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Polychlorinated biphenyls (PCBs) have received considerable 
at tent ion in the las t  15 years, since studies have shown the i r  
extreme persistence in the world wide environment (Risembrough 
et al .  1968; Jensen et al .  1970). 

Wi l let  and Hess (1975) in the United States have reported resul ts 
of a case of milk contamination by PCBs, p r inc ipa l l y  AROCLOR 1254 
from a s i lo  coating named CUMAR. From the end of 1982 to the 
beginning of 1983 some Swiss Cantonal Laboratories for Food Con- 
t ro l  have detected high levels of PCBs in the milk output from 
several dairy farms at Laufental, in the northwest of 
Switzerland. These invest igat ions showed that the s i lo  coatings 
and consequently the silage from these s i los were at the or ig in 
of the milk contamination. Four farms which produced the most 
polluted milk were investigated, spec i f i ca l l y  to determine PCB 
migration from coating material into the concrete walls and 
si lage. Table 1 gives the character is t ics of these 4 s i los.  This 
paper presents the resul ts of th is  invest igat ion. 

Table 1 : Characterist ics of the 4 s i los investigated 

Silo PCB levels in milk a) Year of construction 
(mg/kg fat  weight) of the s i lo  

A 3,80 1964 

B 0,95 1962 

C 1,30 1968 

D 0,80 1955 

a) Haximum level permited in Switzerland : 0,5 mg/kg fat  weight 
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PCB residues come from a blue, p las t i c  l i ke  coating material which 
has been applied to s i los  when these were b u i l t ,  15 or 20 years 
ago. I t s  funct ion was to f i l l  the concrete pores and reduce the 
surface vulnerable to organic acids at tack. Acid ju ices ,  pr in-  
c i pa l l y  acet ic and l ac t i c  acid, are formed when si lage compo- 
nents ferment. I t  has been shown that  PCBs may be soluble in 
acet ic acid (Hutzinger et al .  1974). I t  is d i f f i c u l t  to estimate 
the formulation of the coating and the number of s i los  which 
have been t reated,  the fac tory  being closed many years ago. 
However, i t  seems that  the name of these coatings were SUPERASCO- 
LIN and SILOGRUEN. 

MATERIALS AND METHODS 

All sampling materials were washed wi th d i s t i l l e d  water, acetone 
and n-hexane. Si lo  coating has been detached by simple scraping 
wi th a kni fe and uniformely homogenized in a mortar before ex- 
t rac t i on .  Silage has been drawn out wi th tweezers, chopped and 
analyzed. Concrete samples from s i los  B, C and D have been taken 
by means of an e lec t r i c  d r i l l  provided with a crown which ex- 
t rac ts  carrots wi th a diameter of 32 mm and a length of 40 mm. 
To exclude contaminations by the crown, external sides of the 
carrots were f i l e d  o f f  wi th a f ine grain f i l e .  Then, to study 
PCB penetrat ion ins ide concrete wal ls ,  the f i l i n g s  taken from 
the carrots at three d i f f e ren t  leve ls ,  each 0,5 cm, were analy- 
zed. At farm A, an e lec t r i c  d r i l l  provided with an auger-bi t  of  
1,5 cm diameter was u t i l i z e d ;  the powder was col lected on alumi- 
nium f o i l  and analyzed. Sand residues from scraping have been taken 
with a scoop, mixed uniformely and analyzed. 
Although al l  precautions have been taken to avoid errors due to 
external contamination of the samples, caution is  recommended 
when examining our tes t  resu l ts .  Extremely high levels of PCBs 
in some samples, for  exo 80'000 mg/kg, do not exclude contami- 
nation during sampling or analysis.  

All solvents and chemicals were pest ic ide grade. Glassware was 
washed as described for  sampling mater ials.  PCB residues from 
s i lage,  concrete and sand residues were extracted by 20 % acetone 
in n-hexane (v /v)  in a mechanical ag i ta to r ,  four times 15 minutes 
each. 
PCBs in coating materials were extracted by 50 % acetone in n- 
hexane (v /v)  also in a mechanical ag i ta to r ,  four times 15 minutes 
each. 

All ext racts were f i l t e r e d  on anhydrous Na2SO 4. Extracts from 
concrete, coating and sand residues were cleaned by ag i ta t ion  
and la te r  cent r i fugat ion  with fuming H2S04,7%. Silage extracts 
were cleaned on a f l o r i s i l  column. Extracts were concentrated 
and in jected in GC-ECD with a cap i l l a r y  column. GC-ECD NiG3 , 
WCOT capi l lary-column SE-54, 30 m x 0,25 mm ID. S p l i t  mode. 
Quant i ta t ive determination was obtained by pattern comparison 
e i ther  wi th an AROCLOR 1260 standard of with one AROCLOR stan- 
dard mixture of 1242, 1254 and 1260. 
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RESULTS AND DISCUSSION 

The chromatograms of PCB residues found in the s i lo  coating of 
a l l  four s i los correspond to AROCLOR 1260 type, f igure I .  Less 
chlorinated biphenyls are also present, but in very low concen- 
t ra t ions.  

Coating of silo A 

F" 

Z 

Aroclor 1260 

Figure 1 : Chromatogram patterns of PCB residues extracted from 
coating materials and Aroclor 1260.(For chromatographic 
conditions see text ) .  
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Silage : Only s i los  A and B s t i l l  had fresh s i lage,  the others 
had only old rests on the bottom or adhered to the s i l o  wal ls.  
Results are shown in f igure  2. 
PCB levels in s i lage from these s i los  decrease as funct ion of 
the logarithm of the distance from the wal l .  Only the f i r s t  cen- 
t imeters of the si lage near the wall can be considered as very 
pol luted. These resul ts  are s im i la r  to those found by d i f f e ren t  
authors in the United States between 1971 and 1974 (Skrentny et 
al 1971, Wi l le t  1974). The old s i lage adhered to the walls had 
high levels of PCB (300 mg/kg or more) and i t  is  not impossible 
that  l i t t l e  scraps of coating materials were present in the 
sample when sampling or analyzing. 
PCB d isso lu t ion  in acid ju i ce ,  mechanical erosion of coatings 
and v o l a t i l i s a t i o n  of the coating surface seem to be the pr in-  
cipal mechanisms which explain the PCB migrat ion from coating 
to s i lage.  In s i l o  A, samples were taken of the si lage having 
a height of one meter. S i lo  B had only a few centimeters of s i -  
lage on the bottom. Differences between PCB levels corresponding 
to the distance from the wal ls are less pronounced than in s i l o  
A. I t  may suggest g rav i ta t iona l  e f fec t  carry away of PCB from 
walls to the bottom and therefore a more uniforme d i s t r i b u t i o n .  
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Figure 3 : PCB migrat ion in to  s i l o  wal ls  

PCB residues in s i l o  wa l ls  : 

General ly PCB residues in the concrete wal ls  were of the same 
type as the PCBs in the coat ings,  i . e .  type AROCLOR 1260. 
However, at farm B, a l thou th  the coat ing analyzed showed PCBs 
as AROCLOR 1260 concrete analyz is  showed an important concen- 
t r a t i o n  of less ch lo r ina ted  isomers l i k e  AROCLOR 1242. I t  could 
be possib le tha t  the coat ing formula in t h i s  s i l o  was d i f f e r e n t  
from the others.  Also, l i g h t  PCB isomers had less v i s c o s i t y  in 
comparison wi th  heavy isomers and thus perhaps they can pene- 
t r a te  more eas i l y  in to  concrete. 

Figure 3 shows PCB concentrat ion ins ide  the concrete wa l l s .  
Curves I ,  2 and 3 correspond to car ro ts  which were taken under 
the coat ing mater ia l  having a high PCB concentrat ion and tha t  
seems to have r e l a t i v e l y  good Conservation. Curves 4 and 5 cor-  
respond to car ro ts  taken where the coat ing mater ia l  was worn. 
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Figure 3 shows that ,  general ly, PCB concentration in the wall 
seems to decrease logar i thmical ly  with depth. Concerning curves 
I ,  2 and 3, i t  seems that contamination affects p r inc ipa l l y  the 
f i r s t  two centimeters. Curves 4 and 5 concern the worn coating 
material and show a weak concentration in the concrete. I t  is 
possible that ,  when the coating is worn, organic acids dissolved 
the PCBs which had penetrated into the concrete. 

The decontamination of s i los polluted with PCB has been realized 
by scraping the walls with a high pressure sand je t .  Residues 
ran between 500 and 700 kg per s i lo  of 80 m 3. Values given in 
table 2 are to be examined with precaution because i t  was impos- 
s ib le to obtain a homogeneous sample of th is  quant i ty of sand. 
Consequently, s i lo  decontamination by sand scraping produces a 
great quant i ty of toxic wastes and i t  is important to correct ly  
eliminate them. The u t i l i sa t i on  of p last ic  fo i l  to cover the 
inside walls may be a less expensive and less pol lut ing a l te r -  
native to s i lo  decontamination. 

Table 2 : PCB levels in sand residues 

Silo PCB concentration (mg/kg) 

A 484 

B 183 

C 1831 

Investigations should be undertaken to study possible contamina- 
t ion of humans resul t ing from consumption of products from dairy 
farms, as well as the ef f ic iency of the decontamination technics. 

We thank the UCPL (Swiss dairy men union) and the Swiss Federal 
Department of Agricul ture for  the i r  aid and support. We are gra- 
teful  to Dr. Muller of the Bern Laboratory of Food Control for  
submitting PCB levels in milk. 
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