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Abstract

Phytotoxicology Survey Report:

UCAR Cïirbon Canada Incorporated

Welland - 1992 & 1993

Report No: SDB-002-35 12-94

In 1992 and 1993 surveys involving collection of soil and foliage samples, with subsequent

analysis for polynuclear aromatic hydrocarbons (PAH) were conducted in the vicinity of UCAR
Carbon Canada Incorporated in Welland. This company manufactures carbon and graphite elec-

trodes. The soil samples collected near the plant were clearly contaminated by PAHs emitted by

UCAR. Evidence of this source-related contamination was restricted to the immediate vicinity of

the plant. Tree foliage contamination indicated current, ongoing deposition.
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1 Introduction

Union Carbide Canada Limited operates a carbon and graphite electrode manufacturing

facility in Welland. This UCAR Carbon Canada Incorporated plant is located on an 'L' -shaped

property in the southern part of the city. It consists of several buildings and other structures, dis-

tributed over approximately 40 hectares. In this report, this facility will be referred to as UCAR.

The primary raw materials for the production of carbon and graphite electrodes are anthracite

coal or petroleum coke and coal tar pitch. The process involves mixing the raw materials, forming

or extruding the mix, and baking at high temperatures. Graphite electrodes are produced by

impregnating the carbon electrodes with more pitch and baking again.

Due to the nature of the raw materials and the high temperatures involved, the production of

carbon and graphite electrodes is associated with emissions to the atmosphere of a variety of organic

compounds.

One group of compounds that could be emitted are polynuclear aromatic hydrocarbons,

commonly known by the acronym, PAH. Chemically these compounds consist of carbon and

hydrogen atoms in two or more benzene rings. The properties of individual PAH compounds are

determined by the number and orientation of these rings. Coal tar pitch consists primarily of PAHs.

In April 1992, the MOEE Welland District Office requested that the Phytotoxicology Section

conduct a survey that would evaluate the impact of PAH emissions by UCAR on the residential

neighbourhoods near the plant.

2 Survey Design

The Phytotoxicology Section utilizes soil and vegetation as indicators of airborne contam-

inants. A typical survey design consists of one or more transect lines originating at the suspected

source of the contaminant. At regular intervals long these lines, homogeneous receptors are located

and sampled.

This approach was not amenable to the UCAR survey. The UCAR property had numerous

potential sources ofPAH compounds. Residential properties were located in the north through east

quadrant. The other quadrants contained industrial properties and transportation corridors, or were

vacant or agricultural land.

The residential neighbourhoods that were the focus ofconcern with respect to PAH deposition,

offered the greatest potential for locating suitable homogeneous receptors. The receptors would be

soil from undisturbed yards and tree foliage from a common species. A typical sampling site

consisted of a rear yard of a single-family house with a lawn grass cover and a silver maple tree.

The house would be at least 25 years old and discussions with the occupant would attempt to

eliminate properties were new sod had recently been laid.

SDB-002-35 12-94 1



A total of 15 properties were selected for sampling of the two receptors. Thirteen of these

were in the UCAR vicinity and two control properties were located about 3.5 kilometres to the

north. All but one of the properties met the criteria described above. The exception was Site 13,

which was located on the grounds of a hospital instead of being a rear yard of a residential property.

The distribution ofthe target properties covered the residential quadrant in a relatively uniform

manner. Figure 1 shows the location of the 13 UCAR-area sites in relation to the UCAR buildings.

Table 1 lists the geographic coordinates of the sampling sites according to the 6° Universal

Transverse Mercator (UTM) projection.

Figure 1 : Location of Sampling Sites - UCAR Carbon Canada Incorporated Survey
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Table 1 : Sampling Site UTM Coordinates



TheLSB routinely analyses soil and vegetation samples for 16 PAH compounds. The rationale

for selecting these 16 compounds is related to the adoption of the US-EPA analytical methods by

LSB.

The Appendix contains information about these 16 compounds in the form of structural and

molecular formulas, molecular weights and boiling points. The order of presentation is based on

the molecular weight and structural complexity. High molecular weight PAHs have high boiling

points and are more likely to persist in soil and vegetation. Eight of these compounds, those on the

right side of the appendix page, are considered possible or probable human carcinogens (Menzie

et al, 1992)'.

In 1992, the sampling was conducted on September 15. A workload backlog at the laboratory

prevented analysis and the samples were held in a refrigerator (i.e. unfrozen) for about ten months.

There was concern that PAH compounds present in the 1992 samples may have degraded in storage.

Consequently, the survey was repeated on July 23, 1993. Analyses of ail samples were completed

by October, 1993.

4 Results

The concentrations of individual PAH compounds in each soil and foliage sample are listed

in Tables 2 through 5. Eighty-eight percent of the foliar concentrations of PAHs were below the

analytical detection limits, indicated by the code '<W'. Virtually all remaining foliar concentrations

were qualified with the code '<T', indicating a measurable trace quantity. Only one datum was not

qualified. Soil concentrations were generally of sufficient magnitude to be reported without qual-

ifiers.

Prior to attempting an interpretation of these data, some simplification of the information was

required. The most basic simplification would have been to total the concentrations of the 16 PAHs

in each sample. However, because many of the data were qualified, the concept of 'Net Total' was

developed. A 'Net Total' concentration was calculated by summing the individual PAH concen-

trations as reported and then subtracting the sum of the individual detection limits (<W values). A

'Net Total' concentration can be described as the tqtal of individual PAH concentrations above the

detection limits.

This approach treated each sample equally and provided a single datum representing a PAH

concentration above a certain base level. This base level was 380 nanograms per gram, which was

the sum of the <W detection limits of the 16 PAH compounds. The 'Net Total' concentrations are

presented in the respective Tables 2 through 5, and are plotted as histograms in Figures 2 and 3.

1 Menzie, C.A., B.B. Potocki and J. Santodonato, Exposure to Carcinogenic PAHs in the Envi-

ronment, Envi. Sci. Technol. Vol. 26. No. 7, 1992
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Table 2: PAH Concentrations in Surface Soil (ng/g d.w.)

UCAR Survey- 1992

Site 1



Table 3: PAH Concentrations in Surface Soil (ng/g d.w.)

UCAR Survey -1993

Site 1



Table 4:



Table 5: PAH Concentrations in Silver Maple Foliage (ng/g f.w.)

UCAR Survey -1993

Site 1



Figure 2:
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5 Discussion

Polynuclear aromatic liydrocarbons are widely distributed in the environment. Natural sources

include forest and prairie fires and volcanic eruptions. Any process that involves high temperature

pyrolysis of naturally occurring organic material, such as coal, is a potential source of PAHs. Coke

production is one such source. PAHs are also present in a variety ofproducts derived from petroleum

hydrocarbons, such as asphalt. Consequently, it is quite common to encounter PAHs in the envi-

ronment where there are no near-by point sources.

5.1 PAHs in Soil

The sampling sites in this survey contain a wide range of soil PAH concentrations. However,

these sites can be assigned to three groups according to the relative magnitudes of the 'Net Total'

concentrations.

Figure 2 reveals that soil from Site 2 contains about 20,000 nanograms per gram (ng/g) of

these PAHs. This is by far the highest concentration encountered. A group of nine sites

(1,3,4,5,6,10,11,12,13) have concentrations in the 1,000 to 5,000 ng/g range. The third group

contains five sites (7,8,9,14,15) with soil concentrations below 1,000 ng/g.

The sites within each group are located at different relative distances from the UCAR
property. Site 2 is located within 200 metres of some of the UCAR process buildings. The second

group includes sites within the residential neighbourhoods to the north and east of UCAR. The

third group consists of sites that are furthest from UCAR, and includes the two control sites. This

pattern implicates UCAR as the source of the PAHs in the soil.

The data also suggest that the UCAR influence is limited to the immediate vicinity of the

plant. PAHs in soil at Sites 8 and 9, the most distant of the UCAR-area sites at about 1 .5 kilometres

from the nearest UCAR building, are very similar to the control Sites 14 and 15.

With this limited data set, it is not possible to delineate the contamination zone with certainty.

The concentrations encountered in the soil at a given site would be influenced by the intensity of

the deposition and the length of time that the soil was exposed to such deposition. A property that

had new soil added or indigenous soil tilled would likely have lower concentrations than a

neighbouring property which was not amended.

The data also contain some discrepancies. Samples collected from the same site in the two

successive years usually have similar concentrations. This suggests that the effect of the 1992

sample analysis delay was minimal. However, on occasion the concentrations of PAHs in the

paired samples differed. The 1992 Sites 6 and 13 "Net Total" soil concentrations were about

SDB-002-35 12-94 10



threefold higher than the respective 1993 concentrations. The Site 6 discrepancy can be ascribed

to sampling in different parts of the yard. The location of the 1992 sample was found to be disturbed

during the 1993 visit and a sample had to be collected from a different part of the yard.

The 1992 Site 13 sample had relatively high concentrations of PAHs when compared to

sites closer to, or at similar distances from, UCAR. There may be a local source responsible for a

heterogeneous distribution of PAHs in soil at this site. One possibility is runoff from an asphalt-

paved parking lot which is very close to and uphill from the sampling site.

Frequently when there are complicating factors such as alternate sources of an identical

contaminant, or variable receptor exposure period, it becomes very difficult to ascribe a con-

taminant to a source. However, if the source is sufficiently large, these compUcations are relegated

to the status of minor anomalies. This is the case for PAH emissions by UCAR. The emissions

and deposition of PAHs are of significant magnitude and duration that they have contaminated

the soil on various residential properties in the vicinity of the source.

5.2 PAHs in Foliage

The PAH in silver maple foliage data are dominated by one observation; namely that the

foliage at Site 2 contains a quantity of PAH compounds substantially higher than at other sites.

The "Net Total" concentrations of PAHs were 577 and 421 ng/g, on a fresh weight basis, in 1992

and 1993, respectively. Virtually all other samples had concentrations below 100 ng/g, with the

exception of the 1992 sample from Site 11. Since the 1993 sample from the same tree had a much

lower concentration, the 1992 datum is considered an anomaly.

The quantification ofPAHs in tree foliage is not a routine procedure for the Phytotoxicology

Section. The experience is limited to collection of foliage samples near three tire fires in 1990.

PAHs were not detected in such samples at two small fires, near Kingsville and Gormley. They

were detected on spruce needles collected near the Hagersville tire fire. Unfortunately, a con-

centration comparison is not possible because the Hagersville samples were processed in a different

manner. The needles were washed with a solvent and the solvent analyzed.

The presence of PAHs in the silver maple foliage samples from Site 2 indicates an active

deposition process. Assuming that the uptake of PAHs from soil is minimal, these compounds

could only have accumulated between the time the foliage emerged in the spring and the time of

sampling. This is contrary to the situation in soil where PAHs would accumulate as long as

microbial degradation or photo-oxidation of the PAH compounds was slower than the rate of

deposition. Therefore, foliar PAH concentrations should reflect concentrations in the ambient air

during the current growing season, whereas soil PAH concentrations should reflect longer-term

deposition.

SDB-002-35 12-94 11



5.3 UCAR-Area Soil PAHs in Perspective

To this point, this report has identified PAH soil contamination, ascribed it to the UCAR
operation, and delineated, in broad terms, its intensity and geographic extent. It remains to place

this contamination into perspective by comparing the UCAR concentrations to those encountered

elsewhere. Table 6 compares the 1993 concentrations detected at UCAR Sites 2 and 3 to con-

centrations encountered during two 1990 background soil surveys, one in Toronto and the other

in Windsor.

The Toronto survey was conducted by SENES Consultants Ltd.^ and involved samphng 30

municipal parks in the urban core of the City of Toronto. The Windsor survey was conducted by

the MOEE Phytotoxicology Section^ and sampled 12 parks throughout the City of Windsor. In

both cases the soil samples were collected from the top five centimetres in the same manner as in

the UCAR survey. The Toronto and Windsor concentrations represent individual park sites with

the highest frequencies of maximum concentrations, and therefore represent 'worst-case' soil

contamination by PAHs from a variety of background sources in an urban environment.

Table 6:



This comparison reveals that the soil PAH concentrations encountered at UCAR Site 2

clearly exceed the concentrations encountered in the most heavily contaminated Toronto and

Windsor park soil. The concentrations at UCAR Site 3 are very similar to the 'worst-case' sites

in Toronto and Windsor. This is a clear indication that the soil PAH concentrations near UCAR

in Welland are source-oriented and they are higher than normally encountered in an urban

enviroimient.

6 Conclusions

Emissions of PAH compounds by the UCAR Carbon Canada hicorporated plant in Welland

have resulted in the contamination of soil on neighbouring residential properties. The soil PAH

concentrations at survey sites close to UCAR were similar or higher than the highest concentrations

encountered in urban parks during background surveys. The geographic extent of the UCAR

influence on soil appears to be limited to within approximately one kilometre of the plant. The

contamination of tree foliage by PAH compounds indicates current deposition.
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7 Appendix

Molecular Structures, Formulae and Weights and Boiling Points of 16 Polynuclear Aromatic Hydrocarbons
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BP = 218 00?
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MW = 228.30
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