
POINT SOURCES AND ENVIRONMENTAL LEVELS OF 2378-TCDD 
(2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN) 

ON THE MIDLAND PLANT SITE OF THE DON CHEMICAL COMPANY 
AND I N  THE C I T Y  OF MIDLAND, MICHIGAN 

EXECUTIVE SUMMARY 

Background 

Th is  r e p o r t  summarizes The Dow Chemical Company i n v e s t i g a t i o n  o f  p o i n t  sources 
and environmental l e v e l s  o f  2378-TCDD* on t h e  Dow Midland P lan t  S i t e  and i n  
t h e  City o f  Midland, Michigan. It i s  p a r t  o f  t h e  research i n i t i a t i v e s  program 
announced by Dow i n  June 1983 t o  address p u b l i c  concerns about t he  t r a c e  
presence o f  d i o x i n s  i n  t h e  environment, and t h e  p o t e n t i a l  hea l th  impact o f  
TCDD l e v e l s  i n  t h e  Midland community. 

Th is  study was a comprehensive search f o r  a l l  c r i t i c a l  p o i n t  sources o f  TCDD 
t o  t h e  a i r ,  s o i l  and water i n  t he  Midland area. Nearly 240 environmental 
samples were c o l l e c t e d  and t e s t e d  by Dow a n a l y t i c a l  s c i e n t i s t s  du r ing  t h i s  
research. About 6,000 data p o i n t s  were gathered on t h e  samples. 

Using t h e  most advanced a n a l y t i c a l  technology ava i l ab le ,  t h e  s c i e n t i s t s  
searched f o r  sources by measuring the  concentrat ion o f  TCDD i n  each sample and 
t h e  amount o f  t h e  source e f f l u e n t  from which t h e  samples were taken. A unique 
" f i n g e r p r i n t i n g "  technique helped the  researchers t o  i d e n t i f y  t he  most s i g n i f i -  
cant  sources o f  TCDD. F i n a l l y ,  t he  research team s tud ied  how TCDD i s  t rans -  
por ted  i n  t h e  environment and how i t  can be removed from c i r c u l a t i o n .  

Dr. Henry F re i se r ,  p ro fessor  o f  Ana ly t i ca l  Chemistry a t  t h e  U n i v e r s i t y  o f  
Arizona, served as an independent aud i to r  and moni to r  f o r  t h i s  study. Dr. 
F r e i s e r  i s  a respected researcher i n  t h e  f i e l d  o f  environmental a n a l y t i c a l  
methodology and t r a c e  analys is .  The r e l i a b i l i t y  of t he  a n a l y t i c a l  procedures 
used i n  ga ther ing  t h e  data and t h e  v a l i d i t y  o f  t h e  conclusions have a l so  been 
reviewed by an independent panel o f  world-recognized a u t h o r i t i e s  on var ious  
aspects o f  data c o l l e c t i o n  and i n t e r p r e t a t i o n .  This  panel, cha i red  by 
Professor  F re i se r ,  consis ted o f  Professor R. Graham Cooks, Department o f  
Chemistry, Purdue Un ive rs i t y ,  Professor Dr .  O t t o  Hutz inger ,  Chair  o f  
Eco log ica l  Chemistry and Geochemistry , U n i v e r s i t y  o f  Bayreuth, Federal 
Republ ic o f  Germany, and Professor Peter C. Jurs, Department o f  Chemistry, 
Pennsylvania S ta te  Un ive rs i t y .  

Po in t  source i d e n t i f i c a t i o n  provides t h e  basis  on which Dow w i l l  cont inue t o  
pursue research, and develop s i t e - s p e c i f i c  c o n t r o l s  t o  f u r t h e r  reduce t h e  
movement o f  t r a c e  q u a n t i t i e s  o f  TCDD i n t o  t h e  Midland environment. The 
r e s u l t s  o f  t h i s  study have been submitted t o  l o c a l ,  s t a t e  and fede ra l  
government regu la to ry  agencies. 

*The s p e c i f i c  isomer 2378-TCDD w i l l  be r e f e r r e d  t o  as TCDD o r  d iox in .  



Resu l ts  Summary 

1. Surface s o i l  TCDD l e v e l s  i n  t h e  C i t y  o f  Midland are s i g n i f i c a n t l y  below 
t h e  1 p a r t  per  b i l l i o n  (ppb) concern l e v e l  f o r  r e s i d e n t i a l  areas estab- 
l i s h e d  by t h e  U.S. P u b l i c  Hea l th  Serv ice Centers f o r  Disease Cont ro l  (CDC). 

D iox in  l e v e l s  i n  more than 99 percent o f  t h e  surface s o i l s  examined on t h e  
Midland P lan t  S i t e  a l so  are below t h a t  1 ppb l eve l .  Two we l l -de f ined 
areas cover ing l e s s  than one-half  percent o f  t h e  Midland P lan t  S i t e  have 
been i d e n t i f i e d  where TCDD l e v e l s  i n  s o i l  a re  5-50 ppb. These two areas 
a re  being contained. These two areas are d i r e c t l y  associated w i t h  t h e  
h i s t o r i c a l  manufacture and hand l ing  o f  ch lorophenol ic  compounds. These 
f i n d i n g s  are cons i s ten t  w i t h  a v a i l a b l e  s c i e n t i f i c  data about t h e  fo rmat ion  
and d i s t r i b u t i o n  o f  TCDD: It i s  known t o  be a t r a c e  contaminant i n  
c e r t a i n  c h l  orophenol i c  manufactur ing process and a 1 ow-level byproduct 
from t h e  combustion o f  o rgan ic  ma te r i a l s  i n  t h e  presence o f  c h l o r i n e -  
con ta in ing  compounds. 

3 .  Fol lowing a comprehensive study o f  Midland P lan t  S i t e  power generat ing, 
chemical manufactur ing and waste management operat ions, t h e  l a r g e s t  p o i n t  
source o f  d i o x i n  emissions t o  t h e  a i r  environment was found t o  be t h e  
Waste Inc ine ra to r .  Other i d e n t i f i e d  p o i n t  sources were shown t o  be smal l  
i n  comparison t o  t h i s  source and, therefore,  were no t  considered dominant 
sources. As c u r r e n t l y  operated, t h e  Waste I n c i n e r a t o r  releases approxi -  
mately one- th i rd  gram o f  TCDD t o  t h e  atmosphere per  year. The concentra- 
t i o n  o f  TCDD i n  t h e  vent from t h e  Waste I n c i n e r a t o r  i s  comparable t o ,  i f  
no t  lower than, t h a t  emi t ted  by several munic ipal  i n c i n e r a t o r s  i n v e s t i -  
gated by t h e  U .S. Envi ronmental P ro tec t i on  Agency. 

4. This  low- leve l  emission r a t e  cannot account f o r  t h e  TCDD l e v e l s  known t o  
be accumulated i n  t h e  sur face s o i l s  o f  t h e  Midland P lan t  S i t e  and i n  t h e  
C i t y  o f  Midland. De ta i l ed  analyses o f  past  i n c i n e r a t i o n  prac t ices ,  a long 
w i t h  s tud ies  on t h e  s o i l s  and a i rborne dust  p a r t i c l e s  i n  t h e  Midland area, 
show t h a t  h i s t o r i c a l  d i spe rs ion  o f  ashes and vent stack p a r t i c u l a t e s  f rom 
h i s t o r i c a l  i n c i n e r a t i o n  operat ions are t h e  probable source o f  t h e  t r a c e  
TCDD l e v e l s  now found i n  t h e  l o c a l  environment. 

5. The Waste I n c i n e r a t o r  i s  a l so  the  most probable source o f  t h e  0.6 gram per  
year  of TCDD which en ters  t h e  Tittabawassee R ive r  from t h e  Midland P lan t  
S i te .  Exhaust gas wash waters from t h e  Waste I n c i n e r a t o r  appear t o  be t h e  
major source o f  t h e  TCDD leav ing  t h e  Dow Waste Water Treatment Plant .  A 
comprehensive survey of a l l  o the r  sources o f  TCDD t o  Midland P lan t  S i t e  
wastewater (descr ibed i n  more d e t a i l  l a t e r  i n  t h i s  summary) has i d e n t i f i e d  
t h r e e  h i s t o r i c a l  sources t h a t  re lease TCDD i n t e r m i t t e n t l y  t o  t h e  Midland 
P lan t  S i t e  Waste Water Treatment Plant .  The cu r ren t  o u t f a l l  t o  t h e  
Tittabawasee R ive r  from t h e  e n t i r e  p l a n t  conta ins about 25 p a r t s  per  quad- 
r i l l i o n  TCDD c a r r i e d  by f i n e  suspended so l i ds .  



DIOXIN POINT SOURCE RESEARCH STUDY RESULTS: 
SOIL SAMPLING 

CITY OF MIDLAND SOIL SAMPLING 

Analyses f o r  TCDD i n  s o i l  samples taken i n  t h e  C i t y  o f  Midland and i n  samples 
taken j u s t  ou ts ide  t h e  P lan t  i n d i c a t e  t h a t  TCDD s o i l  l e v e l s  a re  s i g n i f i c a n t l y  
below t h e  1 p a r t  per  b i l l i o n  (ppb) concern l e v e l  es tab l ished by t h e  U.S. 
P u b l i c  Hea l th  Serv ice Centers f o r  Disease Contro l  (CDC) f o r  exposure i n  
r e s i d e n t i a l  areas. Levels between 0.0006-0.45 ppb were observed; t h e  l e v e l s  
decrease w i t h  i nc reas ing  d is tance from t h e  Midland P lan t  S i t e  suggest ing t h a t  
t r a c e  l e v e l s  i n  area s o i l s  may be associated w i t h  cur ren t  o r  former Mid land 
P lan t  S i t e  operat ions. 

I 1  ... NON-MIDLAND SOIL SAMPLING 

I n  order  t o  assess t h e  above f ind ings ,  s o i l  samples were a l so  taken i n  indus- 
t r i a l i z e d  areas o f  16 o the r  Midwestern and M i d a t l a n t i c  c i t i e s .  Samples were 
taken near major s tee l ,  automotive o r  chemical manufactur ing f a c i l i t i e s ,  and 
near munic ipal  s o l i d  waste i nc ine ra to rs .  According t o  the  data co l l ec ted ,  
s o i l  l e v e l s  o f  TCDD were below 0.01 ppb. Comparison o f  these data w i t h  those 
on t h e  C i t y  o f  Midland s o i l  samples suggests t h a t :  

1. While s o i l  l e v e l s  c lose  t o  t h e  Midland P lan t  S i t e  are below 1 ppb, t h e  
l e v e l s  a re  h igher  than those found i n  o the r  i n d u s t r i a l i z e d  urban areas. 
This  suggests t h a t  t h e  Dow Midland P lan t  S i t e  i s  a pr imary source o f  t h e  
t r a c e  l e v e l s  o f  TCDD i n  t h e  immediate environment. 

2. S o i l  l e v e l s  found i n  t h e  City o f  Midland f u r t h e r  from t h e  P lan t  S i t e  a re  
w i t h i n  t h e  range measured i n  i n d u s t r i a l i z e d  areas o f  o the r  U.S. c i t i e s .  

3. The widespread presence o f  TCDD i n  U.S. urban s o i l s  up t o  0.01 ppb 
suggests t h a t  l o c a l  combustion sources are  probable sources o f  t r a c e  
d i o x i n  a t  those loca t ions ,  i n c l u d i n g  both i n d u s t r i a l  and munic ipal  waste 
i nc ine ra to rs .  

111. DON MIDLAND PLANT SITE SOIL SAMPLING 

The Midland P lan t  S i t e  has been invo lved i n  manufactur ing chlorophenol ic  
compounds s ince t h e  1930's. O f  24 commerci a1 ly s i g n i f i c a n t  compounds produced 
a t  one t ime o r  another, on ly  two are  s t i l l  manufactured a t  t h e  S i te .  Chloro- 
pheno l ic  product ion s i t e  s tud ies  were important  i n  i n v e s t i g a t i n g  p o t e n t i a l  



TCDD sources s ince  TCDD i s  a known t r a c e  contaminant i n  c e r t a i n  ch lo ropheno l ic  
p roduct ion  processes. For t h i s  segment o f  t h e  study, repeated s o i l  samples 
were gathered from l o c a t i o n s  where r e l a t i v e l y  h igh  TCDD l e v e l s  were expected 
o r  found. Samples were a lso  taken where low l e v e l s  were predic ted,  t o  v e r i f y  
t h e  p red i c t i ons .  

Data were categor ized i n  t h ree  groups: 

Group 1--samples from th ree  areas known t o  be d i r e c t l y  associated w i t h  
cu r ren t  o r  h i s t o r i c  ch lo ropheno l ic  p roduct ion  and handling; 

Group 2--samples from l o c a t  ions  known t o  be associated w i t h  i n c i n e r a t i o n  
o f  chemical and convent ional wastes, and ash storage; 

Group 3--samples from a v a r i e t y  o f  on -s i t e  l oca t i ons  away from p o t e n t i a l  
TCDD sources, be l ieved t o  represent a general TCDD sur face s o i l  background 
l e v e l  w i t h i n  t h e  Midland P lan t  S i t e  fence l ine .  

Group 1 TCDD s o i l  l e v e l s  genera l l y  were below 1 ppb w i t h  two exceptions. Two 
areas w i t h  l o c a l i z e d  e levated l e v e l s  o f  TCDD up t o  50 ppb were i d e n t i f i e d .  
These two l o c a t i o n s  t o t a l  l ess  than s i x  acres and comprise l ess  than one-hal f  
percent  o f  t h e  t o t a l  1500-acre Midland P lan t  S i te .  These areas are  l oca ted  
where chlorophenols were manufactured h i s t o r i c a l l y .  Group 2 s o i l s  were a l s o  
below 1 ppb except f o r  two samples w i t h  l e v e l s  o f  2 and 4 ppb, values t y p i c a l  
o f  those seen i n  i n c i n e r a t o r  ash and p a r t i c u l a t e s .  Group 3 s o i l s  were a l l  
wel l -below 1 ppb. 

I n  summary, w i t h  t h e  except ion o f  two l o c a l i z e d  areas, sur face s o i l  TCDD 
l e v e l s  i n  t h e  m a j o r i t y  o f  t he  Midland P lan t  S i t e  were below 1 ppb. I n  areas 
away from known p o t e n t i a l  TCDD sources, sur face s o i l  l e v e l s  genera l l y  were 
l e s s  than one-half  ppb. 

I V .  DIOXIN POINT SOURCES TO MIDLAND SOILS 

The purpose o f  t h i s  p o r t i o n  o f  t h e  study was t o  i d e n t i f y  pr imary TCDD sources. 
The mere presence o f  TCDD i n  a stream o r  sample does not  conf i rm t h i s  as a 
source. Before an e f f l u e n t  o r  stream can be considered a pr imary TCDD source 
i t  must meet t h e  f o l l o w i n g  c r i t e r i a :  

1. The concent ra t ion  must be h igh  enough t o  s i g n i f i c a n t l y  c o n t r i b u t e  t o  t h e  
1 eve1 s observed i n the  envi ronment . 

2. The quan t i t y ,  o r  mass o f  TCDD being emi t ted  must be s u f f i c i e n t l y  l a r g e  t o  
account f o r  t h e  observed q u a n t i t i e s  o f  TCDD i n  t h e  environment. 

3. There must be a p l a u s i b l e  d ispersa l  mechanism. 

4. The source must have a " f i n g e r p r i n t "  corresponding t o  t h a t  observed i n  t h e  
envi  ronment . 
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V. DIOXIN POINT SOURCE RESEARCH STUDY RESULTS: 
WASTE WATER STREAM SAMPLING, TRANSPORT AND CONTROL 

This study segment i d e n t i f i e d  poss ib le  TCDD sources f l ow ing  i n t o  t h e  waste- 
water system, d i s t i n g u i s h i n g  cu r ren t  from h i s t o r i c a l  sources. Water, sediment 
and sludge samples were c o l l e c t e d  and analyzed. Water f l ow  r a t e s  were approxi -  
mated f o r  t he  streams t h a t  were sampled. 

The Midland P lan t  S i t e  wastewater system handles about 19 m i l l i o n  ga l l ons  o f  
water d a i l y .  A l l  sources t h a t  f l o w  i n t o  t h i s  network were sampled: sewers, 
t h e  r iverbank revetment system, i n c i n e r a t o r  scrubber waste and l a n d f i l l  
dewater ing systems. 

The f i n d i n g s  i n d i c a t e :  

1. The Waste I n c i n e r a t o r  i s  a cu r ren t  p o i n t  source o f  TCDD t o  t h e  wastewater 
system. TCDD was found i n  a l l  exhaust scrubber water streams from t h e  
Inc ine ra to r .  

2. Samples taken from dewatering we l l s  loca ted  on a closed on -s i t e  l a n d f i l l  
showed TCDD l e v e l s  between 1.8 and 3.4 ppb. These we1 1s are an important  
h i s t o r i c a l  source o f  TCDD. These w e l l s  have been deact ivated. The land-  
f i l l  i s  clay-capped and i s  surrounded by a c l a y  wa l l  extending t o  t h e  
na tu ra l  c l ay  bottom t o  prevent leakage and ra inwater  i n f i  1 t r a t i o n .  

3.  A shal low sump near former chlorophenol product ion s i t e s  produced samples 
con ta in ing  about 1 ppb TCDD. This sump former ly  f lowed i n t o  t h e  sewer 
system, bu t  has been deact ivated.  

4. Sludge samples from t h e  general sewer showed concentrat ions o f  1-80 ppb 
TCDD. Organic ma te r i a l  con ta in ing  TCDD was found t o  be en te r i ng  t h e  sewer 
from an h i s t o r i c a l  deposi t  . 

5. An extensive ana lys i s  was made o f  t h e  Midland P lan t  S i t e  sewer system 
which serves cu r ren t  manufactur ing u n i t s .  No c u r r e n t l y  opera t ing  
manufactur ing f a c i l i t y  discharges a s i g n i f i c a n t  q u a n t i t y  o f  TCDD i n t o  t h e  
sewer system. 

6. Samples i n d i c a t e  t h a t  0.08 gram per year  TCDD enters t h e  wastewater system 
from the  underground revetment system which p ro tec ts  t h e  Tittabawasee 
R ive r  from poss ib le  contamination. 

V I .  TCDD Wastewater Transport 

The s o l u b i l i t y  o f  TCDD i n  water i s  very low, y e t  i t  t r a v e l s  q u i c k l y  i n  moving 
water. An unexpected and s i g n i f i c a n t  f i n d i n g  o f  t h i s  study i s  t h a t  TCDD 
appears t o  be t ranspor ted  on suspended s i l t  and o ther  p a r t i c u l a t e  mat te r  moved 
by f l o w i n g  streams. U n f i l t e r e d  water e f f l u e n t s  con ta in ing  suspended s i l t  show 



TCDD l e v e l s  i n  t h e  p a r t s  per  q u a d r i l l i o n  range. So l ids  f i l t e r e d  o f f  from 
these samples and analyzed separate ly  show TCDD l e v e l s  i n  t h e  p a r t s  per 
b i l l i o n  range. I n  f a c t ,  TCDD concentrat ions on these p a r t i c u l a t e s  are s i m i l a r  
t o  those t h a t  would be expected on Waste I n c i n e r a t o r  ash. 

The Midland P lan t  S i t e  Waste Water Treatment f a c i l i t y  processes almost 7 
b i l l i o n  ga l l ons  o f  wastewater every year,  and y e t  on ly  0.6 gram TCDD are  
discharged annual ly  i n t o  t h e  Tittabawassee River .  A steady reduct ion  o f  TCDD 
content  i n  t h e  wastewaters i s  achieved as t h e  waters are processed through 
pr imary, secondary and t e r t i a r y  treatment.  

Since TCDD i s  t ranspor ted  v i a  suspended s i l t s  and p a r t i c u l a t e s ,  t h e  e f f i c i e n c y  
o f  TCDD removal i s  p ropo r t i ona l  t o  t h e  e f f i c i e n c y  o f  suspended s o l i d s  removal. 
For example, pr imary treatment s e t t l e s  out  l a r g e  p a r t i c u l a t e  so l  ids .  Dur ing  
t h i s  t reatment  stage, TCDD concentrat ions were found t o  drop from 1500 ppq t o  
150 ppq. Levels drop t o  50-75 ppq i n  secondary treatment as biomass rnicro- 
organisms engu l f  TCDD-carrying p a r t i c l e s .  When the  biomass i s  f i l t e r e d  o f f ,  
t h e  entrapped p a r t i c l e s  a1 so are removed. Fol lowing t e r t i a r y  treatment,  
i n v o l v i n g  f u r t h e r  bioentrapment and s e t t l i n g ,  only  25 ppq TCDD i s  u l t i m a t e l y  
discharged t o  t h e  r i v e r .  These f i n a l  c a r r i e r  p a r t i c u l a t e s  are extremely smal l  
and genera l l y  a re  r e s i s t a n t  t o  s e t t l i n g ,  covent ional  f i l t r a t i o n  and engulfment 
by micro-organisms. 

I n  another major f i n d i n g  o f  t h i s  study, Dow p i l o t - p l a n t  research has conf irmed 
t h a t  t h e  TCDD being c a r r i e d  out i n  e f f l u e n t  v i a  suspended p a r t i c u l a t e s  can be 
f u r t h e r  reduced by two t o  f i v e  t imes through e f f i c i e n t  sand f i l t r a t i o n .  

V I I  . FURTHER STUDY OF THE MIDLAND PLANT SITE 
WASTE MANAGEMENT SYSTEM AND THE ULTIMATE FATE OF TCDD - 

Having determined t h a t  t h e  Midland P lan t  S i t e  Waste I n c i n e r a t o r  i s  a pr imary 
c u r r e n t  c o n t r i b u t o r  t o  TCDD l e v e l s  i n  t he  s o i l s  and wastewater o f  t h e  S i t e ,  
f u r t h e r  research was conducted t o  def ine t h e  format ion and f a t e  o f  TCDD i n  t h e  
Waste Inc ine ra to r .  

Three sample sets were c o l l e c t e d  from exhaust stack and exhaust sc,rubbing 
operat ions.  From t h e  analyses i t  was determined t h a t  t h e  amount o f  TCDD i n  
t h e  ash and p a r t i c u l a t e s  captured i n  t he  exhaust p u r i f i c a t i o n  system ranged up 
t o  about 13 grams per  year. 

Th is  c a l c u l a t i o n  takes i n t o  account t h e  average concentrat ion o f  TCDD i n  t h e  
samples, and t h e  t o t a l  amount being released from t h e  I n c i n e r a t o r  t o  t h e  
environment i n  a year.  About one h a l f  o f  t h e  TCDD i s  i n  t h e  i n c i n e r a t o r  ash, 
formed du r ing  r o t a r y  k i l n  combustion o f  rubbish and organic ma te r i a l s  i n  t h e  
presence o f  a v a i l a b l e  ch lo r i ne .  The o ther  h a l f ,  created i n  t he  af terburner  
u n i t ,  i s  95 percent captured by the  exhaust scrubber equipment, a l l ow ing  on ly  
0.3 gram per  year  t o  escape t o  t h e  atmosphere. 
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The f o u r t h  i s  t h e  Waste Inc ine ra to r .  It i s  t he  on l y  major c u r r e n t l y  gener- 
a t i n g  source i d e n t i f i e d  on t h e  Midland P lan t  S i te .  However, t he  r e l a t i v e  s i z e  
o r  s i g n i f i c a n c e  o f  these f o u r  sources cannot be c l e a r l y  es tab l ished by f l o w  
data alone. 

I X .  USE OF PATTERN RECOGNITION TECHNIQUES TO HELP IDENTIFY TCDD POINT SOURCES 

"F inge rp r in t i ng "  

Chemical f i n g e r p r i n t i n g  i s  a  technique f o r  l e a r n i n g  where a  chemical compound 
has been produced. L i k e  a  person, each sample con ta in ing  d iox ins  has i t s  own 
" f i n g e r p r i n t ; "  i t s  own chemical makeup determined by what percentage o f  each 
t e t r a c h l o r o  d i o x i n  isomer i s  present. Each f i n g e r p r i n t  i s  d i f f e r e n t ,  depend- 
i n g  on t h e  means by which i t  was created. For example, t h e  combination o f  
TCDD isomers formed du r ing  i n c i n e r a t i o n  i s  d i f f e r e n t  from the  c,oncentrat ion o f  
TCDD isomers formed du r ing  chemical product ion. 

Isomer percentages a re  determined f o r  a compound and recorded on a  char t ,  o r  
chemical p r o f i l e .  Each cha r t  creates a " f i n g e r p r i n t "  p a t t e r n  p e c u l i a r  t o  t h a t  
sample. Th is  f i n g e r p r i n t  can then be compared t o  o the r  f i n g e r p r i n t s  f o r  known 
sources. I f  t h e  f i n g e r p r i n t  pa t te rns  match, t h i s  suggests t h a t  t h e  suspected 
source may be respons ib le  f o r  t he  observed l eve l s .  Th i s  v i sua l  f i n g e r p r i n t i n g  
method can a l s o  be c a r r i e d  out  us ing  mathematical p a t t e r n  recogn i t i on  
techniques. 

The value o f  p a t t e r n  recogn i t i on  techniques i n  he lp ing  t o  i d e n t i f y  t h e  domi- 
nant  p o i n t  sources o f  TCDD i n t o  t h e  sur face s o i l s  o f  t h e  Midland area i s  
i l l u s t r a t e d  by t h e  f o l l o w i n g  conclusions which can be drawn from these data 
when used i n  con junc t ion  w i t h  t h e  f a c t s  shown i n  prev ious sect ions:  

1. TCDD isomer pa t te rns  o f  Midland area s o i l  were d i s t i n c t l y  d i f f e r e n t  f rom 
TCDD pa t te rns  o f  samples gathered f rom Powerhouse ash and from P lan t  S i t e  
areas w i t h  l o c a l i z e d  elevated l e v e l s  o f  TCDD. It i s  t he re fo re  u n l i k e l y  
t h a t  these sources have con t r i bu ted  s i g n i f i c a n t l y  t o  t he  TCDD l e v e l s  
observed i n  t h e  Midland area. 

The TCDD isomer p a t t e r n  o f  Midland area s o i l  was s i m i l a r ,  though no t  
i d e n t i c a l ,  t o  t h a t  o f  both the  Waste I n c i n e r a t o r  ash and Waste I n c i n e r a t o r  
s tack p a r t i  cu l  ates. These ma te r ia l s  have been h i s t o r i c a l  l y  accessi b l e  t o  
t h e  environment, and a i rborne t r a n s p o r t  appears t o  be a TCDD d i spe rsa l  
method. Therefore, al though the  p o s s i b i l i t y  o f  con t r i bu t i ons  from addi-  
t i o n a l  TCDD sources cannot be excluded, t h e  Waste Inc ine ra to r ,  o r  o the r  
h i s t o r i c a l  waste i n c i n e r a t i o n  operat ions, a re  i n d i c a t e d  as the  most 
probable dominant p o i n t  source o f  TCDD c u r r e n t l y  found on the  Mid land 
P lan t  S i t e .  Th is  i s  i n  accord w i t h  t h e  conclus ion reached e a r l i e r  con- 
s i d e r i n g  cu r ren t  and h i s t o r i c a l  waste i n c i n e r a t o r  opera t ing  cond i t i ons  and 
emission con t ro l s .  



A m o d i f i c a t i o n  o f  t h e  same " f i n g e r p r i n t i n g "  technology was a l so  used t o  he lp  
i d e n t i f y  t h e  most important  TCDD p o i n t  sources t o  t h e  Midland P lan t  S i t e  
wastewater system. Because the  TCDD l e v e l s  i n  t h e  wastewater stream leav ing  
t h e  Midland P lan t  S i t e  are so low, t h e  TCDD " f i n g e r p r i n t s "  a re  very f a i n t .  I n  
f a c t ,  on l y  f o u r  TCDD isomers can be used f o r  p a t t e r n  comparison. This  weakens 
t h e  use o f  t h e  comparison technique. Nonetheless, t h e  four-isomer comparison 
which can be made does show t h a t :  

1. The TCDD isomer p a t t e r n  o f  t h e  Waste I n c i n e r a t o r  exhaust scrubber e f f l u e n t  
i s  very s i m i l a r  t o  t h e  p a t t e r n  o f  p a r t i c u l a t e s  found l eav ing  t h e  Waste 
Water Treatment P lan t .  

2. No combination o f  t h e  TCDD isomer pa t te rns  from t h e  o ther  t h ree  ( h i s t o r i -  
c a l )  sources matches a t  a l l  c l o s e l y  t h e  Waste Water Treatment P lan t  
p a r t i c u l a t e  TCDD pa t te rn .  

Therefore, w i t h i n  t h e  l i m i t a t i o n s  o f  t h i s  p a t t e r n  comparison technique, t h e  
exhaust gas scrubbing system o f  t he  Midland P lan t  S i t e  Waste I n c i n e r a t o r  
appears t o  be t h e  most l i k e l y  p o i n t  source o f  t h e  TCDD passing through t h e  
Waste Water Treatment Plant .  

CONCLUSIONS 

It i s  t h i s  i n t e n t  o f  t h i s  r e p o r t  t o  p rov ide  a  bas is  from which t o  f u r t h e r  
reduce t h e  t r a c e  l e v e l s  of d i o x i n  moving i n t o  t h e  area environment. Th is  
s tudy has i n d i c a t e d  t h a t :  

1. TCDD l e v e l s  i n  t h e  Midland community are p r i m a r i l y  t h e  r e s u l t  o f  prev ious 
i n c i n e r a t i o n  operat ions.  Current Waste I n c i n e r a t o r  technology has been 
improved t o  t h e  p o i n t  where t h i s  u n i t  compares favorab ly  w i t h  munic ipal  
s o l i d  waste i nc ine ra to rs .  

2. Two small areas w i t h  l o c a l i z e d  e levated l e v e l s  o f  TCDD have been 
i d e n t i f i e d  on t h e  Midland P lan t  S i te .  Those areas are being contained, 
and permanent containment i s  being developed i n  a  cooperat ive p lan  w i t h  
t h e  Envi ronmental P ro tec t i on  Agency. 

3.  The pr imary TCDD source t o  t h e  Tittabawassee R ive r  appears t o  be t h e  Waste 
Inc ine ra to r .  Al though more t h a t  98% o f  t h e  TCDD i s  a l ready removed by t h e  
Waste Water Treatment P lan t ,  a  spec ia l  f i l t r a t i o n  system i s  being designed 
and constructed t o  f u r t h e r  reduce TCDD discharge t o  the  r i v e r .  
A d d i t i o n a l l y ,  i t  should be empahsized t h a t  research i s  a1 ready proceeding 
t o  i n d i v i d u a l l y  address each o f  t he  o the r  t h r e e  sources t o  t h e  wastewater 
system t h a t  have been i d e n t i f i e d .  


