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The physical and chemical properties of poly- 
chlorinated biphenyls (PCB's) are ideal for use in a 
wide range of industrial and commercial materials such 
as plastics, polymer films, water-proofing compounds 
and putty, asphaltic materials, printing inks, waxes 
and synthetic adhesive (1,2). Because of the numerous 
applications of PCB's, they are widely distributed in 
the environment and have reportedly contaminated a 
number of wildlife species (3,4,5). It has been point- 
ed out that residues of PCB's may interfere with the 
detection and analysis of certain organochlorine 
pesticides (5). Recently, Armour and Burke (6) have 
successfully dealt with this problem and described a 
silicic acid column method for separating PCB's from 
DDT and its analogs. The extensive distribution of 
PCB residues in the environment and their potehtial 
hazards have stimulated increased interest in these 
compounds. 

Polychlorinated biphenyls were used in the 
formulation of some paints and sealents which are used 
on silo walls. Since there is no level of PCB's con- 
sidered safe in milk at the present time, it is 
important to have information on the potential contami- 
nation of silage by contact with silo walls sealed with 
materials containing PCB's. Several dairy farmers in 
Kentucky were recently prevented from shipping milk 
because of significant levels of PCB residues in their 
milk. In addition, several other dairy farmers were 
notified that samples of their milk contained trace 
levels of PCB's and they would be prevented from 
shipping their milk if the levels were not maintained 
or reduced. One of the silos involved in the above 
mentioned actions had been coated 9 years earlier with 
a sealent containing PCB's. 

Our study was initiated to determine the level and 
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distribution of PCB contamination in corn silage from 
several silos thought to be coated with sealents con- 
taining PCB's. Samples of silo wall chips also were 
examined for PCB residues, and limited laboratory tests 
were conducted on the solubility of PCB's in water and 
in a water extract of silage. 

Experimental 

Materials. A sample of Aroclor 1254 for experi- 
mental use was obtained from the Kentucky Department of 
Health. A standard hexane solution of this material 
was prepared for gas chromatographic analysis so that 1 
microliter of solution contained 1 nanogram of Aroclor 
1254. 

Apparatus. A Varian Aerograph series 1700 gas 
chromatograph equipped with an electron capture detec- 
tor and a glass column, i0' x 1/8", containing 4% SE 30 
and6% QF 1 (i:i mixture) on Anakron ABS 80/90 mesh was 
used for these studies. Operating conditions were as 
follows: nitrogen 35 ml/minute; column temperature, 
195~ injector temperature, 200~ detector tempera- 
ture, 200~ standing current, 1.28 x 10 -8 AMPS. The 
recorder speed was I0 inches per hour. 

Extraction and Cleanup of Samples. A 25-g 
sample of corn silage was homogenized for 3 minutes 
with 300 ml of a hexane-isopropyl alcohol (2:1) mixture. 
The homogenate was filtered and the filtrate transferr- 
ed to a separatory funnel. The alcohol was removed 
from this mixture by washing with 300 ml of a 2% NaCI 
solution. The corn silage sample was homogenized a 
second time with 150 ml of benzene, filtered and the 
benzene was added to the hexane. This mixture was 
concentrated to approximately 2 ml and added to a 
florisil column (2). The column, 22 mm I.D., was 
packed with 25 g of activated florisil, with approxi- 
mately one inch of anhydrous sodium sulfate added to 
the column. The PCB's were eluted with 200 ml of 
hexane. The hexane was concentrated to i0 ml for gas 
chromatographic analysis. It was established that DDT 
and its analogs were not present in sufficient quanti- 
ties to interfere with the quantitation of the PCB's. 
Therefore, separation of the 2 groups of materials on 
a silicic acid column was not necessary. 

The extraction and cleanup of the silo wall chips 
were similar to that employed for silage except that a 
5-g sample of silo wall chips was ground in a mortar 
with 25 ml of the isopropyl alcohol-hexane mixture and 
then a second time with 25 ml of benzene. The column 
cleanup was the same as above. 

410 



Collection of Samples. Silage samples were 
removed from the top of silos that ranged from 12 to 16 
feet in diameter. At certain distances from the silo 
wall, towards the center, a silage sample was collected. 
A sample representing each distance from the wall con- 
sisted of a composite of silage from 6 sampling sites. 
Small chips from each silo wall were taken from 6 
points of the exposed wall. All samples were kept 
frozen until analyzed. 

Solubility Experiments. An attempt was made to 
determine the amount of PCB's that would dissolve in 
water or in a water extract of silage. For this 
purpose 5 g of the silo wall chips obtained from farm 
C were placed in flasks with 45 ml of water or with 45 
ml of a water extract of silage in the other. The 
silage extract was prepared by homogenizing 50 g of a 
silage sample, previously shown to be free of PCB 
residues, with 200 ml of water. The filtered water 
from the silage had a pH of 4.3. The flasks were 
incubated at 37~ with shaking for intervals up to 72 
hours. For analysis, 15-ml aliquots were filtered 
through Whatman No. 5 filter paper to remove the 
suspended particles. The samples were extracted with 
hexane, passed through a bed of anhydrous sodium sulfate 
and concentrated to 10 ml. 

Determination of PCB Residues. Aroclor 1254 is a 
mixture of chlorinated biphenyls which produced 17 
peaks when analyzed by gas chromatography (Fig. i) . 
Since pure standards of each peak were not available, 
a problem relative to how to quantify the residues of 
PCB's in silage and silo wall samples existed. However, 
this problem was not too great in this particular study 
because the relative peak heights were the same in 
Aroclor 1254, in silo wall chippings and in the silage 
(Fig. i, Table i). Because of this, only peaks J and 
M were used for quantification. The standards were 
injected frequently into the gas chromatograph during 
the analysis and in amounts which approximated the 
levels of residues in the samples. Owing to inter- 
ferring materials, peaks A, B, C and O, P, Q (Fig. i) 
were not always evident in the silage samples. 

Results and Discussion 

Gas chromatographic analysis of silo wall chips 
from the farms included in this study demonstrated that 
they did contain Aroclor 1254 residues (Fig. I). Scan 
II in Fig. 1 is representative of the results obtained 
from the silo chips and is identical to scan I which is 
a technical sample of Aroclor 1254. The data shown in 
Fig. 1 were obtained using a 10 ft column. HoweveD a 
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Figure  1. G a s  c h r o m a t o g r a p h i c  
a n a l y s i s  of  (I) a t e c h n i c a l  s a m p l e  
of  Aroclor  1254 and (II) of  an  e x t r a c t  
of s i l o  w a l l  c h i p s  from farm B. See 
m e t h o d s  s e c t i o n  for  o p e r a t i n g  
p a r a m e t e r s .  
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6 ft column yielded identical results except that 
peaks B, C and H, I were not resolved completely. The 
farm A silo contained very small amounts of PCB 
residues, having an average concentration of only i0 
ppm. Farm B contained 10,000 ppm residues of PCB and 
farm C approximately 2,000 ppm. 

In the silage, the greatest amounts of residues 
were in material collected within the first 6 inches of 
the wall (Table 2). The relative peak heights given in 
Table 1 show that the PCB's in the silage were similar 
to Aroclor and that the number of peaks were identical. 
The residue declined rapidly as the distance from the 
wall increased and none were detected in samples taken 
4 to 6 ft from the silo wall. Silage samples taken at 
0 to 2 inches from the wall contained extremely high 
residues and may have resulted, in part, from small 
flakes of the sealent in the silage. One sample 
collected 0-i inch from the wall of silo C, for example, 
contained 60 ppm residues of PCB's. However, samples 
taken at the 2-to 4-inch distance also contained high 
levels of PCB residues which indicated that the con- 
tamination of the silage was not caused entirely by 
mechanical means. 

A decrease in residues was noted in silage samples 
taken from farm C after a 6 month period. Perhaps the 
lower levels of PCB residues detected in the second 
sampling reflect a loss of the PCB as a result of their 
movement with the liquids which had drained from the 
sampling area. 

It was clear from the laboratory experiments that 
PCB's from the silo wall chips would contaminate 
distilled water and a silage extract in which they were 
placed. The silage extract contained 0.42 ppm after 72 
hours (Table 3). These data suggest that the PCB's 
contaminate silage by being dissolved in the silage 
liquor which, in turn, moves from the wall, and down- 
ward, spreading the PCB's over a wide area. This con- 
tamination may be enhanced by the action of automatic 
feeding devices working inside the silo which mix highly 
contaminated silage near the wall with that near the 
center. 

In some top feeding silos a layer of silage 3 to 
6 inches thick sometimes remains against the walls of 
the silo and does not mix with the rest of the silage. 
As shown in this study, the silage nearest the walls 
contained the greatest residues of PCB's and if that 
portion of silage was discarded, it is very unlikely 
that contamination of the silage would be sufficient 
to cause contamination of the milk and meat of animals. 
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TABLE 3 

Level of PCB Residues in Distilled Water and in an 
Aqueous Extract of Corn Silage at Various Intervals 
after the Addition of Silo Wall Chips from Farm C 

Hours of 

Incubation a 

24 
48 
72 

PPM Residues in 

Distilled water 

0.02 
.03 
.06 

Silage extract 

0.16 
.25 
.42 

asilo chips incubated, with shaking, at 37~ 

Unlike farms B and C, the silo wall chips from farm 
A contained only small amounts of PCB's and the silage 
was free of these residues. Since PCB residues had 
been reported in the milk of cows on farm A, it was 
obvious that there was another source of contamination. 
Further search for the PCB source on farm A revealed 
that the feed troughs were the contributing sources. 
These troughs had been coated with a sealent containing 
Aroclor 1254, and chips from the bottom of the troughs 
contained 8,000 ppm of residues. Care will be required 
to prevent accidental contamination of animal feed due 
to the large number of materials that contain PCB's and 
the potential of silage and other feed to pickup PCB 
residues. 

In all samples analyzed, except one, the various 
components of the Aroclor 1254 mixture appeared to move 
into and contaminate the silage in an equal manner. 
This indicated that there was little or no selectivity 
in solubility of movement of the compounds that make up 
the Aroclor material in the silo walls. With the one 
exception mentioned above, peaks E, G and L (Fig. i) 
were present at twice the amount of the rest. This 
occurred in the sample from farm B taken 36-48 inches 
from the silo wall and the total residues levels were 
very small. It is possible that the mobility of the 
components of Aroclor 1254 may vary to some degree. 
Obviously, more information concerning the compounds 
in the Aroclor mixture, and other PCB-containing 
products, must be obtained before their toxicological 
significances as residues in milk and other food 
products can be completely assessed. 
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