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Polychlorinated biphenyls (PCB's) are worldwide 
environmental contaminants which are generally toxic, resistant 
to degradation, and have been detected in organisms at all 
trophic levels. Although the combination of their chemical and 
physical properties and the processes which distribute and 
transport these xenobiotic substances results in their 
concentration in the coastal-estuarine ecosystem (WAL~H, 1972) 
few investigations have been reported which address the results 
of exposure of estuarine vegetation to PCB's and other 
chlorinated hydrocarbons. 

The present study was conducted as part of an investigation 
of the role of Spartina alterniflora Loisel. (saltmarsh 
cordgrass) in the movement of chlorinated hydrocarbons in the 
estuarine ecosystem. Uptake of 14C-polychlorinated biphenyls 
has been reported (MROZEK et al. 1981). Chromatograms which 
confirm that the 14C-radioactivity represents PCB molecules, 
appeared to indicate that PCB uptake by S. alterniflora was 
selective for the early eluting (i.e., lesser chlorinated) 
components of a technical PCB mixture, Aroclor | 1254. The 
purpose of the present investigation was to I) provide further 
evidence that S. alterniflora represents a potential pathway for 
the movement of chlorinated hydrocarbons in the estuarine system 
using the PCB's as model chlorinated hydrocarbons, 2) determine 
if uptake of PCB's by ~. alterniflora is a selective process, and 
3) assess the effect of selective uptake on the reliability of 
concentration estimates based on the use of standard-sample 
chromatogram comparisons for concentration estimates. 

1 Paper No. 6964 of the Journal Series of the North Carolina 
State University Agricultural Research Service. 

2 Mention of a trademark or proprietary product by North 
Carolina State University at Raleigh does not imply approval of 
the products named to the exclusion of other products that may be 
suitable. 
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MATERIALS AND METHODS 

Plant materials. Plants of S. alterniflora were collected 
from a marsh fringe in the Morehead City channel east of the 
state Port Authority area, Morehead City, NC (34 ~ 43' N, 76 ~ 41' 
W). The plants were transported to the greenhouse facility with 
the roots and rhizomes covered with sand and saturated with water 
from the channel (salinity = 18 parts per thousand). 

PCB material. Analytical grade Aroclor @ 1254 (Monsanto 
Co.) Lot AM 51 was supplied by the Food and Drug Protection 
Division Laboratory, North Carolina Department of Agriculture. 

Culture vessel establishment. A total of 0.3 mg of 
Aroclor ~ 1'254 was applied to 3.0 kg of washed coarse river 
bottom sand contained in 5.5 buckets. The chemical was applied 
in a benzene: hexane (i:i) solution and sufficient time was 
allowed for solvent evaporation before the sand was mixed to 
homogeneously distribute the chemical. Five plants of S. 
alterniflora were planted in the treated soil and immediately 
watered with i of nutrient solution from the Southeastern Plant 
Environmental Laboratories, North Carolina State Unit (Phytotron) 
(DOWNS and BONAMINIO 1976). Salinity of the initial nutrient 
solution was adjusted to 15 ppt with Instant Ocean @ . Initial 
water levels were recorded and maintained by daily additions of 
nutrient solution. The final PCB concentration was 1.0 or 0.75 
ppm based on soil dry weight or soil and water weight, 
respectively. 

Plant sample preparatio n . Plants were harvested after a 
90-day growth period with average minimum and maximum daily 
temperature of 15.32 0.2 and 31.4 0.5 ~ respectively (n=90). 
Aerial portions (stems and leaves) and belowground portions 
(roots and rhizomes) were separated, washed with tap water for 
gas chromatographic examination by methods outlined in MROZEE et 
al. (1981). 

Soil sample preparation. One-kg soil samples were collected 
from each pot and air dried. Subsamples (75g) were extracted and 
cleaned up by the procedure referenced above. Untreated samples 
fortified with known concentrations of PCB and analyzed indicated 
a 93.0% recovery efficiency for all samples and thus, no 
correction factor was used in estimating PCB concentrations in 
sample materials. 

Gas chromatography. A Model MT 220 (Tracor, Inc.) gas 
chromatograph equipped with a 63Ni electron capture detector 
was used in this study. Two column systems were used for PCB 
determinations: i) U-shaped glass (183 X 0.63 cm; 0.4 em i.d.) 
packed with 4% SE 30 + 6% OV-210 on Gas Chrom Q (80/100). 
Nitrogen was the carrier gas with a flow rate of 70 ml/min.; 2) 
U-shaped glass (183 x 0.63 cm; 0.2 cm i.d.) packed with 3% OV-I 
on Gas Chrom Q (60/80). Nitrogen flow rate was 38 ml/min. 
Attenuation was held constant for both systems and sample 
concentrations were adjusted by serial dilution for 
chromatography under the set conditions. 
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Duplicate injections of samples were bracketed by injections 
of known amounts of standard. The resulting chromatograms were 
used to determine the retention times of standard and sample 
peaks. Peak height measurements of 17 consistent peaks (1-17) on 
column 1 were used to determine shifting in the relative 
intensities of the components of the sample extract and compared 
with those of standard Aroclor | 1254. PCB concentrations were 
estimated by measuring the heights of 13 consistent peaks (A-M) 
resolved with column 2. Three different PCB concentration 
estimates were based on i) the height of the 13 individual peaks, 
2) the mean of the 13 estimates, and 3) the total height of all 
13 peaks by proportional height comparisons to chromatograms of 
the analytical standard. 

RESULTS AND DISCUSSION 

Preliminary chromatograms of Aroclor | 1254 were used to 
define the peaks to be used for assessment of soil and plant 
tissue samples. Designation of peak numbers (letters) was based 
on consistent separation, general shape, and reliable retention 
times. This analysis produced 17 peaks (1-17) on column i 
(Figure 7). Although responses were observed with retention 
times less than that of peak 1 (4.14 min.), these components were 
only present in the standard at trace levels. Chromatograms of 
the standard material produced on column 2 yielded 15 peaks (A-O) 
(Figure 7). 

Retention times of Aroclor | 1254 peaks, and those 
extracted from soil, belowground tissues, and aerial tissues on 
both chromatography systems are summarized in Table 4. Retention 
times for peaks in chromatograms of soil extracts exhibited the 
greatest similarity to those of standard material. All 
designated peaks were detected in soil extracts while belowground 
and aerial plant tissue samples did not contain detectable levels 
of some of the more chlorinated (i.e. later eluting) components 
in chromatograms produced on column I. Peak 17 from belowground 
tissues and peaks 15 through 17 from aerial tissue samples were 
not present at detectable levels. Additionally, peak 8 was 
detected only at trace levels in the aerial tissue extracts. 
Similar results were obtained on column 2 (Table 5). Retention 
times of PCB's from soil extracts were nearly identical to those 
of the standard. Later eluting components (peaks L-O) were not 
present in all tissue samples or were entirely missing, as in the 
aerial tissue samples. 

Increasing absence of the later eluting components in the 
progression from soil, to belowground tissues, to aerial tissues 
suggests that the uptake of PCB's by ~. alterniflora is selective 
for the lesser chlorinated (i.e., early eluting) components of 
Aroelor | 1254; similar to that seen in carrot plants (IWATA et 
al. 1974). In order to examine the possibility of selectivity, 
height measurements of the 17 peaks detected on column 1 were 
normalized to percent height of peak 5 for all samples and mean 
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Figure I. (A) Chromatogram of 3.5 ng of Aroclor | 1254 on 
column 1 (4% SE 30 and 6% OU 210 on Gas Chrom Q; 80/100); 
Attenuation, 16 X 102 . Peak numbers correspond to those in 
Figure C and Table I. (B) Chromatogramic of 1.6 ng of Aroclor | 
1254 on column 2 (3% OV 1 on Gas Chrom Q; 60/80); Attenuation, 
16 X 102 . Chromatographic conditions described in methods and 
materials. (C) Relative height of chromatographic peaks 
designated in Figure A. Calculated as percent height of peak 5 
for ~ standard (Aroclor | 1254), ~ belowground tissue 
samples, ~ aerial tissue samples, and ~ soil samples. 
Brackets represent 1 standard error and the number above the 
bracket indicates the number of samples used in calculating the 
standard error. 
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relative height for each peak in each sample was plotted (Figure 
7). This analysis demonstrates that the early components (peaks 
I to 4) are enhanced relative to the standard in both types of 
tissue sample. Also the relative height of peaks from tissue 
sample extracts with retention times greater than 9.06 min were 
reduced. Conversely, the relative height for peaks in 
chromotograms of soil samples were reduced for the early eluting 
components and equal to or greater than the relative height of 
the standard for peaks 6 through 17. 

Shifting of the chromotographic pattern of Aroclor | 1254 
as a result of PCB uptake by S. alterniflora indicates that this 
process alters the character of the PCB mixture. Enhancement of 
the early eluting components in belowground tissues is probably a 
result of the water solubility of the variously chlorinated 
cogeners. However, further shifting of the pattern towards the 
lesser chlorinated components in the aerial tissues suggest that 
some alteration of the mixture occurs within the plant. These 
findings are very similar to those reported by IWATA et al. 
(1974) with Aroclor | 1254. 

The assumption underlying the quantitation of 
multi-component residues by the direct comparison of 
chromatograms of standard and samples is that the standard 
material continues to represent compounds extracted from samples. 
Chromatograms of soil and plant tissue extracts exhibited 
differences relative to the standard. In order to determine the 
analytical implications of these differences, PCB concentrations 
were estimated based on height measurements of 13 individual 
peaks. Concentration values were calculated i) for each of the 
13 peaks, 2) the mean of the 13 individual values, and 3) on the 
sum of peak height measurements, relative to the Aroclor | 1254 
standard. The results of these calculations are summarized in 
Table 5. Soil sample concentration based on the 13 individual 
peaks was found to be the most consistent and ranged from 0.025 
to 0.051 ppm, with a mean value of 0.044 ppm, which was nearly 
equal to the value calculated by summing the peak heights (0.039 
ppm). Belowground tissue concentrations were consistently an 
order of magnitude greater than the soil samples. Soil values 
ranged from 0.869 to 0.270 ppm with a mean value of 0.429 ppm and 
this also was nearly equal to the value calculated on total peak 
height (0.562 ppm). Belowground tissue values appeared to 
reflect the increased importance of the early eluting components, 
but this was more apparent in values calculated for aerial 
tissues. Individual peak concentrations for aerial tissue 
samples ranged from 0.001 to 0.485 ppm with the first 4 peaks 
(A-D) contributing values from 0.051 to 0.485 ppm. The mean of 
the individual peak values was 0.055 ppm which was approximately 
twice that of the value calculated on total peak height. 

It is evident from the above results that estimation of PCB 
concentrations by the direct comparison of plant tissue extracts 
and standard material results in estimate values which are of 
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questionable accuracy. This problem might be partially 
eliminated by the use of multiple technical mixture standards and 
estimating PCB concentration based on the standard which most 
closely resembles the sample extract in retention time and peak 
height patterns. A more accurate alternative to the use of 
multiple standards would be the use of chlorine addition 
reactions to convert all of the PCB material to 
decachlorobiphenyl, similar to that outlined by TANABE (1976). 
The advantage of this procedure is that it provides an estimate 
of total chlorobiphenyl based on a single chromatographic 
response. 

Summary and Conclusions 

The results of this study supply additional evidence that S. 
alterniflora represents a potential pathway for the mobilization 
of PCB's from estuarine sediments. The uptake process does not 
appear to be uniform for all of the components of the technical 
PCB mixture, Aroclor | 1254. Increased relative height of the 
early eluting components suggests selective uptake of the lesser 
chlorinated components. The resulting alteration of the 
chromatographic pattern is sufficient in some samples to warrant 
the use of analytical techniques other than standard-sample 
chromatograph comparisons for the determination of sample 
concentration. 
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