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NRDC on Alar 

Since its release in February, the report of 
the Natural Resources Defense Council 
(NRDC) Intolerable Risk: Pesticides in our 
Children's Food (1) has generated substantial ~, L-. 

discussion, including two articles by Leslie 
Roberts (News & Comment, 10 Mar., p. 
1280; 17  Mar., p. 1430) and an editorial by 
Daniel E. Koshland, Jr. (7  Apr., p. 9), in 
Science. The report estimated the potential 
health risks to-children ages 1 ti 5 from " 
dietary exposures to 23 pesticides resulting 
from consumption of 27 fruits and vegeta- 
bles. We would like to respond to the 
following specific questions that have been 
raised by the Environmental Protection 
Agency (EPA) (2), by Koshland, and by 
others and to present new information. 

1) Was the study based on a worst-case esti- 
mate ofexposure? Because of the limited data 
available, the NRDC report actually under- 
estimated total pesticide exposure. NRDC 
estimated exposures to only 7% (23/300+) 
of the pesticides currently registered for use 
on food, including 12% (8166) of the food 
use pesticides known or suspected to be 
carcinogenic (3). In addition, NRDC used 
average residue values, derived from govern- 
ment monitoring programs, in its exposure 
assessments. Tolerances, or legal limits, were 
not used because ~esticide residues in food 
are generally considerably lower than the 
tolerance levels. 

Because the report identified a high can- 
cer risk resulting from exposure to the da- 
minozide breakdown product UDMH, crit- 
ics have questioned the exposure estimates 
used in the calculations. Average damino- 
zide and UDMH residues were derived 
from a 1985-1986 market basket survey 
(4). Daminozide levels in apples averaged 1 
part per million or 1120 of the existing EPA 
tolerance for daminozide, while UDMH 
levels averaged 2 to 23 parts per billion (5) .  
NRDC did not factor into its exposure 
estimates metabolic conversion of damino- 
zide into UDMH, which EPA now esti- 
mates to be 1% (6). Had a 1% metabolic 
conversion been included, NRDC's expo- 
sure estimates for UDMH would have been 
increased by 36%. 

Consumption data used in the report 
were derived from the 1985-1986 nation- 
wide survey of daily food intakes of 489 
children ages 1 to 5 (7). Exposure estimates 
for UDMH were calculated on the basis of 
an average consumption of approximately 3 
ounces of apple products daily (8). 

EPA's current estimate for UDMH expo- 
sure, based on a larger 1977-1978 U.S. 
Department of Agriculture dietary sunley, 
differs only slightly from NRDC's. For com- 
modities covered by the NRDC report, 
EPA currently estimates that the average 
daily exposure to UDMH for children ages 
1 to 6 is 0.066 pglkglday (9) or 80% of the 
NRDC estimate for children ages 1 to 5 
(10). EPA's current estimate of children's (1  
to 6) total exposure to UDMH (9) is ap- 
proximately twice NRDC's. 

The NRDC's risk assessment has been 
challenged as overestimating risk because of 
the belief that daminozide use has decreased 
since 1986 and that currently "only 5% of 
apples are treated with Alar." However, 
1988-1989 federal, state, and independent 
surveys found that 22% to 55% of apples 
tested had been treated with daminozide (E. 
Groth, 111, Letters, 19 May, p. 755), indi- 
cating that the 5% figure may significantly 
underestimate the amount of daminozide 
used during the last growing season. Al- 
though EPA estimated earlier this year that 
5% of the apples were treated with damino- 
zide, the agency has recently revised that 
estimate upward to 5 to 15% (6) .  

2) Was a valid cancerpotency estimate used by 
the N R D C  study for U D M H ?  NRDC used a 
UDMH carcinogenic potency factor (ql*) 
calculated by EPA in 1984 and listed in 
1987 by the Office of Pesticide Programs 
(OPP) and the Carcinogen Assessment 
Group (CAG) (1 1). At the time that NRDC 
conducted its risk assessment, this was the 
only available estimate of carcinogenic po- 
tency for UDMH. 

NRDC has been criticized (2) for using 
this ql* because the Science Advisory Panel 
(SAP), an advisory panel to EPA's Office of 
Pesticide Programs, gave the opinion in 
1985 that the existing bioassays on damino- 
zide and UDMH were not adequate as the 
basis for quantitative risk assessment (12). 
The SAP opinion, however, was not consist- 
ent with other scientific analyses by EPA 
and other expert groups. EPA's CAG con- 
cluded that the existing evidence was more 
than adequate to classify UDMH as a "prob- 
able human carcinogen" (13) and was suffi- 
cient to serve as the basis for calculating a 
carcinogenic potency factor for this corn- 
pound (14). Two independent EPA audits 
of the study that served as the basis for the 
CAG potency estimate agreed that, despite 
limitations, the bioassay clearly demonstrat- 

ed that administration of UDMH led to a 
significantly increased incidence of multiple 
types of tumors at multiple sites in both 
sexes of test animals (1 5) .  

Similarly, 1 month after the SAP review, 
EPA's Environmental Criteria and Assess- 
ment Office concluded that the existing 
UDMH studies "provide sufficient quantita- 
tive evidence that 1 , 1 -dirnethylhydrazine 
represents a potential carcinogen" and that 
criticisms raised do not "constitute a basis 
for altering the fundamental conclusions of 
EPA's risk assessment for UDMH" (16). In 
addition to the EPA reviews. both the Inter- 
national Agency for Research on Cancer 
(IARC) and the National Toxicological Pro- 
gram (NTP) concluded that there was suffi- 
cient evidence of carcinogenicity (1 7). 

Just before the release of the NRDC 
study, EPA published an updated assess- 
ment of the carcinogenic risk resulting from 
daminozide use based on interim (12- 
month) results of a new UDMH bioassay 
being conducted by Uniroyal. Two revised 
cancer potency factors were calculated that 
were lower than the previous agency ql* 
used in the NRDC computations by factors 
of 10 (based on hemangiosarcomas) and 4 
(based on benign lung tumors) (1 8).  

Cancer is a disease with a long latency, 
and interim results may lead to underes- 
timates of potency. EPA attempted to allow 
for latency by multiplying the cumulative . .  - 

incidence at 1 year by a factor of 8 to obtain 
an estimate of the cumulative 2-year "life- 
time" incidence (6). This factor of 8 appears 
to be inappropriately small, however.-The 
age-specific incidence of hemangiosarcornas 
in the Uniroyal bioassay (male and female 
UDMH exposed groups combined) is ap- 
proximately proportional to the fourth pow- 
er of time from first exposure (19). If this 
proportionality is maintained in the second 
tear, the cumulative 2-year incidence will be , , 

about 30 times the number of cancers pres- 
ent at the end of 1 vear (the sum of effects of 

i \ 

a t4 incidence function is proportional to t5, 
so doubling the duration of the experiment 
would increase the cumulative incidence by 
2 5 ,  rather than 23, as proposed by EPA). 
Using the multiplier of t5 would bring the 
interim ql* based on hemangiosarcomas in 
the current experiment to about 4 mglkgi 
day-', four times higher than the revised 
EPA ql* discussed above and approximately 
half the ql* used in the NRDC computa- 
tions. 

EPA anticipates that the final ql*s based 
on the completed Uniroyal bioassay may be 
considerably higher than the ql*s based on 
the interim data (20). On the basis of con- 
sideration of subsequent findings at lower 
doses, the agency predicts that hemangiosar- 
comas, which are currently significantly in- 
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creased only among animals in the highest 
dose g o u i  in the uniroyal bioassay, will be 
detected at the end of the study in the lower 
dose groups as well, and risk estimates based 
on subsequent findings could be one or two 
orders of magnitude greater than the risk 
estimates based on the interim study results 
(19). In other words, the agency's final 
revised ql* may be similar to the agency's 
previous ql* used by NRDC. 

ROBIN M .  WHYAIT* 
Natural Resources Defense Council, 

40 West 20th Street, New York, N Y  10011 

REFERENCES AND NOTES 

1. Intolerable Risk: Pesticides in our Children's Food (Natu- 
ral Resources Defense Council, New York, 1989). 

2. Environmental Protection Agency, press release, 16 
March 1989. 

3. F e d .  Reg. 53, 41101 (19 October 1988). 
4. Office of Pesticides and Toxic Substances, "Memo- 

randum-Daminozide special review-Phase I11 
1986 Uniroyal market basket survey" (Environmen- 
tal Protection Agency, Washington, DC, 18 May 
1986). EPA also relied on the 1985-1986 market 
basket survey results to conduct its latest (February 
1989) carcinogenic risk assessment for UDMH. 

5. UDMH residues in apple products used in the 
NRDC study were 2 ppb in apples, 14 ppb in apple 
juice, and 23 ppb in applesauce. (Levels were higher 
in juice and sauce because breakdown of daminozide 
into UDMH is accelerated by heat processing.) 
There is no tolerance level for UDMH. EPA gener- 
ally sets tolerances only for parent compounds and 
not metabolites or breakdown products. 

6. Office of Pesticide Programs, Daminozide Special 
Review Technical Support Document-Preliminary De- 
termination to Cancel the Food Uses of Daminozide 
(Environmental Protection Agency, Washington, 
DC, May 1989). 

7. Human Nutrition Information Service, CSFII- 
Nationwide Food Consumption Survey: Continuing Sur- 
vey of Food Intakes by Individuals, Women 19-50 Years 
and Their Children 1-5 Years, 6 Waves (U.S. Depart- 
ment of Agriculture, Washington, DC, 1985). 

8. Apple consumption contributed approximately 74% 
of the UDMH risk identified by the NRDC study. 

9. Office of Pesticide Programs, 'Tolerance assessment 
system routine chronic analysis, UDMH in Alar, 
children (1-6 yr, olds)" (Environmental Protection 
Agency, Washington, DC, 6 February 1989). 

10. Some of the difference between NRDC and EPA 
estimates is due to the fact that daily exposure 
during the 6th year is lower than during earlier 
years, thus reducing the average daily exposure 
compared to average exposure for ages 1 to 5. 

11. Office of Pesticide Programs, Lirt of Oncogenic Com- 
poundr and Suspects (Environmental Protection Agen- 
cy, Washington, DC, 17 February 1987). 

12. Federal Insecticide, Fungicide, and Rodenticide Act 
(FIFRA) Scientific Advisory Panel, "Review of a set 
of scientific issues being considered by EPA in 
connection with the special review of daminozide" 
(Environmental Protection Agency, Washington, 
DC, 4 October 1985). 

13. W. Pepeko, "Memorandum-evidence for carcino- 
genicity of 1,l-dimethylhydrazine (DMZ)" (Carcin- 
ogen Assessment Group, Environmental Protection 
Agency, Washington, DC, 9 January 1987). 

14. Office of Health and Environmental Assessment, 
Health and Environmental Effects Profile for 1.1-Dime- 
methylhydrazine (600X-841134, Environmental Pro- 
tection Agency, Washington, DC, January 1984). 

15. D. S. Goldman, "Review of the audit conducted by 
Uniroyal Inc. on the carcinogenicity study of 1,l- 
dimethylhydrazine (unsymmetrical) conducted in 

Swiss mice at Eppley Institute for Research in 
Cancer and Allied Diseases," (Environmental Pro- 
tection Agency, Washington, DC, 11 September 
1985); Office of Pesticides and Toxic Substances, 
"Report of the audits of the studies on the carcino- 
genic potential of succinic acid 2,2-dimethylhydra- 
zine (daminozide) and 1,1 dimethylhydrazine in 
Swiss mice conducted at the Eppley Institute, the 
University of Nebraska Medical Center, Omaha, 
Nebraska, audits conducted January 21-24" (Envi- 
ronmental Protection Agency, Washington, DC, 
1985); D. G. Goodman, "Review of blood vessel 
neoplasms and neoplasms of lung, kidney, and liver 
in Swiss mice administered 1,l dimethylhydrazine in 
drinking water" (prepared for the Dynamac Corpo- 
ration, Rockvie, MD, 29 August 1985). 

16. C. DeRosa, "Memorandum-Uniroyal, Inc., Com- 
ments on 1,l dimethylhydrazine" (Environmental 
Protection Agency, Washington, DC, 10 October 
1985) - > - -  . 

17. International Agency for Research on Cancer, I A R C  
Monograph, Suppl. 7 (1987); Fourth Annual Report on 
Carcinogens (Department of Health and Human 
Services. Washinmon. DC. 19861. 

18. ~nvironkental ?roteition Agency, Fed. Reg. 54, 
6392 (10 February 1989). 

19. I D R C  2-Year Onco2enicity Study in Mice (IRDC 399- 
A .  

~ a u a w a n ,  MI, 12-month interim). * 

20. Office of Pesticide Programs, "Daminozide briefing 
paper" (Environmental Protection Agency, Wash- 
ington, DC, 12 December 1988). 

"Cosigners: Bradford H. Sewall, Natural Resources De- 
fense Council, 90 New Montgomery, San Francisco, CA 
94105; W i a m  J. Nicholson, Division of Occu ational 
and Environmental Medicine, Mount Sinai S c L l  of 
Medicine, New York, NY 10029; Ian C. T. Nisbet, I. C. 
T. Nisbet and Company, 72 Codman Road, Lincoln, 
MA 01773-3701; Marvin Schneiderman, Mount Des- 
ert, ME 04660-423. 

rotein purification. 
Waters new expanded line of bio-chemistries 
combined with the 650 Advanced Protein 
Purification System provide unmatched resolu- 

Clrde Hor~ercd~sh Pe,oxdose preporot~on tion and recovery of macromolecules. Now 
Coiumn: prc,pin.pop DEAE BHR ~ ~ m m x ~ ~ ~ ~ ~ '  

Deteaion: uv 280nm 405nm 
you can select from a variety of separation 
techniques-gel filtration, hydrophobic interac- 
tion and ion exchange, including Waters new 
Protein-Pak'" HR ion exchange resins in scalable 
glass columns. Combine the chemistry of choice 
with the convenience and power of the 650 
system and get unmatched separation capa- 
bility for any step of your purification process. 

Only Waters provides all the essentials neces- 
sary for your bioresearch. Ask for our complete 
bioseparations catalogue of instrumentation, 
chemistries and applications. Circle the reply 
numberorcall us at (508) 478-2000, ext. 2777. 

Waters. The absolute essential 
in bioresearch. 

;'/a ter.5 
Dvlson of MllllPOKE 

I SEPTEMBER 1989 Circle No. 11 2 on Readers' Service Card 




