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ABSTRACT 

Drums c o n t a i n i n g  chemical waste p roduc t s  have been found on a domestic waste 

dump i n  a po lde r  n o r t h  o f  Amsterdam. The wastes  were analyzed and found t o  con ta in  

po lych lo r ina t ed  benzenes,  chlorophenols ,  2,4,5-T, hexachlorocyclohexanes and tetra- 

d i f o n .  The c o n c e n t r a t i o n s  found were a t  t h e  weight % l e v e l .  2,4,5-T was contamina- 

t e d  with 2.5 mg kg-' 2,3,7,8-tetrachlorodibenzo-p-dioxin ( T C D D ) .  

Since 1960 about 10000 drums were dumped i n  t h e  po lde r .  The o r i g i n  of  most o f  

t h e  drums was a chemical p l a n t  producing p e s t i c i d e s .  The waste was a by-product 

of  a p u r i f i c a t i o n  p rocess .  

I n  1963-1969 t h e  dump was covered with s o i l  and sediment o f  watercourses ,  and 

af ter  t h a t  p a r t l y  used f o r  g raz ing  cows and sheeps.  S e t t i n g  o f  t h e  dump was t h e  

cause t h a t  i n  l a te r  y e a r s  t h e  drums came t o  t h e  s u r f a c e  o f  t h e  p a s t u r e  s o i l  and t o  

t h e  s u r f a c e  o f  t h e  s i d e s  o f  t h e  surrounding watercourses .  Seve ra l  drums which were 

r u s t e d  through came i n  d i r e c t  c o n t a c t  with t h e  s u r f a c e  water. Samples were analyzed 

from water, sediment ,  farm animals  and w i l d l i f e .  

INTRODUCTION 

I n  t h e  p e r i o d  1925-1930 a domest ical  waste dump came i n t o  use  10 km nor th  o f  

Amsterdam i n  a po lde r  area with many d i t c h e s  and c a n a l s .  U n t i l  now y e a r l y  about 

7.10 kg o f  r e f u s e  were dumped i n  an area of  6.105 m2. The dump was s i t u a t e d  from 

3-5 m below t h e  o r i g i n a l  s o i l  s u r f a c e  u n t i l  5 m above t h i s  l e v e l .  Since 1960 a l s o  

chemical waste p roduc t s  were dumped. A f t e r  dumping,the domest ical  waste and drums 

were covered wi th  s o i l  and sediment of  watercourses  and after t h a t  used f o r  gra-  

z ing  of  cows, pon ie s  and sheep. 

7 

I n  s p r i n g  1980 a worker o f  t h e  Municipal Environmental Laboratory o f  Amsterdam 

observed a g r e a t  number o f  rus t - ea t en  and mechanical ly  damaged drums d i spe r sed  

over  t h e  s u r f a c e  of  t h e  s o i l  and i n  t h e  water of  d i t c h e s  and cana l s .  About 250 

drums were v i s i b l e  of  which 28 were s e l e c t e d  and t h e  c o n t e n t s  analyzed.  Af t e r  t h e  

a n a l y s i s  c o n t a c t  was made with t h e  chemical i n d u s t r y  which dumped t h e s e  drums. 
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Since 1960 about  10000 drums were dumped, o f  which 8000 c o n t a i n i n g  by-products 

of  t h e  t e t r ach lo robenzene  product ion and 2000 c o n t a i n i n g  by-products of  t h e  l i n d a n e  

(y-hexachlorocyclohexane-) product ion.  The t e t r ach lo robenzenes  were used for  t h e  

product ion o f  2,4,5-T. 

Besides samples of t h e  c o n t e n t s  o f  t h e  drums, a l s o  samples were taken o f  t h e  

environment of t h e  dump e.g.  s u r f a c e  water and sediment ,  f a t  o f  farm animals which 

grazed for  y e a r s  on t h e  dump and w i l d l i f e .  I n  Fig.1 a map of t h e  dump i s  given with 

sampling s i t e s  of s u r f a c e  water and sediment i n d i c a t e d .  

+ waterflow 

sampling sites 
::.:::.::. .'.. chemical waste dump 

\ 
Fig.1 Map o f  t h e  dump with Sam l i n g  s i tes .  5 ( c e n t r e ,  C )  .3 ( l o c k  S ) ,  9 b r l d g e ,  

J )  and 10 (Bozenmeert je ,Bfare  o f  s p e c i a l  i n t e r e s t .  8 is t .ance 3 to 5: (00; m. 

ANALYTICAL METHODS 

The a n a l y t i c a l  methods used are summarized i n  Table 1 .  

RESULTS 

Drums 

From t h e  250 v i s i b l e  drums on t h e  dump 28 drums were s e l e c t e d  fo r  a n a l y s i s .  I t  

was t r i e d  t o  s e l e c t  drums with d i f f e r e n t  c o n t e n t s .  I n  Table 2 t h e  c o n c e n t r a t i o n s  

( i n  weight % )  of chlorobenzenes and H C H ' s  i n  some c h a r a c t e r i s t i c  drums are given.  

I n  view o f  t h e  low c o n c e n t r a t i o n s  found, t h e  c o n c e n t r a t i o n s  o f  6-HCH, a l d r i n ,  d i e l -  

d r i n ,  hep tach loor ,  heptachloorepoxide,  e n d r i n ,  TDE, 0.p'-DDT, p.p'-DDE and p.p'-DDT 

are no t  given i n  t h e  t a b l e .  I n  Table 3 t h e  c o n c e n t r a t i o n s  ( i n  weight % )  o f  t h e  chlo- 

rophenols  i n  t h e  same drams are given. 1.R.-spectra were made of  a l l  t h e  chemical 

waste samples. 
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TABLE 1 

Summary of a n a l y t i c a l  methods 

Compound Matrix Extract ion Clean-up Detection Reference 

chloroben- waste PE none GLC-ECD 
zenes water PE none GLC-ECD 

sediment acetone L/L p a r t i t i o n  GLC-ECD 
f a t  PE alumina column GLC-ECD 
milk PE none GLC-ECD 

chloro- waste toluenq 
phenols water toluene 

sediment toluene 
f a t  PE 
milk toluene 

L/L p a r t i t i o n  der .  GLC-ECD 1 
L/L p a r t i t i o n  der .  GLC-ECD 1 
L/L p a r t i t i o n  der .  GLC-ECD 2 
L/L p a r t i t i o n  der .  GLC-ECD 
L/L p a r t i t i o n  der. GLC-ECD 

~~~~~~~ ~~ ~~~ 

organnchlo- waste PE none GLC-ECD 3 
r i n e s  e.g. water PE alumina column GLC-ECD 3 
HCH’ s , sediment acetone L/L p a r t i t i o n ,  GLC-ECD 4 
D D T ’ s ,  alumina column 
“drins‘’ fa t /mi lk  PE/acetone alumina column GLC-ECD 5 

t e t r a d i f o n  waste acetone none GLC-ECD 

2,4,5-T waste chloroform 
water chloroform 

preext rac t ion  der .  GLC-ECD 6 
o f a l k a l i n e  so- der .  GLC-ECD 6 
l u t  ion 

v o l a t i l e o r - w a t e r  purging and t rapping none GLC-ECD 7 
ganohalo- 
gens e.g. 
CHC1, 

to luene,  water purging and t rapping none 
benzene, 
ethylben- 
zene 

GLC-ECD 7 

polycycl ic  water cyclohexane alumina column HPLC 
aromatics sediment acetone/cyclohexane s i l i c a g e l  co- HPLC 

( l : l ) ,  cyclohexane lumn 

heavy metals water none none AA 8 ,  9 
sediment Par r  bomb none AA 8 ,  9 

TCDD waste PE none GLC-MS 10 

ex t rac tab le  waste PE 
organic 
ch lor ine  

pyrolysis  microcoulo- 1 1  
meter 

PE . = petroleum e t h e r  (b . r .  40-60OC) 
der .  = d e r i v a t i z a t i o n  
waste = chemical waste products 
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TABLE 2 

Chlorobenzenes and hexachlorocyclohexanes (in weight %) in drums containing 

chemical waste products- 

Drum Chlorobenzenes HCH 
~~ 

1,2- + 1,2,3- + 1,2,4- 1,2,3,4- 1,2,4,5- Penta Hexa a- y- 
1,3- + 1,3,5- 
1,4- 

~ ~~~ ~ 

A -  - 1.7 44 22 30 2.3 0.09 0.29 
- 1.2 - B -  1.9 0.93 95 - - 

c -  - - - - - 1.9 96 2.6 
- - - - - 0.08 0.81 - 

E 1.2 0.02 0.17 0.61 0.32 0.21 - 0.06 - 
D -  

"-" non detectable (<0.05%) 

TABLE 3 

Chlorophenols (inweight % )  in drums containing chemical waste products 

Drum Mono Di Tri excl. 2,4,5- 2,4,5-Tri Tetra Penta 

A - 0.14 - 0.044 - 0.44 
B - 0.04 - 0.006 - 0.006 
C 0.23 0.061 0.93 
D - 0.018 0.32 2.9 0.26 0.027 

E 

- - - 

- - - - - - 

'I-" non detectable (<0.005%) 

It showed that drum D, which contained 2.9% trichlorophenol, contain 2,4,5-T and 

drum E tetradifon. 2,4,5-T appeared to be contaminated with 2.5 mg kg-' 2,3,7,8- 

tetrachlorodibenzo-p-dioxin (TCDD). TCDD was determined by high resolution mass 

spectrometry (Ref.10). 

13 of the 28 drums contained a mixture of chlorobenzenes with low concentrations 

of chlorophenols (up to 1%), 5 drums contained a mixture of HCH's, 2 drums contained 

2,4,5-T, 1 drum contained tetrachlorodifon and 7 drums contained soil. Besides the 
individual organochlorine compounds, also the sum of extractable organic chlorine 

was determined. The results of this parameter confirmed the gas chromatographic 
results. 

Surface water and sediment 

Samples of surface water and sediment were analyzed for chlorobenzenes, organo- 

chlorines, chlorophenols, heavy metals and polycyclic aromatics. The water samples 

were also analyzed f o r  aromatics, 2,4,5-T and volatile organic halogen compounds. 

Samples were takeg at 24 sites in and around the dump. The results of 4 sampling 

sites are given in Fig.2-4 and in Table 4 and 5. 
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in sediment 

-1 
Fig.2 Chlorobenzenes in sediment (in ug kg-’, dry weight) and in water (in,Ug 1 ) 

at C, S, J and B (see Fig.1). 

Chloropheds 

- 1  
Fig.3 Chlorophenols in sediment (in vg kg , dry weight) and in water (in ug 1-1 ) 

at C, S, J and B (see Fig.1). DCP = dichlorophenols,TCP = trichlorophenols, 
TeCP = tetrachlorophenols, PeCP = pentachlorophenol. 
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Fig.4 Heavy metals in sediment (in mg kg-', dry weight) at C, S, J and B (see 

Fig. 1 ) . 
TABLE 4 

Volatile organic halogens in water (in pg 1-l) of 4 sampling sites (see also Fig. 
1) and in river Rhine (Ref.12) 

Compound Centre Lock Bridge Bozenmeer- Rhine 
(5) (3) (9) tje (10) 1979 

dichloromethane <0.01- 0.30 0.02-1.60 <0.01-0.01 <0.01 2.0 -20 
1,l-dichloroethene (0.01- 2.8 0.01-0.10 <0.01-0.01 50.01 0.3 -80 
trichloromethane 0.01- 1.2 <0.01-0.05 0.01-0.90 0.01-0.03 1.5 - 6.0 
l,l,l-trichloroethane <0.01- 10 <0.01-0.02 0.01-0.10 <O.Ol CO.01- 0.5 
tetrachloromethane 0.50-250 0.03-4.2 0.20-2.5 0.20-0.40 0.5 -10 
trichloroethene 0.01- 1.0 0.02-0.06 3.6 <0.01 0.2 - 1.5 
1,1,2,2-tetrachloroethane 0.06- 4.0 0.01-1.4 0.01-5.7 0.01-0.04 ni 

ni = not investigated 

TABLE 5 

Maximum concentration of HCH's in water (in pg 1-l) and sediment (in mg kg 

weight) at sampling site 3 

-1 , dry 

Compound Water Sediment 

'a-HCH 0.27 0.13 
Y-HCH 0.05 0;04 
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The 2,4,5-T concentrations in water were at sampling kite 51 6.5 ug l-l, 3: 

5.0 l-l, 9: 2.5 gg 1-1 and 10: 0.06 ug 1-l. 

Water and sediment samples taken at sampling site 5 were analyzed for polycyclic 

aromatics. The sum of fluoranthene, benz (k) fluoranthene, be.iz (b) fluoranthene, 

1-12 benzperylene, benz (a) pyrene and indenopyrene was in water 0.49 p g  1 

in sediment 8.5 mg kg-' (dry weight). 

-1 
and 

Farm animals 

Samples of lamb, pony and 'cow which grazed on the dump were analyzed. The re- 

sults and the maximum residue limits are given in Table 6. The milk was also ana-. 

lyzed for chlorophenols. 2,3,6-, 2,3,5- and 2,4,5-trichlorophe~ol and pentachloro- 

phenol were found. After removing the cows fromthe dump, the cplorophenol concen- 

trations decreased below the limit of detection. 

TABLE 6 

Chlorobenzenes and organochlorines (in mg kg 
-1 fat base) in farm animals 

Compound Lamb Pony Cow Cowmilk MRL (Ref.13) 

Fbrk Milk 
meat 

n=7 n=2 

1,2,4,5-tetrachlorobenzene 
1,2,3,4-tetrachlorobenzene 
pentachlorobenzene 
HCB 
a-HCH 
BHCH 
Y-HCH 
p.p'-DDE 
TDE 
dieldrin 
heptachlorepoxide 

ni 
ni 
ni 
1.57 
0.02 
0.15 
0.02 
0.04 
- 
- 
0.02 

0.24 

0.08 
0.09 

- 

17 
15 
0.65 
0.02 

0.03 
0.01 

- 

ni 
ni 
ni 
0.02 
0.02 
0.01 
0.01 
0.03 
0.02 

0.01 

- 

- 
- 
0.11 0.5 0.3 
0.03 
0.04 
0.01 2 0.3 
- * * 

1.25 1.25 

- 0.5 0.15 

- ** ** - 0.2*** 0.15*** 

ni = not investigated * = sum of DDT's 
non detectable ** = including aldrin 11-11 = 

*** = including heptachlor 

Wildlife 

Fat samples of buzzard, pheasant, pigeon, duck, rabbit, daphnia magna, white 

bait, eal and a goose-egg were analyzed for  chlorobenzenes and organochlorines. 

The results are summarized in Table 7. The concentrations in rabbit, duck, phea- 
sant and pigeon were very low and are not given. In goose-egg on fat base were found 

1,2,4,5- and 1,2,3,4-tetrachlorobenzene (2.6 resp. 1.3 mg kg-'), pentachloroben- 

zene (6.6 mg kg-'), HCB (0 .9 mg kg-l) and 6-HCH (0.7 mg kg-'). 
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TABLE 7 
Chlorobenzenes and organochlorines ( i n  mg kg-', f a t  base)  i n  w i l d l i f e  
~~ ~ 

Compound Environment chemical waste dump Hollandsch Lauwers- 
Diep meer 

Buz- Daphnia White Eel Eel  Eel 
zard magna b a i t  1977 (Ref.14) 1977 (Ref.14) 

1,2,4,5-tetrachlorobenzene 19 
1,2,3,4-tetrachlorobenzene 25 
pentachlorobenzene 185 
HCB 73 
a-HCH 2.9 
0-HCH 460 

p.p'-DDE 40 
p . p ' -DDT ,0.6 
TDE 1 .o 
d i e l d r i n  4.2 
heptachlorepoxide 2.9 

Y-HCH - 

13 
14 
17 
4.3 
1.4 
2.9 

4.3 

- 
- 

14  

2.0 
8.0 
1.2 
2.0 

6.7 
12 
13 
1.9 
1.8 
1.4 
0.2 
0.5 
0.3 
3.6 - 

n i  
n i  
n i  

0.28 
10 

0.15 
0.98 

2.7 
* 

0.51 
n i  

n i  
n i  
n i  

0.11 

0.04 
0.35 

0.39 

0.17 

* 

0.12 
n i  

n i  = not inves t iga ted  
non de tec tab le  11-11 = 

* = sum of DDT's  

DISCUSSION 

From t h e  r e s u l t s  presented i n  Fig.2-3 it follows t h a t  t h e  concentrat ions of chlo- 

robenzenes and chlorophenols i n  water decrease with t h e  d is tance  of t h e  sampling 

s i t e s  t o  t h e  cent re  of t h e  dump. From t h e  r e s u l t s  i n  Table 4 it follows t h a t  t h e  

contamination of v o l a t i l e  organic halogens near t h e  dump a r e  lower than measured i n  

t h e  r i v e r  Rhine i n  1979. 
In  sediment r e l a t i v e l y  high concentrat ions of chlorobenzenes, H C H ' s  and chloro- 

phenols are found near t h e  lock.  Chlorophenols a r e  a l s o  found a t  a g r e a t e r  d i s tance  

t o  t h e  dump. The concentrat ions of  heavy metals i n  sediments near t h e  lock were 

lower than at  t h e  cent re  of t h e  dump. 

The concentrat ions of chlorobenzenes and H C H ' s  i n  water and sediment a r e  at  t h e  

Rhine water l e v e l  (Ref.3 and 15) .  Chlorophenols, espec ia l ly  3,5-, 2,3,6-, 2,4,5-, 

2,3,5,6- and pentachlorphenol i n  sediment a r e  higher  than i n  an a r e a  with Rhine 

sediment, t h e  Ketelmeer (Ref.2). So t h e  aquat ic  environment of the  dump can be  com- 

pared with a surface water po l lu ted  by chemical industry.  

HCB was found i n  lamb i n  concentrat ions above t h e  Dutch maximum residue l i m i t .  
High concentrat ions ofa-, 8- and y-HCH were found i n  f a t  of pony. Chlorophenols 

were found i n  cowmilk. A f t e r  removing t h e  cows from t h e  dump t h e  concentrat ions de- 

creased below t h e  l i m i t  of detect ion.  

High concentrat ions of chlorobenzenes and organochlorines were found i n  f a t  of 
daphnia magna, white b a i t  and e e l .  Especial ly  e e l  was contaminated with H C H ' s  i n  

comparison with e e l  from other  po l lu ted  a rea ' s  i n  t h e  Netherlands e.g. Hollandsch 

Diep, t r i b u t a r y  of t h e  r i v e r  RliPne. 
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The concentrations of chlorobenzenes and organochlorines were low in fat of 

rabbit, pheasant, duck and pigeon. 
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