and after

the June 13 and July 10 treatments and before the

August 7 application. The top 2 inches plus the silty

water were placed in an acetone-washed can, frozen in

dry ice on the day of collection, and stored at — 20 C
until analyzed.

Mollusks were collected on only three occasions: on
April 24 to May 3 prior to all 1967 applications; on

July 27 to August 1, after the third 1967 application;

and in mid-November, about 3 months after the final

application. At each of the 3 sites a minimum of 10 g
were selected from a minimum of 4 dredge loads

taken from each of 10 separate points. Snails {Cain-

pchima sp.) were generally abundant but, where re-

quired, bivalves (Pisidium sp.) were included in the

sample to make up the weight to 10 g. Each sample

was frozen separately in foil in solid CO^ on the day of

collcclion and then stored at —20 C until analyzed.

Fish were collected with gill-nets once in May and

once between September 5 and 15 at each of the three

sites. Ai the Lake St. Louis site 10 specimens of each of
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the three above-named kinds of fish were collected, hut at

the other two sites full quotas could not be obtained.

The fish were frozen whole in foil in solid COj and

stored at —20 C until analyzed. The only part of each

fish analyzed was a 10-g sample of flesh taken from the

abdominal wall after the loose fat had been removed.

traded, and analyzed as above: DDT—70 to 85%;
DDD—80 to 907c; and DDE—80 to 95%. The lower

limit of detection was 0.01 ppm. The data presented

in Tables 1 to 4 inclusive were not corrected for per-

cent recovery.

ANALYTICAL PROCEDURES

The extraction and cleanup procedures used were those

of Onley {13); additional details for fish were described

by DuiTy and O'Connell (5). The cans of water were

shipped via railway express 2 to 4 days after collection

to Charlottetown. P.E.I. Upon arrival 1 -liter samples

were extracted immediately with 100 ml of hexane and

the hexane layer re-extracted with 200 ml of acetoni-

trile. The acetonitrile extract was then diluted with

600 ml of water and extracted with 100 ml of petroleum

ether. The combined petroleum-ether extracts were

dried with anhydrous sodium sulfate, concentrated to

a volume of 0.5 ml or less, and analyzed by gas-liquid

chromatography.

The frozen mud samples were partially dried and then

extracted by shaking with acetonitrile for 2 hours. The

acetonitrile extract was dikued with 600 ml of water

and pxtracted with 100 ml of petroleum ether. The

petro um ether extract was then washed with water,

dried, concentrated to a small volume, chromatographed

on a Florisil column, and analyzed by gas-liquid chroma-

tography. An alternate gas chromatographic column

was used for confirmatory tests. In addition, thin layer

chromatography was used to confirm representative

samples as in Duffy and O'Connell (5). Reproducibility

was ± 8% depending upon how well cleanup was

achieved.

Each frozen sample of mollusks was homogenized sep-

arately with 150 ml of acetonitrile for 5 minutes and

the solid material filtered out and re-extracted with 50

to 75 ml of acetonitrile. The acetonitrile extracts were

then oartitioned between water and petroleum ether,

washe 1. dried and evaporated, chromatographed on

Florisil, and examined by gas-liquid chromatography.

Each 10-g sample of fish flesh was homogenized sep-

arately for 2 minutes in a Waring blender with 125 ml

of acetonitrile and 30 g of anhydrous sodium sulfate.

The homogenate was filtered and the solid material re-

extracted by homogenizing with 100 ml of acetonitrile.

The filtrates were then combined in a separatory funnel

with 600 ml of water and 100 ml of petroleum ether

and the procedure followed as described above.

The following percentage recoveries were obtained when

the chemicals were added to 10-g samples of fish, ex-
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Results and Discussion

RESIDUES IN WATER
No DDD was detected in the samples of water collected

at Boucherville during the first treatment in 1967, pre-

sumably because the samples were not collected at the

proper time. The sampling period was corrected follow-

ing a study of the river flow patterns using drogues on

June 6. Thus during the second treatment on June 13,

DDD was detected in the Boucherville water samples

throughout a 3.75-hour period in concentrations up to

13.9 ppb. This peak value occurred 1.5 hours after

the arrival of the leading edge of the treated water. The

total dosage reaching this point was calculated to have

been about 17% of that applied 10 miles upstream.

During the third 1967 treatment on July 10. concen-

trations of 0.17 to 2.21 ppb of DDD were detected

throughout a 2.25-hour period. The peak occurred

about 15 minutes after the arrival of the leading edge

of the treated water at that point. The total dosage at

Boucherville was calculated to have been only 1 % of

that applied 10 miles upstream. During the fourth 1967

treatment on August 7, concentrations of 0.1 to 3.3

ppb of DDD were detected throughout a 5.25-hour

period with the peak concentration occurring in a

sample collected 2.25 hours after the leading edge of

the treated water had passed the sampling point. The

total dosage at Boucherville was calculated to have been

4% of that applied 10 miles upstream.

Most or all of these losses must have been caused by

adsorption of the DDD onto vegetation and the river-

bed. The rock rubble on the riverbed was clothed in

algae and diatoms at all times. Strands of a filamentous

alga, Cladophora sp., measured up to 16 inches long.

During the test of June 22, 1966, the larvicidal effect of

the treated band of water was also observed to decline

rapidly as it passed downriver through the study area.

Thus at distances of 2.0, 3.0. and 3.5 miles downstream

from the point of application, populations of aquatic

insect larvae were reduced by 91, 75, and 30%, re-

spectively.

This relatively rapid loss of DDD from each treated

band of water was to be expected in view of reports by

several authors of similar rapid losses of DDT from

aqueous suspensions (2, 3, 8, 14).
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With only one exception, DDD was detected in water

from the St. Lawrence River at Bouchervilie only dur-

ing the bands of treated water past that site. This ex-

ception occurred on July I 1 at Bouchervilie when 0.52

ppb was detected. DDD was never detected in any of

ihe water samples collected at Lake St. Louis or Sorel.

Additionally, contamination of the river water with

DDT and DDE was indicated on October II, 1967.

when water samples from all three sites contained

comhined DDT and DDE residues of 0.05, 0.09. and

0.0.^ ppb, respectively. No DDD was detected in these

samples, and thus the residues did not originate with

the larvicide applications.

RESIDUES IN MUD
Of the 15 samples of nuid collected in 1967 from the

three sites before and after both of the June 1.1 and

July 10 treatments as well as before the August 7

treatment. DDD was recovered only on one date, June

15. On that date mud from the untreated check site

at Lake St. Louis contained 0.02 ppm. the Bouchervilie

mud coniained 0.05 ppm. and the Sorel mud 0.07 ppm.

No DDT or DDE was recovered from any sample.

RESIDUES IN MOLLUSKS
Clams and/or snails from all three areas in 1967 con-

tained residues of DDT and/or DDD and DDE on

April 24 to May 3 fprior to the first application of DDD
on May 5) (Table 1). The DDD residues in the

samples from Bouchervilie may have been partly de-

rived from the two DDD applications in 1966. Those

from Lake St. Louis could only have originated from

some other source. The DDT and DDE in all three

samples also originated from some external source.

The second series of samples, taken on July 21 to

August 1, about 2 weeks after the third 1967 applica-

tion of DDD, showed increased average residue levels

at Lake St. Louis but decreased residues at the two

downriver sites. Thus at this time higher residue con-

centrations occurred in mollusks from Lake St. Louis

than from either of the two sites downriver from the

application point.

The third series of samples, collected in November,
showed a slight increase in comhined residues at Lake

St. Louis and Sorel and a large increase at Bouchervilie.

The increase in the Bouchervilie average was due en-

tirely to an imusually high concentration of DDT in I

of 12 samples collected at that time. This "hot" sample

contained 5 times the total amount of residues as were
found in all of the other 1 1 samples combined and more
than (i()% of Ihe residue was DDT (from sources other

than the shadfly larvicide applications). Some prob-

able sources of these residues are discussed below.

In summary, in samples collected between late April

and mid-November, an average of only 0.002 ppm of

DDD was detected at Lake .St. Louis, 0.101 ppm from

Bouchervilie, and none from Sorel (Table 1 ). Combined

residues of DDT, DDE, and DDD at these same three

sites averaged 0.0.32, 0.326, and 0.027 ppm, respec-

tively, indicating that 69+% to \00'~'c of the combined

residues originated from sources outside the larvicide

treatments.

RESIDUES IN FISH

On May 1, 1967, prior to any applications of DDD that

year, residues of DDT and its breakdown products,

DDD and DDE, for the most part were present in all

species of fish (three trophic levels) collected from

Lake St. Louis and Sorel, and concentrations were

higher than in any post-treatment samples of fish

(Tables 2 and 3). No fish were obtained from Boucher-

vilie at this time. Possibly some of the DDD originated

from the two applications made in 1966. However, all

of the DDT and DDE, and some of the DDD, must

have originated from some other source or sources.

Concentrations of DDD and of the comhined residues of

DDT, DDD, and DDE in the edible flesh of most species

of fish from each of the three sites (with the principal

exceptions of pike from Lake St. Louis and perch from

Sorel) were considerably smaller in September than at

the beginning of the season. Increases in DDD concen-

trations had been expected rather than the observed

decreases because of the four DDD applications during

the summer. In a previous study by Bridges el aJ. (3)

maximimi residue concentrations in trout occurred 1

month after an application of DDT to a reservoir. Thus

the DDD concentrations in fish in the St. Lawrence

River were expected to show further declines after mid-

September, until pretrcatment levels were attained.

Despite con bined residue concentrations that were con-

siderably higher in fish than in mollusks. 11.5% of the

fish collected contained no detectable residues, and an-

other 9.3% contained residues of less than 0.05 ppm.

No one fish of the 216 analyzed was considered to be

unfit for human consumption by its DDD content alone.

The highest concentration discovered was 1.81 ppm in

a pike collected at Bouchervilie on May 30, 1967 (Table

3). Only one fish contained combined residues of DDT,
DDD, and DDE at the 7.0 ppm level. This was a perch

collected at Sorel on May I (prior to any of the 1967

applications). Out of the 7.3 ppm of combined residues

in this fish, 6.4 ppm (88%) were DDT, and only 0.9

ppm (12%) were DDD.

Il hail been expected that pike would have contained

the highest concentrations of residues because of their

position near the end of the food chain. However, suck-

ers and cattish generally contained the highest concen-

trations, probahh' because they fed on the riverbed upon

insects disabled bv these insecticides.
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COMPARISONS OF RESIDUES UPRIVER AND
DOWNRIVER FROM MONTREAL
Average residue concentrations in mollusks and fish

from the Lake St. Louis site are compared with those

from the Boucherville and Sorel sites for the entire 1967

sampling season in Table 4. In summary, in snails and

clams, average concentrations of all three chemicals

combined were 0.032 ppm (of which 6% was DDD)
above Montreal and 0.198 ppm (29% DDD) below

Montreal. In all fish combined, average concentrations

of total residues were 0.376 ppm (of which 42'^r was

DDD) above Montreal and 0.595 ppm (62'^c DDD)
below Montreal.

SOURCES OF RESIDUES

An analysis of technical grade DDD indicated that it

contained 1.6% p.p'-DDT. Thus at least 98.4% of

the DDT and DDE residues discovered in the water

samples, mollusks, and fish must have originated from

sources separate from the DDD applied in the shadfly

abatement project. Furthermore, a portion of the DDD
residues must also have originated as metabolites from

this "background" DDT rather than from the DDD
applications. Several authors have reported the occur-

rences of both DDE and DDD in soils that have been

treated with DDT. Miskus et al. (12) reported the

conversion of DDT to DDD by lake water and reduced

porphyrins.

Large amounts of DDT were used for many years in

the Great Lakes drainage basin for the control of insect

pests of forests, orchards, cereal, and vegetable crops,

and in mosquito and black fly control projects. At

Montreal and in other areas DDT was also used for

control of the elm hark beetle. On St. Helen's Island

alone, between 1965 and 1967, it is estimated that more

than 6,000 lb were used annually.

Mack el al. (11) detected DDT in concentrations

ranging up to 40 ppm in selected tissues of several

species of fish, collected in part from the Richelieu

River drainage basin. Residues of DDT, DDE, DDD,
and other organochlorine pesticides were detected in

mud, amphipods, and various fish and water birds in

Green Bay at Lake Michigan adjacent to a 400-square-

mile area of Wisconsin where an estimated 30 tons of

DDT and 15 tons of DDD among other insecticides

were used annually (9). Lakebed mud in Green Bay

contained an average of 0.014 ± 0.005 ppm of DDT
and metabolites of which 43% was DDT, 36% DDE,
and 21% DDD. Fish contained up to 7.87 ppm of

residues (35% DDT, 56% DDE, and 9% DDD).
DDD and DDE in amounts of up to about 2.0 ppm
each and DDT in larger amounts have also been de-

tected in mackerel caught in Canadian Atlantic coast
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waters (5). Related discoveries are also reviewed in

this paper.

There are numerous other instances where DDT, DDE,

and DDD have been detected in natural waters and

their aquatic biota, whether or not DDT was used in

nearby terrestrial and aquatic insect pest control proj-

ects. Thus despite the low level of solubility of DDT in

water (1.2 ppb or less at 25 C) (/), it is not surpris-

ing that DDT and its metabolites were detected in this

current study in biota of the St. Lawrence River. If

the average background concentration of DDT and

metabolites in the water was only 0.001 ppm during the

15-month period between the first and last applications

of DDD (June 1966 to August 1967, inclusive), then

the 36,831 lb of DDD added only 6% to this load

during this period.

PROBABLE POST-TREATMENT RESIDUE
CONCENTRATIONS

DDD concentrations in the riverbed and vegetation

following the last application were not determined but

presumably declined steadily to pre-treatment levels.

Following an application of DDD to a pond to control

chironomids. 88% of the DDD in the bottom mud

disappeared within 10 months (6). This pond had a

slow flow of water through it. Similarly, 98% of an

accumulation of DDT and metabolites in the bottom

mud of a reservoir and in vegetation disappeared in 8

weeks and 12 months, respectively, after a 0.02 ppm

treatment with DDT (3). This occurred apparently

without the benefit of a flow of water out of the reser-

voir.

The concentrations of DDD in fish were also expected

to decline steadily (3) from the levels detected in 1967.

This process had already begun by the middle of Sep-

tember as indicated by the lower average DDD con-

centrations in most fish at that time than in May 1967

(Table 2).

In Clear Lake, Calif., concentrations of DDD of up

to 221 ppm were detected in the edible flesh of fish

following three applications of DDD in 9 years total-

ing 163,000 lb (10). A comparable buildup was not

expected to occur in fish in the St. Lawrence River, (a)

because much less DDD was used and (b) because of

the enormous flushing effect of this river (an average

volume discharge throughout the 15 months from June

1966 to August 1967 of 265,000 cfs.

The ultimate fate of the DDD, i.e., its conversion to

materials with reduced toxicities, is poorly understood.

DDD is itself a product of the reductive dechlorination

of DDT in nature.
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TABLE 1.

—

DDT, DDE, and DDD residues in snails and clams collected from the

Si. Lawrence River in 1967



TABLE 2.

—

DDT, DDE. and DDD residues in fish collected from the St. Lawrence River

in 1967—Continued

[T = Trace, <n.OI ppm]
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Occurrence of Organochlorine Insecticides in Pheasants

of South Dakota ^

Raymond L. Linder and Robert B. Dahlgren

ABSTRACT

Residues of benzene hexachloride, lindane, dieldrin, DDT,
DE, and DDD occurred among 12 of 100 adult pheasants

collected in a baseline study during the winters of 1964-67 in

the eastern half of South Dakota. DDE was n.ost commonly

found, and residue levels of all chemichl ranged from 0-8.0

ppm.

Residues of dieldrin, aldrin, heptachlor epoxide, DDT,
DDE, DDD, lindane, and endrin were found in adults, juve-

niles, or eggs collected in 1967 from study areas in Yankton

and Clay Counties where past pesticide usage was highest in

the State. Organochlorines occurred in fat or brain of all 4S

adult birds collected, with dieldrin and aldrin occurring

most frequently. Only two adults contained more than 1

ppm of any one insecticide, and detectable levels ranged

from 0.01 ppm to 2.35 ppm for all residues combined. All

juveniles contained residues of at least one chemical, and
levels were as high as 1.21 ppm for all residues combined.

All except 5 of 70 eggs contained residues of at least one

insecticide, and dieldrin and heptachlor epoxide occurred

more often than other chemicals. The highest concentration

of any one chemical was 1.58 ppm of dieldrin in one egg.

All residues combined ranged from 0.01 ppm to 2.01 ppm
for eggs.

Introduction

To establish a baseline for determining changes in

residue levels of chlorinated hydrocarbon insecticides

in future years, adult pheasants were collected from 24

counties in eastern South Dakota between 1964-67.

1 South Dakota Cooperative Wildlife Research Unit. South Dakota
State University, Brookings, S. Dak. 57006. The Cooperative Wild-
hfe Research Unit is supported jointly by the South Dakota Dep.
of Game. Fish, and Parks, the U. S. Bureau of Sport Fisheries and
Wildlife. South Dakota State Univ., and the Wildlife Management
Institute.

Birds and eggs were also taken from study areas in

southeastern South Dakota in 1967 to determine residue

levels occurring in areas of highest pesticide use in the

State. Chlorinated hydrocarbons had been used in

Clay and Yankton Counties during the past 5 years,

primarily on corn which was the principal crop and

occupied 31% of the farmland acres. Before 1964,

aldrin was used routinely at about Vi lb/ acre on about

80% of the cropland. Since 1964. an estimated 50%
of the cornland received aldrin or heptachlor at about

1 lb/ acre every third year (B. H. Kantack. Extension

Entomologist. South Dakota State Univ.. Brookings,

S. Dak., personal conimunications. 1968.)

Procedures

One hundred adult pheasants were shot from 24 coun-

ties for the baseline study during the winters from 1964

to 1967. Fat samples were removed from each bird

and frozen in glass vials. Analyses were made by State

Chemist D. J. Mitchell at Vermillion. S. Dak. according

to methods described in the FDA Pesticide Analytical

Manual (3). Concentrations were determined at the

0.05 ppm level and above.

In February 1967. 26 adult hens and 22 adult cocks

were collected from four 9-square-mile study areas in

southeastern South Dakota (Yankton and Clay Coun-
ties). The center sections of the areas were designated

as T95N. R54W, S35-Area 1: T94N. R56W, 56-Area

2; T93N„ R53W, S4-Area 3; and T97N, R52W, S5-

Area 4. Seventy eggs and 14 juveniles were also collected

from the same areas the following spring and summer.
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Brain and fat samples were removed from each adult

bird, frozen and stored in glass vials. Spectran Labora-

tories, Denver, Colo., analyzed the tissues by methods

then currently in use by the Wildlife Research group.

U.S. Fish and Wildlife Service. Denver Federal Center

(Z.. D. Frederickson, Jr.. Spectran Laboratories, Inc.,

Denver, Colo., personal communication, March 28,

1967). Weighed samples were ground with sodium

sulfate followed by extraction using So.xhlet apparatus

and lOCc ether in petroleum ether; evaporating to dry-

ness; partitioning using hexane-acetonitrile; evaporation

of acetonitrile to dryness; column cleanup using a MgO-
Celite chromatographic column; dilution of residues to

proper volume with hexane; and gas chromatography

on both Dow-Il and QF-1 columns. Results were

raised by the factor 1 .2 to compensate for loss in re-

covery. One milligram of original sample to I micro-

liter was used for chromatographic injection. Standards

were used every five or six samples to check drift of

temperature and response of the detectors used.

One to three eggs were taken from each of 37 nests

during May and June, and juvenile wild pheasants from

5 to 8 weeks of age were collected in July. Brains were

analyzed from young birds, and crop material was

pooled into one sample of animal material and one of

plant material. Analyses of brains and crop material

from young birds and whole eggs minus shells were

carried out by the Experiment Station, Biochemistry

Department. South Dakota State University (2). Sam-
ples were analyzed by gas-liquid chromatography using

Dow-11 and QF-1 silicone columns. Extraction and

cleanup were accomplished by Florisil columns. To
further verify the identification of insecticides, approx-

imately 20'^ of the samples were also analyzed by

thin-layer chromatography.

The efficiency of extraction of the insecticides was: lin-

dane, 100%; heptachlor, 67%; aldrin, 99%; hepta-

chlor epoxide, 89%; dieldrin, 74%; DDE, 74%; DDD,
81%; DDT. 78%, and endrin, 85%. Values reported

have not been corrected for percent recovery, and if in-

secticide concentration was <0.03 ppm for DDT and

endrin and <0.01 ppm for other chlorinated hydrocar-

bons, values are reported as "not detectable" (nd).

Results and Discussion

Chlorinated hydrocarbons or their metabolites were
found in 12 of 100 birds in the baseline sample (/).

DDE was most commonly found, averaging 1.09 ppm
and ranging from 0.24-2.25 ppm among six birds. Ben-

zene hcxachloride amounting to 8.0 ppm was found in

one bird. DDD and lindane were each found as

traces (<0.05 ppm) in two birds. Dieldrin was found

as a trace in one bird and 0.1 ppm in another. These

levels arc quite comparable to those reported in pheas-
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ants analyzed from central South Dakota by Greichus

el al. (2).

At least one chlorinated hydrocarbon occurred in each

adult bird collected in southeastern South Dakota in

1967 (Tables 1 and 2). Dieldrin and aldrin occurred

most frequently. Of 48 birds collected, only two con-

tained more than 1 ppm of any one insecticide. Differ-

ences between levels in fat and brain of individual birds

varied. In some cases residues were higher in brain

than in fat.

Differences in residue levels between collection sites

were not great, and birds taken on a State-owned area

where pesticides were not used had about the same

levels as other areas. This probably resulted from bird

movements. Differences in residue levels between sexes

also fluctuated between areas.

All young contained residues of at least one chemical

(Table 3). Combined residues in one individual totaled

more than 1 ppm. Animal material, consisting chiefly

of grasshoppers, made up 22% of the contents in the

crops and contained only DDT. Plant material, almost

entirely farm crops, contained dieldrin. DDD. and

DDT.

Dieldrin and heptachlor epoxide occurred in eggs more

frequently than any other chemical (Table 4). Levels

of combined insecticides between periods of collection

and between areas were similar. DDT, DDD, and

DDE occurred in a greater percentage of eggs than in

the hens the same year. Lindane also occurred fre-

quently in eggs but in only two hens. Differences

between levels in adults and eggs may have been due

to small samples or additional pesticide ingestion by

adults between winter and breeding season.
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TABLE 1.- -CMorinated hydrocarbons in hen pheasants collected from southeastern

South Dakota in February 1967

[nd = not detectable, <0,01 ppm]



TABLE 2.

—

Chlorinalett hydrocarbons in cock pheasants coUcclcd from southeastern

South Dakota in February 1967—Continued

|nd = not dctecuble, <().01 ppm|



TABLE 4.

—

Chlorinated hydrocarbons in eggs collected in southeastern

South Dakota in May and June 1967

[nd = not detectable, <0.03 ppm DDT and endrin and <0.0I ppm other hydrocarbonsj

Compound
No. OF Pheasant

Eggs with
Detectable Residues i

Residues in PPM

AVEKACE
Concentration -

AREA 1

May 2 and 9 (10 eggs)



TABLE 4.—Chlorinated hydrocarbons in eggs collected in southeastern

South Dakota in May and June 1967—Continued

[nd = not detectable, <0.03 ppm DDT and endrin and <0.01 ppm other hydrocarbons]

Compound
No. OF Pheasant

Eggs with
Detectable Residues '

Residues in PPM

Average
Concentration = Range

AREA 4

May 5 and 9 (7 eggs)



Pesticide Concentrations in Great Lakes Fish
'

Robert E. Reinert'^

ABSTRACT

During the past 4 years the Ann Arbor Great Lakes Fishery

Laboratory of tlie Bureau of Commercial Fisheries has been

monitoring insecticide levels in fisJi from the Great Lakes.

The two insecticides found in all Great Lakes fish have

been DDT (DDT, DDD, DDE) and dieldrin. Fish from

Lake Michigan contain from 2 to 7 limes as much of these

insecticides as those from the other Great Lakes. Insecticide

levels calculated on a whole-fish basis show a marked dif-

ference from species to species. Within a species there is

also an increase in DDT and dieldrin levels with an increase

in size. If these insecticide levels are, however, calculated as

ppm of insecticide in the extractable fish oil, the differences

in concentration between species and the differences between

size groups becomes considerably less. Laboratory experi-

ments indicate that fish can build up concentrations of DDT
and dieldrin at the parts-per-million level from parts-per-

trillion concentrations in the water.

Introduction

Since 1965 the Great Lakes Fishery Laboratory of the

Bureau of Commercial Fisheries has been monitoring

insecticide residues in Great Lake fish. The initial

objective of the study was to determine the concen-

trations and types of insecticides present in fish; em-

phasis was placed on the more important food and

game species. As the study progressed, emphasis

shifted from a general monitoring program to those

species and lakes that contained the highest levels of

insecticides. Some of the specific questions we have

attempted to answer are the degree to which insecticide

concentrations differ among species, lakes, seasons, and

different size groups within the same species. Where

differences existed, we attempted to determine the

factors which cause them.

Methods and Materials

A total of 1,313 analyses have been made on 3,801 fish

from the five Great Lakes. The following common
and scientific names of the 28 species examined are

from the list published by the American Fisheries

Society ( 7 )

:

1 Contribution No. 371 of the Great Lakes Fishery Laboratory, Bureau
of Commercial Fisheries. Fish and Wildlife Serv., U.S. Dep. of the

Interior. Ann Arbor. Mich. 48107.
- Great Lakes Fishery Laboratory, Bureau of Commercial Fisheries,

Fish and Wildlife Serv., U.S. Dep. of the Interior, Ann Arbor,
Mich. 48107.

Alewife

American smelt

Bloater

Brown bullhead

Carp

Channel catfish

Coho salmon

Emerald shiner

Freshwater drum
Gizzard shad

Goldfish

Kiyi

Lake herring

Lake trout

Lake whitefish

Ninespine stickleback

Rock bass

Round whitefish

Sea lamprey

Slimy sculpin

Spottail shiner

Stonecat

Trout-perch

Walleye

White bass

White perch

White sucker

Yellow perch

A losa pseudoharengiis

Osments mordax

Coreqoniis hoyi

htaliiriis nehidosus

Cyprinits carpio

Ictalurus punctatus

Oncorhynchus kisutch

Notropis atherinoides

Aplodinotus grunniens

Dorosoina cepedianum

Carassius auratus

Coregonus kiyi

Coregonits artedii

Salvelinus nainaycush

Coregoniis clupeaformis

Piingitius piingitius

Amhioplites nipestris

Prosopiuin cylindraceum

Petroinyzon marinus

Cottiis cognatiis

Notropis hudsonius

Noturus flavus

Percopsis omiscomayciis

Stizostedion vitreum vitreum

Rocciis chrysops

Roccus americamis

Catostoinus conimersoni

Perca flavescens
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The pesticides included for analysis were the DDT
complex (DDT. DDE. and DDD) and dieldrin. In-

secticide levels in fish are expressed in two ways in

the present report: (I) parts per million (ppm) in

whole lish or a tissue (microgram of insecticide per

gram wet weight of fish); and (2) ppm in oil (micro-

gram of insecticide per gram wet weight of fish divided

hy the fraction of oil in the fish).

Fish for pesticide analyses were collected by the Bureau

of Commercial Fisheries, the Michigan Department of

Natural Resources, the Wisconsin Department of

Natural Resources, and commercial fishermen. The
fish were frozen as soon as possible after capture and

shipped to the Bureau of Commercial Fisheries Great

1 akes Fishery Laboratory, where they were stored at

— 34 C. The location, date, water depth, species, total

length, weight, and sex, if possible, were recorded for

each fish.

Insecticide analyses were conducted on two model 204

Aerograph gas chromatographs.* Both are equipped

for dual-column operation, and each has two electron

capture detectors and two recorders. The glass columns
are Is -inch I.D. and 6 or 9 feet long. The columns
were packed with 5% QF 1 on 100-120 mesh Gas
Chrom for the first two-thirds of their length. The
last one-third was packed with 5'^c DC I 1 on 100-120
mesh Gas Chrom Q. The operating temperatures were
190 C for the oven. 210 C for the detector, and 225 C
for the injection port. The nitrogen gas flow rate was
60 ml^minute.

The analytical procedure was as follows: The fish were
partially thawed and ground in a meat grinder. A 10-g

portion was saponified in alcoholic KOH (10 g of KOH
dissolved in 6 ml of water and diluted with 34 ml of

absolute ethyl alcohol) for 30 minutes, extracted with

30 ml of hexane. and transferred to a 2-oz teflon-capped

bottle containing 1 g of sodium sulfate. Before analysis

on the gas chromatograph. 1 ml of the hexane extract

was washed through a 9-mm I.D. glass column. 6 inches
long, packed with 2 inches of Florisil. The DDT com-
plex was separated from dieldrin by eluting the hexane
extract with nine 1-ml portions of a 4: 1 hexane:benzene
mixture which washed the DDT complex through the
column, followed by ten I -ml portions of benzene which
washed the dieldrin through. The portions containing
the DDT complex and the dieldrin were then injected

separately into the gas chromatograph for identification

and quantification.

A second lO-g portion of the ground fish was homo-
genized for 5 minutes in 20 ml of a 1:1 mixture of
isopropanol: benzene and then boiled slowly for 45

• Trade names referred (o in this publication do noi imply endorse-
ment of commercial products.

234

minutes in a water hath. To replace solvent lost through

evaporation, hexane was periodically added to maintain

a volume of about 40 ml. After cooling, the solvent

was decanted through a glass wool filter into a graduated

50-ml centrifuge tube. The homogenized fish was

washed twice with 5-ml portions of hexane which were

then added to the original extract. The total volume of

hexane was concentrated to 30 ml and transferred to

a 2-oz teflon-capped bottle which contained I g of

sodiiun sulfate. For analysis on the gas chromatograph,

1 ml of the hexane was eluted on a Florisil column in

the manner described for the saponified samples.

Recovery information from spiked samples suggests an

extraction efficiency of better than 90% for each of

the constituents of the DDT complex when using the

homogenization method. The levels of the DDT com-

plex in fish presented in this paper were obtained using

his extraction procedure. The saponification method,

which also has an extraction efficiency of better than

90%, is used as a check. If the quantity of DDE as

calculated from this method differs more than 20%
from the combined DDT and DDE values obtained

from the homogenization. the samples are rerun (saponi-

fication breaks DDT down into DDE).

Dieldrin concentrations are calculated from the saponi-

fied samples. Extraction efficiencies for dieldrin are in

the 70% range.

.Selected samples of fish were also spotted on thin-layer

chromatograph plates. (Aluminum oxide with /7-heptane

as the solvent) and their Rf values compared to those

of standards. The spots on the plates identified as

insecticides were scraped otT. redissolved in hexane.

injected into the gas chromatograph. and the retention

times of the peaks were compared to those of the

standards.

The methods for the separation and analysis of dieldrin

from Great Lakes fish have been used only since 1967.

In 1968 we began, as an additional standard procedure,

percentage oil analyses on all samples examined for

insecticides.

The data for each sample is put on punch cards, and

the information is stored for use on an IBM 1 130 com-

puter. The programs used ensure rapid computation

and retrieval of the information.

Insecticide Concentrations in Great Lakes Fish

On the basis of DDT and dieldrin levels in fish, the

rank of the Great Lakes, in order of highest to lowest

concentrations of insecticides is: Michigan. Ontario.

Huron. Erie, and .Superior (Table I). Insecticide values

calculatetl on a whole-fish basis show marked differences
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from species to species. DDT and dieldrin concentra-

tions in lake trout and walleye increased with size of

fish.

LAKE MICHIGAN
Because Lake Michigan fish generally have higher

insecticide concentrations than those in the other Great

Lakes, most of the monitoring has been directed to that

lake. Twelve Lake Michigan species have been exam-

ined; most of the analyses were on alewives, bloaters,

American smelt, yellow perch, and lake trout (Table 2).

Of these five species, bloaters had the highest whole-fish

averages for DDT (8.61 ppm) and dieldrin (0.23 ppm).

Two samples of kiyis contained 12.54 and 14.03 ppm
DDT and 0.25 and 0.31 ppm dieldrin. Kiyis, which

were extremely abundant in Lake Michigan until the

mid-1 950's, apparently spend much of their life in water

deeper than 50 fathoms. The kiyis analyzed were taken

30 miles from shore, ofl' Saugatuck, Mich., at 80

fathoms.

DDT and dieldrin concentrations in lake trout increased

with total length of the fish (Table 2). DDT ranged

from 0.89 ppm (2.0- to 5.9-inch fish) to 6.96 ppm
(16.0- to 2L9-inch fish). Lake trout of equal lengths

in Lake Superior averaged only about one-third to

one-fourth as much insecticide as those from Lake

Michigan. Very large lake trout were unavailable from

Lake Michigan, but if the ratio of insecticide in the

two lakes prevails for large fish, a 30-inch lake trout

in Lake Michigan would contain between 20 and 30

ppm DDT.

Some evidence suggests that pesticide concentrations in

Lake Michigan fish differ according to region of the

lake. Values for bloaters, alewives, and American smelt

in the southern end of the lake averaged slightly higher

than those in the same species from the northern end.

Small lake trout from the southern end of the lake

also had higher DDT and dieldrin concentrations than

fish of the same size from the northern portion. The

TABLE 1.

—

Avernge concentrations (whole fish) of DDT (1965-68) and dieldrin

(1967-68) in five species of fish from individual Great Lakes



larger lake trout (15.0 to 21.9 inches) collected to

date have all been from northern Lake Michigan.

mainly from the Grand Traverse Bay area. When large

lake trout appear in southern Lake Michigan, they may

have concentrations higher than 20 to 30 ppm. Be

cause lake trout move freely throughout the lake, large

samples are required to detect significant differences

between areas.

Whole fish and selected tissues of coho salmon have

been analyzed from samples collected in the lake from

early spring to fall and in the Platte River during the

fall spawning nm. Values for whole fish collected from

the southern end of the lake in April-May 1968 aver-

aged 3.51 ppm DDT and 0.11 ppm dieldrin. Ten adult

coho salmon caught in Lake Michigan just before the

spawning run in August 1968 averaged 12.21 ppm
DDT and 0.14 ppm dieldrin. Concentrations in steaks

from these fish averaged 14.89 ppm DDT and 0.15

ppm dieldrin. Values for DDT and dieldrin in the

whole fish and steaks showed little change during the

spawning runs.

Five cans of Lake Michigan coho salmon, consisting

of fish captured from the Platte River in the fall of

1968, had average DDT and dieldrin concentrations

of 7.10 and 0.09 ppm. Eggs from three fish in Lake
Michigan in October 1968 averaged 6.66 ppm DDT
and 0.06 ppm dieldrin.

LAKE ONTARIO
Ten species of fish were collected from eastern Lake
Ontario in November 1966 and in January and Novem-
ber 1967 (Table 3). Although only one analysis was
made for most species, the records suggest that DDT
concentrations in Lake Ontario are only about one-half

those in Lake Michigan.

Dieldrin values in Lake Ontario fish were also lower

than those in Lake Michigan fish, with the exception

of the slightly higher level in smelt and an extremely

high one (0.47 ppm) in a 22-inch whitefish.

LAKE HURON
DDT and dieldrin concentrations were measured for

nine species collected from Lake Huron in August and
December 1966 and in January, August, and November
1967 (Table 4). Of the three species which received

three or more analyses, alewives contained the highest

concentrations of DDT (2.44 ppm) and dieldrin (0.05

ppm). Higher pesticide values were found, however, in

fish for which only one analysis was made. A walleye

and a channel catfish each contained over 6 ppm DDT,
and a lake whitefish had 0.12 ppm dieldrin.

Although the data is scanty for Lake Huron, it suggests

that insecticide levels are about one-half those in the

same species from Lake Michigan.
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LAKE ERIE

Thirteen species of fish were collected from Lake Erie

in 1966-1967 (Table 5). Lake Erie fish contained only

one-third to one-half as much insecticide as did the

same species from Lake Michigan, except alewives,

which contained a slightly higher average concentra-

tion of dieldrin in Lake Erie (0.15 compared to 0.10

ppm). With the exception of yellow perch and walleyes,

all species were collected in the fall. The perch and

walleyes, which composed the majority of the fish

analyzed, were collected in the western, central, or

eastern basins in the spring, summer, and fall of 1966-

1967. Insecticide concentrations in Lake Erie fish did

not differ by season, but the DDT concentrations in

perch were slightly lower in the central basin than in

the western and eastern basins (0.67 ppm for 10

analyses from the central basin compared with 1 .20

and 1.06 ppm for 9 and 4 analyses from the western

and eastern basin).

DDT and dieldrin in walleyes increased with size of

fish (Table 5).

LAKE SUPERIOR

Ten species of fish from Lake Superior have been

examined for insecticides since 1965 (Table 6). Samples

were collected in the summer, fall, and early winter,

from the Michigan and Wisconsin waters of the lake.

Insecticide concentrations in Lake Superior fish appear

to be lower than any of the Great Lakes; identical

species had one-seventh to one-fourth the DDT and

one-seventh to one-half the dieldrin of those from Lake

Michigan. DDT in lake trout increased steadily with

increased size of fish. The average levels ranged from

0.21 ppm for fish 2.0 to 5.9 inches long to 7.44 ppm
from 27.0- to 32.9-inch fish (Table 6).

Two Lake Superior coho salmon taken during their

spawning run in the Huron River averaged 1.02 ppm
DDT and 0.01 ppm dieldrin. Flesh samples from these

fish averaged 0.72 ppm DDT and 0.01 ppm dieldrin.

Eggs from three coho salmon averaged 2.12 ppm DDT
and 0.04 ppm dieldrin.

Factors that Influence DDT and Dieldrin Levels

in Great Lakes Fish

The presence of insecticides in Great Lakes fish brings

up several questions: ( I ) How do fish build up con-

centrations of DDT and dieldrin in the parts per million

when only a few parts per trillion (ppt) exist in their

environment? (2) Why do concentrations differ from

species to species and concentrations increa.se with in-

creased size of fish? (3) Why do insecticide concen-

trations ditTcr from lake to lake? Only partial answers

to these questions can be offered now.
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TABLE 3.

—

Average concentralions (whole fish) of DDT (1965-68) and

dieldrin (1967-68) in Lake Ontario fish



TABLE 7.

—

DDT and dieldrin concentrations in whole fish and in fish oil (Lake Michigan)



DDT are in the portions having the highest percentages

of oil (Table 8). Considerable oil and insecticides are

lost when fish of high oil content are cooked (baked,

broiled, or fried). For example, chub fillets that lose

60 to 70% of their oil during cooking lose about the

same percentages of DDT.

TABLE 8.

—

Percent distribution of weight, oil, and DDT in

yellow perch and bloaters in Lake Michigan



aquatic environment is reduced to a minimum. The

only sure control is the replacement of these trouble-

some insecticides with less persistent materials.

See Appendix for chemical names of compounds mentioned in this

paper.
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PESTICIDES IN SOIL

Organochlorine Insecticide Residues in Soils and Soil Invertebrates

from Agricultural Lands

Charles D. Gish'

ABSTRACT

Soils and earthworms and other soil invertebrates were col-

lected from 67 agricultural fields in eight States. Samples

were analyzed by gas chromatography for DDE, ODD,
DDT, aldrin, dieldrin, endrin, hcptachlor, hcptachlor epox-

ide, and gamma-chlordane insecticides. Organochlorine in-

secticides in soils averaged 1.5 ppm, dry weight, and in

earthworms, 13.8 ppm. Residues in earthworms averaged

nine times that in soils. Residues ranged from a trace to

19.1 ppm in soils and from a trace to 159.4 ppm in earth-

worms. Residues in beetle larvae from two fields averaged

0.6 ppm; in snails from two fields, 3.5 ppm: and in slugs

from four fields, 89.0 ppm. Amounts of insecticides in

earthworms varied directly with amounts in soils. Coefficients

of correlation between residues in soils and residues in earth-

worms usually were significant for DDE, DDD, and DDT
regardless of crop or soil type.

A few investigators have determined the amount of

organochlorine insecticides in agricultural environments

treated with many insecticides. The reports on such

studies have contained data either on residues in soils

(10, 15. 30) or in invertebrates (6, 7, 8). In only two

studies of arable fields in England were residues re-

ported both for soils and for invertebrates (9, 29). No
such reports were available when the present survey

was begun in 1965, and no such studies have yet been

reported for North America. The objectives of the

survey were: ( 1 ) to establish quantitatively the extent

to which the organochlorine insecticides were accumu-

lating in soils and soil invertebrates of agricultural

lands: and (2) to provide clues to the factors which

contribute to the buildup of pesticides in terrestrial

food chain organisms.

Introduction

Persistence of pesticides in the environment was a re-

mote problem when DDT was introduced in 1946 for

the control of agricultural pests. Since then, many

organochlorine insecticides have come into use. The

literature contains many examples of the ubiquitous

distribution of organochlorine insecticides in the en-

vironment (/, //, 21, 22, 26, 28).

The accumulation of insecticide residues from the en-

vironment by earthworms was demonstrated in 1958

by Barker (i). Investigators of terrestrial ecosystems

have since shown that various invertebrates—beetles,

earthworms, and slugs—can accumulate such residues

(4, 9, 14, 17, 18, 19, 20, 23, 24, 29).

I Patuxent Wildlife Research Center, Bureau of Sport Fisheries and

Wildlife, U.S. Department of the Interior, Laurel, Md. 20810.
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Materials and Methods

Soil and invertebrate samples were collected in March,

April, May, and October 1965 from 67 fields planted

to 1 of 14 crops. The fields were located in 22 counties

of 8 States of the Southern and Midwestern United

States. A history of the cropping practices and insecti-

cide treatments of most fields was obtained from the

cooperating farmers.

COLLECTION AND PRESERVATION OF SAMPLES

Invertebrates were selected by the following criteria:

( 1 ) they were sufficiently large and abundant to attract

feeding vertebrates; (2) their degree of mobility re-

stricted them to a small area; and (3) their require-

ments for feeding and development confined them to

the soil. Four faunal types were collected for analysis:

earthworms, insect larvae, slugs, and snails. The earth-

worms were represented by four genera: Allolobophora,
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Diplocardia, Hclodriltis. and Liimhriciis. The beetle

larvae were white gruhs belonging to the family Scara-

baeidae. Slugs belonged to either Deroceras or Liinax;

the large land snails were not identified.

The collection site was limited to the area from which

a sufficient number of earthworms could be obtained

for chemical analysis. In the sampling procedure earth-

worms were obtained first, other invertebrates next, and

soil cores last, so that the collection site of the soil

cores corresponded exactly to the area required to ob-

tain an adequate worm sample.

Soil samples consisting of 10 cylindrical cores. 1 inch

deep by 2'4 inches in diameter were collected where

possible. When the soil was too crumbly to obtain

cores, a shovel was used to collect the samples. All

visible roots, stems, rocks, and soil animals were re-

moved in the field. Soil texture determinations were

made in the field; confirmatory identifications were

made in the laboratory. Soils were placed in acetone-

rinsed wide-mouth quart jars fitted with enamel lids

with rubber seals. Soils were frozen at the end of each

field trip and the holding period before freezing ranged

from 3 days to 6 weeks. Approximately 1 ,000 g of soil

were collected from each site.

Invertebrates were placed in acetone-rinsed 2-ounce

screw-type jars fitted with plastic lids and were pre-

served in a 109?^ formalin solution or were frozen.

Approximately 50 g of each invertebrate were collected

from each site; unfortunately, a few areas were so dry

that less than 10 g were obtained. Before preservation,

all invertebrates were rinsed lightly with water to re-

move excess soil. Invertebrates of different types and

from different sites were preserved separately.

EXTRACTION PROCEDURES—INVERTEBRATES

Extraction procedures for earthworms were similar to

those for tissues as recommended by the Food and

Drug Administration {27). Each invertebrate sample
with its preservative was homogenized in a Waring
blender. Either a 10-g aliquot of a large sample or the

entire amount of a small one was weighed into a beaker

and dried for 48-72 hours at 40 C. The dried samples

were ground with sodium sulfate, and extracted for 8

hours on Soxhlet apparatus using 70 ml of ethyl ether

and 170 ml of petroleum ether. A 25-ml aliquot of

the invertebrate sample was placed on a standardized

Florisil column (60-100 mesh), and the pesticide was
cluted with either 150 ml of 5% ethyl ether in petro-

leum ether or 250 ml of 15% ethyl ether in petroleum
ether.

Total micrograms of lipids were determined by evap-

orating to dryness a 25-ml aliquot of the extract.
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EXTRACTION PROCEDURES—SOILS

Extraction procedures for soils were similar to those

being recommended by the Food and Drug Administra-

tion (27). Soil samples were sifted through a '/s-inch

screen. Twenty grams of each sample was weighed into a

beaker with 50 ml of water. After 1 hour the sample

was transferred to a 1 -quart Waring blender jar, ex-

tracted for 3 minutes with 200 ml of acetonitrile, and

filtered through a glass wool plug into a 1 -liter separa-

tor. To the solution 200 ml of petroleum ether and

250 ml of tap water were added and the separator was

shaken for 2 minutes. The petroleum ether layer was

decanted from the remainder, washed two times with

600-mI portions of tap water, and dried with 10-15 g of

sodium sulfate. The remaining portion was transferred

to a flask through a glass wool plug. The remainder of

the cleanup steps were identical to those for inverte-

brates except that the entire soil sample was placed on

a Florisil column.

Soil moisture was determined by transferring from

2-10 g of soil to a porcelain crucible and placing the cru-

cible into a 100 C vacuum oven for 5 hours. The cooled

sample was weighed for moisture determination and

then placed into a 550 C muffle furnace for 4 hours.

The cooled sample was weighed then to calculate the

organic fraction. Soil pH was determined by adding

50 g of water to 5 g of soil in a beaker. The beaker

was placed on a magnetic stirrer and read to the nearest

0.1 unit on a Beckman Zeromatic II pH meter.

DETERMINATION OF RESIDUES

Determinations in the clean extracts were accomplished

with a Barber Coleman 5360 gas chromatograph

equipped with an electron capture (Sr 90) detector.

The column was glass (4 mm by 1.2 m) and was packed

with 5% DC-200 on Chromport XXX (70/90 mesh).

Nitrogen flow rate was 70-90 ml per minute; tempera-

tures were: column, 200 C; injector, 230 C; detector,

240 C. Confirmatory analyses were made by thin-layer

chromatography on approximately 10% of the samples,

or on those samples that presented problems. No thin-

layer chromatography results are presented in this paper.

Gas and thin-layer chromatographic techniques were

similar to those recommended by the Food and Drug

Administration (27).

RECOVERY VALUES
Soil and earthworm samples obtained from an un-

treated field were homogenized separately and divided

into subsamples. Two subsamples of each were analyzed

for organochlorine insecticides. The remaining sub-

samples were fortified with analytical grade compounds

to determine recovery percentages.

Recoveries from two soil subsamples fortified with 0.05

ppm each of p.p'-TiTliT, f),/?'-DDT, p.p'-HrtD, and p.p'-

DDE averaged 112, 111, 129, and 111%, respectively.
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When two soil subsamples were fortified at the 5.0 ppm

level, recoveries averaged 101, 112, 123, and 109%,

respectively. Recoveries from earthworm subsamples

with 0.5 ppm added averaged 109, 100, 106, and 103%,

respectively, and those treated at the 50.0 ppm level

averaged 110. 103, 104, and 106%, respectively.

The addition of dieldrin at 0.05 and 5.0 ppm to each of

two soil subsamples and at 0.5 and 50.0 ppm to each

of two earthworm subsamples resulted in recoveries

averaging 52, 67, 88, and 96%, respectively. When
0.05 ppm of heptachlor and of heptachlor epoxide were

added to each of two soil subsamples, recoveries aver-

aged 64 and 84%, respectively. At the 5.0 ppm level

in soil, recoveries averaged 98 and 94%, respectively.

When two earthworm subsamples were fortified at the

0.5 ppm level, recoveries averaged 93 and 102%, respec-

tively: recoveries averaged 94 and 93%, respectively,

at the 50.0 ppm level.

The untreated subsamples of soil contained a trace of

p.p'-DDT and p.p'-DDE; those of earthworms averaged

0.022 ppm p.p'-DDT. 0.020 ppm p.p'-DDE. and 0.012

ppm dieldrin. Percentage recoveries were not corrected

for amounts in the controls nor were data in the tables

corrected for the percentage recoveries.

RESIDUE VALUES
Residues in soils and invertebrates are expressed as

parts per million (ppm), dry weight. Owing to the

different circumstances under which the samples were

collected, dry weight se;med less variable than wet

weight or fresh weight and, thereby, less subject to

measuring errors. Expressions of residue values as ppm,

dry weight, were 1 .3 times the wet weight values for

soils, and 5.8 times for earthworms.

Limits of detection for residues were 0.005 ppm wet

weight, in soils and 0.015 ppm, wet weight, in inverte-

brates. Values detected below the limits are expressed

as trace amounts.

STATISTICAL EVALUATION
Correlation and regression analysis were used to com-

pare certain aspects of the relationship between soil

and earthworm residues. This technique required that

the trace values be quantified. Quantified trace values

were calculated by dividing the values for the limits of

detection by 2 and expressing the quotient on a dry-

weight basis for each sample.

The data were transformed to logarithms to meet the

normality requirements of correlation and regression

analysis. The untransformed data, containing many

zero, trace, or near-trace values, and a few large values,

were positively skewed. The skewness was consistent

for each residue component as well as for the total

residue load, and it occurred in both soil and earthworm

residues. The transformed data presented a more nearly
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normal frequency distribution, but with a definite tail-

ing of the large residue values. Heath (16) reported

that a tailing effect may persist even after residue data

are transformed to logarithms.

Results and Discussion

RESIDUES IN SOILS

One of 67 soil samples had residues of two insecticides,

22 had three, 16 had four, 24 had five, 3 had six, and

1 had seven (Table 1). DDT, DDE, and DDD oc-

curred in approximately 98, 98, and 93%, respectively,

of the samples (Table 2). All samples with DDT also

contained DDE; only four orchard soils with DDT did

not contain DDD. DDT in 20 samples, DDD in 20,

and DDE in 26 amounted to 0.1 ppm or greater. DDT,

DDD. and DDE accounted for 38, 26, and 23%,

respectively, of the average total amount of all organo-

chlorine insecticides.

Aldrin occurred in about 19% of the samples and

dieldrin in about 55%. Dieldrin was present in each

sample containing aldrin, but only one sample with

aldrin and nine with dieldrin exceeded 0.1 ppm. Nearly

24% of the samples contained endrin. but only in six

samples did the amount exceed 0.1 ppm.

Gamma-chlordane occurred in about 10% and hepta-

chlor epoxide in about 13% of the samples. They

were found in heptachlor-treated pastures in Louisiana

and in cornfields and a peafield in Illinois; the peafield

sample was the only one containing heptachlor. Gamma-
chlordane was found only in soils with residues of

heptachlor epoxide. Heptachlor epoxide in one sample

was the only one of the three that exceeded 0.1 ppm.

The largest amounts and varieties of organochlorine

pesticides were applied to cottonfields and orchards;

pastures received the least. Soil residues reflected in

part the amounts and kinds of insecticides that were

applied (See Table 1). Discrepancies in Table 1 be-

tween amounts applied and residues in soil and inverte-

brates could be due to the length of time between

application and sampling, to different degradation rates,

to inaccurate records of amounts applied, and to sampl-

ing error.

Total organochlorine insecticide residues amounted to

12.3 ppm in an Alabama cottonfield, 13.6 and 18.8

ppm in two Maryland apple orchards, and 19.1 ppm in

a Maryland peach orchard. Pasture soils contained the

least; the largest total amount of all organochlorine in-

secticide residues in pastures was 0.25 ppm in a

Louisiana pasture. The total organochlorine insecticide

content of the soil samples from 39 of the 67 fields

exceeded 0.1 ppm, whereas only 4 samples contained

no more than a trace of any insecticide. Many fields

with a history of no organochlorine insecticide applica-

tion, or with an unknown history, contained only trace

243



amounts. Samples from these fields were convenient

checks on the chemical and sanipling methods.

RESIDUES IN EARTHWORMS
One of 67 earthworm samples had residues of two

insecticides, 5 had three, 29 had four, 28 had five. 3

had six. and 1 had seven (Table 1). DDT and DDE
occurred in ever>' earthworm sample; DDD was found

in all but four (Table 3). Forty samples with DDT,
37 with DDE, and 31 with DDD contained at least 0.1

ppm of those residues. Six samples with DDT, five with

DDE. and seven with DDD exceeded 10.0 ppm of those

compounds. DDT, DDD, and DDE accounted for

approximately 46, 24, and 19"^, respectively, of the

average total amount of all organochlorine insecticides.

Aldrin was found in 10*^ of the samples and dieldrin

in 76'~f . Dieldrin was found in each earthworm sample

containing aldrin. Two samples with aldrin and 28

with dieldrin exceeded 0.1 ppm. Endrin occurred in

39^^ of the samples: 20 samples exceeded 0.1 ppm
endrin. Heptachlor, heptachlor epoxide, and gamma-
chlordane were found in earthworms collected in

Louisiana and Illinois. Heptachlor was detected in one

sample. Gamma-chlordane was found in 10% of the

samples and heptachlor epoxide in 13%; only four

samples exceeded 0. 1 ppm of either.

Earthworms from cottonfields. cornfields, and orchards

contained the highest residues; those from pastures con-

tained the lowest. The total organochlorine insecticide

content of earthworms was 114.67 ppm in a Louisiana

cottonfield. 159.43 ppm in an Alabama cottonfield,

89.37 ppm in a Missouri cornfield. 20.91 and 48.52

ppm in two Maryland apple orchards, and 112.06 ppm
in a Maryland peach orchard.

Residues in worms from a Louisiana pasture (No. 18)

totaled 108.9 ppm. The large amount of residues in

worms from this pasture sample could not be accounted

for by the history of the insecticide application or the

residues in the soil. Since the residue readings of both

soils and worms were double checked and found ac-

curate, the lack of agreement between soils and worms
in Louisiana No. 18 was considered an unreasonable

question.

SOIL-EARTHWORM RFIATIONSHIP
Soil samples were classified by crops grown and by
soil textures in an attempt to reveal the factors which

influence the amount of residues thai earthworms may
obtain from the soil. These data were then analysed

by correlation and regression techniques. Less than

three fields were sampled from those planted to alfalfa,

clover, oats, peaches, peas, sorghum, and soybeans;

therefore, correlation and regression techniques could

not be used to compare residues in samples planted to

those crops (Table 4).
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The relationship of the amount of residues in earth-

worms to the amount of residues in soil, when soils

were classified by crops, is shown in Table 4. Coeffi-

cients of correlation were significant (p<0.05) for DDE
in apple, corn, and cotton crops; for DDD in apple and

cotton crops; for DDT and metabolites in apple, corn,

cotton, and rice crops: and for the total organochlorine

insecticide content in apple, corn, and cotton crops.

The variability of the correlation coefficients from one

residue component to another and from one crop to

another may be due to unevenly distributed residues in

the fields. Apple orchards and cottonfields usually were

sprayed with DDT. Stringer and Pickard (24, 25)

found that the use of DDT in apple orchards resulted

in more residues under trees than between trees. All

but one of the orchard samples in this survey were

collected under trees. Insecticides were uniformly dis-

tributed in the ricefields, because the fields were flooded

during and after pesticide application. In cornfields,

insecticides were applied in bands extending several

inches to each side of the rows or were sprayed. Pas-

tures generally were not treated, but when they were,

spraying usually was directed toward specific targets

such as fire ant mounds. Thus, the insecticide distribu-

tion was more uniform in apple orchards under the

trees, in cottonfields, and in ricefields than in cornfields

and pastures. Earthworms from apple orchards and

cottonfields contained amounts of residues which were

proportionately greater than in their corresponding soil

samples and less variable than residues in worms from

other crops.

Soil textures were not determined for 16 Louisiana

pastures. The remaining 51 were grouped into 4 primary

types—sand loam, silt loam, clay loam, and clay. Co-

efficients of correlation between residues in the worms
and residues in the soils (Table 5) were significant

(p<0.05) in all soil textures for DDE and for total

organochlorine insecticide content, in all but clay soils

for DDD. in clay loam and clay soils for DDT, and in

silt loam soils for dieldrin.

When soils were classified by crops or soil textures, the

relationship between residues in earthworms and soils

varied greatly from one insecticide compound to the

next. In this study the number of significant coefficients

of correlation between residues in soil and worms ap-

peared to be in close agreement with the published

results on the persistence of organochlorine insecticides

in the soil (12) since correlations were higher for the

more persistent insecticides. The coefficients of corre-

lation between DDF. in soils and worms were highly

significant (p<0.0l) for all soil textures and most

crops. Fewer significant relationships were found for

DDD, DDT, and dieldrin (Table 5), and no significant

relationships were found for the less persistent aldrin.
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endrin, gamma-chlordane, heptachlor, and heptachlor

epoxide compounds.

Although DDT was reported to be the most persistent

of the organochlorine insecticides (12), no literature

was cited on the relative persistence in soils of DDT,
DDD, and DDE. Not as many significant coefficients

of correlation between soils and worms were found for

DDT as for DDE or DDD. This may indicate that

DDE and DDD are more persistent in soils than DDT
and that earthworms metabolize DDT to the more stable

DDE and DDD.

Organic content of the soil was determined for each

sample. The average organic content in sandy loam soils

was 2.98% of the total soil weight; in silt loam soils,

3.81%; in clay loam soils, 4.03%; and in clay soils,

6.70%. Percentage organic matter was tested by analysis

of variance and found significantly greater (p<0.05)

in the clay soils and significantly less (p<0.05) in the

sandy loam soils; there was no significant difference

between silt loam and clay loam soils. Although organic

content of soils has been shown to increase retention

of residues in soil (2, 13), the ability of earthworms to

accumulate insecticide residues from the soil appeared

unaffected by soil organic content.

The soil and earthworm samples were collected from

the same site within a field (paired samples), but they

did not always contain the same insecticides (Table 1).

There were 20 soil or earthworm samples with dieldrin,

10 with endrin, 9 with DDD, 8 with aldrin, 6 with

gamma-chlordane, 6 with heptachlor epoxide, and 1

with DDE and DDT whose corresponding paired

samples contained no detectable levels. Earthworms

may not contain the same kinds of residues as the soils

from which they were collected simply because they

were recent arrivals to the sample site. This may be

especially relevant for worms collected from the fields

in which the residues were unevenly distributed. Earth-

worms also appear capable of metabolizing some com-

pounds into other forms, especially unstable compounds

such as aldrin and heptachlor.

RATIO: STORAGE/EXPOSURE
A ratio of storage to exposure was calculated by divid-

ing the average amount of residue in the worms by the

average amount in the soils (Table 3). The ratios varied

with the chemical, but the largest ratios belonged to the

most persistent compounds. Each insecticide on the

average appeared to be present in greater amounts in

earthworms than in soils. These ratios are a guide for

relating residues in worms to those in soils. They are

not the true "concentration factors" found in many food

chain studies.
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OTHER SOIL INVERTEBRATES
When soil invertebrates other than earthworms could be

found in sufficient quantities, a sample was collected at

the same site as the soil and worm samples. Adequate

numbers of beetle larvae were collected from two sites,

slugs from four sites, and snails from two sites. The
beetle larvae averaged 0.62 ppm organochlorine insecti-

cides; soils from the same sites averaged a trace, and

worms averaged 0.19 ppm. The slugs, collected at

four sites, averaged 89.0 ppm, the soils 6.7 ppm, and

the worms 24.0 ppm. The snails, analyzed with their

shells, averaged 3.5 ppm; soils and worms from the

same sites averaged 10.9 and 40.1 ppm. Residues in

snails were lower than those in earthworms; residues in

earthworms were lower than those in slugs. The differ-

ences may be due to dissimilar feeding habits. Some
differences were due to the inclusion of the snails'

shells in the analysis.

The amounts of organochlorine insecticide residues in

the beetle larvae were 3.3 times those in earthworms

from the same sites. Residues in slugs were 3.7 times

those in worms from the same sites. At sites with

snails, earthworm insecticide levels were 11.5 times

those of snails with their shells.

Summary and Conclusions

Earthworms from 38 fields contained organochlorine

insecticide residues exceeding 1 .0 ppm, dry weight; the

amounts ranged from 1.08 to 159.43 ppm. Earth-

worms from 15 of those fields contained amounts rang-

ing from 12.14 to 159.43 ppm. The worms contained

more parts per million of insecticides than did their

corresponding soil samples as can be seen by the storage-

exposure ratios. Amounts of insecticides in the soils

from the above-mentioned 38 fields generally were

higher than amounts in the soils of the remaining fields.

The correlation between residues in earthworms and

residues in soils was less variable for samples collected

from cotton- and ricefields and under apple trees than

for samples from fields planted to other crops. The

correlation of residues in earthworms to residues in

soils was more consistent for samples collected from

clay loam and silt loam soils than for samples collected

from sandy loam and clay soils. Although there were

differences in the organic content of the soil types,

organic content did not appear to influence the ability

of earthworms to acquire insecticides from the soil.

The correlation between residues in soils and in earth-

worms was consistent for certain compounds in spite

of the classification of soils by crops and soil textures.

The greatest number of significant coetTicients of correla-

tion between residues in soils and in worms occurred

for DDE. Fewer significant correlations occurred for
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DDD, DDT, and dicldrin: none occurred for the re-

maining insecticides. The insecticides known to persist

longest in soils were the ones with the greatest numher

of significant correlation coefficients.

Earthworms are a major food item for various species

of hirds. moles, salamanders, shrews, and snakes, and

during ilic spring .ind fall they are occasional food items

for other species. Since the kinds of invertehratcs

analyzed in this survey are typical of those readily con-

sumed hy vertebrate species, the amount of residues in

these invertebrates becomes important. Evidence is

available that the amount of residues found in worms
from 1.'^ of the fields is within the range of levels found

to kill birds in short-term feeding studies (5). Residues

in invertebrates from 38 fields

—

51^c of those sampled

—could kill some vertebrate species directly in short-

term feeding or lead to indirect effects on the ccosvstem

through impairing reproduction, altering behavior, or

disrupting species composition (//).
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TABLE 2.

—

Soils: organochlorine insecticides (ppm dry weight) in 67 fields

Pesticide



TABLE 5.

—

Coefficients of correlation between residues in soil and earthworm samples

(ppm, dry weight) when arranged by soil type



APPENDIX

Chemical Names of Compounds Mentioned in This Issue

ALDRIN

BHC

7-CHLORDANE

DDD (TDE)

DDE

DDT (including its isomers and
dehydrochlorination products)

DIELDRIN

ENDRIN

HEPTACHLOR

HEPTACHLOR EPOXIDE

LINDANE

MALATHION

METHOXYCHLOR

METHYL PARATHION

TOXAPHENE

Not less than 95% of l,2.3.4,10,l(}-liexachloro-l,4,4a,5,8,8a-hexahydro-l,4-eiido-fA-o-5,-8-dimethanonaphthalene

1,2, 3.4,5,6-hexachlorocyclohexane, mixed isomers

1.2,4.5,6.7,8.8-octachloro-3a,4.7,7a-telrahydro-4.7-methanoindane, gamma isomer

l.l-dichloro-2.2-bis(p-chlorophenyl)ethane; technical DDD contains some o,p'-isomer also.

l,l-dichloro-2,2-bis{p-chlorophenyl) ethylene

l.l.l-trichloro-2.2-bis(p-chlorophenyl)ethane; technical DDT consists of a mixture of the p.p'-isomer and the

o,p'-isomer (in a ratio of about 3 or 4 to 1)

Not less than 85% of 1.2,3,4,10,10-hexachloro-6,7-epoxy-l,4.4a.5.6,7,8,8a-octahydro-l,4-fHiio-«o-5,8-dimethano=

naphthalene

1,2, 3,4, 10. 10-hexachloro-6,7-epoxy- 1,4.4a, 5,6,7, 8,8a-octahydro-l.f«do-e/ido-5,8-dimethanonaphthalene

l,4,5,6,7,8,8-heptachloro-3a,4,7.7a-tetrahydro-4.7-methanoindene

l,4,5,6,7,8,8-heptachIoro-2,3-epoxy-3a,4,7,7a-tetrahydro^,7-methonoindan

1,2, 3,4, 5,6-hexachlorocyclohexane. 99% or more gamma isomer

diethyl mercaptosuccinate. 5-ester with 0.0-dimethyl phosphorodithioate

l,l,l-trichloro-2,2-bis(p-methoxyphenyl) ethane

0,0-dimethyl 0-p-nitrophenyl phosphorothioate

chlorinated camphene containing 67% to 69% chlorine
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Information for Contributors

The PFSTinni; ^foNnoRlN^. Journai welcomes from

all sources qiialilled data and interpretive information

which contribute to the understanding and evaluation

of pesticides and their residues in relation to man and

his environment.

The publication is distributed principallv to scientists

and technicians associated with pesticide monitoring,

research, and other programs concerned with the fate

of pesticides following their application. Additional

circulation is maintained for persons with related in-

terests, notably those in the agricultural, chemical manu-
facturing, and food processing industries: medical and

public health workers: and conservationists. Authors are

responsible for the accuracy and validity of their data

and interpretations, including tables, charts, and refer-

ences. Accuracy, reliability, and limitations of the

sampling and analytical methods employed must be

clearh' demonstrated through the use of appropriate

procedures, such as recovery experiments at appropriate

levels, confirmatory tests, internal standards, and inter-

laboratory checks. The procedure employed should be

referenced or outlined in brief form, and crucial points

or modifications should be noted. Check or control

samples should be employed where possible, and the

sensitivity of the method should be given, particularly

when very low levels of pesticides are being reported.

Specific note should be made regarding correction of

data for percent recoveries.

Preparation of manuscripts should be in con-

formance to the Styi F Manu.m for BioioGirAi

JouRNAt s, American Institute of Biological

Sciences, Washington. D. C . and/or the Styi f

Manual of the United States Government Print-

ing Office.

An abstract fnot to exceed 200 words) should

accompany each manuscript submitted.

All material should be submitted in duplicate

f original and one carbon) and sent bv first-class

mail in flat form- not folded or rolled.

Manuscripts should be i\pcd on 8'/2 x II inch

paper with generous margins on all sides, and
each page should end with a completed para-

graph.

All copy, including tables and references, should
be double spaced, and all pages should be num-
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bered. The first page of the manuscript must

contain authors" full names listed under the title,

with affiliations, and addresses footnoted below.

Charts, illustrations, and tables, properly titled.

should be appended at the end of the article with

a notation in text to show where they should be

inserted.

Charts should be drawn so the numbers and texts

will be legible when considerably reduced for

publication. All drawings should be done in black

ink on plain white paper.

Photographs should be made on glossy paper.

Details should be clear, but size is not important.

The "number system" should be used for litera-

ture citations in the text. List references alpha-

betically, giving name of author/ s/, year, full title

of article, exact name of periodical, volume, and

inclusive pages.

Pesticides ordinarily should be identified by common
or generic names approved by national scientific so-

cieties. The first reference to a particular pesticide

should be followed by the chemical or scientific name
in parentheses—assigned in accordance with Chfmic^l

Abstracts nomenclature. Structural chemical formulas

.should be used when appropriate. Published data and

information require prior approval bv the Editorial

Advisory Board; however, endorsement of published in-

formation by any specific Federal agency is not intended

or to be implied. Authors of accepted manuscripts will

receive edited typescripts for approval before type is set.

After publication, senior authors will be provided with

1 00 reprints.

Manuscripts are received and reviewed with the under-

standing that they previously have not been accepted for

technical publication elsewhere. If a paper has been

given or is intended for presentation at a meeting, or if

a significant portion of its contents has been published

or submitted for publication elsewhere, notation of such

shouki be provided.

Correspondence on editorial and circulation matters

should be addressed to: Mrs. Syhio P. O'Rear. Editorial

Manager. Pi;sticidf Monitoring Journai. Pesticides

Program. Food and Drug Administration. 4770 Buford

Highway. BIdg. 29, Chamblee. Georgia .^0,^41.
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