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I 

INTROOUCTION 

Environmental Risk Assessment i s  a sc ient i f i c  process i n  which facts and 
assumptions are integrated and used t o  estimate the potential for  adverse effects 
on human health o r  the environment that may resul t  from exposures t o  specif ic 
pollutants. The r i s k  assessment protocol followed by the United States 
Environmental Protection Agency (USEPA) includes the fo l louing components (USEPA 
1986) : 

o Hazard Ident i f i ca t ion 
o Dose-Response Assessment 
o Human Exposure Assessment 
o Risk Characterization 

The hazard iden t i f i ca t ion  i s  a qual i tat ive r i s k  assessment, establishing the 
potential t o x i c i t y  o r  hazard o f  a part icular  substance. The dose-response 
assessment defines the relat ionship between the dose o f  a substance and the 
probabi 1 i t y  o f  induction o f  adverse health effects. The human exposure 
assessment i s  conducted t o  estimate, i n  a specif ic s i tuat ion o r  setting, what are 
the probable and maximum human exposures t o  a substance (i.e., dose rates), 
including evaluations o f  potential high r i s k  groups. I n  r i s k  characterization, 
the resul ts  o f  the dose-response and human exposure evaluations are combined to  
estimate potent ial  adverse health impacts, w i th  a r e v i m  o f  the uncertainties i n  
the overal l  analysis. T h c  r i s k  assessment fo r  d iox in contanin&tion i n  and around 
Midland, Michigan. i s  f u l l  y described i n  a canpanion report t o  t h i s  document, 
Risk A m  for O i o x i ~ ~ J a t  (USEPA 1988a). 
referred t o  hereafter as the Risk Assessment. 

Risk management, on the other hand, i s  a decision-making process which can 
involve much more than consideration o f  the results o f  a r i s k  assessment. Often, 
such factors as techm~logi ta l  feas ib i l i ty ,  economic information about costs and 
benefits, statutory requirements, and public concerns can heavl l y  influence r isk  
management. This report sets out r i s k  management recomndations f o r  
contamination w i t h  2,3.7,8-tetrachlorodibenzo-p-dioxin (2378-TCOD) and other 
polychlorinated dibenzo-pdioxins (COOS) and polychlor lni tcd dibenzo-furans 
(CDFs) i n  and around ffldland, Michigan (see Figure 1-1). 

On Apr i l  28, 1988, USEPA conducted a public lneettng i n  Midland t o  present, 
and accept public canncnt on, the results of the r i s k  assessment and a series of 
proposed r i s k  management actions. The pub1 i c  conrmnt period extended unt i  1 June 
3, 1988. This report has been revised t o  include a sumnary o f  the publ ic 
comments and responses (Appendix A); recent information regarding contaminant 
levels i n  game f i s h  from the Tittabawassee River (Appendix 8); l im i ted data for 
homegrown vegetables i n  Midland (Appendix C )  ; revi sed r i s k  estimates based upon 
the recent f i s h  contaminant levels; and f ina l  r i s k  managmnt recommendations. 
The out l ine  and content o f  t h i s  report are simi lar to  those i n  the public review 
dra f t  report, . . Prowscd Risk M a n a w  Artim for 01- 
Hidland. (USEPA 1988b). 
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r e l a t e d  costs. 

USEPA developed t h e  f i n a l  r i s k  management recomnendations presented i n  t h i s  
repo r t  t a k i n g  i n t o  account the Risk Assessment, a l l  o f  t h e  p u b l i c  comnents, the 
cu r ren t  s ta tus  o f  ongoing remedial act ions, and the  recent  f i s h  contaminant data 
presented i n  Appendix B. We be l i eve  t h a t  these are reasonable and necessary 
measures which can be implemented through e x i s t i n g  regu la to ry  mechanisms a t  the 
s t a t e  and federa l  leve ls .  USEPA be l ieves  t h a t  t he  measures r e l a t i n g  t o  the Dow 
Chemical p l a n t  can mast e f f e c t i v e l y  be implemented through e x i s t i n g  a i r ,  so l  i d  
waste, and water p o l l u t i o n  con t ro l  programs managed by MDNR and USEPA Region V. 
Measures r e l a t i n g  t o  f i s h  consumption adv isor ies  can most e f f e c t i v e l y  be managed 
through the  e x i s t i n g  framework es tab l ished by the  Michigan Department o f  Pub l i c  
Health. 

Th is  document provides: (1) a b r i e f  s u m r y  o f  t he  r e s u l t s  o f  a number o f  
s tudies undertaken by the USEPA, the  Sta te  o f  Michigan, and Dow Chemical Company; 
( 2 )  a summary o f  poss ib le  h e a l t h  r i s k s  t o  Midland area res idents  r e s u l t i n g  from 
exposures t o  CDDs and CDFs; (3)  ac t ions  f o r  min imiz ing emissions and discharges 
t o  t h e  environment from Dow Chemical; ( 4 )  recomnendations f o r  people l i v i n g  i n  
the  Midland area on how t o  minimize t h e i r  exposures t o  CDDs and CDFs, and thus 
t h e  poss ib le  h e a l t h  r i s k s  associated w i t h  those exposures; and (5 )  add i t i ona l  
mon i to r ing  programs, some o f  a cont inu ing nature, f o r  t he  purposes o f  
e s t a b l i s h i n g  long-term t rends i n  emissions and discharges o f  CDDsICDFs, and t o  
document changes i n  environmental contaminat ion f o r  t he  more s i g n i f i c a n t  human 
exposure routes. As noted above, a sumnary of p u b l i c  comnents and responses f o r  
t he  Risk Assessment and proposed Risk Management Act ions i s  presented i n  
Appendix A. 





I I 

SUMMARY OF ENVIRONMENTAL AND POINT SOURCE INVESTIGATIONS 

Polych lor ina ted dibenzo-p-dioxins and po lych lor ina ted dibenzofurans (CDDs 
and CDFs, respec t i ve l y )  a re  c lose ly - re la ted  fam i l i es  o f  h i g h l y  t o x i c  and 
p e r s i s t e n t  organic chemicals which have been formed as unwanted by-products i n  
some commercially s i g n i f i c a n t  chemical react ions,  dur ing  h igh  temperature 
decomposition and combustion o f  c e r t a i n  ch lo r ina ted  organ ic  chemicals, and 
through o ther  reac t ions  i n v o l v i n g  c h l o r i n e  and organic mater ia ls .  

Dow Chemical has manufactured over 1,000 d i f f e r e n t  inorgan ic  and organic 
chemicals a t  t h e  Midland f a c i l i t y .  The manufacture o f  ch lo r ina ted  phenols and 
herbicides, and the  fo rmula t ion  o f  pes t ic ides  and o ther  products der ived from 
them have been major operat ions a t  t h e  Dow Midland f a c i l i t y  f o r  many years. 
Comnercial product ion o f  ch lo r ina ted  phenols began i n  the  1930's and cont inued a t  
substant ia l  l e v e l s  i n t o  the  l a t e  1970's. Dow Chemical repo r t s  t h a t  o n l y  two 
ch lo r ina ted  phenol ic  products--2.4-dichlorophenol and 2.4-dichlorophenoxyacetic 
a c i d  (2.4-D)--are c u r r e n t l y  manufactured a t  Midland (Dow 1984). I n c i n e r a t i o n  has 
been p rac t i ced  s ince a t  l e a s t  t h e  1930's w i t h  vary ing l e v e l s  o f  emission 
cont ro ls .  Current ly ,  Dow Chemical operates a r o t a r y  k i l n  i n c i n e r a t o r  f o r  
combustion o f  bo th  hazardous and non-hazardous wastes. P r i o r  t o  1980, a " t a r  
burner" was a l so  operated a t  t he  s i t e  t o  dispose o f  s t i l l  bottoms and o the r  
hazardous chemical res idua ls  (Dow 1988a). 

I n  June 1978, Dow Chemical informed the  Michigan Department o f  Natural 
Resources (MDNR) and USEPA t h a t  rainbow t r o u t  exposed t o  a mix ture  o f  Oow 
Chemical's t r e a t e d  e f f l u e n t  p r i o r  t o  discharge from o u t f a l l  031 t o  the  
Tittabawassee River  accumulated s i g n i f i c a n t  l e v e l s  o f  2,3,7,8-tetrachloro- 
dibenzo-p-dioxin (2378-TCDO), the  most t o x i c  o f  t he  CDD/CDF compounds (Dow 1978). 
Supplemental analyses o f  e d i b l e  po r t i ons  o f  Tittabawassee River  c a t f i s h ,  
p rev ious ly  c o l l e c t e d  i n  1976 downstream of  t h e  discharge from t h e  Dow Chemical 
f a c i l i t y ,  showed concentrat ions o f  2378-TCDD ranging from 70 t o  230 pa r t s  per 
t r i l l i o n  (pp t ) .  Dow Chemical a l s o  reported 2378-TCDO analyses f o r  c a t f i s h ,  carp, 
rock bass, crappie, and perch c o l l e c t e d  i n  1977. The r e s u l t s  o f  these studies 
prompted the  Michigan Department o f  Pub l i c  Heal th (MDPH) t o  issue a formal 
advisory i n  June 1978 warning against  consumption o f  any f i s h  c o l l e c t e d  from the 
T i  ttabawassee River  downstream o f  Dow Dam (MDNR 1978). The advisory remained i n  
e f f e c t  u n t i l  March 1986, when the  MDPH modi f ied i t  t o  apply o n l y  t o  c a t f i s h  and 
carp, a f t e r  rev iewing 1985 moni to r ing  data showing t h a t  wal leyes and o the r  game 
f i s h  were contaminated a t  l e v e l s  below a 10 ppt  c r i t e r i o n  es tab l ished by MDPH 
using i t s  own r i s k  assessment/risk management methodologies. (The advisory has 
since been strengthened twice, i n  A p r i l  and December 1988. See sec t ion  I V ( B ) ( l )  
be1 ow. ) 

I n  response t o  the  Dow Chemical f ind ings ,  t he  MDNR and USEPA, Region V 
undertook a number o f  i nves t i ga t i ons  dur ing  the  per iod  1978-1981 t o  determine 
whether, o r  t o  what extent,  t he  Dow Chemical operat ions a t  Midland cont r ibu ted t o  
2378-TCDD contaminat ion i n  Tittabawassee River  f i sh .  These inves t iga t i ons  
included a caged f i s h  bioaccumulat ion study and an experimental l a r g e  volume 
wastewater e f f l u e n t  sampling program conducted i n  September 1981. The r e s u l t s  o f  





moni tor ing  f o r  2378-TCDD i n  the  t rea ted  process wastewater discharge t o  the  
Tittabawassee R ive r  (Dow 1984-1988). 

Studies by Dow and USEPA revealed widespread contaminat ion o f  t h e  surface 
s o i l  a t  t he  Midland f a c i l i t y  (on the  average, less  than 0.5 ppb 2378-TCDD) 
(Dow 1984, USEPA 1985a). Several small areas w i t h i n  the  f a c i l i t y  were found t o  
be more h i g h l y  contaminated (2-50 ppb). USEPA s tud ies  i nd i ca ted  lower- level 
contaminat ion o f  t he  s o i l s  throughout t h e  community w i t h  CDDsICDFs (average 
(0.1 ppb 2378-TCDD) (USEPA 1985a). Since these s tud ies  were undertaken, Dow has 
been ordered t o  remediate areas o f  h i g h  on-s i te contaminat ion t o  prevent the 
spread o f  contaminated s o i l  (USEPA 1 9 8 5 ~ ) .  The sources o f  t he  on-s i te  soi 1 
contaminat ion appear t o  have been leaks o r  f u g i t i v e  emissions from one o r  more o f  
t he  product ion  processes discussed above and f a l l o u t  from t h e  waste i nc ine ra to r .  
The o f f - s i t e  s o i l  contaminat ion has been a t t r i b u t e d  t o  a i rbo rne  emissions o f  
CDDs/CDFs from the  waste i nc ine ra to r ,  wind-borne t ranspor t  o f  contaminated s o i l  
from t h e  f a c i l i t y ,  and poss ib l y  past f u g i t i v e  emissions from product ion 
operat ions. 

Studies by Dow Chemical i n d i c a t e  t h e  hazardous waste i n c i n e r a t o r  i s  t he  most 
s i g n i f i c a n t  cu r ren t  a i r  emission source a t  t h e  Midland P lan t  (Dow 1984). 
Emissions t e s t i n g  by USEPA i n  1984 (Trembly and Amendola 1987) and Dow Chemical 
i n  1987 (Dow 1987a) i nd i ca ted  s u b s t a n t i a l l y  reduced emission l e v e l s  from those 
measured i n  1983 by Dow. 

S i g n i f i c a n t  l e v e l s  o f  CDDs/CDFs have a l s o  been detected i n  t h e  e f f l u e n t  from 
the  Dow wastewater treatment system t o  the Tittabawassee River  (0.01-0.05 ppt 
2378-TCDD i n  1984; <D.D02 t o  0.008 ppt  2378-TCDD current1 y )  (Dow 1984-1988). The 
cur rent  lower l e v e l s  are t h e  d i r e c t  r e s u l t  o f  t he  1984 F ina l  Order o f  Abatement 
issued by  the  Michigan Water Resources Commission (MWRC) and the  MDNR, r e q u i r i n g  
Dow Chemical t o  i n s t a l l  a f i n a l  e f f l u e n t  f i l t r a t i o n  system and implement a 
plant-wide program t o  reduce CDDs/CDFs (MWRC 1984). Studies conducted by USEPA, 
the  U.S. Food and Drug Admin is t ra t ion  (USFDA), t h e  MDPH and MDNR, and Dow 
Chemical between 1979 and 1985 revealed t h a t  2378-TCDD pers i s ted  a t  l e v e l s  o f  
concern i n  Tittabawassee River  f i sh ,  desp i te  shutdown of t he  Dow Midland 
product ion f a c i  1 i t i e s  f o r  t he  manufacture o f  2,4,5-trichlorophenol , the  
d e r i v a t i v e  2,4,5-T herbic ide,  and pentachlorophenol, chemicals known t o  be 
contaminated w i t h  CODs and CDFs. Sampling and ana lys is  o f  Tittabawassee River  
sediments i n  1978 and 1984 f a i l e d  t o  detec t  2378-TCDD, bu t  d i d  e s t a b l i s h  the  
presence o f  a number o f  o ther  CDDs and CDFs i n  pat te rns  i n d i c a t i n g  Oow Chemical 
as t h e  most probable source. The l e v e l s  found were no t  judged h igh  enough t o  
warrant removal o f  sediments, but t h e  ex tent  o f  t he  data was not  s u f f i c i e n t  t o  
r u l e  ou t  the  possi b i  1 i t y  o f  more h i g h l y  contaminated areas e l  sewhere. (Amend01 a 
and Barna 1986). 

Recent data c o l l e c t e d  by the  MDNR, MDPH, USEPA and Dow (MDNR 1988, USEPA 
1 9 8 8 ~ .  Dow 1 9 8 8 ~ )  i n d i c a t e  2378-TCDD l e v e l s  i n  game f i s h  have decl ined from 
l e v e l s  found i n  1983-1985 (see Appendix 8). Data c o l l e c t e d  i n  1985 and 1988 also 
show t h a t  Tittabawassee River  f i s h  c o l l e c t e d  downstream o f  Dow Chemical a re  
contaminated w i t h  several o the r  organ ic  chemicals, t h e  most s i g n i f i c a n t  being 
PCBs. Dow Chemical i s  no t  bel ieved t o  be a s i g n i f i c a n t  source o f  PCBs. 
Chemicals o the r  than CDDs/CDFs were no t  found i n  any o ther  media ( a i r ,  s o i l ,  
etc.) a t  l e v e l s  t h a t  would warrant s p e c i f i c  cons idera t ion  i n  t h i s  report .  
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SUMMARY OF USEPA RISK ASSESSMENT 

I n  keeping w i t h  gu ide l i nes  establ ished by USEPA and by t h e  National Academy 
o f  Sciences and o ther  s c i e n t i f i c  advisory bodies. USEPA's Risk Assessment f o r  
Midland, Michigan, invo lved four  d i s t i n c t  a c t i v i t i e s :  hazard i d e n t i f i c a t i o n ,  
dose-response assessment, exposure assessment, and r i s k  charac ter iza t ion .  As 
noted e a r l i e r ,  t h e  f i r s t  step, hazard i d e n t i f i c a t i o n ,  de f ines  t h e  bas ic  
t o x i c o l o g i c  p roper t i es  o f  CDDs/CDFs and i d e n t i f i e s  the  most important  t o x i c  
e f f e c t s  observed both  i n  s tud ies  o f  animals exposed t o  these compounds and i n  
human epidemiological  studies. Dose-response assessment, t h e  second step, 
cons is ts  o f  f u r t h e r  review and ana lys is  o f  these s tud ies  i n  o rde r  t o  develop an 
understanding o f  t h e  re la t i onsh ips  between the  a m u n t  o f  CDDslCDFs t o  which 
humans may be exposed and the  l i k e l i h o o d  and s e v e r i t y  o f  adverse h e a l t h  e f fec ts .  

The exposure assessment cons is ts  o f  a review o f  t h e  a v a i l a b l e  data regarding 
t h e  l e v e l s  o f  CDDs/CDFs found i n  and around Midland and t h e  development o f  
q u a n t i t a t i v e  est imates o f  t he  amount o f  CDDs/CDFs t o  which Midland area res idents 
may be exposed. F i n a l l y ,  r i s k  cha rac te r i za t i on  invo lves  t h e  combination o f  the 
dose-response in fo rmat ion  and the exposure est imates t o  d e r i v e  an assessment o f  
t h e  l e v e l s  of r i s k s  faced by t h e  var ious exposed populat ions i n  Midland. 

Also inc luded i n  the  Risk Assessment are  d iscussions o f  t h e  ex tent  o f  
u n c e r t a i n t y  associated w i t h  the  exposure and r i s k  estimates. For each rou te  o f  
exposure ( i n h a l a t i o n  o f  ambient a i r ,  contact  w i t h  contaminated s o i l s ,  e tc . )  more 
than one exposure scenar io was developed us ing ranges o f  assumptions about 
environmental l e v e l s  o f  CDDs/CDFs and exposure-related behavior o f  t h e  exposed 
populat ions. 

A. HAZARD IDENTIFICATION 

Chlor ina ted dibenzo-p-dioxins (CDDs) and dibenzofurans (CDFs) c o n s t i t u t e  a 
fam i l y  o f  over 200 r e l a t e d  chemical compounds (congeners) w i t h  vary ing chemical, 
physical ,  and t o x i c o l o g i c  propert ies.  The congener t h a t  appears t o  be the most 
t o x i c  and has genera l l y  ra i sed  the  greatest  h e a l t h  concerns i s  2,3,7,8-tetra- 
ch lorod i  benzo-p-dioxi n, abbreviated as 2378-TCDD. 

Experimental s tud ies  w i t h  2378-TCDD i n  animal systems have demonstrated a 
v a r i e t y  o f  t o x i c  e f f e c t s  r e s u l t i n g  f ronexposure  t o  t h i s  compound (USEPA 1985b). 
These e f f e c t s  inc lude carcinogenesis, cancer promotioh, reproduct ive and 
te ra togen ic  e f fec ts ,  imnunotoxic e f fec ts ,  thymus atrophy, l i v e r  damage, and 
e f f e c t s  on the  s k i n  and thy ro id .  L imi ted  t o x i c o l o g i c a l  t e s t i n g  o f  o ther  
CDDs/CDFs has demonstrated t h a t  several o f  these compounds cause s i m i l a r  
t o x i c o l o g i c a l  e f fec ts ,  but t h a t  h igher  doses are genera l l y  requ i red  t o  cause 
e f f e c t s  o f  comparable magnitude t o  those induced by 2378-TCDD. 

USEPA has determined t h a t  t he  c r i t i c a l  end p o i n t s  o f  concern f o r  purposes o f  
assessing r i s k s  associated w i t h  exposure t o  CDDs/CDFs i n  the  Midland area are 
cancer and reproduct ive  and te ra togen ic  e f f e c t s .  I n  add i t ion ,  under c e r t a i n  
condi t ions,  t o x i c  e f f e c t s  on the  l i v e r  and immune system may a l so  be s i g n i f i c a n t  





TABLE 111-1 

TOXICOLOGIC PARAMETERS FOR CDDs/CDFs 
USED I N  THE MIDLAND, MICHIGAN, RISK ASSESSMENT 

T x i  1 i n P i n  p r Parameter V lu 

Cancer Dose-Response Slope 1.6x10-~ 
Parameter (95% (pg/kg/day 1-' 

upper confidence ["82"]* 
l i m i t )  

Teratogenesis/Reproductive 
Ef fec ts :  

long-term exposures RfD 1 pg/kg/day 

s i  ngl  e-dose exposures HA 300 pg/kg/day 

Hepa to tox i c i t y  ( l i v e r  
e f f e c t s ) :  

long-term exposures RfD 1 pg/kg/day 

shor t  (10-day) exposures HA 28 pg/kg/day 

single-dose exposures HA 280 pg/kg/day 

* In  USEPA's weight-of-evidence c l a s s i f i c a t i o n  system f o r  carcinogens, 82 
i nd i ca tes  t h a t  t h e  evidence f o r  ca rc inogen ic i t y  i n  animals i s  " s u f f i c i e n t " ,  
w h i l e  t h e  human evidence f o r  ca rc inogen ic i t y  i s  "inadequate." 82 i s  placed i n  
quota t ion  marks, because the  c l a s s i f i c a t i o n  was f o r  2378-TCDD alone, whereas 
t o t a l  TEQs a r e  being evaluated here, i n  accordance with USEPA i n t e r i m  science 
po l icy .  





s o i l  ingested as a r e s u l t  of outdoor a c t i v i t i e s ,  and (3 )  t he  f r a c t i o n  o f  
CDDs/CDFs absorbed i n t o  t h e  body from the  ingested s o i l .  I n d i v i d u a l  l i f e t i m e  
segment and l i f e t i m e  average est imates o f  exposure/dose ra tes  were de r i ved  as f o r  
a i r .  The methods used t o  d e r i v e  these est imates and t h e i r  l i m i t a t i o n s  and 
associated u n c e r t a i n t i e s  a re  discussed i n  d e t a i l  i n  Sect ion 1II.C o f  t he  Risk 
Assessment. 

3. E x ~ o s u r e  Throuah Consum~t ion o f  Contaminated F i sh  

The f i v e  exposure scenarios which have been developed (see Table 111-2) vary 
w i t h  regard t o  the  amounts and types o f  f i s h  consumed ( a l l  f i s h  i s  assumed t o  
come from the  Tittabawassee R iver  except for h a l f  o f  t he  f i s h  eaten by t h e  
"general consumer"). Long-term consumption ra tes  were used t o  est imate 70-year 
l i f e t i m e  CDD/CDF i n g e s t i o n  o r  dose ra tes  t o  assess excess cancer r i s k s  and f o r  
comparison w i t h  t h e  R f D  f o r  non-cancer e f fec ts .  Single-meal CDD/CDF inges t i on  
ra tes  a l s o  were developed t o  compare w i t h  the  short- term HA values. Note t h a t  
the 1988 f i s h  contaminant data i n d i c a t e  a d e c l i n e  i n  t he  2378-TCDD TEQ 
concent ra t ion  exceeding 50 percent from t h e  average value f o r  game f i s h  c o l l e c t e d  
i n  t h e  1983-1987 pe r iod  (see Appendix B). 

The exposure assessment es tab l ished t h a t  consumption of contaminated f i s h  
was c l e a r l y  t h e  dominant rou te  o f  CDD/CDF exposure f o r  some populat ions, w i t h  
exposure and i n t a k e  l e v e l s  being as much as several o rders  o f  magnitude h igher  
than those associated w i t h  o t h e r  exposure routes. The methods used t o  develop 
these est imates and t h e i r  l i m i t a t i o n s  and associated u n c e r t a i n t i e s  a re  descr ibed 
i n  d e t a i l  i n  Sec t ion  1II.E o f  t he  Risk Assessment. 

Several o the r  poss ib le  rou tes  o f  human exposure were evaluated i n  t h e  Risk 
Assessment (Sec t i on  1II .F).  Consumption o f  ground water o r  sur face water were 
found u n l i k e l y  t o  be associated w i t h  CDD/CDF exposure. Other rou tes  t h a t  were 
considered were exposure t o  p o t e n t i a l  1 y-contaminated house dus t  and exposure o f  
i n f a n t s  through breas t  mi lk .  

Since no measurements were a v a i l a b l e  o f  t he  l e v e l s  o f  CDDs/CDFs i n  household 
dus t  i n  Midland, no q u a n t i t a t i v e  est imates o f  exposure through t h i s  r o u t e  could 
be conducted. It was concluded, however, based upon s tud ies  o f  o the r  s i t u a t i o n s  
where exposures t o  t o x i c  p o l l u t a n t s  i n  house dust  had been measured, t h a t  t h i s  
r o u t e  o f  exposure could be comparable t o  some o f  t h e  o the r  exposures t h a t  were 
quan t i f i ab le .  

S i m i l a r l y ,  CDDICDF l e v e l s  i n  b reas t  m i l k  from t h e  Midland area have not  been 
measured. However, a simple pharmacokinetic model (Smith 1987) was employed t o  
est imate i n takes  f o r  nurs ing  i n f a n t s .  

F i n a l l y ,  s u f f i c i e n t  data are no t  avai l .able which would a l l o w  a q u a n t i t a t i v e  
assessment o f  t h e  exposures from consumption o f  CDDs/CDFs contained i n  o r  
deposi ted on home-grown vegetables. An i n i t i a l  sampling program by USEPA i n  the 
f a l l  o f  1987 d i d  no t  i n d i c a t e  uptake o f  CDDs/CDFs by r o o t  crops grown i n  Midland 
s o i l s ,  bu t  n e i t h e r  t h e  range o f  vegetables sampled nor t h e  o v e r a l l  number of 
samples was l a r g e  enough t o  y i e l d  f i n a l  conclusions. 





E. RISK CHARACTERIZATION 

Q u a n t i t a t i v e  est imates o f  t h e  r i s k s  associated w i t h  CDDICDF exposures by the 
routes  j u s t  discussed were developed by combining the exposure and in take 
est imates w i t h  the  t o x i c o l o g i c  parameters discussed i n  t h e  Dose-Response 
Assessment. For long-term exposures t o  a i r  and s o i l  contamination, two measures 
o f  r i s k s  were developed, an upper-bound est imate o f  t he  add i t i ona l  cancer r i s k s  
assosiated w i t h  l i f e t i m e  exposures a t  the pred ic ted leve ls ,  and a Hazard Index 
( H I )  f o r  non-carcinogenic e f fec ts .  

For a g iven exposure scenario, an H I  o f  l ess  than 1.0 i nd i ca tes  t h a t  
exposures are not  l i k e l y  t o  be associated w i t h  adverse non-cancer e f f e c t s  
( reproduct ive  t o x i c i t y ,  t e ra togen ic i  ty,  o r  l i v e r  t o x i c i t y ) .  I f  t h e  H I  approaches 
o r  exceeds 10, the  l i k e l i h o o d  o f  adverse e f f e c t s  i s  increased t o  the  p o i n t  where 
a c t i o n  t o  reduce human exposure should be considered. Owing t o  the  
uncer ta in t i es  invo lved w i t h  these estimates, H I  values between 1 and 10 may be o f  
concern, p a r t i c u l a r 1  y when add i t i ona l  s i g n i f i c a n t  r i s k  f a c t o r s  are present (e.g., 
o ther  contaminants a t  l e v e l s  o f  concern). 

The r i s k  l e v e l s  pred ic ted f o r  each o f  the th ree major exposure routes are 
summarized i n  Tables 111-3 through 111-6. For a i r  exposures, (see Table 111-3) 
the pred ic ted incremental,  l i f e t i m e  cancer r i s k s  (upper bound) range from 5 x 
1 0 - ~ [ " ~ 2 " 1  t o  6 x 10-~["82"1, depending upon the  exposure scenar io and t h e  method 
used t o  c a l c u l a t e  TEQs. Many o f  t h e  HIS f o r  t he  var ious age groups and scenarios 
are l e s s  than 0.1, and a l l  bu t  one are l e s s  than 1.0. 

The upper-bound excess cancer r i s k  est imates associated w i t h  exposures t o  
contaminated s o i l  (see Table 111-4) a re  s l i  h t l y  lower than those f o r  the a i r  9 route; est imated l i f  t ime r i s k s  are 5 x 10- ["BZ"] f o r  t h e  "lower est imate" 
scenario and 1 x ["BZ"] f o r  t h e  "upper estimate". The HIS f o r  non-cancer 
e f f e c t s  are l i k e w i s e  lower than f o r  a i r  exposures. 

Both t h e  cancer and non-cancer r i s k s  ca lcu la ted f o r  CDO/CDF exposures v i a  
contaminated f i s h  are  much greater  than f o r  t h e  o ther  two pathways (see Table 
111-5). For comparison purposes, r i s k  estimates are  presented f o r  t he  1983-1987 
f i s h  contaminant data used i n  the  Risk Assessment and f o r  t h e  wal leye data 
c o l l e c t e d  i n  1988. General ly speaking, t h e  2378-TCDD TEQ concentrat ions f o r  the 
walleyes have decreased by somewhat more than h a l f .  Thus, the  r i s k  est imates are 
reduced by about a f a c t o r  o f  two, assuming t h e  same consumption pat terns.  
Upper-bound est imates o f  incremental l i f e t i m e  cancer r i s k s  range from 6 x 1 
["B2"1 f o r  t h e  "general consumer" (1988 wal leye data)  t o  as h igh  as 1 x 10- I-= 
["BZ"] f o r  t h e  "p laus ib le  maximum consumer" (1983-1987carp and c a t f i s h  data) .  
A1 though 1988 c a t f i s h  and carp data a r e  not avai lable,  i t  i s  l i k e l y  t h a t  the 
concentrat ions o f  2378-TCDD TEQs are  lower than those measured i n  1983-1987. The 
est imated r i s k s  would be reduced accordingly. The H IS  approach o r  exceed 10 fo r  
several o f  t h e  scenarios, based upon the  1988 wal leye data and tak ing  i n t o  
account t h e  est imated increased exposures o f  small c h i l d r e n  and breast- fed 

* Defined as the r a t i o  o f  the est imated average d a i l y  dose t o  the  prev ious ly  
def ined RfD ( o r  HA f o r  s i n g l e  o r  short-term exposures). 
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TABLE 111-4 

RISK CHARACTERIZATION FOR INGESTION OF COOs/COFs 
I N  SOIL I N  MIDLAND, MICHIGAN 

(October 1983 Samples) 

Upper-Bound L i f e t i m e  Hazard IndexC 
E x ~ o s u r e  scenarioa Cancer ~ i s k ~  ( 1  ona Term) 

L i f e t i m e  Average Exposure: 

1 .  Lower Estimate: 
I n f a n t s  0-1 year 
Chi ldren: 

1-6 years 
6-12 years 

Adu l ts  (12-70) 
L i f e t i m e  average 

2. Upper Estimate: 
I n f a n t s  0-1 year -- 
Chi ldren:  

1-6 years -- 
6-12 years -- 

Adul ts  ( 12-70) -- 
L i f e t i m e  average lx10-~["B2"1 

aAssurnptions and parameters a r e  1 i s t e d  i n  Table 111-19*. Note t h a t  the estimates 
do no t  i nc lude  c h i l d r e n  w i t h  pica. I n d i v i d u a l s  w i t h  t h i s  d i so rde r  could i n c u r  
r i s k s  10- fo ld higher. 

b~pper-bound est imate o f  add i t i ona l  l i f e t i m e  cancer r i s k ,  obta ined by m u l t i p l y i n g  
l i f e t i m e  average TEQs ose r a t e  from Table 111-20* by cancer potency f a c t o r  o f  
1.6 x (pg/kg/day)-?, and m u l t i p l y i n g  by r e l a t i v e  b i o a v a i l a b i l i t y  f a c t o r  o f  
1.8 (see Sect ion IV.C*). 

CRatio o f  a d u l t  TEQs dose r a t e  from Table 111-ZO* t o  RfD o f  1 pg/kg/day, 
m u l t i p l i e d  by r e l a t i v e  b i o a v a i l a b i l i t y  f a c t o r  o f  1.8. 

d ~ n  USEPA's weight-of-evidence c l a s s i f i c a t i o n  system f o r '  carcinogens, 82 
i nd i ca tes  t h a t  t h e  evidence f o r  ca rc inogen ic i t y  i n  animals i s  " s u f f i c i e n t " ,  
w h i l e  t h e  human evidence f o r  ca rc inogen ic i t y  i s  "inadequate." B2 i s  placed i n  
quota t ion  marks, because t h e  c l a s s i f i c a t i o n  was f o r  2378-TCDD alone, whereas 
t o t a l  TEQs a r e  being evaluated here, i n  accordance w i t h  USEPA i n t e r i m  science 
po l i cy .  

* I n  Risk Assessment 
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i n f a n t s  (see foo tnote  b, Table 111-5). The est imated single-meal CDD/CDF in take 
l e v e l s  r e s u l t  i n  HIS approaching 10 f o r  meals comprising the  maximum 
concent ra t ion  bottom feeder from the  1983 f i s h  c o l l e c t i o n  (see Table 111-6). ( I t  
i s  no t  l i k e l y  t h a t  carp o r  c a t f i s h  i n  t h e  Tittabawassee River  now conta in  
concentrat ions o f  t h a t  magnitude.) A l l  o ther  s i n g l e  meal H I S  are less  than 1.0. 

Note t h a t  t h e  r i s k  l e v e l s  presented i n  Tables 111-5 and 111-6 are f o r  
consumption o f  Tittabawassee River  f i s h  contaminated w i t h  CDDs and CDFs. F i sh  
from the  r i v e r  a1 so are contaminated w i t h  o the r  t o x i c  chemicals, most 
impor tan t l y  PCBs. Table 111-7 presents a sumnary o f  estimated, upper-bound. 
excess, l i f e t i m e  cancer r i s k s  r e s u l t i n g  from 2378-TCDD TEQs and PCBs using the 
Sports Fisherman, Great Lakes Consumer, and General Consumer f i s h  consumption 
scenarios se t  ou t  i n  Table 111-2. These data i n d i c a t e  t h a t  t h e  r i s k s  associated 
w i t h  consumption o f  Tittabawassee River  f i s h  are  dominated by PCBs as opposed t o  
CDDs and CDFs. The est imated add i t i ona l  l i f e t i m e  cancer r i s k  (upper bound) f o r  a 
person ea t ing  a s i n g l e  quarter-pound meal ger month o f  game f i s h  from the  
Tittabawassee River  would be about 5 x 10- (1 i n  2,000). The est imated cancer 
and non-cancer r i s k s  associated w i t h  t h e  o ther  contaminants found i n  the  f i s h  are 
not  s i g n i f i c a n t  when compared t o  those associated w i t h  the  PCBs and CDDs/CDFs. 

The cancer r i s k  est imates ca l cu la ted  f o r  a l l  o f  t he  exposure routes are  
sumnarized i n  Table 111-8, and the HIS f o r  non-cancer e f f e c t s  are summarized i n  
Table 111-9 (CDDs/CDFs on ly ) .  Because o f  t he  o v e r a l l  unce r ta in t y  i n  the  exposure 
and r i s k  estimates, cancer r i s k  estimates are d isplayed on ly  t o  the  nearest order 
o f  magnitude. Non-cancer hazard ind ices  l ess  than 0.1 are rounded t o  "<0.lW i n  
o rder  t o  s i m p l i f y  t h e  tab le .  As p rev ious l y  noted these est imates are  upper-bound 
values t h a t  a re  u n l i k e l y  t o  be exceeded by actual  r i s k s  t o  humans. 





TABLE 111-7 

COMPARISON OF RISKS FROM INGESTION OF CDDs/CDFs AND PCBsa 
I N  FISH FROM THE TITTABAWASSEE RIVER, MICHIGAN 

( F i s h  Co l lec ted i n  1988) 

Long-Term E~posures  

High Sports Fisherman 
(game f i s h  o n l y )  

-- Level 1 

- 

Uooer-Bound Cancer ~ i s k ' , ~  

-- Level 2 Bx10-~["82"] 6 x 1 0 - 3 ~ ~ 2 1  

Great Lakes Consumer 
(game f i s h  on ly )  

General Consumer 
(game + c lean f i s h )  

asurn o f  Aroc lors  1248 and 1254. 

b ~ r o m  data i n  Sect ion III.E.2' and Tables 111-30* and 111-31*. Also see 
Table 111-2 i n  t h i s  document. 

cValues f o r  CDDs/CDFs from Table 111-5 (1988 data) .  For data on PCBs, see 
Appendix B. Upper-bound est imates o f  add i t i ona l  l i f e t i m e  cancer r i s k  f o r  
PCBs obta ined by m u l t i p l y i n g  dose r a t e  (consumption r a t e  from Table 111-2 
m u l t i p l i e d  by mean 1988 concentrat ion o f  0.81 ug/g and d i v i d e d  by h an body "E weight o f  70 kg) by cancer potency f a c t o r  o f  7.7 x (ug/kg/day)- and 
m u l t i p l y i n g  by a f a c t o r  o f  1.3 t o  incorpora te  c o n t r i b u t i o n  o f  h igher in takes 
i n  chi ldhood t o  average 1 i fet ime intake.  

d ~ n  USEPA's weight-of-evidence c l a s s i f i c a t i o n  system f o r  carcinogens, 82 
i n d i c a t e s  t h a t  t h e  evidence f o r  ca rc inogen ic i t y  i n  animals i s  " s u f f i c i e n t , "  
w h i l e  t h e  human evidence f o r  ca rc inogen ic i t y  i s  "inadequate." 82 i s  placed 
i n  quo ta t i on  marks f o r  t h e  CDDs/CDFs, because the  c l a s s i f i c a t i o n  was f o r  
2378-TCDD alone, whereas t o t a l  TEQs are being evaluated here, i n  accordance 
w i t h  USEPA i n t e r i m  science po l i cy .  

* I n  Risk Assessment 





TABLE 111-9 

SUMMARY OF HAZARD INDICES FOR NON-CANCER EFFECTS 
FROM EXPOSURE TO COO/COF CONTAMINATION I N  MIDLAND, MICHIGAN 

Hazard Index ( H I l a  
Exposure 
Route E X D O S U ~ ~  Scenario Lona-Term Short-Term 

F i  shb P l a u s i b l e  maximum consumerC 50 5 
High spor ts  fisherman--level 1 8 0.7 
Great Lakes consumer 1 0.3 
General consumer 0.3 0.2 

Soi 1 Upper est imate young c h i l d  
-- w i t h  p i ca  
-- normal 

Lower est imate young c h i l d  
Upper est imate a d u l t  

A i  rd I n f a n t  a t  fence l ine  
C h i l d  a t  fence l ine  
C h i l d  i n  r e s i d e n t i a l  area 
Adu l t  i n  r e s i d e n t i a l  area 

aHazard Index i s  t h e  r a t i o  o f  i n take  dose to: 

-- R f O  (1 pg/kg/day) f o r  long-term exposures (several  months o r  mare) 
-- 10-day HA (28 pg/kg/day) f o r  short-term exposures (few days t o  few weeks) 

b ~ m a l l  c h i l d  could be a t  2-3 t imes h igher r i s k  than adul t .  Breast-fed i n f a n t  
could be a t  10-times h igher  r i s k  than mother. Other contaminants such as PCBs, 
found i n  the  f i sh ,  add t o  the  Hazard Index values (see t e x t  and Appendix B o f  
t he  Risk Assessment). 

CLong-term and short- term hazard ind ices  f o r  p laus ib le  maximum consumer based 
upon 1983-1987 f i s h  contaminant data f o r  c a t f i s h ,  carp, and wal leyes 
( s u b s t i t u t i o n  o f  1988 wal leye data does not  change H I S ) .  Hazard ind ices  f o r  
o the r  consumers based upon 1988 f i s h  contaminant data f o r  walleyes. S o i l  and 
a i r  est imates based upon Midland f i e l d  measurements du r ing  1983-1984 period. 

d~ll H I  values ca lcu la ted us ing  the  "A method." I n f a n t  exposure inc ludes 
exposure from breast-feeding. 

: See Table 111-6 f o r  HIS f o r  s i n g l e  meal (bo lus)  exposures. 





RISK MANAGEMENT 

C o l l e c t i v e l y ,  t he  p o i n t  source and environmental s tud ies  conducted by USEPA, 
the  Sta te  o f  Michigan, and Dow Chemical over the past several years c l e a r l y  
i n d i c a t e  t h a t  t h e  Dow Chemical Michigan D i v i s i o n  p l a n t  a t  Midland has been the  
most s i g n i f i c a n t ,  i f  no t  the o n l y  s i g n i f i c a n t ,  source o f  CDDICDF contaminat ion o f  
t he  p l a n t  s i t e  and the  general Midland area environment. As a r e s u l t  o f  these 
i n v e s t i g a t i o n s  Dow Chemical has undertaken several act ions,  some u n i l a t e r a l l y ,  
some requ i red  by environmental permits o r  admin i s t ra t i ve  orders issued by the 
Sta te  o f  Michigan o r  USEPA, t o  minimize emissions and discharges o f  CDDs and 
CDFs and o the r  t o x i c  p o l l u t a n t s .  Dow Chemical has completed o r  i s  implementing 
the  f o l l o w i n g  ac t ions :  

o Terminated product ion  o f  ch lo r ina ted  benzenes, and most ch lo r ina ted  
phenols, i n c l u d i n g  2,4,5-trichlorophenol and d e r i v a t i v e s  and pentachloro- 
phenol (1 a t e  1970s). 

o I n s t a l l e d  a r iverbank revetment system t o  c o l l e c t  contaminated ground 
waters from a s i g n i f i c a n t  p o r t i o n  o f  t h e  p l a n t  s i t e  (1979-1981); 
a d d i t i o n a l  sec t ions  o f  t he  r iverbank have undergone s i m i l a r  treatment 
(1984-1987). 

o Upgraded a i r  emission c o n t r o l s  on t h e  hazardous waste i n c i n e r a t o r  ( l a t e  
1970s); l a n d f i l l i n g  r a t h e r  than i n c i n e r a t i n g  contaminated wastewater 
t reatment  sludges; upgrading opera t iona l  con t ro l s  and p rac t i ces  a t  the 
hazardous waste i nc ine ra to r .  

o Undertook extensive p o i n t  source and underground i n v e s t i g a t i o n s  o f  CDDICDF 
contaminat ion p l a n t  s i t e  (1983-1987). 

o I n s t a l l e d  a wastewater e f f l u e n t  f i l t r a t i o n  system f o r  t h e  e n t i r e  
wastewater discharge t o  t h e  T i  ttabawassee River  (1985). 

o Replaced open wastewater d i t ches  on the p l a n t  s i t e  w i t h  enclosed sewers. 
I s o l a t e d  h i g h  contaminat ion areas o f  t he  p l a n t  sewerage system from the 
wastewater treatment system (1986-1987). 

o Implemented plant-wide dust-suppression program (1986). 

o Capped areas i n  the  p l a n t  w i t h  h igh  l e v e l s  o f  sur face s o i l  contamination; 
l i m i t e d  access t o  an area on t h e  p l a n t  boundary w i t h  moderate l e v e l s  o f  
CDD/CDF contaminat ion (1986). 

o Provided p re l im ina ry  treatment o f  i n c i n e r a t o r  scrubber waters p r i o r  t o  
commingling w i t h  o the r  process wastewaters (1987). 

Recent data a r e  beginning t o  show reduced i n c i n e r a t o r  emissions, reduced 
wastewater e f f l u e n t  discharge leve ls ,  and reduced f i s h  contaminat ion l eve ls .  
Overal l ,  i t  appears cond i t i ons  have improved s i g n i f i c a n t l y  over the  l a s t  ten  
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a r e  e s s e n t i a l l y  t h e  same as those presented i n  t he  p u b l i c  review d r a f t  o f  t h i s  
r e p o r t  (USEPA 1988b). 

A. POINT AND NONPOINT SOURCE CONTROLS AT DOW CHEMICAL 

1. W astewater Discharaes 

F igu re  I V - 1  presents a summary o f  monthly average Dow Chemical wastewater 
discharges o f  2378-TCDD f o r  t h e  pe r iod  J u l y  1984 t o  August 1988. Dow Chemical 
began f u l l  sca le  ope ra t i on  o f  t h e  f i n a l  e f f l u e n t  mixed-media f i l t r a t i o n  system i n  
November 1985 and began f u l l - s c a l e  ope ra t i on  o f  an i n c i n e r a t o r  wastewater 
pret reatment  system i n  J u l y  1987 (Dow 1988a). The l e v e l  o f  d ischarge was 
i n i t i a l l y  reduced by about 75 percent upon opera t ion  o f  t h e  mixed-media 
f i l t r a t i o n  system. Another s i g n i f i c a n t  reduc t ion  has been r e a l i z e d  a f t e r  
p r e l i m i n a r y  t reatment  f o r  i n c i n e r a t o r  wastewaters was i n s t i t u t e d .  Overa l l ,  t he  
average mass d ischarge has been reduced by nea r l y  90 percent  from 1984 and 1985 
l eve l s .  The l e v e l  o f  d ischarge remains above t h e  l e v e l  deemed necessary by the  
MDNR f o r  p r o t e c t i o n  o f  p u b l i c  h e a l t h  (0.1 ppq) (MDNR 1987b). That l e v e l  i s  not  
de tec tab le  w i t h  c u r r e n t  sampling and a n a l y t i c a l  methodologies. Computer modeling 
s tud ies  conducted a t  t h e  d i r e c t i o n  o f  USEPA i n d i c a t e  t h a t  2378-TCDD l e v e l s  i n  
Tittabawassee R iver  f i s h  a r e  most ly  r e l a t e d  t o  Dow Chemical wastewater discharges 
as opposed t o  l e s s  s i g n i f i c a n t  sources i n c l u d i n g  r u n o f f  from c i t y  s o i l s  and a i r  
emissions (GSC 1987). 

Given the  complex i ty  o f  t h e  wastewater treatment system and t h e  sources and 
s inks o f  2378-TCDD and o the r  CDDs and CDFs a t  Dow Chemical, i t  i s  no t  poss ib le  t o  
p r e d i c t  t o  what ex ten t  f u r t h e r  progress i n  reducing the  d ischarge w i l l  occur  
w i thou t  a d d i t i o n a l  remedial act ions.  USEPA has evaluated a l t e r n a t e  end-of-pipe 
wastewater t reatment  technologies and supplemental i n -p lan t  c o n t r o l s  f o r  
a d d i t i o n a l  t reatment  o f  2378-TCDD a t  Don Chemical and concluded the re  a re  no 
a v a i l a b l e  performance da ta  f o r  t h e  treatment systems considered and i t  i s  no t  
poss ib le  t o  p r e d i c t  d ischarge reduct ions f o r  e i t h e r  t h e  treatment systems 
considered o r  poss ib le  i n -p lan t  cont ro ls .  Accordingly,  USEPA recommended t o  MDNR 
a se r ies  o f  spec ia l  NPDES permi t  cond i t i ons  f o r  t h e  nex t  NPDES permi t  f o r  Dow 
Chemical (1987d). These inc lude:  

o Feasi b i  1 i t y  and end-of-pipe wastewater t r e a t a b i l  i t y  s tud ies  f o r  CDDs and 
CDFs. 

o An assessment o f  t h e  amount o f  2378-TCDD i n  t e r t i a r y  pond sediments and a 
study t o  determine t o  what ex ten t  resuspended sediments con ta in ing  CDDs 

. . 
and CDFs pass through t h e  f i l t r a t i o n  system. 

o An eva lua t i on  o f  t he  e f fec t iveness  o f  t h e  performance o f  t h e  i n c i n e r a t o r  
wastewater pretreatment system. 

The proposed NPDES spec ia l  cond i t i ons  se t  ou t  i n  t h e  above-referenced repo r t  
have been inc luded by MDNR i n  the  NPDES permi t  and accompanying a d m i n i s t r a t i v e  
order  f o r  Dow Chemical (MWRC 1988). The r e s u l t s  from these spec ia l  cond i t i ons  
should a l l o w  a proper assessment o f  t he  ex ten t  t o  which a d d i t i o n a l  c o n t r o l s  can 
be i n s t a l l e d  t o  f u r t h e r  reduce discharge leve ls .  Any f u r t h e r  regu la to ry  ac t ions  
would be implemented through t h e  NPDES o r  RCRA permi t  programs. 





2. I n c i n e r a t o r  Emissions 

The l i m i t e d  data a v a i l a b l e  f o r  Dow Chemical hazardous waste i n c i n e r a t o r  
emissions from 1978 through 1987 i n d i c a t e  t h a t  t h e  emission r a t e s  o f  CDDs and 
CDFs are considerably lower today than i n  t h e  l a t e  1970's. Emissions t e s t i n g  by 
USEPA i n  1984 (Trembly and Amendola 1987) and Oow Chemical i n  1987 (Dow 1987a) 
i n d i c a t e  emission ra tes  o f  2378-TCDD ( P a r t i a l  TEQs) have been reduced by more 
than 90 percent  from emission l e v e l s  measured by Dow Chemical i n  1983 (Dow 1984). 

The i n v e s t i g a t i o n s  o f  a i r  emission sources a t  t h e  Midland p l a n t  conducted by 
Dow Chemical c l e a r l y  show the  i n c i n e r a t o r  was t h e  most s i g n i f i c a n t  p o i n t  source 
a t  t h a t  t ime (Dow 1984). However, est imated cancer and non-cancer r i s k s  f o r  a i r  
exposures i n  t h e  Risk Assessment are  r e l a t e d  more t o  the  ac tua l  measured ambient 
a i r  concentrat ions than t o  the  est imates o f  ambient a i r  concentrat ions r e s u l t i n g  
from d ispe rs ion  modeling o f  t h e  i n c i n e r a t o r  emissions. These r e s u l t s  suggest 
h i s t o r i c a l  depos i t i on  from past i n c i n e r a t o r  emissions, poss ib le  process 
emissions, and windblown dusts from the p l a n t  s i t e  impact the  ambient a i r  around 
the per imeter  o f  t he  p l a n t  and, t o  some extent,  ou t  i n  t h e  comnunity more than 
the  cu r ren t  i n c i n e r a t o r  emissions. 

Based upon t h e  above considerat ions and the est imated h e a l t h  r i s k s  
associated w i t h  i n c i n e r a t o r  emissions alone, there  does not  appear t o  be 
s u f f i c i e n t  j u s t i f i c a t i o n  f o r  recomnending major changes i n  i n c i n e r a t o r  operat ions 
a t  t h i s  t ime (e.g., change i n  waste feeds, i n s t a l l a t i o n  o f  a d d i t i o n a l  emission 
con t ro l  technology),  al though improvements might  be requ i red  i n  t h e  f u t u r e  by new 
regulat ions.  On the  o the r  hand, add i t i ona l  measures t o  opt imize  combustion 
cond i t i ons  w i t h i n  the  i n c i n e r a t o r  and t o  opt imize  opera t ion  o f  t h e  e x i s t i n g  
emission c o n t r o l s  should be pursued t o  f u r t h e r  reduce emissions below cur rent  
l e v e l s  t o  t h e  ex tent  possib le.  

A t  t he  present t ime i t  appears t h a t  t h e  r e s u l t s  from supplemental moni tor ing 
o f  i n c i n e r a t o r  emissions and ambient a i r  as described i n  Sect ion 1V.C are  
necessary t o  determine whether, o r  t o  what extent ,  add i t i ona l  i n c i n e r a t o r  
emission c o n t r o l s  are  necessary. The RCRA permi t  f o r  t h e  Midland p l a n t  inc ludes 
the  recommended i n c i n e r a t o r  emissions t e s t i n g  and ambient a i r  mon i to r ing  programs 
(USEPA 1988e). 

3. Dust S u ~ o r e s s i o n  Proaram 

A considerable p o r t i o n  o f  t he  Dow Chemical Midland p l a n t  s i t e  i s  e i t h e r  
paved roadway, paved open areas around process bu i ld ings ,  o r  paved park ing  l o t s .  
Some p o r t i o n s  o f  t he  p l a n t  s i t e  are  capped l a n d f i l l s  w l t h  grass cover. The 
remainder o f  t h e  s i t e  i s  occupied by bu i l d ings  o r  i s  unpaved d i r t  o r  gravel 
covered open areas. Surface s o i l  sampling conducted by Dow Chemical and USEPA 
i n d i c a t e  the  e n t i r e  p l a n t  s i t e  i s  contaminated w i t h  2378-TCDD (and o the r  CDDs and 
CDFs) w i t h  a mean sur face s o i l  2378-TCDD concentrat ion o f  l e s s  than 0.5 ppb (Dow 
1984, USEPA 1985a). During d r y  weather periods, veh icu lar  t r a f f i c  through the 
p l a n t  has been observed t o  r a i s e  considerable p a r t i c u l a t e  mat ter  from roadways. 
Wind-blown dusts have undoubtedly cont r ibu ted some CDDs and CDFs t o  ambient a i r  
w i t h i n  the  p l a n t  and around t h e  p l a n t  perimeter.  Impacts on nearby comnercial 
and r e s i d e n t i a l  areas are  determined by wind d i r e c t i o n  and v e l o c i t y .  





are, however, a number o f  ac t ions  people can take t o  minimize exposures, and thus 
minimize poss ib le  h e a l t h  r i s k s  associated w i t h  CDDs and CDFs. Most o f  these 
recommendations focus on avoid ing o r  min imiz ing i nges t ion  o f  m a t e r i a l s  t h a t  
con ta in  2378-TCDD and o the r  CDDs and CDFs. 

1. Tittabawassee River  F i s h  

I n  Michigan, l e g a l  r e s p o n s i b i l i t y  f o r  t he  eva luat ion  o f  h e a l t h  r i s k s  and 
issuance o f  h e a l t h  adv isor ies  res ides w i t h  the  Michigan Department o f  Pub l i c  
Hea l th  (MDPH). P r i o r  t o  A p r i l  1988, MDPH had i n  p lace a f i s h  consumption 
advisory warning against  consumption o f  c a t f i s h  and carp taken from the  
Tittabawassee R ive r  (MDNR 1987a). These f i s h  con ta in  h i g h  l e v e l s  o f  2378-TCDD 
and o t h e r  organ ic  chemicals. As shown i n  t h e  Risk Assessment, regu la r  
consumption o f  even r e l a t i v e l y  small amounts o f  these f i s h  over  t h e  long term may 
pose substant ia l  r i s k s  o f  cancer. Also, long-term consumption or,  i n  c e r t a i n  
circumstances, short- term consumption o f  these f i s h  may pose s i g n i f i c a n t  r i s k s  o f  
adverse impacts o the r  than cancer. 

The Risk Assessment h i g h l i g h t s  poss ib l y  s i g n i f i c a n t  r i s k s  from consumption 
o f  game o r  spor ts  f i s h  (e.g., walleye, nor thern  pike, smallmouth bass, and wh i te  
bass) by c h i l d r e n  and women o f  ch i l dbear ing  age, r e l a t e d  t o  poss ib le  
reproduct ive  e f fec ts ,  te ra togen ic  e f fec ts ,  1 i v e r  damage, and cancer. These r i s k s  
may be associated w i t h  both short-term and l o n g - t e n  consumption. Risks from 
consumption o f  game or spor ts  f i s h  f o r  o the r  l e s s  s e n s i t i v e  groups are  a l so  
presented i n  t h e  Risk Assessment and sumnarized i n  Sect ion 111. Note t h a t  the 
r i s k s  associated w i t h  PCB contaminat ion o f  Tittabawassee R ive r  wal leyes exceed 
those associated w i t h  CDDsICDFs. I n  A p r i l  1988, as an in te r im ,  precaut ionary 
measure, t h e  MDPH modi f ied  i t s  f i s h  consumption advisory t o  warn pregnant women 
and women o f  ch i l dbear ing  age against  consuming more than one meal per month o f  
Tittabawassee River  walleye. MDPH f u r t h e r  strengthened t h e  advisory i n  December 
1988, adding t h a t  no one should eat  l a r g e  q u a n t i t i e s  o f  any species from t h e  
r i v e r  (MDPH 1988). USEPA supports Michigan Department o f  Pub1 i c  Hea l th  ac t ions  
t o  make t h e  f i s h  consumption advisory f o r  t he  Tittabawassee River  more 
r e s t r i c t i v e .  

I n d i v i d u a l s  who choose t o  consume f i s h  caught i n  t h e  Tittabawassee River  
should c lean them i n  accordance w i t h  MDPH recomnendations t o  minimize contaminant 
levels.  F i l l e t s  should be skinned, w i t h  a l l  v i s i b l e  t races o f  sur face f a t  
removed. A l l  b e l l y  f a t  from the  f i l l e t  should be removed, as we l l  as the  dark 
t i s s u e  a long t h e  l a t e r a l  l i n e  on each f i l l e t .  Cer ta in  cooking methods t h a t  
permi t  f a t s  and j u i c e s  t o  d r a i n  frm t h e  f i s h  can r e s u l t  i n  lower contaminant 
l e v e l s  i n  t h e  cooked f i s h .  

The 1988 f i s h  contaminant data f o r  spr ing  wal leyes developed by MDNR, MDPH, 
Dow Chemical, and USEPA are  presented i n  Appendix 8. These data i n d i c a t e  a 
relations hi^ between 2378-TCDD and PCB concentrat ion and s i z e  class: 





o Home-grown vegetables, both leafy vegetables and root crops, should be 
thoroughly washed p r i o r  t o  consumption t o  remove s o i l  par t ic les.  Peeling 
root crops might be helpful  i n  removing 2378-TCDD which may be i n  so i l  on 
the skins or  absorbed i n t o  the skins. 

o Household i n te r i o rs  should be regular ly cleaned t o  minimize contaminated 
dusts which can be inhaled or  ingested. 

C. POINT SOURCE AND ENVIRONMENTAL MONITORING PROGRAMS 

As noted ear l ie r ,  there have been many remedial actions taken over the past 
few years t o  minimize emissions and discharges o f  CDDs and CDFs from the Dow 
Chemical Midland plant. The l im i ted  data col lected recent ly ind icate contaminant 
levels  outside the plant may be declining. Presented below are a series o f  
proposed point  source and environmental monitoring programs designed t o  document 
the effectiveness o f  the remedial programs and t o  characterize or  evaluate other 
possible, but less l i ke l y ,  routes o f  exposure which were not evaluated i n i t i a l l y  
as par t  o f  the Michigan Dioxin Studies. Some o f  the proposed monitoring programs 
are current requirements o f  Dow Chemical environmental control permits o r  orders; 
others are new programs tha t  have been included i n  the RCRA permit o r  could be 
required under other ex is t ing  regulatory mechanisms. Final decisions regarding 
implementation o f  these proposed monitoring programs w i l l  be made as part  o f  the 
permit issuance processes f o r  the NPDES, RCRA, and other permits fo r  the Dow 
Chemical Mid1 and plant. 

Each required o r  proposed program i s  described i n  the fol lowing sections. 
Study designs and sampling and analyt ical  protocols would be approved by MDNR, 
MDPH, and/or USEPA Region V. 

1. D ow Chemical Point Source Monitoring 

a. Wastewater d i s c h a r q e i  to r inq  

Dow Chemical current ly  monitors the o u t f a l l  031 wastewater discharge t o  the 
Tittabawassee River twice per month fo r  2378-TCDD as required by NPDES permit 
MI0000868. The current discharge levels reported by Dow Chemical are i n  the 
range o f  less than 1 t o  8 parts per quadr i l l i on  (ppq or  pg / l ) .  Data collected 
fo r  the l a s t  s ix  months o f  1987 ind icate the discharge had been f a i r l y  stable 
from month t o  month remaining less than 3 ppq. However, data col lected i n  May, 
June and July o f  1988 showed a few concentrations i n  the 4 t o  8 ppq range. MDNR 
has determined tha t  0.1 ppq o f  2378-TCDD i n  Dow Chemical's e f f luent  would be 
protect ive o f  human health, by minimizing bioaccumulation o f  2378-TCDD i n  f i s h  
(MDNR 1987b). Dow Chemical should conduct experiments t o  determine what measures 
might be feasible t o  a t t a i n  analyt ical  method detection levels  o f  0.1 ppq fo r  
2378-TCDD (e.g., larger  sample size, enhanced sample cleanup, high resolut ion 
mass spectrometry). 

b. Incinerator emissions tes t inq  

Over the past few years Dow Chemical has been modifying the operation of i t s  
hazardous waste incinerator t o  optimize combustion conditions and minimize 
emissions o f  2378-TCDD and other CDDs and CDFs. The most recent stack tests were 





i nc lude  ex tens ive  grab and/or core sampling w i t h  v i sua l  eva luat ion  o f  t he  samples 
by an experienced sediment c l a s s i f i e r ,  supplemented by the  appropr ia te  use o f  a 
gross measure o f  o rgan ic  ma te r ia l  such as TOC ( t o t a l  o rgan ic  carbon). Samples 
w i t h  r e l a t i v e l y  h i g h  organic content o r  o the r  i n d i c a t i o n s  o f  p o t e n t i a l  
contaminat ion (e.g., l a r g e  amounts o f  f i n e  p a r t i c l e s )  would be analyzed f o r  
2378-TCDD, o the r  CDDs and CDFs, and o the r  contaminants t o  determine whether o r  t o  
what ex tent  sediment removal might be appropriate. 

b. Food Chain Moni t o r i m  

(1)  Tittabawassee R ive r  f i s h  

Dow Chemical i s  c u r r e n t l y  requ i red  by the  terms o f  a consent order  w i t h  
USEPA t o  conduct moni to r ing  o f  Tittabawassee River  f ish every two years through 
1991 (U.S. v. Dow 1984). The MDNR has proposed t o  modify t h a t  program by 
r e q u i r i n g  f i s h  moni to r ing  every two years dur ing  even-numbered years (MDNR 
1988). The MDPH, MDNR, Dow Chemical, and USEPA co l labora ted i n  developing an 
expanded f i s h  moni to r ing  program f o r  1988. The r e s u l t s  from t h a t  program are 
presented i n  Appendix B and were reviewed above. 

( 2 )  Other aouat ic  1 i f e .  avian. and animal moni tor ina oroaram 

A l i m i t e d  moni to r ing  program should be conducted i n  1988 o r  1989 f o r  
b iva lves  o r  gastropods present i n  t h e  Tittabawassee R ive r  as we l l  as f o r  t u r t l e s ,  
f i sh-eat ing  b i r d s  t h a t  nest  i n  the  v i c i n i t y  o f  t he  r i v e r ,  and f i s h  ea t ing  mammals 
such as t h e  muskrat and raccoon. About 20 samples should be adequate f o r  
screening these organisms f o r  2378-TCDD and o ther  CDDs and CDFs. 

( 3 )  Da i r v  samolinq . 

A l i m i t e d  screening sampling program (10 t o  15 samples) should be conducted 
a t  d a i r y  operat ions t h a t  may be located w i t h i n  10 t o  15 m i les  o f  t he  Dow Chemical 
p lan t .  Samples o f  whole mi lk ,  m i l k  fa t ,  and cheese should be c o l l e c t e d  and 
analyzed f o r  2378-TCDD and o ther  CDDs and CDFs. 

( 4 )  Garden veaetable samolinq 

Although p re l im ina ry  moni to r ing  by USEPA d i d  not  i n d i c a t e  uptake o f  
CDDs/CDFs by t h e  r o o t  crops sampled, add i t i ona l  data are  needed t o  conf i rm t h i s  
conclus ion and t o  t e s t  f o r  uptake i n  o ther  crops. A l i m i t e d  garden vegetable and 
garden s o i l  sampling program (20 t o  30 samples) should. be conducted i n  1988 t o  
supplement t h e  l i m i t e d  data c o l l e c t e d  by USEPA f o r  1987 samples. These data 
would be used t o  document whether, o r  t o  what extent,  m ig ra t i on  o f  2378-TCOD and 
o ther  CDDs and CDFs occurs from contaminated s o i l  i n t o  ( o r  onto)  garden 
vegetables. 
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INTRODUCTION 

I n  A p r i l  1988, the  United States Environmental Protect ion Agency (USEPA) released 
a f i n a l  r i s k  assessment document en t i t l ed ,  Risk Assessment f o r  Dioxin 
Contamination a t  Midland. Michiaan (USEPA 1988a) and a pub l i c  review d r a f t  o f  a 
r i s k  management document en t i t l ed ,  P ~ O D O S ~ ~  Risk Manaaement Actions f o r  Dioxin 
Contamination a t  Midland. Michigan (USEPA 1988b). Also issued i n  A p r i l  1988 was -- - 
a fac t  sheet en t i t l ed ,  Su mm a r v o f Risk A ssessment and Prooosed R ' k M n  i s  a aae m n  e t 
A -. i USEPA conducted a pub l i c  meeting t o  discuss the r i s k  
assessment and r i s k  manaaement documents on A o r i l  28. 1988. a t  the  Northeast - - -  ~ - - - ~  - ~- ~ 

, -.-- . - - - -  - - - ~ - ~  
~ n t e i e d i a t e  School i n  Midland. A panel o f  s ix  experts, four  from USEPA and one 
each from a p r i v a t e  consul t ing f i r m  and the Agency f o r  Toxic Substances and 
Disease Registry,  presented explanations o f  the procedures'fol lowed i n  the 
Midland studies and subsequently responded t o  a number o f  questions and comments 
from the audience. Wr i t ten comments were s o l i c i t e d  dur ing the per iod from Apr i l  
25 through June 3, 1988, and three l e t t e r s  were received, as ind icated above. 

The comments and suggestions received concerning the r i s k  assessment and r i s k  
management documents a l l  have been noted and are g rea t l y  appreciated. An attempt 
has been made t o  summarize and respond t o  a l l  o f  the w r i t t e n  comments received. 
However, inasmuch as the  r i s k  assessment document i s  a f i n a l  repor t  t ha t  has gone 
through Agency review procedures, no rev is ions cu r ren t l y  are contemplated. The 
d r a f t  r i s k  management document, on the other hand, has been revised, and 
appropr iate changes have been incorporated there in  (USEPA 1 9 8 8 ~ ) .  With a few 
exceptions, the  comments received a t  the Ap r i l  28, 1988, pub l i c  meeting i n  
Midland were s a t i s f a c t o r i l y  responded t o  dur ing the meeting i t s e l f .  However, a 
few o f  the  meeting comnents and questions tha t  were not covered i n  any o f  the 
w r i t t e n  comments o r  t h a t  appeared t o  c a l l  f o r  expansion o r  c l a r i f i c a t i o n  have 
been included i n  t h i s  document (see Section 11) along w i th  the Agency's 
responses. Transcr ipts o f  the meeting and copies o f  the w r i t t e n  comments are 
ava i lab le  f o r  review a t  the Michigan Diox in  Studies document repos i to r ies  i n  
Midland (see below). 

Michiaan Diox in  Studies Document R e o o s i t o r i e ~  

Grace A. Dow Memorial Publ ic  L ib ra ry  Ingerso l l  Township Ha l l  
Emi l ia  Parker Kur t  Shaffner, Supervisor 
1710 West S t .  Andrews Dr ive 4400 Brooks Road 
Mid1 and, Michigan 48640 Midland, Michigan 48640 
(517) 835-7157 (517) 835-5289 

Midland Health Department 
D r .  W i  n i  f red Oyen, D i rec to r  
125 Main Street 
M i  d l  and, M i  chi gan 48640 
(517) 832-6655 
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COMMENTS RECEIVED I N  WRITING 

Connent: USEPA should not have s p l i t  s o i l  samples from the Midland area and 
comparison s i t e s  w i t h  Oow Chemical. This allowed the company t o  determine the 
v a l i d i t y  o f  the  data, damaging the c r e d i b i l i t y  o f  the study. What other samples 
from t h i s  study were s p l i t  w i t h  Dow? Why? Why were Dow data and USEPA data 
compared before completion o f  the study? 

Response: The protocols  f o r  col 1 ec t ion  o f  soi 1 samples, sample hand1 i ng, and 
analys is  are f u l l y  described i n  the repor t  f o r  the s o i l  study, So i l  Screeninq 
Survev a t  Four Midwestern Sites, EPA-90514-85-005, June 1985, avai lab1 e f o r  
review a t  the Michigan Dioxin Studies document repos i tor ies.  As stated on 
pages 8 and 9 o f  t h a t  report ,  samples were provided t o  USEPA and Dow Chemical 
labora to r ies  on a b l i n d  basis, and resu l t s  were compared on ly  a f t e r  analyses 
were complete. USEPA bel ieves the resu l t s  and conclusions from the study are 
wel l  supported by the  h igh q u a l i t y  and comparable data generated by two 
independent labora to r ies  using d i f f e r e n t  ana ly t i ca l  techniques. A t  no time 
dur ing o r  a f t e r  the s o i l  study d i d  USEPA al low Dow Chemical t o  determine the 
v a l i d i t y  o f  data. 

A l l  samples from t h i s  study were not s p l i t  w i t h  Dow Chemical, and the company 
d i d  not analyze every s p l i t  sample provided by USEPA. I n  add i t ion  t o  the s o i l  
study samples, a l l  samples co l lec ted  i ns ide  the  Dow plant,  and some o f  the 
potable water samples f o r  d i o x i n  analysis were s p l i t  w i t h  the  company. For 
the s o i l  study and par t  o f  the d r ink ing  water study, USEPA and Dow Chemical 
r e s u l t s  were compared p r i o r  t o  completion o f  the  reports so t h a t  a l l  re levant 
data could be included i n  the f i n a l  reports f o r  those studies. 

Comnent: USEPA d e l i  berate1 y attempted t o  discourage reading and commenting or 
quest ioning o f  data by c i t i z e n s  a t  opportune times such as pub l i c  meetings. 

Response: USEPA attempted t o  provide ample oppor tun i ty  f o r  pub l i c  review and 
comment on each aspect o f  the Michigan Dioxin Studies. Publ ic  meetings were 
he ld  i n  August and October 1983 t o  accept comment on the general study plans. 
A pub l i c  meeting was held i n  A p r i l  1985 t o  review the resu l t s  o f  the s o i l  
study, and small group meetings were held i n  December 1985 and J u l y  1986 f o r  
the d r i nk ing  water and Dow Chemical wastewater character izat ion studies, 
respect ive ly .  F ina l l y ,  on A p r i l  28. 1988, USEPA conducted a pub l i c  meeting t o  
review the resu l t s  o f  USEPA's r i s k  assessment and proposed r i s k  management 
act ions f o r  d i o x i n  contamination i n  Midland. To the extent possible, publ ic  
in format ion sumnaries and technical  reports were d i s t r i b u t e d  f o r  review p r i o r  
t o  pub l i c  o r  small group meetings. Also, USEPA has responded t o  numerous 
pub l i c  i n q u i r i e s  about various aspects o f  the studies and has been avai lab le  
f o r  add i t iona l  small group meetings o r  meetings w i t h  ind iv iduals .  USEPA has 
not attempted t o  discourage o r  l i m i t  pub l i c  review o r  questioning o f  data i n  
t h i s  matter. 
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Conment: P o s e y v i l l e  L a n d f i l l ,  a d i o x i n  disposal s i t e ,  i s  leaking.  It i s  b u i l t  
over an a r t e s i a n  system w i t h  p r i v a t e  w e l l s  i n  c l o s e  prox imi ty .  The d r a f t  r i s k  
management document s t a t e s  (pages 36-37) t h a t  contaminants have migrated o f f  
s i t e ,  bu t  t h a t  t h e  groundwater i s  l a r g e l y  contained w i t h i n  the  s i t e .  What data 
are these conclusions based upon, what a re  the  contaminants, and what does 
" l a r g e l y  contained" mean? Why i s  t h i s  exposure i n  Midland declared acceptable? 
Who w i l l  mon i to r  t h e  groundwater t o  make c e r t a i n  t h a t  p r i v a t e  w e l l s  remain 
uncontaminated? 

Response: The Poseyvi 1 l e  Road Landf i  11 i s  an i n a c t i v e  1 and f i  11 former1 y used 
by t h e  Dow Chemical Company f o r  d isposal  o f  s o l i d  wastes, some process 
wastes, and rubb le  from b u i l d i n g  demol i t ion.  Some o f  these m a t e r i a l s  are 
l i k e l y  t o  be contaminated w i t h  d iox in .  The proposed r i s k  management repor t  
(pages 36-37) i n d i c a t e s  t h a t  ground water moni tor ing  by Dow Chemical revealed 
a plume o f  contaminat ion emanating from the  l a n d f i l l  i n  a nor th-  t o  
n o r t h e a s t e r l y  d i r e c t i o n .  The plume contains t h e  fo l l ow ing  major 
cons t i t uen ts :  

1, l-Dichloroethane 
Benzene 
Chlorobenzene 
To1 uene 

USEPA i s  n o t  aware o f  any moni tor ing  f o r  2378-TCDD o r  o t h e r  CDDs/CDFs i n  the  
ground water  a t  the  P o s e y v i l l e  Road L a n d f i l l .  The a r t e s i a n  cond i t i ons  
underneath the  s i t e  may prevent downward m i g r a t i o n  o f  contaminants toward the 
usable reg iona l  aqu i fe r .  Most o f  the  p r i v a t e  w e l l s  i n  the  area a r e  w i t h i n  the 
deep reg iona l  a q u i f e r  o r  major sand seams i n  t h e  t i l l. A ground water purge 
system was i n s t a l l e d  by DOW Chemical pursuant t o  an o rde r  issued by the  
Michigan Department o f  Natural  Resources (MDNR) t o  prevent f low towards 
p r i v a t e  we l ls .  The containment o f  P o s e y v i l l e  L a n d f i l l  w i l l  be addressed 
f u r t h e r  as a p a r t  o f  t h e  Resource Conservat ion and Recovery Act (RCRA) permit 
f o r  t h e  Oow f a c i l i t y ,  t o  assure long-term pro tec t ion .  Dow Chemical i s  
requ i red  t o  moni tor  the  s i t e ,  and t h e  MDNR c o l l e c t s  samples p e r i o d i c a l l y  t o  
c o n f i r m  t h e  company's tes t ing .  The USEPA has not  sampled t h e  s i t e  through the 
RCRA program, b u t  moni tor ing  i s  requ i red  i n  t h e  RCRA permit.  The proposed 
r i s k  management r e p o r t  (page 37) i n d i c a t e s  t h a t  contaminated ground water a t  
the  (as opposed t o  P o s e y v i l l e  Road L a n d f i l l )  i s  l a r g e l y  contained w i t h i n  
t h e  s i t e .  Th is  conclusion i s  based upon t h e  i n s t a l l a t i o n  o f  the  r iverbank 
revetment c o l l e c t i o n  system by Dow Chemical and ana lys i s  o f  the  company's RCRA 
permi t  app l i ca t ion .  Because o f  h i s t o r i c a l  contaminat ion a t  the  f a c i l i t y ,  Dow 
Chemical has been required,  under the  RCRA program, t o  study the  ground water 
f low paths beneath the  e n t i r e  1900 acres o f  property.  Although ground water 
i s  known t o  f l ow  towards the c o l l e c t i o n  systems along t h e  r i v e r ,  t he  study 
w i l l  determine i f  t h e r e  are any areas, not  c lose t o  t h e  r i v e r ,  where the f low 
d i r e c t i o n  i s  toward the  s i t e  boundary. Any such areas w i l l  be s tud ied f u r t h e r  
t o  determine i f  contaminants a re  migra t ;ny  o f f - s i t e .  Any i d e n t i f i e d  releases 
w i l l  then be addressed through the  RCRA program. USEPA and the  MDNR w i l l  
mon i tor  compliance w i t h  the  study requirements and w i l l  sample occas iona l l y  
t o  cross check t h e  company's r e s u l t s .  

Appendix A 
3 





course o f  t h e  meeting, i t  i s  t r u e  t h a t  t h e  commentor was s i l e n t  a t  t h e  end o f  
t h e  meet ing when several  l a s t  c a l l s  f o r  quest ions were made. 

Fo l l ow ing  t h e  meeting, t h e  c o n e n t o r  d i d  adv ise  t h e  chairman t h a t  she had 
unanswered quest ions.  I n  consequence, t h e  chairman telephoned t h e  comnentor 
t h e  f o l l o w i n g  week t o  adv ise  t h a t  a d d i t i o n a l  o p p o r t u n i t i e s  c o u l d  be made 
a v a i l a b l e  t o  her. F i r s t ,  t h a t  several USEPA personnel would be a t t e n d i n g  a 
p u b l i c  meet ing scheduled on May 12, 1988, by  t h e  Michigan Toxic  Substances 
Cont ro l  Comnission, and t h a t  ques t ions  on t h e  documents c o u l d  aga in  be posed 
a t  t h a t  t ime. Second, t h a t  a conference c a l l  cou ld  be arranged a t  government 
expense f o r  he r  t o  pose remain ing quest ions  t o  USEPA s t a f f .  The commentor 
d e c l i n e d  t o  pursue these o p p o r t u n i t i e s .  

The chairman handled t h e  quest ions w i t h  reasonable f a i r n e s s  and w i thou t  
i n t e n t i o n a l  rudeness, d e s p i t e  numerous i n t e r r u p t i o n s .  Nevertheless, USEPA 
r e g r e t s  any impress ion  o f  rudeness t h a t  t h e  comnentor may have received.  

Carment: Has USEPA changed i t s  o p i n i o n  regard ing  the  s i g n i f i c a n c e  o f  windblown 
dus ts  from t h e  Dow p l a n t  as a source o f  contaminat ion o u t s i d e  t h e  p l a n t ?  

Response: USEPA has no t  changed i t s  view t h a t  windblown dus ts  from t h e  Dow 
Chemical p l a n t  s i t e  may have been a c o n t r i b u t i n g  source o f  o f f - s i t e  
contaminat ion  a long w i t h  pas t  and c u r r e n t  hazardous waste i n c i n e r a t o r  
emissions and p o s s i b l e  pas t  process emissions. 

Carment: Why was t h e  f i n a l  r i s k  assessment done by USEPA c o n t r a c t o r s  i ns tead  o f  
by USEPA s t a f f  such as M i l t o n  C lark?  I s  t h i s  normal procedure? 

Response: USEPA f r e q u e n t l y  uses c o n t r a c t o r s  t o  do r i s k  assessments. The 
c o n t r a c t o r  i s  a b l e  t o  focus ex tens i ve  manpower and e x p e r t i s e  on t h e  problem i n  
a s h o r t  p e r i o d  o f  t ime  i n  a way t h a t  USEPA s t a f f  u s u a l l y  cannot. Th i s  i s  
p a r t i c u l a r l y  impor tan t  i n  a s i t u a t i o n  such as Mid land where a number o f  
d i f f e r e n t  k inds  o f  r i s k  assessment must be made. 

I n  t h e  case o f  Midland, USEPA was f o r t u n a t e  t o  have a number o f  people on 
s t a f f ,  i n c l u d i n g  Dr. Clark,  Donald Barnes, and David C lever ly ,  who were a b l e  
t o  c o n t r i b u t e  t o  t h e  r i s k  assessment and who had done p r e l i m i n a r y  r i s k  
assessments t h a t  t h e  c o n t r a c t o r  cou ld  u t i l i z e .  The combinat ion o f  e f f o r t s  
r e s u l t e d  i n  a s t rong  document w i t h  which a l l  o f  t h e  au thors  and o t h e r  
c o n t r i b u t o r s  a r e  pleased. 

Comnent: F i g u r e  111-9 and page 111-61 i n  t h e  r i s k  assessment r e p o r t  i n d i c a t e  
TCDF analyses were n o t  conducted f o r  s o i l  samples ob ta ined i n s i d e  the  Dow 
Chemical p l a n t .  

Response: Reference i s  made t o  page 3 o f  Appendix C, Q u a l i t y  Cont ro l  Summary 
i n  S o i l  Screenina Survev a t  Four Midwestern S i t e s  (USEPA 1985a), a v a i l a b l e  f o r  
rev iew a t  t h e  Michigan D i o x i n  Stud ies  document r e p o s i t o r i e s .  Analyses f o r  
2378-TCDF were completed f o r  t h e  s o i l  samples i n  quest ion.  However, t h e  
analyses may no t  be isomer-spec i f i c ,  because s u f f i c i e n t  re fe rence  standards 
f o r  t h e  o t h e r  t e t rach lo rod ibenzo fu ran  isomers (TCDFs) were no t  a v a i l a b l e  a t  
t h e  t i m e  t h e  analyses were undertaken. A t  t h i s  w r i t i n g ,  t h e  requ i red  
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g r e a t e s t  r i s k  f o r  Dow workers i s  expected t o  be consumption o f  Ti t tabawassee 
R i v e r  f i s h ,  j u s t  as i t  i s  f o r  o t h e r  Mid land res idents .  

Ccimnent: The statement on page 111-49 o f  t h e  r i s k  assessment, l i n e  10, i s  
i n c o r r e c t ,  s i n c e  t h e r e  a r e  no residences l o c a t e d  even c lose  t o  the  Dow fence l i n e  
i n  t h a t  area. 

Response: Ambient a i r  da ta  c o l l e c t e d  a t  t h e  fence l i n e  were pooled t o  
represent  a "reasonable wors t  case" a i r  exposure scenario. This  i s  proper1 y 
c h a r a c t e r i z e d  as such i n  t h e  r i s k  assessment and d r a f t  r i s k  management 
repo r t s .  

Cormtent: The r i s k  assessment should i n c l u d e  t h e  statement t h a t  t h e  t r u e  va lue  o f  
t h e  r i s k  t o  humans from d i o x i n  exposure " i s  unknown and may be as low as zero," 
i n  accordance w i t h  USEPA p o l i c y .  Considerable ep idemio log ic  evidence c o l l e c t e d  
t o  da te  has n o t  shown se r ious  adverse e f f e c t s  -- cancer, reproduct ive ,  o r  o t h e r  
-- among humans exposed t o  d i o x i n  a t  r e l a t i v e l y  h i g h  l eve l s ,  some s u f f i c i e n t  t o  
cause chloracne. 

Response: Owing t o  incomplete exposure i n f o r m a t i o n  and o t h e r  we l l -es tab l ished 
c o n s t r a i n t s ,  human ep idemio log ic  s tud ies  a r e  i n h e r e n t l y  capable o f  d e t e c t i n g  
o n l y  compara t ive ly  l a r g e  increases i n  adverse e f f e c t s .  Negat ive r e s u l t s  from 
such s tud ies  cannot prove t h e  absence o f  any e f f e c t .  USEPA, based upon 
rev iew o f  a l l  a v a i l a b l e  human and animal cancer data, as reviewed i n  Hea l th  
Assessment Document for  Po lvch lo r i na ted  Dibenzo-D-dioxins, has concluded t h a t  
2378-TCDD i s  a probab le  human carcinogen: 

2,3,7,8-TCDD has induced h e p a t o c e l l u l a r  carcinomas i n  two s t r a i n s  o f  
female r a t s  and b o t h  sexes o f  one mouse s t r a i n ,  a long w i t h  t h e  
i n d u c t i o n  o f  t h y r o i d  tumors, subcutaneous f ibrosarcomas and tumors 
o f  t h e  lung, nasal t u r b i n a t e s l h a r d  p a l a t e  i n  male ra t s ,  and tongue 
tumors i n  female r a t s .  These e f f e c t s  no tab le  occur a t  ext remely low 
doses. There i s  evidence t h a t  2,3,7,8-TCDD i s  a l s o  a promoter and a 
cocarcinogen. The evidence o f  c a r c i n o g e n i c i t y  f o r  2,3,7,8-TCDD i n  
animals i s  regarded as " s u f f i c i e n t "  u s i n g  t h e  €PA i n t e r i m  weight-of -  
ev idence c l a s s i f i c a t i o n  system f o r  carcinogens (USEPA 1984). 

The human evidence f o r  t h e  c a r c i n o g e n i c i t y  o f  2,3,7,8-TCDD alone i s  
regarded as "inadequate" u s i n g  t h e  EPA c l a s s i f i c a t i o n  c r i t e r i a ,  
because o f  t h e  d i f f i c u l t y  o f  a t t r i b u t i n g  t h e  observed e f f e c t s  s o l e l y  
t o  t h e  presence o f  2,3,7,8-TCDD t h a t  occurs as an i m p u r i t y  i n  t he  
phenoxyacet ic ac ids  and chlorophenols. However, t h e  human evidence 
f o r  t h e  c a r c i n o g e n i c i t y  o f  c h l o r i n a t e d  phenoxyacet ic he rb i c ides  
and/or ch lorophenols w i t h  c h l o r i n a t e d  d ibenzod iox in  i m p u r i t i e s  i s  
judged t o  be " l i m i t e d "  accord ing t o  t h e  €PA c r i t e r i a .  

The o v e r a l l  evidence f o r  c a r c i n o g e n i c i t y ,  cons ide r ing  bo th  animal 
and human s tud ies ,  would p lace 2,3,7,8-TCD3 alone i n  t h e  82 category 
o f  EPA's c l a s s i f i c a t i o n  scheme, and 2,3,7,8-TCDD i n  a s s o c i a t i o n  wi:h 
t h e  phenoxy he rb i c ides  and/or ch lorophenols i n  t h e  81 category.  
Chemicals i n  ca tegory  8 are  regarded as be ing  "probably"  
carc inogen ic  i n  humans' (USEPA 1985b). 
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Response: The Agency c u r r e n t l y  has no p lans  t o  r e v i s e  t h e  r i s k  assessment. 
.The es t imated ca rc inogen ic  r i s k s  i n  t h e  document would increase o r  decrease i n  
simple, d i r e c t  p r o p o r t i o n  t o  any increase o r  decrease i n  t h e  potency. I f  the 
p o s i t i o n  o f  t h e  Agency should change t o  such a degree t h a t  t h e  r i s k  management 
conc lus ions  were s i g n i f i c a n t l y  a f fec ted .  USEPA would cons ider  re issuance o f  
t h e  r i s k  management document. A change o f  t h i s  magnitude i s  considered h i g h l y  
u n l i k e l y .  

Connent: Page 11-21 o f  t h e  r i s k  assessment i n d i c a t e s  t h a t  t h e  U.S. popu la t i on  
a l ready  has a s u b s t a n t i a l  body burden o f  CDOsICDFs. Why were e x i s t i n g  body 
burdens and t h e  consequent i n t e r n a l  dose l e v e l s  n o t  f u r t h e r  considered i n  t h e  
r i s k  assessment, and why were human f a t  samples n o t  analyzed t o  determine t h e  
ac tua l  l e v e l s  f o r  Mid land r e s i d e n t s ?  

Response: By t h e  c i t e d  d iscuss ion ,  t h e  r i s k  assessment acknowledges t h e  
l i k e l i h o o d  t h a t  p r i o r  exposures t o  d i o x i n  have r e s u l t e d  i n  s u b s t a n t i a l  body 
burdens. Some Mid land res idents ,  p a r t i c u l a r l y  those who have eaten f i s h  from 
t h e  Ti t tabawassee R iver ,  cou ld  have body burdens exceeding t h e  n a t i o n a l  
average. USEPA's c a l c u l a t i o n s  suggest t h a t  t h e  background body burden o f  
d i o x i n  i n  U.S. res idents ,  i f  i n c u r r e d  d u r i n g  t h e  e a r l y  l i f e  stages, would 
y i e l d  es t imated l i f e t i m e  cancer r i s k s  i n  t h e  10-5 t o  range. 
Consequently, f u t u r e  exposures t o  a i r  and s o i l  i n  Mid land would n o t  be 
expected t o  i nc rease  t h e  r i s k  more than a n e g l i g i b l e  amount, 
p a r t i c u l a r l y  i f  t h e  e a r l y  l i f e s t a g e  (background) r i s k  was c l o s e r  t o  For 
those Mid land r e s i d e n t s  who have accumulated h i s t o r i c a l  body burdens o f  d i o x i n  
h i g h e r  t han  t h e  n a t i o n a l  average, t h e  a d d i t i o n a l  r i s k s  from exposure t o  
Mid land s o i l s  and a i r  would be even lower by comparison. 

It i s  impor tan t  t o  no te  t h a t  t h e  r i s k  assessment assumes l i f e t i m e  exposure t o  
t h e  c u r r e n t l y  measured concen t ra t i ons  o f  CDDs and CDFs i n  a i r ,  s o i l ,  and f i s h ,  
which i s  u n l i k e l y  t o  occur.  Remedial measures such as dus t  c o n t r o l ,  cessat ion  
o f  ch lorophenol  p roduc t i on  a t  t h e  p lan t ,  improved i n c i n e r a t i o n  c o n t r o l s ,  and 
general clean-up o f  t h e  s i t e  should r e s u l t  i n  d e c l i n e s  i n  a i r  l e v e l s  over  
t ime. For  s o i l s ,  l i f e t i m e  cancer r i s k s  may be c l o s e r  t o  based upon 
lower  measured s o i l  i n t a k e  r a t e s  repor ted  i n  recen t  s tud ies  o f  c h i l d r e n .  The 
r i s k  management r e p o r t  a l s o  prov ides  adv ice  on ways t o  reduce exposures from 
contaminated s o i l s .  CDDICDF contaminat ion i n  Ti t tabawassee R ive r  f i s h  i s  
expected t o  d e c l i n e  a t  some unknown r a t e  r e f l e c t i n g  t h e  decreases i n  t he  Dow 
p l a n t  wastewater e f f l u e n t  and t h e  r e s u l t s  o f  t h e  o t h e r  remedial  e f f o r t s .  

F i n a l l y ,  sampling body f a t  i n  o rde r  t o  measure d i o x i n  i n v o l v e s  a s u r g i c a l  
procedure. USEPA does n o t  b e l i e v e  t h a t  t h e  r e s u l t s  o f  such a s tudy  would 
a l t e r  t h e  proposed a c t i o n s  and adv ice  a l ready  prov ided i n  t h e  r i s k  management 
document. 

Comnent: Page 59 o f  t h e  Ambient A i r  Study l i s t s  a number o f  da ta  l i m i t a t i o n s ,  
and page 70 s t a t e s  t h a t  t h e  a n a l y t i c a l  r e s u l t s  should be considered minimum 
values, as t h e  a i r  sampling method employed was n o t  f o r m a l l y  v a l i d a t e d  a t  t h e  
t ime  t h e  s tudy  occurred. Please e x p l a i n  how t h e  h e a l t h  r i s k s  from these emission 
l e v e l s  can be c a l l e d  acceptable i n  view o f  pas t  h ighe r  emission l e v e l s ,  t he  
d i f f i c u l t y  w i t h  t h e  c o l l e c t i o n  o f  samples, and t h e  l i m i t e d  three-day sampling. 
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( R ~ D ) *  o f  1 pg/kg/day. This e f f e c t  appears t o  be a more sens i t i ve  i nd i ca to r  o f  
t o x i c i t y  f o r  these compound than reproductive, teratogenic, o r  hepat ic e f fec ts .  

Response: Several studies have reported immunotoxic e f f e c t s  from d iox in  i n  
animals a t  low doses. Clark (1981 and 1983) found tha t  0.004 ug/kg-bw-week o r  
0.6 ng/kg-bw-day caused r e p l i c a t i v e  impairment o f  T-cel ls. This i s  very close 
t o  the lowest observed adverse e f f e c t  leve l  (LOAEL) o f  about 1 t o  1.5 ng/kg- 
bw-day observed i n  the  animal reproductive studies. Ahdiscussed i n  the 
Midland r i s k  assessment, an uncer ta in ty  fac to r  o f  1000 i s  appl ied t o  der ive 
an R fD  o f  1 pg/kg-bw-day f o r  long-term exposure. Applying the same procedure 
t o  the Clark studies, which reported the lowest observed immunological e f fec ts  
t o  date, an " R f D "  o f  0.6 pg/kg-bw-day would be derived -- very s i m i l a r  t o  the 
R f D  based upon the reproduct ive studies. Therefore, 1 pg/kg-bw-day should be 
p ro tec t i ve  o f  both immunological and reproductive effect 's. 

USEPA and CDC have derived RfDs and Health Advisories (HAS) using studies 
showing less equivocal, more serious ef fects ,  such as b i r t h  defects. The 
s ign i f i cance  f o r  humans o f  T-cel l  r e p l i c a t i o n  impairment by d i o x i n  a t  low 
doses i s  unclear a t  t h i s  time, and there i s  no precedent o r  generally-accepted 
procedure f o r  the  use o f  imnunotoxic i ty data i n  estab l ish ing RfDs o r  HAS. 
The Agency bel ieves i t  i s  being most p ro tec t i ve  o f  human heal th  by using the 
data on adverse reproduct ive and l i v e r  e f f ec t s  caused by d iox in .  Accordingly, 
possible immunotoxic e f f e c t s  were not considered i n  a quan t i t a t i ve  manner, as 
were cancer and other, non-cancer heal th  impacts. 

C o m n t :  Should ground water analysis have included furans t o  be complete and 
accurate i n  the assessment o f  i t s  safety f o r  human consumption? 

Response: COFs and CDDs other than 2378-TCDD were not analyzed i n  the potable 
ground waters o r  major potable surface water supplies included i n  the d r ink ing  
water po r t i on  o f  the  Michigan Dioxin Studies. A more complete analysis o f  
add i t iona l  CDOs and the  CDFs was not considered necessary, owing t o  the 
a f f i n i t y  o f  the CDOs and CDFs t o  s o l i d  p a r t i c l e s  and t h e i r  general lack o f  
m o b i l i t y  i n  s o i l s  not a f fected by high leve ls  o f  organic solvents. 

Conment: Deer hunt ing i s  popular i n  and around Midland, and many deer are 
probably consumed by residents.  The r i s k  assessment should have considered t h i s  
route o f  exposure, since s o i l  l eve ls  lower than 1 pa r t  per b i l l i o n  (ppb) have 
been c i t e d  as o f  concern f o r  grazing animals. 

* The R f D  can be def ined as an estimate ( w i t h  uncer ta in ty  spanning perhaps an 
order o f  magnitude) o f  the d a i l y  exposure o f  the human population ( inc lud ing  
sens i t i ve  subpopulations) t ha t  i s  l i k e l y  t o  be without an appreciable r i s k  o f  
de le ter ious e f f e c t  dur ing a l i f e t i m e .  The R f D  supersedes, and i s  general ly 
equivalent to,  the Acceptable Da i l y  Intake (ADI) values previously used by USEPA 
and other agencies t o  def ine dose leve ls  f o r  non-cancer endpoints. 

** 
Includes subfactors o f  10 because the lowest administered dose was not a 

"no observed adverse e f f e c t  leve l  (NOAEL)." 10 t o  account fo r  possible inter- 
species d i f ferences i n  s e n s i t i v i t y ,  and 10 t o  account f o r  possible W - s p e c i e s  
d i f ferences i n  s e n s i t i v i t y .  
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smal ler  number o f  Midland s o i l s  analyzed f o r  2378-TCDD and other CDDs and 
CDFs. 

Coment: I s  M R I  a USEPA laboratory? 

Response: M R I  (Midwest Research I n s t i t u t e ) ,  i s  not a USEPA laboratory .  MRI ,  
located i n  Kansas C i ty ,  Missouri,  i s  a p r i v a t e  cont ract  l abora to ry  h i r ed  by 
USEPA f o r  ana lys is  o f  c e r t a i n  samples from the Michigan D iox in  Studies. 

Conment: Were deep core samples from the Dow p lan t  ever analyzed? I f  so, what 
were the resu l t s?  

Response: 2378-TCOD analyses o f  s o i l  core samples a t  several locat ions w i t h i n  
the Dow p l a n t  were conducted by Dow Chemical a t  the request o f  USEPA's 
hazardous waste management program. The resu l t s  were reported t o  the pub l i c  
a t  an MDNR meeting i n  Midland on June 2, 1987, by Carol W i t t  o f  USEPA and a lso 
were summarized i n  The National D iox in  Studv Reoort t o  Conares~  (USEPA 1987b). 
I n  a separate study, subsurface s o i l  samples were co l lec ted  and analyzed by 
Dow Chemical from the two areas o f  h igh surface s o i l  contamination i n  response 
t o  a CERCLA (Superfund) Section 106 order issued by USEPA. The areas o f  
subsurface s o i l  contaminated w i t h  2378-TCDD (ranging i n  concentrat ion from 
below de tec t ion  t o  1500 ppb) were found t o  be i so l a ted  and confined t o  
loca t ions  where product ion-related s p i l l s  o r  leaks had occurred i n  the past. 
The highest  concentrat ions were found i n  a small volume o f  s o i l  5 t o  15 fee t  
below the  surface near a former chlorophenols manufacturing operat ion.  The 
contamination i n  these areas has been, o r  i s  being, con t ro l l ed  i n  connection 
w i t h  the RCRA permit  f o r  the f a c i l i t y .  The ana l y t i ca l  data are ava i lab le  upon 
w r i t t e n  request from the  USEPA Region V Waste Management Div is ion.  

Conment: USEPA has made very l i t t l e  attempt t o  i n t e r p r e t  the r i s k s  o f  f i s h  
consumption f o r  the pub l ic .  

Response: USEPA s t rong ly  disagrees. Through a v a r i e t y  o f  repor ts  and pub l i c  
statements, Agency personnel and i t s  contractors, both alone and i n  
con junct ion w i t h  the s t a f f  o f  o ther  agencies, have made a considerable e f f o r t  
t o  advise the pub l i c  o f  the r i s k s  o f  consumption o f  f i s h  from the 
Tittabawassee River. Chief  among USEPA's e f f o r t s  has been the pub l i ca t i on  and 
disseminat ion o f  a ser ies  o f  documents which describe and i n t e r p r e t  the r i s k s  
a t  vary ing l e v e l s  o f  techn ica l  d e t a i l .  Included are the r i s k  assessment 
document, which provides the background technical  discussion; the d r a f t  r i s k  
management document, which discusses the t o p i c  a t  a l eve l  o f  d e t a i l  su i tab le  
f o r  a somewhat l a r g e r  audience; and an eight-page summary o r  " f ac t  sheet," 
which deals w i t h  t he  issue i n  concise fashion and has been widely d i s t r i bu ted .  

I n  add i t i on ,  the Agency issued a press release, and Agency s t a f f  spent 
considerable t ime discussing the matter  w i t h  members o f  the press who were 
prepar ing a r t i c l e s  on the top ic .  Last ly ,  the Agency held pub l i c  meetings i n  
A p r i l  1985 and A p r i l  1988, i n  which the r i s k s  o f  f i s h  consumption were 
discussed i n  considerable d e t a i l ,  and i n  which questions from the pub l i c  were 
answered by a number o f  experts brought i n  f o r  the purpose. 
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reduced by u s i n g  t h e  isomer d i s t r i b u t i o n  r a t i o s  found i n  P o i n t  Sources and 
Fnvironmental Leve ls  o f  2378-TCDD on t h e  Mid land P l a n t  S i t e  o f  t he  Dow Chemical 
Com~anv and i n  t h e  C i t v  o f  Midland. Mich iaan (Dow 1984). 

Response: To t h e  e x t e n t  poss ib le ,  da ta  from t h e  above-ci ted r e p o r t  were 
i nc luded  i n  t h e  d e r i v a t i o n  o f  t h e  2378- tox i c i t y  equ iva len ts  f o r  Dow p l a n t  
emission sources t h a t  were used i n  t h e  exposure assessment. 

Ccimnent: The conc lus ions  o f  t h e  r i s k  assessment should be q u a l i f i e d  t o  the  
e x t e n t  t hey  a r e  based upon a n a l y t i c a l  r e s u l t s  repo r ted  as "not  de tec ted  (ND)." 

Response: The ND da ta  exer ted  a s i g n i f i c a n t  i n f l u e n c e  o n l y  i n  t h e  exposure 
assessment f o r  ambient a i r .  The i m p l i c a t i o n s  o f  t h e  approach used t o  handle 
these da ta  i n  t h e  Mid land r i s k  assessment a r e  f u l l y  expl.ored i n  t h e  
d i scuss ions  on pages 111-50 t o  52 and IV-7. 

Connent: A l i s t i n g  o f  comparat ive cancer r i s k s  cou ld  have been i nc luded  i n  the  
r i s k  assessment t o  h e l p  t h e  l a y  person pu t  t h e  est imated r i s k s  from d i o x i n  
exposure i n  pe rspec t i ve  (e.g., 3 i n  10 o v e r a l l  average l i f e t i m e  cancer r i s k  and 1 
i n  8 r i s k  f rom smoking c i g a r e t t e s ) .  

Response: Some comparat ive i n f o r m a t i o n  was prov ided by t h e  panel d u r i n g  the  
p u b l i c  meet ing i n  Mid land on A p r i l  28, 1988. USEPA w i l l  cons ider  adding such 
a l i s t i n g  i f  t h e  r i s k  assessment document should be rev ised.  

Cfnmnent: There i s  no ment ion i n  t h e  study o f  Dow's massive cleanup e f f o r t s  
b e f o r e  t h e  sampling began. S o i l  was removed from t h e  p l a n t  s i t e ,  and t h e  
i n c i n e r a t o r  was scrubbed. 

Response: T h i s  comnent i s  s i m i l a r  t o  one rece ived by USEPA a f t e r  t h e  s o i l  
s tudy  r e p o r t  was released, a l l e g i n g  t h a t  USEPA sampled "new d i r t "  i n s i d e  t h e  
Dow Chemical p l a n t  a f t e r  a cleanup by Dow p r i o r  t o  t h e  i n - p l a n t  s o i l  sampling 
study. USEPA b e l i e v e s  t h e  s o i l  s tudy r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  any 
cleanup e f f o r t s  t h a t  may have been undertaken by Dow Chemical d i d  no t  
m a t e r i a l l y  impact t h e  conc lus ions  o f  t h e  study. 2378-TCDD was detec ted  i n  
every ta rge ted  and random s o i l  sample co l l ec ted .  These da ta  were used by 
USEPA t o  i s s u e  a CERCLA (Superfund) Sect ion  106 o rde r  t o  Dow Chemical f o r  
c o r r e c t i v e  a c t i o n s  a t  t h e  p lan t .  

C m e n t :  Page 1-8, paragraph 2: The average represents an average o f  s o i l  
s u s ~ e c t e d  o f  be ing  contaminated; i.e., t h e  most h i g h l y  contaminated areas were 
sampl ed. 

Response: The USEPA i n - p l a n t  s o i l  sampling program inc luded  both  ta rge ted  and 
random sampling w i t h  about an equal number o f  samples devoted t o  each type o f  
sampling. The Dow Chemical i n - p l a n t  s o i l  sampling e f f o r t  was p r i n c i p a l l y  
d i r e c t e d  a t  areas t h a t  were l i k e l y  t o  be contaminated, w i t h  a l e s s e r  degree o f  
"background" sampling w i t h i n  t h e  p lan t .  I n  any event, USEPA agrees t h a t  t h e  
degree o f  contaminat ion  across t h e  s i t e  would probab ly  be b e t t e r  descr ibed as 
"on t h e  average, l e s s  than 0.5 ppb" r a t h e r  than "an average o f  0.5 ppb." The 
f i n a l  r i s k  management document has been rev i sed  accord ing ly .  
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Corrment: On page 111-16 o f  t h e  r i s k  assessment, paragraph 2, t h e  Dow P o i n t  
Source Survey should be r e f l e c t e d  i n  t h e  statement concerning a v a i l a b i l i t y  o f  
data. 

Response: The Dow s tudy  i s  c i t e d  i n  l i n e  6 of t h i s  paragraph as "Dow 1984." 
Whi le  p r imary  emphasis was p laced upon t h e  USEPA data  f o r  t h e  reasons s ta ted ,  
t h e  Dow da ta  were f u l l y  reviewed and considered i n  t h e  p repa ra t i on  o f  t h e  r i s k  
assessment. 

Comnent: On page 111-35 o f  t h e  r i s k  assessment, t h i r d  l i n e  from t h e  bottom, t h e  
downwind increment  o f  136 degrees (58 percent  o f  t h e  t o t a l  t ime)  seems very  high. 
There ought t o  be a p r o f i l e  g i v i n g  t ime vs. percent  o f  maximum on a more narrow 
bas is .  

Response: USEPA agrees t h a t  t h e  downwind increment se lec ted  (58 percent  o f  
t h e  t ime)  i s  on t h e  h i g h  s ide.  However, t h i s  increment i s  supported by t h e  
a n a l y s i s  o f  a v a i l a b l e  meteoro log ica l  data and i s  c o n s i s t e n t  w i t h  t h e  
conse rva t i ve  na tu re  o f  t h e  r i s k  assessment. 

Camnent: On page 111-37 o f  t h e  r i s k  assessment, t h e  statement t h a t  mon i to r i ng  
S i t e  3 was l e s s  downwind than S i t e s  2 and 4 i s  no t  c o r r e c t .  A i r  d i s p e r s i o n  
mode l l i ng  us ing  USEPA's ISCLT program w i t h  t h e  FLINT77 STAR deck show t h a t  
maximum p r e d i c t e d  concen t ra t i ons  a r e  d i r e c t l y  n o r t h  o f  a source and f a l l  o f f  
e q u a l l y  on each s i d e  o f  n o r t h  up t o  about 15 degrees o f f  nor th .  Therefore, S i tes  
2 and 3 were e q u a l l y  downwind, and S i t e  4 was l e s s  d i r e c t l y  downwind. 

Response: Based upon a rev iew o f  t h e  meteoro log ica l  da ta  ob ta ined a t  t he  t ime 
o f  t h e  ambient a i r  study, o n l y  those samples from S i t e s  2 and 4 c o l l e c t e d  on 
t h e  f o l l o w i n g  dates were analyzed: 

Date Averaae Wind 

September 8-9. 1984 199 degrees, 6 mph 
September 12-13, 1984 191 degrees, 6 mph 
September 22-23, 1984 212 degrees, 5 mph 

Accordingly ,  most o f  t h e  da ta  were c o l l e c t e d  when S i t e s  2 and 4 were, i n  f a c t .  
more i n  t h e  downwind d i r e c t i o n  than S i t e  3. The statement made on page 1 1 : - 3 '  
o f  t h e  r i s k  assessment i s  t h a t  S i t e  3 i s  "...less d i r e c t l y  downwind o f  the 
i n c i n e r a t o r  and major  p roduc t i on  area." Given t h e  meteorology on t h e  sampling 
days, t h i s  statement i s  co r rec t .  

Comnent: W i th  regard  t o  t h e  statement on page 111-45 o f  t h e  r i s k  assessment. 
l i n e  8, i t  should be noted t h a t  t h e r e  a r e  no residences l oca ted  a t  o r  near 0.6 
m i l e s  n o r t h  and no r theas t  o f  t h e  i n c i n e r a t o r .  

Response: The statement i n  ques t ion  r e f e r s  t o  t h e  est imated l o c a t i o n  o f  thr! 
maximum annual average ground l e v e l  c o n c e n t r a t i d n i  o f  CDDs and CDFs, no t  t b e  
l o c a t i o n  o f  residences. 
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11. 

COMMENTS RECEIVED AT THE PUBLIC MEETING 

C m m n t :  The f i s h  consumption scenarios evaluated by USEPA i n  the  r i s k  
assessment a re  u n r e a l i s t i c a l l y  conservat ive  when considered i n  l i g h t  o f  t h e  
r e s u l t s  o f  MDPH's recent  c r e e l  survey o f  Tittabawassee R ive r  fishermen. 

Response: Resu l ts  from t h e  MOPH c r e e l  survey (Smith and Enger 1988) f o r  those 
respondents who repor ted  t h a t  they caught and consumed f i s h  from t h e  
Tit tabawassee R ive r  (49 percent) ,  i n  fac t ,  tend t o  support t he  f i s h  
consumption scenar ios developed f o r  t h e  r i s k  assessment . The consumption 
r a t e s  presented below were developed from t h e  c r e e l  survey data, making the  
assumption t h a t  t h e  s i z e  o f  a t y p i c a l  f i s h  meal ranged from 113 t o  255 grams, 
o r  4 t o  9 ounces ( t h e  same assumption used i n  the  r i s k  assessment). The 
p r i n c i p a l  focus o f  t h e  r i s k  assessment i s  on those people who a c t u a l l y  ea t  
f i s h  from t h e  r i v e r .  

COMPARISON OF TITTABAWASSEE RIVER FISH CONSUMPTION RATES 

USEPA RISK ASSFFSMENT* TITTABAWASSFE R I V E R  CREFI SURVEY** 

Consumption Resul ts  Reoorted f o r  343 Resoondent5 
Scenario Rate F i s h  

Great Lakes Consumer 12.9 1 bs /y r  1 28% Eat  About 3.0 t o  6.7 l b s / y r  

General Consumer 3.1 l b s l y r  

High Sports Fisherman 

58% Eat Less Than 3.0 t o  6.7 l b s / y r  

Level 1 
Level 2 

38.6 l b s l y r  
80.4 l b s / y r  

*From Table 111-2, R isk  management document (USEPA 1 9 8 8 ~ )  
**Annual consumption r a t e  ranges based upon 4 oz t o  9 oz meal sizes. 

10% Eat  About 12.9 t o  29.2 l b s l y r  

P l a u s i b l e  Maximum Consumer 80.4 l b s / y r  
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i n t e r p r e t  t h e  r e s u l t s  o f  the  c r i t i c a l  animal t e s t s  and i n  the  c a l c u l a t i o n s  
used t o  move from t h e  animal model t o  humans. As expla ined above, USEPA has 
c a r r i e d  o u t  i t s  Midland r i s k  assessment i n  con fo rm i t y  w i t h  i t s  es tab l i shed  
procedures and p o l i c i e s  f o r  human h e a l t h  r i s k  assessment (USEPA 1986a). The 
p r o t o c o l s  and assumptions u t i l i z e d  by USEPA have been s e t  o u t  i n  g rea t  d e t a i l  
i n  t h e  r i s k  assessment document and herein. U l t ima te l y ,  i t  i s  up t o  t h e  Sta te  
t o  determine t h e  l e v e l s  o f  contaminants t h a t  a re  acceptable i n  t h e  food supply 
o f  i t s  res iden ts  and a t  what p o i n t  a c t i o n  should be taken t o  r e s t r i c t  
consumption. 

C m n t :  Ep idemio log ica l  s tud ies  o f  human popu la t ions  exposed t o  d iox ins .  
i n c l u d i n g  those a t  Seveso, I t a l y ,  and Times Beach, Missour i ,  have n o t  shown 
adverse rep roduc t i ve  e f f e c t s  a t t r i b u t a b l e  t o  t h e  exposures. 

Response: USEPA does n o t  b e l i e v e  t h a t  the  f i n d i n g s  t o  date  are conc lus ive  
one way o r  t h e  o ther .  For a d d i t i o n a l  d e t a i l ,  please r e f e r  t o  t h e  response t o  
t h e  second comment on page 7 o f  Sect ion I, above. 

Comment: P ica  i s  n o t  as uncommon a d i so rde r  as t h e  r i s k  assessment imp l ies .  

Response: P ica  can be de f ined  as consumption by c h i l d r e n  o f  s o i l  a t  r a t e s  i n  
excess o f  t h e  normal range o f  about 0.1 t o  0.5 grams per day -- o f t e n  as much 
as 10 grams per  day o r  more. I t occurs, on t h e  average, i n  about 1 o u t  o f  
every 200 c h i l d r e n .  

Comnent: W i th  regard t o  a sample co l  l e c t e d  a t  t h e  Rockwell dump t h a t  had been 
sent t o  USEPA's Minneapol is  l abo ra to ry ,  why d i d  Mr .  Zar [ t h e  chairman o f  t he  
meeting] i n s t r u c t  Mr .  L a r r y  Fink, then an USEPA employee, n o t  t o  d iscuss t h i s  
sample? 

Response: Mr .  Zar cou ld  n o t  r e c a l l  any such conversat ion  a t  t h e  t ime of  t he  
meeting. However, he contacted Mr .  Fink, who was no longer w i t h  USEPA, the  
f o l l o w i n g  day and was reminded o f  a conversat ion t h a t  took p lace a t  t h e  
Agency's Du lu th  l a b o r a t o r y  i n  August 1985, regarding a sample from t h e  
Mapleton P u b l i c  Well  t h a t  had j u s t  been rece ived by t h e  l abo ra to ry .  Mr .  Fink 
remembered Mr.  Zar adv i s ing  him i n  s t rong terms t h a t  i t  would be inapprop r ia te  
t o  d iscuss  t h e  sample p u b l i c l y  u n t i l  f i n a l  a n a l y t i c a l  r e s u l t s  had been 
obtained. 

The sample i n  quest ion  subsequently was analyzed by t h e  Du lu th  l abo ra to ry ,  and 
by t h e  Oow Chemical Company as w e l l .  Ne i the r  l a b o r a t o r y  found 2378-TCOD i n  
the  sample, a l though a n a l y s i s  o f  a previous sample had y i e l d e d  an apparent ly  
f a l s e  p o s i t i v e  a t  one o f  t h ree  p a r t i c i p a t i n g  l a b o r a t o r i e s .  These r e s u l t s  and 
f u r t h e r  d i scuss ion  a r e  presented on pages 23 and 25 o f  Michiaan D i o x i n  
Studies: Screenina Survev o f  Surface Water S u ~ ~ l i e s .  Potable Ground Water. and 
Dow Chemical B r i n e  O ~ e r a t i o n z  (Barna and Amendola 1985), a v a i l a b l e  f o r  review 
i n  t h e  Michigan D i o x i n  Studies document r e p o s i t o r i e s .  

The r e s u l t s  f o r  t h e  above sample and the  o the r  r e s u l t s  publ ished i n  the  above- 
c i t e d  r e p o r t  were t h e  sub jec t  o f  a p u b l i c  meeting h e l d  by USEPA i n  Midland on 
December 19, 1985, and were f u r t h e r  discussed i n  a number o f  newspaper 
a r t i c l e s  d u r i n g  t h e  next  several days. USEPA i s  s a t i s f i e d  t h a t  t h e  Mapleton 
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Response: F ish consumption advisor ies are the r e s p o n s i b i l i t y  o f  the Michigan 
Department o f  Publ ic  Health (MDPH). A t  the pub l i c  meeting, John Hesse o f  the 
MDPH responded t h a t  the  other chemicals were considered i n d i v i d u a l l y  as t o  the 
need f o r  an advisory. I n  addi t ion,  the "lo-percent ru le "  was applied: i f  more 
than 10 percent o f  the f i s h  population were found t o  requi re  advisories, 
regardless o f  the contaminant, then an advisory was put i n  place. 

Conment: Why d i d  USEPA recommend tha t  the 1988 walleye sampling be done i n  the 
spr ing a f t e r  the f i s h  have been out  i n  the bay a l l  winter? 

Response: It i s  the Agency's understanding t h a t  the f i s h  are i n  the r i v e r  and 
the mouth f o r  some time p r i o r  t o  the spring run. Samples co l lec ted  i n  1985 
showed l i t t l e  d i f fe rence  i n  d iox in  concentration between those caught i n  the 
spr ing and those caught i n  the summer. Furthermore, the spr ing run i s  the 
most heav i l y  f ished per iod o f  the year, so i t  i s  1  i kel y  t o  be more 
representat ive i n  terms o f  the f i s h  t ha t  people are eating. 

Canment: [By a resident o f  Ingerso l l  Township] Ingerso l l  Township has been i n  
favor o f  USEPA's involvement w i t h  the  Dow Chemical Company Midland p lan t  s i t e  
from the very beginning. The whole inves t iga t ion  process has been very 
benef ic ia l  from the  standpoint o f  the  community and the company. 

Response: USEPA acknowledges and appreciates the  comment. 

Conment: [By a representat ive o f  Dow Chemical Company] Dow would l i k e  t o  thank 
USEPA f o r  conducting the study and thank the community members f o r  urging Dow, 
through the  years, t o  change the  way i t  does business. The study was a pos i t i ve  
experience f o r  Dow and i s  probably as comprehensive, substantive, and exhaustive 
a study as has ever been done on any community. The study probably w i l l  serve as 
a model f o r  f u tu re  USEPA e f f o r t s .  Dow pledges i t s  continued e f f o r t s  t o  resolve 
t h i s  problem. 

Response: USEPA acknowledges and appreciates the comment. 
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APPENDIX 8 

1988 TITTABAWASSEE RIVER FISH MONITORING PROGRAM 

Twenty s p r i n g  run, Tittabawassee R ive r  wal leyes were c o l l e c t e d  near Midland 
by t h e  Michigan Department o f  Natura l  Resources on A p r i l  12, 1988. Skin-on 
f i l l e t s  from each f i s h  were analyzed f o r  PCBs, PBBs, c h l o r i n a t e d  styrenes, 
hexachlorobenzene, and several c h l o r i n a t e d  p e s t i c i d e s  and d e r i v a t i v e s  by the  
Michigan Department o f  P u b l i c  Health. Each sample was analyzed f o r  2378-TCDD by 
Dow Chemical Company, and f o u r  samples were analyzed by bo th  Dow Chemical Company 
and USEPA f o r  2378-subst i tu ted COOS and CDFs. The a n a l y t i c a l  r e s u l t s  are 
attached. 

Presented below i s  a comparison o f  recent  Tittabawassee R ive r  wal leye (skin-on 
f i l l e t )  mon i to r i ng  da ta  for  2378-TCDD and PCBs ( a l l  a re  mean concent ra t ions) :  

7378-TCOD PCBs 
Tissue Conc. 

Number Tissue Number A roc lo r  A roc lo rs  
h%x gf  F i s h  conc. g f  F i s h  1254 1748+1254 

1983 5 3.9 p p t  -- -- -- 

1985 19 4.5 p p t  14 0.59 ppm -- 

1987 3 1.3 p p t  - -- -- 

1988 20 3.1 ppt  20 0.57ppm D.81ppm 

These data  i n d i c a t e  a decrease i n  2378-TCDD l e v e l s  i n  1987-1988 wa l leye from 
those measured i n  1983-1985. Th is  t r e n d  g e n e r a l l y  fo l l ows  t h e  reduc t ion  i n  
2378-TCDD d ischarge l e v e l s  from t h e  Michigan D i v i s i o n  p i a n t  o f  Dow Chemical 
Company. Comparison o f  t h e  average PCB data  i n d i c a t e s  no change i n  f i s h  
concent ra t ions  from 1985 t o  1988. On t h e  f o l l o w i n g  page i s  a p resen ta t i on  o f  
t h e  1988 data f o r  2378-TCDD, 2378-TCDD TEQs, and PCBs by s i z e  c lass,  
demonstrat ing h igher  contaminant l e v e l s  i n  l a r g e r  f i s h .  A f u l l  l i s t i n g *  o f  the  
a n a l y t i c a l  r e s u l t s  i s  attached. 

* [Resu l ts  o f  chemical ana lys i s  o f  T i t tabawas,~? R ive r  f i s h  c o l l e c t e d  
A p r i l  12, 1988.1 Transmit ted by L. Dul ing,  F i s h  Contaminant Mon i to r i ng  Program. 
Surface Water Q u a l i t y  D i v i s i o n ,  Michigan Department o f  Natura l  Resources, t o  
H. Zar, Water D i v i s i o n ,  Region V, USEPA, Chicago, I l l i n o i s .  J u l y  29, 1988. 
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