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_ ST . _ 6 ,
“thp mnterial submitteq on tha subgect s;te has been rev1ewed by‘the Chronic
‘; f f ‘

gxn fullowup to previous revxews‘of the environmontal soil samplin; results
' from- Midland, Michigen, we ‘were asked to. ‘review a draft Risk Assessment .

evaluation of these. data whigh: hnd ‘been prepared by EPA. The eSﬂantlnl

- conclusion of this Risk Assessmgp '1s that, because of a history'”fffaw: gjg;
'bccupatlonal exposures. to TCDD andithe- documantnd potent1a1 for ' exposurn tor}-%
contamlnatod fish from the Tittabawassae River,: ‘exposure should be limited
'to .geil contaminated to 50 parts. per trillion (ppt). of lower. ' This level,’ .
epproximately 1/20th 6f the CDC's pravious ‘site-spacific recommendation,’ 15 R
-ggenefally consistent,with 1gwels*seen in: othern;ndustr;alized-apeﬁ -of_thh

. We fihd no major faulh with the mathodology used in prcparinz this: risk
“assessment; the mgthodolog;es and ‘dpproaclies are similar to previans wotk
done. at CDC except that difforant -assumptions have been used ' in: saveral
3areas ‘such as: a greater ampunt of dermal contact with sozl usxns only :
i Cafa. dc

T(VSD), the 1ower avarnge fet;me body wexght measure._etc.» It
~sxpected that, given the lavel ‘of: uncertaxnity regarding many of. hesa
- }parameters, difforangﬁrisk dahessments us;ng slightly differant

f“reviewed éxtensively. by a pear taview panel of outsxde experts befono bains
;formally adopted.) However, even in this situatiqn in which estimites of -

~ excess risks were’ different by more. than ‘one ordéi%of magnituda, ‘the ‘v

. ghsolute rzﬁks of davqloping cancer during a putatively exposed . individual's

~ lifetime are essentially unchanged when ong considers that the ”backsrqund” ¥
~ of "normal” lifetime risk:of cancer in the United States is between 25 and
30 percent. All of the appronches dzscussed within" this document-are ° ', -

~ generally perceived to- be couservative apptoaches in an attempt: to. Adevelop
“prudent and responsihle rec mm¢n ns'fnr-th“'pr tection of;the“public s
"..health.. S i =
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u'herafore. we reiterate our ‘prevas recomendatlons concernius necass
‘reatriction or cleanup/stabalization of onsite, contaminated. areas to
pravant current, as uell as;. future exposures. The logxsti.cs of

axtgedingly difficult. 'me more - spvere problem of exposure to contamj.nated |
ish from local rivers is bast addressed diractly and not -through v
componsatory decraases in nllownblo «axponures to contaminated soi.ls.

'ro this end, we- also strongly suggest a concentrated public health education
campaign to limit, or preferably eliminate, consumption of the. highly s -
N -uontaminated local -fish as well 2% the daveloymcnt of. raasonable - '
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EPA says dloxm Ievels

in local

By KATHY GRAY
Daily News staff writer

The levels of dioxin in the Tit-
tabawassee Riversediments and fish
downstream from Dow Chemical Co.
will not go down significantly in at
least the next several years, accord-
ing to a report released today by the
U.S. Environmental Protection
Agency.

Even though Dow has sig-
nificantly decreased the levels of di-
oxin in its discharge to the river, the
EPA stated in its report that low
levels in both river sediments and
native fish will persist for at least
several years.

River sediments containing toxic
~ contaminants attributable to Dow
were found 19.5 miles downstream
from Midland, the EPA reported.

The EPA did not include health
risk assessments of fish consumption
in this study;but will release that
data separately at a future date.

The fish data with regards to di-
oxin didn’t show any significant
changes in in the levels in carp over
time, but the EPA did note that the
levels in catfish seem to have de-
creased since 1978. The 1985 levels
in walleye and smallmouth bass
(averaging 4.4 and 5.0 parts per trill-
ion respectively) were virtually un-

changed from 1983 levels. . -

tachlomphenol and chlo

fish to

R')’uly- 17,1986
Dioxin is an unwanted byproduct

- of herbicide production and in its

most toxic form—2,3,7,8 TCDD — i
a known ,animal_;car_c_:inogen. Its
effects on humans is less certain.
“Because of the distribution of
2,3,7,8 TCDD in Midland area soils
and the persistence of 2,3,7,8 TCDD
in the environment, bottom feeding
fish and other game fish from the Tit-
tsbawassee River may not exhibit
significantly lower levels of 2,3,7,8
TCDD in the near future,” the report
stated. “Runoff from the city, the
wastewater discharge from Dow
Chemical, and atmospheric deposi-
tion from Dow Chemical operations
will continue to contribute
2,3,7,8-TCDD totheriver system.”
The EPA said the wastewater
treatment system at Dow is com-
parable if not superior to best avail-
able technology, (BAT) but “in-

" process controls for several organic

chemical process are not equivalent
to BAT, even when considered with
superior end-of-pipe treatment.”
The report noted that several vol-
atile organic chemicals, including
carbon tetrachloride, methylene
chloride and styrene were among
those not equivalent to BAT. Resi-
dual levels of toxic. semx-volatlle or-
ganic pollutants; such as'pen-

ben

zenes also were consistently present
in samples tested by the EPA.

“This data suggest that scattered
or diffuse sources throughout the
plant (sewer sludges, contaminated
soils, pond sediments) may be con-
tributing residual discharge load-
ingstotheoutfall,” the report stated..
 When Dow’s current wastewater
permit expives in 1988, the EPA will
work with the chhlgan Department
of Natural Resources to discharge
limitations for several volatile and
semi-volatile organic pollutants.

The report is one part of the EPA’s
dioxin initiative in Midland. This
particular study examined Dow’s
wagtewater, Tittabawassee River

sediments and native fish. Rep--

resentatives from the EPA will be in
Midland July 29 to review the report
with interested Midland residents.

Appointments are available be: -

tween 2:30 to 5:30 p.m. and from 7 tg
9 p.m. on that date. To make ap-
pointments, call John Perrecone at
(800)621-8431 or (800) 572-2515. -

The EPA already has released re-
ports on the levels of dioxins in Mid-
land surface soils and the quality of

“public and private water supplies in

the Midland area and Dow’s brine
operations. Reports still are sched-
uled to be released based on emis-
sions from Dow’ 8 mcmerator
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Enclosed is a copy of a report titled, "Dow Chemical Wastewater Characteri-
zation Study, Tittabawassee River Sediments and Native Fish." This report
presents the results of USEPA's recent study of dioxins and other toxic
pollutants at the Dow Chemical-Midland Plant. The report also presents
summaries of prior USEPA and Michigan Department of Natural Resources studies
at the Dow Chemical-Midland Plant, including studies of Tittabawassee River
native fish and sediments conducted during the period 1978 to 1985. Finally,
the report includes an overview of the Clean Water Act requirements for National
Pollutant Discharge Elimination System (NPDES) permit conditions for best
available technology as they pertain to the Dow Chemical-Midland Plant. The
information and data contained in this report are being considered by several
program offices at the Michigan Department of Natural Resources and USEPA -
Region V for processing of environmental control permits for Dow Chemical.

The major findings are highlighted below:

° The discharge of 2,3,7,8-tetrachlorodibenzo-p-dioxin (2378-TCDD, or dioxin)
from Dow Chemical to the Tittabawassee River, and bioaccumulation of
2378-TCDD in caged fish and native fish have been confirmed.

Dow Chemical began operating an effluent filtration system in November
1985 to remove 2378-TCOD from its discharge to the Tittabawassee River,
Since that time the company has achieved a 67% reduction in the discharge
of 2378-TCDD. Current discharge levels have consistently been less than
10 parts per quadrillion (ppq), the interim discharge limit established by
the Michigan Water Resources Commission and approved by USEPA. The
estimated current annual discharge loading of 2378-TCDD from Dow Chemical
to the Tittabawassee River is 0.00012 kg (0.00026 1bs). Further reduction
of the discharge may result from additional in-plant control measures
currently being instalied by Dow Chemical.

Although significant progress has been made in reducing the discharge

levels of 2378-TCDD from Dow Chemical, it is not likely that the improvement
in 2378-TCDD levels found in native fish from the Tittabawassee River will
be as rapid. 2378-TCDD is persistent in the environment. Continued low

20001 %
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level releases from Dow Chemical, surface runoff from the Midland area,
and the current burden of dioxins in river sediments may result in a
gradual decline in 2378-TCDD levels in fish over a number of years.

© Although 2378-TCDD was not detected in Tittabawassee River sediments at
detection levels ranging from 10 to 30 parts per trillion (ppt), it is
most likely present at lower levels. The distribution of the other
tetrachlorinated dibenzo-p-dioxins (TCDDs) in Dow Chemical treatment
pond sediments, effluent solids, and Tittabawassee River sediments is
consistent, Tittabawassee River sediments contaminated by chlorinated
dioxins and furans attributable to the Dow Chemical-Midland Plant extend
from Midland to the Gratiot Road-Center Road reach of the river, or about
17.1 to 19.5 miles downstream from Midland.

Dow Chemical's discharges of total suspended solids, ammonia-N, total
phosphorus, and toxic organic pollutants have been reduced from levels
determined by USEPA in 1981, Discharge levels of total dissolved solids
have remained about the same and limited data suggest an increased discharge
of toxic metals (cnromium). The overall improvement in the discharge

levels can be attributed to changes in production operations at Dow

" Chemical, reduction in the discharge flow rate, and installation of the
effluent filter system.

For the most part, wastewater treatment facilities installed by Dow Chemical
are consistent with model wastewater treatment facilities considered by
USEPA for development of national effluent limitations guidelines for
organic chemicals, pesticides, and related chemical manufacturing pro-
cesses, Best available technology effluent limitations and best management
practices programs will be developed for several volatile and semi-volatile
organic pollutants found in Dow Chemical untreated and treated wastewaters.
These BAT effluent limitations and control programs will be considered

with water quality-based effluent limitations developed by the Michigan
Department of Natural Resources as part of the next NPDES permit for the
Midland Plant.

This report is one of a series that present results of different aspects of
USEPA's studies of dioxins and other toxic pollutants in the Midland, Michigan,
area. To date, a report has been distributed regarding levels of dioxins in
Midland surface soils and potential public health risks associated with exposure
to those levels, and a report was issued regarding the quality of public and
private water supplies in the Midland area and the Dow Chemical brine operations.
We are planning to issue a report concerning Dow Chemical incinerator emissions
testing and ambient air monitoring later this year. At that time an overall
review of public health risks will be presented.

2A0060(9



-3=

USEPA representatives will be available on July 29, 1986, at the Grace A. Dow
Memorial Public Library in Midland to review this report with interested
members of the public during the afternoon (2:30-5:30 p.m.) and evening
(7:00-9:00 p.m.). Appointments may be arranged by calling John Perrecone,
Office of Public Affairs at 1-800-621-8431 or 1-800-572-2515 (Illinois). Any
questions or comments you may have in the interim should be directed to Gary
Amendola at the following address:

U.S. Environmental Protection Agency
Region V

Eastern District Office

25089 Center Ridge Road

Westlake, OH 44145

Phone: (216) 835-5200

Singerely yo/(T

Valdas V. damku
Regional Administrator
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GARY A, AMENDOLA
DAVID R. BARNA
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IT. OBJECTIVES

The primary objectives of this work are to quantify the conventional,
nonconventional, toxic organic and toxic inorganic pollutant discharges from the
Dow Chemical - Midland Plant and to assess the need for additional wastewater
treatment and best management practices necessary to achieve Best Available
Treatment Economically Achievable (BAT) as defined by the Clean Water Act.
The information and data contained in this report are being used by the Michigan
Department of Natural Resources and USEPA-Region V to develop a proposed BAT
NPDES permit for Dow Chemical.

Secondary objectives include: (1) characterization of untreated wastewaters
and in-plant sludges and sediments; (2) determination of the types and the
extent of bioaccumulation of pollutants discharged by Dow Chemical in fish;
(3) sub-part per trillion analyses of effluent samples for PCDDs and PCOFs;
and (4) development of information about contamination of native fish and
sediments in the Tittabawassee River. '

I11. SCOPE OF WORK

Major field surveys were conducted by Region V and MDNR in 1981 and by
Region V in 1984, A multi-phased field program was planned in the spring and
summer of 1981 and executed in late summer and early fall of 1981, Field
programs included the following: (1) a sediment survey of the Tittabawassee
River to determine whether significant toxic pollutant contamination of the
sediments has occurred; (2) four 24-hour composite samples of Dow Chemical
water intakes and effluent discharges to determine pollutant discharges at the
low parts per billion range; (3) one large-volume 24-hour composite sample of
Dow Chemical water intakes, certain effluent discharges, and the receiving
water to determine discharge rates of PCDDs and PCDFs in the sub-part per
trillion range; (4) a static daphnia bioassay and an algal assay to determine
whether or not the Dow Chemical main process wastewater effluent exhibits acute
toxic effects or stimulatory effects on algal growth; (5) an Ames test of the
main process wastewater discharge to determine whether the effluent exhibits
mutagenic properties; (6) a fish bioaccumulation study to determine the level
and rate of bioaccumulation of pollutants discharged by Dow Chemical; and
(7) analyses of native fish from the Grand River for organic compounds.

As part of USEPA's comprehensive study of dioxins and other toxic pollutants,
sampling was conducted in 1984 at the major process wastewater sewers at Dow
Chemical; at other naqnprocess wastewaters, including incinerator wastewaters,
ground water collection systems, and landfill dewatering systems; at the treated
discharge to the Tittabawassee River; and for Tittabawassee River sediments.
Data obtained from USEPA's 1981 and 1984 surveys are compared with Dow Chemical
monitoring data and other available data from preliminary dioxin investigations
conducted by Region V in 1978,
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IV. MAJOR FINDINGS AND CONCLUSIONS
A. Dow Chemical ~ Midland Plant

1. Untreated Wastewaters and Sewer Sludges

Untreated wastewaters from process and nonprocess operations at the Dow
Chemical - Midland Plant contain high levels of numerous chemical compounds.
Raw waste loadings of volatile compounds determined during the 1984 USEPA
survey LQiﬂmHl_LeLnaghlggigg_iﬂﬂg_lggi%%x); methylene chloride (920 1bs/day);
styrene (570 1bs/day); chloromethane (410 1bs/day); toluene (350 1bs/day);
benzene (160 1bs/day); and ethylbenzene (122 1bs/day)] were greater than raw

‘waste loadings of semi-volatile compounds [phenol (520 ibs/day); 2,4-dichloro-
phenol (45 1bs/day); 1,2-dichlorobenzene (20 1bs/day); pentachiorophenol (16

1bs/day); 2,4,6-trichlorophenol (13 1bs/day); and naphthalene (13 1ibs/day)].

XThe high levels of volatile compounds are significant from an air pollution
standpoint. Emission of one-sixth of the volatile compounds from the sewerage

and wastewater treatment systems would be sufficient to classify the plant as a
major source of volatile organic carbon (VOC). The findings of chlorinated
benzenes and pentachlorophenol in untreated wastewatars long after termination
of production of these compounds suggests continued leaching of the compounds
from sewer system sludges and plant soils.

Most of the untreated wastewater loading of PCDDs and PCDFs can be attributed
to contributions from various process sewers and the hazardous waste incin-
erator. The raw waste loading of TCDDs was estimated to be about 6.9 x 10-4
1bs/day (3.1 x 10-4 kg/day) and about 1.3 x 10-2 Ibs/day (6.1 x 10-3 kg/day) for
TCOFs. Although 2378-TCDD was not detected in untreated wastewaters from the
process sewers or the hazardous waste incinerator, other tetra-octa CDDs and
CDFs were found in the 1984 USEPA study.

2. Tertiary Pond Sediments

Sediments from the tertiary pond system were found to be contaminated with
several organic chemicals. Surface sediments from the primary (pentagonal) and
secondary (rectangular) ponds were found to contain larger numbers and higher
leveis of pollutants than found in tertiary pond sediments. These data suggest
the pond system has been at least partially effective in removing settleable
pollutants not removed in the biological treatment facility. Chlorinated
benzenes were found at relatively high levels in primary and secondary pond
sediments (13-67 ppm) compared to tertiary pond sediments (ND-1.5 mg/1).
Surface sediments in the ponds were generally found to be more heavily
contaminated than bottom pond sediments.

The gradient of PCDDs and PCDFs across the pond system was substantially
less than for other pollutants. These data suggest that PCDDs and PCDFs entering
the pond system are attached to finer particles that tend to settle over a
wider area than other semi-volatile pollutants which may be associated with
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heavier particles, 2378-TCDD was detected at 1.7 ppb in primary pond surface
sediments, 3.8 ppb in secondary pond surface sediments, and from 0.10 to 0,93
ppb in tertiary pond surface sediments.

B. Dow Chemical - Qutfall 031 Discharge

1. Wastewater Characterization

Process changes at the Midland plant and water conservation measures have
resulted in a gradual reduction in the average discharge flow from outfall
031 from over 50 MGD 1in the mid 1970s to less than 20 MGD today. Recent
monitoring by USEPA and Dow Chemical suggest that discharges of toxic organic
pollutants and certain nonconventional pollutants have been reduced since 1981.
The apparent increase in the discharge of toxic metals is attributed to chromium
discharges which are higher than measured by USEPA in 1981. A summary of
annualized effluent discharge loadings is presented below:

Estimated Annualized Discharge in Tons

1981 ' 1984 1984-1985
USEPA Survey  USEPA Survey Dow Chemical Monitoring
Total dissolved solids 148,000 150,000 129,000 (net)
Total suspended solids 680 1,040 [180] 420 (net)
Total kjeldahl nitrogen 330 87 --
Ammonia-N 270 27 23 (net)
Total phosphorus - 46 14 (5] 11
Toxic organic pollutants 15.5 1.9 4.9
Toxic metal pollutants 5.7 - 6.9 16.7

Note: [ ] Estimated current annual full-scale discharge
1oading based upon pilot plant filter data. Effluent
phosphorus data from the full-scale filter system
installed in November 1985 are not available at
this writing.

The estimated annual discharge of phosphorus from outfall 031 is 5 tons/year
based upon limited pilot plant studies, about 90% less than loadings determined
in 1981,

2. PCDDs and PCDFs

Based upon six months of full-scale operation of the effluent filtration
system, Dow Chemical has achieved a 67%_ reduction in the discharge loading of
2378-TCOD (9.9 x 10-7 kg/day to 3.3 x 10-7 kg/day). The current estimated annual
discharge is 1.20 x 10-% kg/year. TCDD analyses by Dow Chemical indicate that
2373-TCDD comprises less than 3% of the total TCDDs present. The predominant
TCDD isomers, both before and after pilot filtration, are 1368-TCOD, 1379-TCDD,
and 1237+1238-TCDD., Based upon limited data, the unfiltered outfall 031
discharge appears to contain higher levels of TCDFs than TCDDs and higher
levels of other PCDFs than corresponding PCDDs. Piiot plant filter data suggest
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the full-s. :r may be achieving more than 90% removal of TCDDs, 2378-TCDF,
and HxCDDs, and 0CDD. Only data for 2378-TCDD have been reported for
the full-sca.. .ter system at this writing.

3. Biomonitoring

Static bioassays (Daphnia magna) conducted by USEPA in 1981 for the outfall
031 discharge indicated the discharge exhibited no acute toxicity to test
organisms. The discharge exhibited a stimulatory effect on algal growth and
caused no mutagenicity in the Ames test (direct and rat liver enzyme activated
test procedures), The 1981 USEPA studies were completed at a time when the
average effluent discharge was about 34 MGD. Biomonitoring conducted by Dow
Chemical in 1985 as required by NPDES permit MI0000868 yielded the following
results for flow-through studies:

Daphnia Magna Pimephelas Promelas
(fathead minnow)

Acute toxicity
48-Hour LCgq 40% effluent No toxicity

Chronic toxicity
MATC (geometric mean) 35.8% effluent 21.7% effluent*

*embryo-larval test

At the time of the Dow Chemical studies, the discharge flow was about 20
MGD. Dow Chemical attributed acute toxicity to daphnia to the salinity of the
effluent. The mass discharge of salts was about the same as that encountered
during the 1981 USEPA studies. However, the concentration of dissolved solids
was about 40% higher due to the reduction in discharge flow. Dow Chemical also
reports that for the minnow study (embryo-larval test), there were no observed
concentration related effects at hatch and a normal hatch occurred, yet no
organisms survived beyond 13 days. _No cause for the chronic toxicity observed
was suggested .by Dow Chemical. Test water for the Dow Chemical binassays
was prefiltered through a 25-micron sock. Since, chemical analyses uf the
wastewater before and after filtration were not reported, the effects_of this
procedure are_not known.

4, Bioaccumulation Studies

Final results from the 1981 USEPA-MDNR bioaccumulation study confirmed
preliminary results with respect to the discharge of 2378-TCDD from outfall 031
and the accumulation of 2378-TCDD and other TCDDs in caged catfish exposed to
the plume of outfall 031 in the Tittabawassee River, The pre11m1nary contract
laboratory results for PCOFs could not be confirmed. ‘A unique finding is that
1368-TCDD accumulated in caged fish exposed to to the outfall/river water mixture
at higher levels than 2378-TCDD. After 28 days of exposure, 2378-TCDD reached
nearly 40 ppt and 1368-TCDD to about 160 ppt. Penta-CDDs (140 ppt), hexa-CDDs
(43 ppt), and TCDFs (454 ppt) were found in these fish by USEPA analysts. There
was no indication that an equilibrium level of 2378-TCDD had been reached after
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" 28 days of exposure., The fish exposed to the plume of the discharge accumulated
greater numbers and higher levels of other organic chemicals, including poly-

nuclear aromatic compounds, chlorinated phenols, and pesticides, than did fish
exposed at control sites,

A recent biouptake study conducted by Dow Chemical did not demonstrate
significant uptake of 2378-TCDD or 2378-TCDF in catfish exposed for 28 days to
a mixture of 15% effiuent and 85% river water. Hexachlorobenzene uptake reached
3.7 ppm (whole fish sample) in the Dow Chemical study. Most other organic
chemicals included in the study protocol did not exhibit significant accumu-
lation over the test period. As with other biomonitoring by Dow Chemical, the
test water was prefiltered using a 25-micron sock prior to exposing the
organisms. The effect of that procedure on the test results is not known.

—_—

5. Pollutants of Concern

From a wastewater treatment technology standpoint, the principal toxic
pollutants of concern are listed below, The evaluation of appropriate Best
Available Technology effluent limitations and Best Management Practices programs
will focus primarily on these toxic pollutants,

Volatile Organic Pollutants
Benzene
Carbon tetrachloride
Ethylbenzene
Methylene chloride
Toluene
Styrene

Semi-Volatile Organic Pollutants
2,4-Dichiorophenol
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol

Pentachlorophenol
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2,4-Trichlorobenzene
1,2,4,5-Tetrachlorobenzene
He

T
eb

hlorobutyl) ether
,3,7,8-TCDD (PCDDs and PCDFs)
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Toxic Metal Pollutants
Antimony
Chromium
Nickel
Zinc
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{”‘Date: February 28, 1985

" Yo: David Stringham, Deputy Director _ SRR '
Naste_Management Division

From: J. Mitton Clark, LD.
Toxic Substances, Section

Subject: Evaluation of Data Collected dur1ng u.s. EPA s 1984 F1e1d Study
P of M1dland Michxgan

" ,w;-. . Yo
AR g

' Attached is a draft of my_report..fA rigorous evaluation of

- data recently gathered in Midland has been .made with emphasis

- on human health risk. Based upon the risk analysis performed,

- recomnendations have also been developed. This document

- should further discussion to guide decision making regarding
the need for remedial actions, additional monitoring and human

- health studies in Midtand. It has offered to provide one possible
analysis of the Midland field study and should not be viewed as
representing any p051t1on the Agency may ultimately chose.

1 recommend that the document be forwarded to the Chlorinated

Dioxin Work Group in EPA/HQ dnd the Centers for Disease Control
for 1nterna1 peer review.h,»w--

It is hoped that the document will be useful in the effort to
deve]Op the interagenqy evaluation of the availabl ‘data._/,;_,;
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Evaluation of Data Collected during U.S. EPA s
1984 Field Study of the Midland, Michigan Area o
, Pestic1des and Joxic Substances Brandh L 2 L
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Analytical resu]ts, found in Table ] (attached), of analyses of 15
"“surface soil samples (0-1") taken fnside the Dow plant grounds revealed
.2,3,7,8-TCOD concentrations ranging from 10 parts per tsxillon (ppt)

; ‘to 30 parts per billion (ppb), The high value of 30 parts per billion,
: "f'station/sample #15, found south and east of building 874-and. immediately
:;north of the railroad tracks,” represents an average of duplicate
analysis on the sample.’ The average $0il1 concentration of the 15
}samples was found. to be 2.4 ppb, with three of the 15 samples having
more than 1 ppb 2,3,7,8-TCDD. The median value was 220 ppt. Sample
#5, collected southwest of building 956 and immediately south east

of ‘the Dow incinerator, was found to contain 3.50 ppb of 2,3,7,8-TCDD.
Sampte #7, collected about 1/2 mile northeast of the Dow incinerator -
.at t;e northwest corner of llth and Jd streets contained 4 60 ppb of .

P‘Z 3, , 8-TCOD.

;¢Sampies;#ll, 12, 13, and 15 were all collected about 1/2;miie3northeast,
" .of the incinerator. Concentration of 2,3,7,8-TCDD in samples #11, 12,
‘and 13 were reasonably consistent ranging‘from 220 to 440 ppt: however,
sample 15, at 30 ppb 2,3,7,8-TCDD is disporportionately high. Samples
#4,7.8, and 9, col]ected in 3 1ine moving northwest from the incinerator
to an approximate distance of one-mile reveals an 1nconsistent pattern.
Sample #4 was 20 ppt; sample #7, (1/3.mile) 4,600 ppt; sample #8, (3/4

_ mile) 150 ppt and samp]e #9, {1 mile) 10 ppt, -

2. Total PCDDs and PCDFS

PCDD and PCDF concentrattons were determined in one soil sample collect-
~ed west of building 934 (station/sampTe #4). The concentration of

~ -2,3,7,8-TCDD. (0.27 ppb) was found to be 84% of the total ICDDs detected

: fv(O 32 ppb). ‘Concentrations of penta GDDs and hexa CDDs were 0.24 ppb
:and 4.0 ppb, :respectively. -The ratio of hexa CODs to 2,3,7,8-TCDD was

- 14.8. 'Hepta CDDs were found at a concentration of 75 ppb. Several PCDFs
‘were also detected in this sample. 2,3,7,8-TCDF was present at a con-

.. -+ centration of 27 ppt, while total TCDFs amounted to 900 ppt._ Hexa CDFs -
f%fy and hepta CDFs were 1 and 1 4 ppb respectively. _ _ -

Residential Soil Samples

1. 2378TCDD

Superfic1ai 's011 sampies (0 l") were coilected and analyzed from Midland,
Michigan an-industrial area in Middleton, Ohio; and four natural areas -
- in Minnesota. This sampiing deSign was to determine if 2 3, 7 8 TCDD 85'

20 0 2%
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. Dow plant or located from east northeast to north northeast of the

f -highest 2,3,7,8-~ TCDD concentration . of 110 ‘ppt, however, was found at
' Bullock 5ch001 lTocated about: 1/2 m11e sOuthwest of the Dow facility.

'FOR  INTERNAL
= REVIEW  ONLY DRAFT _‘
ontamination was more or- 1ess unique towa location, such as Midland, o

where 2,4 ,5-Trichlorophenol (2,4,5-TCP) and-a variety of 2,4,5-T deriva- :
- tives had’ beep manufactured. ‘For more- information on design "and sgm-

. pling see the September 22, 1983 EPA document "S0i} Screening Survey at.
"-Four Midwestern Sites" (1),

Data from thfs sampling effort 1s attached and found in Tables 2-5A.

_nj\Yard composfite soil samples from three:locations, upwind (west/southwest) .
-.." of Dow Chemical, see Table 2, were found to contain non-detectable levels

of 2,3,7,8-TCOD. Detection Timits ranged from 2 to 4 ppt. At two of
these 1ocations soils collected near downspouts or under roof drip
lines, were found to have low levels of 2,3,7,8-TCDD; 6 and 9 ppt.

of four locations sampled from the perimeter of the Armco plant in

i -Middletop, Ohio only one soil sample of six collected and analyzed was
- ~found to be positive for 2,3,7,8-TCOD and at a level of & ppt. - o
. Table 4). 1In contrast, all nine samples collected along the perimet‘ o
i . of,the Dow-Midland p1ant were found to be positive for 2,3,7,8-TCDD,
... Concentrations of 2,3,7,8-TCDD ranged from a low of 10 ppt to a high
. . of 2.03 ppb, the average concentration being 327 th and the median

value, 69 ppt. (See Tab1e 2).

. Of seven pub11c use locatlons sampled in Middieton, Ohio on]y one was
~found to contain 2,3,7,8-TCDD at a concentration of 4 ppt.. All nine
public use areas semp1ed in Midland were found to have 2,3,7,8-TCDD in

soils with values ranging from 3 to 170 The arithmetic mean was
56 ppt; the median value, 19 ppt The highest concentrations of
2,3,7,8-TCDD observed were those collected from locations most near the

facility. As prevafling wind direction in Midland, see Figure 1, in ”Soi]
Screening Survey at Four Midwestern Sites," is from the southwest or.
westerly direction, deposition of 2,3,7,8-TCDD by afr is suggested. The

0f the 19 residential superficiaT soil-samp1es (0-1") analyzed in

- Midland, 18 were positive for 2,3,7,8- TCDD. Concentrations ranged from

non-detectable to 27 parts Ei" tri1qup " The arithmetic mean of this
data was 54 ppt; the medTan, 22 ppt. Two.of seven soil samples from
residential areas in M1dd1etown Ohio were found to be positive for

- 2,3,7,8-1CDD. These samples, both- found at one location, contained 4

and 5 ppt of 2,3,7,8-TCDD. The median value of all the Ohio. samples

o was non-detectable“ (< 3 ppt). - An average value of 2.2 ppt was
reported by Dow Chemical in soils from 20 industrialized areas in the

U.S. (November 5, 1984 report) (2). None of the three natural areas
samp]ed in Minnesota contained detectable levels of 2,3,7,8-TCDD.

- .{See Table §), The data from our studies of ‘the four natura1 areas,

and Middleton, Ohio, when combined with the results on 20 industrial-
izéd areas reported by Dow, reveals higher levels of 2,3,7,8-TCDD in

| ‘Midland, than in other areas studied. 'If fish data is 1nc1uded for
Jcomparison discussed later, this finding becomes even more apparent.

20682
20029




T DRAFT
_ 4 : L REVl«w ALX'
onCentrations of 2, 3 7,8- TCDD found 1n soi1s from yards tended to de-
crease with distance from Dow chiemical. (See Table'2). For instance,
... al} yard ‘samples, B-3, D-3, and E-3, collected about 3700 yards from the
~7pow incinerator, were found to have Tower concentrations of 2,3,7,8-TCOD

‘- than samples, B-1, C~-1, and E-1, which were all taken about 2100 yards .
£ - from the- 1nc1nerator. This pattern suggests 2,3,7,8-TCDD deposition by S
-air, ~An air deposition hypothesis is further supported by comparing the - o
2,3,7,8- TCOD Tevels observed in'soils cellected near downspouts or under . S
;\driplxnes with those found in yards. Downspout and dripline soil concen-. "

“$rations of 2,3,7,8-TCDD were approximately two to ten’ times h1gher than :
:those found in yards. o | e

o Total PCDDS and pcors*

- tConcentrat1ons of PCDDs and PDCFs in surface soil samples are presented L

. An Table 6 (attached).,  Samplesicollected upwind of Dow Chemical (#13401 SR
and #13395) contained only low levels of hepta and octa CDDs (<340 ppt) : o
‘and no detectable levels of PCBFs. A1l six public access areas sampled
4n°Midland had measurable concentrations of hexa CDDs, ranging from 63
-10-441 ppt and all samples contained PCDFs, three with 2,3,7,8-TCDF and o
‘he;a CDFs (sample #s 13375, 13393 and 13394) of five samples analyzed . IR
“from Middletown, Ohio only ore: COntained detectable levels of hexa CODs S
-and only one with detectable levels of PCDFs. No hexa CDFs were found o
‘in.the soi) samples. Surface soil samples from three wilderness areas :
tiniMinnesota contained Tow levels of hepta and octa- CDDs (5200 ppt) and

anozdetectab1e 1evels of PCDFs | SR e

3 co“'Putation of 2 3,7 8—TCDD Equ1va1ent Risks | -\;.*7Ee B | ”flgg

Methods are current1y being developed to assess the risk from exposure
to.chlorinated dioxins and dibenzofurans other than for 2,3,7,8-TCDD.
These are ‘discussed .in the September 26, 1984 draft EPA document en-
titled "Health Hazard Assessment. for Chlorinated Dioxins and .
~Dibenzofurans other than 2,3,7,8-TCDD" (3). Of the eight methods cited
in:the document two, the Swiss: enzyme and the EPA methods, appear to .
haye the best scient1f1c foundations as they-are based upon enzyme
inductive properties and carcﬁnogenic assessments. These methods are
shown below. ~Where: isomer’ specific analyses were unavaflable, the .
toxicity of the 2,3,7 8-substituted;homo1ogues is ut11ized

ab?e A Estimatas of Relative Tox1c1ties For PCDDs and PCDFs o
_ EXpresséﬂ'as EquivaTents of 2,3,7, i o

H COmpoundfvfhl' ﬁ;fﬁ7 EPA Method (1984) o Sﬁiss'Method
T 2,3,7,8-TC00 v

oy ~_1~ﬂ ) 1
" other TCDDS 7 0.01 : .0.01
' 2,3,7,8-PeCDDs 0.2y .04

, - other PeCDDs 70,002 - 0.1
< - 2,3,7,8-HxCDDs C0.04 0.1
.1 Other -HxCDDs x . 0.0047 - 0.1
- *2,3,7,8-HpCDDs D - 0,01 .
e other HpCDDs X 0" 0,01 -
ijCDDs P 0 LN
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'TﬁbiedA_ Continued' SR ; _
gy EPA Method (1984) . Swiss Method'

kﬂc gound

2,3 7 ,8- TCDFS
_other TCDFs
2,3,7,8-PeCDFs
" other PeCDFs ..
o 2,3,7,8-HXCDFs - ;-
_other HxCDFs
P sHpCDFs. OCDF

ER=-X-T=1-1-1-2%

PCDD and PDCF data from Mid]and converted to 2,3, 7 ,8-TCDD- equiva]ents,
is presented in the following sect1on.Ji} _— o

Table B:

bz-a 7,8-TCOD ¢ uiva]ents_of Other'.

Bu110ck Schoo1 A} . V1rg;pia Park

R B A g o osds

‘Mo 1o Co760 16 16
220 L2 P2 2
120 - 24 2 - M. o
2,400 0
15 ‘ 2."'f
110

: 170
Equivalents (ppt):

©oat il

_Long!jew SCh°°1dﬁll“,. a-ftMaPejton‘Schoo1 ,‘aﬁiiv -

»3 7 ,8-TCDD 78 ~78 18- 18
fCo0s. 170 1 1 a0
peCDDs J00* 20% L 10* ND

DDs 340 14 %34 63
HpCDDs 2,300 0 23 . 380
- 2,3,7,8-TCOF 13 LIRS ND

-
[34]

wdoo“bowoo
84:::: 'c::-anc:c:a:

;* value estimated
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.Central School " ." - - (County Line Road
{Bali aiamond) - . _ ' o
ppt  EPA . Swiss ‘ppt . EPA Swiss
2 12 2 3 3 3
40 0 0 S 0 0 .
ND. O 0 0 0
86 3 9 3 7
350 0 4 0 3
ND . 0. 0 0 0.
Ehpjyﬁlents-(ppt): 15 -T2 6 - 13

~,

N

i, .The PCDD and PCDF concentrations expressed as 2,3, 7 8-TCDD equiva1ents -
. range from a low of 6-13 ppt to a high of 182- 219 ppt. Relatively small
v differences exist between the Swiss and EPA methods to derive 2,3,7,8-
-~ TCDD equivalents for other PCDDs and PCOFs. Three of the 1ocat10ns .
' .. sampled; Bullock School, Virginia Park, uand Longview School have ' ]' E
5 2,3,7,8-TCDD eguival ts of 7-te. time uiy engs d oils )
" at County Line Road, Centra §§ﬁ3§?, an Mape'lfS §§%001 t%%ﬁsfl%e%f
.. ratios of 2,3,7,8- TCDD equivalents to 2,3,7,8-TCDD measured 's0il1 levels
' can be observed At Bullock Schoo!l thls ratio is 1.83; 1.88 for Virginia -
x, Park and 1.99 for Longview School. The average of these ratios is 1.90.
. The consistency in the ratio suggests a single primary source far the
. PCDDs and PCDFs observed in. these - residential; public use soi1s.-v»;

e Assuming that a ratio of 1.90 2,3,7,8-TCOD equivalents to 2,3 7 8-TCDD
. ‘exists for all other locatjons samp1ed fn Midland, 1t is possible to-
“derive estimated 2,3,7,8-TCDD: equivalents for- residential soil samples
- from measured 2,3, 7 8 TCDD s0i1 data. An average yard soil concentration
* of 2,3,7,8-TCDD can be estimated assuming that concentrations of 2,3,7,8-

. TCDD in soiIs near downspouts represent 10% of the area of the. yard

i contaminated at this level and 2,3,7,8-TCDD concentrations in yard com- -
" posite soil samples away from. downspouts represent 90% of the contami-f;h
i nated soils. These ca1cu1ations are. shown below 1n Tab]e' e

Tab]e c' Average 2 3 7 8 TCDD EquivaIent
. - Levels 1in Res1dentfél Surface
Soil Sampies in MidTand, Michigan

S Estimated
- Measured Average ‘ 03,7 ,8=10DD -
Number - 213,7,3 Tcop. . Z,3,7,B-TCDD '.1?EauiVa1ents _
' o 3011 cOncentration _..dn Sofls 2 -
(ppt) T _t) . o (ppRl
76 847 £ 1607
20 .45 R T

270:
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o o SEAAN ‘Estimated
" Measured = Average - o - 2.3,7,8B-TChD
i 3,7 3 TCDD . 2,3,7,8-7COD 7 - , EquivaTents

. -.’5 1 Concentratio -In Soils 2

N pE (. i) ..

e Yard composite soil sample. 0-
= Downspout composite soi] sample

Ar é‘t‘és;f;ipbré;kmé‘t” ],y"

.iAs shown 1n Tab]e C superf1c1a1 soi] concentrations of PCDD and PCDFs. :
”expressed is 2,3,7 8 TCDD ‘equivalents, ‘would range from 19 to 160 ppt.
1f corrected for recoveries of internal standards-some values would be
- 8lightly h1$her (10-25%) .+ Five:of the seven locations have 2,3,7 8-,%
TCDD equivalents over 50 ppt. .The average 1§ 68 ppt; the: median "53°
ppt.. In contrast, sofl samples’ from Middletown, Ohio would have =
2,3,7,8-TCOD equiva1ents ranging frm 1 to 13 ppt with an average of
5 ppt and a median-of 3 ppt,.using the Swiss Model.: For two of the = =
~sites, B-1 and C-3, concentratians of 2;3,7,8-TCOD in _downspout sofls- = .
make a large contribution tO;the overall yard average of 2.3“2?8 TCDD.'

“Risk Assessment from Exposure to 2 3 718-TCDDFand other PCDDs and\PcDFs
1n M1d1and ResidentiéT SbiIs : , -

‘511 Background |

Both EPA “and Centers for Disease Control (CDC) have prepared risk: assess-
- ments for exposure-to 2,3,7,8-TCDD 1n sofls. EPA's first exposure and
risk assessments were performed by the Chlorinated Dioxin Work Group in
" response to the finding of 2,3, 7 ,8-TCDD -contamination in Hyde Park, Love
.. Canal, and at the Syntex site. ‘Based upon these assessments, EPA entered
+into consent decrees and administrative orders to require cleanup and
capping of contaminated areas to the detection ‘1imit of 2,3,7,8-TCDD
,(from 1-50 ppt) (4).. In September 1982, EPA- prepared an: exposure and risk
- assessment for contaminated sites found in Missouri (“Region’ 7 . v
Exposure/Risk Assessment": Draft, September 28, 1982) (5). The cancer ' .
risks from exposure?to 2,3,7, B-TCDD 1n res1dent1al solls were determined
{1 i 1, “The,highest ca‘"er risk
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A0 033
93T



rNA!IE,Fqi‘?C

found to be for young chi1dren who could 1ngest soil by the behavior
alled pica,’ ‘Inithe Region .7 assessment, it was assumed that children
would consume 0.5 grams of sofl ‘per day for’ 7 years. Under thesexcondi-
tions a child would have a cancer risk of approximately one chance in - .
a*1000" (10-3)- uging a upper bound 1imit of risk of 95%, if: exposed to
5i1s havingi1 ppb 2,3,7,8-TCOD.  Since 1982, as discussed in EPA's

ient Water Qua?ity Document February 1984 ‘the iextrapolated slope

-of 2,3,7, 8~TCDD an1ma1 cancer data has now been changed from. 4.25 X
k(mglkg-hw/day)" to 1.56"x 105 (mg/kg-bw/day) -1 (6). Therefore,
sing this néw slope derivation and EPA's exposure assessment of 1982,
a.level of 1 ‘ppb -of 2,3,7,8-TCOD in s0ils would pose a slightly Tower
11fetime cancer risk of 0.37 x. 103, Inhalation of 2,3,7,8-TCDD contam-
inated dusts 'was found to pose much lower risks than from ingestion. and
dermal ‘absorption of 2,3,7,8-TC0D from so115 was c0n51dered so unlike]y
as-to not to pose a r1sk.. ; ﬁ‘ , ; : . ,

I ear]y, 1983 EPA requested -€DC-to determine 1f a 1 ppb 1eve1 of 2,3,7 8-
TCOD-in soils represented an appropriate level of concern. This action,
fn-part, was prompted by, the widespread utilization of 1 ppb detection .
Timits by Region 7 for their analyses of 2,3,7,8-TCDD in soils.. In -
January 1984, CDC .published an abbreviated. analysis of their risk assess-
ment for exposure:to 2,3,7,8- TCDD which concluded that a level 1 ppb of
2, 3, 7 ,8-=TCDD iin resident1a1 ils: 'pan apprOpriate 1eve1~of concern :

0 $ human hea]th (7)“”‘ : o '

ore complete 2‘3 7, 8-TCDD,exposure and risk assessment document was
‘released by ‘CDC in- Ju1y 1984, 'Health Implications of 2,3,7,8-TCDD con-
tamination of Residential. Sof}," Kimbrough, et al.): (8). The authors
. concluded that sof).Tevels greater than 1 ppb, pose a level of concern, -
“ ‘however, it was recommended - that ‘management.. decisions should also con- -
‘sfder an evaluation of Speciftc circumstances at each contaminated

‘stte, -CDC's risk assessment considered 2,3,7,8-TCDD via exposure to
sofls” 1nc1ud1ng that ‘from dermal- contact and by {nhalation, a]though

the’ dust concentration used -in calculations was not provided, Unlike
EPA's ‘exposure model, CDC utilizes a 10-12 year sofl half-life for
2,3,7,8-TCDD,, Air and water contamination of 2,3,7,8-TCDD were believed
not to. make:a significant contribution to TCOD. 1ntake in most situattions,
‘and, therefore was not considered in-the model. However, CDC did state
‘that TCDD ¢duld evertually end up in the food chain, particuIari]y in
‘fish.- Under:these conditions CDC stated, "if TCDD enters a food chain, .
‘there is an ‘unknown. additiona1 source of exposure which must be added |
to the risk of those indiv1duals exposed to contaminated soil and of a
larger, undefined population™.:* CDC. also commented that - if contaminated
soils were near waterways and could contaminate these waterways, accept— ‘
Aiable 1evels of 2 3,7 ,8-TCOD: may need to be 1ower (than 1 ppbl .

'The coc risk asseSsment {5 based upon ‘a 1iner~mu1t1stage extrapolation of
the: Kociba animal- cancer.data for 2,3,7,8-TCDD as interpreted by Squire
i(B) - CDC's extrapo]at1on differs from EPA in three ways (6). First, the
curve fit was performed not. on adm1nistered dose but on liver concentra-
i ~ath : ' xtrapolatlon does not adjust
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for- high early mortality of test animals. F1nal]y, CDC uses a rat-to-
man- extrapolation on the: basis' of body wefight rather than surface area. Lo
L .These modifications .result in a 95% upper-1imit potency value estimate, 8 B

in corrected back_ to administered dose, yields a slope factor of 3.6 x
fevalbohw/das :\ whirh i¢ lacé natant hu a factor of 4.3 f'han that

\lllsl “3 v/ UUJ “lllbll L~ 2 \!-JJ y\lb:llh UJ S LY D TVews

'fv,jderived by EPA. 1In CDC's exposure assumpt1ons a 70 kg individual (male)1. _
‘was used as a model. A potentially higher risk individual, one of S

-Jower body weight, such as a 50 kg person (f male) 1s often used when SR S

“perform1ng risk assessnents._;_ N e _ L R

”-T'Us1ng CDC s exposure and risk assessnent assumptions, exposure to 1 ppb
~ of 2,3,7,8-TCDD in soil oveg 1ifetime has an upper 95% probability of
1 -'causing cancer of 2.3 x 10™ Expressed slightly differently, at a con-
centration of 1 ppb, exposure to 2,3,7,8-TCDD in so0ils could accumulate
to a sufficient dose in just three years to increase an individual's risk
of cancer by one chance in a million (8). - 1f no more than 10°° upper proba-
. bility of causing cancer is desired, using upper 95% confidence limits,
! - then a soil concentrat1og of 44 ppt would be an acteptable level of-
2,3,7,8-TCDD.: For-a 107°. upper-95% probabi11ty of cancer-a soil level

of 440 ppt would be required.  If EPA's extrapolation of animal cancer
i 1s employed in the CDC model ghese values decrease to 10 ppt for a 10‘5
' . risk and to 102 ppt for a 1072 risk. These values decrease further . i -
" to' approximately 7 ppt and 73 ppt respectwvely, 1f a 50 kg 1nd1vidua1 SR
is. used as a model. " ‘ : L |

If_2. RlSk From Exposure to Res1dent1al Soils ﬂﬁ.'

.- Table D below, presents the upper 95% lifetime cancer risks from
exposure to contaminated soils observed in‘Midland, Michigan using (1)
‘EPA's 1982 exposure and risk model modified by the new, 1984 cancer 5
extrapolation (2) CDC's exposure and risk model and (3) CDC's exposure
and risk model using EPA's 1984 animal extrapolation (4) a 50 kg indi- N
. vidual as a model and (5) est ated total PCDDs and. PCDFs._ {See discus- - - 7

‘sion. page 5). : aon ’:T;v; o

Table D: ‘Estimation of Cancer Risks from Ex osures to
- S011s 1n Midland, Michigan using Risk
- and Exposure Mode]s of EPA and cbe

~ Estimated o }*-'ﬂp' Cancer Risk ModeIs
Average 2,3,7,8-TCDD - R C0C
Equiva}enti 1n Soil EPA 19822 " eoe Mod1f1ed 3 _

s, 9x10'5 - 3.7x10°6 2, 2x10‘5
©3.2x10°%  2.0x1076  1.2x10-°
oox1075 1.2x10%6 7.2x10°6
- 72.5x107% . 1,5x10-6 9.0x10-6
. 18, 3x10-7" 5.0x10-6 .
L 1.2x10°6 . 7.2x10°6. - -
6...4.4510-7 . 2.6x10°6
1078 -'z;ax1o =7




R T C Cancer Risk Models
- Average 2.3,7,.8-TCDD = 7 . cbC
: Equivazents in Soil ; ;EPA 19822 cDC Modifled 3

.jgjg;jaﬂbe{qamomeﬁi‘;&j}%mswi

¢t°r of 1—55X10 (mg/kg—bw/day¥r utilized Tl
_ e&faCtﬂr of:. 7 56x10 (mg-k9~bw/day)f‘ so,kgﬁbw 1nd1vidua1

'llithree cancer risk mode]s y1e1d roughly equivaTent risks. The EPA .

Gdel yielding the highest risks. - For 2,3,7,8-TCOD: ‘equivalents greater
than 50 ppt. al) models produce cancer. risks exceed1ng 10'5” Above 75
gpgt ‘the -CDC; modi fied mode) and the EPA model.indicate -cancer, risks of -
3 or greater at’ the 95% upper. cbnfidence limit.zu‘,y.;‘ o ;,g_ ﬁ;

;t should be noted that EPA s'e osure nd risk asseSsment for 2 3 7 8-
“TCDD. may not adequately. conside intake ‘of s0i1 'from vegetables or '1¢~
_gardens grown in coptaminated sofls.  While 2,3,7,8-TCDD biocaccumula-. . .. °
tion does not occur, coating’ ofmp1ant material by 2,3,7,8-TCDD contami-
nated soils has’ been documented «(6)’. - CDC assumes 1n thetr exposure .
“and risk-assessment .a soil; 1ﬁgestion of 100 mg/day, although it is .° L
not. ¢lear ifspi1l ingestion from garden work:or from: consumption. of P?" F
fdods grown in- gardens has béen’ Ancluded in this figure, . Some. authors
have estimated=soil intake by. ge0phagia 'to be as great as 3g/day (9).
_.1f this value were:substituted jnto CDC's assessment model the. risks
from.2,3,7,8-TCOD would. be. dranatica11y,incrensed “A range of- assump-v
~tions can also be made to estimate dermal.exposure to.soils: CDC.
~estimated daily dermal exposure after age 15 as 100 mg/day. According

to CDC, 10 grams of soil less than 1.mm thick can be:spread over an:
area of about 15cm2’ or abaut 6 inches2 {8). This 4s lessofa = .
“surface area which exists for-ofe side .of a hand. For a ind1v1dua1 R
- working in a garden, an exposed skin surface area of 30 inches? and -
-contact with 509 of soil may be more realistic. While such direct -
‘exposure would only exist for a portion of the year, for instance o
5:6 months, one or more days' per week, ft could be a very significant
- “route of exposure {f human dermal. absnrption of 2,3,7,8-TCDD exists. e
- 1n animal studies, Poiger and Schlatter: determined that 0,1-6% of
.dermally applied 2.3 7,8-TCDD  in applied soils was absorbed (10). 1"
these soil exposure assumptions, are placed into the CDC model, risks
~from exposure-to 2,3,7,8-TCDD in soils would be increased. cOnverting Do
- pCDDs and PCDFs" to: 2 3 7,8-TCDD equivalents when isomeric specific .- . = 7 -
ggﬁana1yses are. unava11ab1e a1so 1ncrease5'ca1cu1ated cancer risk, o SO




1,G1ven the uncertalnt1es 1n the exposure to soils, the cancer potency
--of 2,3,7,8-TCDD, and supportive human ‘epidemiological studies, a*
prudent policy would be one ellminating exposure to contaminated

sofls which have 2,3,7, 8-TCDG equivalent concentrations exceeding 75

pt.. 'In Midland, exposure to:PCDDs and PCDFs could be reduced by
,nemoving the top:3" of 'soi 1 from yards'where concentrations exceed
75 ppt as 2,3,7,8-TCDD equi

lents. ‘In many instances, risks could . =

. lrvw— :>xrﬂ - !:iU‘i\IF:-]r' o
L- V Ful 2% . ot b )
10- ey |

te reduced: to acceptab]e levels by eliminating exposure ‘to downspodt;_gs

soils.. At.play-areas at schools it would be desirable to limit
;.exposure to:soils having 150 ppt or more 2,3,7,8-TCDD equivalents.
£lay activity in:such areas may occur for a number of years, exposure
occurring primarily by dermal contact and by inhalation. A higher

. Jevel .of concern for these areas, as compared to contaminated soils
..at private residences, probably . 1s acceptable as a larger amount of
r-exposure wou1d be expected to occur in. pre-school: aged children less
,fthan 5 years of age playing in pr1vate residential yards." -

,uThese recommendations have also been made in the context of other

» routes of exposure to 2,3, 7,8-TCOD in Midland, primarily by inhala-
tfon of ambient air and flsh consumption, discussed in subsequent.
-sections. and suggestive health data from Midland. Rates of connec- -
tive and soft tissue cancer: among Midland women, have been statisti-
tally signlflcant for over. two decades (11), No other Michigan
¢ounty. and only 13 counties’'in the nation have had statistically

- significant rates’ for two successive decades, 1950-1979, where there
.. have been two or:more cases recorded per decade (12). Connective

" and soft tissue cancers have been associated with exposure to 2,3,7,8-
. TCDD (6). While exposure to 2,3,7,8-TCDD or other PCDDs and PCDF s

|"--is yet to be determined in these cases, animal studies show that

‘females exposed to 2,3,7,8-TCOD are more sensitive than males (6).
Birth defects in’ Midland county have 2150 been elevated compared to
other Michigan counties (13)." In the early 1970s the rates of oral
. facial and urogenital defects -rose precipitously, then declined
© {14,15), "Such defects are copsistent with those observed in animals

. exposed to 2,3,7,8-TCDD-(6,14). EPA's Health Review Division in 1979

‘“ﬂ conducted preliminany analyses of Midland birth defect data and

;1be1eived sufficient evidence existed to warrant a case control study
.-of these birth defects in cooperation with the Michigan Department
of Health and CDC,. but the study has not been initiated (14). CDC's
‘analysis of Dow Chemical s reproductive study of wives of Midland
workers exposed to PCDD's - revealed a rate of oral Tac1a1 clefts twice

: :.etwice that expected (15, 16)

While such health information demonstrating a relationship with expo-

from conclusive, 1t may be sufficiently suggestive to warrant reducing
- further exposure to these substances.” For this and the following
reasons a clean-up level for 2,3,7,8-TCOD in this 1nstance of less

"}f;}“tnan 1 ppb is Justifible in: Midland.;:

(1) Cancer risks equa1 or exceed 10~5 or 10-6 for lifet1me
exposure to soil concentrations of PCDDs and PCDFs of 75
ppt or greaterAegpressed_as;2,3.7,8-TCDD equivalents.

sure to PCODs/PCOFs and adverse human health-effects in Midland is far



(2) Large uncertainties exist in 2,3,7,8-TCDD exposure anaiyses

developed to date with some. not being suff1c1entiy conser-
~ vative. " ._,_n: _

(3)_Historic exposure to PCDDs and PCDFs in Midland may have

. occurred for a time period of* 40 years or more, given chemica]
o manufacturing history. : :

+

(4)'0ther routes of PCDD and PCOF exposure, by ambient air and
.. fish consumption, sti11 exist in Midland and historic concentra-
" tions in these media may have been far greater, having already
-“contributed to high quy burdens of PCDDs and PCDFs.

' (S)VA port1on of Midland's popu]ation perhaps a 1arge portion, has
= had occupational exposure to PCDDs, with some smaller groups
.;.p0ssib1y experiencing adverse hea1th effects from this exposure.

At the present time insufficient data exists to 1dent1fy areas in Midland
needing remedial. actions. Further sampling efforts would be necessary

to identify those areas where 2 3 7 8- TCDD concentrations exceed a chosen
~action ievei S -

l{Ambient Air Data

rData provided by Dow Chemica1 on 2, 3 7,8- TCDD concentrations in ambient air .
.are presented below in Table E (2). A total of 10 measurements were taken:
-two within the Dow Plant, six at the Dow Plant fence line and two in the
‘city of Midland. All samples were found to be positive for 2,3,7,8-TCDD.

The data generated indicate rather;large fluctuations in air concentrations
of 2,3,7,8-TCDD. - L

'”.“ﬂi'.Tab\e,E.’ Ambient Air COncéntrations {
B | in Midiand, Miangan TMaréh 1.

Number of ,.,f ~Arithmetic .i':ﬁ
: - ; Measurementsﬁ? ’ . Mean
Dow 'piant My T 0,019-0.022  0.021

‘Dow .Plant Fence Line f;’5. }g3r1T'0.010-0.21 - 10.068
Tity of Midland "2 . 2.0.019-0.16  0.090

f:TV"Data supplied by Dow Chemical (Reference #2)

2. Data of EPA unavailab]e at’ this time s B
,:Risk assessments from inhaiation of 2,3,7 8 TCDD have been made by EPA in
.‘regards to emissions from.municipal waste incinerators. Exposure, bio-
.availability and other ‘assumptions are discussed in more detail in the
“document, “"Assessment of Emissions from a Recent Municipal Waste Combustor,"
December 16, 1983 (17).  Given these assumptions and incorporating the most re-
- .¢ent change in the cancer slope determination for 2,3,7,8-TCDD, the lifetime o
.. cancer risks from exposure to various air levels of 2 3 7 »8- TCDD measured N
§n Midland are shown below in Table F. Using a ratio "of 1 .90 to estimate
: o ?wtotai ‘risks from PCDDs and PCDFs as done for soiis,' »3,7,8-TCDD equivalent
A risks for estimated air levels of PCDDs and PCDFS/has been derived. 25650
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Table F L1fet1me Cancer Risks from Exposure

- to Ambient Air Levels of 2,3,7,8-TCDD
- and Estimated PCODS and PCOF s n Midland - =3

fhoncentratibn‘ | ;7“ " Cancer Ri sk ) . Cancer Risk
;&pq[ ) ‘-"2 3,7,8-TCOD - .  PCODs/PCDFs

.2].(high va1ue
---at Dow Plant
ﬂernte line)

"6 Y13 k08

0.16 (high value ' 5.3.x 10-6 1.0 x 105
in Midland) W I
Fence line)

‘;9";(average value | 3.0x 10-6 . 5.7"x 10-6
- in Midland ‘,‘-' o S ~ SRR

1 As upper '95% conf1dence limit ‘fi" ' B f{
2 Estimated from-the ratio of PCDD and PCDF to 2 3,7, 8- TCDD S o
.s 2,3, 7,B-TCDD equivalants f0und in soil B

As shown from data presented in the Table F cancer r1sks from 11fet1me
LJeXposure to 2,3, 7 8-TCDD and from ihe esti ated concentrations of total
.PCDDs. and PCDFs are all-in the 10=° to 10‘ range. No information is
avaflable on historic air levels of PCDDs and PCDFs in Midland, although
‘particulate matter from Dow's rotary kiln:incinerator in 1978 operated "
without supplementary  fuel had reported particulate concentrations of -
+3,7,8-TCDD as high as 13,200 ppb and hexa-CDDs of 65,000 ppb (17). With
upplementary fuel, the concentration of PCDDs in particulate matter was
reduced to Jow ppb levels, or by a factor of 1000 or more. Historic oper-
;ations of these and other incinerators, as well as fugitive PCDD emissions
“from the facility when 2,4,5-T manufacture was occurring, could have given
rise to ¥far higher air levels of PCDDs and PCDFs in previous years than

those observed currently. If.so, exposure-to PCDDs and accumulated cancer
risks may have reached unacceptable levels for long term residents of Midland.
In Dow Chemical's November 5, 1984report of point sources of 2,3,7,8-TCDD
in Midland, historic waste 1nc1nerator ‘practices were 1dent1f1ed as the
principal sources of 2,3,7,8«TCDD soil contamination, -as current emission
.rates from the rdtary kiln incinerator -and three other . smalier incinerator -
. sources could not account for levels of 2,3,7,8-TCDD which have accumulated
Yin soils in Midland or at the plant site (2) Dow reported that incinerator
ombustion gases were directly vented to the atmosphere until 1968 and high
"temperature incineration, needed to destroy dioxin was not fully implemented
‘until 1978. Although historic air concentrations of PCDDs and PCDFs are
“..unknown at this time, it should be possible to produce models using records
.«Of past disposal practices and incinerator operation in order to produce
“estimates of previous exposure and associated risks. Adding to the risks

" calculated for PCDDs and PCOFs are air concentrations of other carcinogens
-or_suspect carcinogens found presently or historically in Midland. The
v;tﬂichigan Department of Natural Resources has accumulated air data in Midland
“"which should be evaluated in order to assess additional risks. In one S
“national survey of air emissions from industrial facilities, using estimated |

_ emission data, the Dow facility in Midland was ranked as the number one :

air source for toxic substances in the State of Michigan (19). As lifetime

' canger riskg from ambient air exposure to just PCODs and PCDFs are in teg 59 i

~107° to 1072 range, more air monitor1ng of these and other hazardous , J A 39
chemicals is recommended. - _ ;3365 |




, ancer Risks from Exposure to Soils and Ambxent Air LeVels of PCDDs

'2,3,7,8-TCDD in airborne dusts would equal those found in soils. Further-

. more, it was assumed that indoor air levels of 2,3,7,8-TCDD on particulate .
atter would equal those found in ambient air. Th1s assumption was viewed -

some commenters as overly protect1ve.-4a‘ _
?Assuming that M1d1and resident1a1 soi?s average 50 ppt of 2,3,7 8 TCDD and

tfon of 2,3,7,8-TCOD in air would be 3.5 fg/m . Air levels in Midland

exceed th1s value by as great as 50 fold, suggesting that residential

- soil ‘alone could not be responsible for the observed concentrations of

. -2,3,7,8-TCDD in ambient air in Midland. A value of 70 ug/m3 is the
.fprimary air standard for ‘total suspended particulates. W

It is unclear. what particulate matter concentrations were used in CDC's
~inhalation exposure assessments. Therefore, with the CDC risk models it
‘may not be valid to add cancer risks from measured air concentrations of
2,3,7,8~TCDD and other PCDDs to those risks calculated from.soils. If CDC
assumed dust levels of 140 ug/m3, as mentioned in their report, then a
- 5011 concentration of 1 ppb, would result in air levels of 2,3,7,8-TCDD
© .. opproximately equal to ‘those measured in Midland. Therefore, 1f the
FANE CDC soil exposure risk model was derived with these assunpt1ons it is
= - . inappropriate ‘to add risks from ambient air exposure to 2,3,7,8-TCDD to
those previously found for soils. It is interesting to note that the
- average soil concentration observed on the Dow plant site was 2.38 ppb-
o . -and 0.74 ppb along its perimeter. "Given the very large area of the Dow
- o+ ., .plant site, 1500 acres, airborne dust and soils from the site may be a
. ... primary contributer to current air levels of 2,3,7,8-TCDD. Modeling
> .. ‘should be conducted to determine contributions from existing air sources
ORI 1n M1d1and to those from p1ant and- res1dent1a1 soils.

S ‘Using the EPA model, cancer risks from - 1nha1ation could be added For
= .s0ils containing 75 ppt 2,3,7,8-TCDD equivalents, lifetime cancer risks
: _would increase from 2.8 x 10- -5 to 3.8 x 10-5 if the cancer risk from
11 fetime exposure to the peak value of 0.16 pg/m3 2,3,7,8-TCDD converted
t0.2,3,7,8-TCDD. equ1va1ents for estimated @ir 1evels of other PCDDs and
PCDFs is included. I : ,

.'vtlvgf Fish Ana1ysis -

EH Overview of 2.3.7 8-TCDD Fish Data

"~ Fish from 13 Michigan Rivers were analyzed in 1983 to determine flesh
" concentrations of 2,3,7,8-TCDD. A total of 74 fish were analyzed. Whole
. fish carp samples ranged from non-detectable to 190 ppt of 2,3,7,8-TCOD,
*with the high value found in carp collected from the Tittabawassee River
~in Midland. This data is found in Table 11 (attached). The average of
- 2,3,7,8-TCDD found in whole carp in rivers other than the Tittabawassee
averaged 3 ppt, or 1.6% of the concentration observed in whole fish from
the Tittabawassee River. No fish analyzed exceeded 10 ppt. A statisti-
‘cal t-test of this data reveals that carp from the Tittabawassee river
are significantly different from fish from other Michigan rivers at a
"confidence 1imit greatly exceeding 0.001. It therefore can be stated
with virtual certanty that Tittabawassee River fish are uniquely contam-
inated and not the result of chance.

U7 U FOR INTZRENA
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rfln CDC s exposure and’ rlsk assessment ‘it was assumed that concentrations of |

total: particulate matter averages 70 ug/m3, the expected maximum concentra-‘

3569~ |
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5"Ind1v1dua1 Carp fi]]et samples from the Tittabawassee River ranged from 12 ' Sy
. to 530 ppt 2,3,7,8-TCDD, with an arithmetic mean of 50 ppt and a mediane ;_~-w7h
_'of 25 ppt. A sk1n1ess fillet composfte of five catfish averaged 75 ppt of SN
243 o7 »8-TCDD while a COMpOSIte of skin-on fillets of five smallmouth bass

S contained 5.1 ppt of 2,3,7,8-TCDD. ' Five 1nd1v1dua1 skin-on fillets of wa]l-

: eye averaged 3.9 ppt of 2 3 7 ,8- TCDD

'Overview of PCDD and PCOF Fish Data 'w"~?3 : oo ;:"""’

", A composite of five whole carp samp!es analyzed in 1981, downstream of D

.- Midland were found to contain 81 ppt TCDD, 31 ppt penta CDD, 44 ppt hexa Lo
- COD, 53 ppt hepta CDD. and 14 ppt octa- CDD. PCDFs were found to be as .

fo]lows: 37 ppt TCDF, 73 ppt penta CDF, 145 ppt hexa CDF, 31 ppt hepta .

. COF,.and -4 ppt. octa CDF. About 90%; .of the. tota1 TCDD observed was 2,3,7,8-

- Although a fish advisory against consumption of fish from the Tittabawassee

. River has been in place since 1978, there have been reports of individuals ,

" consuming fish from the river (20). This {is not to be unexpected as many people

-~ tend to ignore fish advisories, part1cu1ar1y ‘those in poorer economic groups.

..+ For people consuming even sma11 amounts of bottom fish from the Tittabawassee

.1 River over their 1ifetimes, the cancer risks are:fairly dramatic.” To provide

.. a perspective of :such risks Table G has been developed which gives frequency .

i of fish consumption and associated cancer risks, for different species, and . .. -
. for both 2,3,7,8-TCDD and estimated total PCDDs and PCDFs as 2,3,7,8-TCDD

- equivalents. PCDDs and PCDFs other ‘than 2,3,7,8-TCDD have been estimated

from 1981 composite carp analysis by the raoios of congeners to tota] TCDD

assuming that 90% of the measured TCDD is 2,3,7,8-TCDD.

Table G: Lifetime Cancer Risks From consumption of Tittabawassee
‘River Fish 1in Mfdlaﬁd L .

“Frequency of Carp i_ Catfish | Sportfish
Cbnsumptfbn1 2,3,7,8- Total 2,3,7,8 Total 2,3,7,8 Total
. Tcop?  pcops/pepFs3 Tcoo4  BCDDS/PCOFSS feooé . BCoD/pCDFST.

1.6x10-3 5 .7x10'5 8.6x10- 5

7.0x10-4 1.1x1of3fl*V‘1;1xIO#§,f

ho 1.8x10-4 2.6x104 | 2.7x10-4 4.0x10-8 1.4x10-5 205 o
,Ten times . h Ce PR : ‘

Laver T o ’ ‘V : o R | - 2 |
Lifetine - 2.2x10-6 3,2xlo-6 ' 3.2x10-6° 4.7x10-6  1.7x10-7  2.6x10-7

e ™

g Assumes 1/2 pound fish per: mea1i AETRSNNEE S |
?,Average value of 50 ppt BT

3 calcuiated from ratios of PCDDs/PCDFs observed in composite sample of carp

”jl analyzed from:the Tittabawassee River in 1981. Both Swiss and EPA models yield
2,3,7,8-TCOD equivalents of 22 ppt for PCODs and PCDFs other than for 2,3,7,8-TCOD

Fﬁﬁﬁ'ﬁgggf‘
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m? see footnote #3 above. Both Swiss and EPA models: yield 2,3,7,8-TCDD equiva]ents
“of: approx1mate1y 35 ppt for PCDDs and PCDFs other than 2 3 7 8 -TCDD. *

anr risks for the 1nfrequent consumer of Tittabawassee River fish for o
4.1 ge ten times over lifetime, ‘are reasonably small being in the range
;oF 107 For more frequent consumers of carp and catfish, even a 1/2
;pound mea] once per year, cancer risks exceed 10-5, If consumption is more
:friéquent, once a month, risks exceed 10-4. Consumers of only sportfish would
+have excessive risks, greater than 10-5, for ‘consumption equaling or exceed1ng.
1/2:pound meal’ month]y. A once a month consumption of 1/2 pound of fish is.
‘equal. to 7.3 grams of fish daily or slightly higher than EPA's average fish
€D, “umption value of 6.5 g/day used in ambient water qua11ty criteria docu-
8 It is 11kely that a small: ~fraction, of Midland's population would
cbnsumeé bottom: fish or sportfish as*frequently as once per year or once per
o nth, ‘adding sig nifican 1y to 'cancer risks rece1ved from exposure to PCDDs
and .PCDFs 1n soi s and ambient air.__gf ' '

Promab1y maNy fishermen of the T1ttabawassee R1ver would tend to discard
‘¢arp being less desirable for eating than catfish or sportfish. Perhaps
_the most realistic way to generate an average risk is to assume that a
" “tonsumer would ‘eat equal amounts of carp, catfish, and sportfish. For an
o tndividual ‘consuming 1/2 pound of fish per year the cancer risk would be
5.6x10-5; on a monthly basis the risk would be 6.8x10-4 for total PCDDs
“and. PCDFs expressed as 2,3,7,8-TCDD equivalents. Other chemicals, such as
'PBBs-@nd pentachioropheno1 have also been dectected in Tittabawassee fish,
‘so the risk estlmates ca1cu1ated here may underest1mate the cancer risk

'ﬁor w0men consum1ng a 1/2 pound meal.of f1sh ~with an average of 63 ppt

2,3,7,8-TCOD equivalents, intake.would be ‘over 2,000 pg/day or about

40 ng/kg bw/day for a 50 kg woman, Short term sub-human primate studies

have demonstrated reproductive effects, {ncluding conception failures and

. miscarriages at a"dosages as low'as’'1.8 ng/kg<bw/day (6,8). Clearly woman
- consuming meals of fish fromithe. Tittabawassee in Midland would have a high -

risk of adverse reproductive. outcomes. If a safety factor of 1000 is uti-

Yized for humans, as by CDC, :then .no consumption by women of any quantity

of Tittabawassee Rlver fish w0u1d be recommended s

CUmu1at1ve Risks from Exposure to 5011 Ambient Air and Fish in Midland
*;uand Recommendations for RemedfaT’Actions R

Total risks from exposure to PCDDs and PCDFs in all media are presented in

© Table H. The assessment does not 1nc1ude exposurg to other chemicals
‘which-may be fn ambient air and. in fish. Realistic and worst case scenarios
‘have been calculated. A1l risks represent 1ifetime exposure and the upper .
.- 95% probability of contracting cancers. Using typical (average) concentra-
“#ions of 2,3,7,8~TCDD: .equivalents found in residential soil (50 ppt) and in
“atr {0.09 pg/m3) cancer risks would range from 6.9 x 10-6 to 2.4 x 10-5,
ffusing the CDC modified model and the EPA model, respectively. Using the

v WOrst observed soi] and a1r 1eve1s measured in Midland cancer risks would

25694
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1n'the range of 2.2 x 10-5 to 6 .9 x 10°5. If fish consumption of ten,
1/ - pound meals in a Vifetime are’ added to those risks found from exposure

40 dverage levels of PCDDs and PCDFs, then risks increase to:1.5 x 10*§ -

.3ix']0'5 For_worst case. situat)ons, more frequent ‘consumers o

ler f'iqr’ \'lOll]d'hR' anra» risks .lﬂ the raﬁgn f G-4t0

_TabIe H}A Combined Lifetime Cancer Risks From Exposure '
E - to PCDUs and PCDFs in Residential Soils, Ambient
i ;gh-‘,a*jng Afr and"FfSh’in Mfdland’ Mlch{ggn

Exposure

Sceh_rio‘:_ 50111-3“ e " A1r1 1. , FiSh‘_“

*,_Typtcal so pptr‘ 6. 9x1o-5(cnc)2 o 17p9/m3 5.7x10-6 < 10x: 8.2x10-6

. ‘(Average) - 8x10' (EPA) | o |

. Horst 160 ppt'_, +2.2X1073 (CDC)’- 0. 30pg/m3 1.0x10-5 1. ‘Mo:  6.8x10-4
observed © LB, 9x10‘ (EPA) B 2. "Wk: . 2.7x10-3

Typical? Soil + Air = 6.9x10-6 (CDC mod1_f1ed)

. {Average) 2.4x10-5 (EPA)
Worst observed: Soil + Air = 2, 2x10- (cne modified)

| . 6 9x10
, 5011 + Air + Ffsh L

. “TYPical © Sofl (CDC mod1fied) + Air + Fish (1ox 1n 11fet1me)=
.¢(Average) T 1.6x10°5 0 ¢ .

) : Soil (EPA) * Air +, Fish {10x 1

s 3 3x10

]lifetime)-

“;Hors170bserved

. .Soil (CDC) modified)7+ A)B + Fish (Once per month)-
Soil (CDC modified) + Air:+ Fish (Once per week)=
C T 2.7x10%3¢
Soil (EPA) + A1r + Fish (Once per month)=‘a
. - 7.5x10°%
. Soil (EPA) + Air + Fish (Onge per week): _
L 2. 7x10- o B

A'Using estimated values of some PCDDs and PCDFs expressed as 2,3;7,8-TCDD
eqiiivalents. , - , T
2 cm. model as modified

25695
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_qlf on]y 2,3, 7 8-TCDD is inc]uded in the risk ana]yses, the’ calculated
i Ti1SKS, decrease by about half, still leaving risks higher than acceptable.
his is particularly true for the worst-observed case situation of re51den- .
‘tial. soil and air contamination. Where cancer risks have exceeded 10~
|Qapproached 10-°, U.S. EPA has generally required remedial actions. Prior
-4 to-the 2,3,7 8-TCDD contamination.'in Missouri, sites were capped or cleaned
ggup where 2,3,7,8-TCDD exceeded detection limits (1-50 ppt) (4). Although
awxhe risks in Midiand do not.warrant emergency action, if only soil and air:
'A]'risks are considered, long term reduction in risk is indicated and would
be ‘consistent with previous actions of the Agency. 1t is also important,

. as discussed by CDC, that each 2,3,7,8-TCDD site should be evaluated as to
its own unique characteristics. Whiie alppb2,3,7,8-TCDD action level
‘;ffor ¢lean-up of residential.soils and relocation of individuals can be
rndefended, it 1s more applicable to situations where prior exposure has
“.been of a shorter duration .and other exposure routes such 4&'s air, fish and
ocdupation do not exist (i.e., Times Beach). In Midland, chiorophenoiic
manufacture and dispdsal opérations began in the 1930s (2) Historic air
and. fish concentrations of ‘RCDDs and PCDFs and human exposure and resultant.
llbOdy burdens is‘unknown. For these reasons and due to the suggestive
“ health data which exists.in Midland county it is recommended that lower

action 1evels for 2, 3”7 8-TCDD An soiis be employed. ' S

Consideratiofi should: be given to covering or removing soils on the Dow
fnt site-and. around its perimeter exceeding 1 ppb 2,3, 7,8TCDD equivaients.

Risk’ reduction from'exposure:to private res1dential'soils naving'z 3,7,8-
CBD equivalents exceeding 75 ppt or where 2,3,7,8-TCDD exceeds 40 ppt

- should be considered, ‘Emphasis:should be piaced on those areas where .
vehildren principaily;play. {$.e., back. yards) or where gardens-exist. In
any -instances, perhaps in the: maJority of cases, limiting exposure to
\Soils in the .vicinity of. donnspouts may be sufficient to reduce risk to
tceptable: Tevels. - Additional:isampling will be required to identify ‘ o
residences having soil 2 3 ’TCDD concentrations of 40 ppt or greater. - Lo

,Limiting exposure to . soiis in recreationai areas of public use sites and
t sthools. having 150 ppt or ‘greater as 2,3,7 8—TCDD equivalents or about
Q-ppt 2, 3 7 B-TCDD shouid be considered« L

Estimates of risks from historic air levels of PCDDs and PCDFs, as well as E
: ther toxic substances, shouid be made u51ng appropriate modeling and air

prAdditional ambient air and source monitoring for PCDDs and PCDFs and other
B hazardOus chemicals shouid be impiemented on a. reguiar basis to determine
. a ‘ .

£
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inary hea1th studles should be cons1dered “for Midland residents at

hig, ‘potential hea1tn risk. ‘ldeally, these would be. individuals living

1). near the Dow-facility for over;20 years and with average.or higher.

than average“50i1 concentrations (2) employees and their families of Dow -

emical exposed to PCDDs as.identified in the Townsend reproductive : .

study and (3) consumers of Tittabawassee River fish. The incidence rates- .. -

o isease, reproductive outcomes, .and blaood chemistry in these groups - e :

should be compared to matched groups outside of Midland. Smith and

' iThompson have recently identified ‘and interviewed 128 fishermen of the . C
;Tittabawassee and have preliminary. data regarding fish consumption (20). . SRS
Standard epidemological approaches.to gather and evaluate such information o

have been developed and should not 'be difficult to implement in this

;situation. To assess reproductive .outcomes of Dow workers, the Townsend .

- data set, could be re-evatuated and compared with control populations

~ outside of Midland. The Health Review Division of EPA has been reported
-, b have a computer. printout of the Townsend study (15). Human milk

3 samples could also be: co1]ected for residents of 20 years or more to
yestimate PCDD and PCDF 'body burdens.- ‘A unique opportunity exists in

:Midland for assessing human health-impacts from long. term exposure to

CDDs, partwcularly from fish: consumption. ‘Performing such. studies would

erve not only-ip theaassessment ‘of public¢ health in: Midland but would-con~: .

ribute further to t understanding of hea]th 1mpacts from PCDDs and PCDFs.‘
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""""?f‘.'ocw CHEMICAL = MIDLAND PLANT. ™
- IN-PLAAT sunrqcs SOIL SAMPLES

Field - - ) L
Identification - ;L- Location -
Station 1 “-South of 492 Building '
Station 2 ... .. South of 1005 Building; Southwest of 703 Buildlng e, LA
Statfon 3 South of 703 Building ’
Station 4 ‘West of 703 Building | :
Station 5 -~ Southwest of 956 Building; East of 703 Bu1lding -
-Station 6 - -::-Northwest of ‘1159 Buiiding; North of ‘Shot Pond -~~~
. Station 7 “11th and J Streets - -Northwest Corner. SRS
©7 7" Station'8 ~8th and 6 Streets - Northwest Corner
7 Statfon 9 < -7 Northwest of 1050 Building at F Strect:
Station 10 - “South of 543 Building; West of 14th Street ;
Station 11 : 16th and G Streets - Southwest Corner
Statfon 12 6th and G Streets --Northwest Corner
‘Station 13 "17th and G Streets - Northwest Corner o S
- Station 14 " ... West of 934 Building . = : -
Station,15,-¢uf_50uth and East of- 874 Building North of RR Tracks B

(1) Zgz?ifcvg co?centrations and detectvon 1evels (BLY reported in parts per
b on (ppb : L
(2) % Recovery = Recovery of interna] standard (5137 2378 TCDD or. 13C 2378-TCDD) e i
expressed as ‘percent. \ SR
_(3) % Solids - Selids content of samp1e»determined after sample homogenization.
: expressed as percent. Analytical results not’ adgusted for movsture content
() L R = Repeat ana]ysis of same samp?e. - :

-




Lo 2378-TCDD ) o
g SITE g1 - KIDLAND, - MICHIGAN AREA N 1
S AR SURFACE:SOIL SMMPLES = o T

Field | T 2378 TeoD (DL)

- sampie i .
. Number ‘Identification Location . (ppb)

. % Recovery % Solids
& Upwind Areas - Co

ND (0.002) . 82% 94,99
.0.006 (0.002) - 76% - 98.6%
ND (0.004) - - 90% 94. 0%

. Np (0. 004; g;u. 84% - - 98.1%
‘-0,009 (o 001 S ga% - 84.22 -

713384 . UPH-1-L
£13343. . UPH-1-1
13401 . UPW-2-L X
13395 . UPM-4-L
342 '99374-D@~'7

,Q'*‘;“To-a- West - RR at Poseyvi]]e R4, 0.011 (0.003) - s2ap 99.3%
- North - Austin St -and 0n.25 , o
Jefferson Ave, - o

"V;Qf_TO -6-G 0.018)* S 3} A

3 "siJ T0§9-G.

IPER-2-L
- PER=2-1 -

4101 ' PER-5-L
0 PER-BeL’

9 . PER-9-G
17" - PER-10-L

e Areas

P-1-L
P-2-L
i Peba-l

" Peb-l
Prt-L
. P-fl-L
' ) P.“‘U,-L
- P=16-L

CopA1l-L

’*é&idential Areas

3007  A-l-L
13008 . A-1-1
413100 A-3-L
713102 A-3-1

>'East

"Sugnet'Schdolfﬂ

" East - Saginaw. Rd neaf 3
: Gate 25 o

and Bay City Road

Wallen Park

~County Line Road1 f

Mapleton School .
Longview School

 Parkwood Park

Virginia Park. |
Central School .
{ball diamond)

Bullock Schoool , -~ -

prth -~ Hashington. St.

South‘Saginaijt;';

0,014 (0.002)

0.31 (0.018)
0,069 {o,ooa)sfc-:

0&010

10,019 (0.002)" -
L u.ozs-(o.ooz), L
- 0.003 (0.001) .
0.015 {0.003) -

0.078 (0.003)

0.17 (0.006

0.076 (0.003

0.012 {0.003)
885 (0.002)

0.008) -
0.005) " -

2,03 (0.082)
‘0w (oi002)

Coar
o 558

R TN
1088

o
732

. 94%
58%

92%

'057“i

L 64%.
64% . -
1088
86%
88%

"82182*?

99,58

. 89.7%

99.7% .-

T 80.2%

98.8% -
96.5%
89.2% -

aoo%?

T



TABLE 2 ‘(contmued) QRAF E ‘

R . 2378-TCDD o il
o SITE ‘F1.~ MIDLAND, MICHIGAN APEA N » C
LR SURFACE SOIL SAHPLFS =

Field 2378-TCDD (DL)'- ?

Identwf1cat1on‘ Location

h'_g%a_ (PEb) _ % Recovery . I-quiq§t

- 0,076 (0.007) - . 1003 93,28

0 0,36 (0.006) 632 . .- .97.0%°_
- 0.020 {0.001) © . 71% . 97.8%.
Co 02 (peow3) oo 7Aoo BT 12;;

" 0.026 {0.001) " 86% 78.7% .
0,054 (0.003): 683 - B4.4E
- 0.012 {0.001) 1008 | 98.6%

0.4 (0.015) 713 98.1%

. eag 84,08 .
“i 1008 . 99.5%
‘ - 94.9%:

' Nb (0.0
g 0.024 (0.0
0.028 (0.0
- 0.018 (0.0 7
0,031 99.8%"
L 97.5%
97408
97.6% "
99.1%

0.026
0,049
o 0;009_ o U
. 0.020 ‘

©e.031fo.00y o 73%  99.0% -
©. 0,003 {0.001) - 928 96.8%

ddge - - _-,Midiqu,segage,siudge o p.021 (0.008)*‘“'7 o 493

g (1) 2378-:CDD concentratians and detection leveTs (DL) reported 1n parts per

o billion (ppb) \ﬁ:&

5;(2) %"Recovery = Recdvery of 1nterna1 stnndard (c137 2378-TCDD or 13¢ 2378-TCDD)
- expressed as pergent. L

: ,(3) % Solids - Solids content of samp'le detemined after samp‘le homogenization,
bl expressed as percent,: Ana]ytica] results not ad_]usted for: moisture content-

(4) Field identificatlon of\sampleS" B ‘

Location T.YPE

upid Upwind S - Yard lawn or open area composite :
T0 « Track Out 1 or D - Downspout or dripline composva?B %
PER ~ Perimeter } . G - Open area grab sample - o

P Public Use " i S R ) *Eia i§‘

AV Doncidantial

N I B A

90.9% .



' o LJID—ILUU
SITE #3 - MIDDLETOWN, OHIO AREA
! SURFACE. SOIL*SAMPLES

JFie]d fgf'r- L
Ident1f1cation Location

2378 TCDD (DL)fﬂ?f’
(ppb) :

0.003 (0.001)

0.002) .

i

PER-15-L

‘Areas _

© G=1-L
“P~11-L
- Pe12-L
" P~13-L
P-14-L
P-15-L
P-15-1

ND (0.002) . - 72%
0.004 (0.001)  ° 82%
ND- (0.001) 9%

. ND (0.001) . . 96%
ND (0.002) - 106%
KD 0 002)

0.005 (0.002) . - 84%
.. WD (0.002) . 78%
“ND (0.002) -.  70%
ND (0.002)  86%

z
g
i
!

'3TZVRecdvery;  % Sﬁiidsf

o.oo4-(o.ooéff;'lf* o8y
?\;; 10§:“;

0%
(0.001) . . 88%
.003) ¢ oas

- 106%
768

ND 0.001) . 94%.

oo82m
10.004 (o.ooi) L 924,

ND (0.003) - . 542
ND (0.002) - 86%

14189 - Sludge © Middletown Sewage Sludge ND (0.031)* - 62

87.721
86.7%
95.9%
94.7%
81.3%
88.3%1




"f   ;'$i;TABLE 4 (continued’ inf_wj‘ o

e - 2378-TCDD
. SITE #3 - MIDDLETOWN, OHIO AREA
' 'SURFACE SOIL SAMPLES -

N&tés:‘ (1) 2378- TCDD concentrations and detection levels (oL) reported in parts per’
@i billion (ppb)a .

(2) % Recovery - Recovery of 1nterna1 standard {C137 2378- TCDD or 13C 2378-TCDD)

's*-p“f expressed as percent.

(3) % Solids - Solids content of sample determined after Sanple homogenization, =

‘~H. expressed. as percent. Analytical resu]ts not - adJusted for no1sture content.,f

: (4) F)e]d identvflcatvon of sampTes*"

;  Location i}-;'-_;-v- : o ' Type |
UM - Upwind ' . L - Yard, lawn, or open area composite . .
T0 - Track Out - 1 or D - Downspout or dripline composite -
© PER - Perimeter - "~ ' & - Open area grab samp1e
P U - Public Use .
A-K - Residential -

'*.nata not va11d Qua]ity:assprancé‘objective_not‘achieyedes

25 '70/4
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-ﬁ?TABLE.S:

" ®a270_Trnn
el O= IVUY

L SITE #4 - MINNESOTA NATURAL AREAS
" SURFACE SOIL SAWPLES

Field - 2378-TCDD (DL)

Ayum er “Identificattbn" Location (T (L) recovery | 3 Salids
- IWD-1- L * Itasca Ni]derneg;f{' W (0,003) : VRN TR

. Bluestem P Prairiéﬂ :  .. ND(0.001) * - 98% ' 98.O%J{*

‘;'KEttle River oy ‘ 1LNP'(0-00é) ﬂi?fﬁ] oer o 79.5%

Pembina Trafl P‘iserve" ND-(0,002) % 808 . 5358

(1 2378 TCDD concentrations and ‘etection levels (DL) reported in parts per

" billion (ppb).

(2) % Recovery - Recovery of: internal sﬂahdard (€137 2378- TCDD or 13¢ 2378~ TCDD)

v expressed as percent.

(3),% .S013ds ~ Solids content of=samp1e determined after sample honogenizat1on. -
i 'expressed as’ percent. . Analytical.r sults not. adjusted for movsture content..;

(4) Eield identificatlon of?samp es ! s RO .

Location

UPH - Upwind _
. T0 ~‘Track Out
- PER.= Perimeter : -
”n P = Public Use

4Yard Iawn ‘or open area uomposite
wDownspout or dripline composite
Open area grab sample

25705
R OS3




5% Sample

14196
14184
13368
13308

" Notes:

Nunber

. Blank So01l

: Co 2:7u-|c D
. Contr01 and B]ank Sanplesv

'\;'l?.‘-m
EE

Field =~ - o Rt
: ldgntification : ,QZBZB-TCDD (DL) % Recovery. : ¥ Solids - .

Control Soil . _ND (0.006)* 462 98.4%
Control Soil 0.013 (0.004 59% 98.4%
Control Soil 0.006 (0.002) : 66% 98.4%
Control Soil . . 0. , 032 (0.003) 58% 98.4%
. Control Soil .~ - (0.003) : 502 . 98.4%
Control Sofl -{(0,010)* . - 40% . . 98.4% -
'Controleoilt”_v-;.,..i ) {0.007)% ¢ 34% i 9BV
" Comtrol Soil '~ . ° " 0.015:(0.005)% . .. 22% = o 98.4% -
. Contrrol Sofl S ND(0.001)% o 23% 0 - 98.4%
. Control Soil L 5 (0.003) .. - . 66% . 98.4%
: ‘Control Soil - (0.018)* . 10% .o 98.4%
" Control Soil . % o ND'(0.007)* . 19% . 98.4%-
. Control Soil . ND (o;os4gf‘ . 22% . 98.4%
: Control So1T S ) - 13% 98.4%

~;;ND (0a002)' 9% 53.7% '

Blank Soil ©ND (0,003) g1z . BLIY

Blank Soil . % ND (0.001) -~ . 83% .~ 53.9%-

= Blank Soil . g,enz toe001) . 80% ... - 53.%
T ND. (0*002) o . Co 73% ‘ . 53, 72

CUOND (0.002) L U 96% ok 83.7%

Blank Soil o0 ND (0.001) 11008 0 53.7%

- Blank Soil - ND {0.002) o 708 - 53.7% -
Blank Soil . . 4 ND (0y001) -~ - - 100% 8. - MR
Blank Soil f *F;f7 ND (O,001)  106% . - 53.7%
Blank Soil ¢ . ND .(0.001) - - 84% . B3.%
Can'Blank (PER- 5) . ND (0.027) 102% el
Can Blank (In- Plant) ND:(0,024) 1003
Can-Blank o ,ND?(0§025),, S 96%

(Middletown) B A . -

- Can ‘Blank #6 .-~ '~ ND (0.030) , 80% -

Blank Soil ;. ND (0.003) 1032 53.7%

Blank 5011'

Blank Soil

(1) 2378-TCDD concentrations and detect1on levels (DL) reported in
: parts per billion (ppb). -
(2) % Recovery - Recovery of internal standard (C137 2378-TCDD or
13¢ 2378-TCDD) expressed as percent.

~ {3) % Solids - Solids content of sample determined after sample

honogenizat1on, expressed as percent. Analytica] resu]ts not - vi\_.
adjusted for moisture content. _; : AN

3570@

Qoosq
|t

(4) NR - Not reported

* Data not va11d. Qua11ty assurance obJectlve not achlevéd.



1;Uﬁ§ind_

Samp1e No,: 13395

: Fie]d ID., ?x?;

PCODS guL) _

2378- TCDD -
Total iso TCDDs
Total penta “CDDs
Total hexa. CDﬂs

- ND {0.008) -
. ND (0.008)

© ND (0.024)
“TND {0.028) -
s 0415 (0.024)

PCDFs (DL,

ATotal TCDFs . o e e
‘Total penta’ CDFS el

Total hexa CDFs :TND (0.022)
Total hepta CDFs~~ = "~ 'ND (0.031) -
| e : ND(&D&):

?ND (0.023)
ND (0.028)
OCDF -

(1) Concentrations of PCDDs, PCDFs, and detection
]eve1s (DL) reported in parts per bil}ion (ppb)

 Note{};

“5095
' }4OZ4

v

Dow Chemical f, 7f
'%;In-P}ant 3

B 13412
F o Station 14

_:Incinerator’

lf,;;}.=2}rf* L o ~3715.0

10,45 (0.06)

u_,_‘un'(o.o45) B

i‘:wéstfof 934r3u11ding'qf5:¥-==

27 ,(o 007)_
«32 -
,0,24 (o 067)
4.9 . (0.067)
- {0.9)
(1‘3).“

"75 o

0 027 (0 007)

0. 90 0.14)
3.1 (0.13)
15.4 . (0.38)"
8.6 (0.48)




PCBDS and-PCBFs
SITE #1 o MIDLAND ‘M CHIGAN AREA

' SURFACE SOIL SAMPLES R
, B ?Fub¢1c Bse Areas
Sample No. 1

“pagaL”

Field 10,3

- .012 (0.003)'. 0.1l 7(0c002) ;
<080 T B

0-076 (0 U03) 0
= D

. ND (0. 034) .0
0

ra

Te

0.2 -
.10 -{0.018) .
8,24 (0,018)
0,41 (0.093)
12. (1 5)

.003 (o,ao1)'g { |
D {0.001) G040 - -
- ND=(0.014) uu.(c.eas)
0,067 {0.007) - 0,063 {0.035)"
o.as “{0.013) 0,38 {0.028)
(asoss) 'v,so.as (0.027)r

18 TCDD
tal diso’ TCDDs
tal penta CDD
tal hexa CDDs
tal hepta CDDs_
90 e e

(0,022) .
“(04022)
4  (0.042) -
0 (ﬁOW);3

.086 (0.034) "
.35 (0.031)~

oFs oL)
78-TCDF
tal TCDF5»~
tal penta COFs

tal. hexa CDFs
ral hepta CDFs?

- ?vo 015 (o 003) :

""-;0,11 (0 017)57

)} f0.17. (0.037)

.16 (0.062) - ©0.82 {0.045) -
0. 11 (0.070) -~ 0.66 (0.045)

D (0.002)_
ND-{0.002)
NB{0.01)
ND: (0,01)-
0,065 {0.02) -
044 (o 023)

,°§4 éG.Oll
0,50 . {0,034).
‘"?}Tp‘37~:‘°MP§9):

(1) cOncentrations of - PCDDs.f ,‘ '*:N“:  etec
Ievels (DL) reported in p&rts per; bil\ioﬂﬁ(ppb ;




- PCODS -
,SITE 13 -HIDDLETOHN. OHT gAREA
SURFACE SOIL SAMPLES

Perimeter .

Pcnns'}dt)

2378~ TCDD .
sotal iso TCDDs
Total penta CDDs
Jotal hexa CDDs .
Total hepta Co0s”
‘GCDD e

0.0z (0.007) o
0,20 (0.008)

’CDFs (DL) = .~
2378-TCOF . .2
Total TCDFs .

Total penta CODFs.
Totdl hexa CDFs -
Total hepta CDFs
0CDF - -+

0,002 (0.001) . .- ND.(0.004) -

. ND (0,008) . - uu (o.oxs)
Ny io.ooa o 50.935-
MD (0.018) - D {0,023)

f¢.us {0.025) ND_(0.0S&)

_;ND'(U 024) 50 (g,gzs)f;

Hotes: (1) Concentrations of PCDDs, PCDFS and detection o
. _ Ievels (DL) reported in parts per billinn (ppb).-f.{.gazl

5@@4@5.




-.PCDDS and PCDFs »
4 = MINNESOTA NATURAL AREAS
SURFAQE SOIL SAMPLES L

. sample Mot o
. ND-1-L

Fi e]d ID.":

Loca t 1 on:_ *Itasca wﬂdernes g

ﬁypcnus DL
,ﬁ237a-rcao g

ND (G.001)

H0 (0.003) ND (C.C
No (0.001)

-'ND{0.003)

< :Total ‘penta CDDs" “ND (0.010)" ND (0.012)"
“Total _hexa CODs - D §0.005); ND £0.012)

91,(0.010;.

f(mOM)_ff“'"

ND(0.013)
ND.{0.013) -
ND{0.009),
b (0.014)"

- -ND.(0.002) -
no-{0.002)
-ND (0.01D)

ND (0.010)

 '1bta1-1CDE§
Total “penta: LOFs
Total hexa CDFs:

(1) Concentra
levels (DL) reported ]




Sauple No.: "”‘“”f“”f7“, 1338 ;Jfl’“ﬂ, 15 13476
Field 1D,: - .. P <~ Can Blank Can Blank - Can Blank

tocation: .

:00s_(DL)

178-TEDD -+~
stal iso TCDOs-:
ytal penta CDDs
;tal hexa CDDs
tal hepta Cbbs
111 B

:9?5 (oL)
:78-TCOF
‘tal TCOFs

ytal penta Cng - AT 1f S D (0.011) -ND:(U 021)
ytal hexa CDFs - M N (0.011 NO (0.35).
$al, hepta CDFs A #D (0.012) AR

:OF s

-Concan rations of PCDDs. ‘PCDFs , ‘and" dete: -

Tevels (DL) reported in parts: pe”'h} ion. {pnb),
NA - Not analyzed, Peak broadenin BC/MS -
system prevented quantitation, .-




. Fish/  Sample ¢
Sample ©  Type

Sample Identjfication

2,3 7.8-ICDD
EPA ;HDNR = Sgecie 3

' St. Joseph River t Berrin Spr?ngs

13218 saa-w CCarp WHL ©460-700

Huron River at Fiatrack

3300-5020 -

‘13283 cx-sw

Ka1amazoo River at A]?egin

13288 - KR-8_Carp 3.1 680-1000 2.1 - 2.8 (0.7)

_Pine River at A1ma

13286 PRI o Gy - 2000-3580 8.6 (0.4)

..'Muskegon River at RDgers dam

13287 UMM Garp o ADA35 9401100 o ()

. St, Ciair River at AIgonac gii_._j,,

1288 07 SCR-IW Ctarp 1920-2480

~2
Fod

29007




sample Identification TR
EPA : HBNR : 5pecfes B

Ausable River at Mo i;"' ”;'

13289 AR-W mli:;ﬁL Cgrp'

Shiawassee River at Chesaning

13290 .

13420 -
13422
13421 -

Grand

13245
13219
13220
13221
13222
13223 -
13224 .
13225
13226
13227
13228
13229
13230
13231
13232
13233

34 5-39.5 3"‘5"586-1040 5.4
o a0 ol T w
B ~ . LT e 540 B --- R A

- 300 ———
- 530 i
- 380 S

et L1410 By
--~w 01010
1020
S 1140
- 1140
-.°880
~ 770
830

'c:lgp—cdrarfn:n
AL ANNWWE




Sample Ideﬁtifiéat!eﬂ B
EPA _-MDNR - - 7 Specfes . -

Grand River at Grand Ledge (contfj?f;;.

-13234 GR-IG- , “Carp -
13236 .53-17 C oo . Qarp .
13237 CGR-18 T Carp
13238 -~ GR-19 - Carp
13239 ' GR-20 . . Carp -
13240 7 GR<2L~ oo Carp -
13241 - #i o .GR-22 - .0 Carp
13242 ~ -+ -GR-23 7 - Carp
13243  ~GR-24 ~~ ~ Carp
13244 - . BGR=25 - Carp -
13246 . _=GR-5A = Bullhead
13247 :;;;}GR-BA,,;j;,: - Bass

wTittabawassee River at Midland

3R, . e - NS v 1 . ."‘f‘ -

ORWINNOEN WSy

13273 ,,;NIR-IH ' Carp
13248 . TR-1 - Carp
13249 - - TR=2 - Carp
13250 “TR-3 Carp
. Carp
e orCarpe e T

TR Capp £ a

- Carp
- Carp
- Carp
Carp
- Carp -
Carp

‘00-2860
. 700
. 840

780
860
1Y
720

.. b6o
o640
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Sample Identification B

EPA

MONR

 Species “

Tittabawassee River at Midiand - (con t)

13262
13263
13264

TR-16

- TR=17 . -

13265 , . TR-18

13266
13267
13268
13269
13270
13271
13272
13274
13275
13276
13277
13278
13279
13280

S TRe19
STRe20 .

R
TR-22

C U TRe23 G

TR-24
. TR-25
“TR-4A

~ TR-6A
~ TR-66A
TR-67A
 TR-68A

‘TR-69A -

- TR=-70A

_ Samp1e Txpes

€9003 ‘
FHEE

‘SF-R
SF-L
SOF-R
SOF-L

TR15 0

_,Carp i

- Carp

Carp -
Carp

- Carp
Carp .
Ca rp T

Carp
“Carp
Carp -

~ Carp
Ch, Catffsh
Sm, Bass
Halleye -
"Halleye
‘Walleye
Walleye
Halleye

‘WHL = Hho!e Fish

toDL = Detectfon Limit
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Skin!ess F111et - Right Side
Skinless Fillet - Left Side
Skin on Fillet - Right Side
Skin on Fillet - Left Side
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Sample Identification i""

_EPA_ 0 FWS

Saginaw Bay near.aay City

'f.iFHS S8C3- 032
o FHS $8C2-011,
FiS $303-012,
LFWS SBC3 021,
- F{S $BC3-001,
- FWS SBC3-003,
FWS -S8C2-001,

13291
13297
13292
13293
13294
13295
13296 =
13298 ~
13299 -

FH§ﬂ§BCZL00§,

o AVIAN SAMPLES
RESULTS FOR 2,3,7, 8-TCDD

o Common Tern
012 fg;.;
013,014

018,019 020
024,025, 025,028
006,007,008
004, 005 -
002 .-

Common Tern
~Common Tern
- Common Tern

* Insuffitient?s&mﬁie to S%aiyZeiiqrriibid'éoﬁtéﬁﬁ; e

LoROT
9T LG2

e

o Uptd

E Content

()

.'2 3,7,8-TCOD

L)

Whole Body-

-~ Composite
“Composite -
.. Composite .
~ Composite
.-Composite.
‘Composite
Composite . 52) Eggs

. Common Tern
Commgn Tern
Common Tern

Common Tern
- Common. Jern

(1) Adutt
(2) Chicks

(4) Chicks

4) Eggs

Compasite 4) Eggs

“513) Chicks
7”§5i Chicks,_i;ggiﬂﬂ
{3 Eggs
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T zaya-rcno %
swmm or RECENT euvmomeum nmmusm
. HIBLAND; chustu AREA " -

o Numﬁer rithﬁb%f?:"*i
- of
jh Heasurements ,,,,,

Anbient Afr* (March 1983-February 1984)

| o 010-0.21 pg/m3
0 19-0 022 pg/m3 -
o |

Total - atl measurements
Dow Plant . _
Dow Plant Fence Line
City of Midland

* Data pro;ﬁéed byfﬂoQ;Chéhical.Cqmpééy

Tiftabawassee River Fish (August-Septembe

Carp - uhole fish composite (5 fish)
Carp - individual skinless fillets -
Catfish ~ skin!ess fillet composite (5 fish) T
Smalimouth Bass - skim-on fillet compos:te (5 fash) 1 -
Halleye - 1nd1vidua1 skin-on f:llets f , _ o

'Surface Soi1s;§0ctober~uecember 1983)

Dow Plant ' '«fﬂ-r :
Dow Plant. Perimeter o R
Public Use and Residentiatl Areas .
Residential Areas* .
Residentia1 Downspcu"*

a,f'?'o. 009-0.076 ppb
0.t 013»0.27 |




b O~ Sl
'E HE*I\’»’:E

Q%HED

|

fJuL 21 1980

MEMORANDLM

SUBJECT: FEpidemiologic Investigation of’Birth Defects in Oregon

FROM: Martin P. Halper, Director A&h7~/4ﬂ;;-
s Survey and Analysis Division (TS- 793)‘
b TD: " Edwin Johnson

Deputy Assistant Administrator
for Office of Pesticides Programs

' L s .
THRU : Marilyn C. Bracker;/ ety UL el
Deputy Assistant Admlnlstrator

for Office of Program Integration and Information
(TsS-793)

The Survey and Analysis Division (SAD) recently received the
attached proposal from the Center for Disease Control (CDC). Th:
Center is proposing that OPTS support an epidemiolagic
retrospective matched case control investigation in western
Oregon. The object of this endeavor would be to determine
whether parental exposure to aerial herbicide application is
associated with the birth of infants having central nervous
‘system (CNS) defects.

This prOposal was the result of a preliminary assessment of the
situation by CDC personnel after they were contacted by Oregon
physicians and other concerned citizens in the area. CDC's
review of data amassed through their National Birth Defects _
Monitoring Program indicated that there were increases in rates
of certain CNS birth defects between 1970 and 1979.
Specifically, 8 cases of anencephaly were.observed with 4
expected; 16 cases of hydrocephaly were observed with 10
expected.

25188
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“+Accordingly, SAD is forwarding a copy of the CDC proposal for
review and comments. We would appreciate receiving all comments
by July 29 so that we may respond to CDC in a timely fashion.

_ Attachment

cc: Dave Menotti, 0GC
Jim Reisa, OTS

25189
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

PUBLIC HEALTH SERVICE
CENTER FOR CISEASE CONTROL
ATLANTA, GEORGIA 30333
TELEZPHONE: (484) 633-3311

404~452-4036
June 18, 1980

Susan Strassman-Sundy
- Survey & Analysis Division
(Ts-793)

U.S., E.P.A.

401 M Street, S.W.
Washington, D.C. 20460

Dear Ms. Strassman-Sundy:

As follow-up to our telephone conversation regarding a proposed
study of herbicide exposure and birth defects, I am sending the report
we prepared for the Oregon Pesticide Analytic Research Center (PARC) and
the State Health Department.

We feel the proposed study, if PARC and the Oregon Health Department
decide to formally invite CDC to help conduct it, is very much the type
of cooperatiye effort that would be covered by the pending interagency
agreement between SAD/EPA and the Chronic Diseases Division, CDC. Our
problem as mentioned in our conversation, is that we currently do not
have the manpower or the funds to conduct such a large study. Because
of our mutual interest in herbicide exposure and healtn effects, the

B} proposal should be of interest to the E.P.A. If EPA finds the proposal
of interest and current funding is available, we should explore our
mutual interest as soon as possible in anticipation of the request for
assistance from the PARC b~ d and the Oregon Health Dept.

Sincerely yours,

Larry Edmonds, M.S. P H.
Epidemiologist

Birth Defects Branch
Bureau of Epidemiology

- ' 29150
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REPORT TO THE PESTICIDE ANALYTIC RESEARCH CENTER (PARC)
THROUGH JAMES GOOGINS, M.D. STATE EPIDEMIOLOGIST

OREGON HEALTH DEPARTMENT

June 10, 1980

Larry D. Edmonds

Birth Defects Branch
Chronic Disease Division
, Center for Disease Control
. Atlanta, Ga. 30333

25181
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During the Fall of 1979, a group of physicians and other concerned
citizens from Lincoln County, Oregon reported their belief that an excessive
number of babies in that county were being born with birth defects. They
linked these data with herbicide exposure (2,4-D) and called for a ban

on the use of 2,4-D until more data are available. Bacauzse of thesa
concar a iy =

- ol
garns, and

the results of the EPA Study of abortions and 2,4,5-7 in Alsea
Oregon, the Birth Defects Branch reviewed the data available through the

National Birth Defects Monitoriﬁg Program. That review indicated that there
were increases in the rates of amencephaly in Benton County (8 observed cases,

4 expected), and of hydrocephaly in Lane County (16 observed cases, 10 expected)
between 1970 and 1977.

The BDMP findings, along with the concerns of the Lincoln County physicians

- led us to discuss these data with the Oregon Health Department. John Googin, M-D
State Epldemlologlst,'lnv1ted CDC to meet with the Oregon Pesticide Analysis

- Research Center (PARC) Board on November 21, 1979. The Board was formed to

 evaluate possible adverse health effects of chemicals used in agriculture. The
PARC Board asked the Birth Defects Branch to review available data and make

a recommendation:- about what kind of epidemiologic study should be done to

evaluate the relatlonship between maternal exposure to herbicide spraying and
birth defects.

Study Approach

A retrospective case-control study appeared to be the most appropriate _
type of study for several reasons, First because birth defects are rare events,
it would be difficult otherwise to obtain enough cases for a study with
sufficient statistical power. Second, the ban of 2,4,5-T in 1978 eliminated
the source of exposure. In addition, a retrospective study would also allow
the opportunity to evaluate possible increases in malformation rates from
sources other than herbicides. The definition of cases and controls would ba
relatively straight forward. Cases would be identified as Oregon resident
births identified with central nervous system defects and controls as normal
Oregon infants matched. on maternal race, place and date of birth. All cases
would be identified, even those from urban areas, because the preliminary
" BDMP data found high CNS defect rates in counties predominantly urban as well
as those predominantly rural, A reliable, unbiased estimate of exposure would be
needed for both cases and controls. Determining this rate poses some difficulty.
Because of obvious bias resulting from questioning individuals about spraying
exposure and-the unavailability of a retrospective biochemical test, we
needed some other method of determining exposure. We undertook a pilot study
-to learn If it was feasible to obtain an unbiased estimate of exposure, and
if it was, to learn the rate of exposure. The latter figure is necessary to

determine an adequate sample size or to determine the statistical power of any
smaller sample size.
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Pilot Study

The purpose of the pilot study was to estimate the rate of herbicide
exposure in Bentomn, Polk and Lincoln Counties as a measure of exposure in
western Oregon.. These three counties are primarily forested and Lincoln
and Benton counties are where the initial concerns about birth defects were
raised. For the pilot study, a random sample of 72 births was selected from
each country using vital records. An equal number of birth certificates (12)
were chosen for each year, 1973-1977, and one was randomly selected from each
month. The residences of the 72 births were determined, and for those with }
rural addresses, the owners of tracts of land within two miles of the residence
of the case were sought. Identified landowners were contacted and asked to give

spray history occurring from 1 month before conception of the case to 3 months
after conception.

Results of Pilot

" posures was not feasible.

e . i . X .
Thirty rural cases were identified. The original approach to identify ex-
There were -too many owners within 2.0 miles and the
owners had no, or few written records, so they had to depend upon recollection
of any spraying, when it occurred, or what was sprayed. It was obvious, from

this pilot study, that we could not reliably document herbicide usage by question-
ing individuals or land owners.

Extension of Pilot

The only definitjion of herbicide exposure that appeared to be workable was
for aerial herbicide spraying near .a residence that is documented in some
official form. With this definition in mind, we plotted all the sample births
on county maps. We plotted the 30 rural births as before, and all the remain-
ing births listed with a city address were plotted as residents within the
city limits. We also used computer printouts, generated for the pilot study
by the Department of Forestry, to identify any forest land that was sprayed
between Jan. 1874 and Jan. 1980. Under Oregon law, all land owners (excluding
the U.S. Forest Service and the Bureau of Land Management have to file a pro-
posed spraying plan with’ the State Department of Forestry. The majority of the
births plotted were not near U.S. Forest Service land so the state clearinghouse

was a good source of information. ' We assumed the U.S. Forest Servics would
furnish data if requested. '

We next reviewed the spray data to identify any aerial herbicide spraying
that occurred within two miles of any sample birth. Using this admittedly
crude estimate, we identified 8 births that had aerial herbicide spraying
within 2 miles of their residence during the critical periecd around conception.
There were 2 additional babies that had possible spraying within two miles
of their residence. The exact location of spraying was unknown, but spraying
occurred in the area. Thus, we identified a maximum of 10 "exposed" infants,

for a rate of 4.67. This "“exposure" rate should be applicable to the western
areas of Oregon where the vast majority of births occur.
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It is important to note that this "exposure" rate is only a rough
estimate of aerial herbicide spraying within 2 miles of a residence, and not
a measure of actual exposure to herbicides. It appears to be impracticable,
if not impossible, to determine retrospectively what the true exposure of
pregnant women was. We can only evaluate if zerial spraying occurred in
the general proximity of infants with CNS defects more often than in a group
of normal infants. The misclassification of women into exposed and not ex-

- posed categories would have the effect of lowering the power of the study

to detect possible teratogenicity.

Sample Size Estimate

The sample size needed to detect an exposure effect depends on the rate

- of ‘"exposure", the increase in risk among these exposed, and the statistical

power desired. Using the estimate of 4.6% overall "exposure”" from the pilot,
if we want to have at least an 80Z chance of finding a 2-fold increase in risk,
we would need 435 cases and 435 controls. If the attack rate is 1-1/2 times

greater in exposed than in unexposed, we would need 1,533 each of cases and controls.

~,

A statistical power of 807 was the minimum figure we had hoped for. Un-
fortunately, we can't find enough cases in western Oregon with documented exposure
status to achieve this powver. Table 1 presents an estimate of the number
of cases that could be located, interviewed, and the herbicide exposure documented.
This number of cases (264) and an equal number of controls would produce a
study with a 62% chance of detecting a 2-fold difference in attack rates, using
a l-tailed test at the 0.05 level of significance. If the attack rate is 1-1/2

times greater in cases than controls,: then we have a 27% chance of finding a
dlfference.

Proposed Egiaemiologic Study

Hypothesis: The hypothesis to be tested is whether maternal exposure to
aerial spraying of herbicide 1s associated with the birth of infants with
central nervous systems (CNS) defects.

Study Design: A retrospective matched case-control study in western Oregon.
Indepth personal interviews would be conducted of 264 CNS cases and 264 normal
controls to evaluate various meternal and paternal risk factors.

" Cost: To conduct this proposed study would cost approx1mately $192, OOO

(See attached budget).

Required Time: With adequate staff the study could be completed in 9 to
18 months after approval to conduct the study has been given.

Summary: With completion of the pilot; some judgements can be made about
the merits of the proposed epidemiologic study of "herbicide exposure"” and birth
defects. The measurement of exposure is troublesome. Lacking some better
way to identify exposed mothers, we can only investigate the relationship between
proximate aerial herbicide spraying and CNS birth defects. Such a study would
compare these exposure rates in infants with CNS defects and normal infants.

20134
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With the available sample of 264 cases and 264 controls, we would have a 62%
chance of detecting a 2-fold relative risk. If there is a 50% increase in
the attack rate among the exposed, we would have a 27% chance of detecting
this difference. These power figures are not particularly encouranging. In
addition, it may well be that these relative risks apply only to women with
a specific level or type.of exposure. Since the available measure of ex-
posure is so coarse, the relative risks of "exposed" women based on aerial

spraying data might be much lower. In that case, the statistical power
would be even lower.

It is important that the limits of such an epidemiologic study are
identified in the beginning. We feel that if a study is undertaken, the case-
control approach is the best approach. If you decide to go ahead with such
a study, the Birth Defects Branch would be willing to assist the State Health
Department and the PARC Board in planmning and implementing the study.

251905
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Table I

Estimated number of central nervous system cases in Oregon in the
years (1974 to 1979) for which exposure can be documented. (Estimate

based on Oregon rate from the Birth Defects Monitoring Program data.)

380

Estimated number of cases in eastern Oregon. (The exposure rate

here may bea.lower than in pilot area.) 50

Estimated.number of CNS cases in western Oregon, 1974-1979.

330

‘Estimated number of cases in western Oregon that we will be able to

locate and interview. (Estimate of 207 lost to followup based on

Atlanta experience.)

264

29196
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Budget of Proposed Case~Control Study

In Cregon

Personmnel - Salary and Benefits

Person Years Category & grade
2.0 - ' Health Technician (GS-7)
o ' ' {case finding — 8 persons @ 12 wks)
2.0~ Health Technicians (GS-7)
- : " dinterviewing - 8 persons .@ 12 wks)

1.0 ) Coder (GS-5)
1.0 Public Health Advisor (GS-11)

2 : Statistician (GS-13)

.50 . ~.. Epidemiologist (0-5)

Travel

Equipment & Supvolies

'Renﬁ and Communications & Utilities

Printing

Plus CDC overhead @ 207

$120
Salary
& Benefits
$31,000
31,000
13,000
24,000
7,000
14,000
/35,0
1,5
2,0
1,5
Subtotal 160,
32,
Total $192,
25197
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MM,-_ 3IDMm P daTA — Oregon, 1970-1978 . - . ' —/:"c;/‘(_"'('(—" /—"/-4/:\/ &
Total Lincoln, SELASE
; County Benton, Polk, -, 10-77
Lincoln . Benton, Polk Lane Lane Couffties All Oregson U.S.
No. Nowo No. . No. No. No.

Defect C=xée Cases Rate Cases'\gRate Cases Cases Rate Cases Rate Cases Rate Rate
Anencephaly 45 2 15.3 ' 9i\ 9.9% - 12 4.6 23 6.2 85 4.9 4.6
Hydrocephaly €5 - - 4 4.4 -- 17 6.6% 21 5.6 39 4.0 4.4
Seina Tifida 54 1 7.7 10 1.0 ~-- -9 3.5 20 5.4 72 4.1 6.2
Total CNS 125 4 27 @gb -- L 18.6 79 21.2 307
lleftTiip ) 225 - - 5 S.E/ - 23 8.9 28 7.5 1C2 5.8 5.2
Zlef: Palace | ‘ 32¢9 1 7.7 7 7.7 -- 33 12.8% 41 11.0 167 9.6 9.6
I.I. Fistuia 373 - -- 1 1.1 -~ 11 4.3 12 3.2 46 2.6 1.6

cctal Atrresia 333 ~ - 4 4.4 - 11 4.3 15 4.0 61 3.5 3.4
enal Agenesis 450 - - 1 1.1 -= 4 1.5 > 1.3 23 1.3 1.0
edyction Deformity L83 1 7.7 3 3.3 -~ 17 6.6 % 21 5.6 59 3.4 373
cwhs 626 Sl 7.7 3 3.3 - 27 10.4 31 8.3 155 8.9 8.1
Sirths in BDMP 1,307 9,123 1,051 25,860 37,341 174,659 7,803,544
Menitored 100% 100% 89% _ 6579: 3375
"0~77 sigrificant increases Benton - anencephaly (observed 8, expected 3.7) p = .05

Total CNS (observed 23, expected 16.68) p = .05 '

%g Lane - hydrocephaly (observed 16, expected 9.9) p = .05
Q cleft lip (observed 23, expected 11.6) p = .01
E§ reduction deformity (observed 16, expected 7.3) p = .01
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PARC shifts study emphasis

By CLAUDE STEUSLOFF

Capital Prass Farm Editor

SALEM, Ore. -~ The PesU-
cide Analytical Research Cen-
ter (PARC)
“retrospective type of study”
of the pesticide problem in
co3slal counties of Oregon as
outlined in a report made by
the U.S. Center for Disease
Control, Atlanta, Ga

In a change of direction,
PARC members d-cided to
study a proposal to he made

by Oregon State University on

the effect ol the pesticide 2,-

. 4D "on highly exposed peo- -~ .. A
sl In Eastern Orogon and’ - higher than the U.S. average.

e Willamette Valley.”
That proposal s due at the
next meeting of the group,

Jan, 30, at which time they -

will also consider a report of
pesticlde studies ma-e by Dr.

James Googin of the Univer-

sity of Oregon Health Sclences
Center, Portland.

Marla Gillam, F-gene, of
the Northwest Coalit'an for Al-
ternatives to Pestictdes, sug-
gested PARC study “the rise

and distribution of the \ise of .

chemicals in Oregon.” ;
The aclion . came after a
morning of technical discus-
sion on pesticides by a group
of 15 scientists last Thursday
at the Oregon Department of
Agriculture, under direction of
Bill Kosesan, administrator of
the depariment plant division
and chairman of PARC.
Warren Weslgarth of the De-
partment of Envirommental
Quality, made the original mo-
tion. He said he did. so '‘after
looking at all the data in the

" CDC report” and with the hope

something could be going from

" the center before the summer
applications of pesticides.

Larry Edmunds, epidemiolo-

gist with the disease control

center at Atlanta, said the

has rejecled a

peshclde study he outlined

" would require $100,000 In fund-

ing from the state of Oregon.
He said the CDC is not a fund-
ing group, the U.S. Environ-
mental Profection Agency
would not contribute, but the
U.S. Forest Service could have
some funds. Edmunds esti-
mated tolal cost of the pro-
posed study at $192,000.
Edmunds sald birth defects
among children born in Ore-
gon runs lower than the na-
tional average but {wo coin-
ties have defecls significantly

“A pilot study by the Aflanta

“CDC was done in Lincoln, Ben-

ton and Polk counties on use
of 2.4-D in primarily forested
areas. Based on the Oregon
rate of central nervons sys-
tem birth defecis from the
Birth Defects Monitoring Pro-
gram data, { was estimated
264 cases could be located and
interviewed in Western Ore-

gon.

Speclfically, the study de-
sign rejected by PARC was
“A retrospective matched
case - control study, In - depth
personal interviews would be
conducted of 264 central ner-
vous system cases and 264
normal controls to evaluaie
various malernal and palernal
risk factors. With adequale
staff, the work could have been

_completed In nine to 18

months.
The report states that a re-

llable, unblased estimate of
. exposure to 2,4$D- would be
_needed for both cases and con-

trols. Because birth defects
are rare events, it would he
difficult to obtaln enough rases
for a study with sufficient
statistical power, other than
in a retrospective study.
Edmunds sald the CDC re-
port is “‘only an oulline of an

appreach to the problem.”
During the discussion, he said
the proposed further study has
some advantages but there
may be more disadvantages
and there I3 no need tn make a
study for the sake of & study.
" Mike Newion, professor ol
lorest ecology at OSU eons -

hoot-hits

“that the CBG pilot sm'dy hypo-->

thesis blaming 2,4D in coastal
couuty birth defect problems
is erroneous.

He said use of 24D s o
national problem and in many
farming areas the use is much
grealer than in the timbered
coastal community. He cited
widespread roadside weed and
brush use of 24D and other

~ herbicides.

Newton nuestioned whether
the incidence of coastal de-
focls is extraordinary and said
birih delects fn the region may

be due to otlier causes such
as high phaosphate levels in
soils and excessiva rales of
mercury and copper in water
supplies at the coast.

He said a study of recidents
in urban areas at the coast —
well removed {rom timber —
showed thal 17 percent of the
population had high residues
of 2,4D in their urine.

“A study, if it is positive,
would show defects but they
would be subject to other vari-
able causes than herbicides.
We don’t know what causes de-
fects. There is only a 50 per-

. cent chance of picking up

herbicide effects with a
study,” said Newton.

He sald there Is a 10,000-to-1
safety factor in herbicide ap-
plications.  “Drugs, alcohol,
elc., show birth defects In
users, such confounding fac-
tors are large and will confuse
the study.”” Newton continued.

Gillam said *“lots of citizens

sre angry” about 2,4-D appli-
cations and warned that “soon-
er or later you must ook at
use of herbicides.”

James Witt, agricultural Ex-
fension specialist in chemis-
try, OSU, proposed looking at

. positive controls for birth de-

fects due to 2,4D.

Virgil Freed, head of the
agricultural chemistry depart-
ment at OSU, called for a
study of possible defects
among husbands and wives
who have used pesticides on
family farms in Morrow and
Umatilla counties, for many
continuous years.

Dr. Stringham. family phy-
sician In Lincoln Counly, sug-
gested both fathers and moth-
ers should be studies for birth
delects.

The Pesticide Analytical Re-
search Center consists of rep-
resentatives from the state de-
partments of Agricullure,
Health Division, Environmen-
tal Quality, Forestry and Fish
& Game. One member from
the public at large is appoint-
ed by the governor.

20T

Volume 53, Mumber 50



38. R. T. Sauer, R. R. Yocum, R. F. Doolittle, M.
Lewis, C. O. Pabo, Nature (London) 298, 447
(1982).

39. B. von Wilken-Bergmann and B. Miiller-Hill,
Proc. Natl, Acad. Sci. U.S.A. 719, 2427 (1982).

40. H. Nick et al., Proc. Natl. Acad. Sci. U.S.A.
79, 218 (1982); H. Nick er al., J. Mol. Biol. 161,
417 (1982); K. Arndt, H. Nick, F. Boschelli, P.
Lu, J. Sadler, ibid., p. 439; R. Kaptein and K.
Wauthrich, personal communication.

41. T. A. Steitz, D. H. Ohlendorf, D. B. McKay, W.
F. Anderson, B. W. Matthews, Proc. Natl.
Acad. Sci. U.S.A. 79, 3097 (1982).

42. D, H. Ohlendorf and B. W. Matthews, unpub-
lished data.

43. 1. T. Weber, D. B. McKay, T. A. Steitz, Nucleic
Acids Res. 10, 5085 (1982).

44. D. H. Ohlendorf, W. F. Anderson, B. W. Mat-
thews, J. Mol. Evol. 19, 109 (1983).

/

45. D. H. Ohlendorf, W. F. Anderson, M. Lewis, C.
0. Pabo, B. W. Matthews, J. Mol. Biol., in
press.

46. J. C. Wang, M. D. Barkley, S. Bourgeois,
Nature (London) 251, 247 (1974).

47. T. Maniatis and M. Ptashne, Proc. Natl. Acad.
Sci. U.S.A. 70, 1531 (1973).

48. N. C. Seeman, J. M. Rosenberg, A. Rich, ibid.
73, 804 (1979); C. Hélene, FEBS Lett. 74, 10
1977).

49. P. H. von Hippel, in Biological Regulation and
Development, R. F. Goldberger, Ed. (Plenum,
New York, 1979), p. 279.

50. M. H. Caruthers, Acc. Chem. Res. 13, 155
(1980).

51. O. G. Berg, R. B. Winter, P. H. von Hippel,
Biochemistry 20, 6929 (1981); R. B. Winter and
P. H. von Hippel, ibid., p. 6948. R. B. Winter,
O. G. Berg, P. H. von Hippel, ibid., p. 6961.

Science, Risk, and Public Policy

We are now in a troubled and emotion-
al period for pollution control; many
communities are gripped by something
approaching panic and the public discus-
sion is dominated by personalities rather
than substance. It is not important to
assign blame for this. I appreciate that

William D. Ruckelshaus

confidence. The polls show that scien-
tists have more credibility than lawyers
or businessmen or politicians, and I am
all three of those. I need the help.of
scientists. '

This is not a naive plea for science to
save us from ourselves. Somehow, our

-

Summary. A climate of fear now dominates the discussion of environmental issues.
The scientific community can help aileviate this fear by making a greater effort to
explain to the public the uncertainties involved in estimates of risk. Current statutory
mandates designed to protect public heaith both demand levels of protection that
technology cannot achieve and are uncoordinated across government agencies. A
common statutory framework for dealing with environmental risks is needed. In
addition, care must be taken to separate the scientific pyocess of assessing risk from
the use of such assessments, together with economic and policy considerations, iri
the management of risks through regulatory action.

people are worried about public health
and about economic survival, and legiti-
mately so, but we must all réject the
emotionalism that surrounds the current
discourse and rescue ourselves from the
paralysis of honest public policy that it
breeds.

I believe that part of the solution to
our didtress lies with the idea that disci-
plined minds can grapple with ignorance
and sometimes win: the idea of science.
We will not recover our equilibrium
without a concerted effort to more effec-
tively engage the scientific community.
Frankly, we are not going to be able to
emerge from our current troubles with-
out a much improved level of public
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democratic technological society mus?
resolve the dissonance between science
and the creation of public policy. No-
where is this more troublesome thar in
the formal assessment of risk—the esti-
mation of the association between expo-
sure to a substance and the incidence of
some disease, based on scientific data.

Science and the Law at EPA

Here is how the problem emerges at
the Environmental Protection Agency.
EPA is an instrument of public policy,
whose mission is to protect the public
health and the environment in the man-
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ner laid down by its statutes. That man-
ner is to set standards and enforce them,
and our enforcement powers are strong
and pervasive. But the standards we set,
whether technology- or health-related,
must have a sound séientiﬁc base.

Science and the law are thus partners
at EPA, but uncasy partners. The main
reason for the uneasiness ligs, I think, in
the conflict between the way science
really works and the public’s thirst for
certitude that is written into EPA’s laws.
Science thrives on uncertainty. The best
young scientists flock into fields where
great questions have been asked but
nothing is known. The greatest triumph
of a scientist’is the crucial experiment
that shatters the certainties of the past
and opens up rich new pastures of igno-
rance.

But EPA’s laws often assume, indeed
demand, a certainty of protection greater

- than science can provide with the cur-

rent state of knowledge. The laws do no
more than reflect what the public be-
lieves and what it often hears from peo-
ple with scientific credentials on the 6
o’clock news. The public thinks we
know what all the bad pollutants are,
precisely what adverse health or envi-
ronmental effects they cause, how to
measure them exactly and control them
absolutely. Of course, the public and
sometimes the law are wrong, but not all
wrong. We do know a great deal about
some pollutants and we have controlled
them effectively by using the tools of the
Clean Air Act and the Clean Water Act.
These are the pollutants for which the
scientific community can set safe leveis
and margins of safety for sensitive popu-
lations. If this were the case for all
pollutants, we could breathe more easily
(in both senses of the phrase); but it is
not so.

William D. Ruckelshaus is Administrator of the
U.S. Environmental Protection Agency, Washing-
ton, D.C. 20460. This article is based on a talk he
gave at the National Academy of Sciences, Wash-
ington, D.C., on 22 June 1983.
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More than 10 years ago, EPA had the
Clean Air Act, the Clean Water Act, a
solid waste law, a pesticide law, and
laws to control radiation and noise. Yet
to come were the myriad of laws to
control toxic substances from their man-
ufacture to their disposal—but that they
would be passed was obvious even then.

When I departed EPA a decade ago,
the struggle over whether the federal
government was to have a major role in
protecting our health, safety, and envi-
ronment was ended. The American peo-
ple had spoken. The laws had been
passed; the regulations were being writ-
ten. The only remaining question was
whether the statutory framework we had
created made sense or whether, over
time, we would adjust it.

Scientific Realities

Ten years ago I thought I knew the
answer to that question as well. I be-
lieved it would become apparent to all
that we could virtually eliminate the
risks we call pollution if we wanted to
spend enough money. When it also be-
came apparent that enough money for all
the pollutants was a lot of money, I came
to believe that we would begin examin-
ing the risks very carefully and structure
a system that would force us to balance
our desire to eliminate pollution against
the costs of its control. This would entail
some adjustment of the laws, but not all
that much, and it would happen by about
1976. I was wrong.

This time around as administrator of
EPA, I am determined to improve our
country’s ability to cope with the risk of~
pollutants over where I left it 10 years
ago. It will not be easy, because we must
now deal with a class of poilutants for
which it is difficult, if not impossible, to
establish a safe level. These pollutants
interfere with genetic processes and are
associated with the diseases we fear
most: cancer and reproductive disor-
ders, including birth defects. The scien-
tific consensus is that any exposure,
however small, to a geneticaily active
substance embodies some risk of an ef-
fect. Since these substances are wide-
spread in the environment, and since we
can detect them down to very low levels,
we must assume that life now takes place
in a_mineﬁeldE of risks from hundreds,
perhaps thousands, of substances. We
can no longer tell the public that they
have an adequate margin of safety.

This worries all of us, and it should.
But when we examine the premises on
which such estimates of risk are based,
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we find a confusing picture. In assessing
a suspected carcinogen, for example,
there are uncertainties at every point
where an assumption must be made: in
calculating exposure; in extrapolating
from high doses where we have seen an
effect to the low doses typical of environ-
mental pollution; in what we may expect
when humans are subjected to much
lower doses of a substance that, when
given in high doses, caused tumors in
laboratory animals; and finally, in the
very mechanisms by which we suppose
the disease to work.

One thing we clearly need to do is
ensure that our laws reflect these scien-
tific realities. The administrator of EPA
should not be forced to represent that a
margin of safety exists for a specific
substance at a specific level of exposure
where none can be scientifically estab-
lished. This is particularly true where the
inability to so represent forces the cessa-
tion of all use of a substance without any
further evaluation.

Functions of Regulatory Agencies

It is my strong belief that where EPA,
OSHA (the Occupational Safety and
Health Administration), or any other so-
cial regulatory agency is charged with
protecting public health, safety, or the
envirenment, we should be given, to the
extent possible, a common statutory for-
mula for accomplishing our tasks. This
statutory formula may well weigh public
health very heavily, as the American
people certainly do.

The formula should be as precise as
possible and should include a responsi-
bility for assessing the risk and weighing
it, not only against the benefits of contin-
ued use of the substance under examina-
tion, but against th® risks associated with
substitute substances and the risks asso-
ciated with the transfer of the substance
from one environmental medium to an-
other through pollution control prac-
tices. I recognize that legislative change
in the current climate is difficult. It is up
to those of us who seek change to make
the case for its advisability.

But my purpose here is not to plead for
statutory change; it is to speak of risk
assessment and risk management and the
role of science in both. It is important to
distinguish these two essential functions,
and I rely here on a recent National
Academy of Sciences report on the man-
agement of risk in the federal govern-
ment. Scientists assess a risk to find out
what the problems are. The process of
deciding what to do about the problems

is risk management. The second proce-
dure involves a much broader array of
disciplines and is aimed toward a deci-
sion about control.

In risk management it is assumed that
we have assessed the health risks of a
suspect chemical. We must then factor in
its benefits, the costs of the various
methods available for its control, and the
statutory framework for decision. The
NAS report recommends that these two
functions—risk assessment and risk
management—be separated as much as
possible within a regulatory agency. This
is what we now do at EPA and it makes
sense.

Risk Assessment

We also need to strengthen our risk
assessment capabilities. We need more
research on the health effects of the
substances we regulate. I intend to do
everything in my power to make clear
the importance of this scientific analysis
at EPA. Given the necessity of acting in
the face of enormous scientific uncer-
tainties, it is more important than ever
that our scientific analysis be rigorous
and the quality of our data be high. We
must take great pains not to mislead
people about the risks to their health. We
can help to avoid confusion be ensuring
both the quality of our science and the
clarity of our language in explaining haz-
ards.

I intend to allocate some of EPA’s
increased resources to pursuing these
ends. Our 1984 request contains signifi-
cant increases for risk assessment and
associated work. We have requested $31
million in supplemental appropriations
for research and development, and I
expect that risk assessment will be more
strongly supported as a result of this
increase as well.

I would also like to revitalize our long-
term research program to develop a base
for more adequately protecting the pub-
lic health from toxic pollutants. I will be
asking the outside scientific community
for advice on how best to focus those
research efforts.

In the future, this being an imperfect
world, the rigor and thoroughness of our
risk analyses will undoubtedly be affect-
ed by many factors, including the toxici-
ty of the substances examined, the popu-
lations exposed, the pressure of the regu-
latory timetable, and the resources avail-
able. Despite these often conflicting
pressures, risk assessment at EPA must
be based only on scientific evidence and
scientific consensus. Nothing will erode
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public confidence faster than the suspi-
cion that policy considerations have
been allowed to influence the assessment
of risk.

Risk Management

Although there is an objective way to
assess risk, there is, of course, no purely
objective way to manage it, nor can we
ignore the subjective perception of risk
in the uitimate management of a particu-
lar substance. To do so would be to place
too much credence in our objective data
and ignore the possibility that occasion-
ally one’s intuition is right. No amount of
data is a substitute for judgment.

Further, we must search for ways to
describe risk in terms that the average
citizen can comprehend. Telling a family
that lives close to a manufacturing facili-
ty that no further controls on the plant’s
emissions are needed because, according
to our linear model, their risk is only
107¢, is not very reassuring. We need to
describe the suspect substances as clear-
ly as possible, tell people what the
known or suspected health problems are,
and help them compare that risk to those
with which they are more familiar.

To effectively manage the risk, we
must seek new ways to involve the pub-
lic in the decision-making process.
Whether we believe in participatory de-
mocracy or not, it is a part of our social
regulatory fabric. Rather than praise or
lament it, we should seek more imagina-
tive ways to involve the various seg-
ments of the public affected by the sub-
stance at issue. They need to become
involved early, and they need to be in-
formed if their participation is to be
meaningful. We will be searching for
ways to make our participatory process
work better.

For this to happen, scientists must be
willing to take a larger role in explaining
the risks to the public—including the
uncertainties inherent in any risk assess-
ment. Shouldering this burden is the
responsibility of all scientists, not just
those with a particular policy end in
mind. In fact, all scientists should make
clear when they are speaking as scien-
tists, ex cathedra, and when they are
recommending policy they believe
should flow from scientific information.

i
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What we need to hear more of from
scientists is science. I am going to try to
provide avenues at EPA for scientists to
become more involved in the public dia-
log in which scientific problems are de-
scribed.

Lest anyone misunderstand, I am not
suggesting that all the elements of man-

aging risk can be reduced to a neat

mathematical formula. Going through a

disciplined approach can help to orga-
nize our thoughts so that we include all
the elements that should be weighed. We
will build up a set of precedents that will
be useful for later decision-making and
will provide more predictable outcomes
for any social regulatory programs we
adopt.

In a society in which democratic prin-
ciples dominate, the perceptions of the
public must be weighed. Instead of ob-
jective and subjective risks, the experts
sometimes refer to ‘‘real’” and ‘‘imagi-
nary’’ risks. There is a certain arrogance
in this—an elitism that has ill served us
in the past. Rather than decry the igno-

rance of the public and seek to ignore -

their concerns, our governmental pro-
cesses must accommodate the will of the
people and recognize its occasional wis-
dom. As Thomas Jefferson observed, *‘If
we think [the people] not enlightened
enough to exercise their control with a
wholesome discretion, the remedy is not
to take it from them, but to inform their
discretion.”’

interagency and International

Coordination

Up to this point I have been suggesting
how risks should be assessed and man-
aged in EPA. Much needs to be done to
coordinate the various EPA programs to
ensure a consistent approach. I have
established a task force with that char-
ter.

I further believe we should make uni-
form the way in which we manage risk

across the federal regulatory agencies.
The public interest is not served by two’

federal agencies taking diametrically op-
posed positions on the health risks of a
toxic substance and then arguing about it
in the press. We should be able to coor-
dinate our risk assessment procedures
across all federal agencies. The risk man-

agement strategies that flow 1
assessment may indeed differ, da
on each agency’s statutory mar
the judgment of the ultimate de
maker.

But even at the management sta_
there is no reason why the approache
cannot be coordinated to achieve th:
goal of risk avoidance or minimizatior
with the least societal disruption possi
ble. I have been exploring with the Whit.
House and the Office of Managemen
and Budget the possibility of effecting
better intragovernmental coordination o
the way in which we assess and manag:
risk.

To push this one step further, I believ:
it is in our nation’s best interest to shar:
our knowledge of risks and our approac
to managing them with the other devel
oped nations of the world. The environ
mental movement has taught us the in
terdependence of the world’s ecosys:
tems. In coping with the legitimate con-
cerns raised by environmentalists, we
must not forget that we cope in a worlc
with interdependent economies. If our
approach to the management of risk is
not sufficiently in harmony with those o:
the other developed nations, we coulc
save our health and risk our economy. ;
do not believe we need to abandon ei-
ther, but to ensure that it does not hap-
pen, we need to work hard to share
scientific data and understand how tc
harmonize our management techniques
with those of our sister nations.

In sum, my goal is a government-wide
process for assessing and managing envi-
ronmental risks. Achieving this will take
cooperation and goodwill within EPA.
among Executive Branch agencies, and
between Congress and the Administra-
tion, a state of affairs that may partake of
the miraculous. Still, it is worth trying,.
and the effort is worth the wholehearted
support of the scientific community. 1
believe such an effort touches on the
maintenance of our current society, in
which a democratic polity is grounded in
a high-technology industrial civilization.
Without a much more successful way of
handling the risks associated with the
creations of science, I fear we will have
set up for ourselves a grim and unneces-
sary choice between the fruits of ad-
vanced technology and the blessings of
democracy.
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Occupational Risk of Cancer from Pesticides: Farmer Studies

Studies from the United States and other countries have shown that

farmers have a higher risk for certain cancers, particularly cancers of the
e L

blood and immune systems (leukemia, non-Hodgkin's Lymphoma, and multiple

myeloma). The reasons for the increased risks are not clear, and scientists

acre looking at chemical and other occupational exposures common to farming to
identify the possible cause or causes. |

Farmers are exposed to a variety of>pOCencially harmful substances durihg
their work day, including: pesticides (fungicides, herbicides, insecticides,
rodenticides, and others), chemical solvents, fuels and oils, animal viruses,
and other microbes. Some of these agents are krown or suspected carcinogens.

In cthe 1980s, National Cancer Institute (NCI) researchers began several
studies comparing pesticide use by farmers with cancer to those without the
disease {case-contcrol studies). The first of these investigations was a scudy

of Kansas farmers with soft-tissue sarcomas, Hodgkin's disease, and non-

Hodgkin's lymphoma (NHL). Published in 1986, this study showed that farmers

who used herbicides, especially 2,4-dichlorophenoxyacetic acid (2,4-D), had an

excess of NHL as compared to farmers and nonfarmers who did not use these

chemicals.
R

——— .

The risk of developing&EFL/increased with frequency of herbicide use.
Farmecrs who used herbicides on their farms 20 or more days per year had a six

cimeilg:eaber risk of developing NHL than nonfarmers. Within the high-
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exposure group, fg;mers who mixgd énd app}ied the herbicides themselves had an
gight-fold greater risk. Soft-tissue sarcomas and Hodgkin's disease were not
linked with use of herbicides. :

NCI scientists have now completed case-control studies of NHL among
farmers in eastern Nebraska and leukemia among farmers in Iowa and
Minnesota. Each study included all cases of these cancers occurring in a

specific geographic area. Hospital records and pathology slides from che

cases were carefully reviewed by pathologists to verify the cancer

diagnoses.

Study subjects, or their next-of-kin, were interviewed for details about
the subjects' use of agricultural pesticides and other factors that might be
associated with these cancers. Pesticide exposufe repofted by the cancer
patients was compared to exposure reported by randomly selected men without

those cancers who lived in the same area.

Non-Hodgkin's Lymphoma

Shelia Hoar Zahm, Sc.D., and collaborators at NCI and the University of
Nebraska Medical Center studied 201 men living in 66 counties in eastern
Nebraska who developed NHL between 1983 and 1986. The researchers compared

the pesticide exposures of these men to exposures of 725 men from the general

population who did not have this cancer. Although there was no overall excess

of NHL among farmers, farmers who mixed or applied 2,4-D had a 50 percent

increased risk of the disease. The risk of NHL also increased with frequency

JOp— — -

of 2,4-D use. Farmers who used the pesticide for 20 or more days per year had

-

a thrcee-fold higher risk than those not exposed to the chemical.
The longer farmers waited to change into clean work clothes after
pesticide application, the higher their risk of NHL. The risk of NHL among

farmers who changed out of work clothes immediately after completing the 1




application was similar to that seen among nonfarmers. Farmers who continued

€to use these work clothes the following &ay or longer had nearly five times
the NHL risk of nonfarmers.

The investigators also looked at the possible effects of pesticides other
than 2,4-D, and other factors that might be associated with risk of NHL, such
as other agricultural exposures, medical conditions, =xposure to radiation,

and tobacco use. In other reports, non-2,4-D pesticides, particularly

organophosphate insecticides, have also been shown to increase the risk of
e ————— e — . . I

NHL. The NCI sctudy results sdggast that 2,4-D and organophosphate

iquf%}fégefwggyg indepgydeqt iqfluences °?_£BS_£ii&_Sf_f:§§§§”““E“‘the‘
evaluation of organophosphate insecticides is necessary to quantify any
possible risks éssociated with their use.

The association of 2,4~D and NHL in Nebraska farmers is conmsistent with
the previous NCI study conducted in Kansas. Pesticide exposures occurring
many years  in the past are difficult to assess accurately, and tend to cause
an underestimation of the cancer risk.fﬂé;. Zahm and her collaborators Believe

e

the eviderce suggests that the use of 2,4-D in the agricultural setting

increases the risk of NHL among persons handling this pesticide frequently.

Leukemia -

Linda Morris Brown, M.P.H., and colleagues at NCI, the University of
Iowa, and the University of Minnesota studied a total of 578 cases of leukem:a
diagnosed among men in Iowa and Minnesota between 198l and 1984 (293 cases in
IoQa and 285 cases in Minnesota).se To compare the effects of pesticide
exposure, 1,245 men without the disease were selected at random from the
general population.

The. researchers found a slight excess of leukemia, especially Shronic

lymphocytic leukemia, among farmers. Exposure to specific fungiéides.

i




herbicides (including 2,4-D), or crop insecticides did not increase the cisk.
The risk for leukemia was significantly elevated among farmers who used
certain pesticides to inhibit insects on animals cather than on crops. The

insecticides were: the organophosphates crotoxyphos (ll times greater risk),

dichlorvos (2 times), and famphur (2 times); the natural product pyrethrins (4

times); and the chlorinated hydrocarbon methoxychlor (2 times).
Risk of leukemia did not increase consistently with how often any

pesticide was used. However, the greatest risk among farmers using chlordane,
. N .

——— e e
L]

DDT, dichlorvos, and malathion occurred among those using the chemicals on

N ——

animals 10 or more days a year. The risk of leukemia was further increased
among those farmers who had used insecticides at least 20 years before the
study. |

The iavestigators improved the accuracy of the risk estimate from
individual pesticides by acco;nting for the cancer risk from smoking,
nonfarming occupational and chemical exposures, family history of cancer, and
other factors. Larger studies are still needed to fully.evaluate the effeccts
of any single pesticide on leukemia risk. The ;ngﬁggsed cancer risk from
ani@al lnsecticides versus crop pesticides may result from closer proximity to

animals on a regular basis. Animal insecticides need to be carefully

iprqtinized 1n future studies.
T 2N

For additional information about cancer, write to the Office of Cancer
Communications, National Cancer Institute, Bethesda, MD 20892, or call the
Cancer Information Service toll free at 1-800~4-CANCER. Spanish-speaking
staff members are also available during daytime hours.
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Dogs Exposed to Herbicide Develop More Lymphomas

Dogs whose owners used a common weed killer on their lawns have. an

—— - - ——— e - .

iacreased rate of an L‘?"?‘,‘_‘E_e_}y,?_t@m,_C.&ncg_:_LLmPhoma),@eL&Eed—ee—hm‘

The findings are consistent with previous studies showing that humans have an

increased risk of non-Hodgkin's lymphoma due to frequent exposure to the
herbicide (weed killer) 2,4-dich10t0phenoiya;gcic acid (2,4-0).;—3

Published in the September 4 issue of the Journal of the National Cancer

Institute,* the study showed that owners of dogs diagnosed with malignant

1ymphoma applied the herbicide 2,4-D to their lawns and/or employed
professional lawn care companies to treat their lawns about a third more often
than owners of dogs that did not have the disease. When the owners alone
.applied four or more treatments of liquid or granular 2,4-D to the lawn each
year, the risk of lymphoma among their dogs doubled.

Dogs and humans are known to have similar reactions to some cancer—

causing substances, and dogs may signal cancer risk in people exposed to the

same substances.*8  "This study supports the idea that exposure to 2,4-D, as

~—— e

used for lawn care, plays a role in causing lymphomas in 49;3!" said Howard M.

T

Hayes, D.V.M., of NCI's Environmental Epidemiology Branch, the principal

*The study is titled "A case-control study of canine malignant lymphoma:
positive association with dog owner's use of 2,4-dichlorophenoxyacetic acid
hetbicides."
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investigator for the study. ''The study also suggests that the potential
health hazards of human exposure to 2,4-D at home warrant further study."

Dogs exposed to 2,4-D consistently showed an increased risk of lymphoma
compared to dogs not exposed to the herbicide, regardless of the sex or breed
of the dog. In general, male dogs are normally at a slightly higher risk than
female dogs. Boxer, Bull mastiff, and Scottish terrier breeds are also more
frequently diagnosed with this disease.

Sepataﬁe analyses showed no increase in lymphomas due to exposﬁre to
other chemicals including: fiq;- and tick-control products, household
insecticides, ﬁobacco smoke, commercial cleaners (on draperies and carpeting),
and outdoor insecticides and/or fertilizers.

No list of chemical products was prbvided to the owners during the
written or telephone interviews with the researchers. "We did not want to

' explained

'prompt' the owners to identify certain products or chemicals,'
Hayes.

Hayes aﬁd his colleagues interviewed the owners of dogs treated for
Lymphomas (491 dogs), other cancers (479 dogs), or other illnesses (466 dogs)
at one of three veterinary teaching hospitals. Information was gathered about
the amouat of tobacco smoked in the house, the dog's life history, use of
chemicals (in the house, on the dog, and on the lawn), and the dog's access to
the yard. Dogs with no access to their owmers' yards weré considered to be
unexposed. Dogs with illnesses known or thought to be related to chemical
exposures (lower urinary tract cancer, nonspecific skin inflammations, and
nerve disorders) were not included in the study.

Other authors of the study are Robert E. Tarone, Ph.D., and Kenneth P.

Cantor, Ph.D., from NCI; Carl R. Jessen, D.V.M., from the College of

Veterinary- Medicine, University of Minnesota, St. Paul, Minn.; Dennis M.
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McCurnia, D.V.M., from the College of Veterinary Medicine, Colorado State

Universicy, Fort Collins, Colo.; and Ralph C. Richardson, D.V.M., from the

School of Veterinary Medicine, Purdue University, West Lafayette, Ind.
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Questions and Answers
Study of Herbicide Exposure in Dogs with Lymphoma
l. What is lymphoma?l

Lymphoma is a general term for cancers of the immune system, the complex
network of specialized organs and cells that help defend the body against
disease and infection. The two main types of lymphoma found in humans
are called Hodgkin's disease and non-Hodgkin's lymphoma. Malignant
lymphoma in dogs is considered the canine equivalent of non-Hodgkin's
lymphoma in humans. o

2. How common is malignant lymphoma in dogs? What causes the disease?

Malignant lymphoma is a_ colmon cancer in dogs. About one out of seven
dogs diagnosed with cancer at university veterinary teaching facilities
in the United States has lymphoma.

The causes of lymphoma in dogs are not fully understood. The disease
occurs at all ages but more frequently in older dogs. Slightly more male
dogs than female dogs get lymphoma. Boxers, bull mastiffs, and Scottish
terriers are more likely to develop this cancer than other breeds of
dogs. Although lymphoma in other laboratory and domestic animals has
been associated with a certain type of virus (retrovirus), no such
association has been observed in dogs.

3. How common is lymphoma in humans? What causes the disease?

In the United States, over 37,000 people will be dxagnosed with non—

H6E§EIE*§‘tymphoma'EﬁH‘EEEEEE?_7_ZU with Hodgkin's disease in 1991.
BeCVeen 1973 and 1988, the incidence rate for non-Hodgkin's lymphoma
—anreased ~over 50 percent, one of the largest increases for any cancer.

As with dogs, scientists cannot yet explain the causes of lymphoma in
humans. A number of possible causes are being studied, including immune
system damage, exposure to certain chemicals, viruses, heredity, and
radiation.

4. Can humens "catch" lymphoma from their pets?

There is no evidence that any form of cancer can be spread from pets. to
their owners. Although a retrovirus is known to cause lymphoma 1in cats,
humans are not susceptible to this virus.

5. What did this study show?

( The study showed that dogs ing in households in which the herbicide
i 2,4-dichlorophenoxyacetic ac:d (2,4-D) was applied to the lawn, by owners
| or commercial lawn care companies, developed malignant lymphoma more

\
—_—
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10.

11.

1
|

 Erequently than dogs in households where this was not the case. The

study was not designed to look at the causes of other cancers.

Why is the atudy important?

The study points out the need to conduct additional studies on the human
health implications of 2,4-D exposure in the home environment. Dogs and
humans may react similarly when exposed to a cancer-causing substance.

What is 2,4-D and what products contain it?

The chemical 2,4-D i3 used to kill broadleaf weeds (not crab grass) oa
lawms and in gardens. It is one of the most frequently used herbicides
in the United States. Many companies manufacture and use it in lawn and

garden weed killers. T%ig_hﬂzhicidg_ig_ligped on the label as 2,4-D,
2,4-D acid, or 2,4-dichlorophenoxyacetic acid.

Is the risk the same Ero-vliquid and granular herbicides?

-
The researchers found no difference in the risk of lymphoma in dogs

. between owmers who used products containing liquid 2,4-D and owners who

, used prcoducts with granular (dry) 2,4-D.

-~

How do dogs come into contact with 2,4-D?

Dogs can be exposed to 2,4-D by walking, rolling, and lying on a treated
lawn; licking their fur; and eating treated grass. Researchers do not
believe that dogs are harmfully exposed by inhaling the herbicide.

What are pesticides and herbicides?

A pesticide is a poison used to destroy "pests.'" The term iacludes
herbicide (a substance that is destructive to plants), insecticide (an
agent that kills insects), rodenticide (a poison for rodents), and
fungicide (a compound that destroys molds).

Could exposure to other substances have caused the increase in canine
lymphoma seen in this study?

In this study, the researchers also looked at use of flea and tick
control products, use of household insecticides, cigarette smoking in the
home, frequency of commercial cleaning of draperies and carpets, and the
use of insecticides and/or fertilizers in the yard. Exposure to these
substances was not shown to increase the risk of lymphoma. The
possibility exists that exposure to other unstudied substances may have
caused the increase in the incidence of lymphoma.

ADOTB G




13.

14.

15.

16.

17.

Is there evidence that exposure to 2,4-D increases the risk of lymphoma
in humans?

Several studies of pesticide use among farmers have led scientists to
believe that the use of phenoxyacetic acid herbicides in agriculture, in
particular 2,4-D, increases the risk of non-Hodgkin's lLymphoma among
people handling this herbicide frequently.

Has exposure to 2,4-D been linked to other types of cancer in humans?

At this time, there is no evidence linking exposure to 2,4-D to increased
risk of other types of cancer in humans. NCI continues to study the
potential hazards of exposure in specific populations, including lawn
care workers, herbicide applicators, and farmers.

What should be done to reduce exposure to 2,4-D7

The herbicide 2,4-D is absorbed by plants and broken down by sunlight
within a few days of application. Exposure can be minimized by limiting
the amount of time spent in treated areas for several days.

Are children at risk if they play on lawms treated with this chemical?

This study showed that dogs whose owners used 2,4-D on the lawn were more
likely to develop malignant lymphoma. While dogs and humans exposed to
the same cancer-causing agent may develop the same disease, the cresults
of this study cannot prove that using herbicides on the lawn is dangerous
to children. Perents who are concerned should limit their children's
exposure to treated areas.

Is 2,4-D the same chemical as Agent Ovange?

Agent Orange, a mix of herbicides used to strip leaves from trees in
Vietnam during the war, was a combination oﬂ\i,&-D and 2,4,5-T (2,4,5-
trichlocro-phenoxyacetic acid). The chemical tommonly known as "dioxin'
{2,3,7,8-tetrachlorodibenzo~p-dioxin) often forms when 2,4,5-T is

manufactured and can be found as an impurity in that herbicide.

Is further research planned?

NCI is currently conducting several studies of the cancer risk of

frequent exposure to 2,4-D including studies of cancer among lawn care

workers, cancer in county herbicide applicators, and brain and stomach

cancer among farmers. These studies will be completed in two to four
e Lrmer: -

years.

NCI and the NCI-funded Children's Cancer Study Group are also conducting
a study of the potential causes of childhood leukemia, including exposure

2090




to herbicides like 2,4-D, and other pesticides. The study began in 1989
and is expected to conclude in 1994.

An NCI study of the risk of testicular cancer in men who served in
Vietnam, and thus had possible exposure to Agent Orange and other
chemicals, will be published in October. A previous NCI study of
military guard dogs in Vietnam showed an increased risk of seminomas
(testicular cancers).

L

18. Where can more information about environmental hazards from exposure to
herbicides and other pesticides be obtained?

Questions about the poteatial environmental and health hazards .of

pesticides can be answered by calling the National Pesticide Tele-

communications Network (NPTN) at 1-800-858-PEST (1-800-858-7378). NPIN
i L3 sponsored by the U.S. tnv1ronmenta1 Protection Agency.

N

19. Where can a dog be treated for cancer?

For information on treatment for dogs with cancer, contact any college of
veterxaary medicine, the local office of the Veterinary Medical Soc1ety,
or a private veterinarian.

¢t &4

For additional information about cancer, write to the Office of Cancer
Communications, National Cancer Institute, Betheada, MD 20892, or call the
Cancer Information Service toll free at 1-800-4—CANCER. Spanish-speaking
staff members are available.

Kooy,
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Case-Control Study of

Canine Malignant Lymphoma:
Positive Association With Dog
Owner’s Use of
2,4-Dichlorophenoxyacetic Acid
Herbicides ‘

Howard M. Hayes * Robert E.
Tarone, Kenneth P. Cantor, Carl
R. Jessen, Dennis M. McCurnin,
Ralph C. Richardson

A hospital-based case-control study of
<ompanion dogs examined the risk of

developing canine malignant lymphoma
associated with the use of chemicals in
and about the home. Information from
a self-administered owner questionnaire
and/or a telephone interview of about
491 cases, 466 nontumor controls, and
479 tumor controls indicated that
owners in houscholds with dogs that
developed malignant lymphoma applied
2 4-dichlorophienoxyacetic acid (2.4-D)
herbicides to their lawn and/or employed
commercial lawn care compa'_nics to
treat their yard significantly more fre-
quently than control owners (odds
L.3). {n addition, the risk of
canine maligi.ant lymphoma rose to a
twofold excess with four or more year-
ty owner applications of 24-D. The
findings in this study are consistent
with occupational studies in humans,
which have reported modest associa-
tions between zlgriéulturul exposure to
24-D and increased risk of non-Hodgkin's
lymphoma, the histology and epidemiol-
ogy of which are similar to those of canine

wlignant [ymphoma. The present study
suggests that humaa health implications
of 2,4-D exposure in the home environ-

REPORTS
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ment should receive further investigation.
[J Nat Cancer Inst 83:1226-1231, 1991]

Non-Hodgkin's lymphoma has had the
second fastest increase in cancer in-
cidence rates of all human cancers in the
United States over the last 15 years (/).
The etiology of non-Hodgkin's lym-
phoma* i§ unclear, although there are
severdl ,well-established
Known risk factors include age. male
gender (2). congenital immunodeficiency
states. infection with the  human im-
munodeficiency virus (3), other immune-
altering  conditions  [e.g..  transplant
recipients (4)). chemotherapy for Hodg-
kin's disease (5). and being a member of
a lymphoma-prone family (6).

Evidence continues to accumuiate im-
plicating phenoxyacetic acid herbicides.
in particular 2. 4-dichlorophenoxyacetic
acid (2.4-D). with risk of non-Hodgkin's
Iymphoma in farmers (7). A population-
bused  case-control  study  of
Hodgkin's lymphoma in Kansas farmers
reported a 2.2-fold excess risk for those
who frequently mixed or applicd her-
bicides (specifically 2.:4-D) that rose to
over sixfold among frequent users (8). A

fon-

mortality study of 70 000 Saskatchewan

farmers, age 35 years and older. showed a
significant positive association between
non-Hodgkin's [ymphoma and the num-
ber of acres sprayed with herbicides.
predominantly(i.c., 75%-90% by weight)

risk  factors.

23D (9). A recent case-contro! study of
Flm-—Hodgkin's lymphoma in Nebraska
found a significant threefold excess in
farmers who mixed or applied 2.4-D
more than 20 days per year (/0). With the
extensive use of phenoxyacctic acid her-
bicides in the United States since the mid-
1960s (/1) and the frequent usc of 2,4-D
on public park lands, golf courses, and
private lawns (/2), particularly by com-
mercial lawn care companies (/3). the
potential exposure opportunitics to people

and farm and companion animals conp-
tinue to be substantal.

Malignant  lymphoma. the canige
equivalent of non-Hodgkin's lymphoma,
is the most frequently diagnosed hema-
tolymphopoictic cancer in dogs (/4). Ap-
proximately one in seven compunion
dogs brought to medical attention at U S,
university veterinary teaching facilities

“and diagnosed with any type of malignancy

will have malignant lymphoma. Presendy,
seven new cases of malignant lymphoma
are diagnosed per 1000 canine patient
years-at-risk at U.S. university veterinary
medical teaching hospitals (Hayes HM:
unpublished resulis).

Although canine malignant lymphoma
has been extensively studied. its ctiology
ts obscure. The discase occurs at all ages,
but it is more frequently diagnosed as the
dog grows older (/5): as in humans, there
1s a4 male excess. Several breeds have
been identified at increased risk (/4). in-
cluding the boxer (/6). bull mastft (/7).
and Scottish terrier (J8). Unlike nidig-
nant lymphoma in other laboratory and
domestic  animal no canine
retrovirus has been associated unequivo-
cally with the discasc. although virus-like

specics,
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.-.:um'fi‘# in affected tissue have been
cepoited (19-21). Naturally  occurring
cantne mahignant lymphomas are simitar
o hunman non-Hodgkin's tymphoma in
hustologic type, biological behavior, and
cell responses to the same  chemo-
therapeutic agents (22-24). These malig-
pancies hive occurred in companion pets
and dheir owners in the same houschold

(23.26).

“The pet dog is normally fastidious
about 1ty grooming habits, It is common
for a dog to clean itself by licking its
paws, thereby ingesting any substances it
has walked in or that have been applied 1o
its body accidemtally or intentionally as
therapy or prevention. The companion
dog is not generally subjected 10 direct
occupational cxposures experienced by
us owners, afthough it may have contact
with particulate  matter  or  restdues
brought into the home on its owner's
clothing and shoes (27). Thus, environ-
mentally related cancer in the pet dog
may be considered prinvarily the result of
tocal  exposures  in and  around  the
owner's home.

To investigate canine madignant lym-
phoma and its relationship to chemical
exposurcs, particularly the herbicide 2.4-

. we conducted a case-control study of
dogs diagnosed with malignant  lym-
phomua at three university veterinary
medical teaching hospitals. We used a
questionnaire to obtain information from
dog owners on demographics. lifestyle.
and houschold and fawn chemical ex-
posure,

Materials and Methods
Subjects

Dogs with  histopathologically con-
firmed malignant lymphoma. newly diag-
nosed from January 1984 through
February 1988, were identified using
computerized medical record abstracts
from three veterinary medical teaching
hospitals that participate in the Veterinary
Medical Data Program (28). The col-
laborating  veterinary medical teaching
hospitals were the University of Min-
Nesota ar St Paul. Purdue University at
West Latayette, Ind.. and Colorado State
Uaiversity at Ft. Collins. )

FWO comparison groups of hospital-
based control animals, matched by age
group, but not by sex. were chosen from

Vol s No. 17, September 4, 1991

dogs seen at the same veterinary medical
teaching hospital in the same year as the
identified case, with one-1o-one matching
for cach contro! group. Age was reported
in range values on the Veterinary Medical
Data Program medical record abstract
(ic.. 1. 2-3, 4-6, 7-9, 10-14. and 15+
years). The first control group was
sclected from all other tumor cases diag-
nosed at the veterinary medical teaching
hospital, excluding transitional cell car-
cinomas of the lower urinary tract be-
cause of a potential ectiology related to
chemical exposures. Twenty percent of
these tumor controls had bone cancer,
19% skin tumors (excluding melanoma),
13% oral andfor nasal tumors, 7% mast
cell wmors, and 41% other neoplasms.
The second control group was selected
from dogs scen for any other diagnostic
reason, excluding those with conditions
possibly related to chemical exposures
(c.g.. nonspecific  dermatitis,  ncuro-
pathies). Twenty-six percent had degen-
erative discases, 18% broken bones or
soft tissue trauma, 14% diagnostic ex-
aminations or elective surgery. 14% in-
fections, and 28% other conditions.

Written Questionnaire/Telephone
Interview

Owners of sclected case and control
animals were identified by the participat-
ing veterinary medical teaching hospital.
A standardized questionnaire was sent to
the last known address of cach owner.
The cover letter to the questionnaire
noted that the dog in question had been
seen at the veterinary medical teaching
hospital on a particular date and was
selected 10 be part of a study being con-
ducted by the National Institutes of
Health, No mention was made of the
animal’s diagnosis at that time or of the
discase of interest in the study. The ques-
tionnaire requested information  about
demographic characteristics of all people

“living in their home. basic information

about the pet’s life history. household use
of chemicals (in and about the home) in-
cluding those directly applied 1o the pet.
and personal use of and/or the employ-
ment of commercial companics applying
chemicals of whatever kind on the tawn
and garden. In addition. owners were
asked about opportunities for exposure of
their pets to lawn and garden chemicals,
including trequency and seasonality of

access 1o the yard. The questionnaire did
not provide a list of chemicals which the
owner could consult in responding to the
various questions regarding home. lawn,
and gardening chemicals.

Afier 2 weceks, owners who did not
respond were sent another letier request-
ing participation. U.S. Postal Service for-
warding  addresses used when
available. If there was no subsequent
response, an attempt was made to conduct
a telephone interview using the stand-
ardized questionnaire. Trained inter-
viewers were not told the name of the
discase or exposures of interest or which
households had case subjects.

were

Data Analysis

The relative risk, as estimated by the
maximum likelihood estimate of the odds
ratio (OR) (29). was used as the measure
of association between malignant lym-
phoma and the variables of interest. Sum-
mary ORs and 95% confidence intervals
(Cls) were calculated. stratifying 1o con-
trol for potential confounding factors as
Judged by a change in the cffect estimate.
The Haldane-Smith-Mante!  procedure
wis used to test for trends in proportions
(30). Logistic regressions evaluated the
effects of several factors simultancously
3.

Results

Malignant lymphoma was diagnosed in
588 canine patients that met eligibility
criteria. Questionnaires were retumed or
telephone interviews were completed by
491 (84%) houscholds with dogs having
malignant lymphoma (case households).
Of the 583 nontumor control households.
466 (80%) responded: of the 586 tumor
control households, 479 (82%) responded.
Forty-five percent of the total completed
responses came from telephone inter-
views. Most nonresponses were due to
the inability to contact the owner. Only
four owners (owners of one case animal
and three tumor controls) who were con-
tacted refused to participate.

There were no discernible differences
between study groups in demographic
variables, although median income was
slightly higher for case households versus
control households, as was the number of
houschold members supported by that in-
come (Table 1), Slightly fewer case than

.
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Table L Demaographies: Laestyle and enviranmental characteristics of reporting houscholds expressed asa

pereentage of the eligible study group

Muligaant tymphoma

Nontumor control Tumor contral

Chantctenistic (n=491) = 366) (n=479)
Medun mcome® 3500 S30 SO0 S39 S
Mean housshold members 2n 167 2.68

supponted by income ¥
Mean No. of vears dog 9.32 9.05 9.75
fived sath owner
Home locaton
{a rural area 295 8 126
Within 2 miles of factory 124 13.5 16,9
of plant that emitted gases,

fumes. or particles of some kind
Pet’s diet

Commercial dog food 97.6 97.0 91.7

Drinking water from community 69.2 725 704
source

Potential for in-home chemical

exposures ‘.

Dog allowed inside home 95.7 . 95.3 93.3

Home had carpet/farea rugs 939 93.3 928

Carpets or rugs ever commercially -~ 1201 126 11

- cleaned

Drapes present in home 888 86.7 87.8

Drapes ever commercially cleaned 459 46.3 48.0

Cigareues smoked in home 47.5 6.4 48.2

{nsecticides used in home 379 38.0 422

Ever applied flex and tick prepardions 6.3 7.4 1.6

Potential for exposures outside

of home

Owner had yard used by dog 95.7 99 M8

Chemicals ever used on yard 67.2 67.6 6419
during dog’s lifetime

Dog ever in Americin Kennel Club X 1.6 10.6
show or hunting teial

Daog ever commercially proomed 22 19 25

*Percent not answering question was 816 of case houscholds, 8.4% of nontumor control houscholds, and

9.8% of tumor control houscholds.

TPercent not answening question was 3.5% of case houscholds, 4.3% of nontumor contral houscholds, and

5.2% of tumor control houscholds.,

control houscholds were located in rural

_arcas. However, casc households were

1998

less frequently located within 2 miles of
industrial plants or facilities reported as
emitting into the atmosphere.
Dogs studied in this investigation
usually ‘ate commercial dog food. and
most were provided drinking water from
a community source. They were usually
allowed inside their owner’s home, and
most of these homes had carpet and/or
area rugs and window drapes. Most dogs
were allowed access to their owner's
yard. Lifestyle experiences and exposures
instde and outside the home were quite
‘milar between the two control groups.
wsecause of a lack of discernible differen-
ces between tumor and nontumor control
houscholds, subsequent analyses utilized
pooled coatrols (Table 1), Using mixed

—

breed dogs as the standaed (OR = 1),
canine breeds previously identificd as
having a low risk of malignaat lymphoma
(/4) were found to be underrepresented in
the case series (OR = 0.3); breeds ex-
pected to be at high risk had a iwofold ex-
cess representation (Table 2). Approx-
imately two thirds of all houscholds sur-
veyed had used lawn chemicals of some
type on their yards (OR = 1.1). When all
dogs who did not have access to their
owner's yard were classified as unex-
posed, the OR for owner application of
2.4-D and/or the employment of commer-
cial lawn care service was 1.3 (95% Cl =
1.04-1.67). No difference in OR
detected for owner application of 2.4-D
only (OR = 1.3) and solc use of commer-
cial lawn treatments (OR = 1.3); how-
ever, the OR for owner application plus

wis

the employment of commercial lawn ger.
vice was 1.9 (95% Cl = 0.88-4.14) (Tablc
3. Adjustment for age in these analyseg
did not change the ORs. Liquid 24.p
was sprayed by fewer owners of case
animals than owners of control animgylg

a difference that was qoq

applying 2.4-D.
stgnificant.

A posttive trend (P<.02) was evident
for the yearly number of owner applica-
tions of 2.4-D. This trend was significant
(P<.05) for both long-term use (25 years’
duration prior to diagnosis) and short-
term use (<5 years' duration). No sig-
nificant  association  was  observed
between malignant lymphoma risk and
duration of owner application of 2.4-D
(OR = 1.5 for 25 years of use; OR = 1.3
for <5 years of use). We could not distin-
cuish possible latency effects from dura-
uon effects, as the questionnaire did not
ask for the datc on which the owner
began 2.4-D use or the employment of
professional lawn care services. No dis-
cernible trend was observed for yearly
number of commercial lawn treaiments
(Table 3).

Multivariate analyses considered the
ever-never variables of flea and tick con-
rrol exposures  (i.c., collars,  powder,
spray. dip). in-home use of insccticides,
cigarctie smoking. the presence of carpet
and window drapes (and whether they
were commercially cleaned). use of yard
insecticides and/or fertilizers, dog breed
risk group and sex. and application of
2.4-D by owner andfor commercial lawn
care service. Scparate  analyses  con-
sidered 1) number of applications per
vear of flca- and tick-control products. 2)
number of applications of household in-
secticides per year. number of cigarctte
packs smoked per year by household
members, and the number of times car-
pets and drapes  were commercially
cleaned per year for dogs aflowed inside
the owner’s home, and 3) number of ap-
plications per ycar of yard insccticides
and fertilizers for those yards available to
the dog. The only factors related to case
houscholds in the multivariate analyses
were breed risk group and owner applicat-
tion of 2.4-D and/or use of a commercial
Lawn care service.

When the OR for owner application of

2 4.D and/or commercial lawn treatments
was evaluated for cach breed risk group.
an inverse relationship with breed risk

L ROO9ST




Table 2. ORs of camine malignant lymphomi by hose

Characterisnie No. of cases No. of controls OR 95%. Cl

Breed®

Mixed breed 128 243 1.0

Low-risk breeds combined 16 93 0.3 0.17-0.59

Average-risk breeds combined 228 496 0.9 0.06-1.14

High-risk breeds combined 19 12 2.0 1.40-2.83
Sex”

Female 237 SOK 1.0

Made 25 137 1.2 097-1.54

*Adjusted for sex in calculating breed risk group ORs and breed risk group in calcubating the effect of sex.

Table 3. ORs of canine malignant lymphoma by exposure
Characteristic No. of cases No. of controls OR 95% Cl
Owner application of ang yard
chemical and/or commercial
lawn treatment*
No 161 319 L .
Yes 330 628 1.1 ¢ 0.84-1.37
Owner application of 2,4-D and/or
commercial lawa trestment®
None or dog never allowed in yard 300 611 1.0
Yes 191 304 1.3 1.04-1.67
Commercial Lawn treatment only 1S 189 1.3 0.96-1.70
Owner application of 2.4-D only* o0 99 1.3 0.90-1.90
Owner application of 2,41 and 16 16 1.9 0.88-4.14
commercial lawn treatiments
No. of commercial bawn chemical
treatments/y t
0 300 041 1.0
1 16 28 14 0.70-2.84
2 20 25 LS 0.75-2.86
3 19 RK) 1.1 0.60-2.14
24 76 122 13 0.95-1.87
No. of owner applications of
2.4-Df vt
0 or dog never allowed in yard 300 ol 1.0
l 20 RE) 1.3 0.72-2.50
2 2% 47 1.3 0.74-2.13
K} 11 17 1.3 0.57-3.13
24 17 17 . 20 092415
Tread test P2

*Adjusted for sex and breed risk group.

+TAdjusted for sex and breed risk group: includes 16 cases and 16 control hou\ghold\ where the owner ap-

plied 2.4-D and also had comumercial lawn treatments.

fevel was found. the OR being highest for
low-risk breeds (Table 4). Male dogs.
known to be at elevated risk for malig-
nant lymphoma. exhibited the same OR
(1.3) as females for owner application of
2.4-D and/or commercial lawn treatment
(Table 1),

To test recall, owners were asked if
their dog had died: if so. they were asked
i it had cancer and the cancer type was
requested. Among the owners of case
animals who reported never using 2.4-D
tnd/or commercial lawn care services or
never allowing their pet access 10 their
yard, slightly more Knew that their pet

— ‘ * -
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died of malignant lymphoma compared
with the case houscholds that applied 2.4-
D or employed commercial lawn services
(Table 5).

Discussion

We found a modest association (OR =
1.3: 93% Cl = 1.04-1.67) between malig-
nant lvmphoma in companion dogs and
thetr owners” applyving 2.4-D on their
lawn and/or using commercial Lawn care
services, with the risk ristng with increas-
ing number of owner applications per
year. These findings are consistent with

studics suggesting that agricultural 2.4-D
use increases the risk of non-Hodgkin's
lymphoma among farmers (8-70). Also
consistent with human studies was the
lack of a significant association with dur-
ation of 2.4-D application by the owner.

Findings of . casc-control
studies may he biased hecause of dif-
ferential recall of cases and referents. In
the last several years, results from several
studies of this design have suggesied
links between use of phenoxyacetic acid
herbicides and devélopment of non-
Hodgkin's lymphoma in humans. Some
have suggested problems in recalling may
explain these associations (/3). In the
current study, recall bias could have oc-
curred if owners of case animals were
more likely to remember using such her-
bicides on their yards and, therefore, ex-
posing their pets. The lack of any
association, among cascs, of owner's
knowledge of their pet’s type of cancer at
death and opportunity for exposure (o
2,4-D strongly argues against such a bias
in this study (Table 5).

Any recall bias related to  socio-
ccononiic status probably did not affect
this study because case and control
houscholds were strikingly similar in
median income, number of houschold
members supported by such income, use
of commercial dog food, home lifestyle
(scrvice by municipal water supply,
presence of carpetfarea rugs and drapes,
access inside the home by the dog), or the
presence of yards. Bias may also arise
from an unwillingness of certain selected
subjects to participate. The percentages of
responses from case and control
houschold groups. however, were nearly
the same. The major limiting factor was
the ability to locate owners, not an un-
willingness to participate. Only four of
1440 successfully contacted owners
refused to participate.

Recall may be hampered by the lapsed
time between the time period of interest
and the questionnaire/interview date. The
response data analyzed in this study were
acquired 10-58 months after the selected
animals were scen at the veterinary medi-
cal teaching hospital: however. control
dogs were matched to case dogs by age
and year of medical attention. Theretore,
the lapsed time between the period of in-
terest (the years the dog lived with s
owner until the date of university treat-

interview
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Fuble 4 ORS tor eaposure 1o owner-apphed 2,41 and/or comtercial Bawa treatmeats for malignant lvmn-

phonu by canine breed sk groups and by sex

Nav of cases

No. of controls

Charadctenstic Eaposed Uneyposed Exposed  Unexposed  OR* 95 Cl
Risk group

Mixed breed 43 82 S0 163 1.1 0.60-1.78

Low-nsh breeds ¥ b 24 68 2.0 B.60-6.89

Average-risk breeds 91 137 153 i 1.4 1.03-2.03

High-ask breeds 17 12 10 12 1.2 0.67-2.10
Sea

Female NS 149 152 356 L3 093187

Male 103 151 152 288 1.3 09218

*Adjusted for sex in calculating breed risk group ORs and breed risk group in calcutating the effect of sex.

Table 3. Owner’s recall of pet’s malignancy at death by yard chemical use among malignant
lymphoma case houscliolds

Owner’s knowledge of

L]
Yard chemical use No, * malignant lymphomu, %
Owner applied 2.4-D only 60 613
Commerctal lawa treatment only 1S 608
Owner applied 2.4-D and also used commercial 16 S8.%
lawn care treatments
Owner neither applicd 2.4-D nor used a commercisl 300 (GRS

lawn care company or the pet was not allowed
in the vard

menrt) and the date of the guestionnaire or
interview was approximately the same for
owners of case and control dogs.

It is possible that unmeasured con-
founders could explain the risk. but we
collected data on the most fikely con-
comitan: exposures in the houschold en-
vironineat.  Houschold  insecticides.,
contact insecticides for lea and tick con-
trol, and owtdoor insecticides plaved no
disceruble role in the association be-
tween 24-D exposure and development
of mudignant Ivimphoma. We controlled
tor sex association  n all
anafyses: these two factors play a role in
the occurrence of the discase, but they did
aot strongly attect the risk from 2.4-D ex-
posure. Aithough viruses have been as-

and  breed

sociated with Iymiphoma development in
many animal species (32), they have not
been linked to Iymphoma development in
the dog. While viral infection of some
type may be an important factor, it is un-
likely 1o be responsible tor the significant
association  between  canine  malignant
lvmphoma development and owner use of
24-D and/or commercial lawn care ser-
vices.

The 28D applied by the
owner, bquid spray or granular, had hule

tpe of

influcnce on risk. The consistency be-
tween the ORs for male and female case
animals with 2.4-D exposure also argues
against inhalation of herbicide spray as a
likely route of exposure. because the male
dog’s marking
might place males at greater nisk than
females (33). Occupational studies of her-
bicide exposures by agricultural workers
senerally agree that inhalation is a minor
source of human exposure (34).

A major weakness of the current study
is the lack of precise exposure data for
herbicides. Frequency of application was
the primary mcasure of exposure used in
this study. The lack of a clear pattern of
association with total number of yearly
commercial tretments  contrasts
with the consistent application-response
relationship (P<.02 for trend) exhibited
for owner application of 2.4-D (Table 3).
The yearly number of applications of 2.4-
D by the owner 1s more likely to reflect
the actual 2.4-D exposure opportunity for
pet dogs than the number of lawn treuwt-
ments by commercial lawn cure com-
because  some  commercial
treatinents during cach year may contain
only fertilizer andfor insccticides and,
thus. not lead to herbicide exposure.

sniff-scent tendencies

lawn

panics

—

*

fn 2 lahoratory carcinogenicity sudy,
12 male and 12 femade beagles were ¢x.
posed 1o 23D in thar diet for 2 yeyeg
(43), No malignant umors wWere reporteqd
in any of the exposed dogs orin the three
male or three femaie control dogs. A re.
Lated 2-year feeding study ot 2.4-D in ().
borne-Mendel rats (33 resuited in oy
increased incidence of Iymphosarcomys
in exposed male rats (10 of 125 exposed
male rats  developed  Ivmphosarcomgg
compared with 0 of 25 control rats;
Fisher's exact test yields P = .15) but no
evidence of increased wmors in female
rats (1 of 125 exposed female rats com-
pared with 0 of 25 control rats).

Swdies involving 18 male and 1§
female. mice from each of two strains
gave no evidence of carcinogenicity for
2.1.D fed for 18 months (36). The
isopropyl, butyl, und isooctyl esters of
2.4-D were also tested. and no significant
increases in tumor incidence were ob-
served (36). In companion studies, 2.4-D
and its esters were administered by sub-
cutancous  injection in [8-month
cinogenicity experiments. Although the
results of the injection studies were not
given in the inital report (36). a sig-
nificant increase in reticulum cell sar-

car-

conuts was reported tor the isooctyl ester
of 2.4-D in one female mouse strain (37),
No reticulum ccll sarcomas were ob-
served in the I8 male mice of the ~mac
strain similarly exposed. Thus, although
Ivimphoreticular tumors have been found
in excess in two rodent studies, laboratory
animal experiments provide only weak
support for arole of 24-D in lymphoreticular
carcinogenicity,

The current investigation began with an
a priori hypothesis that exposure to 2.4-D
might be associated with developimcat of
malignant lymphoma in the pet dog. Our
findings support this proposition. with a

modest statistically significant OR of 1.3

for owner application of 2.4-D and/or
commercial lawn treatments. Further sup-
port derives from the higher risk observed
for pets of owners who applicd their own
2.4-D in addition to exposurc to commer-
cial applications (OR = [.9: 95% Ct =
0.88-4.14) and the increase in risk to @
twofold excess with four or more owner
applications per year. [n view of a sug-
gested link between non-Hodgkin's lym-
phoma in humans and famm cxposures 0
2.4-D, and because malignant lymphoma

2Loog 7 7 .
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i the dog s considered the equivalent of
non-Hodgkin's tymphoma in humaas, our
finding of an association between 2.4-D
exposure and development of malignant
lymphomat in companion dogs suggests
that the human health implications of 2.4-D
exposure in the home environment warrant
further vestigation.
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