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INTRODUCTION 

I n  June 1980% NEIC c o l l e c t e d  w a t e r  and sediment samples f rom t h e  P ine  

R i v e r  t o  document t h e  c o n t a m i n a t i o n  c o n t r i b u t e d  t o  t h e  P ine  R i v e r  by  p r e -  

v i o u s  o p e r a t i o n s  o f  t h e  V e l s i c o l  Chemical C o r p o r a t i o n  ( V C C )  a t  i t s  S t .  Lou- 

i s ,  M ich igan  f a c i l i t y .  

A t  t h e  r e q u e s t  of Region 5, Enforcement D i v i s i o n ,  a d d i t i o n a l  sed iment  

sampl ing was conducted November 20 t o  22, 1981 t o  supplement t h e  June 1980 

sampl ing and t o  more adequa te l y  d e f i n e  t h e  a r e a l  and v e r t i c a l  d i s t r i b u t i o n  

o f  t o t a l  DDT, HBB, and PBB i n  t h e  P ine  R i v e r  R e s e r v o i r .  T h i s  new i n f o r m a -  

t i o n  was needed t o  s u p p o r t  s e t t l e m e n t  n e g o t i a t i o n s  between t h e  r e g u l a t o r y  

agenc ies  and VCC. 

CONCLUSIONS 

The NEIC sediment sampl ing d a t a  showed widespread c o n t a m i n a t i o n  o f  t h e  

P ine  R i v e r  R e s e r v o i r  by  DDT, hexabromobenzene (HBB), and p o l y b r o m i n a t e d  

b i p h e n y l  (PBB). An e s t i m a t e d  56,000 l b  DDT, 10,000 l b  HBB, and 800 l b  PBB 

a r e  c o n t a i n e d  i n  t h e  P ine  R i v e r  R e s e r v o i r  sediments.  

- 
The h i g h e s t  l e v e l s  o f  contaminants  were found i n  t h e  m i d d l e  b a s i n  (sam- 

p l i n g  S t a t i o n s  04 t o  18) o f  t h e  r e s e r v o i r  l o c a t e d  between t h e  VCC P l a n t  

S i t e  j e t t y  and t h e  M i l l  S t r e e t  B r i d g e  [ F i g u r e  11. W i t h i n  t h i s  b a s i n ,  t h e  

h i g h e s t  c o n c e n t r a t i o n  o f  contaminants  was found near  t h e  VCC p l a n t  s i t e  

boundary,  o f f s h o r e  from t h e  former  d i s c h a r g e  p o i n t s  f o r  t h e  VCC o r g a n i c s  

p r o d u c t i o n  area.  The maximum c o n c e n t r a t i o n s  o f  t o t a l  DDT, HBB, and PBB 

found  i n  t h e  segments o f  c o r e s  were 26,000 pg/g, 9,300 pg/g, and 330 pg/g,  

r e s p e c t i v e l y .  The l o w e r  b a s i n  ( samp l ing  S t a t i o n s  19 t o  23) .  l o c a t e d  between 

* EPA-330/2-8-031 - P i n e  R i v e r  C o n t a m i n a t i o n  Survey, S t .  Lou is ,  M i c h i g a n  - 
Oc tober  1980. 
EPA1330/2-8-030 - I n v e s t i g a t i o n  f o r  Hazardous Waste Contaminat ion,  V e l s i -  
c o l  Chemical  C o r p o r a t i o n  P l a n t  S i t e ,  S t .  Lou is ,  M i c h i g a n  - O c t o b e r  1980. 





t h e  M i l l  S t r e e t  B r i d g e  and t h e  S t .  L o u i s  Dam, was found t o  be con tamina ted ,  

b u t  t o  a  l e s s e r  degree t h a n  t h e  m i d d l e  bas in .  Haximur, c o n c e n t r a t i o n s  o f  

t o t a l  DOT, HBB, and PBB found i n  t h i s  a rea  were 560 pg/g ,  180 pg/g,  and 

5 . 2  pg/g,  r e s p e c t i v e l y .  I n  t h e  upper  b a s i n  ( samp l ing  S t a t i o n s  01, 02, and 

03 ) ,  l o c a t e d  upstream of t h e  VCC p l a n t  s i t e  j e t t y ,  t h e  con taminan t  l e v e l s  

were lower  w i t h  maximum t o t a l  DOT, HBB, and PBB c o n c e n t r a t i o n s  o f  2 5  pg/g,  

3 .2  pg/g,  and 2 .8  pg/g, r e s p e c t i v e l y .  

Regard less  of t h e  a r e a l  d i s t r i b u t i o n  o f  t h e  con taminan ts ,  t h e  h i g h e s t  

DOT l e v e l s  were found i n  t h e  deeper p o r t i o n s  o f  t h e  sediment c o r e s  w i t h  

l ower  c o n c e n t r a t i o n s  i n  t h e  t o p  4 inches.  H i g h  l e v e l s  o f  DOT a r e  a l s o  found  

i n  s u r f a c e  sediments (4,000 l g / g  a t  S t a t i o n  14: i n  areas o f  t h e  r e s e r v o i r  

where s c o u r i n g  had a p p a r e n t l y  exposed t h e  o l d e r  sediments.  The h i g h e s t  

l e v e l s  o f  HBB and PBB were found  i n  t h e  t o p  (0  t o  16 i n . )  o f  t h e  co res .  

L o g i c a l l y ,  t h e  HBB and PBB shou ld  be more p r e v a l e n t  i n  t h e  s u r f a c e  s e d i -  

ments, and DOT shou ld  be p r e v a l e n t  i n  t h e  deeper sediments because HBB and 

PBB were produced u n t i l  t h e  mid-19705, w h i l e  DOT p r o d u c t i o n  ceased i n  1959. 

METHODS 

Sediment co res  were c o l l e c t e d  and w a t e r  and sediment depths  measured 

a t  23 samp l ing  l o c a t i o n s  [ F i g u r e  1, T a b l e  11. The sed iment  depths  were 

measured by  p e n e t r a t i n g  t h e  r e s e r v o i r  b o t t o m  w i t h  a  4 in.  d iamete r  s t e e l  

r o d  u n t i l  r e s i s t a n c e  was met. Water dep th  was o b t a i n e d  by  d r o p p i n g  a  d i s c  

( a p p r o x i m a t e l y  16 i n .  d iamete r )  i n t o  t h e  r e s e r v o i r  bo t tom and measur ing t h e  

submerged p o r t i o n  o f  t h e  a t t a c h e d  co rd .  

The sed iment  samples were c o l l e c t e d  i n  1-3/4 i n .  1.0.  hexane- r insed  

aluminum o r  g a l v a n i z e d  s t e e l  c o r e  tubes.  To f a c i l i t a t e  sampl ing and han- 

d l i n g ,  c o r e  tubes o f  3, 4 ,  o r  6 f t  i n  l e n g t h  were used. The samples were 

c o l l e c t e d  b y  s l o w l y  p u s h i n g  o r  d r i v i n g  t h e  c o r e  tubes  i n t o  t h e  sed iment  un- 

t i l  a sed iment  l a y e r ,  wh ich  was compacted h a r d  enough t o  p l u g  t h e  end of t h e  

c o r e  tube ,  was reached. Care was t a k e n  t o  a l l o w  s e v e r a l  i n c h e s  o f  w a t e r  t o  



Tab le  1 

SEDIMENT SAMPLI>lG LOCI~TIONS 
PINE RIVER RESERVOIR 

ST. LOUIS. MiCHiGAN 
November 20-22. 19131 

Samolinq Oepth o f  Depth o f  
Core Date b T i m e  Water Sediment Care -"be 

Sampling ( f t )  ( f t )  ( f t )  Lengt.h S t a t i o n  O e r c r i p t i o o  

01  11 /2o /a i  
1315 h r r  

50 ( ee t  f r c m  the  i b o r o 1 ' - e  33 jacen t  t o  t'r 
V e l s l c o l  Chemical C o r p o r a t i o n  (VCC) p l a n t  
s i t e ,  2100 f ee t  upstream n f  t h e  YCC j e t t y  
Same 3 s  a D o v e  ( 01 )  exceot  590 f e e t  uos t . + i ,  
o f  the  'Vii j e t t y .  
Same a s  above  ( 01 )  except  300 f e e t  u o r t r e i n  
o f  ?he ' JCC j e t t y .  
50 f e e t  f rom t h e  snorell-e a a j a c e n t  t o  r r?  
VCC p l a n t  s i t e  on  the  nor.:-south t r 3 - i r c t  

l a c a t e a  1200 f e e t  v e s t  o f  t h e  M i l l  S t r e e t  
B r i dge .  
Same as  above (04)  except  150 f e e t  f rom the  
VCC s h o r e l i n e .  
Same a 5  a b o v e  (04)  excep t  300 f e e t  f r o m  t>e  

02 I li20,'Bl 
1130 h r r  

03 11/20/81 
1420 h r s  

04 11:20/81 
1530 hrs 

05 11/20/81 
1545 h r s  

06 11/20/81 
1600 h r s  

07 11/21/81 
1125 h r s  

VCC snore1 lne .  
50 f e e t  f r o m  t h e  s h o r e l i n e  a d j a c e n t  t o  t h e  
VCC p l a n t  s i t e  on t h e  n o r t h - s o u t h  t r a n s e c t  

w 
l o c a t e d  900 f e e t  v e s t  o f  t h e  H i l l  S t r e e t  
B r i dge .  
Same ar  above (07)  excep t  150 f e e t  f rom tbe 
VCC r h o ? - l i n e .  
Same as above (07)  excep t  300 f e e t  f r om  the  
VCC s h o r e l i n e .  
Same as  above (07) excep t  500 f e e t  from the  
VCC s h o r e l i n e  
50 f e e t  fram t h e  s h o r e l i n e  a d j a c e n t  t o  t b e  
VCC p l a n t  s i t e  an t h e  n o r t h - s o u t h  t r a n s e c t  
l o c a t e d  600 f e e t  west  o f  t h e  M i l l  S t r e e t  
8 r i d a e .  

08 11/21/81 
1140 h r s  

09 11/21/81 
1200 hrs  

10 l l / 2 1 / 8 1  
1215 h r s  

11 11/21/81 
1230 h r s  

12 11/21/81 
1245 h r s  

13 11/21/81 
1300 h r s  

14 11/21/81 
I335 h r r  

15 111211a1 
1430 hrs 

same-as ahove (11) excep t  150 f e e t  f r om  t h e  
VCC s h o r e l i n e .  
Same as  above (11) except  300 f e e t  f r om  the  
VCC s h o r e l i n e .  
Same as abave (11) excep t  500 f e e t  f rom the  
VCC s h o r e l i n e .  
50 f e e t  f ram t h e  s h o r e l i n e  a d j a c e n t  t o  the  
VCC p l a n t  s,te on t h e  n o r t h - s o u t n  t r ansec t  
l o c a t e d  300 f e e t  v e s t  o f  t h e  M i l l  S t r e e t  
B r i dge .  
Same as  abave (15) except  150 f e e t  from the  16 11/21/81 

1445 h r r  
17 l I / 2 l / 8 1  

VCC shore1 i ne .  
Same as above (15)  except  300 f e e t  f rom the  

1500 h r s  
18 11/21/81 

1520 h r s  
18-dup 11/21/81 

1520 h r s  

VCC s h o r e l i n e .  
4 Same as above (15) excep t  500 f e e t  from t h e  

VCC s n o r e l l n e .  
4  Same as  above (18) 

19 11/22/81 
0930 h r s  

20 11/22/81 
0945 h r s  

2  1  11/22/81 
1000 h r s  

21 dup 11/22/81 
1000 h r s  

22 11/22/81 
1015 h r s  

23 11/22/81 
1020 h r s  

150 f e e t  eas t  o f  t h e  m i d p c i n t  o f  t h e  M i l l  
S t r e e t  Br idge .  
300 f e e t  e a s t  of  t h e  m i d p o i n t  o f  t h e  M'11 
S t r e e t  B r i d g e .  
450 f e e t  e a s t  of  the  m i d p a i n t  o f  t h e  M i l l  
S t r e e t  B r i dge .  
Same as above (21) 

150 f e e t  n o r t h  of  S t a t i o n  20 

150 f e e t  n o r t h  o f  t h e  m i d p o i n t  o f  t h e  C i t y  
o f  S t .  Lou i s  mun i c i pa l  dam. 



rema in  i n  t h e  t o p  o f  t h e  c o r e  tubes t o  ensure t h a t  t h e r e  was m in ima l  d i s -  

tu rbance  o f  t h e  s u r f a c e  sediment.  The f i l l e d  tubes were e x t r a c t e d  f rom t h e  

bot tom,  t h e  ends were sea led  w i t h  aluminum f o i l ,  and t h e n  t h e y  were capped 

and f rozen  i n  an u p r i g h t  p o s i t i o n .  

A f t e r  f r e e z i n g ,  t h e  4 and 6 f t  c o r e  tubes were c u t  i n  h a l f ,  t h e  open 

ends covered w i t h  aluminum f o i l ,  and s t o r e d  i n  d r y  i c e .  A t  t h e  NEIL l a b o r -  

a t o r y ,  t h e  f r o z e n  samples were e x t r u d e d  f rom t h e  c o r e  tubes by  warming t h e  

o u t s i d e  o f  t h e  tubes w i t h  w a t e r  and p u s h i n g  t h e  f r o z e n  co res  from t h e  tubes .  

A f t e r  e x t r u s i o n ,  each f r o z e n  c o r e  was observed and t h e  p h y s i c a l  c h a r a c t e r i s -  

t i c s  reco rded  [Tab le  21. The t o p  4 i n c h e s  o f  each sediment sample was sep- 

a r a t e d  f rom t h e  c o r e  and t h e  remainder  d i v i d e d ,  f rom t o p  t o  bot tom, i n  1 f t  

i n t e r v a l s  o r  f r a c t i o n s  o f  a  f o o t ,  as a p p l i c a b l e .  A l l  segments o f  each s e d i -  

ment c o r e  were wrapped i n  aluminum f o i l .  These segments were subsequen t l y  

thawed, t h o r o u g h l y  mixed, and ana lyzed  f o r  PBB, t o t a l  DDT, and HBB. Com- 

p l e t e  a n a l y t i c a l  methodology i s  shown i n  At tachment  A. NEIC c h a i n - o f - c u s t o d y  

and document c o n t r o l  p rocedures were f o l l o w e d  t h r o u g h o u t  t h e  survey.  



Table 2 

SEDIMENT CORE DESCRIPTIONS 
PINE RIVER R E S E R V O I R  
St. Louis.  Mich igan 
November 20-22. 1981 

To ta l  Core 
S t a t i o n  Ex t rus ion  Lenqth Segment 
Number Date and T i m e  ( i n . )  ( i n . )  V i sua l  Cercr ,p t ion '  

0 I 12/1/51 13 0- 3 gray-brown f l o c k  g r a d i n g  i n t o  
1200 hrs  gray-brown s i l t  

3-10 gray-brown s i l t  
10-13 gray-b lack  s ludge 

02 11/30/81 17 0-4 brown sandy s i l t  
1400 h r s  8-14 w h i t e  s i l t  (HgO,) 

14-17 b l a c k  s ludge 

12/1/81 
0955 h r s  

0-6 b l a c k  s ludge 
6-10 gray-whi te  s i l t  (Mg02) 
10-24 wh i te  s i l t  (HgOZ) 

11/30/81 
1425 h r s  

dark  gray-brown randy r i l t  
b l a c k  s i l t  

11/30/81 
1335 hrs 

0-4 brown-gray f l a c  g r a d i n g  i n t o  
gray-brown s i l t  

4-13 g ray -b lack  s ludge 
13-15 w h i t e  s i l t  (Mg02) 
15-40 g ray -b lack  s ludge 

11/30/81 
1440 h r s  

32 0-4 gray-brown f l o c  g r a d i n g  i n t o  
gray-brawn sandy s i  It 

4-13 gray  sandy s i l t  
13-32 g ray -uh i t e  s i l t  

11/30/81 
1450 h r s  

36 0-6 brown f l o c  
6-20 b l a c k  s i l t y  sand 
20-36 g ray -b lack  sandy s i l t  

11/30/81 
1325 h r s  

0-4 brown-gray f l o c  g rad ing  i n t o  
brown-gray s i l t  

4-28 gray-b lack  s i l t  

09 11/30/81 34 0-34 g ray -b lack  s i l t  e 
1315 h r s  

11/30/81 
1500 hrs  

0-8 gray  rand w i t h  s t reaks  o f  
wh i t e  s i l t  (Mg0) 

8-14 gray  sand 
14-24 b l a c k  sandy s i l t  

11/30/81 
1310 h r s  

0-4 gray-brown f l o c  g rad ing  i n t o  
g ray -b lack  s i l t  

4-16 gray-b lack  s i l t  

11/30/81 
1520 h r s  

30 0-3 gray-brawn f l o c  g r a d i n g  i n t o  
g ray -b lack  s i l t  

3-30 gray-b lack  s i l t  

11/30/81 
1300 h r s  

0-6 gray-brown f l o c  g r a d i n g  i n t o  
s i l t y  g ray -b lack  

6-46 g r y - b l a c k  s i l t  

12/1/81 
0830 hrs  

28 0-4 gray-brown f l o c  g r a d i n g  i n t o  
g ray -b lack  s i l t y  rand 

4-8 b lack  s i l t y  sand 
8-28 gray-brown coarse sand 

12/1/81 
0915 h r s  

46 (I- 2 b l a c k  f l o c  
2-46 d a ~ k  b lack  s ludge 



Table 2  (Cant . )  

SEDIMENT CORE D E S C R I P T I C N S  
P I N E  R I V E R  RESERVOIR 
St.  Lou is .  Michigan 
November 20-22. 1981 

S t a t i o n  E x t r u s i o n  
Number D a t e  and Time 

Tota l  
Length 
( i n . )  

Core 
Segment 

( i n . )  

g r a y - a r o u n  s l l t  
b l ack  i l u a g e  

12/1/81 
0935 h r s  

brawn f l o c  
b lack  and lvay-*bite r i l t  l a y e r s  
b l ack  s i l t  
brown-gray c l a y  

gray-brown f l o c  g rad ing  i n t o  
f i n e  gray-brown s i l t  

b l ack  s i l t  

11/30/81 
1240 hrs 

gray-brown f l o c  g rad ing  i n t o  
f i n e  gray  brown s i l t  

b l a c k  s i l t  

12/1/81 
1015 h r r  

brown-gray f l o c  g rad ing  i n t o  
b lack  s i l t  

b l a c k  s ludge 
f i n e  gray-brown r i  1 t 

11/30/81 
1345 h r s  

gray-b lack  s i l t  
b l a c k  s ludge 
l i g h t  brown c l a y  

12/1/81 
1035 hrs 

brown-gray f l o c  g rad ing  i n t o  
b l a c k  s i l t  

b l a c k  s i l t  
g ray -b lack  s i l t  

21 dup 12/1/81 
1135 h r s  

brown-gtay f l o c  g rad ing  
i n t o  b lack  r i l t  

b l ack  s i l t  

12/1/81 
1145 h r s  

brown-gray f l o c  g rad ing  
i n t o  b lack  s i l t  

b l ack  s i l t  
g ray-b lack  s i l t  

12/1/81 
1200 h r r  

gray-brown f l o c  
b l a c k  r i l t  
gray-brown s i l t y  sand 

* Oesc r i p t i ons  are from v i s u a l  observat ions  of t h e  ou ts ide  o f  the  f r o z e n  c o r e s  a f t e r  ? ~ t r u s i o n  f rom the 
cove t u b e r .  



SURVEY FINDINGS 

PHYSICAL OBSERVATIONS 

T o t a l  sediment dep th  a t  t h e  sampl ing S t a t i o n s  v a r i e d  between 1 . 5  and 

9 f t  [Tab le  11. The deepest  sediments (8  t o  9 f t )  were found  i n  t h e  ex- 

t reme upper end ( S t a t i o n s  04, 05,  and 06) and lower  end ( S t a t i o n s  12 ,  1 3 ,  

16,  and 17) o f  t h e  m i d d l e  b a s i n .  

A f t e r  e x t r u s i o n  o f  t h e  sediment co res ,  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  
rl 

t h e  sediment c o r e s  were observed and r e c o r d e d  [Tab le  21. Many o f  t h e  c o r e s  

(78%) c o n t a i n e d  a  s u r f a c e  l a y e r  (1 t o  6 i n c h e s )  o f  gray-brown f l o c  ( l i g h t  

s i l t y  f i l a m e n t o u s  m a t e r i a l ) .  N e a r l y  a l l  t h e  co res  c o n t a i n e d  l a y e r s  o f  va ry -  

i n g  t h i c k n e s s  o f  b l a c k  o r  g r a y - b l a c k  s ludge .  A s u l f u r o u s  o d o r  was n o t i c e d  

i n  t h e  co res  wh ich  c o n t a i n e d  t h i s  b l a c k  s ludge .  The s t r o n g e s t  odors  were 

f rom samples c o l l e c t e d  a t  S t a t i o n s  07, 08, 15 ,  19, 20, and 23. Many o f  

t h e  c o r e s  c o n t a i n e d  l a y e r s  o f  w h i t e  s l u d g e  which,  a c c o r d i n g  t o  Company o f -  

f i c i a l s ,  i s  p r o b a b l y  magnesium o x i d e  (MyO). B o t h  t h e  b l a c k  and w h i t e  l a y -  

e r s  had a  v e r y  sma l l  g r a i n  s i z e ,  u s u a l l y  i n d i s c e r i i b l e  t o  t h e  naked eye. 

The b l a c k  and w h i t e  l a y e r s  o f  m a t e r i a l s  seen i n  t h e  c o r e s  v a r i e d  i n  
d 

t h i c k n e s s  and depth;  hence, no v i s u a l  c o r r e l a t i o n  o f  t h e  l a y e r s  between 

sampl ing s t a t i o n s  c o u l d  be made. These v a r y i n g  depths  and t h i c k n e s s e s  o f  

sediment l a y e r s  and t h e  d i f f e r e n c e s  i n  t o t a l  sediment depths  a t  t h e  sam- 

p l i n g  s t a t i o n s  showed t h e  expected v a r i a b i l i t y  i n  d e p o s i t i o n  r a t e s  w i t h i n  

t h e  r e s e r v o i r .  

ANALYTICAL RESULTS 

Approx ima te ly  56.000 l b s  DDT, 10,000 l b s  HBB, and 800 l b s  PBB a r e  con- 

t a i n e d  i n  t h e  P ine  R i v e r  sediments.  Less t h a n  5% o f  t h e  DDT i s  found  i n  

t h e  t o p  4  i n .  o f  sediment,  b u t  o v e r  13% o f  t h e  HBB and 57% o f  t h e  PBB was 

found i n  t h e  t o p  4 i n .  o f  t h e  co res .  These l o a d i n g s  were c a l c u l a t e d  by  



i n t e g r a t i n g  sed iment  d e n s i t y ,  con taminan t  c o n c e n t r a t i o n  by  dep th ,  and t h e  

areas ass igned  t o  each o f  t h e  sampl ing S t a t i o n s  [Appendix A ] .  

The h i g h e s t  c o n c e n t r a t i o n s  o f  t o t a l  DOT, HBB, and PBB [Tab le  33 were 

found i n  t h e  m i d d l e  b a s i n  o f  t h e  P ine  R i v e r  R e s e r v o i r  ( S t a t i o n s  04-18) wh ich  

ex tends f rom t h e  VCC p l a n t  s i t e  j e t t y  t o  t h e  M i l l  S t r e e t  B r i d g e  [ F i g u r e  11. 

Average maximum t o t a l  DOT. HBB, and PBB c o n c e n t r a t i o n s *  i n  t h e  samples c o l -  

l e c t e d  i n  t h i s  b a s i n  were 3,500 pg/g, 1,000 pg/g ,  and 42 pg/g,  r e s p e c t i v e -  

l y .  Wastewater f rom t h e  former  VCC o r g a n i c s  p r o d u c t i o n  a rea  was d i s c h a r g e d  

t o  t h i s  p o r t i o n  o f  t h e  bas in .  W i t h i n  t h i s  b a s i n ,  t h e  h i g h e s t  t o t a l  DOT 

c o n c e n t r a t i o n s  were found a t  S t a t i o n s  07 (26,000 yg/g)  and 08 (8,800 ug/g) .  

The h i g h e s t  c o n c e n t r a t i o n s  s f  HBB were a l s o  found a t  S t a t i o n  07 (9,300 pg/g)  

- and 08 (2,600 pg/g). H i g h e s t  PBB c o n c e n t r a t i o n s  were found  a t  S t a t i o n  04 

(330 pg/g) ,  10 (66 pg/g) ,  07 (64 pg/g) ,  and 08 (58 pg/g) .  S t a t i o n s  07 and 

08 a r e  t h e  S t a t i o n s  n e a r e s t  t o  t h e  fo rmer  o r g a n i c s  wastewater  d i s c h a r g e s ,  

and t h e y  a r e  c l o s e  t o  t h e  l o c a t i o n  where t h e  h i g h e s t  t o t a l  DOT concen t ra -  

t i o n  (44,000 pg/g) was found d u r i n g  t h e  June 1980 NEIC survey.**  Contami- 

n a n t  c o n c e n t r a t i o n s  w i t h i n  t h e  m i d d l e  b a s i n  g e n e r a l l y  decreased [ F i g u r e s  2 ,  

3, and 4 1  toward  t h e  n o r t h e r n  shore.  The o l d  r i v e r  channel  i s  l o c a t e d  a l o n g  

t h i s  s h o r e l i n e .  

Compared t o  t h e  m i d d l e  b a s i n ,  t h e  average c o n c e n t r a t i o n s  o f  contami-  

nan ts  i n  t h e  upper  b a s i n  a r e  low. Average maximum c o r e  c o n c e n t r a t i o n s  o f  - t o t a l  DDT, HBB, and PEE o f  11 pg/g,  1 . 8  pg/g,  and 1 .5  pg/g, r e s p e c t i v e l y ,  

were found i n  t h i s  p o r t i o n  o f  t h e  r e s e r v o i r  wh ich  extend5 f rom t h e  Washing- 

t o n  S t r e e t  B r i d g e  t o  t h e  VCC p l a n t  s i t e  j e t t y  ( S t a t i o n s  01, 02,  and 03). 

The lower  b a s i n  ( S t a t i o n s  19 t o  23) o f  t h e  r e s e r v o i r  between t h e  M i l l  

S t r e e t  B r i d g e  and t h e  S t .  L o u i s  M u n i c i p a l  Dam was found  t o  b e  contaminated;  

however, con taminan t  c o n c e n t r a t i o n s  were lower  t h a n  t h e  l e v e l s  found  i n  t h e  

m i d d l e  b a s i n .  Average maximum c o r e  c o n c e n t r a t i o n s  o f  t o t a l  DOT, HBB, and 

PBB found i n  t h i s  a rea  were 310 pg/g,  8 1  pg/g, and 4 . 2  pg/g, r e s p e c t i v e l y .  

* The average maxirmun concentrations were calculated by averaging the con- 
centrations of the most contaminated segment of each core. 

** EPA-330/2-80-031 - Pine River Contamination Survey, St. Louis, Michigan - October 1980. 



Table 3  

TOTAL DOT, HBB, AN0 PBB CONCENTRATIONS 
I N  SEDIMENTS BY BASIN 

P I N E  RIVER RESERVOIR 
S t .  Louis, Michigan 
November 20-22, 1981 

Tota l  DOT HBB PBB 
Sample Avg.-Maximum Maximum Avg. - Maximum Maximum Avg. - Maximum Maximum 

Basin Size Concentrat ion Concentrat ion Concentrat ion Concentrat ion Concentrat ion Concentrat ion 
S ta t i ons  c1dg c l d g  PS/S VS/S ~.rg/g V S / ~  

UPPER 3  11 
Sta t i ons  
01-03 

MIDDLE 15 3500 26,000 1000 9300 42 330 
S ta t i ons  
04-18 

LOWER 5 300 560 
S ta t i ons  
19-23 

* T h i s  average maximum concent ra t ion  was ca l cu la ted  by averaging the  concentrat ions 
of t he  most contaminated segment o f  each core. 



T o t a l  DIIT C o ~ ~ c e n t r a t i o n *  

F I G U R E  2  
T O T A L  DDT CONTAFI INATI0 : I  

P I ! IE  R I V E R  RESERVOIR 
S t .  L o u i s ,  1, l ichigan 

November 23-22, 1981 

. Sarnpl ing  L o c d t ~ o n  

- N -  

MUNICIPAL DAM 

* Based on maximum c o n c e n t r a t i o n s  found i n  i n d i v i d u a l  sediment co res  





W 

* Based on  maximum c o n c e n t r a t i o n s  found i n  i n d i v i d u a l  sediment c o r e s  



A c o n c e n t r a t i o n  p r o f i l e  by  dep th  [Tab le  4 1  was deve loped by  summariz ing 

t h e  d a t a  from each o f  5 s p e c i f i e d  depths  ( 0  t o  4  i n . ,  4  t o  16 i n . ,  1 6  t o  

28 i n . ,  28 t o '  40 i n . ,  and 40 i n .  and below) f rom t i l e  20 samp l ing  S t a t i o n s  

i n  t h e  m i d d l e  and lower  b a s i n s  ( S t a t i o n s  04 t o  23 ) . *  T h i s  p r o f i l e  showed 

t h e  h i g h e s t  average t o t a l  DOT c o n c e n t r a t i o n s  were found t o  be i n  t h e  deeper 

sediment l a y e r s  (16 t o  28 i n .  and 28 t o  40 i n .  l a y e r s ) .  An average t o t a l  

DOT c o n c e n t r a t i o n  o f  960 pg/g  was found  i n  t h e  16 t o  28 i n .  segments o f  t h e  

sediment co res ,  and 1,000 pg /g  was found  i n  t h e  18 t o  40 i n .  segments. 

Converse ly ,  l ower  c o n c e n t r a t i o n s  o f  t o t a l  DOT were g e n e r a l l y  found  i n  

t h e  s u r f a c e  p o r t i o n  (0  t o  4  i n . )  o f  t h e  sed iment  cores.  One s t a t i o n  (14) ,  

however, had a  s u r f a c e  sediment t o t a l  ODT c o n c e n t r a t i o n  o f  4,000 pg/g. 

T h i s  h i g h  c o n c e n t r a t i o n  i s  p r o b a b l y  due t o  t h e  d e p o s i t i o n  and e r o s i o n  p a t -  
* 

t e r n s  i n  t h e  r e s e r v o i r .  S t a t i o n  14 i s  l o c a t e d  a t  t h e  edge o f  t h e  main  r i v e r  

channel  wh ich  runs  a l o n g  t h e  n o r t h  s i d e  o f  t h e  r e s e r v o i r .  The v e l o c i t y  o f  

t h e  c u r r e n t s  would  be expected t o  b e  h i g h e r  i n  t h i s  a rea  o f  t h e  r e s e r v o i r  

d u r i n g  h i g h  f l o w  p e r i o d s ,  i n c r e a s i n g  s c o u r i n g  and expos ing  t h e  o l d e r  and 

deeper l a y e r s  o f  sed iment  wh ich  c o n t a i n  h i g h e r  t o t a l  DDT l e v e l s .  The ana- 

l y s e s  o f  t h e  t h r e e  c o r e s  wh ich  were g r e a t e r  t h a n  40 i n .  i n  l e n g t h  showed 

v e r y  l ow  c o n c e n t r a t i o n s  o f  contaminants  be low t h e  40 i n .  l e v e l .  

Maximum HBB and PBB c o n c e n t r a t i o n s  were g e n e r a l l y  found  t o  be i n  t h e  

upper sediments ( 0  t o  16  i n . ) .  A maximi~m HBB c o n c e n t r a t i o n  o f  9,300 pg/g 

was found i n  t h e  4  t o  16 i n .  l a y e r  a t  S t a t i o n  07, and a  maximum PBB concen- d 

t r a t i o n  o f  330 pg/g  was found  i n  t h e  0  t o  4  in .  l a y e r  a t  S t a t i o n  04. 

Complete a n a l y t i c a l  d a t a  f o r  a l l  t h e  sediment samples, as w e l l  as t h e  

a n a l y t i c a l  methods and a s s o c i a t e d  q u a l i t y  c o n t r o l  da ta ,  can be seen i n  

Appendix 8. 

* Sediment co res  were divided i n t o  two t o  f i v e  segments depending on  each 
c o r e ' s  l e n g t h .  



Tab le  4 

TOTAL DOT, HBB, AND PBB CONCENTRATIONS' 
I N  SEDIMENTS BY BASIN 
PINE RIVER RESERVOIR 
S t .  Lou is ,  M ich igan  
November 20-22, 1 9 8 1  

T o t a l  ODT HBB PBB 
Core Seg. Sample A ~ g . ~ - M a x i m u m  Maximum Avg. *-Maximum Maximum A ~ g . ~ - M a x i m u m  Maximum 

Depth S i z e  C o n c e n t r a t i o n  C o n c e n t r a t i o n  C o n c e n t r a t i o n  C o n c e n t r a t i o n  C o n c e n t r a t i o n  C o n c e n t r a t i o n  
( i n .  ) S t a t i o n s  ~ 9 / 9  ~ 9 / g  vg/g  vg/g  I J S / ~  I d 9  

1 Dry  w e i g h t  c o n c e n t r a t i o n s  
2 T h i s  average was d e r i v e d  by compar ing t h e  mean c o n c e n t r a t i o n  o f  t h e  e n t i r e  s e t  ( S t a t i o n s  04-23) a t  t h e  

v a r i o u s  depths  w i t h  i n d i v i d u a l  va lues ,  d i s m i s s i n g  va lues  wh ich  were more t h a n  2 s tandard  d e v i a t i o n s  from 
t h e  mean, and c a l c u l a t i n g  a  new average w i t h  t h e  r e m a i n i n g  va lues .  T h i s  average i s  n o t  t h e  t r u e  average 
b u t  an expected average w i t h  depth. The h i g h  va lues  d i sm issed  a r e  v a l i d  c o n c e n t r a t i o n s  a l t h o u g h  n o t  t y p -  
i c a l  f o r  t h e  m a j o r i t y  o f  t h e  cores.  

3 A sample s i z e  o f  8  was used t o  d e r i v e  t h e  average c o n c e n t r a t i o n s  f o r  HBB. 



APPENDIX A 

TOTAL DOT, HBB, AND PBB LOADING APPROXIMATIONS 



A - l  
TOTAL DDT, HBB. AND PBB LOADING APPROXIMATIONS* 

PINE RIVER RESERVOIR 
S t .  L o u i s ,  M i c h i g a n  

Sediment T o t a l  DOT HBB PBB 
Sample D e n s i t y  Area Load ing Load ing  Load ing  
Numberk % H,D l b s / f t 3  f t3  1  bs  1 bs 1  bs 



APPENDIX B 

COMPLETE ANALYTICAL DATA AND METHODS 
AND ASSOCIATED QUALITY CONTROL DATA 



ENVIRONMENTAL PROTECTION AGENCY 
OFFICE OF ENFORCEMENT 

B - 1  

NATIONAL ENFORCEMENT INVESTIGATIONS CENTER 
BUILDING 53.  BOX 25227. DENVER FEDERPL CENTER 

DENVER, COLORADO 80225  - 
R u s s e l 1  Fot-ba, Pro;ect C o o r d i n a t o r  TO D J a n u a r y  14,  1982 

r* 

FRO&$ C h a r l e s  P .  P z e i z u t k o  C h e r n i , i ~ l L  
THRU: Dean F .  t i i l l ,  C h i e f  &L:-Jw 

rn P e s t i c i d e  and T o x i c  S u b s t a n c e s  B r a n c h  
S L E l i c r  

P r o j e c t  $ 6 2 4 ,  P i n e  R i v e r ,  S t .  L o u i s ,  iJt! 

A t t a c h e d  y o u  "/ill f i n d  t h e  r e s u l t s  o f  a n a l y s i s  f o r  a l l  c o r e  s a ~ n p l e s  

P r e c e i v e d  f o r  P r o j e c t  :624. A11 c o r e s  we re  a n a l y z e d  f o r  DDT and r e l a t e d  

compounds, hexabron~obenzene  ( H B B ) ,  and p o l y b r o ~ n i n a t e d  b i p h e n y l s  (PBS).  

F 
M e t h o d o l o g y  and q u a l i t y  c o n t r o l  d a t a  a r e  p r o v i d e d .  R e s u l t s  p r e v i o u s l y  

. r e p o r t e d  o n  December 16,  1981,  a r e  i n c l u d e d  i n  t h i s  r e p o r t .  

I f  you  have  any  q u e s t i o n s ,  p l e a s e  c o n t a c t  me a t  y o u r  c o n v e n i e n c e .  

c c :  R. L a i d l a w  
T. Pleiggs 
At:achnents 



A l l  samples were screened f o r  compounds of i n t e r e s t  by  packed cslumn 

e l e c t r o n - c a p t u r e  gas chromatography.  Based on t h e  s c r e e n i n g  r e s u l t s ,  h i g h -  

l e v e l  samples 'were s i m p l y  d i l u t e d ,  whereas l o w - l e v e l  samples were c leaned  

up by column chromatography.  A l l  samples r e q u i r i n g  d i l u t i o n s  were d i l u t e d  

t o  t h e  a p p r o p r i a t e  l e v e l s  w i t h  hexane. A l l  samples t h a t  d i d  n o t  r e q u i r e  a 

d i l u t . i o n  were c leaned  up u s i n g  F l o r i s i l  column chromatography.  The sample 

e x t r a c t  was p l a c e d  on t h e  head o f  a g l a s s  column packed w i t h  20 grams o f  

a c t i v a t e d  F l o r i s i l  and e l u t e d  w i t h  200 m is  o f  6% e t h y l  e t h e r  i n  hexane. 

The f r a c t i o n  was c o n c e n t r a t e d  t o  l e s s  t h a n  25 m is  u s i n g  a Kuderna-Danish 

e v a p o r a t i o n  apparatus  and f u r t h e r  c o n c e n t r a t e d  t o  an a p p r o p r i a t e  volume 

u s i n g  a n i t r o g e n  blowdown apparatus .  

A l l  sample e x t r a c t s  were ana lyzed  b y  f u s e d  s i l i c a  c a p i l l a r y  column uf 

e l e c t r o n - c a p t u r e  gas chromatography u s i n g  a 15 meter  08-5 column and a 25 

meter  OV-101 column. A l l  e x t r a c t s  were ana lyzed  f o r  (1) T o t a l  DOT'S, wh ich  

i n c l u d e d  o,pl-ODE, p,p'-DOE, o,pl-DDD, p,pl-ODD, o,pl-DOT, p,pl-DDT; (2)  

hexabromobenzene (HBB); and (3)  p o l y b r o m i n a t e d  b i p h e n y l s  (PBB). 

Severa l  o f  t h e  sample e x t r a c t s  were a l s o  ana lyzed  f o r  thesP compounds 

b y  gas chromatography/mass-spectroscopy (GC/MS). 

NOTE: The f o l l o w i n g  samples were e x t r a c t e d  i n  t h e  same manner as des- 

c r i b e d  above w i t h  t h e  e x c e p t i o n  t h a t  a 10g sample s i z e  was weighed-out  w i t h  

5 g o f  anhydrous Na,SO, and e x t r a c t e d  w i t h  20 mQs o f  50% acetone i n  hexane .-/ 

f o r  t h e  f i r s t  e x t r a c t i o n :  09-1, 09-2, 09-3,  11-1, 11-2, 13-1, 13-2, 13-3,  

16-1,  16-2, 16-3,  18-1,  18-2,  18-3,  1 8 - 1  Dup., 18-2 Dup., and 18-3 Dup. 

RESULTS 

The r e s u l t s  o f  a n a l y s i s  b y  fused  s i l i c a  c a p i l l a r y  column e l e c t r o n  cap- 

t u r e  gas chromatography a r e  g i v e n  i n  Tab le  1. A l l  r e s u l t s  were c a l c u l a t e d  

on a d r y  w e i g h t  b a s i s .  A l s o  l i s t e d  i n  t h i s  t a b l e  a r e  t h e  r e s u l t s  f o r  t h e  

p e r c e n t  m o i s t u r e  d e t e r m i n a t i o n s  f o r  each c o r e  s e c t i o n .  The r e s u l t s  o f  ana ly -  

s i s  by  GC/MS f o r  s e v e r a l  s e l e c t i v e  samples a r e  l i s t e d  i n  T a b l e  2. A l i s t  

o f  t h e  gas chromatograph ic  c o n d i t i o n s  a r e  p r o v i d e d  i n  Tab le  3. 



Table 1 

RESULTS 

Concentrations (pg/g)l 
Sample # % Moisture DOE ODD DOT Total HBB PBB 

0 , ~ '  P.P' 0.p' P ~ P '  0.p' p,p' DOT and Analogues 



Table  1 (Cont'd) 

Concentrations (pg/g)' 
Sample # % Moisture ODE DDD DOT Total HBB PBB 

0 , ~ '  P.P' 0 , ~ '  P,P' 0.P' p,p' DOT and Analogues 

18-1 Oup. 66.3 0.10 0.27 3.4 5.6 0.81 4.0 14 5.0 1 .3  
18-2 Dup. 30.2  NO^ N D ~  0.16 0 .51  NO4 3.2 3.9 0 .81  6.8 
18-3 Dup. 56.9 0.56 1.1 28 34 14 64 140 N D ~  NO5 

21-1 Dup. 67.9 0.06 0.26 2.0 4.2 0.20 2.3 9.0 52 3.3 
21-2 Dup. 10.0 2.2 2.6 78 70  NO^ 2.3 160 39  NO^ 



Tab le  2 

G U M S  CONFIRMATION RESULTS 

D e t e c t i o n  C o n c e n t r a t i o n  (pg /q ) '  
L i m i t  # 0 5 - 3  # 0 8 - 1  # 0 8 - 2  # 0 8 - 3  # 1 5 - 4  Compound 

Hexabromobenzene 

Po lyb romina ted  B ipheny l  

(1) d r y  w e i g h t  b a s i s  
(2)  ND = none d e t e c t e d  



Table  4 

QUALITY CONTROL SUMMARY 

o,pl-DDE 
p,pl-ODE 
o,pl-DDD 
p,p'-DDD 
o,pl-DOT 
p,pl-DDT 

HBB 
PBB 

D u p l i c a t e  Analyses 

2 5 9 0 .10  
59 23 0.39 
2400 1 8  2 .9  
2600 17 6 .4  
2200 44 1.1 
4600 36 3 .9  

NO - 90 
NO - 5 .0  

(1) RPD = R e l a t i v e  Percen t  D i f f e r e n c e  
(2) ND = none d e t e c t e d  



Table 5 

SPIKE RECO V E R I E S  

Amount % Recovery 
Compound Added (pg)  $10-1 R17-2 R18-2 $20-3 

o , p l - D O E  

p , p l - O D E  

o , p l - O D D  

p , p l - O D D  

o , p l - D D T  

p , p l - D D T  

HBB 

PBB 

84 104 9 5 8 4  

96 108 97 84 

76 108 99 84 

6 0 100 100 8 7 

80 104 92 7 5 

NA' 108 94 7 1 

N A 160 118 87 

NA 180 104 90 

(1) NA = not applicable 



, . . , 

. . . . 

A I R  POLLL~. xi CONTROL.  D I S T R I C T  -. C O U N T Y ;  L O S  A N G E L E S  

T E S T  N O .  c-1E95 P A G E  

',:,.-'.. I : .G S T * T I C * l  7 .  i 3 .  1 1 , _  - ,  - I l k T E  L-__-._ 

G A S  V E L C C i  T Y  D A T A  

I .. - . , . ---.- , I --.- 

S t a t i c  c .19" H20 

A. I N D I C A T E D  V E L O C I T Y  [ T R A V E R S E )  F T / S E C -  31.8 

8. I N D I C A T E D  V E L O C I T Y  ( R E F E R E N C E  ~ r . 1  F T / S C C  
1- 2 2 -  I . D .  .-I, 

C. F L U E  F A C T O R . A / B  1.02 n d 
D. P I T O T  C O R R E C T I O N  F A C T O R  1.co / \ 
E. G A S  O E N S l T V  C O R R E C T I O N  F A C T O R  1.02 ( a )  

F ,  G A S  P R E S C U R E  I N  S T A C K .  I N .  H G .  ABS. -  

G. G A S  P R E S S .  C O R R E C .  F A C T O R .  m- 
ti. C O R R E C T E D  V E L O C I T Y ,  AXDXEXG.  F T / S E C -  32 .4  

J. A R E A  O F  F L U E .  S O .  f T .  

K. A Y E R L G C  F L U C  T C H P E R & T U R E .  O f  1 9  - 
1 .  F L O W  R A T E .  H x J x 6 0 ,  C F M  9080- 

M. F L O W  R A T E .  ( F / 2 9 . 9 ) ~ 5 2 0 x L / 1 K + 4 6 0 ) .  SCFhl-- 8100 R. 1 60: 

(a )  ~ 3 ~ ~ 3 1  T L ? ~ U C  b w c d  -.!;r.)n &as csn;los:ition 9t1Co. i n  pennit appl ica t ion .  



. . . . .  C O N T R O L  D I S T R I C T  . . C O U N T Y . ? F  L O 5  ANGELES 

I 
T E S T  N O .  '-1895 P A G E  

8 

$A'.'?\. I hG STAT IC!I - F,).:-&yL:?::~LL::? - . 7. DATE ?~.~ln-'- ' ~, 

0. V A P O R  P R E S S U R E  O F  n A T E R  A T  I  T E . ! > . ,  I l i ,  I 'G .I169 >. , . . /  

C. G A S  v o ~ u ~ r i  M E T E R E D ,  S C F  l\.C.'C -- 7=,,-': 

D. V A T E R  V A P O R  M E T E R E D ,  C X B / A ,  S C F  - .25- . 2 '. 

E. ~ IATER V A P O R  C O N D E N S E D ,  V A P O R  Y O L U I ' I ,  i C F  2:q3 I.?? 

G. T O T A L  G A S  V O L ~ V E  S A I I P L L D .  C t E. scc 17.95 

H. PER C E N T  YIATER V A P O R  IN G A S  SAL:PLE. 100 x F / G  1 4  12 

G A S  D E N S I T Y  C O R R E C T I O N  F A C T O R  

C A R B O N  DIOXIDE P R Y  8 A 5 1 5  1 
I I 

C A R B O N  ~ ~ O U O X I C ~  D R Y  B A S I S  28.0 

J .  M O L E C U L A R  X E l G H l  O r  S T A C K  G A S  

O X Y G E N  

F~ITROGEH & INERTS 

K .  D E N S I T Y  O F  G A S  R E F E R R E D  T O  A I R  = J /28 .95  = 

L. G A S  O E H S l T I  C O R R E C T I O N  F A C T O R  = GK = 

D R Y  1115 I S  

D R Y  B ~ S I S  

32.0 

2 8 . 2  


