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MICHAEL A •. GALLO, Ph.D. (Chairman): I'd like to get 

started, please. My name is Mike Gallo, and I'm the Chairman 

of this ISRA Commission. We're here this afternoon to take 

testimony from seven listed witnesses. Just as a word of 

introduttion, this is the third of three public hearings on the 

first round of the ISRA Commission. The first was held night 

before last down in South Jersey; last night we had a hearing 

at Rutgers; and today, here at NJIT. 

The format that we have followed and I would ask 

the witnesses to please follow this format is that you will 

b_e allowed to speak for five minutes, at which time an alarm 

will go off right here. I'll demonstrate the alarm in a 

moment. At this point you have one minute to sum up. We've 

been using this format all the way through, and we will use it 

again today. 

The other piece of information is that this Commission 

will be receiving written testimony -- or will receive written 

testimony -- through· the 11th of April. Upon receipt of all 

the written testimony and the verbal testimony of these three 

days, we will generate a report which will then become public. 

There will be one more public hearing, so you will get a second 

ihot at us. At that point we will generate a final report. 

Before we start, I'd like to introduce the 

Commissione_rs around the table. On my far right, Dr. Richard 

Magee. Next to Dick is Steve Boswell. On my far left, Dave 

Kosson, Dr. Rita Turkall, and Chris D'Alleinne. 

What we're here today to do is just to listen, take 

notes, and then deliberate on your presentations. So again, 

just rjiterating, a five minute-- This is what it's going to 

sound like. So you know when it goes off, we'll let it beep 

down. It takes about 10 seconds to get there. I don't know 

how to set a clock for 5 seconds. (timer beeps) That's it, 

and you have a minute from then, just so you know. 
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Okay, the first speaker -- the first witness -- is 

John Maxwell. Is he here? (affirmative response from audience) 

Please speak into the two mikes, because it's being 

recorded and transmitted at the same time. 

J 0 H a· M_A X WELL: Okay. Is this okay? 

DR. GALLO: Yes . 

MR. MAXWELL: Good afternoon. I am John Maxwell, 

Associate Director of the New Jersey Petroleum Council. We 

appreciate the opportunity to submit testimony before the 

Environmental Risk Assessment and Risk Management Commission. 

We commend the Commission for holding three public hearings 

- throughout New Jersey, and going even beyond their mandate to 

obtain public input. 

We are a Division of the American Petroleum Institute, 

which represents approximately 300 member companies involved in 

_the exploration, production, refining, transportation, and 

marketing of petroleum and petroleum products. Many of our 

members are here in New Jersey, and will be greatly affected by 

changes made to the risk assessment and risk management program. 

All of our member companies are committed to promoting 

our environmental principles, which include opera~ing our 

facilities in a manner that protects the environment, safety, 

and health of _our employees and the public. We also conduct 

and support research on the safety, health, and environmental 

effects of our raw materials,_ products, processes, and waste 

materials. 

We believe that current risk assessment methqds are 

overly conservative and are based on hypothetical worst-case 

scenarios and unrealistic assumptions concerning exposure and 

toxicity. Such assessments are not always founded on the best 

available science, rather they reflect simplistic rules and 

default exposure assumptions that are often far removed from 

the actual factors at specific sites. 
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We recommend that the Commission require that new risk 

protocols are based on current, credible, and realistic 

scientific evidence and methodologies which have received peer 

review; actual site-specific data where it is available or 

reasonably obtainable; and a range of values using 

state-of-the-art statistical methods for exposure and toxicity, 

as opposed to just worst-case assumptions. Scientifically 

objective risk assessments based on all relevant data should be 

the central element in making cleanup decisions. 

Risk management decisions are better made on the basis 

of actual site-specific factors. The ·risks posed, actual and 

potentia 1 water and land use, toxicity and exposure pathways, 

and degree and type of contamination are likely to vary widely 

from site to site. Th~ New Jersey Petroleum Council believes 

that remedy selection is a critical and complex decision that 

should not be made automatically. The particular 

characteristics of a site should always be considered in 

determining whether to rely on generic cleanup standards or 

site-specific risk assessments. 

The current preference for treatment and permanent 

remedies often precludes alternative remedies, such as 

containment and institutional and engineering controls. Those 

more expeditious alternative remedies offer the potential of 

providing greater overall protection of human health and the 

environment at significantly reduced costs. Containment 

remedies, which leave contaminated soil undisturbed, can pose 

less risk to human health and the environment than more active 

types of remediation, which involve excavation and subsequent 

transportation, treatment, and disposal. 

The costs of remediation must be a factor if we are to 

increase the rate of progress -and decrease inefficient use of 

societal resources. Selection of the. lowest cost, appropriate 

remedy should be required whenever several adequate 

alternatives are available. This does not imply that the 
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requirement to protect human health and the environment should 

be relaxed. We believe that increased considerations of 

relative risk and cost will actually enhance 

human health and the environment by allowing 

protect ion of 

for a better 

prioritization of sites and allocation of resources. 

We encourage the Commission to ensure that 

site-specific risk assessment -- as provided in Section 35(f) 

of ISRA -- remain a viable alternative for those responsible 

for cleanups. We think that 10 to the minus 5 (lo-S) and 10 to 

the minus 4 (lo-4 ) are more reasonable risk levels as 

site-specific- standards, and are in line with risks we all face 

in our daily lives. 

We have before us an historic opportunity to get 

beyond the gridlock of the well-intentioned, but seriously 

flawed former ECRA law by seizing the opportunities presented 

by last year's ISRA law, Senate Bill No. 1070. We respectfully 

ask the Commission to consider both new risk assessment 

methodologies, which are more realistic than previous overly 

conservative assumptions, and remediation standards that 

incorporate site-specific land use. Let's get New Jersey 

moving ahead. 

Thank you very much. 

DR. GALLO: Good timing. Thank you. 

MR. MAXWELL: Thanks. 

DR. GALLO: I don't see the next witness in the room. 

We'll come back to her. 

DR. MAGEE: Maybe she sent a substitution? 

DR. GALLO: Dolores Phillips? (no response) Go on to 

the next one. If she shows up, fine. Our next witness is 

Franklin Reick. 

You have some written testimony, sir? 

F R A R K L I R G. R E I C K! Yes.. I already passed it 

out. 

DR. GALLO: Okay, great. Thank you. 
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MR. REICK: I'm going to take a slightly different 

approach, because I know what the majority of people are going 

to tell you today. A little bit on myself: I'm an inventor. 

I'm also an alumnus of the Inventors Hall of Fame. You'll find 

my name· on the wall down here. I was Inventor Of The Year five 

years ago in New Jersey -- one of several. 

I've been very concerned about this ECRA situation for 

quite some time, and have raised bloody hell about it in the 

media and through various sources, in that I have contacts in 

the Legislature. My main co·ncern has always been that there is 

an element of mindlessness that has entered into this whole 

thing, and that's really what upsets · me. Everybody wants to 

clean up the environment. I don't know anybody that's not an 

environmentalist. 

Now, I've prepared a one-page thing here to keep me on 

track, and then what I'll do is sort of ramble on from there. 

DR. GALLO: You've got five minutes, though. 

MR. REICK: Within limits. 

DR. GALLO: Okay. 

MR. REICK: Okay. First, please, nature is not 

benign. Plants and animals have spent billions of years trying 

to protect themselves from one another. Powerful toxic 

chemicaYs have evolved quite naturally in the process. 

All life has evolved in a toxic environment. The 

background is normal. Small doses of some toxins are 

beneficial. For instance, vitamin A, aspirin, curare; large 

doses will kill you. It's a matter of degree and lifestyle. 

Some people can take more than others. 

When the magic number, 10 to the minus 6 (lo- 6}, 

drifted into the bureaucratic awareness, the results were 

predictable unfortunately. 

I have attached the cover sheets from a number of 

papers published by Bruce Ames showing the levels of toxins in 
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common foods. Most of the vegetables that are known to be good 

for you contain high levels of a vast array of chemical toxins 

and carcinogens. 

Nobody wants a toxic 

definition of what and how much 

environment; however, the 

is toxic cannot be defined 

arbitrarily. I have to reinforce what the previous speaker 

said. This should be based on sound science. It should not be 

based on arbitrary bureaucratic fiat. It should be based on a 

peer review of· that science, using the techniques 

well-established in the scientific fields. Incidentally, I"ve 

published many scientific papers. I know the review process. 

I • m going to read you the parts per million and the 

names of some chemicals found in a variety of foods, just to 

keep this in perspective. Please keep this in mind when you 

pass this information on to the Legislature. Now, I'm taking 

this from Bruce Ames • paper, and this is just one of several 

papers that he has published. If you would like the full 

papers, all you have to do is call my secretary and she' 11 

spend three hours copying them for you. The bibliography is 

extensive. It. runs into the thousands of references on this. 

But here is art example now: 

Concentrations of natural pesticide -- excuse me, yes, 

pesticide carcinogens. These are things that have been 

developed by the plants to help themselves against the bugs. 

Here we go: for parsley, methoxypsoralen, 14 parts per million; 

parsnips, cooked, 32 parts per million; celery, 0.8; celery, 

new, 6.2; and celery, stressed, 25. 

You '11 notice if you attack the plant, it puts out 

more ha~sh chemicals. This is well-known. 

Mushrooms, hydrazinobenzoate, 11; mushrooms, 

commercial, 42. That's all parts-per million. Cabbage -- get 

a load of this -- allyl isothiocyanate . 35 to 590 parts per 

million; cauliflower, 12 to 66 parts per million; brussels 

sprouts, 110 to 1560. Now, those vegetables right there have 
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been published in the literature -- referenced literature -- in 

the last few years. If you have a high level of them in your 

diet, they give you very strong protection against certain 

types of cancer. 

· Mustard -- get a load of this -- 16,000 to 72,000. 

You better stay away from your hot dogs. Horseradish, 4500 

parts per mi 11 ion; basi 1, 3800; fennel, 3000; nutmeg, 3000; 

mace, 10,000. Apple, pear, plum, cherry, carrot, lettuce, 

tomato, endive,· grapes, and eggplant -~ caffeic acid, 5 to 200 

parts per million. Thyme, basil, anise, sage, dill, caraway, 

rosemary, tarragon, and coffee -- caffeic acid, 1000, greater 

than 1000 parts per million. Then we've got the last one down 

here is neochlorogenic acid, which, again, is caffeic acid in 

coffee, roasted beans, 11,600. 

Now, if you • re going to watch out for carcinogens in 

the environment, I hope you don't test the local supermarket or 

the local vegetable stores, because they are loaded with 

carcinogens. One of the most virulent carcinogens known grows 

on moldy peanuts. It • s an alpha toxin. It • s created by a 

fungus. It also grows on moldy corn. Those of you who eat 

peanut butter are consuming enormous quantities of peanut 

butter mold. (timer beeps) 

DR. GALLO: You've got a minute. 

MR. REICK: Okay, enough. My point here is, when you 

set up the standards for this, you had better know the facts. 

You cannot allow people to pull the numbers straight out of the 

air, make pontifical statements 

based on that sort of nonsense. 

about them, and create laws 

It • s going to destroy our 

societi sooner than the carcinogens do. 

Thank you. 

DR. GALLO: Thank you. 

The next witness is Jo.hn Whysner. (witness 

distributes literature) Oh, it's typed. I'm old. Okay. 

Dr. Whysner. 
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J 0 H N 

Thank you. 

W H Y S R E R, M.D., D.A.B.T.: Okay. 

My name is John Whysner. I'm a physician, a 

scientist, and a Board certified toxicologist speaking on 

behalf bf the Chemical Industry Council of New Jersey. I thank 

the members of the Commission for this opportunity to address 
you this afternoon on this important issue. 

My manuscript on the one-in-a-million risk-based 

standard has been submitted to the Commission as an attachment 

to this testimony. In the interest of the Commission's time 

constraints, my testimony will provide a distilled and 

excerpted version of this paper. However, I hope that you wili 

have an opportunity to scrutinize the manuscript that contains 
the detailed rat'ionale for my testimony. 

In order to put different risk levels into 

perspective, government agencies often derive estimates of the 

annual risk reduction for a proposed law or regulation. Using 

such a calculation for Senate Bill No. 1070, the adoption of a 

one-in-a-million, one-in-a-hundred thousand, or one-in-ten 

thousand risk level results in risk reductions of only 0.0001, 

0.001, or 0.01 of a hypothetical cancer case per year for the 

population of the State of New Jersey. This calculation is 

presented in detai 1 in my attached paper. These hypothetical 

fractions can be compared to the actual annual' incidence of 

42,000 new cancer cases in the State of New Jersey, as reported 

by the American Cancer Society. Clearly, the choice of any of 

these different risk levels would not appreciably affect the 
public health of the citizens of New Jersey. 

The one-in-a-million risk level has been chosen 

historically in an arbitrary manner as a basis for regulation. 

Also, there is an apparent historical trend for the use of 

greater acceptable risk levels as the conservative nature of 

risk assessment calculations has been recognized. One review 
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of these policies by Travis et al. has indicated that the EPA 

does not consider individual risks of less than one-in-ten 

thousand in small geographic areas to require regulation. 

The choice of any risk-based standard should include 

health ~rotective assumptions; however, the methods of risk 

assessment as developed by the EPA overestimate the risks in 

several ways. Consequently, there is plenty of room to correct 

assumptions and risk assessment methodology without 

jeopardizing the public's health, and allow for other possible 

concerns, such as the presence of several different chemicals 

at a site. 

In order to illustrate the inflation of these risks, 

the naturally occurring levels of . beryllium are present in 

soils at average levels that result in calculated risks above 

one-in-a-million using NJDEPE soil ingestion calculation 

methods. For 10 percent of both urban and rural soil samples, 

the naturally occurring levels of beryllium give between 

one-in-ten thousand and one-in-one hundred thousand cancer 

risks. Consequently, using these criteria, New Jersey soil is 

inherently carcinogenic. An alternative and more plausible 

conclusion is that the methodology used, and the choice of a 

one-in-a-million risk level greatly overestimates the public 

health concern. 

The EPA classifies agents according to the weight of 

evidence of carcinogenicity. This classification system 

reflects important differences in the demonstrated abilities of 

chemicals to cause cancer in humans, and Senate Bill No. 1070 

has recognized this distinction. The wording, "human 

carcinogens,'' 

Environmental 

as categorized by the United States 

Protection Agency, was a deliberate designation 

on the part of the Legislature, since earlier versions of 

Senate Bill No. 1070 did not .include this language. 

Consequently, Senate Bill No. 1070 leaves open the question of 
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how to determine remediation 

implies that these chemicals 

another standard. 

levels for Groups 

may be regulated 

B and C, and 

according to 

The designation of higher acceptable risk levels for 

Groups B and C is one method of taking weight of scientific 

evidence into account in the risk assessme.nt process. There 

are many precedents for the establishment of distinct levels of 

risk for different groups of carcinogens that use a tenfold 

difference. It is proposed that_ the most important risk-based 

distinction should be between known human carcinogens and 

animal carcinogens. 

Many past risk management decisions have chosen the· 

most conservative risk numbers, because there were no perceived 

negative consequences for this decision. However, there has 

been an increasing awareness that these overly conservative 

decisions result in needless expenditure of hundreds of 

millions of dollars for little or no incremental reduction in 

real risk. 

In conclusion, one-in-one hundred thousand is the 

lowest lifetime cancer risk level that should determine any 

soil remediation standard. Furthermore, a higher risk level 

such as one-in-ten thousand should determine the standards for 

Groups B and C. Alternatively, remediation levels for Group C 

chemicals can be developed using No Observed Effect Levels. 

The adoption of one-in-ten thou~and or one-in-one hundred 

thousand risk levels will protect the citizens of New Jersey. 

I am concerned that the adoption of a one-in-one million risk 

level will make insignificant difference on public health, and 

will create remediation gridlock and huge, unnecessary costs. 

Thank you. 

DR. GALLO: Thank you very much. 

Dwight Bedsole? 

A N D R E W D W I G H T 8 E D S 0 L E: (distributes 

statement) 

Business 

Mr. Chairman, 

Director of 

my name is Dwight Bedsole. I am 

Remediation for DuPont's 
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facilities in New Jersey. I'm pleased to have the opportunity 

to come before this Commission to provide testimony on behalf 

of the Chemical Industry Council of New Jersey on these 

extremely important issues. 

We commend the Commission for their efforts to deal 

with the question of what appropriate risk management standards 

should be used in the remediation of contaminated sites, and 

then to recommend risk assessment methodologies that should be 

used in defining, as accurately as possible, the nature and 

magnitude of potential risks presented by contaminated sites. 

The CIC and its member companies are committed to 

protection of human health and the environment, and believe 

that such assessments by the Commission are in the best 

interest of the State's citizens and businesses. In several 

respects, the CIC believes that the currently used one-in-one 

million risk level, along with the overly conservative risk 

assumptions and methodologies used by the DEPE, go beyond that 

needed for protection of human health and the environment, and 

thus have the potential for misuse of society's limited 

resources. 

The CIC also believes that there is no sound social, 

scientific, economic, or other basis for selecting a rigid 

one-in-one million risk level for human carcinogens in the 

remediation of a contaminated site. A one-in-one million risk 

level is needlessly stringent, does not match up with other 

societal risks, and has been chosen historically in an 

arbitrary manner. 

At a recent lecture at Stanford University, Bill 

Reilly; former administrator of the EPA, stated that huge sums 

of money are being spent on hypothetical risks experienced by a 

few individuals. He went on· to comment about the lifetime 

cancer risk of one-in-one million by s~ying the hazard of death 

by lightning is 35 times as great; by accidental falls, 4000 

times as great; and in motor vehicles, 16,000 times as great. 

He emphasized that one-in-one million is a very remote risk. 
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An answer to the question: "Just how remote is a 

one-in-one million risk?" I believe has been answered very 

effectively in a paper coauthored by Commission member, Dr. 

Bernard Goldsteirt, that looked at the risk of death to people 

on the ~round due to airplane accidents. Results of this study 

showed the lifetime risk of dying from being hit by an airplane 

is four ·times greater than a one-in-one million risk. It is 

concluded that the public would not make any significant change 

in personal behavior to reduce the risks of falling airplanes, 

such as living in their basements, since in their minds the 

risk is clearly too small to warrant such a lifestyle change. 

Yet with the imposition of a one-in-one million risk management 

standard, the regulated community is being asked to spend 

enormous sums to reduce calculated risks from contaminated 

sites to a level that the private individual would rightly 

judge to be inconsequential. 

Whether orders of magnitude of conservatism find their 

way into the methodologies used to calculate risks or into risk 

management decisions of what constitutes an acceptable risk 

level, the result is the same: Scarce societal resources could 

be spent on issues of de minimus risk. 

The CIC is concerned with the economic impact of 

overconservatism. The CIC finds that a one-in-one hundred 

thousand risk level is the lowest risk level required to 

accomplish the goal of legislation to protect human health. 

This is a factor of 10 different from the currently used 

one-in-one million risk level. To define the cost burden of a 

tenfold difference in cleanup for a contaminated site is 

diffictilt. For some cleanups, the factor of 10 could be fairly 

small in cost, while for others it could be an enormous 

difference. It depends on the nature of the contaminant I the 

media to be cleaned, and the extent of contamination. In the 

CIC's judgement, the cost difference, generally speaking, will 

be significant. 
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As an example, DuPont has a site in New Jersey where 

the contaminant of concern is a metal. The difference in 

cleaning the soil to a 100 parts per million level versus a 250 

parts per million level a factor of only 2.5 would 

increas~ remediation cost by an estimated $100 million to $125 

million, for an approximate threefold increase in total cost. 

In comparison, the EPA considers a 500 parts per million level 

to be protective of human health for this contaminant. This 

additional cost- is not insignificant. As example, there are a 

number of businesses in DuPont where it would take years of 

earnings generation to pay such costs; and this is only one 

cleanup at one site. It has been estimated that there are over 

8000 sites in New Jersey that will require remediation by the 

regulated community. 

Clearly, overconservatism that dictates unnecessary 

action does not come free. This represents a significant, 

unnecessary financial penalty to society. I say society 

because industry must pass all its costs on to its customers or 

go out of business. So it is the public that pays the higher 

costs through higher ta~es, higher prices, less competitive 

industry, and often, lost jobs. 

There seems to be a growing awareness of the 

connection between economic well-being and physical health; 

that is, unemployment and poverty are clearly connected to 

higher disease and death rates. According to a paper published 

in the September 1991 issue Of the journal "Health Physics", 

the most hazardous of all jobs is no job at all 

unemployment. It was estimated that a 1 percent increase in 

unemployment for the year represents 37,000 deaths. 

In closing, if a bright line level must be defined for 

risk management decisions, the bright line, or lines, should 

reflect the weight of scientific evidence and distinguish among 

the categories of carcinogens. The CIC encourages you to 
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recommend a risk management level of Group A carcinogens at 

one-in-one hundred thousand, and for Groups B and C at 

one-in-ten thousand. 

Also, the CIC recommends that the Commission make full 

use of ·the current body of scientific understanding, and steer 

the development and application of risk assessment technologies 

in a way that is both protective of human health and 

economically responsible. 

DR. GALLO: Thank you. 

Colin Sweeney is not here, is that correct? 

UNIDENTIFIED SPEAKER: Mr. Sweeney-is not testifying. 

DR. GALLO: He's not testifying, okay. 

Michael Dra1kiwicz. As they say in mathematics, the 

sum total is five minutes, so go ahead. 

MICHAEL J. DR A I KIWI C Z: That's right. 

Good afternoon. My name is Michael Draikiwicz, Senior 

Staff Engineer from the Environmental Affairs Department of 

Public Service El$ctric and Gas, sitting in for James Shissias, 

the General Manager of the Environmental Affairs Department of 

PSE&G. At this time, I would like to hand over the 

presentation to Dr. Cristopher Williams, a toxicologist from 

TERRA, Inc. who is assisting PSE&G in developing these comments. 

C R I S T 0 P H E R A. W I L L I A II S, Ph.D. : Our 

comments relate specifically to the DEPE' s use of redundant 

conservative assumptions in the establishment of minimum 

remediation soil standards for carcinogens. The assumptions 

used by the DEPE represent reasonable maximum exposure 

assumptions which _ were developed to represent the 90 to 95 

_percentile exposure for a given population. The RME case, 

however, describes an exposure condition more conservative than 

this; a condition which rarely, if ~ver, occurs. 
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This was illustr~ted in a paper by Burmaster and 

Lehr. These authors demonstrated that when three conservative 

95 percentile values are multiplied together, the outcome 

actually represents the 99.99 percentile of exposure, not the 

95. In other words, only 0. 01 percent of a given population 

would experience such an exposure. 

In the following discussion we will demonstrate 

through a review of current scientific literature that many of 

the factors used by the DEPE to develop remediation standards 

for soil are indeed redundant and conservative assumptions. 

The factors which were specifically ·examined included: the 

one-in-a...;million cancer risk, cancer slope 

ingestion rates, and time co~rection factors. 

factor, ·sci 1 

There are a 

use of the number of precedents which argue against the 

one-in-a-million cancer risk as the basis for establishing 

remediation soil standards for catcinogens. 

California has adopted a one-in-one hundred thousand 

value as the no significant risk level for the implementation 

of Proposition 65. This risk level is also acceptable under 

the Massachusetts Contingency Plan. Maryland, Minnesota, Ohio, 

and Oregon use this one-in-one hundred thousand risk level for 

establishing ambient air quality standards, while the State of 

Mississippi has adopted a risk range of one-in-ten thousand to 

one-in-one million for this purpose. Louisiana uses a higher 

acceptable risk level, one-in-ten thousand, for establishing 

ambient air quality standards. 

In addition, Travis et al., in '87, reported that 

carcinogenic substances were not regulated by Federal agencies 

if the risk to small populations was below one-in-ten 

thousand. Thus, given the examples of other states and the 

fact that a one-in-a-million risk would be undetectable in a 

small population potentially impacted by a site, the Commission 

should reconsider strict reliance on the one-in-a-million 

cancer risk by following the lead of various state and Federal 
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agencJ,.es. A recommended approach would be to apply a 

one-in-one hundred thousand risk level of chemicals which are 

known human carcinogens, and a one-in-ten thousand risk level 

to those chemicals which po~e less of a carcinogenic threat. 

The DEPE has developed cancer slope factors for a 

total -of 43 chemicals, and uses these values to determine soil 

remediation standards for carcinogens. Of the 43 chemicals for 

which it has developed slope_ factors, the DEPE has proposed 

values greater than those of the EPA for a total of 12 -- some 

by as much as sixteenfold. Thus, the DEPE has introdueed 

conservative bias in the development 6f soil remediation 

standards, in some instances by as much as sixteenfold, simply 

by incorporating slope factors which are more conservative than 

those developed by the EPA .. · 

Recent studies of ·soil ingestion using proper mass 

balance approaches have been conducted in children and adults. 

These studies form the basis of our recommendation that 

ingestion rates in children under residential exposure 

conditions not exceed 50 milligrams a day; a value fourfold 

below the DEPE's value of 200. For adults, under residential 

conditions these studies suggest soi 1 ingestion rates of 0 to 

20 milligrams per day, rather than the 100 milligrams per day 

values of the DEPE. Finally, we recommend soil ingestion rates 

of 10 to 25 milligrams per day under occupational conditions 

based on worker soi 1 ingestion studies, rather than the 100 

milligram per day value of the DEPE. 

The time correction factors proposed by the DEPE do 

not account for normal patterns of human behavior; such as, 

time spent away from home on vacation, the average length of 

time at a single residence, typical number of days spent away 

from a job due to illness or vaca€ion, or the average number of 

years at a single job. Residence times .for individuals living 

in a single location have been reported in recent studies, as 

have data from the u~s.· Bureau of the Census records concerning 

the average length of employment at a single workplace. 
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These studies demonstrate the DEPE's assumptions of 

residence time and length of employment have been overestimated 

by as much as six and a half-fold. In addition, the DEPE has 

not adjusted the exposure duration portion of the TCF to 

account· for climatic conditions, which reduce the potential for 

exposure to soil; for example, the average yearly number of 

rainy days, the number of days in which the ground is frozen or 

snowcovered. 

As an alternative to the proposed risk assessment 

approach which derives .single point estimate of acceptable 

levels of chemicals in soi 1, the Commission should recommend 

probabilistic i.e., Monte Carlo techniques to develop 

distributions or ranges of acceptable soil remediation 

standards. We conducted a Monte Carlo analysis of the proposed 

soil remediation standard for benzene-- (timer beeps) 

DR. GALLO: One minute. 

DR. WILLIAMS: --which is 13 milligrams. Our analysis 

demonstrated that the range was from 150 to 15,000, and the 

most likely was 750. So we propose Monte Carlo as way to get 

away from the redundant conservative stance. 

PSE&G would also like to discuss the fact that the 

Commission is not addressing subsurface soil cleanup criteria. 

As of February 3, 1994, the latest revision to the soil cleanup 

guidance criteria indicated that 60 percent of subsurface soil 

levels were more stringent than surface soil levels under both 

industrial and residential conditions. Thus, the fact that the 

subsurface soil levels are more stringent than the surface soil 

levels for a large proportion of chemicals would tend to negate 

what ~he Commission has set out to do. Therefore, it is 

strongly recommended that either the Commission examine 

subsurface soil cleanup criteria concurrently, or at a minimum, 

propose that another commission be assembled to look at 

subsurface soil criteria. 

Thank you. 
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response) 

Gray. 

DR. GALLO: You're welcome. Thank you very much. 

Our last witness-- Is there another? (affirmative 

Not our last witness, our next witness is Arnold 

I have to apologize to Mr. Gray. I cut him off the 

other night when he drove all the way down to South Jersey. I 

felt very badly all the way home, as I drove home in the rain. 

A R R 0 L D L. G R A Y, Ph.D. : Not to worry, not to 

worry. (distributes statement) 

DR. GALLO: Thank you. 

DR. GRAY: You provided a nice day for me to travel up 

here. 

DR. GALLO: That's right. You can see lbvely-- As I 

said to you, you can come up to lovely downtown Newark, and 

it's a gorgeous day. Right? 

DR. GRAY: Well, it's my first time in downtown 

Newark, and I hope my car is not going to.be towed away. 

DR. GALLO: Oh, no. Dr. Magee will handle all of 

those issues. 

DR. GRAY: Very good. Thank you, Doctor. 

DR. MAGEE: Just see me afterwards. (laughter) 

DR. GRAY: Okay. I was wondering if I have-- You can 

see the nature of my outline. Considering that no one has 

represented the environmental side at this particular hearing, 

and considering I'm attacking three groups the 

environmentalists, the industrialists, and this Commission -- I 

was hoping I might get just a tad more than the five minutes, 

especially in view of the fact that I have appeared twice. 

DR. GALLO: No, now wait a minute now. (laughter) 

We've got to be fair six minutes. 

DR. GRAY: My name is Atnold L. Gray. I'm Assistant 

Professor of Natural Resource Management at Richard Stockton 

College. 
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My first attack goes against environmentalists. 

Basically, there is no such thing as a zero risk, which is what 

I heard environmentalists calling for at the last public 

meeting. Household toxins abound. A mercury thermometer, for 

example·, if it were dropped on the floor, would require an 

extensive remediation of a household property. If the same 

standards that we're trying to apply with the 10 to the minus 6 

( lo-6) factor were applied to private households, the public 

would be up in-arms in a way that is ~ery, very difficult not 

to appreciate. A simple broken thermometer could make it so a 

house would have to have as much as $100,000 in cleanup 

remediation, in as much· as a single pin drop of mercury can 

create enough mercury vapor so that it could not pass the 

former 10 to the minus 6 (10-6) health risk, or air emissions 

within building interiors. 

My second attack is against the general nature of the 

10 to the minus 6 ( 10-6 ) level, in that it had -- as was 

mentioned before a repetitive, conservative bias. 

Basically, this is a violation of the Central Limits Theorem. 

It violates the General Rule of the Second Best, which says if 

you make consistent mistakes in either direction, you'll 

probably wind up on course, but as long as you keep making 

mistakes in a particular direction, you're going to be way off 

course. The methodology used by the DEPE does, in fact, do 

this. I would guess that you might very well be winding up 

with a level -- although I haven't done a study -- closer to 10 

to the minus 12 ( lo-12 ). It • s really quite unreasonable for 

many of the compounds listed, we agree. 

Against industry: The problems listed above can be 

cured with the Monte Carlo method, but the methods were never 

the problem with risk assessment, rather it is the assumptions 

that go into creating the risk assessment. As a former public 

servant in the field of environmental remediation, we rarely 
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found RAs · that h~d a . serious problem; that indicated that 

anything at all would have to be done .. When the assumptions 

were considered for many of these reports, the results would 

have, in fact, been laughable had the impact or the 

potential impact -- of not taking any action at all been 50 

serious. 

Regardless of the method, you put bad data in and 

you're going to get bad data out. The statistics I needed to 

learn for this came from my very first class as an 

undergraduate in a statistics course. The one says that a 

statistician is a person who, with his head in a block of ice 

and his feet in an oven, says, "On an average, I feel fine." 

(laughter) A little more cynical approach is -- and one that I 

have had the chance to observe personally in rnY own 

professional life "Figures don't lie, but liars can't 

figure. i• 

When you put millions of dollars at stake in a 

decision that a company can make as to whether or not there 

should be a cleanup, I'm not sure that the company is always in 

the best, unbiased position to make that particular decision. 

I think it becomes important that we have a group like the 

NJDEPE to moderate between the extreme views expressed to help 

us through those decisions. A comment that I heard in the 

meeting the other night was that carcinogenic studies are based 

mostly on rat studies. Well, Cla~s A carcinogenic studies are 

also based on human epidemiology, so that particular statement 

mentioned earlier was not true. 

Cumulative and synergistic effects are not 

investigated and remain unknown for mixed contaminants. The 

best example that we know of is tobacco and asbestos. ·Either 

one produces a particular risk, but when you put them together 

the result is much greater than either .one of the two would 

give you in an additive fashion. 
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When you look at the way the risks or the health 

assessments are put together, they look at, for example, the 

risk of benzoapyrene, and then they look at the risk of this 

other thing, and then the risk of this other thing. They don't 

conside·r not only the additive effects, but also the possible 

synergistic effects. This is a very serious flaw in the entire 

methodology. Because of this, it is not unreasonable to take 

the overly simplistic and overly conservative numbers generated 

by the DEPE, since they also don • t look into cumulative and 

synergistic effects. If we • re going to make the mistake, I 

would ask the Commission to consider very seriously where we're 

going to make our mistakes. 

Most serious of all, however, is that risk assessment 

is a layered or staged process. Right now there are 

conversations 

a 90 percent 

of studies. 

and then you 

and then you 

going on 

to an 80 

Well, if 

lower the 

do that, 

about reducing the confidence level from 

percent level for these particular types 

you lower the overall toxicity factor, 

confidence level, and then you do this, 

and then you do that, ultimately, what 

you wind up with is a step-by-step production public 

protection process -- being dismantled. This is not correct. 

For the Commission: The public notice-- (timer beeps) 

DR. GALLO: 

DR. GRAY: 

particular exercise. 

You've got one minute. Go ahead. 

The public notice was unacceptable for this 

I cannot call this a public meeting. The 

press was notified, but no legal notice was issued. It was not 

in the register, and only a very narrow list of people are here 

today. I haven't seen any environmentalists, for that matter, 

or anybody who represents what we would call the general 

public. Up to this point, at this particular meeting I have 

only seen representatives of industry. 

Observations: I'll leave this, of course, to be 

viewed. I brought extra copies for anybody in the room. But 

environmentalists, you're being unreasonable. You're asking 
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for more than is possible. Industrialists, your credibility is 

not there. You are unreliable. What I would strongly 

recommend is a composition of another committee that brings 

together representatives of both the environmental community, 

public ·citizenry, and the industrial community to work out 

reasonable alternatives, which have to include a case-by-case-~ 

DR. GALLO: Five seconds. (timer beeps) That's it. 

DR. GRAY: Okay. 

DR. GALLO: Thank you. We've got it all written 

down. Thank you. 

DR. GRAY: There are extra copies for anybody who 

wants them, and my number is there if you want to talk. 

DR. GALLO: Okay. Do we have anybody else? 

(affirmative response) Thank you. 

David Aronson. 

D A V I D A R 0 H S 0 H, P.E.: David Aronson, I'm the 

Coordinator to the State Legislature for the American Society 

of Mechanical Engineers. However, I came here.primarily to be 

informed as to what was going on. I did bring with me two 

references that put some light on it and may be of help to the 

Commission. 

One is the winter issue of "Resources", put out by 

the Resources For the Future, a nonprofit, Ford Foundation 

supported organization. It has made a tremendous number of 

studies in these areas and is not a biased group. So I think 

this-- I will leave this with you. 

By the way, all their publications are free. They 

contain a considerable amount of data, so you should take 

advantage of it. 

The other is a book. It was put out by a professor at 

Rutgers University, Leonard Cole, who gives some insight to the 

way some of these decisions get made. He reters to radon in a 

particular case, analyzes different participants in arriving at 

risks from that source, and shows how personality enters into a 

22 



wide variety of effects. This is one of the difficulties of 

the situation. You cannot be completely unbiased. So that is 

why a hearing like this can contribute in the sense of giving 

different viewpoints. 

I can refer just to a recent case I'm taking a little 

interest in that shows how decisions are made. It has to do 

with the question of heating electric cars. California 

regulations, which will come here into New Jersey, require that 

if you use fuel, it can only be used when the temperature is 

below 40 degrees Fahrenheit, and the fuel has to be either 

compressed natural gas or liquefied petroleum gas. There is no 

relationship to anything connected with space heaters, s'ince 

everybody who uses oil heating in a home would be polluting 

enormously. 

Yet the people have not -- some how or another missed 

calling on appropriate standards. Such heaters were in use at 

one time in cars, and contribute to reducing pollution by 

heating up the catalyst ahead of time, so when you start your 

engine you're not having an ineffective catalyst. I mean, this 

just indicates the way these things some hoM or another sneak 

in, and it requires eternal vigilance to see that they don't 

take place. 

So I 'm g 1 ad you gave me the opportunity to greet you 

and leave this material with you. 

DR. GALLO: Thank you. Are you going to leave us that 

reference from Dr. Cole's book? 

MR. ARONSON: I can leave a reference to it. 

DR. GALLO: Thank you. 

Has Delores Phillips arrived? (no response) She's 

the only other speaker. 

Thank you very much. I appreciate it. We' 11 review 

the comments and the literature that you have given to us. 

The meeting is closed. 

(HFARIRG CONCLUDED) 
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Friday, March 11, 1994 

Environmental Risk Assessment and 
Risk Management Study Commission 

Gentlemen: 

Nature is not benign! 

Plants and animals have spent billions of years trying to protect 
themselves from one another. Powerful, toxic chemicals have 
evolved, quite naturally, in the process! 

All life has evolved in a toxic environment. The background is nor .. 
mal. Small doses of some toxins are beneficial, ie Vitamin A, 
aspirin (acetylsalicylic acid), curare. •• large doses will kill you! It's a 
matter of degree and life style. Some people can take more than 
others. 

When the magic number, 10"' drifted into the bureaucratic aware­
ness, the results were predictable. 

I have attached the cover sheets from a number of papers published 
by Bruce Ames showing the level of toxins in common foods. Most 
of the vegetables that are known to be good for you, contain high 
levels of a vast array of chemical toxins and carcinogens. 

Nobody wants a toxic environment. However, the definition of what 
and how much is toxic cannot be defined arbitrarily. 

I'll read you the parts .. per .. million and the names of the chemicals 
found in a variety of foods ••• 

Please keep this in mind when passing on advice to legislators. 

Thank you! 

Concerned Citizen 

for "Commerce & Industry Association of New Jersey" 
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Dietllry carcinogens 

Table 2. Concentrations of natural pesticide carcinogens 

Concentration 
Plant Carcinogen (ppm) 

Parsley S- and 8-methoxypsoralen 14 
Parsnip, cooked 32 
Celery 0.8 
Celery, new cultivar 6.2 
Celery, stressed 2S 

Mushroom, commercial p-bydrazinobenzoate 11 
Mushroom, commercial glutamyl-p-bydraziDobenzoate 42 

Cabbage sinigrin* (allyl isothiocyanate) 35--590 
Cauliflower 12-66 
Brussels sprouts 11~1S60 
Mustard (black) 16,000-72,000 
Horseradish 4SOO 

Basil estragole 3800 
Fennel 3000 

N114Deg safrole 3000 
Mace 10,000 
Pepper, black 100 

Apple, Pear, Plum, Cllerry, caffeic acid S0-200 
Carrot, Celery, Lettuce, 
Potato, Endive, 
Grapes, Eggplant 

Thyme, Basil, Anise, Sage, Dill, caffeic acid >1000 
Caraway, Rosemary, Tarragon, 

. Coffee (roasted beans) 

Apricot, Cherry, Plum, Peach cblorogenic acid** (caffeic acid) SO-SOO 

Coffee (roasted beans) >21,~. 

Apple, Pear, Peach, Apricot, neochlorogenic acid•• (caffeic acid) 50-SOO 
Plum, Cherry, Brussels sprouts, . 
Kale, Cabbage, Broccoli, 
Coffee (roasted beans) 11,600 

•sinigrin is a CCH:&rcinogen47 .and is metabolized to the carcinogen allyl isothiocyanate, 
although no adequate test bas been done on sinigrin itself. The pro~nion converted to allyl 
isQthiocyanate or to allyl eyaliide depends on food· preparation. 53.54 • •CbJorogenic and 
neocblorogenic acid are me~bolized to the carcinogen caffeic aeid but have not been tested 
tot carcinogenicity themselves. The dastogenicity and mutagenicity of the above compounds 
are referenced in Table 1. Ozrdnogen '1i (refs 32-35 and the following): 5-methoxypsoralen 
(light activated),57 8-methoxypsoralen, p-hydrazinobenzoate and glutamyl-p-hydrazino­
benzoate 59

•
60 allyl isothi~ate,45·~ o-limonene,61 estragole and safrole,56•62 ethyl 

acrylate, e be!'Z)'I ·acetate, caffeic acid. • 52 Concentrtltion . refs: s-, 8-methoxy­
psoralen,37.65-69 p-hydrazinobenzoates,59.60 sini~,53""·70 o-limonene,71- 73 estraaole and 
safrole,7~77 ethyl acrylate,78 benzyl acetate,79-8 caffeic acid, chlorogenic acid, neochloro­
genic acid. 82-90 o-limonene is found in citrus oil, ethyl acrylate in pineapples, and benzyl 
acetate in basil and jasmine tea. 

, 
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EDITORIAL 
Pesticides and Food 

A coun ruling mandating that the Delaney Clause be strictly applied has ensured major 
attention to this legislation. Rigid enforcement would result in banning many herbicides, 
fungicides, and insecticides (collectively called pesticides). As a result, costs of food would 
increase, growers and processors would be impacted, and enhanced soil erosion wguld result 
(no-till agriculture would decrease). Increased costs of vegetables and fruit would deteteriously 
affect the he~lth of low-income people. Benefits to public health would be negligible. 

The maximum levels of pestici~es in unprocessed plant products are established by the 
Environmental Protection Agency (EPA). The agency relies on tests performed on laboratory 
rodents using huge doses followed by questionable extrapolation to tiny doses in humans. The 
regulatory level is then usually set with the-objective that individuals consuming the food for 
70 years would have, as an upper limit, one extra chance in a million of incurring cancer. (The 
true risks may be zero according to the EPA.) In contrast, the probability of suffering a cancer­
caused death from a bad diet (e.g., excessive fat) is about 70,000 chances in a million. 

The Food and Drug Administration (FDA) monitors adherence to the pesticide levels 
established by the EPA. • Domestic samples of food are collected as closely as possible to the 
point of production. Fresh produce is analyzed as the unwashed whole raw commodity, with 
peel or skin intact. H residues above the EPA standards are found, the FDA can seize the 
produce. ImportS may be stopped at the point of entry when illegal residues are found. Residues 
present at 10 to 100 parts per billion are usually quantitatively measurable. Trace amounts can 
be detected at lower levels. In 1991, 19,082 samples offood were analyzed by the FDA. No 
violative residues were found in 99% of all8281. domestic surveillance samples. Indeed, 64% 
of these had no detectable residues. No violative residues were found in all 155 baby-food 
samples tested. When violative residues were found in other samples, few of them exceeded 
standards by more than a factor of about 4. 

In additjon to the FDA activities, many states carry out effective monitoring, and there is 
a "Foodcontam" database which is a compilation of state-collected residue data. The FDA also 
utilizes the Battelle World Agrochemical Data Bank or the Landell Mills Data Bank, which 
contain pesticide usage data for about 20 to 25 countries that export food to the United States. 

Synthetic pesticides in marketed foods constitute no appreciable threat to human 
health. What is the problem about the Delaney Clause? Under section 408 of the Federal 
Food, Drug and Cosmetic Act (FFDCA), the EPA determines appropriate tolerance levels in 
or on agricultural commodities by considering both potential health effects fnd the value of 
pesticide uses. For example, pesticides are beneficial to health by controlijng disease and 
damage to foods cawed by bacteria, fungi, and insects. However, section 409 of the FFDCA, 
which applies only to processed foods, ·includes the Delaney Clause that prohibits food 
additives, including pesticides found to induce cancer in humans or animals. The Delaney 
Clause requires the EPA to consider only a pesticides risk, however insignificant, and not to 
consider any offsetting benefits. In some instances a ban on a pesticide found in processed foods 
has been arbitrarily extended by the EPA to revoke its use on the crop in question. 

The Delaney Clause was enacted in 1.958 at a time of insensitive instrumentation, lack 
:of knowledge about levels of pesticides, and ignorance about causes of human cancer. For 
instance, it was not recognized how much cancer is caused by smoking, excessive fat in diets, 
and the production of carcinogens by cooking. It was also a time of ignorance about natural 
pesticides in food. Ames and Goldt have reminded us that the defense mechanisms of !ants 
:.:;;.:.=:..::::.;:.:.:=;::.:~:.:::;;::.,;~~~=-T~~~~r;r;;;any o these chemicals w tested 

r uce cancer in The 
natura pest1c1 es are t m p ts. Ames and Gold have estimat at humans ingest 
about 10,000 times as much of the .natural pesticides as of the synthetic varietiesjf.tlle 
Delane Clause is sound le islation, wh isn't it a lied to natural carcino e ? 

The long-lasting ap a ut e Delaney Clause and synthetic pesticides probably had 
the side effect of increasing cancer by diverting attention from the real factors causing the 
dreaded disease. Citizens des rve a more · ud icious source of information affect in their health 
than has been provi ed by the federal government 

Philip H. Abelson 

"Food and Drug Administration Pesticide Program, J. Assoc~ Off. Anal. Chem. 75 ( 1 992). te. N. Ames and L. S. 
Gold, Scisnce 249, 970 (1990); B. N. Ames et at .. Proc. Nat/. Acad. Sci. U.S.A. 87. 7777 (1990): L. S. Golder a/., 
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DIETARY CARCINOGENS., ENVIRONMENTAL POLLUTION, AND CANCER: 
· SOME MISCONCEPTIONS 

BRUCE N. AMES• and LOIS SWIRSKY GOLD 
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(Riuived 10 Oaober 1989; «cepted 2S Oaober 1989) 

Key wordS: Pesticides, Animal caacer tests, Can~ causation. 

MISCONCEPTION No. 1: CANCER RATES 
ARE SOARING 

Overall cancer death rates in the United States are 
sta)'lng steady or coming down, the major exception · 
bemg smoking-related cancer. The latest update1 

from the National Cancer Institute (February 1988) 
indicates that 'the age adjusted mortality rate for all 
cancers combined exce t lung cancer has been 
decbnin since 1 5 or m JVJ u age grou s 
except 85 and a ve. at represents a ro 
decrease overall, 44,000 deaths below expected, and 
a 0.1% increase in the over-85 group.) 

The types of cancer deaths that have been 
decreasing during this period are primarily stomach 
(by 75%, 37,000 deaths below expected), cervical 
(by 73%, 11,000 deaths below expected), uterine (by 
60%, 9000-deaths below expected), and rectal (by 
65%, 13,000 de~ths below expected). The types of 
cancer deaths that are increasing are primarily lung 
cancer (by 247%, 91,000 deaths above expected), 
which is due to smoking (as is 30% of all U.S. 
cancer), and non-Hodgkin's lymphoma (by 100o/o, 
8000 deaths above expected). 

Clearly, changes in survival rates and incidence 
rates are also relevant in interpreting those 
changes.1

•
2 Incidence rates have been increasing for 

some types of cancer. 1 Sir Richard Doll and Richard 
Peto of Oxford University, two of the world's lead-

•To whom correspondence should be addressed. 
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ing epidemiologists, in their definitive study on 
cancer trends,2 point out that though incidence rates 
are of interest, they should not be taken in isolation 
because of the substantial extent to which trends in 
the recorded incid~nce rates are biased by improve­
ments in the level of registration and diagnosis, as 
appears to be the case, for instance, with breast 
cancer. Even if particular types of cancer can be 
shown to be increasing or decreasing, establishing a 
causal relation among the many changing aspects of 
our lives remains difficult.3-15 1bere is no persuasive 
evidence that there is a general increase in cancer 
that can be attributed generally to life in the modem 
industrial world. 2•

10
•13 

Life expectancy is steadily increasing in the 
United States and other industrial countries. IDfant 

MISCONCEPTION No.2: CHEMICALS 
CARCINOGENIC TO RODENTS ARE FEW IN 

NUMBER AND EASILY ELIMINATED 

More than half of the chemicals tested to date in 
both rats and mice have been found to be carcino­
gens at the high-doses administered,3•16 the maxi­
mum tolerated dose (MTD). Synthetic industrial 

, 
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Ranking Possible Carcinogenic Hazards 

BRucE N. AMEs,* RENAE .MAGAW, Lois SWIRSKY GoLD 

review discusses reasons wh animal cancer tests 
cannot e use to ~te ct a so ute uman ns . uc 
tests, however, may e used to mdicate that some Chemi· 
cals might be of greater concern than others. Possible 
hazards to humans from a variety of rodent carcinogens 
are ranked by an index that relates the potency of each 
carcinogen in rodents to the exposure in humans. This 
ranking suggests that carcinogenic hazards from current 
levels of pesticide residues or water pollution are likely to 
be of minimal concern relative to the background levels of 
natural substances, though one cannot say whether these 
natural exposures are likely to be of major or minor 
importance. 

doses to effectS on humans exposed to low doses is routinely 
attempted by regulatory agencies when formulating policies at­
tempting to prevent future c3Jlcer. There is little sound scientific 
basis for this tvpe of extrapolation, in part due to our lack of 
knowledge abOut mechan1sms ot cancer induction, and it is viewed 
with great unease by many epidemiologists and toxicologists (5, 9-
11). Nevertheless, to be prudent in regulatory policy, and in the 
absence of good human data (almost always the case), some reliance 
on animal cancer tests is unavoidable. The best we of them should 
be made even though few, if any, of the main avoidable causes of 
human cancer have typically been the types of man.made chemicals 
that are being tested in animals (10). Human cancer may, in part, 
involve agents such as hepatitis B virus; which causes chronic 
inflammation; changes in hormonal starus; deficiencies in normal 
protective factors (such as selenium or r3-carotene) against endoge-
nous carcinogens {12); lack of other anricarcinogens (such as dietary 
fiber or calcium) (4); or dietary imbalances such as excess consump­
tion of fat (3, 4, 12) or salt (13). 

Thc:re is a need for more balance in animal cancer testing to· "' 
emphasize the foregoing factors and natural chemicals as well as (' 
5\'nthetic chemicals {12). There is increasing evidence that our 
~ormal diet contains many rodent carcinogens, all perfectly natur.al ( 
or traditional (for example; from the cooking offood) (12), and that 
no human diet can be entirely free of mutagens or agents that can be \ 
carcinogenic in rodent systems. We need to identify the important ) 
causes of human cancer among the vast number of minimal risks. 
This requires knowledge of both the amounts of a substance to 
which humans are c.><posed and its carcinogenic potency. 

Animal cancer tests can be analyzed quantitatively to give an 
-...;:::=:::..;~.:..-'.:..::;::;...:.t.::.:=:.:=:..:.!...;;;,;;;.;;;;;;..;,..;~.;;.;;;;;;..,;.~~~~~~~r=- estimate of the: relative carcinogenic potencies of the chemicals 

tn ute to a our o . . cancer ea ( ) an to an C\'en arger 
111 

number of deaths from other causes. Progress in prevention has 
been made for some occupational factors, such as asbestos, to which -
workers used to be: hea,·ily exposed, with dclay:d effects that still 
contribute: to about 2% ofU.S. cancer deaths (1, 5). Prevention may 
also become possible for horm~.me-relared C3Jlcers such as breast 
cancer (1. 6). or virus-related cancers such as liver cancer (hepatitis 
B) and cmcer of the cer•i.'\ (papilloma \'irus HPV 16) ( 1, 7). 

Animal bio.tssa\'S md in vitro studies arc also pro,·iding clues as to 
which cardnoge~s md mutagens might be: contributing to human 
cancer. Howe,·er, the: e\·.lluation of carcinogenicity in rodents is 
e.xpc:nsin: md the c:xrrapol:uion to hum3JlS is diffkult ( 8-11). \\' e 
will usc the: term .. possible hazard" tor cstim~tes based on rodent 
cancer rests and "risk" tor those: based on hum3Jl cancer data (10). 

Extrapolatitm from th~ results of rodent cancer tests done: at high 

1-:- APRIL 198-

tested. W c have previously published our Carcinogeni\: Potency 
Database, which showed that rodent carcinogens vary in potency by 
more than 10 millionfold (14). 

This article attempts to achieve some perspective on the plethora 
of possible hazards to humans from exposure to known rodent 
carcinogens by establishing a_ scale: of the possible: hazards for the 
amounts of various common carcinogens to which humans might be 
chronically exposed. We view the value of our calculations not. as 
pro,·id.ing a basis for absoh.1te human risk assessment, but as a gu1de 
to priority setting. One problem with this type of analysis is that few 
of the many natural chemicals we are exposed to in very large 
amounts (rclati\'c to synthetic chemicals) ha\'e been rested in animals 
for carcinogenicity. Thus, our knowledge of the backp-ound le\'els 
of human exposure to animal can:inogens is fragmentary, biased in 
fa,·or of synthetic chemicals, and limited by our lack of knowledge of 
human exposures. 

B ~. Ames is .USOI:i~rcd with the D~p.mm~nt of Bi~hcmist~·. l'ni,~rsin of 
C.1litomi.1, Bc:rk.~lc,·. C.\ 9-4720. R. M.1g~w md L. S"irsky Gold .1rc .as~1.1tcd w1~ thl· 
Biolo~· .utd ~tcdi~ine Di''i.~ion. Llwrcn..:e Berkeley l..lt-omu~·. B~o"t'kd~o·y. C.\ 9~, 20. 

•Tu whom reprint requests shoulJ be scnr. 
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ABSTRACT The toXicology or syathetic chemicals Is com· 
pared to that or natural c:bemlcals, which represent the vast 
bulk or the chemicals to which humans are exposed. It b arped 
that animals have a broad array or lDducfble general defenses 
to combat the changing array of toxic cbemic:als ID plant food 
(nature's pesticides) and that these defenses are effective 
against both natural and synthetic toxins. Syathetic toxins such 
as dioxin are compared to natural chemicals, such as lDdole 
carbinol (in broccoli) and ethanol. Trade-offs between sya· 
thetfc and natural pesticides are discussed. The finding that in 
high-dose tests, a high proportion of both natural and synthetic 
chemicals are carcinogens, mutagens, teratogens, aDd clasto· 
gens (30-50~ for each group) undermines current regulatory 
efforts to protect public beaUh from synthetic chemicals based 
on these tests. 

The Toxicology of Synthetic and Natural Toxins Is SirnUar 

It is often assumed that. because plants are pan of human 
evolutionary history whereas synthetic chemicals are recent, 
the mechanisms that animals have evolved to cope with the 
toxicity of natural chemicals will fail to protect us against 
synthetic chemicals (1, 64).1: We find this assumption flawed 
for several reasons. 

(i) Defenses that animals have evolved are mostly of a 
general type. as might be expected, since the number of 
natural chemicals that might have toxic effects is so large. 
General defenses offer protection not only against natural but 
also against synthetic chemicals, making humans well butT­
ered against toxins (2-6). These defenses include the follow­
ing. (a) The continuous shedding of cells exposed to toxins: 
the surface layers of the mouth. esophagus, stomach, intes· 
tine. colon, skin, and lungs are discarded every few days. (b) 
The induction of a wide variety of general detoxifying mech· 
anisms, such as antioxidant defenses (7, 8) or the J)utathione 
transferases for detoxifying alkylating agents (9): human cells 
that are exposed to _small doses of an oxidant, such as 
radiation or hydrogen peroxide, induce antioxidant defenses 
and become_ more resistant to higher doses (10-14). These 
defenses can be induced both by synthetic oxidants (e.g., the 
herbicide paraquat) and by natural oxidants and are effective 
against both. (c) The active excretion of planar hydrophobic 
molecules (natural or synthetic) out of liver and intestinal 
cells (15). (d) DNA repair: this is effective against DNA 
adducts fonned from both synthetic and natural chemicals 
and is inducible in response to DNA damage (16). (e) Ani· 
mals' olfactory and gustatory perception of bitter, acrid, 
astringent, and pungent chemicals: these defenses warn 
against a wide range of toxins and could possibly be more 
effective in warning against some natural toxins that have 
been important in food toxicity during evolution, than against 

The publication costs of this anicle were defrayed in pan by paae charae 
payment. This anicle must therefore be hereby marked "advrrtistmrnt" 
in accordance with 18 U.S.C. 11734 solely to indicate this fact. 

some synthetic toxins. However, it seems likely that these 
stimuli are also general defenses and are monitoring panic· 
ular structures correlated with toxicity; some synthetic toxic 
compounds are also pungent, acrid, or astringent. Even 
though mustard, pepper, garlic, onions. etc. have some of 
these attributes, humans often ignore the warnings. 

That defenses are usually general, rather than specific for 
each chemical, makes good evolutionary sense. The reason 
that predators of plants evolved general defenses against 
toxins is presumably to be prepared to counter a diverse and 
ever-changing array of plant toxins in an evolving world; if a 
herbivore had defenses against only a set of specific toxins. 
it would be at a great disadvantage in obtaining new foods 
when favored foods became scarce or evolved new toxins. 

(ii) Various natural toxins, some of which have been 
present throughout vertebrate evolutionary history. never­
theless cause cancer in vertebrates. Mold atlatoxins. for 
example, have been shown to cause cancer in trout. rats, 
mice, monkeys, and possibly in humans (2,17). Eleven mold 
toxins have been reponed to be carcinogenic (6). and 19 mold 
toxins have been shown to be clastogenic (18). Many of the 
common elements are carcinogenic (e.g., salts of lead. cad­
mium, beryllium, nickel, chromium. selenium. and arsenic). 
or clastogenic (18) at high doses, despite their presence 
throughout evolution. Selenium and chromium are essential 
trace elements in animal nutrition. 

Funhennore, epidemiological studies from various pans of 
the world show that certain natural chemicals in food may be 
carcinogenic risks to humans: the chewing of betel nuts with 
tobacco around the world has been correlated with oral 
cancer (17, 19). The phorbol esters present in the Euphorbi­
aceae, some of which are used as folk remedies or herb teas. 
are potent mitogens and are thought to be a cause of na­
sopharyngeal cancer in China and esophageal cancer in 
Curacao (20, 21). Pyrrolizidine toxins are mutagens that are 
found in comfrey tea, various herbal medicines, and some 
foods; they are hepatocarcinogens in rats and may cause liver 
cirrhosis and other pathological states in humans (19). 

Plants have been evolving and refining their chemical 
· weapons for at least SOO million years and incur large fitness 

costs in producing these chemicals. If these chemicals were 
not effective in detening predators, plants would not have 
been naturally selected .to produce them. 

(iii) Humans have not had time to evolve into a ·'toxic 
hannony" with all ofthe plants in their diet. Indeed, very few 
of the plants that humans eat would have been present in an 
African hunter-tatherer's diet. The human diet has changed 

Abbreviations: DDT. l,l,l,·trichloro-2,2-bis(p-chloropheny))ethane 
("'dichlorodiphenyltrichloroethane"); TCDD. 2,3, 7 .8·tctrac~loro­
dibenzo.p-dioxin; IC, indole-3-carbinol; Ah receptor. aromattc hy­
drocarbon receptor. 
•This is paper no. 3 of a series. Paper no. 2 is ref; 6. 
tro whom reprint requests should be addressed. . 
, .. For the tint time in the history of the world, every human beang 
is now subjected to contact with dangerous chemicals. from the 
moment of conception until death." Rachel Carson 096~) Silent 
Spring (Houghton Mifflin, Boston). p. 15. 
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ABSTRACT The adl!llnistratioa or chemicals at the max· 
lmum tolerated dose (MTD) in standard animal cancer tests is 
postulated to increase cell dJvisioa (mitogenesis), which in turD 
IDcreases rates or mutagenesis and thus carcinogenesis. The 
&D!mal data are consistent with this mechanism, because a high 
proportion--about haJr-or aU chemi~s tested (whether nat· 
ural or synthetic) are indeed rodent carcinogens. We conclude 
that at the low doses or most human exposures, where cell 
killing does DOt OCCUr, the hazards to humans or rodent 
carcinogens may be. much lower than. is commonly assumed. 

Jn current strategies to prevent human cancer, chronic rodent 
bioassays are the major source of inforn,ation used to predict 
the risk to humans from chemical exposures. This paper 

· addresses the issue of the role of cell division (mitogenesis) 
in animal cancer tests and the implications of an improved 
theory of mechanisms of carcinogenesis for the assessment of 
cancer hazards to the general population. In animal tests 
done at the maximum tolerated dose (MTD), about half of the 
chemicals tested are rodent carcinogens (l-7). We argue that 
the explanation for a high percentage of chemicals being 
carcinogens at the MTD is that these high doses stimulate 
mitogenesis.· which increases rates of mutagenesis and car· 
cinogenesis. While chemicals selected for testing are primar· 
il s nthetic industnal compounds, the h1gh posmvliy rate 
does not 1m t at s nt euc c em1ca s are more 1 e y o 

· induce tumors m ro ents t an natura occumn c emJca s. 
he chemicals in the human diet are nearl all natural (8). 
o the extent that increases in tumor mc1Cience m ro ent 

studies are due to the secondary effects of administering high 
doses, then any chemical that increases mitogenesis (e.g., by 
cell killing) is a likely rodent carcinogen. The correct analysis 
to determine the proportion of rodent carcinogens among 
chemicals would require a comparison of a random group of 
synthetic chemkals with a random group of natural chemi· 
cals. This analysis has pot been done. We have examined the 
available results from the limited number of natural chemicals 
tested and have found that about half are rodent carcinogens, 
just as for the synthetic chemicals (8). 

The high proportion of carcinogens among chemicals 
tested at the MTD emphasizes the imponance of understand­
ing cancer mechanisms in order to determine the relevance of 
rodent cancer test results for humans. A list of rodent 
carcinogens is not enough. The main rule in toxicolo'& is that 
"the dose makes the oison": at some level, eve c em1caJ 

comes tox1c, ut t ere are s e eves e ow t at. ow· 
ever, the precedent of radiation, which is both a mutagen and 
a carcinogen, gave credence to the idea that there could be 
effects of chemicals even at low doses. A scientific consensus 
evolved in the 1970s that we should treat carcinogens differ­
ently, that we should assume that even low doses might cause 
cancer, even though we lacked the methods for measuring 

The publication costs of this anitle were defrayed in pan by paae charae 
payment. This anicle must therefore be hereby marked "Gdvtrtistmtnt" 
in acc:ordance with 18 U.S.C. 11734 solely to indicate this fact. 

carcinogenic effects at low levels. This idea evolved because 
it was expected that (i) only a small proportion of chemicals 
would have carcinogenic potential, (ii) testing at a high dose 
would not produce a carcinogenic effect unique to the high 
dose, and (iii) chemical carcinogenesis would be explained by 
the mutagenic potential of chemicals. However, it seems time 
to take account of new information suggesting that all three 
assumptions are wrong. 

Mechanism of CardDo&eaesls 

It is prudent to assume that if a chemical is a carcinogen in 
rats and mice at the MTD, it may well be a carcinogen in 
humans at doses close to the MTD. However, understanding 
the mechanism of carcinogenesis is critical to the attempt to 
predict risk to humans at low doses that are often hundre~s 
of thousands of times below the dose at which an effect IS 
observed in rodents. There are two major problems. (i) 
Within rodents, how can measurable carcinogenic effects at 

Abbreviation: MTD. maximum tolerated dose. 
•This is paper no. 1 or a series. 
*To whom reprint requests should be addressed. 
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ONE IN ONE MILLION RISK 

A Reasonable Basis For Policy? 

March 11, 1994 

. My name is John Whysner. I am a physician, a scientist, and a board certified 

toxicologist, speaking on behalf of the Chemical Industry Council of New Jersey. I thank 

the members of the Commission for this opportunity to address you· this afternoon on this 

important issue. 

My manuscript on the one in one million risk-based standard has been submitted to 

the Commission as an attachment to this testimony. In the interest of the Commission's 

time constraints, my testimony will provide a distilled and excerpted version of this paper. 

However, I hope that you will have an opportunity to scrutinize the manuscript that contains 

the detailed rationale for my testimony. 

In order to put different risk levels into perspective, government agencies often derive 

estimates of the annual risk reduction for a proposed law or regulation. Using such a 

calculation for S-1070, the adoption of a 10-6. lQ-5 or 104 risk level results in risk reductions 

of only 0.0001. 0.001. or 0.01 of a hypothetical cancer case per year for the p<Wulation of 

the State of New Jersey. This calculation is presented in detail in my attached paper. These 

hypothetical fractions can be compared to the actual annual incidence of 42,000 new cancer 

cases in the State of New Jersey as reported by the American Cancer Society. Clearly, the 

choice of any of_ these different risk levels would not appreciably affect the public health of 

the citizens of New Jersey . 

. The 10-6 risk level has been chosen historically i~ an arbitrary manner as a basis for 

regulation. Also, there is an apparent historical trend for the use of greater acceptable risks 

levels as the conservative nature of risk assessment calculations has been recognized. One 
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review of these policies by Travis et al. has indicated that EPA does not consider individual 

risks of less than 1 Q-4 in small geographic areas to require regulation. 

The choice of any risk-based standard should include health protective assumptions; 

however, the methods of risk assessment as developed by the EPA overestimate the risks in 

several ways. Consequently, there is plenty of room to correct assumptions and risk 

assessment methodology without jeopardizing the public's health, and allow for other 

possible concerns such as the presence of several different chemicals at a site. 

·· In order to illustrate the inflation of these risks, the naturally occurring levels of 

·beryllium are present in soils at average levels that result in calculated risks above 1()"6, using 

NIDEPE soil ingestion calculation methods. For 10% of both urban and rural soil samples, 

the naturally occurring levels of beryllium gives between 104 and 10·5 cancer risk. 

Consequently, using these criteria, New Jersey soil is inherently carcinogenic. An 

alternative and more plausible conclusion is that the methodology used, and the choice of a· _ 

lQ-6 risk level, greatly overstates the public health concern. 

EPA classifies agents according to weight of evidence of carcinogenicity. This 

classification system reflects important differences in the demonstrated abilities of chemicals 

to cause cancer in humans, and 51070 has recognized this distinction. The wording 

"human carcinogens as categorized by the United States Environmental Protection Agency" 

was a deliberate designation on the part of the legislature since earlier versions of S 1070 did 

not include this language. Consequently, 51070 leaves open the question of how to 

determine remediation levels for Groups Band C and implies that these chemicals may be 

regulated according to another standard. The designation of higher acceptable risk levels for 

Groups B and C is one method of taking weight of scientific evidence into account in the risk 

assessment process. There are many precedents for the establishment of distinct levels of 

risk for different groups of carcinogens that use a 10-fold difference, and it is proposed that 

the most important risk-based distinction should be ~etween known human carcinogens and 

animal carcinogens. 

Many past risk management decisions have chosen the most conservative risk 
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numbers because there were no perceived negative consequences for this decision. However, 

there has been an increasing awareness, that these overly conservative decisions result in 

needless expenditure of hundred of millions of dollars for little or no incremental reduction 

in real risk. 

In conclusion, 1()"5 is the lowest lifetime cancer risk level that should determine any 

soil remediation standard. Furthermore, .a higher risk level, such as lQ-4, should determine 

the standards for Groups Band C. Alternatively, remediation levels for Group C chemicals 

can be developed using NOELs. The adoption 10_. or 10"5 risk levels will protect the health 

of the citizens of New Jersey. I am concerned that the adoption of a 1~ risk level will 

make an insignificant difference on public health, and will create remediation gridlock and 

huge, unnecessary costs. 

Biography 

John Whysner, M.D., Ph.D. is testifying as Vice President of Washington 

Occupational Health Associates, Inc., a Washington, D.C. based consulting firm specializing 

in occupational and environmental medicine. Dr. Whysner is also Executive Secretary of the 

Environmental Health and Safety Council, American Health Foundation, a non-11rofit · 

research foundation, dedicated to disease prevention. He also serves as a member of the 

Environmental Medicine Committee of the American College of Occupational and 

Environmental Medicine (ACOEM) and recently developed the risk assessment module for 

this organizations's course in environmental medicine. 
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ONE IN ONE MILLION RISK 

A Reasonable Basis For Policy? 

by John Whysner, M.D., Ph.D., D.A.B.T. 

March 11, 1994 

INTRODUCTION 

The Industrial Site Recovery Act (ISRA), also known as S10701, policy is "to protect 

the public health, safety, and the environment, to promote efficient and timely cleanups, and 

to eliminate any unnecessary financial burden of remediating contaminated sites; ..... " 

Paragraph 35.d. states that the department shall set minimum soil remediation standards for 

both residential and nonresidential uses that "(1) for human carcinogens, as categorized by • 

the United States Environmental Protection Agency, will result in an additional cancer risk of 

onein one million; .... " Paragraph 47.b. established the Environmental Risk Assessment and 

Risk Management Study Commission, and one duty of the commission is "(1) to examine 

and assess the scientific basis for selecting the risk management standard of one in one 

million of [this law] and to consider and assess alternative scientific standards and criteria for 

that purpose; ... '' Consequently, although the legislation appears to establish one in one 

million (10-6) risk as the standard for human carcinogens, the legislation has clearly 

empowered the Commission with the responsibility of determining whether the 1 Q-6 risk 

criterion can be scientifically justified. 

Review of the scientific literature and other data collected through the members of the 

Chemical Industry Council of New Jersey finds that a 1()'5 risk level is the lowest risk 

1S1070 was the New Jersey Senate bill creating ISRA, or 
P.L.1993, c.139, and "reformed" the Environmental Cleanup 
Responsibility Act (ECRA), or P.L.1983, c.330. Because of the 
ramifications for all soil clean-up level requirements, 51070 
will be used to designate this law. 

1 



required to accomplish the policy of the S 1070 to protect the public health and safety and 

will provide equitable individual risk levels in comparison with other established standards. 

Additionally, animal carcinogens that have not be proven to be human carcinogens (EPA's 

Groups B and C) .can be handled by a higher risk level such as 1 Q4. 

In order to put these risk leve~s into perspective, government agencies often derive 

estimates of the annual risk reduction for a proposed law or regulation. Using such a 

calculation, the ado.ption of a 10-6! 10"5 or 104 risk level results in risk reductions of only 

0.0001. 0.001. or 0.01 of a h)l)Othetical cancer case per year for the population of the State 

of New Jersey. This calculation is shown in Appendix A and assume that 1) the aggregate 

risk reflects the average rather than maximally exposed individuals and 2) 1 % of the State 

population is potentially exposed to remediations sites2
• As noted in Appendix A, only 

0.2% of the US population have been found to be impacted by contaminated sites studied by 

the Agency for Toxic Substances and Disease Registry (ATSDR), most of which are 

Superfund sites. Most of hazardous waste sites do not impact large numbers of people and 

1% of New Jersey residents is a reasonable estimate. Even if one assumes that 10% of the 

state-wide population, or 700,000 citizens, would be potentially exposed, the differences 

between 10-6, 1Q-5, and 104 risk levels are 0.001, 0.01, and 0.1 of a hypothetical cancercase 

per year. These hypothetical fractions can be compared to the actual annual incidence of 

42,000 new cancer cases in the State of New Jersey as reported by the American Cancer 

Society (ACS, 1994). Clearly, the adoption of any of these different risk levels would not 

substantially affect the public health of the citizens of New Jersey. 

It is our conclusion that soil remediation levels based on 104 or lQ-5 lifetime risk 

levels are. health protective and will promote remediations that are timely and without undue 

fmancial burdens, even though these remediations will still be costly to the regulated 

community., The detailed justification for these findings is the subject of this paper. 

2Both of these assumptions are explained in Appendix A. 

2 



SOIL REMEDIATION AND FEDERAL RISK-BASED REGULATIONS 

In order to understand whether a 1 Q-6 risk level is appropriate for soil remediation 

standards, it is important to recognize that the 1~ risk level has been chosen historically in 

an arbitrary manner as a basis for regulation (FSC, 1980). Also, there is an apparent 

historical trend for the use of greater acceptable risks levels as the conservative nature of risk 

assessment calculations has been recognized. A risk-based recommended standard of 10"8 

was first proposed by Mantel and Bryan in 1961. In 1977, the FDA instead used 10~ as a 

risk-based standard for food residues of animal drugs after originally proposing the 1()"8 risk 

level in 1973. The EPA has regulated chemicals on risk-based policies, and for decisions 

where the total predicted impact is a fraction of a cancer case per year for the entire 

population, as is the case being considered here, "10"5 seems to be in the range of what EPA 

might consider to be an insignificant average lifetime risk" (Rodricks et al., 1987) .. Another 

review of these policies by Travis et al. (1987) has indicated that EPA does not consider · . 

individual risks of less than 1()4 in small geographic areas to require regulation. 

Both the EPA Superfund Program and the NJDEPE have been using site-specific risk 

assessment studies to determine soil remediation levels. In site-specific risk assessments, a 

calculated baseline risk determines whether any remediation is necessary. For Superfund 

sites, remediation is required if this assessment shows risks in excess of lQ-4 and may not be 

required at lessor risks (EPA, 1991). Once this risk level has triggered an action, Federal 

Superfund legislation has established site-specific remediation goals based upon a range of 

risks from 104 to 1 o~. 

mE ASSUMPTIONS USED IN RISK CALCULATIONS 

The choice of any risk-based standard should include health protective assumptions; 

however, the methods of risk assessment as developed by the EPA overestimate the risks in 

several ways. Consequently, any chosen risk level_ will surely not be exceeded and some 

calculations will likely overestimate risks by several orders of magnitude. This has two 

important implications. First, there is plenty of room to correct assumptions and risk 

3 



assessment methodology without jeopardizing the public's health. Second, even with such 

corrections, the excess margins of safety will account for other possible concerns such as the 

presence of several different chemicals at a site or for the possibility of additive or even 

synergistic effects by these chemicals. 

The use of several assumptions in the low dose extrapolation methods alone for some 

carcinogens may create overstated risks by several orders of magnitude. These overestimates 

are due to the choice of the linearized multistage model, the use of a 95% upper confidence 

limit on the bioassay data, the choice of a "maximally tolerated dose, • and the assumption of 

no sublinear or threshold response at very low doses. Just the choice of the mathematical 

model for low dose extrapolation impacts risks by several orders of magnitude (FSC, 1980; 

Park and Snee, 1983). In recognition of this reality, EPA (1986) has stated the following in 

its policy on the use of risk assessment: 

"It should be emphasized that the linearized multistage procedure leads to a 
plausible upper limit to the risk that is consistent with some proposed 
mechanisms of carcinogenesis. Such an estimate, however, does not 
necessarily give a realistic prediction of the risk. The true value of the risk is 
unknown, and may be as low as zero." 

The use of this linearized extrapolation is only one part of risk assessment that tends to 

overestimate the risks. Exposure assessment calculations, even those using EPA methods, 

have several assumptions such as exposure time and contact rate that will overestimate the 

risk, especially when combined together in the calculation. The assumption of 100% oral 

bioavailability and drinking water consumption of two liters per day are two examples of 

other sources of overestimated ·assumptions. 

In order to illustrate the inflation of these risks resulting from such assumptions, the 

naturally occurring levels of beryllium are present in soils at levels that result in calculated 

risks of greater than 1Q"6, using NJDEPE methods. Applying the soil ingestion calculation 

from the 1992 NJDEPE proposed rules (NJDEPE, 1992a), as shown in Appendix B, the soil 

level associated with a 10-6 risk for naturally occurring beryllium is 0.16 ppm. The ATSDR 

has reported that typical beryllium concentrations in soil range from 0.6 to 6.0 ppm 
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(ATSDR, 1989a). Shacklette et al. (1971) reported a beryllium geometric mean of 0.6 ppm 

for 847 samples of soil taken throughout the US. A study by the NJDEPE of soils that had 

not been contaminated from any identifiable source found average beryllium levels were 1.07 

ppm for urban and 1.04 ppm for rural soils with 90th percent levels of 2.55 and 1.63 ppm 

and maximum levels of 4.09 and 10.3 ppm (NJDEPE, 1993). Therefore, for 10% of urban 

and rural soil samples, the naturally occurring levels of beryllium corresponds to between 1()" 

4 and to-5 risk levels. Consequently, using the NJDEPE-endorsed risk assessment methods 

and assigning a level of acceptable risk of 1 Q-6, New Jersey soils and soils elsewhere in the 

US are inherently carcinogenic. A reasonable alternative conclusion is that the methodology 

used and the choice of a 10-6 risk level greatly overstates the public health concern. 

PRACTICAL DIFFICULTIES FOR THE ONE PER MILLION RISK CRITERION 

Other scientific and practical issues will continue to present difficulties at 1Q"6 risk· -

levels, which would not occur at 10"5 or 104
• Major deviations from the lQ-6 risk level 

standard will have to be developed due to naturally occurring elements, ubiquitous 

contaminations, and the lack of sensitivity for the analytical methods. Despite provisions in 

the legislation in paragraphs 35 g. (4) and (5), clean-up levels should be calculated in a 

uniform manner, and the improvement of risk assessment methodology and the adoption of a 

1 o-s or 104 risk levels would allow this consistency. 

Certain elements whose naturally occurring levels are above a 10-6 risk level are 

particularly vexing since they are also involved in soil remediations due to site 

contamination. Two of these elements are beryllium and arsenic and the risks associated 

with naturally occurring levels beryllium have been described. For arsenic, using the 

calculation shown in Appendix B, the soil standard would be 0.39 ppm. The amount of 

naturally occurring arsenic in soils varies between 0.1 and 80 ppm with an average of around 

5 to 6 ppm (ATSDR, 1989b). The study by the NJDEPE of soils that had not been 

contaminated from any identifiable source found average arsenic levels were 8.26 ppm for 

urban and 2.40 ppm for rural soils with 90th percent levels of 10.9 and 3.83 ppm and 
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maximum values of 48.9 and 17.1 ppm (NJDEPE, 1993). Therefore, for 10% of urban and 

rural soils, the naturally occurring level of arsenic corresponds to greater than a 10"5 risk 

level and range to 1Q4 risk levels. Based upon these examples of arsenic and beryllium, 

more than 10% o"f soils in New Jersey cannot be remediated to less than a 10"5 risk level·and 

most soils are above a 10-6 risk level according to the methods used by New Jersey. 

Also of practical concern are levels associated with some chemical soil contaminants 

that would be regulated to below the limit of reliable detection. For example, a lQ-6 risk 

level for the benzo[a]pyrene results in a soil level of more than 10-fold below the limit of 

reliable detection (NJDEPE, 1992b). There are no specific legislative provisions in S1070 

for these problems with analytical sensitivity limits. Several other such examples of the 

problems with ubiquitous contamination can be derived from the background levels detected 

New Jersey soils at the 10-6 risk level (NJDEPE, 1993). 

WEIGHT OF EVIDENCE AND RISK LEVELS 

The EPA classifies agents according to weight of evidence of carcinogenicity. Agents 

with any evidence of carcinogenicity are divided into three groups as follows: 

"Group A -- Human Carcinogen: This group is used only when there is 
sufficient evidence from epidemiologic studies to support a causal association 
between exposure to the agents and cancer. 

Group B -- Probable Human Carcinogen: This group includes agents for 
which the weight of evidence of human carcinogenicity based on epidemiologic 
studies is 'limited' and also includes agents for which the weight of evidence 
of carcinogenicity based on animal studies is 'sufficient.' 

Group C -- Possible Human Carcinogen: This group is used for agents with 
limited evidence of carcinogenicity in animals in the absence of human data." 

Whereas EPA currently lists approximately 150 chemicals in all three groups, only 12 have 

been identified as Group A or human carcinogens (Appendix C). 

This classification system reflects important differences in the demonstrated abilities 

of chemicals to cause cancer in humans, and Sl070 has recognized this distinction. 
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Chemicals in Groups B and C have sufficient or limited evidence of carcinogenicity in 

animals, but no conclusive evidence of causing cancer in humans. Often for chemicals in 

Group B, there are numerous negative or contradictory epidemiology studies, which taken as 

a whole constitute· no evidence of carcinogenicity in humans. Paragraph 35.d. of S1070 

states that the Department shall set minimum soil remediation standards for both residential 

and nonresidential uses that ''(1) for human carcinogens, as categorized by the United States 

Environmental Protection Ag~ncy, will result in an additional cancer risk of one in one 

million; .... " The wording "human carcinogens as_ categorized by the United States 

Environmental Protection Aeency" was a deliberate designation on the part of the legislature 

since earlier versions of S1070 did not include this language. Consequently, Sl070 leaves 

open the question of how to determine remediation levels for Groups B and C and implies 

that these chemicals may be regulated according to another standard. 

Several grounds exist for designating different acceptable risk levels according to 

weight of evidence. The basic premise of weight of evidence is the scientific certainty 

regarding the conviction that an agent is a human carcinogen. Given the large number of 

agents that produce some degree of carcinogenic response in test animals (approximately 

50% for all agents) wnen given at very high doses, the animals experiments appear to have a 

high false positive rate for predicting human carcinogenicity at reasonable exposure levels. 

The designation of higher acceptable risk levels for Groups B and C is one method of taking 

weight of scientific evidence into account in the risk assessment process. Many of the 

chemicals in Groups Band C, are not DNA-reactive carcinogens and may not have any risk 

at subtoxic doses. Due to this observation and very limited evidence of carcinogenicity in 

test animals, it is not surprising that some programs Federal programs regulate Group C 

chemicals based upon no-observed-adverse-effect-levels (NOAELs) and upon noncancer 

endpoints. 

There are many precedents for the establishl!lent of distinct levels of risk for different 

groups of carcinogens that use a 10-fold difference. For example, the proposed NJDEPE 

soil remediation regulations (NJDEPE, 1992a) used a 1 0-fold greater risk for Group C 
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carcinogens. Also, certain programs within the EPA and other states have made risk level 

-distinctions that differentiate Group A from Groups B and C or that differentiate Groups A 

and B from Group Con a 10-fold basis. It is proposed that the most important risk-based 

distinction is between known human carcinogens and animal carcinogens (Group A versus 

Groups B and C) and that Group C chemicals be evaluated by NOAELs rather than by risk 

levels. 

NON-SCIENTIFIC FACTORS THAT IMPACT RISK-BASED DECISIONS 

Although this Commission is charged with the mission of examining the scientific 

merits of risk-based remediation goals and methods, a careful analysis of the benefits of these 

goals would not be necessary if there were no consequences associated with any of the 

choices. In fact, many past risk management decisions have chosen the most conservative 

risk numbers because there were no perceived negative consequences for this decision. 

However, there has been an increasing awareness, that these overly conservative decisions 

result in needless expenditure of hundred of millions of dollars for little or no incremental 

reduction in real risk. Consequently, the analysis of the scientific merit of these decisions 

requires more careful consideration. While the development of generic soil remediation 

levels will streamline the process of remediation and reduce the NJDEPE review time, if the 

risk criteria are too low the expenditure of resources will merely be shifted (and greatly 

enlarged) from the NJDEPE to the private sector involving excessive and needless cleanup 

activities. 

The total cleanup costs for the ISRA program alone have been reported by the 

NJDEPE to be over 128 million dollars in fiscal year 1993. The risk-based remediation 

standard being ~viewed by this Commission impacts the ISRA program and other soil 

remediation programs such as spill cleanup. These other programs combined may cost the 

regulated community an amount similar to ISRA. Although no studies have been done by 

the NJDEPE on the cost impact of different risk-based remediation goals, the members of the 

Risk Assessment Task Force of the Chemical Industry Council of New Jersey estimate that 
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the difference between a 10-tt and a 10"5 risk level will impact approximately 50% to 75% of 

the sites involved in ongoing remediation efforts and could potentially increase the 

remediation costs by 2-3-fold, depending upon the site. Even more importantly, the impact 

on the number of sites covered by the choice between these two remediation goals is believed 

to have even greater cost significance. 

Another important difference between the establishment of a 10"6 versus 10·5 or 10_. 

risk levels is that the later will more likely "promote efficient and timely cleanups." There 

will be an impact on the number of sites by adoption of a 1 ~ criterion that the Department 

will have to administer. In contrast, the adoption of 1 0"5 or 1 0_. risk levels would focus 

regulatory resources on the most important risks. Additionally, the regulated community will 

be much more likely to expeditiously perform remediations rather than invoking costly and 

time consuming site-specific risk assessments in accordance with paragraph 35 f. (1~ of the 

S1070. Such problems could eliminate any benefits that are the intent of this legislation. -

CONCLUSIONS 

It is concluded that 1 o-s is the lowest lifetime cancer risk level that should determine 

any soil remediation standard. Furthermore, a higher risk level, such as 10 ... , should 

determine the standards for Groups Band C. Alternatively, remediation levels for Group C 

chemicals should be developed using NOELs. The adoption 1 0_. or 1 o-s risk levels will 

protect the health of the citizens of New Jersey. The adoption of a lo-tt risk level for 

determining soil remediation criteria will make an insignificartt incremental difference in 

public health, and may create remediation gridlock and huge, unnecessary costs. 
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APPENDIX A 

It is generally understood that risk assessment calculations intentionally include many 

conservative (health protective) assumptions. However, the use of such assumptions to 

protect the individual may not be appropriate when applied to understanding the impacts of 

policy decisions involving populations. In this Appendix, the calculation shows that the · 

difference between 10-6, 1 o-s' and 104 risk levels amounted to the difference between a 

0.()()()1, 0.001, and 0.01 hypothetical cancer case per year for the population of the state of 

New Jersey. One assumption made in this calculation was that the average risk would 

actually be one-tenth of that obtained from standard risk assessment calculations. Methods 

used by the State of New Jersey (NJDEPE, 1992) and in the Risk Assessment Guidance for 

Superfund (EPA, 1989) contain assumptions that lead to the calculation of risks for·the 

"reasonable maximum exposure." This involves the use of 90% or 95% upper limit values 

for contact rate, exposure frequency, and exposure duration variables. These are not 

statistical confidence limits, but numerical assumptions aimed at risk estimates for individuals 

with the highest exposures. Although it may be necessary to utilize 90% or 95% estimates 

for individual risk assessment purposes, the calculation of hypothetical cancer ca~s in a 

population are appropriately based upon the·average individual risks. 

The impact of the use of average versus maximal exposures for populations is shown 

in this Appendix. The exposure duration assumption used in all cancer risk calculations is 30 

years at one residence, which is the 90th percentile estimate, rather than 9 years, which is 

the 50th percentile estimate. Assumptions used for the other factors contact rate and 

exposure frequency are pathway specific. Soil ingestion is the major pathway used by the 

NJDEPE for determining proposed soil clean-up levels (NJDEPE, 1992). The ·daily 

ingestion rate for soil is assumed to be 200 mg for children and 100 mg for adults with an 

exposure frequency 350 days per year. The most reliable studies on soil ingestion indicate 

that the average rates are less than 50 mg/day for both adults and. children (Calabrese et al., 

1989, 1990, 1991). In order to incorporate these average values into the estimate of 

expected hypothetical cancer cases, the following calculation is presented: 



Residence Duration Daily Soil Ingestion Factor 

9 yey.rs Cavera&el X 50 mg/day Caveragel = 0.1 
30 years (upper .limit) 150 mg/day (upper limit)* 

*represents average of upper limit of adult and child rate. 

Consequently, for the soil ingestion pathway, the risk assessment calculations are 10 times 

greater than those for the average individual. Therefore, the calculation shown in this 

Appendix concerning the difference between 1 o~, 1 Q-5, and 104 risk levels, which resulted in 

0.0001, 0.001, or 0.01 hypothetical cancer cases per year for the population of New Jersey, 

is a reasonable and valid calculation. 

There are no estimates of the number of persons impacted by soil remediations in _ 

New Jersey that were available for this report. However, the A TSDR has reported that there 

are 500,000 persons (0.2% of the US population) impacted by the approximately 1,300 sites 

that have been investigated in the entire United States, which mostly involve Superfund sites 

(ATSDR, 1993). It is unlikely that the State of New Jersey would have more persons 

impacted by soil remediation standards than those covered by the entire Superfund program. 

Therefore, for the purposes of the calculations in this appendix, the number of persons 

impacted by soil remediation standards is estimated to be between 70,000 to 700,000 persons 

or 1-10% of the New Jersey population. 



APPENDIX A 

CALCULATION OF NEW JERSEY STATE-WIDE RISK 

Factor Explanation 

l<t4, 10-5, or 10"', Risk Initial assumption of risk per "Reasonably Maxi-
RMEI mally Exposed Individual" (RMEI). 

RMEI Lifetime Average life expectancy. used to derive yearly 
70 Years rates from lifetime risks. 

0.1 RMEI Risk for "Average Exposed Individual" (AEI) 
AEI are 10% those of the RMEI due to residence 

duration and contact rate as explained in text. 

0.01 AEI Assumption that 1% of the N.J. population is 
N.J. Persons affected by remediation sites. 

7 x 1Q6 N.J. Persons Population of New Jersey. 

0.0001, 0.001, or 0.011 Risk/Yr. Total state-wide risk obtained from the product 
of all factors. 
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APPENDIX B 

Calculation of 
Residential Soil Criteria (ppm) 

RSDxlxHf = 
(SIC x 5.S years) + (SIA x 24 years) 
(BWCc x LL) (BWA x LL) 

RSD (mg/kg/day) = 1 x 10~ risk 

RSD X 1 X 1lf 
1.47 

PF (mg/kg/ dayY1 

Where: 5.5 years = length of time for child soil ingestion 
24 years = length of time for adult soil ingestion 

· 1 x lff' =factor to convert from mg to kg 
LL = length of a lifetime = 70 years 
SIC = soil ingestion rate for a child = 200 mg/ day 
SIA = soil ingestion rate for an adult = 100 mg/ day 
BWCc =body weight of a child= 16 kg. 
BWA = body weight of an adult = 70 kg. 
RSD = risk specific dose. 
PF = potency factor 

PF RSD 
C-hemical (mg/kg/ dayY1 mg/kg/day 

Beryllium 4.3 2.3 x to-7 

Arsenic 1.75 5.7 x to-7 
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Residential Soil Criterion 
(ppm) 

0.16 

0.39 



APPENDIX C 

AGENTS THAT EPA PROGRAMS REPORT AS HUMAN CARCINOGENS 

(Not all have been given a Group A designat;on in IRIS) 

CHEMICALS 

Arsenic 

Asbestos 

Benzene 

Benzidine 

Bis( chloromethyl)ether 

Chloromethyl methyl ether 

Chromium (VI) 

Direct Black 38 

Direct Blue 6 

Direct Brown 95 

Nickel subsulfide 

Vinyl chloride 

RADIOACTIVE AND OTHER AGENTS 

Coke oven emissions 

Environmental tobacco smoke 

Nickel refinery· dust 

Radionuclides 

Radon 
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TESTIMONY PROVIDED TO THE 
ENVIRONMENTAL RISK ASSESSMENT AND 
RISK MANAGEMENT STUDY COMMISSION 

ON THE SCIENTIFIC BASIS FOR THE SELECTION OF THE 
RlSK LEVEL OF AN ADDITIONAL CANCER RISK OF 

ONE IN ONE MILLION FOR HUMAN CARCINOGENS FOR THE 
REMEDIATION OF CONT .. AMINATED SITES 

Mr. Chairman: 

MARCH 11, 1994 
ANDREW DWIGHT BEDSOLE 

E. I. DUPONT DE NEMOURS & CO .. INC. 

My name is Dwight Bedsole. I am Business Director of 

Remediation for DuPont's facilities in New Jersey. I am pleased to 

have the opportunity to come before this committee to provide 

testimony on behalf of the Chemical Industry- Council of New 

jersey, on these extremely important issues. 

We commend the commission for their efforts to deal 

with the question of what appropriate risk management 

standard should be used in the remediation of contaminated sites 

and then to recommend risk assessment methodologies that 

should be used in defining, as accurately as possible, the nature 

and magnitude of potential risks presented by contaminated 

sites. The CIC/NJ and it's member companies are committed to 

protection of human health and the environment and believes 

that such assessments by the commission are in the best interest 

of the state's citizens and businesses. In several respects, the 

CIC/NJ believes that the currently used "one-in-one million" risk 

level along with the overly conservative risk assumptions and 
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methodologies used by the NJDEPE go beyond that needed for 
protection of human health and the environment and thus have 
the potential for misuse of society's limited resources. 

The CIC/NJ believes that many of the risk assumptions 
and methodologies currently used by the NJDEPE to set cleanup 
levels for contaminated sites are not justified to protect human 
health. The risk and exposure assumptions that have been built 
into the NJDEPE proposed "generic" cleanup standards are. 
unnecessarily conservative, and in many instances do not reflect 
realistic exposure conditions. Rather these assumptions attempt 
to compensate for the uncertainty inherent in such analysis by 
using worst-case, inflated estimates of potential exposure. Also, 
the assumptions are in several instances, inconsistent with 
approaches currently used by other established federal and 
state programs. Mr. Tim Bingman, of DuPont, speaking on behalf 
of the CIC/NJ outlined areas of concern and proposed risk 
assessment methodologies in testimony presented to your 
committee on March 9. 

The CIC/NJ also believes that there is no sound social, 
scientific,- economic, or other basis for selecting a rigid one-in­
one million risk level for human carcinogens in remediation of 
contaminated sites. A one-in-one million risk level is needlessly 

stringent, does not match up with other societal risks and has 

been chosen historically in an arbitrary manner as a basis for 
regulation. At a recent lecture (1/94) at Stanford University, 

William K. Reilly, former administrator of the Environmental 
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Protection Agency, stated that "Huge sums of money are being 
spent on hypothetical risks experienced by a few individuals" -­

he went on to comment about the lifetime cancer risk of one-in­
one million by saying "The hazard of death by lightning is 35 
times as great; by accidental falls, 4000 times as great; and in_ 

· motor vehicles 16,000 times as great". He emppasized that "one­
in-one million is a very remote risk". An answer to the question. 
"Just how remote is a one-in-one million risks"? I believe, has 
been answered very effectively in a paper co-authored by 
committee member Dr. Bernard Goldstein that looked at the risk 
of death to people on the ground due to airplane accidents. 
Results of the study show the lifetime risk of dying from being hit 
by an airplane is four times greater than a one-in-one million 
risk. 

The risk to those on the ground from an airplane crash 

is an involuntary risk similar to how the public views an 
environmental risk from a contaminated site. It is concluded 
that the public will not make any significant change in personal · 
behavior to reduce the risks of falling airplanes, such as living in 
their basements, since in their minds the risk is clearly too small 

to warrant such a lifestyle change. \Yith the imposition of a one­
in-one million risk management standard, the regulated 

community is_being asked to spend enormous sums to reduce 

calculated risks from contaminated sites to a level that the 
private individual would rightly judge to be inconsequential. Dr. 

john Whysner, speaking on behalf of the CIC/NJ, presented 
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testimony this afternoon on the issue of one-in-one million and 

recommends the use of one-in-one hundred thousand risk level 

for Group A-- Human Carcinogens and a risk level of one-in-ten 

thousand for Group B --Probable Human Carcinogen and Group 
C --Possible Human Carcinogens. 

Whether orders of magnitude of conservatism find 
their way into the methodologies used to· calculate risks or into 

the risk management decision of what constitutes an acceptable 
risk level, the result is the same---scarce societal resources 

could be spent on issues of de minim us risk. 

The CIC/NJ is concerned with the economic impact of 

over-conservatism. The CIC/NJ finds that a one-in-one hundred 
thousand risk level is the lowest risk level required to accomplish 

the goal of the legislation to protect public health. This is a factor 
of 10 different from the currently used one-in-one million risk 

level. To define the cost burden of a 10-fold difference in cleanup 

level for a contaminated site is difficult. For some cleanups, the 

factor of 10 difference could be fairly small in cost while for 
others it could be an enormous difference. It depends on the 
nature of-contaminant, media to be cleaned, and extent of 
contamination. In CIC/NJ's judgment, the cost difference, 

-
generally speaking will be "significant". 

As an example, DuPont has a site in New jersey where 

the contaminant of concern is a metaL The difference in cleaning 

the soil to a 100 ppm level versus a 250 ppm level, a factor of 

only 2-1/2, would increase the remediation cost by an estimated 

31~ 
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$100 million to $125 million for an approximate three-fold 
increase in total cost. In comparison, the EPA considers a 500 
ppm level to be protective of human health for this contaminant. 
This additional cost is not insignificant, as example, there are a 
number of businesses in DuPont where it would take years of 
earnings generation to pay such costs, and this is only one 
cleanup at one site .. It has been estimated that there are over 
8,000 sites in New jersey that will require remediation by the 
regulated community. 

Clearly, over-conservatism that dictates unnecessary 
action does not come free. This represents a significant, 
unnecessary financial penalty to society. I say society because 
industry must pass all its costs on to its customers, or go out of 
business. So it is the public that pays the higher costs through 
higher taxes, higher prices, less competitive industry, and often, 
lost jobs. 

To remediate contaminated sites to a risk management 
standard that is overly protective and that does not match up to 
other societal risks, and/or to remediate to a level set by over­
conservative risk assessment methodologies will drive the cost of 
remediation far beyond the value t~at the remediated site could 
have to a prospective business. Investment. and jobs will go 
elsewhere. 

There seems to be a growing awareness of the 

connection between economic well being and physical health. 

That is, unemployment and poverty are clearly connected to 
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higher disease and death rates. According to a paper published 

in the September 1991 issue of the journal Health Physics, the 
most hazardous of all jobs is no job at all-- unemployment. It 

was estimated that a 1% increase in U.S. unemployment for one 
year results in 37~000 deaths (plus 4,200 admissions to mental 
hospitals and 3,300 admissions to prisons). 

We believe that the adoption of costly standards such 
as one-in-one million diverts valuable resources needed to 

address other pressing issues on the socf~ agenda such as 
education, crime, health care and unemployment. 

In closing, if a "bright line" level must be defined for 

risk management decisions, the bright line or lines should reflect 

the weight of scientific evidence and distinguish among the 

categories of carcinogens. The CIC/NJ encourages you to 
recommend a risk management level for Group A carcinogens at 

one-in-one hundred thousand and for Groups B & C a risk 

management level of one-in-ten thousand. 

Also, the CIC/NJ asks that the commission make full use 
of the current body of scientific understanding and steer the 
development and application of risk assessment technologies in a 
way that is both protective of human health and economically 
responsible. 

ADB/m 
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Good afternoon. My name is Michael Draiki wicz, Senior Staff Engineer 

from the Environmental Affairs Department of Public Service Electric and Gas 

(PSE&G). On behalf of James A. Shissias, the General Manager of the 

Environmental Affairs Department of PSE&G, I would like to say that PSE&G is 

pleased to have the opportunity to speak before tae Environmental Risk 

Assessment and Risk Management Study Commission to comment and share 

our views on issues concerning the proper application of risk management 

standards. The following comments are based on the assumptions and 

methodologies as they were proposed by the New Jersey Department' of 

Environmental Protection and Energy in their February, 1992 Technical Basis and 

Background Document Concerning Cleanup Standards for Contaminated Sites. 

At this time, I would like to hand over the presentation to Dr. Cristopher 

Williams. Dr. Williams is a toxicologist from TERRA, Inc., and is assisting 

PSE&G in developing these comments. 

Our comments relate specifically to NJDEPE's use of "redundant 

conservative" assumptions in the establishment of minimum remediation soil 

standards for carcinogens. The assumptions used by the NJDEPE represent 

"reasonable maximum exposure" (RME) assumptions originally developed by the 

USEPA and described in Risk Assessment Guidance for Superfund. Although 

RME assull!ptions define tne "maximum exposure that is reasonably expected to 

occur at a site" (USEPA, 1989, p. 6-19) and were developed to define exposures 

which represent the 90th to 95th percentile for a given population, the RME case in 

fact describes an exposure condition much more conservative· than this, a 

condition which rarely, if ever, actually occurs. This was illustrated in a paper by 

Burmaster and Lehr (1991, p. 8), in which the authors provide a simple 

relationship fron1 probability theory which describes the likelihood of occurrence 

2 
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of an outcome based on a series of conservative assumptions. .If, for example, 

three conservative (95th percentile) values are multiplied together, the outcome 

actually represents the 99.99th percentile of exposure (not the 95th percentile), 

based on the following equation: 

1-(1- 0.95)3 = 99.99 

In other words, only 0.01% of a given population would experience exposure 

greater than the resulting "four nines" condition. 

To further illustrate the conserVatism of NJDEPE's exposure assumptions, 

let's examine the effect that a number of conservative assumptions have on the 

appropriate speed needed to negotiate a turn on the highway. Lets assume that 

the posted speed limit around the turn is 50 mph (Figure 1). We know from our 

driving experience that posted speed limits are safe for the vast majority of 

highway travelers. But let's assume that, in order to protect a small segment of 

the driving population which suffers from impaired night vision, we reduce the 

"safe" speed to 20 mph. Let us further assume that, in order to assure that 

individuals on. medication (who possess reduced reaction times) will safely 

negotiate the turn, the speed be reduced to 10 mph, which is equivalent to someone 

. running around the curve. Further reductions in speed (to 3 mph, or normal 

walking speed) may be necessary to accommodate individuals driving older, 

perhaps less safe automobiles (e.g., cars with faulty brakes). Finally, to assure 

that older individuals (with impaired night vision and reduced reaction times) 

driving unsafe automobiles on perhaps an unfamiliar stretch of road, we may 

find it necessary to further reduce the posted speed limit to 0.5 mph. Thus, in 
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order to be absolutely certain that all possible individuals will safely make the 

tum, we have reduced the speed limit 100-fold; i.e., to the pace of a turtle. 

This example illustrates that "redundant conservative" assumptions can 

transform a plausible limit into one which is highly implausible. The same can 

be said for risk assessment assumptions. In the following discussion, we 

demonstrate through a review of current scientific literature that many of the 

factors used by the New Jersey Department of Environmental Protection and 

Energy CNJDEPE) to develop remediation standards for soil are indeed "redundant 

conservative" assumptions. The factors. which were specifically examined 

included the one in one million cancer risk, the cancer slope factor, soil ingestion 

rates, and time correction factors. 

The one in one million risk of developing cancer was initially established by 

the Food and Drug Administration (FDA) as a screening tool to determine what 

carcinogenic animal drug residues merited further regulatory consideration 

(Kelly and Cardon, 1991; Mantel and Bryan, 1961). Since then, the original 

premise has been expanded to almost all areas of chemical regulation. Although 

the FDA intended to establish a lower regulatory limit of~ risk below which no 

further consideration would be given, many federal and state agencies have 

chosen to ignore the screening level intent of the one in one million risk and have 

adopted this value to represent a target level of acceptable risk. The NJDEPE is no 

different in this regard, since it has adopted the one in one million risk as the 

basis for determining acceptable soil standards for carcinogenic chemicals. 

The one in one million cancer risk is an inherently conservative 

assumption. This is because carcinogenic risk assessment involves: 1) the use of 
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a conservative model, the linearized multistage (LMS) model, to extrapolate high 

~ animal cancer data to low-level chemical exposures in humans; 2) the use of 

the maximum tolerated dose (MTD) in animal experiments which causes overt 

toxicity in animals, but which is necessary to produce an observable number of 

tumors in the limited number of animals typically u~_ed in such experiments; 3) 

the use_ of animals which display a high background incidence- of certain tumor 

types; 4) the use of the "no-threshold" assumption which dictates that any dose, no 

matter how small, is associated with a finite incidence of-cancer; and 5) the use of 

a conservative animal-to-human scaling factor which attempts to convert the · 

high doses given to animals which cause tumors to the appropriate low doses that 

humans are most likely to experience. 

There are a number of precedents which argue ae-ainst the use of the one in 

one million cancer risk as the basis for establishing remediation soil standards 

for carcinogenic chemicals. For . example, California has adopted a one in one 

hundred thousand value as the "no significant risk level" for the implementation 

of Proposition 65 (Kizer et al., 1988, p. 954). The one in one hundred thousand risk 

level is also acceptable under the Massachusetts Contingency Plan (310 CMR 

40.545). Maryland (MDE, 1991, p. 15-14), Minnesota (MPCA, 1991, p. 34), Ohio 

(OEPA, 1991), and Oregon (ODEQ, 1991) use this one in one hundred thousand risk 

l~vel for establishing ambient air quality standards, while the State of Mississippi 

(MOPC, 1991) has adopted a risk range of one in ten thousand to one in one million 

for this purpose. Louisiana uses this higher acceptable risk level (one in ten 

thousand) for establishing ambient air quality standards (LDEQ, 1992, p. 949). 

In addition, Travis et al. (1987, p. 418) reported that carcinogenic substances 

were not regula ted by federal agencies if the risk to small populations was below 

5 
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one in ten thousand. Thus, given the examples of other states and the fact that 

such a risk would be undetectable in a small population impacted by site that is 

either undergoing remediation or has been remediated, the Commission should 

reconsider strict reliance on the one in one million cancer. risk by following the 

lead of various state and federal agencies. A recommended approach would be to 

apply a one in one hundred thousand risk level to chemicals which are known 

human carcinogens (USEPA Group A carcinogens) and a one in ten thousand 

risk level to those chemicals which pose less of a carcinogenic threat (i.e., probable 

and possible carcinogens, or USEPA Group B and C carcinogens, respectively). · 

The NJDEPE has developed cancer slope factors for a total of 43 chemicals 

and uses these values to determine soil remediation standards for carcinogens. 

Of the 43 chemicals for which it has developed slope factors, NJDEPE and USEPA 

values (the latter are published in USEPA's ffiiS database and Health Effects 

Assessment Summary Tables; USEPA, 1994 and USEPA, 1993) differ for 19 

chemicals. Of these 19 chemicals, the NJDEPE has overestimated slope factor 

values for a total of 12, some by as much as 16-fold. This is demonstrated in Table 

1. Thus, the NJDEPE has introduced conservative bias in its development of soil 

remediation standards, in some instances by as much as 16-fold, simply by 

incorporating slope factors which are more conservative than those developed by 

theUSEPA. 

Recent studies of soil ingestion in young children (Calabrese et al., 1989; 

Barnes, 1990; Davis et al., 1990; Sedman, 1989; van Wijnen et al., 1990) indicate a 

soil ingestion rate range of < 9 to 104 mg/day, with a range midpoint of 

approximately 50 mg/day. In particular, Calabrese et al. (1989) reported that the 

median soil ingestion rate for children ranged from 0 to 20 mg/day, with a 95% 

6 
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confidence interval of8 to 24 mg/day. These values are considerably less than the 

default USEPA soil ingestion rate for children proposed by NJDEPE for residential 

conditions (200 mg/day). The Commission should reevaluate the soil ingestion 

rates for children in light of this more recent data and adopt a value no greater 

than 50 mg/day when determining remediation standards for chemicals in soil 

under residential exposU:re conditions. 

Soil ingestion studies in adults (Calabrese et al., 1990; Paustenbach, 1989) 

indicate that less than 50 mg/day is appropriate for residential exposure · 

conditions. Calabrese et al. (1990) suggested a soil ingestion rate in adults of 0-20 

mg/day. This value too is considerably less than the default USEPA soil ingestion 

rate proposed by NJDEPE for adults under residential conditions (100 mg/day). As 

a result, it is suggested that the Commission recominend an adult soil ingestion 

rate of no greater than 50 mg/day under residential exposure conditions. 

Although the NJDEPE proposed 100 mg/day to represent the amount of soil 

ingested under nonresidential (i.e., occupational) conditions, recent studies 

(Thompson and Burmaster, 1991; Binder et al., 1986; LaGoy, 1987; Paustenbach et 

al., 1991) suggest that soil intakes for workers are likely much lower, perhaps on 

the order of 10 to 25 mg/day. Given these data, the Commission should 

recommend soil ingestion values of between 10 and 25 mg/day for workers. 

The time correction factors (TCFs) propo-sed by the NJDEPE are "redundant 

conservative" assumptions and do not account for normal patterns of human 

behavior, such as time spent away from home on vacati9n, the average length of 

time at a single residence, the typical number of days spent away from a job due to 

illness or· vacation, or the average number of years at a single job. . Residence 
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times (i.e., the number of years per lifetime) for individuals living in a single 

location (i.e., near one particular site) have been reported in recent studies (Israeli 

and Nelson, 1992, p. 70), as have data from U.S. Bureau of the Census (1993, p. 412) 

records concerning ·the average length of employment at a single workplace. 

These studies demonstrate that NJDEPE's assumptions of residence time and 

length of employment have been overestimated by as much as 6.5-fold. In 

addition, the NJDEPE has not adjusted the exposure duration portion of the TCF 

(i.e., the number of weeks of exposure per year) to account for climatic conditions 

which reduce the potential for exposure to soil, e.g., the average yearly number of 

rainy days, or the number of days in which the ground is frozen or snow-covered. 

As an alternative to the proposed risk assessment approach which derives 

single "point" estimates of acceptable levels of chemicals in soil, the Commission 

should recommend probabilistic (i.e., Monte Carlo) techniques to develop 

distributions of acceptable soil remediation standards. Monte Carlo simulation 

addresses many of the weaknesses of current risk assessment methods and has 

been embraced by the USEPA for use in risk assessments submitted to the 

Agency. We conducted a Monte Carlo analysis of the proposed soil remediation 

standard for benzene under occupational conditions and present the results in 

Figure 2. This figure illustrates the frequency associated with a particular 

benzene soil standard, as well as the probability of a particular standard's 

occurrence in the distribution. Values presented in the figure indicate that the 

distribution ranges from a minimum of approximately 150 mglkg to a maximum 

of 15,000 mglkg. The most likely value, based on frequency of occurrence, is 750 

mg/kg. Also of note is the fact that more. than 90% of the values in the distribution 

are greater than the NJDEPE benzene standard of 13 mglkg. Thus, given this 

analysis, it is suggested that Monte Carlo analysis be used to eliminate 

8 
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"redundant conservative" assumptions from NJDEPE's remediation soil 

· standards approach. 

PSE&G would also like to comment briefly on two physiochemical 

characteristics which the NJDEPE did not consider when developing remediation 

standards: bioavailability of chemicals in soil. and soil chemical half-lives. The 

NJDEPE made the assumption that 100% of a chemical is bioavailable from soil 

when in fact this is true for only a relatively small proportion of chemicals. The 

NJDEPE also did not consider the fact that chemicals disappear from soil over · 

time due to factors such as biodegradation, photodegradation and volatilization. 

Bioavailability and chemical half-life, as well as additional chemical 

characteristics such as soil binding affinity, should be incorporated into the 

NJDEPE's approach for developing remediation standards for soil, not only to 

reflect "real world" conditions, but also to assist the Commission in eliminating 

"redundant conservative" assumptions. 

Furthermore, PSE&G recommends that the Commission develop the 

numerical remediation standards. Although this is not currently the 

Commission's task, the benefits of this would be two-fold. First, since the 

Commission is providing the in-depth scientific analysis of the risk criteria, they 

would be most familiar with how the science applies to the remediation 

standards.. Second, because the Commission is an uncompensated panel that will 

have no further charge after this task is complete, they would be unbiased as to 

the political ramifications ·of their actions. 

One final point PSE&G would- like to address is the fact that the 

Commission is not addressing "impact to groundwater soil cleanup criteria," 

9 
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previously referred to as the "subsurface soil cleanup criteria" in the now 

withdrawn proposal on Cleanup Standards for Contaminated Sites. This would 

be a serious omission. The Cleanup Standards for Contaminated Sites required 

the remedial party to remediate the surface soils to the subsurface soil levels if the 

subsurface soil levels were more stringent than the surface criteria. As of 

February 3, 1994, the date of NJDEPE's latest revision to their Soil Cleanup 

Guidance Criteria, more than .62_% of the subsurface soil cleanup levels were more 

stringent than the surface soil cleanup criteria under residential conditions, 

while more than .6.1% of the subsurface soil cleanup levels were more stringent 

than the surface soil cleanup criteria for nonresidential conditions. This means 

that currently, the Commission's recommendations will affect less than 38% of 

the chemicals under residential and less than 33% of the chemicals under 

nonresidential conditions. 

Thus, based on this fact that subsurface soil cleanup levels are more 

stringent than surface soil criteria for such a large percentage of chemicals, it is 

apparent that the Commission's recommendations for revisions to the surface 

soil cleanup standards would be greatly minimized. It is therefore strongly 

recommended that either the Commission examine subsurface soil cleanup 

criteria concurrently with the surface soil criteria, or at a minimum, propose that 

another commission immediately be assembled to look at the subsurface soil 

criteria. 

In closing, let me state that the Commission's task, if performed in a 

reasonable scientific manner, will again demonstrate New Jersey to be a leader in 

environmental issues. Let's use the best and most recent scientific data to develop 

remediation standards that are not only reasonable but protective of human 

10 
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health and the environment. To do otherwise would cause unnecessary 

expenditures of limited resources, an outcome surely inconsistent with the 

intended goal. Thank you. 
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Tablel 

Comparison of Slope Fac~rs Used by the NJDEPE and the USEPA 

Chemical NJDEPE Slope USEPASlope Ratio ofNJDEPE 
Factor* Factort Value to USEPA Value 

(mglkg/daytl (mglkg/daytl 

Benzene 0.23 0.029 7.9 

Benzo(a)an thracene 1.15 0.73 1.6 

Benzo(a)pyren e 11.5 7.3 1.6 

Benzo(b)fluoranthene 1.15 0.73 1.6 

Benzo(k)fluoranthene 1.15 0.73 1.6 

Bromodichloromethane 0.13 0.06 2.2 

Chrysene 1.15 0.073 16 

Dibenz(a,h)anthracene 11.5 7.3 1.6 

1,2-Dichloroethane 0.12 0.091 1.3 

Isophorone 0.0039 0.00095 4.1 

Methylene chloride 0.014 0.0075 1.9 

Tetrachloroethene 0.082 0.052 1.6 
*Source: (Technical Basis and Background Document for Cleanup Standards for Contaminated 

Sites, 1992, p. 21-23). 
tsource: USEPA's IRIS database (USEPA, 1994) and Health Effects Assessment Summary 

Tables (USEPA, 1993b). 
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Figure2 

Frequency Distribution of the Ben rene Soil Standard Based on Incidental Soil 

Ingestion Under NonoResidential Conditions 
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Dr. Arnold L. Gray 
Division of Natural Science and Mathematics 
Richard Stockton College of New Jersey 
(609) 652-4276 

1. Environinentalists -- No such thing as a zero risk, e.g., Household toxics 
Mercury thermometer Public would not tolerate business standards 

2. Former Proposed St~ndards -- I o-6 Conservative Bias 
General Rule of the- 2nd Best violation , leads closer to I o-12 

3. Industries -- (a) The above proble~ cured with Monte Carlo methods Blli., 
(b) Method were never the problem, rather,· it is the assumptions 
As a former public servant in the field of environmental remediation , 
RAs rarely found a serious problem. When 
assumptions considered, many reports would be laughable if not so serious. 
Regardless of method, bad data in, bad data out. Statistics analogies. 
(c) Class A carcinogen studies based on human epidemiology, not just 
animal studies. 
(d) Cumulative and synergistic effects not investigated and remain 
unknown for mixed contamination, e.g., asbestos & tobacco, also effects of 
regulated substances mixed with unregulated substances, anthropogenic or 
natural sources. 
(e) Most serious, Risk assessment a layered or staged process. 
Reduced confidence levels also being discussed, leading to less certainty. 
First reduce risk level, then reduce confidence level, and so forth until 
step-by-step, public protection process has been dismantled. 

4. Committee -- Public notice inadequate and unacceptable for this exercise. 
A press release was issued, but no legal notice, not in Register, OLS list sent 
to a narrow list, but public was not informed. This challenges the 
legitimacy of these procedures. 
The actions of this committee are critically important to the general public 
In the future, when discussion again rises, "we agreed to this 5 years ago in 
a process that included public comment." Not so. · 
At that time will we be able to re-open the discussion. 
Challenge for a commitment. 
We should not allow either political or economic pressures force a decision 
that is not in the public interest. 



5. Observations -- Despite pressure to produce a workable result, it is better to 
make no decision than to make the wrong decision. 
EPA is developing guidance independently to use in the interim. 
Entire RA process represents a Gestalt--the whole is greater than the sums. 
All sides argue in the extremes. Public is tired of both sides .. NJ wants both 
a healthy economy and environment, and this is not impossible to achieve. 

It is not necessary to remediate in every instance of contamination. 
1. the days of shipping waste to Ohio are mostly over. 
2. some substances break down and go away by themselves, money wasted. 
3. exposure elimination has to be part of the solution. 
4. Neither can we regulate away waste by simply defining it not a problem. 
5. Department--and it is a good Department--has a share of the 
responsibility to provide responsible oversight. 
6~ Environmentalist--you are unreasonable 
7. Industry--you are unreliable 
8. Bridge of communication and trust must be developed. 

6. Recommendations -- (a) Proceed case by case until a rational and balanced 
policy can be developed that examines the entire RA process and cleanup 
criteria. 
(b) Formulate long-term environmental task force comprised of 
representatives of the regulated community and environmental groups as 
well as moderators to search out common ground. 
(c) Do not let your investment in your expertise lead you to make decisions 
or offer testimony that expands beyond the borders of your wisdom or 
abilities. 
(d) Make no decision before its time. 
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When Is .a Life Too Costly To 
Save? The Evidence frotn­
Environmental Regulations 
George L. Van Houtven and Maureen L. Cropper 

Some environmental statutes require 
the U.S. Environmental Protection 
Agency (EPA) to balance benefits 
and costs when issuing regulations, 
while other statutes prohibit such 
balancing. But do these requirements 
or prohibitions make a big difference 
in the regulations that are written? 
According to a recent study con­
ducted at Resources for the Future. 
the answer is ••no." The study reveals 
that both benefits and costs appear 
to have influenced the regulations 
issued by EPA, regardless of the 
statutory mandate under which the 
agency was operating. The study also 
suggests that the value that EPA 
implicitly attaches to the prevention 
of one case of cancer is very high­
from S 15 million to $45 million. 
This is much more than individuals 
appear to be willing to spend to 
reduce their own risks of death. 

U nder tht:: various envitonmc::n­
tal statutes the U.S. Envi­
ronmental PI"otection Agency 

(EPA) administers, the agency is 
responsible for issuing regulations to 
protect the public from exposure to 
pollution. These regulations can 
include outright bans of certain prod­
ucts-for instance, pesticides and prod­
ucts containing asbestos. They more 
commonly include limitations on the 
amount of pollution a factory or vehicle 
can emit. 

Most economists would argue that 
these regulations should be made, at 
least in part, on the basis of benefit-cost 
analyses. That is, they believe that an 

environmental standard should be set 
just at that point where the marginal 
cost of setting a slightly more stringent 
standard would begin to outweigh the 
marginal benefit of increased strin­
gency. Congress. however, sometimes 
limits EPA's ability to engage in such 
balancing when the agency issues regu­
lations. 

For example, under the pro\·isions 
of the Clean Air Act that pertain to the 
establishment of maximum permissible 
air pollution concentrations, EPA can­
not take costs into account. When 
establishing effluent standards under 
the Clean Water Act, the agency is 
allowed to consider costs but not bene­
fits. Only two en\ironmental statutes­
the Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA) and the Toxic 
Substances Control Act (TSCA)-actu­
ally require that EPA balance the bene­
fits and costs of regulation in setting 
emironmental standards. 

Recently, we conducted an after-the­
fact analysis of regulatory decisions that 
EPA has made over the last two 
decades. Our purpose was to see 
whether EPA appears to have balanced 
costs and benefits in issuing its regula­
tions, regardless of whether the law 
under which the agency is operating . 
directs or prohibits this balancing. In 
our study. "balancing" is determined by 
the following question: If we look back 
at a class of regulations EPA has put in 
place-for example, emissions stan­
dards for toxic air pollutants-do varia­
tions in the costs and benefits of all the 
regulatory options the agency consid­
ered at the time help explain the stan-
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dards selccted7 If the ans\\·er IS ··yes ... 
we argue that balancing has taken place. 

\\'e conclude that EPA has acted as if 
both costs and benefits influence its 
selection of regulatory standards: specif­
ically. other factors being equal. a more 
costly standard is less likely to have 
been sel~cted than a less costly one. and 
a standard that saves a greater number 
of li\·es is more likely to have been 
selected than one that saves a smaller 
number of lives. 

Intuitively, however. balancing 
requires more than just paying ·some 
attention to costs and benefits. It also 
requires that the cost EPA is willing to 
impose on society to save an additional 
life be regarded as .. reasonable." One 
way to determine what EPA considers 
reasonable is to see if there is some 
threshold value for the cost-per-life­
sa\·ed above which the agency has been 
reluctant to issue regulations. (For lack 
of a better term, we call this threshold 
value the "value of a life·· implied by the 
regulations.) For each class of regula­
tions that we examined, we calculated 
the \·alue of a life that was implicit in 
the regulations. 

We conclude that EPA has 
acted as if both costs and 
benefits influence its selection 
of regulatory standards. 

We were especially interested in two 
issues. The first and most important of 
these is how the value of a life implicit 
in environmental regulations compares 
with society's apparent willingness to 
pay to save lives: Is this value acceptable 
to American society? The second issue 
concerns the way in which the implicit 
value of a life seems to vary across EPA 
programs and across population groups: 
for instance, do em·ironmental regula­
tions pertaining to pesticides place a 
higher value on a life saved than regula-



\\l:\TER 1994 

tions pertaining to ha:ardous atr pollu­
tants:' Also. does EPA implicitly attach 
more weight to sasi n-g the I ife of a 
worker exposed to pesticides or 
asbestos on the job than to the life of a 
consumer exposed to these pollutants? 

To answer these questions. we gath­
ered data on EPA-estimated costs and 
benefits associated ~ith three categories 
of pollutants that EPA regulates: 

1. asbestos. sources of which are 
regulated under the Toxic Substances 
Control Act: 

2. all cancer-causing pesticides used 
on food crops that underwent EPA's 
Special Review process between 1975 
and 1989; and 

3. all carcinogemc atr pollutants for 
which EPA set ~ational Emissions 
Standards for Hazardous Air Pollutants 
between 1 9 7 5 and 1990. 

\Vhen we gathered data for each 
source of these pollutants (each crop in 
the case of pesticides 1. \\-·e arnved at a 
total of 39 asbestos regulations. 245 
pesticide regulations. and 40 regula­
tions pertaining to four hazardous air 
pollutants-benzene. inorganic arsenic. 
radionuclides. and \inyl chloride. 

Cost-effectiveness of asbestos ban 

1---------1 
•Banned 

\\'e limited our study to the regula­
tion (lf carcinllgens because quantitative 
nsk data-that is. estimates of the 
number of lives at risk as a result of 
exposure to a particular pollutant or 
product-are a\·ailable more often for 
carcmogens than for other substances. 
The a\·ailability of such data for carcino­
gens implies· that the number of lives 
saved by each of the regulations we 
examined can be quantified. We also 
purposely selected some regulations 
issued under the t\\'o statutes (TSCA 
and FIFR-\) that require EPA to balance 
costs and benefits. as well as those regu­
lations that set emissions standards for 
hazardous air pollutants under the 
Clean Air Act. which prohibits such bal­
ancing. \Ve included these regulations 
in our study in order to determine 
whether the directives given EPA in the 
enabling legislation made any difference 
in the way in which the agency 
appeared to weigh benefits and costs. 

It is important to be clear about one 
thing. Vv'e were not privy to EPA's deci­
sion-making process for any of the reg­
ulations discussed here. What we have 
done is to look back at the information 
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on benefits and costs that the agency 
had when it formulated the regulations. 
to examine the pattern of regulatory 
decistons. and then-using statistical 
analysis-to ascertain whether these 
decisions were consistent with the 
hypothesis that benefits and costs influ­
ence the regulatory outcome. regardless 
of the statutory mandate. 

'V../e turn now to a discussion of the 
specific regulations. 

Asbestos regulations under 
TSCA 

In 1985 EPA announced its intent. 
under the authority of the Toxic 
Substances Control Act, to ban the use 
of asbestos in 39 products. Because 
TSCA requires EPA to balance benefits 
and costs. the agency's Notice of Intent 
to Regulate was followed by a detailed 
assessment of the health risks associated 
~ith exposure to asbestos fibers. as well 
as the costs that would result from the 
proposed bans. 

Well-documented epidemiological 
evidence indicates that some forms of 

10 100 1.000 

~ou Each of the 31 squares represents a dem10n by EPA to ban or not to ban the use of asbestos in one pantcular product The lower diagonal line illustrates the rule "ban only 
those products for \\·htch the cost-per-life-saved ts less than $10 million.- The htgher dtagonallme tllustrates t_}le rule "ban only those products for whtch the cost·per-life-saved IS 

less than $100 mtlhon. • · 

55)< 
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asbestos are human carcinogens. This 
e\·idence is particularly strong for lung 
cancer. gastrointestinal cancer. and 
mesothelioma. a cancer of the lung or 
abdominal lining. Estimating the num­
ber of cancer cases associated with a 
particular asbestos-containing product 
(for example, brakes lined with 
asbestos) requires estimates of the 
potency of asbestos-that is, of the like­
lihood that an indi\·idual will de\·elop 
cancer as a function of exposure-as 
well as of the number of people who are 
exposed to various levels of asbestos. 

In the analysis accompan}ing its final 
rule. EPA presented estimates of con­
sumers· and various groups of workers· 
exposure to each product to be regu­
lated, as well as an estimate of the num­
ber of cancer cases then-currently asso­
ciated with each of these sources of 
asbestos. It also calculated the number 
of cancer cases that would be avoided if 
each product were banned. EPA was 
able to estimate this number, as well as 
the cost of the ban, for 31 of the 39 
products considered for regulation. 

~-~-~-

~ - - --- ~- - - ~ . ~,. 

EPAs asbestos regulations 
imply that the value of a 
cancer case avoided is $49 
million; this value seems high 
considering that the value 
of life implicit in workers' 
occupational choices is about 
$5 million. 

-~---~---

·--------

A plotting of the regulatory costs and 
the number of cancer cases avoided for 
each of the 31 products for which com­
plete data are available (see figure, p. 7) 
is consistent with the hypothesis that 
EPA considered benefits and costs in 
issuing its asbestos decision. Products 
for which the cost· of the ban was low 
and the number of lives saved was high 
(tending toward the lower right-hand 

corner of figure) were almost always 
banned. whtle products for which the 
cost of the ban was high and the number 
of lives sa\'ed was low ~tending toward 
the upper left-hand corner of figure) 
were for the most pan not banned. 

Since avoiding cancer cases is the 
only benefit of the asbestos ban men-

. tioned by EPA (ecological risks, for 
example, not being mentioned), it is 
tempting to infer from the· plot that 
there is a threshold value for a cancer 
case avoided below which all products 
were banned. For instance, the rule 
..ban only those products for which the 
cost-per-life-saved is less than $10 mil­
lion .. (a rule illustrated by the lower of 
the two diagonal lines in the figure) 
would explain many of the bans, but it 
would yield incorrect predictions for 
some products. Similady. the rule "do 
not ban any product for which the 
cost-per-life-saved is greater than $100 
million .. (a rule illustrated by the high­
er of the two diagonal lines in the fig­
ure) would be correct almost all the 
time, but it would yield incorrect pre­
dictions for some asbestos-containing 
products. 

To compute the threshold value of a 
cancer case avoided that is implied by 
the asbestos regulations, we estimated 
statistically the line that maximized the 
number of regulations correctly predict­
ed by the above-noted rule. We found 
that the implied threshold value of a 
cancer case avoided is $49 million 
(measured in 1989 dollars). (This value 
would have fallen between the two 
diagonal lines in the figure.) This value 
seems high-especially in contrast to 
estimates of the value of life. that are 
based on individuals' willingness to pay 
for risk reductions. 

Consider, for example, the added 
compensation that workers require to 
accept jobs that pose increasingly 
greater health risks, compensation that 
provides useful information about indi­
viduals' risk-reward trade-offs. Based on 
dozens of studies, the value of life that 
seems to be implicit in workers' occupa­
tional choices is about $5 million, an 
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amount much lower than the value of 
life implicit in EPA's regulauon of 
asbestos. \Vhile labor market compen­
sation is for risks that are voluntarilY 
borne. it is hard to imagine that th~ 
additional premium associated with 
involuntary risks is $44 million. Not 
coincidentally, perhaps, EPA's failure to 
give sufficient weight to the costs of reg­
ulation in issuing its asbestos bans was 
cited by the Fifth Circuit Court of 
Appeals in the Corrosion Proof Ficcings 
case. which overturned the ban. 

Pesticide regulations under 
FIFRA 

Under the Federal Insecticide, 
Fungicide, and Rodenticide Act, EPA is 
responsible for ensuring that all pesti­
cides used in the United States have no 
unreasonable adverse effects on the 
en~ironment. If EPA suspects that a pes:. 
ticide poses risks to human health or to 
ecosystems, the pesticide-or, more 
accurately, the active ingredients used 
i_n the pesticide-is subject to what is 
known as a Special Review. 

A Special Review entails a formal 
risk-benefit analysis of the pesticide. 
after' which EPA can either ban the pes­
ticide for use on specific crops, restrict 
the manner in which the pesticide is 
applied, or allow its continued use 
without modification. Between 1975, 
when EPA initiated its first Special 
Review, and December 1989, Special 
Reviews of 3 7 active ingredients were 
completed. We restricted our analysis to 
those active ingredients that are sus­
pected human carcinogens. 

In considering whether or not to ban 
a pesticide, EPA examines risks of can­
cer to consumers of food containing 
pesticide residues and to persons 
exposed to the pesticide in the work­
place-these are the people who mix 
the pesticides (mixers) and load them 
into. the dispensing equipment (load­
ers), as well as those who apply the pes­
ticides (applicators). The agency also 
examines noncancer health risks, such 
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as nsks L.,f miscarnages or of fetal dam­
age. In Jdditic,n. 1t cons1ders the adn~rse 
effects \."'f the exposur~ of flsh, birds. 
and mammals to pestlCJdes. 

The in1plicit value of a cancer 
case avoided among pesticide· 
applicators was $52 million. 
Risks to mixers and loaders of 
pesticides and to consumers 
seemed not to influence EPA$ 
decisions to ban uses of active 
pesticide ingredients. 

Against these nsks. EPA balances the 
benefits of pesticide use-that is. the 
gains to both farmers and consumers as 
a result of the increase in agricultural 
output brought about by pest control. 
Depending on the relati\·e weight given 
to these and other factors. EPA might 
decide that a particular ingredient can 
no longer be used on a particular crop. 

It is tempting to plot the cost of bans 
against the number of cancer cases 
avoided for pesticide regulations. as we 
did (or asbestos regulations: however. 
the resulting diagram would be mislead­
ing. Because the avoidance of cancer 
cases is only one of the benefits of ban­
ning a particular use of a pesticide, our 
inferred threshold value of a cancer case 
avoided would overstate the value that 
EPA implicitly attaches to reducing can­
cer risks. Instead, we estimated a statis­
tical model designed to predict EPA's 
decisions to cancel (or not cancel) the 
use of each of the active ingredients in 
pesticides on each of the food crops for 
which the ingredients were registered. 

Our model. which correctly predict­
ed 87 percent of the 245 decisions EPA 
made between 1975 and 1989, suggests 
that EPA considered both the risks and 
benefits of pesticide use in issuing its 
pesticide regulations. The benefits of 
pesticide use were statistically signifi-

cant and of the expected sign: the high­
er the benefits of pesticide use. the less 
likely it was that a pesticide was banned 
for use on a particular crop. The risks 
associated with the pesticide were also 
important in explaining which uses of a 
pesticide were banned and which were 
not. Other factors being equal. the high­
er the risks of cancer to applicators (the 
group with the highest average expo­
sure to pesticides), the greater the prob­
ability that a pesticide was banned. The 
implicit value of a cancer case avoided 
among applicators was about $52 mil­
lion ( 1989 dollars)-,..a value remarkably 
close to the value we found to be 
implicit in asbestos regulations. 

Our analysis was quite surprising in 
one respect: neither risks to mixers or 
loaders of pesticides nor dietary risks to 
consumers seemed to influence EPA's 
decisions to ban uses of active ingredi­
ents in pesticides. One possible expla­
nation for this is that risks to both mix­
ers and loaders and to consumers are 
lower than risks to applicators, and 
therefore seen to be a less pressing 
problem. The median lifetime cancer 
risk associated with exposures to the 
pesticide ingredients we examined was 
1 in 1,000 for applicators but only 1 in 
100 million for consumers of food \\;th 
pesticide residues. 

National emissions standards 
for hazardous air pollutants 

In contrast to regulations issued under 
TSCA and FIFRA, the National 
Emissions Standards for Hazardous Air 
Pollutants were, accoroing to the Clean 
Air Act of 1970, to be set to protect 
human health without consideration of 
costs. As we shall see, however, during 
the mid-1980s EPA did attempt to con­
sider costs in setting emissions standards 
for sources of hazardous air pollution. In 
198.7, the Natural Resources Defense 
Council successfully sued the agency for 
making costs a factor in the determina­
tion of those standards. As discussed 
below, the ruling in that case had a pro-
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nounced effect on EPA's subsequent set­
ting of standards for air pollution. 

Section 112 of the Clean Air Act 
requires EPA to regulate the so-called 
toxic air pollutants, substances such as 
benzene. arsemc, asbestos. and mer­
cury. These pollutants are not as ubiq­
uitous as paniculates. sulfur oxides. car­
bon monoxide. and other pollutants for 
which EPA is to set ambient air quality 
standards, but they are nonetheless 
harmful to human health. According to 

the Clean Air Act, EPA was required to 
establish a list of toxic air pollutants and 
then to set emissions limits for various 
sources of each pollutant. Between 1970 
and 1990, only seven such substances 
were regulated. Five of these air pollu­
tants are carCinogens, but quantitative 
risk data are available for only four­
vinyl chloride. benzene, inorganic 
arsenic. and radionuclides. We exam­
ined the regulation of these substances. 

After 1987, EPA always 
elected to regulate the source 
of a hazardous air pollutant if 
it posed a greater than 1 in 
10,000 cancer risk to the 
maximally exposed individual. 
If this risk was less than 1 in 
10,000, however, then the 
threshold value of a life saved 
was the same before and after 
1987: $15 million. 

-- - - ----
--- ------

In seeking to regulate the various 
sources of these four pollutants, EPA 
considered at least one regulatory 
option that would reduce emissions of 
each pollutant, as well as the option of 
no regulation. For each option, it com­
puted cost, the number of associated 
cancer cases, and the post-regulation 
risk to the "maximally exposed individ­
ual," the individual who receives the 
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greatest dose of a pollutant fn.1m a par­
ticular source. For most sources of ha.:­
ardous air pollution. this individual is 
not exposed w the ·pollutant in the 
\vorkplace. but rather li\·es near the 
source of the pollutant tfor example, 
the person whose house is nearest to a 
copper or lead smelter). 

To examine the possible trade-off 
between benefits and costs in the regu­
lation of ha.:ardous air pollution. we 
estimated a statistical model to explain 
which regulatory option was chosen for 
each of the 40 sources of \·inyl chloride, 
benzene. inorganic arsenic, and 
radionuclides. Our results suggest that 
EPA's regulatory choices were consis­
tent with the hypothesis that the 
agency was balancing the· cancer risk 
reductions due to more stringent regu­
lation against the costs this regulation 
would entatl. In technical parlance, 
when \\'e used all 40 sources of the four 
air toxics in our study to estimate our 
model, the coefficients of both the 
reduced cancer incidence and the regu­
latory cost were significant. The implic­
it value of a cancer case avoided-that 
is, the value that best enabled us to pre­
dict EPA's regulatory decisions-was 
very high-,-$ 15 3 million, to be exact. 

These results look somewhat differ­
ent. howe\·er. if v.;e distinguish regula­
tions issued before 1987 from those 
issued after 1987. when the U .5. Court 
of Appeals for the District of Columbia 
mled that EPA had improperly consid­
ered costs in setting emissions standards 
for toxic air pollutants. In the so-called 
Vinyl Chloride decision, EPA was direct­
ed to consider the costs as well as the 
technological feasibility of regulatory 
options only after an "acceptable risk" 
level had been achieved. 

When we modified our analysis to 
take this decision into account, our 
results came out quite differently: they 
implied that a cancer case avoided was 
valued at approximately $15 million 
before the 1987 court ruling and at the 
same amount after that ruling, so long 
as maximum individual risk was less 
than 1 in 10,000. After 1987, however. 

EPA always elected to regulate the source 
of a ha.:ardous air pollutant if it posed a 
greater than 1 in 10.000 cancer risk to 

the maximally exposed individual; in 
other words, the thre~hold value ofa life 
was infinite. If this risk was less than 1 in 
10,000. however, then the threshold 
value was the same for the post-1987 
regulations as for the pre-1987 regula­
tions: $15 million ( 1989 dollars). 

Surprises and questions 

One of the striking findings of our 
analysis is that. in issuing the asbestos. 
pesticide. and toxic air pollutant regula­
tions we examined. EPA has been will­
ing to impose substantial costs on con­
sumers and firms in order to save a life. 
Under each of the two statutes that 
allow the balancing of benefits and 
costs. the agency's implicit valuation of 
a cancer case avoided was in excess of 
$45 million. Whether members of soci­
ety would agree with this valuation. 
which ·is about ten times greater than 
individuals implicitly value the risk of 
death due to occupational hazards, is an 
important question. 

Our findings suggest that EPA 
has, in the past, put in place 
more stringent regulations 
under statutes that require it 
to balance benefits and costs 
than it does under a statute 
that directs it to ignore costs 
and consider health nshs only. 
--~- -~-

----~~- --

Nevenheless, compensation for risks 
faced in the workplace is generally for 
voluntary exposure to immediate risk of 
death. Exposure to asbestos and pesti­
cid~s may not be voluntary (even for 
workers) if people are unaware of the 
risks they face; this fact may account for 
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the \·ery high implicit \·aiut? assigned w 
risk reductions m EPA regubtl()ns per­
taining to these substances. 

It is interesting to n~ne that the value 
per cancer case avoided that is implicit 
in regulations pertaining to hazardous 
air pollutants was about one-third the 
value implicit in pesticide or asbestos 
regulations. In a sense. this is quite sur­
prising. Our findings suggest that EPA 
has. in the past. pur in place more 
stringent regulations under statutes that 
require it to balance benefits and costs 
than it does under a statute that directs 
it to ignore costs and consider health 
risks only. This does not ··prove" that 
EPA balanced costs and benefits under 
the Clean Air Act. only that it made 
decisions that were consistent \\ith the 
hypothesis that the agency behaved this 
way. 

This iri turn raises the question of 
whether statutes that prohibit consider­
ation of costs in standard setting really 
make a difference in the regulations that 
are issued. Our analysis of the setting of 
the National Emission Standards for 
Hazardous Air Pollutants suggests that, 
short of recourse to the courts. prohibi­
tions against consideration of costs may 
be difficult to enforce. Likewise, 
Congress may require that the costs of a 
regulation be balanced agatnst its bene­
fits; but as long as EPA has discretion in 
the weights it assigns to costs and bene­
fits, the regulations it issues under 
statutes that allow balancing of benefitS 
and costs may still be very costly. 

George L Van Houtven is a member Qf the 
Department of Economics at East Carolina 
University. Maureen L. Cropper, a senior 
fellow in the Center for Risk Management 
at Resources for the Future and a professor 
of economics at the University of 
Maryland, is currently on leave as a prin­
cipal tconomist at the World Bank. A 
detailed discussion of the issues in this arti­
cle can be found in discussion paper 
CRM93-02, 'When Is a Life Too Costly to 
Save? The Evidence from Environmental 
Regulations," by Van Houtven and 
Cropper. 
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Dear Dr. Gallo: 
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The American Industrial Health Council (AIHC) appreciates the 
opportunity to submit comments to the Environmental Risk Assessment 
and Risk Management Study Commission (the Commission) as 
established under the New Jersey Industrial Site Recovery Act 
(ISRA) on the scientific basis for the use of 10·6 as a management 
standard for site remediation. AIHC applauds and fully supports 
the state of New Jersey for its efforts in establishing the 
Commission. Further, AIHC commends the Commission for soliciting 
and evaluating information and op~n~ons from the scientific 
community and general public on this issue. 

As a policy position, AIHC does not sup~ort the use of bright-line 
risk standards because AIHC believes that such standards do not 
permit sufficient flexibility to address various issues (e.g., land 
use) encountered by a regulatory agency. The attached AIHC 
comments, therefore, discuss the need for the use of a range of 
risk (10-4 to 10-6 ) applied on a site/situation specific basis, as 
exemplified by other risk-based regulations and programs. The AIHC 
comments also provides the rationale why the 10·6 risk level, 
specifically, is inappropriate for a risk management standard for 
site remediation. 

The mission of AIHC is to promote the use of sound scientific 
principles and procedures in the assessment and regulation of risks 
of chronic human health effects and directly related public policy 
issues. AIHC addresses only the generic science or science policy 
issues that serve as the foundation for major human health and 
regulatory policies. AIHC does not act as an advocate for any 
product or substance although its generic positions directly affect 
the scope and impact of individual regulatory decisions. 



The Council's membership is a diverse coalition of companies and 
trade organizations, including producers of consumer products, 
chemicals, foods and beverages, high technology, pharmaceuticals, 
petroleum products, paper products, motor vehicles, aerospace and 
metals. 

The AIHC would be happy to work with New Jersey to design a risk 
management policy consistent with the use of sound scientific 
principles. 

Sincer~ . .~. ~ 
~/A0~· 

A. Guiseppi-Elie, Ph. D. 
Chair, Environmental Health Risk 

Assessment Subcommittee 
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Comments of the American Industrial Health Council 

on the Scientific Basis for Use of 10-6 

as a Risk Management Standard for Site Remediation 

Introduction 

The American Industrial Health Council (AIHCJ appreciates the opportunity to 
submit comments to the Environmental Risk Assessment and Risk Management 
Study Commission (the Commission) as established under New Jersey's Industrial 
Site Recovery Act (IS RAJ on the scientific basis for the use of 1 o-6 as a risk 
management standard for site remediation. 

AIHC would like to express its support to the Commission; and applauds the State 
of New Jersey, for its efforts in soliciting and evaluating information and opinions 
from the scientific community and the general public on this issue. AIHC believes 
that open discussion_ and review of issues such as this by the general public and 
scientific community will yield improved public policy decisions. 

AIHC has a significant interest in the discussion, evaluation, and selection of an 
appropriate risk management standard for site remediation. AIHC recognizes that 
the New Jersey Department of Environmental Protection and Energy (NJDEPEJ has 
been in the forefront of environmental policy development and that efforts by the 
Commission to discuss, evaluate and recommend an appropriate risk management 
standard for site remediation may be precedent setting in the development of 
health-based cleanup criteria both in New Jersey and around the country. AIHC 
believes that ISRA, the Commission and the report of the Commission's findings 
and recommendations may potentially serve as a model for discussion, review and 
establishment of risk management standards by other states and localities. 

AIHC is concerned that bright-line risk standards do not permit sufficient flexibility 
to address the various issues likely to be encountered by a regulatory agency. 
Consistent with past and present federal regulatory decisions, AIHC believes that 
utilization of an appropriate range of acceptable risks produces an improved 
framework for regulatory activities. The Environm.ental Protection Agency (EPA) 
has codified the risk range of to-4 to to-6 for site remediation under its Superfund 
program. As discussed in the comments which follow, AIHC believes this risk 
range is appropriate for site remediation activities. Consistent with EPA guidance, 
AIHC further believes that 1 o-4 should serve as the preliminary site remediation 
risk standard and that selection of a lower risk level should require specific 
justification based on site-specific conditions, such as the size of the affected 
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population, technical feasibility and other pertinent factors. To ensure consistent 
program implementation, specific guidelines would need to be developed. 

The mission of AIHC is to promote the use of sound scientific principles and 
procedures in the assessment and regulation of risks of chronic human health 
effects and directly related public policy issues. AIHC addresses only the generic 
science or science policy- issues that serve as the foundation for major chronic 
human health and regulatory policies. AIHC does not act as an advocate for any 
product or substance although its generic positions directly affect the scope and 
impact of individual regulatory decisions. 

The Council's membership is a diverse coalition of companies and trade 
associations, including producers of consumer products, chemicals, foods and 
beverages, high technology, pharmaceuticals, petroleum products, paper products, 
motor vehicles, aerospace and metals. Many of the Council's members have 
facilities and operations in New Jersey. 

Summary of Comments 

As an initial matter, AIHC supports the Commission's efforts and appreciates the 
opportunity to submit comments on the scientific basis for selecting an appropriate 
risk management standard for site remediation. AIHC believes that open 
discussion and review of this issue by the general public and scientific community 
will yield improved public policy decisions regarding site remediation. 

AIHC believes a bright-line 1 o-6 risk standard is inappropriate for site remediation 
and that a range of acceptable risks is needed to permit sufficient flexibility to 
address the various issues likely to be encountered by the NJDEPE. AIHC 's major 
comments are as folio ws: 

1 J Historically, the Food and Drug Administration (FDAJ first developed and 
used- a risk level of 1 o-6 as a de minimis screening level for exposure of 
large populations to. carcinogenic drug residues in meat products. The 
intent was to define an "essentially zero" level of risk for purposes of 
compliance with the Delaney Clause. FDA specifically indicated that to-6 
should not be interpreted as the maximum level of acceptable risk. 

2) Consistent with FDA's approach and intent, several federal agencies have 
adopted and consistently used individual upper-bound lifetime cancer risk 
levels in the range of to-4 to to-6 as de minimis risk levels for a variety of 
programs. 
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3) Remediation standards have been codified for Superfund sites by the 
Environmental Protection Agency (EPA) under its National Contingency Plan. 
The Agency specified a range of acceptable risks, i.e., 1 o-4 to 1 o-6 and, in 
subsequent guidance, EPA reaffirmed its decision to use this range. The 
National Council on Radiation Protection and Measurements (NCRP) has 
adopted remedial action levels for naturally occurring radiation based on 
analysis of risks to background radiation and potential societal costs of 
remediation. The adopted risk levels exceed 1 o-4. 

4) Apart from selection of risk levels, it is important to note that current 
environmental site risk assessment methodology greatly exaggerates risks to 
potentially exposed populations, often by several orders of magnitude. 

5) Bright-line risk standards do not permit sufficient flexibility to address the 
variOl1S issues likely to be encountered by regulatory agencies. The 
adoption of a bright-line site remediation standard of 1o-6 would not likely 
permit sufficient flexibility to address ( 1) compliance and implementation 
issues, (2) risks associated with site-remediation activities, and (3) balancing 
costs and benefits of various remedial projects or options. 
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Soecific Comments 

1. Originally, 10-6 was developed and used by FDA as a risk screening level. 

Originally, a risk level of 1o-6 was selected by the U.S. Food and Drug 
Administration (FDAI as a screening level for determining the safety of , 
carcinogenic residues in meat products to which the entire U.S. population 
could be potentially exposed. It was not intended to be used as a 
compliance level. Moreover, the risk level of 1o-6 was not subjected to 
extensive scientific or public review and comment. 

In a rather extensive review on the subject, Kelly and Cardon ( 1991) present 
the historical development of a 1o-6 risk level as the basis for regulatory 
action. According to these authors, the risk level of 1 o-6 was originally an 
"arbitrary number, finalized by the U.S. Food and Drug Administration 14 
years ago as a screening level of "essentially zero" or de minimis risk. 

A de minimis level requiring no further action was first presented in 1973 by 
the USFDA in its proposed rule entitled "Compounds Used in Food­
Processing Animals: Procedures for Determining Acceptability of Assay 
Methods Used for Assuring the Absence of Residues in Edible Products of 
Such Animals". (July 19, 1973 Federal Register 19226-19230). Guidelines 
were proposed, for assay methods involving carcinogenic animal drugs 
"which may be administered to food-producing animals, but for which no 
residue is permitted in human food" according to the 1958 Delaney Clause. 
The use of diethylstillbestrol (DES) as a growth promoter in cattle prompted 
the proposed rule. 

The USFDA proposal refers to an earlier article by Mantel and Bryan 
regarding safety testing in animal studies. To define the parameters of 
safety testing, Mantel and Bryan indicated in their article that a definition of 
what was or was not safe was needed. Although defining "safe" as a 
scientific or public policy issue was not the focus of their efforts, they 
assumed for discussion purposes tha{ "safe" was equal to a risk of 1 
chance in 100,000,000 of developing cancer. 

The risk level of 1 in 100,000,000 originally presented in the 1973 USFDA 
proposed rule was changed to 1 in 1, 000, 000 when the rule was finalized in 
1977. A risk of 1 in 1,000,000 was thereby established as the "maximum 
lifetime risk that is essentially zero" or the level below which no further 
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regulatory consideration would be required regarding the safety of 
carcinugenic animal drug residues. The regulations specifically indicate that 
the "essentially zero" risk level was not to be interpreted as the maximum 
acceptable level of risk, i.e., the level of 1 in 1,000,000 was only intended 
as ( 1 J a basis to establish levels of carcinogenic animal drug residues in 
meats below which no further regulatory consideration was warranted, and 
(2) a definition of zero risk for compliance with the Delaney Clause. Quite 
importantly, Kelly and Cardon ( 1991 J point out in their article that "only 2 
comments were received on the proposed rule, despite a specific request 
from the FDA Commissioner for public comment on the setting of one-in-a­
million risk as a threshold of 'essentially zero' risk." 

It is important to appreciate that the de minimis risk level of 1 Cf6 developed 
by the USFDA for carcinogenic drug residues in meat products applied to 
foodstuffs which would be consumed by a large portion of the U.S. 
population of over 200 million. Thus, the 1 Cf6 risk level was intended as a 
screening level for very large exposed populations. 

From this review of the historical development of 1 Cf6 risk level for use in 
reg-ulatory programs, the following are evident: ( 1 J the 1 Cf6 risk level was 
originally developed by the USFDA as a screening level and was never 
intended to be a compliance level,· (2) the 1Cf6 risk level was deemed an 
acceptable level of risk for screening purposes involving carcinogenic drug 
residues in meat products to which very large populations - potentially the 
entire U.S. population - could be exposed, and (3) there was very little 
public or scientific review and comment on the selection of 1 Cf6 as an 
appropriate risk level. 

2. Individual upper-bound lifetime cancer risk levels in the range of 1 o-4 to 1 o-6 
are accepted as de minimis risk levels for a variety of federal programs. 

In reviewing 132 federal regulatory decisions from the late 1970's through 
the mid-1980's, Travis et a/, ( 198 7) found remarkable consistency in risk 
management decisions based on individual and population risk levels among 
various federal agencies, most notably the Environmental Protection Agency 
(EPA), Food and Drug Administration (FDA). and Occupational Safety and 
Health Administration (OSHA). These investigators found that while every 
situation involving a chemical yielding an individual upper-bound lifetime 
cancer risk above 4 x 1 Cf3 triggered a regulation, action was never taken 
to reduce upper-bound lifetime cancer risks below 1 x 1 o-6. Decisions to 
regulate chemical carcinogens at risk levels between 4 x 1 o-3 and 1 x 1 o-6 
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were based on the size of the exposed population, technical feasibility and 
associ·ated costs. 

Travis et a/, f 1987) also report that regulatory action was never taken in 
exposure situations involving small populations if individual upper-bound 
lifetime risks were below 1D-4 and in situations involving the entire US 
population of 250 million people if individual risks were below 1 o-6. These 
data indicate that de minimis risk levels consistently used by various federal 

· agencies range from 1 o-4 to 1 o-6 depending on .the size of the exposed 
population. 

In declining to regulate natural radionuclide em1ss1ons from elemental 
phosphorus plants with an upper-bound individual lifetime cancer risk of 1 
x 1 o-3, EPA states, "If risk to "the most exposed individuals were the only 

criterion for judgment, this relatively high risk might well have led to a 
decision to regulate. However, this risk must be weighted against both the 
low aggregate risk {0.06 cancer deaths per year] and against other factors" 
(USEPA, 1983). These other factors included cost and technical feasibility 
(Travis eta/., 1987). 

More recent federal regulatory actions are consistent with the findings of 
Travis et a/, ( 1987). In its final National Contingency Plan for Superfund 
site remediation fUSEPA, 1990), the USEPA specifically designates 1 o-6 as 
a starting point for discussion of an acceptable target risk at a site or as a 
''point of departure" and not the ultimate clean-up goal. Indeed, EPA 
codified a range of acceptable risks, i.e., 1 o-4 to 1 o-6, as a basis for 
remediation of Superfund sites. The decision to use a range of acceptable 
risk levels and not specify 1 o-6 as the ultimate cleanup goal was reaffirmed 
in subsequent Agency guidance (USEPA, 1991 a). 

In 1987, the National Council on Radiation Protection and Measurements 
(NCRPJ introduced the concept of a Negligible Individual Risk Level (NIRLJ. 
The level was defined as "the level of average annual excess risk of fatal 
health effects attributable to radiatio(1 below which efforts to reduce 
radiation exposure to the individual is unwarranted" (NCRP, 1993). The 
NCRP adopted an NIRL of 1Q-7/yr, which represents the annual fatality risk 
level that corresponds to an annual effective dose equivalent of 1 millirem 
(mrem). In 1993, the NCRP revised its risk radiation estimates (NCRP, 
1993) yielding an annual risk of fatal cancer to the general public of 5. 0 x 
1 D-4/rem-yr. Under these revised estimates, the 1 mrem recommendation 
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corresponds to 5. 0 x 1 o-7 /mrem-yr and a 70-year lifetime excess cancer 
fatality risk of 3.5 x 1o-s [(5.0 x 1G-7/yr) x 70 yrs] fNCRP, 1993). 

A particularly significant example of the shift away from the use of a 1()-6 
bright-line is the explicit decision of Congress not to adopt this approach for 
purposes of the Clean Air Act Amendments of 1990. Section 112(f) of the 
Act, as amended, 42 U.S. C. § 7412(f), contains a provision which 
specifically references and endorses the basis on which EPA determined 
acceptable risk and margin of safety in the benzene NESHAPs regulations. 
As EPA explained, "Under this policy, the agency considers all relevant risk 
factors, including uncertainty in the risk estimates, with a presumptive risk 
of approximately one in 10,000 ( 1 x 1 D-4 ) in making acceptable risk 
decisions under section 112 (hazardous air pollutants) of the Clean Air Act". 
(USEPA, 1989a) 

3. Current site remediation recommendations and standards utilize risk ranges 
above to-6. 

Remediation standards have been developed by the USEPA for Superfund 
sites and as action levels by the NCRP for natural radiation sources. In 
neither case was a risk level of 1 o-6 selected as the remediation standard. 

In its National Contingency Plan, the USEPA codified a range of acceptable 
risks, i.e. 1 o-4 to to-6, for Superfund sites. The Agency has reaffirmed its 
decision in subsequent guidance memos. In addition, in its most recent 
recommendations on radiation protection, the NCRP has adopted remedial 
action levels for naturally occurring radiation for members of the general 
public~ Recognizing current radiation protection standards for background 
radiation and societal costs involved in remediation, the NCRP adopted 
remediation action levels exceeding 1 o-4 for radon and other natural 
radiation sources. 

The USEPA in its final National Contingency Plan specifically codified a 
range of acceptable risks for Superfund sites fUSEPA, 1990). That range 
was 1 o-4 to 1 o-6, although even 1 o-4 could be exceeded in some 
circumstances. The National Contingency Plan specifically designates 1o-6 
as a starting point for discussion of an acceptable target risk at a site or as 
a "point of departure" and not the ultimate clean-up goal. 
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The USEPA reaffirmed its intent to use a range of risk values under 
Superfund when it forth its general policy on risk and its current focus on 
1 D-4 as an acceptable risk standard under typical circumstances: 

"For sites where the cumulative site risk to an individual based on 
reasonable f!1aximum exposure for both current and future land use is 
less than 10"4,- action generally is not warranted ... Records of Decision 
for remedial actions taken at sites posing risks within the 1 D-4 to 1 D-6 
risk range must explain why remedial action is warranted" (USEPA, 
1991a). 

In its publication entitled "Limitation of Exposure to Ionizing Radiation'' 
fNCRP, 1993), the NCRP adopted remedial action levels for naturally 
occurring radiation for members of the general public. In developing its 
recommendations, the NCRP states, "Remedial action levels involve a 
balance of risk and many other socio-economic factors .... A remedial action 
level must, therefore, be chosen for which the greatest risks are avoided but 
the societal impacts are not excessive. " (NCRP, 1993). To accomplish this 
objective, the NCRP chose remedial action levels which represent specific 
multiples of average exposure levels to the pertinent population in question. 

For exposure to natural background radiation excluding radon, the NCRP 
states, 

"Since the average exposure to individuals in the United States from 
natural radiation sources, excluding radon, is approximately TmSv 
annually, it is recommended that remedial action be undertaken when 
continuous exposures from natural sources, excluding radon, are 
expected to exceed five times the average, or 5 mSv annually". 

Five milliSievert (mSvJ is equivalent to 500 mrems. Thus, the remediation 
action level adopted by the NCRP for continuous exposure of the general 
public to natural sources of radiation, excluding radon, is equivalent to a 
lifetime cancer fatality risk level of 1. 75 ~ to-2 ([5.0 x to-4; rem-yr] x 0.5 
rem x 70 yr). 

For radon, a higher risk level was recommended. The NCRP noted that 
imposition of similar risk estimates for radon as for all other radiation 
sources "would involve a very large number of homes and great societal 
cost" and selected "a value ten times the average level found in United 
States' homes" (NCRP, 1993). The choice by NCRP therefore balanced risk 
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and feasibility. For radon, the NCRP assumed the annual risk of fatal lung 
cancer associated with its remedial action level is 4 x 1 o-4, which 
correlates to a risk of 2. 8 x 1 o-2 for a 70-year lifetime. 

4. Current risk assessment methodology greatly exaggerates risks to exposed 
populations. 

Current environmental site risk assessment methodology generally ignores 
calculation of population risks. Individual risk estimates are assumed to be 
representative of population risks. However, assessments of individual risks 
typically use only upper-bound exposure factors which are not applicable to 
all members of the potentially exposed population. · Therefore, use of 
individual risk estimates as surrogates for population risks greatly 
exaggerates risks to potentially exposed populations, often by several orders 
of magnitude. 

An example is the typical exposure scenario used to develop Maximum 
Contaminant Levels (MCLs) under the Clean Water Act, namely 2 liters of 
contaminated water ingested daily for 70 years. This exposure scenario is 
used to ensure that MCLs, which in part reflect technology considerations, 
are within the acceptable risk range of 1 o-4 to 1 o-6. 

Recently reported scientific studies summarized below demonstrate that this 
exposure scen'ario yields an exposure estimate at the 99.9999 + percentile 
or that only one in one million exposed individuals fits the specified 
scenario. Therefore, only 1 in 106 exposed individuals would be exposed at 
or above the levels prescribed in EPA 's standard drinking water exposure 
scenario. As such, only one individual in a population of one million people 
would have an individual cancer risk within the specified range. All other 
individuals would have lower individual risks, most of which would be 
considerably lower, even zero. 

There are four specific exposure assumptions embedded in EPA 's MCL 
exposure scenario. These are ( 1) daily water intake, (2 liters/day); · (2) 
percentage of daily water intake from the contaminated source, (100%),· (3) 
exposure frequency, (every day); and (4) exposure duration, (70 years). 

( 1) Daily Water Intake 

Roseberry and Burmaster ( 1992) recently reported lognormal distributions 
for water intake by children and adults. Using statistical analyses of water 

'7/X 
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intake rates for children and adults in different age groups as published by 
Ershow and Cantor (1989), lognormal distributions for total water and tap 
water intake were developed. The statistical analyses developed by Ershow 
and Cantor were derived from water intakes measured and reported by the 
1977-1978 Nationwide Food Consumption Survey (NFCSJ of the U.S. 
Department of Agriculture on all foods and beverages consumed during a 3-
day period. Roseberry and Burmaster f 1992) also· fitted the composite 
NFCS data to the age group distribution defined for the US population by 
the 1988 U.S. Census. Regression analyses of total water and tap water 
intake for both the NFCS age-group distributions and the data fitted to 1988 
U.S. Census exceed 0. 95. For the fitted data, regression analyses for the 
balanced US population were 1. 000 for total water intake and 0. 995 for tap 
water intake. The authors state, "These distributions are suitable for use in 
public health risk assessment". From this data, the daily tap water intake 
was 0.957 liters/day at the 50th percentile, 1.411 liters/day at the 75th 
percentile; and 2 liters/day at approximately the 90th percentile. 

In EPA 's Exposure Factors Handbook fUSEPA, 1989b), the average daily 
drinking water intake is reported to be 1.4 liters/day, and "a value of 2.0 
liters/day is recommended as the reasonable worst-case drinking water 
consumption rate for adults". Based on the available data, the daily intake 
value of 2. 0 liters/day used in EPA's drinking water exposure scenario 
appears to represent an approximate 90th percentile value. 

(2) Percentage of Daily Water Intake from the Contaminated Source 

As for the percentage of contaminated drinking water ingested on a daily 
basis, EPA states in its Exposure Factors Handbook (USEPA, 1989b), 

"Based on survey data on time spent at home, the average individual 
-would consume 75% of the total amount of water consumed per day 
- at home and 25 percent would be consumed away from home. For 

the reasonable worst-case value, it was assumed that the individual 
would consume 100 percent of the total amount' at home". 

In defining "high-end" exposure in its recently· published "Guidelines for 
Exposure Assessment" fUSEPA, 1992), the Agency states "The lower part 
of the high-end exposure range, e.g., conceptually above the 90th 
percentile but below about the 95th percentile, has generally been the target 
used by those employing the term 'reasonable worst case exposure'". 

7d.X 
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Therefore, the value of 100% daily water intake from a residential source 
would appear to represent a value in the 90-95th percentile range. 

( 3) Exposure Frequency 

As for the number of exp.osure days/year, the drinking water exposure 
scenario used by EPA assumes that exposure frequency is 365 days/year. 
Although no specific guidance is provided in EPA 's Exposure Factors 
Handbook (USEPA, 1989b), EPA states, "It is assumed that an individual is 
exposed every day at the same consumption rate". However, this exposure 
frequency assumption discounts overnight travel outside the are~· of 
residence for such purposes as vacation, business travel, visiting, etc. 

In a recent Office of Solid Waste and Emergency Response (OSWERJ 
Directive (USEPA, 1991 b), EPA states, 

"The exposure frequency (EFJ of 365 days/year for the residential 
setting used in RAGS Part A has been argued both inside and outside 
of the Agency as being too conservative for RME estimates. National 
travel data were reviewed to determine if an accurate number of 
"days spent at home" could be calculated. Unfortunately, 
conclusions could not be drawn from the available literature; as it 
presents data on the duration of trips taken for pleasure, but not the 
frequency of such trips . . . f-!owever, the Superfund program is 
committed to moving away from values that represent the "worst 
possible case". Thus, until better data become available, the common 
assumption that workers take two weeks of vacation per year can be 
used to support a value of 15 days per year spent away from home 
(i.e., 350 days/year spent at home)." 

Given the lack of incorporation of travel outside the area of residence, the 
expo-sure frequency of 365 days/year used by EPA in its drinking water 
exposure scenario represents an upper-bound "worst case" estimate 
probably in the 90th+ percentile range. 

In the recent "Statistical Abstract of the United States 1991" as published 
by the Bureau of the Census, information is presented on travel patterns for 
the US populations. Based on a monthly telephone survey of 1500 US 
adults conducted by the US Travel Data Center, 664.3 million trips of 100 
miles or more were taken domestically in 1989 involving one or more 
household members. Domestic travel in 1989 involved over 1. 25 billion 
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person-trips or an average of 5 trips/person for the approximately 250 
million US residents. Business travel averaged 3. 2 nights/trip ( 169. 7 million 
trips), while pleasure travel including visiting friends and relatives, averaged 
4.4 nights/trip (457.3 million trips). For travel outside the US, 14.9 million 
US residents traveled overseas in 1989 excluding travel to Canada or 
Mexico and excluding cruise travelers, military and government employees 
and US citizens living abroad. Information on overseas travel was 
developed by the US Bureau of Economic Analysis. Although these data 
may be insufficient to appropriately model travel by US residents, they 
certainly reinforce the perspective that the EPA's exposure frequency 
assumption of 365 exposure days/year tot 70 ~ears represents a "worst . 
possible case". 

(4) Exposure Duration 

Using a survey of all occupied housing units conducted in 1983 by the 
· Bureau of the Census, EPA developed 50th and 90th percentile values for 
the number of years a typical person lives in a current residence (USEPA, 
1989b). These values were r~ported as 9 and 30 years, respectively. EPA 
uses current residence time (time since moving into current residence) as a 
surrogate for total residence time (time between moving into and out of a 
residence) for risk assessment purposes. However, as noted by Israeli and 
Nelson ( 1992), the frequency distributions and average values for the two 
differ. Israeli and Nelson . f 1992) modeled the moving process and 
developed estimates of total residence time from current residence data. 
Using 1985 and 1987 U.S. housing survey data published by the Bureau of 
the Census and the Department of Housing and Urban Development, 
distributions and averages for both current and total residence time were 
calculated for several housing categories. In contrast to values presented in 
EPA 's Exposure Factors Handbook (USEPA, 1989b), average and 90th 
percentl'le · total residence times for all housing units were reported as 1.4 
and 1-2.9 years, respectively. Both values are far less than EPA reported 
values. 

More importantly, Israeli and Nelson ( 1992) report calculated fractions of 
the population with total residence times of longer duration. The authors 
estimate that approximately 0. 7% of the population dwells in one residence 
for 50 years or more. Residence times longer than 50 years were not 
presented since the upper end of the range in housing surveys conducted by 
the two US Agencies was 46 + and 48 + years. These data demonstrate 
that 99.3% of the population will reside in one residence for less than 50 
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years. Based on these data, very likely over 99.9% of the population would 
reside in one residence for less than the 70 years prescribed in EPA 's 
drinking water scenario. In other words, the 70-year value EPA uses in its 
exposure scenario likely represents a percentile value on the total residence 
time frequency distribution curve of over 99.9 %. 

The following table presents the standard exposure assumptions used in 
EPA's drinking water exposure scenario and the estimated percentile for 
each factor. 

Exposure Fl!lctor EPA Value 

Daily Water Intake 2 liters 
% of Water Intake From Contaminated Source 100% 
Exposure Duration • 70 years 
Exposure Frequency 365 days/year 

Cumulative Estimate 

Estimated Probability of 
Percentile > Exposure 

90 
>90 

>99.9 
>90 

>99.9999 

< 1()"1 
< 10"1 
< 10"3 
< 10"1 

< 10"6 

• Time in one residence is usually used as a surrogate for exposure duration . 

Assuming that these four variables are independent, the cumulative nature 
of the assumptions suggest that only 1 in 106 exposed individuals would be 
exposed at or above the levels prescribed in EPA's standard drinking water 
exposure scenario. As such, only one individual in a population of one 
million people would have an individual cancer risk of 1 o-6. All other 
individuals would have lower individual risks, most of which would be 
considerably lower, even zero. 

Population risk estimates should reflect an accurate assessment of cancer 
risks.to the exposed population. As such, direct application of an individual 
cancer risk level developed from very conservative upper-bound exposure 
assumptions is inappropriate and greatly exaggerates risks to the exposed 
population: an individual upper-bound cancer risk level of 1 o-6 does not 
translate to a population risk of one excess incidence of cancer in one 
million exposed individuals. The original FDA rule that adopted 1 o-6 as a 
screening level recognized this limitation in 19 77 and states "This lifetime 
risk is the maximum, and therefore unlikely human risk level. Because of 
the series of conservative assumptions built into the modified Mantel-Bryan 
procedure .... the most likely human risk level will be several orders of 

75~ 



AIHC Comments Page 14 
Risk Management Standard for Site Remediation 

magnitude less than this maximum. " (4 7 Fedetal Register 10412, 10421 
(Feb. ·25, 1977)) 

However, even if population risks were only an order of magnitude lower 
than upper-bound individual risks, the effect is quite dramatic. For example, 
assuming a risk ~o the exposed population of one excess cancer in 107 
individuals and a· stable exposed population size of one million 
people/generation, it would take approximately 10 generations to yield one 
excess cancer. If population risks were two orders of magnitude below 
upper-bound individual risks, the result would be approximately one excess 
cancer in 100 generations. These are certainly very trivial risks. It is also · 
worth noting that, in an unexposed population of 107 individuals, an 
estimated 3, 000,000 cancer cases would be expected based on the current 
US cancer incidence rate of 30% fACS, 1989). In an exposed population of 
similar size with a population risk of 1 o-7 from exposure to contaminants at 
a hazardous waste site, the cancer incidence would be 3, 000,001 -
essentially unchanged compared to the unexposed population. 

5. Bright-line risk standards do not permit sufficient flexibility to address the 
various issues likely to be encountered by regulatory agencies. 

A bright-line risk standard is unlikely to provide the NJDEPE with the 
necessary flexibility to address program-specific and site-specific issues 
likely to be ·encountered, including advances in scientific methodology and 
remediation technology. 

Regarding EPA's selection of a range of acceptable risks, i.e. 1Q-4 to 1Q-6, 
for Superfund sites under its National Contingency Plan, an EPA attorney 
has stated, 

"The use of a range of acceptable risk is general practice for most 
-government programs ... .[ltl affords the Agency the flexibility to take 

into account different situations, different kinds of threats, and 
different kinds of technical remed_ies. If a single risk level had been 
adopted (e.g., at the more stringent end of the risk range), fewer 
alternatives would be expected to pass the protectiveness threshold 
and qualify for consideration in the balancing phase of the remedy 
selection process. " (Kelly and Cardon, 1991 ). 

The adoption of a bright-line site remediation standard of 1CT6 would not 
likely permit sufficient flexibility to address ( 1 J compliance and 
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implementation issues, (2) risks associated with site-remediation activities, 
and (3) balancing costs and benefits of various remedial projects or options. 

( 1 J A bright-line site remediation standard of 1 o-6 could present problems 
in compliance and implementation. 

Insistence on a bright-line site remediation standard of 1 o-6 could 
result in at least two anomalies: ( 1 J Maximum Contaminant Levels 
may not meet this standard, and (2) soils remediated to background 
levels may still present an unacceptable risk. 

Under the Safe Drinking Water Act fSDWAJ, the USEPA develops 
Maximum Contaminant Levels (MCLs) which are enforceable drinking 
water regulations. MCLs are often used as "applicable or relevant 
and appropriate requirements" (ARARsJ for site remediation purposes 
and as such are the compliance standards for groundwater 
remediation. However, risk levels from which MCLs for carcinogenic 
constituents are derived can range from 1 o-4 to 1 o-6 depending on 
technical or analytical considerations. In discussing the US national 
drinking water regulations, Cotruvo ( 1988) states, "A target reference 
risk range of 1 o-4 to 1 o-6 was considered to be safe and protective of 
public health ... ". Cotruvo ( 1988) reports MCLs and associated risk 
levels for 5 compounds. These are as folio ws: 

Constituent MCL (mg/L) Risk Level 

Trichloroethylene 0.005 1.67 X 7o-6 
Carbon Tetrachloride 0.005 1.67 X 7o-5 
1, 2-Dichloroethane 0.005 1.25 X 1o-5 
Benzene 0.005 5.00 X 7o-6 . 

_ Vinyl Chloride 0.002 1.00 X 1o-4 

In each of these 5 cases, the associated risk level exceeds 1 o-6. 
Therefore, use of MCLs as- ARARs and a bright-line remediation 
standard of 1 o-6 may not be compatible. 

In addition to potential compliance difficulties with the use of MCLs, 
remediation of contaminated soils could also pose a problem for 
compliance with a bright-line 1 Q-6 remediation standard as the risks 
associated with exposure to naturally occurring carcinogenic metals in 

77'1. 
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soils using standard exposure scenarios, i.e., 100 mg of contaminated 
·soil ingested daily for 70 years, exceed 1 o-6. The table below 
illustrates this for arsenic and beryllium. 

Metal 

Arsenic•• 
Beryllium 

1 o-6 Risk-Based Soil Cone. 
(mg/kgJ 

0.40 
0.16 

Background Soil Cone. • (mg/kgJ 
Geo. Mean Range Arith. Mean 

4.8 
0.55 

<0.1-73 
< 1-7 

7.4 
0.85 

Background sotl values are from the Eastern United States feast of the 96th meridian) fA TSDR, 
1990). 

The carcinogenicity slope factor published in IRIS for arsenic is a unit risk value of 5 x 10'6 (pg/LJ"1. · 
As noted previously, the following formula is used to convert unit risk values to carcinogenicity slope 
factors fUSEPA, 1989cJ: Water unit risk (IJg/LJ = slope factor x (1/70 kgJ x 2 Uday x 10'3. 
Rearranging this formula yields the following: Slope factor = Water unit risk x 10 kg/(2 Uday x 1 0' 
3J. For arsenic, this yields a slope, factor of 1. 75 mg/kg/day and an acceptable soil concentration of 
4. 0 X 1 0"· I mg arsenic/kg SOli. 

These data would suggest that, following excavation of contaminated 
soils, replacement with "clean" fill containing background levels of 
carcinogenic metals would result in a risk exceeding the bright-line 
risk level of 1 o-6. In short, contaminated soils could not be 
remediated to comply with a risk-based remediation standard of 1 o-6. 

f2J The adoption of a bright-line site remediation standard of 1 o-6 could 
preclude consideration of other relevant, real risks associated with 
site remediation activities. 

In its latest publication, the NCRP presents fatal accident rates in 
various US industries as compiled by the National Safety Council 
fNCRP, 1993). The NCRP uses fatal accident rates as a basis for 
establishing its radiation protection guidelines for occupational 
settings. Data reported by NCRP include the following: 

Industry 

All Groups 

Transport and Public Utilities 
Construction 
Mines and quarries 
Agriculture (1973-BOJ 

1991 Mean Fatal Accident Rate 
(10-4/yr) 

0.90 

2.20 
3.10 
4.30 
4.40 
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These data indicate that the mean annual industrial fatality risk based 
·on compiled labor statistics for 1991 is approximately 1 x 1 o-4. 
However, for site remediation workers, the risk of fatality is likely to 
be higher than the mean for all industry groups since remediation 
activities often involve the use of heavy construction and transport 

. equipment. 

In reviewing these data, it is important to note that disabilities and 
serious injuries are not included. The NCRP states, "Many nominally 
safe industries have annual fatal accident rates of 1 o-4 or less. 
However, these industries may have substantial morbidity from 
nonfatal injuries and work-related diseases". (NCRP, 1993). 
Therefore, the risk of death, disability or serious injury among all 
workers is very likely to be much higher than 1 o-4. 

These data are germane to discussion of the appropriate risk level for 
site remediation. Site risk assessments involve calculation of the risk 
of excess cancer incidence based on upper-bound or worst-case. 
exposure assumptions and cancer slope factors. Such calculations 
yield a worst-case statistical estimate of cancer risk to a hypothetical 
individual. In sharp contrast, industrial fatality rates represent real 
risks to actual workers based on the latest incidence data collected in 
the population in question. 

Implementation of a 1o-6 bright-line site remediation standard would 
potentially subject "real" remediation workers to a risk of fatality or 
serious injury which may be orders of magnitude higher than the 
calculated cancer risk to the "hypothetically exposed" individual from 
exposure to contaminants at a site. In essence, "real" people would 
be exposed to a relatively high risk of death or disability based on 
actual accident records in order to protect a hypothetical individual 

· from calculated upper-bound cancer risks that may not even exist. 

(3) The adoption of a bright-line _site remediation standard of 1 o-6 could 
preclude balancing costs and benefits of various state environmental 
programs. 

AIHC believes that limitations on public and private financial resources 
require the evaluation of investments from various regulatory 
programs addressing public health issues to ensure the maximum 
benefit to human health and welfare. 
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'In discussing the impact of current risk assessment methodology on 
regulatory efforts to control risk, Nichols and Zeckhauser (1988) 
state, " .... apart from creating a tendency toward over-control, biased 
estimates distort the pattern of regulation. Some low-level risks are 
regulated too _stringently while more severe risks are tolerated. The 
price we pay for risk reduction is too high, and, if the discrepancies in 
stringency are great enough, we may even end up with more risk. 
than we would with realistic assessments. Conservatism in risk 
assessment .... may wei/lead to a pattern of regulatory decisions that . 
jeopardizes public health and safety''. 

In developing this theme, several investigators have attempted to 
quantify the potential number of lives saved for various federal 
regulatory programs and the associated costs involved (Cohen, 1980; 
Graham and Vaupel, 1981 ). 

Graham and Vaupel ( 1981.) analyzed 57 programs involving several 
federal agencies and found wide disparities in the cost effectiveness 
of the various programs in saving lives. Expressed as the number of 
lives saved per million dollars invested, the data presented by Graham 
and Vaupel ( 1981) are as follows 

Agency Proposals Number Lives Saved/ 
Million Dollars Spent 

Consumer Product Safety Commission (CPSC) 20 
National Highway Traffic Safety Admin. (NHTSA) 16 
Department o.f Health and Human Services fDHH) 10 

Environmental Protection Agency (EPA) 0. 38 
Occupational Safety and Health Admin. (OSHA) 0.08 
Median costs/life saved for the various proposals in each agency were as follows: 
CPSC = $50, 000; NHTSA = $64, 000; DHH = $102, 000; EPA = $2, 100, 000; 
and OSHA = $ 12, 100, 000. 

Regarding site remediation programs, current cost estimates are quite 
staggering. In his recent book entitled "Breaking the Vicious Circle: 
Toward Effective Risk Regulation", Judge Stephen Breyer states 
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"Consider such present-system cost estimates as a New York 
Times survey of experts predicting the total toxic waste 
cleanup costs will mushroom to $300-700 billion ... , a 
university study suggesting various toxic site cleanup costs of 
$245-700 billion, a Mitre Corporation estimate of total 
Superfund cleanup costs of as much as $ 1 trillion, and a 
Dep-artment of Energy estimate of its (quite separate) nuclear 
site cleanup costs of $240 billion" (Breyer, 1993). 

These data demonstrate a wide variation in the cost effectiveness of 
various federal public health programs and the staggering cost 
estimates associated with federal remediation programs. AIHC 
anticipates increased public awareness of such information and 
increased public desire to allocate resources to programs yielding the 
maximum benefit to human health and the environment. AIHC 
believes that a bright-line remediation standard of 1o-6 would not 
permit sufficient flexibility to balance the costs and associated 
benefits from the various regulatory programs administered by the 
NJDEPE. Therefore, AIHC believes that specifying a range of 
acceptable risks, i.e. 1 o-4 to 1 o-6 could provide, at least in part, the 
necessary flexibility to address this issue. 

Conclusion 

AIHC appreciates the opportunity to submit these comments to the Commission on 
the scientific basis for the use of 1 o-6 as a risk management standard for site 
remediation. AIHC would like to express its support to the Commission, and 
applauds the State of New Jersey, for its efforts in soliciting and evaluating 
information and opinions from the scientific community and the general public on 
this issue. AIHC believes that open discussion and review of issues such as this 
by the general public and scientific community will yield improved public policy 
decisions. -

As presented in these comments, AIHC believes that bright-line risk standards do 
not permit sufficient flexibility to add;ess the various issues likely to be 
encountered by a regulatory agency. Consistent with past and present federal 
regulatory decisions, AIHC believes that utilization of an appropriate range of 
acceptable riSks produces an improved framework for regulatory activities. The 
USEPA has codified the risk range of 1 o-4 to 1 o-6 for site remediation under its 
Superfund program. AIHC believes this risk range is appropriate for site 
remediatiof1 activities. Consistent with EPA guidance, AIHC further believes that 

~\X 
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1 o-4 should serve as the preliminary site remediation risk standard and that 
selection ot a lower risk level should require specific justification based on site­
specific conditions, such as the size of the affected population, technical feasibility 
and other pertinent factors. To ensure consistent program implementation, AIHC 
believes that specific guidelines would need to be developed. 
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Environmental Risk Assessment and 
Risk Management Study Commission 
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135 West Hanover Street 
Trenton, NJ 08625-0068 

Dear Dr. Gallo: 

Please find enclosed 15 copies ofChemRisk's written comments on 1 x 1Q-6 as an acceptable risk 
level for carcinogens. ChemRisk has conducted numerous risk assessments on behalf of many 
industrial clients in the State of New Jersey, and submit these comments to the Committee based 
on our intimate understanding of several hazardous waste sites in New Jersey. We suggest that 
there are multiple factors that should be incorporated into the determination of an acceptable risk 
level for deriving cleanup standards for a specific site, and encourage the Committee to work 
towards the development of a methodology that would integrate each of these factors. Most 
importantly, we encourage the Committee to consider the flexibility afforded by a range of risk 
levels from which to select site-specific risk levels rather than a single risk value as is currently 
prescribed under ISRA. 

We appreciate the opponunity to provide comments on this important matter to the Committee. 

Steve Huntley-
Senior Associate Health Scientist 

cc: Russell E. Keenan 
David Crawford 
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TECHNICAL COMMENTS ON 1 X lo-6 AS AN 
ACCEPTABLE RISK LEVEL FOR CARCINOGENS 

Executive Summary 

The Industrial Site Recovery Act (ISRA) ·prescribes a single cancer risk level of one in one million 

(1 x 1Q-6) for the purpose of deriving site remediation standards. While the 1 x 10-6 risk level was 

used as a benchmark de minimis risk level for making regulatory decisions throughout the 1970s 

and early 1980s, many recent environmental policy decisions, including the National Contingency 

Plan and the Safe Drinking Water Act, have encompassed a range of risk levels for making site­

specific or situation-specific risk management decisions. Under these regulatory programs, risk 

levels ranging from I x 1Q-4 to 1 x lQ-6 are considered to be protective of human health. 

A range of risk levels provides the flexibility for making scientifically based, health-protective risk 

management decisions, while allowing for the integration of site-specific factors that may have a 

significant impact on the selection of an acceptable risk for a given site. These key factors include 

the size and nature of the population at risk, uncertainties associated with the toxicologic database 

and carcinogen classification, and the comparative costs and benefits associated with the different 

risk management options under consideration. 

ChemRisk suggests that the Committee give careful consideration to establishing a methodology 

that integrates each of the factors that are critical·to evaluating site-specific acceptable risk levels. 

The most significant of these factors are summarized below. 

1. De minimis Risk Level: The de minimis risk level should not be viewed as a fmite 

value by which the Department would base all regulatory decisions, but rather a 

point of departure from which the site-specific factors listed below would be 

applied to defme an acceptable risk level for a specific site. 

2. Acceptable Range: Consistent with a number of federal regulations, including the 

NCP, ChemRisk encourages the use of an acceptable risk range of 1 X 10-4 to 1 X 

1 Q-6 for the general population. 

Use of the 1 x 10-6 risk level as the point of departure may be appropriate if it is 

recognized that, when appropriate, other factors such as population size, 

carcinogenic classification, and the comparative costs associated with different risk 
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levels would be integrated during further refinement of an acceptable risk level for a 

given hazardous waste site, as described below. 

3. Population Size: While the de minimis risk level of 1 x 10-6 described above may 

be appropriate for large populations of 100,000 or mo.re individuals, for small 

populations (less than 100,000 individuals), a ten-fold higher risk level is likely to 

be more appropriate. As such, an acceptable risk level for an exposed population of 

less than 100,000 individuals may be 1 x 10-S. 

4. Carcinogen Classification: The degree of confidence associated with the different 

classes of carcinogens indicates that known human carcinogens (Class A) should be 

given greatest weight when making remedial decisions at hazardous waste sites. 

However, for those chemicals for which carcinogenicity in humans is not 

confirmed, application of a lower risk level is not likely to compromise the 

protection of human health. As such, probable (Class B) carcinogens should be 

given lessor weight, and possible (Class C) carcinogens given even lessor weight 

in decision making. 

5. Comparative Costs: Following the determination of an acceptable risk level as 

described above, the comparative costs of remedial action should be evaluated at 

incremental risk levels both above and below a proposed acceptable risk level. 

From this comparison, the most appropriate risk level on which to base remediation 

would be determined; a risk level higher than the "acceptable" risk level, but not 

higher than 1 x 10-4, would be justified based on a fmding of significant cost 

_ savings without increased public health threat On the other hand, if remedial costs 

are not significantly greater, a more stringent risk level may be used for determining 

site remediation or restoration objec_tives. 

In summary, there are a number of critical factors that should be evaluated when selecting the 

appropriate risk level for hazardous waste site remediation. The most important of these are: (1) 

/ population size, (2) carcinogen classification, and (3) comparative costs of remediation. 

Integration of these factors can be accomplished most effectively through a methodology that is 

based on a range of acceptable risks, such as 10-4 to 10-6. Within this range, a point of departure 
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can then be identified based on population size (i.e., 10-S or 10-6) from which further refmement 

can be made according to carcinogen classification and comparative costs. ChemRisk believes that 

adopting such an approach in the State of New Jersey would facilitate the timely and cost effective 

remediation of hazardous waste sites to a condition that is protective of human health and the 

environment 



Introduction 

TECHNICAL COMMENTS ON 1 X lQ-6 AS AN 
ACCEPTABLE RISK LEVEL FOR CARCINOGENS 

The current New Jersey Department of Environmental Protection and Energy (NJDEPE) guidance 

as described under the Industrial Site Recovery Act (ISRA) prescribes a single cancer risk 

benchmark value of one in one million (1 x 10-6) for the purpose of deriving site remediation 

standards. As stated in P.L.1993, Chapter 139 (35): 

d. In developing minimum remediation standards intended to be protective of 

public health and safety, the department shall identify the hazards posed by a 

contaminant to determine whether exposure to that contaminant can cause an 

increase in the incidence of an adverse health effect and whether the adverse health 

effect may occur in humans. The department shall set minimum soil remediation 

standards for both residential and nonresidential uses that: 

(1) for human carcinogens, as categorized by the federal United States 

Environmental Protection Agency, will result in an additional cancer risk of one in 

one million. 

Historically, the 1 x 10-6 risk level has been a de facto risk level, originally used by a number of 

regulatory agencies in the late 1970s and early 1980s to represent a de minimis risk when large 

populations are exposed (Paustenbach, 1989a). Over the years, the philosophy of applying a 

single "acceptable risk" value to all situations has evolved towards one that prescribes a range of 

acceptable risk levels from which the appropriate risk level might be selected for a specific 

situation. Acceptable risk may be detennined on a case-by-case or site-specific basis following an 
evaluation of such factors as the size and nature of the population at risk, uncertainties associated 

with the toxicologic database and carcinogen classification, and the comparative costs and benefits 

associated with the different risk management options under consideration. 

Incremental ~Usks 

In the risk assessment and risk management fields, health risks are defmed as. an estimate of the 

probability that a given exposure to an agent in a particular environmental setting will result in an 

adverse health effect (NAS, 1983; Paustenbach, 1989b). Adverse health effects may include death 
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(mortality), illness (morbidity), or injury to individuals or a population as a whole (Graham, 

1990). Historically, regulatory policy has been directed toward identifying and managing risks 

posed by carcinogens (EPA, 1986). A key justification for concerns over carcinogens likely stems 

from the fact that approximately one of every three individuals in the United States will be 

diagnosed with some form of c~cer during their lives (i.e., a cancer incidence rate of 33%) (ACS, 

1_993). While noncancer effects (e.g., reproductive, immunological, etc.) are rapidly being thrust 

into a new category of heightened regulatory concern, carcinogens remain the highest priority. 

An individual cancer risk value is an estimate of the probability that an individual member of a 

population will develop cancer as a result of a lifetime of exposure to a cancer-causing agent. 

Considering that the cumulative incidence of cancer in the U.S. population is about 33%, or 

330,000 cases of cancer in 1,000,000 people (ACS, 1993), an individual exposed to a chemical 

over the course of his or her lifetime resulting in an estimated incremental cancer risk level of 1 in 

1 ,000,000 is equivalent to stating that the lifetime total cancer risk for this person is not greater 

than 330,001 chances in 1,000,000 (33.0001 %) rather than 330,000 in 1,000,000. Clearly, the 

significance of 330,001 in 1,000,000 as compared to 300,000 in 1,000,000 is not in itself 

compelling. 

Population risk, on the other hand, is a measure of the upper-limit estimate of the number of 

additional incidences of cancer in the exposed population (Travis et al., 1987; EPA, 1992 

[Guidelines for Exposure Assessment]). It is expressed as the product of the individual risk 

estimate and the size of the population that is potentially exposed. 

Because risk management decisions involve a balancing of individual risks, population risks, and 

site-specific considerations (Travis et al., 1987), such decisions and remedies under the Superfund 

or RCRA programs of EPA are not based on a simple "budget-line" test at an individual risk level 

of 1 x 1Q-6. In fact, these EPA programs allow for cancer risks associated with certain hazardous 

waste sites as high as 1 x lQ-4 (EPA, 1990). As described below, other regulatory initiatives have 

dealt with the "range-of-risk" approach. 
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Acceptable Risk Defined Under Existing Regulatory Initiatives 

The foundation for risk management decisions is the selection of a cancer risk criterion which is 

considered to be either acceptable or de minimis with respect to the protection of public health and 

the environment. The term de minimis risk is used by risk assessors and regulators to define 

insignificant risks, or those ri_sks that are not of regulatory concern (Travis et al., 1987). In 

actuality, a de minimis risk should be characterized as one that is judged by society to be of 

negligible public health concern and too small to justify the expenditure of limited risk management 

resources (Whipple, 1989). Often times the terms acceptable risk or de minimus risk are used 

interchangeably. 

A common misconception within the field of risk assessment is that all occupational and 

environmental regulations adopt a theoretical maximum cancer risk of 10-6 as the de minimis or 

acceptable level of risk. When this criterion is exceeded, the public and the media often view the 

situation as a serious public threat to public health. In 1987, Dr. Frank Young, then commissioner 

of the U.S. Food and Drug Administration (FDA), addressed this misconception as it related to 

setting tolerances for methylene chloride residues in decaffeinated coffee (Young, 1987): 

The risk level of one in one million is often misunderstood by the public and the 

media. It is not an actual risk; i.e., we do not expect one out of every million 

people to get cancer if they drink decaffeinated coffee. Rather, it is a mathematical 

risk based on scientific assumptions used in risk assessment. FDA uses a 

conservative estimate to ensure that the risk is not understated. We interpret animal 

test results conservatively and we are extremely careful when we extrapolate risks 

to humans. When FDA uses the risk level of one in one million, it is confident that 

the risk to humans is virtually nonexistent 

Implicit within the FDA's use of the 10-6 risk level for establishing a "safe level" of methylene 

chloride in decaffeinated coffee is the intent to protect the very large potentially exposed population 

of coffee drinkers. In the case of very small populations, such as pesticide applicators, de minimis 

risk levels as low as 1Q-3 for some pesticides have been deemed acceptable (Rodricks et al., 1987). 

In recent years, most regulatory decisions related to environmental exposure have been based on de 
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minimis risk levels ranging from 104 to 10-6. On the other hand, the theoretical risks associated 

with occupational exposure limits are usually in the range of 10.2 to 104 (Paustenbach, 1990). 

National Contin~ency Plan 

,Final revisions to the National Contingency Plan (NCP) (EPA, 1990) under the Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA) establish a range of 1 x 

10-4 to 1 x 10-6 for acceptable risks at Superfund sites [40 CFR 300.430(e)(2)(i)(A)(2)]. In 

establishing this risk range, the EPA rejected the argument that a risk range, rather than a single 

risk criterion, does not adequately protect health and the environment [55 FR. 8716-17, March 8, 

1990]. The EPA noted that "CERCLA does not require the complete elimination of risk"; rather, 

remedies comply with CERCLA "when the amount of exposure is reduced so that the risk posed 

by contaminants is very small, i.e., at an acceptable level. EPA's risk range of 10-4 to 1Q-6 

represents EPA's opinion on what are generally acceptable levels" [55 FR. 8716]. The EPA stated 

that, after starting at an incremental cancer risk of 10-6, selection of appropriate risks within the 

range should be based on "consideration of a variety of site-specific or remedy-specific factors" 

[55 Fed. Reg. 8717]. According to the EPA [55 FR. 8717], the appropriate factors include, but are 

not limited to, exposure factors, uncertainty factors, and technical factors: 

Included under exposure factors are: the cumulative effect of multiple contaminants, 

the potential for human exposure from other pathways at the site, population 

sensitivities, potential impacts on environmental receptors, and cross-media impacts 

of alternatives. Factors related to uncertainty may include: the reliability of 

alternatives, the weight of scientific evidence concerning ~xposures and individual 

and cumulative health effects, and the reliability of exposure data. Technical factors 

may include: detection/quantification limits for contaminants, technical limitations to 

remediation, the ability to monitor and control movement of contaminants, and 

. background levels of contaminants. 

. Resource Conservation and Recovery Act 

In proposing regulations to govern corrective action of solid waste management units under the 

Resource Conservation and Recovery Act (RCRA), the EPA stated that, for carcinogens, media 

cleanup standards should be established "within the protective risk range of 1 x 1Q-4 to 1 x 10-6, 

based on site-specific factors'' [55 FR 30826, July 27, 1990]. In addition, the Agency proposed 
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that specific ri_sk levels be set based on carcinogen classification. Following this approach, Class 

A (known human) and Class B (probable human) carcinogens would be assessed at a 10-6 risk 

level and Class C (possible human) carcinogens at a 10-5 risk level [55 FR 30826]. 

Safe Drinking Water Act 
In establishing Maximum Contaminant Levels (MCLs) for drinking water under the Safe Drinking 

Water Act (SDWA), the EPA utilized the same risk range_ 10-4 to 10-6 for carcinogens as 

promulgated under the NCP and proposed under RCRA. Under SOW A mandates, the EPA set 

Maximum Contaminant Level Goals (MCLGs) for known or S\lspected carcinogens at zero on the 

assumption that there is no known threshold for carcinogenic effects, an assumption that the EPA 

is open to reconsidering based on new data [56 FR 3533-35, January 30, 1991]. However, 

recognizing that MCLGs of zero are not attainable, and based on the SOW A directive that MCLs be 

set as close to the MCLGs as feasible, the EPA has derived MCLs as follows: 

Based on the statutory directive for setting the MCLs, EPA derives the MCLsbased 

on an evaluation of (1) the availability and performance of various technologies for 

removing the contaminant, and (2) the costs of applying those technologies. Other 

technology factors that are considered in determining the MCL include the ability of 

laboratories to measure accurately and consistently the l~vel of the contaminant with 

available analytical methods. For [carcinogens], the Agency also evaluates the 

health risks that are associated with various levels of the contaminants, with the 

goal of ensuring that the maximum risk at the MCL falls within the 1Q-4 to 10-6 risk 

range that the Agency considers protective of public health, therefore achieving the 

overall purpose of the SOWA [56 FR 3547, Jan. 30, 1991]. 

The EPA further explained this risk range as follows: 

For drinking water contaminants, EPA sets a maximum reference risk range [of] 

1Q-4 to lQ-6 excess individual risk for carcinogens at lifetime exposure. This policy 

is consistent with other EPA regUlatory programs that generally target this range 

using conservative models that are not likely to underestimate the risk. Since the 

underlying goal of the [SOW A] is to protect the public from adverse effects due to 
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drinking water contaminants, EPA seeks to ensure that the health risks associated 

with MCLs for carcinogenic contaminants are not significant [56 FR 3547]. 

Other RegulatOO' Initiatives 

The EPA has departed from th~ use of 1 x 1 Q-6 as the de . minimis risk level in numerous other 

regulatory decisions. As of September 1993, the EPA had approved ambient water quality criteria 

(A WQC) for dioxin in 52 states, territories, and Indian tribal lands. Of these 52 A WQC approvals, 

22 were based on an· acceptable risk level of 1 x 1o-s (EPA, 1993). 

In 1991, the EPA selected the risk level of 10-S (1 in 100,000) when promulating the Hazardous 

Waste Management System Toxicity Characteristics (TC) Revisions (55 FR 11798-11863). In 

their justification, the EPA cited the following rationale: 

The chosen risk level of 10-S is at the midpoint of the reference risk range for 

carCinogens (1Q-6 to 10-4) targeted in setting MCLs. This risk level also lies within 

the reference risk range (10-6 to 1Q-4) generally used.to evaluate CERCLA actions. 

Furthennore, by setting the risk level at 10-S for TC carcinogens, EPA believes that 

this is the highest risk level that is likely to be experienced, and most if not all risks 

will be below this level due to the generally conservative nature of the exposure 

scenario and the underlying health criteria. For these reasons, the Agency regards a 

10-s risk level for Group A, B, and C carcinogens as adequate to delineate, under 

the Toxicity Characteristics, wastes that clearly pose a hazard when mismanaged. 

The Occupational Safety and Health Administration (OSHA) has often used a range of acceptable 

risk levels for·detennining whether chemical exposures are significant For example, the American 

Public Health Association (APHA) found that exposure to the Threshold Limit Value (TL V) for 8 

hrs/day, 40 hrs/wk, for 40 years results in estimated cancer risks greater than 1 x lQ-3 for at least 

12 chemicals including benzene, 1 ,3-butadiene, methylene chlori4e, and vinyl chloride (APHA, 

1991). As a result of the Supreme Court's ruling in the 1980 benzene case, "OSHA has 

embraced quantitative risk assessment and used 1 in 1,000 has a threshold of significant risk" 

(Graham, 1993). 
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Overview of Reeulatoty Decisions 

In a retrospective review of the use of cancer risk estimates in 132 federal decisions, Travis et al. 

(1987) examined the cancer risks that triggered regulatory action. The authors considered three 

risk issues: individual risk, the size of the population exposed, and the population risk. The 

results of the review showed that for exposures resulting in a small-population risk, regulatory 

action was never taken for individual risks below 1 x lQ-4, whereas regulatory agencies almost 

always took action when the cancer risk exceeded approximately 4 x 10-3. For large-population 

risks (e.g., the entire U.S. population), agencies typically acted on risks of about 3 x 104, and de 

minimis risk was typically defined as 1 x 10-6. These decisions demonstrate that the size· of a 

potentially impacted population does have bearing, as it should, on the selection of acceptable risk 

criteria within regulatory agencies. Based on the fmdings of Travis et al. (1987), and upon further 

examination of the database, Graham (1990) has suggested using a range of 1 x 10-4 to 1 x 10-6 

for acceptable lifetime cancer risk for the average exposed individual and a less stringent risk range 

for smaller, more highly exposed sub-populations of the general population. 

Rodricks et al. ( 1987) also evaluated regulatory decisions and reached similar conclusions. In 

decisions relating to promulgation of National Emission Standards for Hazardous Air Pollutants 

(NESHAPS), the EPA found that the maximum individual risks and total population risks from a 

number of radionuclide and benzene sources were too low to be judged significant. Maximum 

individual risks considered were in the range of 1.0 x IQ-3 to 3.6 x lO-S (Rodricks et al., 1987). 

Comparison of Risks 

Quantitative cancer risk estimates can be more readily ~nderstood when placed in perspective with 

health risks associated with familiar activities, occupations, or commodities. Most of the risk 

values cited below are annual risk estimates, refl~ting mortality rates during any given year. The 

examples used in this section are summarized for the purpose of providing a conceptUal yardstick 

for measuring the magnitude of a risk. 
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Commonplace Risks 

Many common human activities entail risks greatly in excess·of one in one million (Table 1). For 

example, although risks are inherent in various modes of transportation, people generally accept 

those risks. Driving a car not only subjeets the driver and passengers to the risk of an accident, but 

also poses a risk to pedestrian~. The total annual risk of dying in a car accident is about 2 in 

10,000 (2.4 x 104). The risk to a pedestrian dying in a motor vehicle accident is approximately 4 

in 100,000 (4.2 x 1Q-S). This equates to a lifetime risk of dying in a motor vehicle accident of 

approximately 7 in 1,000. An airline passenger that flies an average of four hours per week has an 

annual risk of 1 in 100,000 (1.0 x lO-S) (Wilson and Crouch, 1987). An average bicyclist also has 

an annual risk of dying of 1 in 100,000 (Hutt, 1978; as cited in Rodricks and Taylor, 1983). 

In general, accidents occurring in the home pose an annual risk of about 1 in 10,000 (1.1 x 10-4). 

This overall risk is comprised of risks from falls, drowning, fires, inhalation and ingestion of 

objects, frrearms, accidental poisoning, and electrocution (Crouch and Wilson, 1982). Living in 

an average stone or brick buildirig for about 20 months is estimated to increase an individual's risk 

of cancer caused by natural radioactivity by 1 in 100,000 (1.0 x 1Q-S) (Allman, 1985). 

Exposures to radiation, either natural background radioactivity or radiation for medical purposes, 

may increase the chances of cancer. Average diagnostic medical chest x-rays have been reported to 

increase the risk of cancer by 2 in 100,000 (2.0 x 10-S) annually. Exposure to natural radiation at 

sea level (excluding radon) is reponed to pose a similar level of risk (2.0 x IQ-5). Exposure to air 

pollution in the eastern United States has been estimated to pose an even greater risk of 2 in 10,000 

(2.0 x 10-4) annually (Wilson and Crouch, 1987). Furthermore, Gough (1990) estimates that 

between 2 and 3 percent of all cancers are associated with environmental pollution, while between 

3 and 6 percent of all cancers may be attributed to total radiation sources. 

Similarly, numerous popular sporting activities pose an increased potential risk of dying due to 

accidents. Boating, hunting, swimming and football pose an annual risk level of between 3 and 5 

in 100,000 (3.0 to 5.0 x 10-') (Crouch and Wilson, 1982). Other sports that were not included in 

Table 1 have even higher levels of risk such as flying amateur aircraft (3 in 1 ,000), mountaineering 

·(6 in 10,000) and scuba diving (4 in 10,000) (Crouch and Wilson, 1982). 
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Table 1. Commonplace Risks • 

Action 

Travel 
Motor vehicle accidents 
Collisions with pedesuians 
Frequent airline passenger (4 hrs per week)b 
Bicycling 

Housing 
Home accidents (all causes) 
Natural background radiation (sea level) 
Living in a natural stone or brick building 
Average diagnostic medical x-rays in U.S. 
Air pollution 

Sports 
Boating 
Hunting 
Swimming 
Football b 

Smoking 
Smoking, all effects (1 pack per day) 
Person sharing room with smoker 

L Wilson and Crouch, 1987. 
b. Hutt, 1978 as cited in Rodericks and Taylor, 1983. 

Annual Risk 

2.4x to:; 
4.2x tO 
l.Ox to:~ 
1.0 X 10 

l.txlO~ 
2.0x tO 

0
-S 1.0 X t -S 

2.0x tO -4 
2.4x tO 

-S 
5.0x tO 

5 3.0x 10-
3.0x to:~ 
4.0x 10 

-3 
3.6 X 10 S 
1.0 X 10-
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Cigarette smoking has been suggested to increase one's annual average risk of cancer and other 

health effects by more than 1 in 1,000. In addition, chronic exposure to secondary tobacco smoke 

has been estimated to increase individual's risks of health problems associated with tobacco smoke 

by 1 in 100,000 or 1.0 x 1o-s (Crouch and Wilson, 1982). 

Dietazy Risks 
Dietary factors, such as alcohol consumption and a high fat diet, have been implicated in many 

studies as a major contributor to cancer deaths (Ames et al., 1987; Scheuplein, 1990). In addition, 

people are exposed to risks every day by ingesting natural carcinogens in food (Ames et al., 1987; · 

Scheuplein, 1990). Dr. Robert Scheuplein, Director of the Office of Toxicological Sciences at the 

FDA, estimated the risk of dying from cancer from dietary exposure to natural and man-made 

carcinogens is about 7 in 100 (7 .7 x 1Q-2). Of this, about 98% of the cancer risk in the diet may be 

attributable to natural carcinogens in food (Scheuplein, 1990). Diet contributes approximately 35% 

of the total human cancer risk, and smoking, the other major risk factor for cancer, accounts for 

another 30% (Doll and Peto, 1981). 

Ames (1983) estimated that the daily intake of natural carcinogens in traditional food may exceed 

~vera! grams. Scheuplein (1990) more conservatively assumed that of 1,000 grams of solid food . 

consumed per day, approximately 0.1% or one gram of food per day consists of carcinogens. 

Table 2 lists intake and rislc estimates for various food categories containing carcinogenic 

substances~ This analysis concludes that the risks associated with exposure to natural carcinogens 

are much g~ater than those posed by traces of pesticide residues or contaminants (Scheuplein, 

1990) .. Methods of storing, preparing and consuming food, as well as dietary patterns (protein to 

fat ratios), also contribute to the high cancer risks. 

Table 3 lists some of the naturally. occurring· carcinogens in food. Natural carcinogens in food and 

those produced during food preparation have been shown to occur in amounts that exceed 

environmental exposure levels. For example, certain molds in foods synthesize toxins that are 

mutagenic or carcinogenic; e.g., aflatoxin, is found in nuts (peanut butter), wheat, and com, and 

through food chain exposure in cow's milk, (Ames et al., 1987). Furthermore, consumption of as 

little as 40 tablespoons of peanut butter has been reported to increase the chance of liver cancer 

caused by aflatoxin by 1 in a million (Covello, 1989). 

/DO"' 



ChemRisk® - A Division of McLaren/Hart 
April 8, 1994 
Page 9a 

Table 2. Risk Estimates of Various Food Categories Containing Carcinogenic Substances 

Amount of (Estimated) Amount 
Food Category Food Consumed of Carcinogen Consumed Risk 

Traditional food 1,000 g 1,000mg 7.61 x 10·2 

Spices and flavors 1.0 g 10mg 7.61 x 10·4 

In directs 20mg 2mg 1.s2 x 10·4 

Pesticides and contaminants 200~g 0.1 mg 7.61 x 10·6 

Animal drugs l.Omg 0.1mg 7.61 x 10·6 

Food preparation 1.0 g 0.1mg 7.61 x 10·6 

(charred protein only) 

Mycotoxins 10~g 0.001 mg 7.61 x 1o-s 

Total Risk= 1.1 x to-2 

Adapted from Scheuplein, 1990. 

/01 't. 
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Table 3. Naturally Occurring Carcinogens in Food 
8 

Food 

Apples 
Mushrooms 
Parsnips, celery b 
Cereals, com, seeds, nuts 
Plants (herbal teas) 
Spinach, beets, lettuce,.radishes 
Phytoplankton 

(fiSh and shellfiSh) 
Garlicb 
Chiliesb 
Orangesb 
Spices:b 
Mustard 
Pepper, nutmeg 
Cinnamon 
Smoke 
Matjoram 
Tarragon 

Carcinogen 

Panilln 
Hydrazines 
Psoralens 
Atlatoxins 
Pyrrolizidine allcaloids 
Nitrates--> nitrosamines 
Polyaromatic hydrocarbons 

Alkyl isothiocyanate 
Capsaisin 
d-limonene 

AllylisOthiocyanate 
Safrole 
Cinnamaldehyde 
Nitrosamines 
Carvacrol 
Esttagole 

a Compiled ftom Scbeuplein, 1990; Cheeke and Shull, 1985. 
b. Foodstuffs or spices with known or suspected carcinogenic activity. 



ChemRisk • A Division of McLarenlllart 
April 8, 1994 
Page 10 

Similarly, large amounts of hydrazine, a known carcinogen and mutagen, have been found in most 

edible mushrooms. The most common commercial mushroom (Agaricus bisporus) contains about 

300 mg of a hydrazine derivative per 100 grams of mushrooms. 

Cooking of food generates_ a variety of carcinogenic substances. Carcinogens formed during food 

processing include: ethyl carbamate (fermentation), nitrosamines (curing, frying, salting, pickling), 

polynuclear aromatics (broiling meat, smoking), and heterocyclic amines and nitropyrenes (grilling 

and charring of fish or meat) (Scheuplein, 1990). Intake of nitropyrenes from grilled chicken has 

been estimated to be much higher than that from air pollution (Sugimura, 1986; Kinouchi et al., 

1986). In fact, according to Ames (1983), the amount of burnt material eaten in a typical day is at 

least several hundred times more than that inhaled from severe air pollution. 

Currently, safety information on direct food additives is more available than for most dietary 

categories because of consumer concern. Direct food additives are not approved by the FDA 

unless they are either non-carcinogenic or de minimis in animal tests; the de minimis risk in this 

context is 10-6. However, saccharin is an exception to this rule because of a Congressional 

moratorium of an FDA regulation banning its use (Scheuplein, 1990). According to another study 

(Wilson, 1979), drinking a 12-ounc.e can of diet soda containing saccharin every day of the year 

results in an annual cancer risk of 1 in 100,000 (1.0 x 1Q-S). 

In summary, potential cancer risks are associated with intake of foods containing carcinogenic 

substances that are naturally occurring, or are formed during cooking and preparation. 

Comparison of these risk values for common, everyday exposures with proposed acceptable levels 

of risk, such as 1Q-5 and 1Q-6, is an effective means of placing risks in perspective. 

Comparative Costs 

While risk assessment provides a quantitative estimate of the potential health threat associated with 

a given situation, risk management strives to balance the social, political, and economic facets of a 

given situation (CEQ, 1989). In selecting an acceptable risk level for setting site remediation 

goals, economic factors (i.e., the cost of remediation) become the most important of these 

additional considerations. 
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When choosing appropriate risk levels, regulators should weigh the economic costs and benefits 

that may be associated with risk reduction. Although some environmental laws attempt to restrict 

economic considerations, common sense and studies of regulatory behavior indicate that economic 

factors play a critical role in environmental decision making. The economic consequences of 

regulatory decisions must be heeded so that public health is not adversely affected. Public health 

professionals have recognized for decades that reducing family income impairs public health 

(Graham, 1990). The costs of environmental regulation may reduce real family income by 

increasing the prices of goods and services that all of us purchase, which ultimately causes a 

reduction in real family incomes. Subsequently, when families have less income, they have less 

money available for everything from preventive checkups to smoke detectors. H regulatory costs 

are excessive, the regulator may inadvertently cause more hann to the health status of families than 

will be prevented. 

As a case in point, consider the chlorination of public drinking water supply by municipalities. As 

a direct result of chlorination, a number of potentially harmful compounds known as 

trihalomethanes are produced. Most notable of these is chloroform. Based on exposure 

calculations which assume that the average 70 kg adult ingests 2 liters of water per day (EPA, 

1989d), the dose of individual trihalomethanes received in water is associated with risk levels 

ranging from 1.7 x 10-5 to 3.7 x 10-4. In order to comply with a 10-6 risk level, treattnent systems 

would have to be modified in order to reduce the levels of these compounds in fmished water. 

Implementation of an activated charcoal filter system is one method which would reduce 

trihalomethane levels sufficiently to bring the risk associated with these compounds in drinking 

water into compliance. The life of a charcoal bed and, thus, the cost of system maintenance, is 

highly dependent upon the level of organic matter entering the treatment system. In a worst-case 

estimation in ~hich the bed life is only 30 days, use of the charcoal fllter water treatment system 

would raise the cost of municipal drinking water by $1.562 per 1,000 gallons (Adams and Clark, 

1989). For a 1,000,000 gallon per day facility supplying water to 3,000 to 4,000 homes, this 
would result in an added water treatment plant operating cost of $1,562 daily or $570,130 yearly. 

. Conversely, in an optimal situation in which the water entering the system is low in organic 

material, a bed life of 730 days would result in a daily system cost of $417 ($152,205 annually) 

for the same size plant (Adams and Clark, 1989). These costs, as well as costs in the range of 

$100,000 for the initial installation of the system, would have to be met. by municipalities and 

passed on to the consumers. If an acceptable risk level of 10-6 were applied to this industry, 

_Lo'IX 
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municipalities would be faced with a dilemma. Since shutting down the public water treatment 

facility is not an option, each town and city would need to make costly process changes or apply to 

the state for an exemption from this regulation. 

As a second example of the significant costs of implementing an across-the-board limit of risk, 

consider the changes ·that will be required at every gasoline station in the state. In order to reduce 

occupational exposures to benzene fumes from gasoline to the proposed lQ-6 risk level, retrofitting 

of all pump nozzles and underground storage tanks would be required to recover vapors. 

A~cording to a study conducted by the American Petroleum Institute in 1988 (personal 

communication, H. Thompson, API, 1990), the cost of retrofitting the average 6 nozzle service 

station with a vapor collection system .ranges from $2,582 to $2,795 per nozzle. These costs 

would be passed on: to the consumer in the form of increased gasoline prices. Likewise, similar 

types of costly vapor recovery systems would most likely be required at dry cleaning facilities in 

order to comply with a 10-6 risk level. 

The food industry provides a final example of the costs of compliance. Based on the discussion 

presented on risks associated with common activities and consumption of natural carcinogens in 

food and beverages, many areas could be affected by a universal acceptable risk level of 10-6. The 

risks associated with exposure to naturally-occurring carcinogenic substances in a number of foods 

and spices exceed the 10-6level (Table 2). The costs of bringing these products into compliance 

with a 10-6 risk level would be high. For example, the aflatoxin mold is a carcinogenic substance 

which is associated with high moisture crops like peanuts and com. When crops are subjected to 

the warm, moist, dark environments which are created during storage and transport, the spore is 

released and the mold grows. Reduction of aflatoxin levels for the purpose of compliance with a 

1 Q-6 risk level_ would require major changes in the technologies involved in storage and transport of 

fresh crops. Crops would need to be quickly and carefully dried and stored in cool environments 

in order to prevent release of the spore. Methods of transport to other parts of the country would 

need to be modified in order to reduce the amount of time the crops are subjected to a moist, warm 

environment. Without major changes in the way the crops are handled, high percentages of these 

crops would not be pennitted to be sold to consumers, and would need to be discarded. The cost 

to the consumer would be decreased availability and higher prices. The cost to the farmer or 

transporter would be significant fmancialloss. 
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The justification for integrating comparative remedial cost estimates into the establishment of a site­

specific acceptable risk level is tied to the concept that, in most cases, there is little difference 

between a 10-6 risk level and a 10-S risk level or between a 10-S risk level and a 10-4 risk level, in 

tenns of real human health risks. In fact, although there may be little difference in real.health risk, 

there may be a significant difference in remedial costs associated with one risk level as compared to 

another. When it can be shown that significant cost savings would be realized at a less stringent 

risk level without increased public health threat, then it may be appropriate to establish a less 

stringent risk level. 

Conclusions and Recommendations 

A review of the most recent literature and federal regulatory initiatives addressing the issue of 

acceptable risk indicates that a range of acceptable risks is preferable for evaluating potential 

exposures to carcinogenic contaminants at hazardous waste sites. A range of risk values will allow 

the Department to consider a number of site-specific factors including the characteristics of the 

potentially exposed population (e.g., residential verses occupational exposures), the size of the 

potentially exposed population (e.g., large versus small), and the uncertainty associated with our 

· current understanding of the potential carcinogenicity of specific chemicals (e.g., Class A versus 

Class B versus Class C). 

A review of risk decisions implemented under various federal regulatory programs indicates that 

for large population risks, agencies typically acted on cancer risks of about 3 x 1Q-4. For small 

. population exposures, regulatory action was never taken for individual cancer risks below 

1 x 1Q-4. For occupational exposures, acceptable risks are often within the range of 10-2 to 10-4. 

Therefore, the risk range of 1 x 10-4 to 1 x 1Q-6 used by the EPA and other federal agencies 

provides the necessary flexibility and is more than adequate to protect public health. 

' 

ChemRisk suggests that the Committee give careful consideration to establishing a methodology 

that integrates each of the factors that are critical to evaluating site•specific acceptable risk levels. 

The most significant of these factors are summarized below. 

1. De minimis Risk Level: The de minimis risk level should not be viewed as a fmite 

value by which the Department would base all regulatory decisions, but rather a 
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point of departure from which the site-specific factors listed below would be 

applied to define an acceptable risk level for a specific site. 

2. Acceptable Range: Consistent with a number of federal regulations, including the 

NCP, ChemRisk encourages the use of an acceptable risk range of 1 x 10-4 to 1 x 

1 Q-6 for the general population. 

Use of the 1 x 10-6 risk level as the point of departure may be appropriate if it is 

recognized that, when appropriate, other factors such as population size, 

carcinogenic classification, and the comparative costs associated with different risk 

levels would be integrated during further refmement of an acceptable risk level·for a 

given hazardous waste site, as described below. 

3. Population Size: While the de minimis risk level of 1 x 10-6 described above may 

be appropriate for large populations of 100,000 or more individuals, for sma.ll 

populations (less than 100,000 individuals), a ten-fold higher risk level is likely to 

be more appropriate. As such, an acceptable risk level for an exposed population of 

less than 100,000 individuals may be 1 x 1Q-5. 

4. Carcinogen Classification: The degree of confidence associated with the different 

classes of carcinogens indicates that known human carcinogens (Class A) should be 

given greatest weight when making remedial decisions at hazardous waste sites. 

However, for those chemicals for which carcinogenicity in humans . is not 

confirmed, application of a lower risk level is not likely to compromise the 

- protection of human health. As such, probable (Class B) carcinogens should be 

given lessor weight, and possible (Class C) carcinogens given even lessor weight 

in decision making. 

The diminished likelihood that an actual risk exists . for Class B and Class C 

carcinogens, may be integrated into the determination of an acceptable risk level by 

application of toxicity-adjustment factors to the population-based acceptable risk 

level. For example, factors of 10 and 100 may be appropriate for Class B and 

Class C. carcinogens, respectively. These factors would be multiplied by the 

/O?X 
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population-based acceptable risk level, determined following an evaluation of 

·population size, as described above. 

&ample: If population-based risk level is 1 x 1Q-5 and PCBs are the chemicals 

of concern, then: 

Acceptable Risk Level = 1 x 1Q-5 x 10 = 1 x 10-4 

5. Comparative Costs: Following the determination of an acceptable risk level· as 

described above, the comparative costs of remedial action should be evaluated at · 

incremental risk levels both above and below the acceptable risk level. From this 

comparison, the most appropriate.risk level on which to base remediation would be 

determined; a risk level higher than the "acceptable" risk level, but not higher than 1 

x 10-4, would be justified based on a fmding of significant cost savings without 

increased public health threat. On the other hand, if remedial· costs are not 

significantly greater, a more stringent risk level may be used for determining site 

remediation or restoration objectives. 

The following examples illustrate the methodology proposed by ChemRisk: 

Example A 

If a city of 90,000 were exposed to benzene, a known human carcinogen, then the acceptable risk 

level would be 1 x 1 o-s. Assuming that the cost differentials of remediation at 10 -s and 10-6 were 

insignificant, then remedial action based on the 1 x 1 (}-6 risk level may be justified for benzene, in 

order to afford an extra measure of health protection. 

ExaropleB 

If 500 people in the vicinity of a hazardous waste site ~ potentially exposed to arsenic, a known 

human carcinogen, then the acceptable risk level would be 1 x 1Q-5. However, if remedial action at 

the 10-S risk level is estimated to cost $25 million and remediaf action at the 10-4 risk level is 

estimated to cost $2 million, then a fmding of significant cost savings without a significantly 

increased public health threat may justify remedial action based on the 104 risk level. At either risk 

/08X 



ChemRisk _. A Division of McLaren!Hart 
April 8, 1994 
Page 16 

level, one would not expect to see even one increased case of cancer based on the results of the risk 

assessment for this site. 

In summary, there are a number of critical factors that should be evaluated when selecting the 

appropriate risk level for hazardous waste site remediation. The most important of these are: (1) 

population size, (2) carcinogen classification, and (3) comparative costs. Integration of these 

factors can be accomplished most effectively through a methodology that is based on a range of 

acceptable risks, such as 1Q-4 to 1(}-6. Within this range, a point of departure can then be identified 

based on population size (i.e., 10-S or 10-6) from which further refmement can be made according 

to carcinogen classification and comparative costs. ChemRisk believes that adopting such an 

approach in the State of New Jersey would facilitate the timely and cost effective. remediation of 

hazardous waste sites to a condition that is protective of human health and the environment 
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~ C~ONCERNED •. / 
'CITIZENS~ 
o~r MAYWOOD FOR IMMELJIATE RELEA 'E 

April 7. 1994 

TO: Enviro:r.r.nental Risk Assessment & Risk Management Study Commission 
c/o Mic~ael Gallo, Chainnan 

RE: Commission report on alternative scientific sta:1:iards, criteria 
and methods for the risk assessment 

Please include the .:following comments and documentation in your 
delibera tio~'1S J 

(1) Newspaper reports of your hearings seem to indicate many 
of the speakers are. have been or may be i~volved with 
properties at which they would like to dictate what 
standard~ (scientific) would be used for remediation, or 
if remediation would take place at all! They cite a need 
for a realistic, scientific standard. 

(2) Please:therefore deliberate on the enclosed »one in a million 
risk" letter to the !ditor, Starledger, June 25th 1993 from 
four scientists of NJDEPE that clearly establishes that the 
one in a million risk level or any other risk level- is 
not a scientific decision- it is a public policy decision­
based on the level o.:f risk with which the public is comfort­
able- science does not tell us how. much risk the public is 
willing to accept. Read the last paragraph for the role of 
science. 

(J) Refer also to enclosed page 4(2ndpp. :from bottom) of 
Assistant Commissioner Lance Miller (NJDEPE) comments on 
S-1070: He corrects those who say New Jersey's clean up 
requirenents are more stringent than any other state and 
points to the fact that most other states incorporate a 
one in a million risk managernent criteria in their regula-
tions or as policy. . · 

(4) A Wayne resident letter (2/22/94) cites the problem of 
citizens vs. those with money and power to influence the 
behavior of public agencies. 

(5) Copy of Hazardous Waste News #371 (Jan. 6th 1994j deals with 
studies of populations living near a hazardous waste site. 
Note Jrd paragraph citing higher level of liver disease 
and birth defects affiong persons living near a thorium waste 
disposal site in Wayne, N.J._ ... A site in Maywood ·N.J. contain 
the same classification o£ wastes •. 
Note last paragraph about ,, move to .div.ert attention f'rom 
and to cut i'unding for thQ federal euperfund program of wast 
clean up- a move that will result in increased health costs 
for American people.» Proof of this is provided in #6. 

(6) Nick Marton (NJDEPE) two lette~s 'Qoth· dated April 8th 1993 
to Me .. -Cange (DOE). Jeffery Gratz {USEFA) letter of May 21st 
1993 toMs Cange (DOE). 

p. 1 



CONCERNED~ 
CITIZENS ~t~~ 
oAP MAYvVODD FOR IMJ.r1E]~)JATE RE.LE14 E 
continued 

( 7) 
( 8) 

cc. 

Pages {1). and (6) of USEPA Action Criteria for residential 
areas in West Chicago, Illinois including institutional, 
corrunercial and municipal· properties I These documents clearly 
estabish a 5 pci/g criteria for clean up. Tnat 15 pci/g 
is not a health based standard. These facts mean nothing to 
DOE, and Assistant Secretary Thomas P Grum·::>ly sets out on 
a ,scientific" approach to use· the less stringent .5·15 pci/g 
not the 5 pci/g.health based standard. 

Read I-v1r. Grumbly's enclosed letter to ·:ongresswoman 
Roukema (1/19/94)- then read the Jan. 26th 1994 memo - unde~ 
date of D.ecember 14, 199.3 - Maywood Dispute :- Review of next 
.Ueps after Guimond(Grumbly's new deputy") and Muszynski (EPA) 
meeting •. 
Results: EPA Region 2's position on clean up levels- (March 
24, 1994), enclosed. EPA caves in- clean up at Maywood will 
be 5-lS not the .5 pci/ghealth based standard, not for 
unrestricted use, experimental soil washing, etc.- Ma~ood 
officials have voted to reject the cave in by EPA. 
Read enclosed Hazardous Waste News copies #370 and #244. 
Last attachment is page 6 of 199J Annual Report- Northeast 
Interstate LLRWC- Statewide poll says seven in ten residents 
surveyed believe the best way to deal with LLRW is to.ship 
it to a permanent facility - a permenent clean up - not like 
the DOE's present attempt to create a cost effective permane 
disposal site in Maywood as a "clean upu of the present 
interim storage site. 

Mra Grumbly {DOE) appaJ;"entlyis interested in cost effe 
clean up starts .. not permanent clean ups. 

In 1991 Maywood voted almost unanimously for an excavat 
aLd disposal of!site clean up and along with the 7 out of 10 · 
statewide poll, that's a lot more than the 300 member Petrol -
um Council or Chemical Industry.Council. 

Yes, one in a million is a public policy and the 
Legislature should now consider the public's health and not 
the Councils' profit goals, ~~ f ~ 

Chuck Parodi 
Pre.sj_qent., CCM 

R t Sh
• • . 48 weE:t Grove 

ober J.nn, NJDEPE CommlSSloner Xaywood, NJ · 07607 . 
Jeanne Fox, USEPA, Region 2, Administrator 
Carol Browner, USEPA Administrator 
Hazel O'Leary, Secretary o£ Energy 
u.s. Senator Lautenberg 
Congressman Torricelli 
Pat Schuber, Bergen County Execut~ve 
Star Ledger 
The Record 
The !hopper 2o 2 
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One .. fn-a-ml/1/on risk 
. DEAR EDITOR: 
:·. As tex!~olcg1sts ar.c! pu'::l:~ h~!alth prv!e.s~kJ!":.:s !~1· 
vc,J;:~·:1 in ar,a!vzi;,g a.;,c\ \.mde~stc:n-:!:r~g h·~mt:V~ h(;c:.:~h ~.il<:s 
frcm enviro:-~mei:ta! c·:·r:tz;rr,ir:a!".ts. we· ·.lin~ tr.;:.ut.:ed '::: 
Gorcto~ Bis~:i:·p·s COl'J~!:i, '' 'Q~,e·:n-~·~l:l:;o~' r<'.::t: t(• Tr:~ · 
tio!"a:: It De~cs ?~aturc ·· T~ls Jjb:e -:·:;,:-~t\<ses the: e:orl':ev. c·~ 

· one-~n-a-m~:l.io:1 iisk nr:d r.~is~<!".dHS~(l:-.:h t~.e ro:e d ~::~t:CE 
in Cfo.;culc.:~r.g :~sic 
. n.e cc:;cects or one-!n·a-m:~I:cn rl~~ as ;.:sed i~ c:~·; .. 
ro:1men~.?J reg-U:at~0:1 appl!es to ca~ct:r·cal;s~r.g ccnte.;~:· 
·nants ar.d rei~rs to a !eve:~ o~ risk wh:cr, !s ca:ci.l:ated to rf· 

· :l!'Jlt in no rr.ore tha."l or.e case or car.cer-o•;er and at~)v~ 
.. existing rates-arnong o::e m:mon people exposed ove:r a 
··lifetime. In settir.g environ1r.c·:1tal standa:ds to rnee~ tr,:s 
.. level of r~eal~h r:sk, the role d science is to c~~('u~ate, as a<:· 
· ·C\Irately as possible, the lc·.-cl of cancer-causing cvnta~l­
. · nant in the en·.i:cnrr.ent w:iich will me~~ ~his l~vel or protec-

tion. 
The te:!'!"; parts·per·ITIIt:ion, 0:1 the ot~~er r.3.r~d. is 3 

form or me:ls~:rement often appl:~d to tr.e icve~ or cc.r,ta,.r;,j. 
· . ns.nts in ~he em~rcr.mcnt Parts-per-million r~~ers eo t.c·.\· 

mu·:h con~r::r:i:1ar.t :s prescn~ in soil, water or air. O:oe p.-;_r:­
. per·rr.ilHon :n soil, ror inst~r.ce, rr.car.s t;1at one snm c! con· 

· . tarr.:nan~ ts fou:-,d arr:ong one mil:ior~ r.c:r:"~s cr so!l. Desr:t~ 
the fact :.hat botl: ~crms t:se the wo:d m!l!:•:;!i, t~~se !:.v·~ 
~e~rr:s. o~e·i~.·a-:r.::::on ns:< ~md p:;rt-p~r·!":":il:io:1. ~·r~ as :1:!­
fercnt as ap;lc.s and ()!'anges. lf a c:-;~::.:c:J (su~i~ as oer)!· 
li1.1m. to use ; ... ;r. 'Bishop's examplei occu~s !n tl~c envi:v:1· 
rr.er.t, e:ther r.at::ntly o: througl~ i~~1rr.t:t1 act:~o~~~cs at a lc ·.·.~; 

or si~ ports·pcr-rr:m:o!1. this ~ells us r;otn:ng a'coJ~ risl: ~ 
cne·l:-£·a·J:lil:iv:i cr ~t~l?rw!se. lr. wri~ing that :!rr.iti::g £:~'!Vi· 
rc·:1menta.: car.cer rts,( to one·in·a·r.11l!t(•~ ''dcfles r.a~ure · 
tecatlS~ bery1!i~i~l r,a~t:~ally occ~!'s at six pa:ts-pe:-~i:l1on. 
M~. B!Sr.c.p cc:-Juses t~ese lc!ea~ a~~d :~ Lkc:y to ccr:f~l~t' ;l::) 
rc<Jdc:s. 
'- The co>.Jlr,n a;so se~ms to be cG~.f':.ls~d ·.vhen :~ sttl~cs 
t.~at. ~:i envir?.~menta: !tan~a:d protect!ng against one·.r:· 
a·mlll.cn ~dd.~•ona.J cancers ts not ba!icd on scund scic-n~:c. 
The decis•on to protect tht: pu~lic from exposure t~ e•wi· 
ronment~l carcincg~ns at a one·ln·n·milHon risk level, o~ 
any other ~~i< level, ts not a s"jen•:nc ~C,isig.tt 1t is a P.ubi!c < 
p~ltcy deCJs:on. It is a eects O!'l g. nse on the level or ris~: 
V.'l~h w~lch t~c r;ub:ic !s cOJr.fortable. s 'en '1nes :~r·t t.cl; 
~how rr:uch risk the p:.:bllc is •.vi~lir:g tQ accept rrc.m .1e e.n. 
V!ronment. · 
. The r!j!e r. t ... · lr. setting envl~cn:nental r~!k lev~Js 
~s cnl ~o ca;cu:cte .ow m~~ch ceon~am:nar.t can be ;>rese!"!~ 
1n the en~rGnmcnt eo achieve ~::at goai. T~c columr. seer.·.s 
to be saj"..ng that :~ :-;ew Jersey cond'..lcleri sounder science 
tts sc!cnt.•s~~ .WCI.lld be more correct in te!iing the publ:t 
how muc:1 r:~K tt should be willir.g to ac<:ept. Aga!r., a cast" 
or apples ar1ct o:i!:'lges: · 

AIM H. Stern, Gloria 13. Po H. 
Thom~s A. Ledoux and Leslie J. McGeorge 

O<!p:lrtrmnt M Enviror,mentnl Pr nnd F . ~-· 
c ~nee an< 



and regulatory tools a local govern,me:-'lt will ne~d in (jr c~ 
evaluate vacant property ar,d ·to gathe~ information ne:e ed t 

market the property for potential use. The law also mdk s Nt 
Jersey•s statutes consistent with the federal Superfund aw t 
providinQ that a local government which obtains contam nate 
property by foreclosure is not responsible for contami atio 
that existed on the site prior to their foreclosure; an , th 
law provides money for local goverMlents wbo want to rem di a b 
a site. 

s-1070 also provides financial assistance to persons who c 
obtain private market financing or who ~re vbluntarily cle 
up a site unde~ the Department's Voluntary Cleanup Progra~. 

S-1070 provides the basis for the deve~opment of remedi 
standards. The law directs the Department to develop thre 
levels which if met, will satisfy the Department•s remedi 
requirements. The law also provides finality coupled ~'i 
recognition that remediation standards can change if the 
to public health and the environment changes. 

The law provides flexibility by recognizing the limitation of 
technology in remediating contaminated sites while encoura 

· the use of permanent remedies. The law also recognizes hat 
cleanups should be performed consistent with intended use 
the property. ·Industrial properties need.not be remediated 
the same level as residential properties, yet, under eit 
seenario, New Jersey workers and citizens are protected to 
same level of risk. 

The. risk management criteria in the law, which provides t 
all New Jersey citizens be protected to a contaminant speci 
one in one million cancer risk level and no adverse imp 
level for nnn-t:'arr:inogens, is a fundamental policy decisi 
Because this decision was a topic of continuing debate, S-10 
con~1enes a Commission to evaluate the risk management decisi 
in the law, and requires the Commission to repo;rt back to t 
Governor and th~ Legislature regarding its review. 

Some have publicly stated that the risk management cri ter 
contained in Sl070 makes New Jersey's cleanup requirements mo e 
stringent than any other state. This is untrue. It is tr e 
that Hew Jersey may be the only state which has embodied ris 
management criteria in §tatute. However, most other- state 
incorporate a one in one million risk management criteria 
their regulations or as policy. 

S-1070 also fundaMentally changes the way in which th 
Department requires financial assurance by essentiall 
eliminating the unintended consequence of having a business 
fund two times the cleanup costs. I am sure you have all heard 
of businesspersons wbo wanted to cleanup, but could oot afford 
the costs of both cleanup · and financial assurance. The law 
incorporates a provision which requires certain persons, in 
lieu of posting financial assurance, to pay into a pool which 

(/.i11Jti'flfi") ~) 
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i~ditor/'.fh~ Retord: . 
l When 'one lives within 300 feet of a 
; ..:ontaxilh;iited waste site for over 30 

· : ·ears uiideithe'license of the Atomic 
t · :tmgy:COrnriU&sion··and Nuclear Regu-
1 ~ ;\tOi't(~~wion, oue. is n:ot surprised 
· ~,.y the Jtcelit disclosures about nuclear 
; . · xpepri~~ta~ion ~n human beings. All 
· .. nyono ~4t,o,do 18 look at the record of 
)~~~P~J~" accurately,lack of 

'fh~ .~~~~linentation gou on with 

whoever lives near contaminat~dsites, 
S\ICh ns.the '\Vayne Interim Storage Site. 
'l,hc history of this thoriutn .. contami­
nated site is mired in the inability of our 
state and federal agencies to.protect hu­
man life. 

Our political system, along with fed­
e•·al agencies, have fallen prey to the un­
ethical behavJor that permeates this 
eountry. Citizens don1t have rights un­
less we have the money to ensure them. 
As usual, the victims are powerless to 

TUESOA Y, FEBRUARY 22, 1994 

..... -......_. ..... ~ ....... ~ ............ -···"-··--... 
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overc jme the obstacles foisted upon u 
because we aren't on a 'level playing tie 
with thl)se who have money an4 p~w~r 
to influ.:nce the behavior of the ager.ci 

· ' in~Vhy wii'ilaws and reiu~. 
tions circumvented to accommodatE · 
W.R. G1ace, former owners of the site? 
Mone:t and political influence, whi~h w 
the vic:tin\S do not possess. 

ANDREWDRO 
Wayne. Jan. 2 
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Providiog news and rc:;ource:; for cnviroamcnul justice-- J.1nu~ry 6, 1994 

CHEMICAlS AND HEALTH--Part 3 ,.-

: Sev~·ral .itudies of industrial dmnps and cont~ 
inated water supplies during the last decadefiave 
reported advcrsc·he~lth e!fec."tS :lmong c:tposcd hum:ln 
populations.1 The principal health findings indude: 

• Significantly reduced stature (height) for a given 
age among childr\!n who lived nc:1r Love Cqp;),J, the 
che~t:ll wa~te dump in Niagara Falls:N.Y., cotnp:lred 
to a control group of ehfidrcn livmg further from the 
dump.1 -

• A .J.ligher prcvaltnce of birth defects ~nd liver 
~ among persons hving near a· th('rium wi'S'ie 
~1 .si:e in Wavne1 New Jerssx •. compare~ to 
persons hVlng fUrther away &om the s1te.) (Thonum 
is a naturat:y-occurring radioactive element processed 
on thls site by a private finn under c:ontract to the old 
Atomic Energy Commission, now called the De?:lrt·, 
ment of Ene.rgy.) · 

• Low binh weight and birth defects in C3liforni~ 
cWldren born in census tracts having waste dispos3l 
ites. • (..... 

• Enlargement of the liver (hepatomcs~ly) and 
abnorn1al liver function tests reponed b residents 
exposed to solvents from a to:dc waste dump in 
H1rdemanr. Cou t 1'erut.s 

• ermatitis, rcspiratcny irritJtion, neurotogic 
~Jmptoms 'lnd pnncrco.tic cancer at "/ wa.c;te diSP'1Sll 
sites.' 

• ~igni.ficantly .elcvat~d r~ltcs o( illness, incl\1diJlg 
chron1c kidney dt~ca~c. ~trokc. hypertension [high 
blood pressure), hc~rt dl.se:lse, anemia. )nd skin cancer 
in a popul:don t;xposcd to toxic met:1ls (~dmium and 
lead) from mine wastes in 0:\len:l, Kans.i!$.7 

• Leukemia (cancer of tfic; Wood-forming cells) 
amoog a grJup of chilJren drink.i.'1g water cont~min.l· 
tecl with iaJustrial sohems in Woburn. ~ia.~s. In 
addition, :1 study of 4936 pr~gn:~nctt:s ~nd 5013 resi­
dents of ~~'.Jburn a~c~ 18 or young:r rcvt;:ll_ed ~igniii­
c:Lnt postu-.c assoct:ltiOr..s betwc:en mtake ot conuuni­
n:ued water and birth defects of the central nervous 
system, eye. e~r, :Lnd (ace {e.g., cleft p~latc), as well ns 
abnormalities.()( the ~hromosom\!s.' 

• In J;,owell, M3.Ss., l group of 1049 9-.:opl~ living 
1~00 f~et :rom ~ l~rge chen~kal waste ~ump Wi\S 

h1ghcr tn self-reported conlpl~mt~ of whr.:c~.ir.g, short· 
ness of breath, cough, anu pcrsistt:nt cold!>; irrcoulat 
he:1rt b~at: constant f::atigue ~.ad bowel t!)·sfuflc~iiJJI, 
eomi':)red to people livii1g 2 and 3 times a~ far f1 or!') 
the dump.9 'TI1i~ study cx:1mined the po~sibiHly of 
rcc:.lll bi:l3 (pcoplo s.:lcctivc:ly rcnt~e:mbc:rir.s hc:1!th 
probtcn:s. or ch\::n!cal exposur'-s) ~~nd ''>l~\.ludc:J !h~t 
recall btas did not expl~in th~ £inuings. 
. • In H:un.ilton Omnrio, a ~Hu<.!y of p~.:oplc who 
h.vc~ and7o.- worke:a nc:\r an industri:ll dun1~ revealed 
Slgtufic~~tly e!e~ated nte.s of the f~1Uowir.g con<.iitior.s: 
bronchms~ di!hcully bre:1tl\ing~ cough~ skin rJ.'ih~ 

anhriti5~ he~rt pr·:>blc:ms (aDgina. (chest pain} <1nd 
he.:1rt :ltt3cks); r.1uscle w~lkness in arms lnd legs; 
tremors, crlmps, and sp3.Srns; heada,hes; c:'7 ·ness; 
lethargy; balance problc!ms; and mood svm torr.s 
(~nxiety, depression, insomnia. irritlbility, :md re t~e·ss. 
nl:SS) compared t J popuh\lions Ji,.ing further :to the 
site. 10 Recall biu was e.umi!~ed aod rejected the 
source of these problems. 
.. • A survey of 2039. persons in 606 hous holds 

hVlng ne3r tbe StringfcUow Acid Pits in Riv rside 
County, California rev~aled significantly clcvatet rale$ 
for the follo\ving conditions: ear infcctioTU; bron hit is· 
asthrn3; angina [ctiest p~in}: skin rashes: b urrcd 
vision; pain in the ears: daily cough for more t an a 
month; nausea; freauent dbrrhea; unste::td;· .,ai ; and 
frequent urination.~~-,. 'Rie;l.Jl bias was exarro~\e and 
rejected as the c:~u~e of these problt!ms. . -

• In c A:izona, a study of 707 childre .born 
with heart de ects revealed that 15% of th·!m were 
born to parents li"ving in a part of the dty whc: e thl! 
water supply was cont:lminated with indusui~; s ~vents 
(ttichloro.ethylcne (TCEJ. :1nd dichloroethyter.e, The 
tate of birth de{ecu or the benrt was three til .cs as 
high among peopl' drinking the contarr.inatcd 
compared to oeople in Tucson not drir.king cl> 
nated watcr.11 

• A study of 296 women expc:rknr;ir.g l s 
eou~ abonion during the first 27 wcckl of pre~ ar.cy, 
rotnpared to 1391 wornen having Eve birth~. rc l!:llcii 
~n assod:1tion between spontJr.-.··.1'.&) ... ~,:~. :i.~ •. ~nd 
drinking w;1tcr cont:\min.:tnts (d~~t\:C!;I ·'~~· .c 1

' ·~) of 
m~r;urv, or high l~;vds of ~rscnic. ?:)::.; :i ~. i ~\:\ll 
silica).1

) 

• Resfdenn of Bynum, North Car~'l!i:~;::. ,!: ~~~:i::g 
ra.w river water cont3tnin:ued by industrbi ;,,id ,\ ·;;~:.!!· 
tural chemic::J.ls, hlve d~velopcd cnnccr~: ~ ~ :) 2.6 
tin;es more ort~n than expcc:ted.j 4 

To $ummari.zc: Epid~miolcgic~l studi..: ~ ' !lr:r:ot 
prc.vc ::L c:1use :.\nd effect rt!lationshio. J':t,;v~ri wkss. 
:-,vail~ble inforrn:uion i•,;.!icates that ·h:!:.:Ht!ll\;:) waste 
dumps can han-:1, and have . harmed. hum;.!,ns li,•iog 
neMby. Likewist, contaminated w:lter sup~·lie have 
harmed people. 

The prob.lem ·:>fwcte dumps is continul.ng ~ grow. 
As the Nat;on:ll Resc3rch Council of the ~- tionll 
Ac;1d~:my of Scien:.:es said in 1991. ''A limited n ::nbl!r 
vf ~pidcm~t1k,gi~ !otu<.lies indicate th:u int.:re:;..~e r~tcs 

- ~! bi.rth d~fc~ts, spont:lnCO\L' abo!tion, n¢u o~og!c 
lmp;urmcnt, ~nd c:1ncer have ot.Xurrcd in sc~ . resi­
der.t:at popul:uior.s exposed to haz:1rd~Ju:; w~st · . \Vc; • 
:lfl! 'onccrnt:d that other pcpul~tions :lt rbik: rru ht not 
h:wc heen adcqu1te.ly ic!Gntified." AnJ the oun~il 
s;~id. ··~1illitlns of tons of hin3rc.!o;.~s matc:ri Is :uc 
~lvwly ntigt ~tin& bto gruundwatcr in 3fClS ·.:;li:: ;; the·; 
co'JlJ pose problems in the future, eve;-: ~~Ol.!~h 

G
rrent risks couk be negligible."1

J ~ 
ThersJs :l 9~' aJ~ot now in W£¥hi!Ji1~n r.d in, 

: rr.as3 mc:<.lta, to d1vL·rt. ~ttcnttc.~-:t~:ar.. : rn the 
...._..-~--- -· . 
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prcblem of toxic wlStes. The goal see:n.s to b~ to cuo 
funding for the federal Superfund program of toxj_c 
wcute cleanup. It seems clear that su~!i a move, 1f 
successful, wi11 resul.t in incre:l.Sed h:_~!~~.~for the 
American people. · . ._ .. 
: .!:8 s ·:a : : ;; ;:::: = = a ::= =a = ::::; 
(1] For a rc·ii~w of se't't:al sm~ies . • sc:r:. :~r~l':.ur. C. Uptc?. 
Thc~ore Kt1e1p and Pao1o Ton1olo, ~bh; Hea1th Aspec:.s 
of Toxic Olemi~l Dispos~l Sites,' l1nnud Re-.~l!w of Publk 
Heallh Vol. :0 (1989), pgs. 1-25. 
[2) Beverly I,aig.en, Lynn R. G<>ldma.'l, Mory M. Magn~nt, 
Joscpb H. Hiihland, aDd A. T. Steegman. Jr .. ·~rowtb of 
Olilc:!ren Living Near the Hazardous W:me S1te, Love 
Canal • Human Bicw~ Vol. 59 (Ju!le 1981), p£:;. 489-S08. 
See aiso. Lynn R. Goldman an~ cthe~. '"l.Dw_ ~irtb Weight, 
Premanaity U\d Birth Dere~:s 1n Cb1ld~n L:..1og Near th~ 
Huardous \Va.stc Sit~:, Love Canal: Hr:z:J..-dcw WCJ":4 lUW 
Hil:!~ILJ .~faltrials, Vol. 2 (lSSS), pgs. 209·223: see also 
Beverly Paigen ar.d others, •Prevalcnoc o! Hca.ltb Problems 
in Cbilaren Living Ncar Love u.o:ll,' Ha:.· 
arrlfJut W4S~ and Haza/'dt;CLJ MaJef"ia!J. V~!. 
2 (1985), pgs. 2343. Atld see,.:..Nfcholas J; 

.• Vi:ln!l~ And Ado!e K. Pol~. -~cee. 2*'; 
Low Birth \\'eight Among Love Canal Rest· 

__9sot.s: Scie~:• Vol. 226 No. 4679 (December 
~. 1984). pgs. 1217-1219. 

(3] G. Reu Najem and Lisa l<.. Voy~. 
•Health Et!e,:t.s of a Thorium Waste DisposJl Site,• Ameri~ar. 
~a/ of Pr.tblir. H~alth Vol. 80 (April .1990), pgs .. 478~~ 

[ 4] A. gene-; (t>r ToXJc Sut!Star.ces and DP~ase R~g1Stry, t;.s. 
l>Ublic Heal~h Ser.ice, U.S. Department of Heal:h ar.d 
Human Set"Yices, Ca/,fornia: Birrh Deftt:U Sr.lli.v (Atl:lnta. G:l.! 
A;,ency !or Toxic Subst~nccs and D!s.eMe R.esistry, 1990). 
Sec also: Gary M. Sh~w ar.d othcn. Cor.gen1t,<ll M~forma· 
tions U~l.i Birthweight in ~tlS with Potentiai E:wironrncntal 
Contaminltbn,• A~hivu of Enllif'Orlmt,ul Hdal:h V\31. 47 
(MArCh/April 1992), pgs. 147-1.54, wbic:h s_howcd incrus.:d 
risk of mal!·:Hmntions of the heart lnd cuculatory ~'Y3tem 
(though noc a risk oC low birth·~eight) among .:hil~ren born 
to California mothers residing m ccnsvs t~c:.s hnvtng w~te 
disposalaites. . . . . 
[S} Cbannin;J R. Meyer, ·u"·cr Dysfunctaon m Rc:s1dents 
Exposed to Leachate from a Toxic Waste Dump,• Environ· 

> 
mental Heal!ls Per:pecti~·e.s Vol. 48 (1983). pgs. 9-13. 

. [6) Ba~ohnson. "Tcstimon bl/ B~rr,. L. Johr.scn Ph.D .• 
&sist.a:iitSUrgeon enera. , 1~t:1nt dmJnastr3tor, U.S. 
Dep:u-t.:ner.t of Health and Human Servio:s. P\lblic Health 
Service. Agen~ !or Toxie Substances 11r.d Dise~e Registry 
[ATSORf Be!ore tbe Sutxomminc~: on S\:pcrfund, Recy· 
chng, an S\>lid Waste M:.tnagement. Utdttd Slates Senate, 
May 6, 1993," pg. 10, citing 'farious studies by A TSDR. . 
[71 John S. Neuberger and othen. ·uc:1lth Problems 10 

Galena..Kar..sas: A Hc:avy Metal Mir.ing Superfund Sire: The 
S~ien&e oftlw Total Envitonm~nr Vol. 94 (1990). pgs. 261-271 

' 
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(8] J. Cut~~r a.nd c:hc~. "Cbi!dl::oc•J LcLW:mlA io 'Vc ~~. 
M.a.s.sa.chusctts." PW.>ii: lle:iJ!tJ.a l?cpott:l VoL 101 ( 19g3) p~~. 
201·205. See .llso V.S. Bycn. •A.uodatioo bcrweer1 el nic~ 
S)~ptoms &r;d :ymp ~CIC"jt.e s.b~orma.li tid i:s a pc~nl !3.1 ic'. v.i t!l 
cbrooic dcme~tic C:O(•surc to indu.striJ.i solve:3t con urn~ a{~d 
domestic ~<ater SUF-P~Y and a high inciceoc.e oC leu,~e i3-" 

CJ."''cer imm~mOlotJ~a·ld lm1'1'&:.4r:cJoheropy, Vol. 2i (19~8) pc:s. 
n-81; ar.d: S. W. Laga&:cs .and others. •Ax! A:l-ll)' is of 
Contamina:ec Well Water an.;t He~tb Effects in Wo urn, 
M ilSS&lCh use t ts. • Joumc.I of rite Atn.tri~&Jn Suzristical A .. ~.:-oc -tiort 
Vol. 81 (1986). pgs. 5~3-196. Bc~usc DODC or the ,;:er :~ 
in \\'oburn wattr \\ere previously blown to cause lc:uk •mia. 
tho Jeukerr.ia a.s,scci Jt:t'n was questioned; see B. Mac~~ · on. 
·c.omrncnt oa tt:~ Article, 'All ~al)sis of Cont~.rnJ .at£!~ 
WcU Wa~r ilOd Htal:b Effects in Wobum. Mo:ss<)cbu us, 
JoumtJl oft11~t Arr-.l!rt:an Stalirtic:a/ A~oci:Jlion V~L S l ( 1 89). 
pgs. 597•S99. 
{9] David Oz.oco!! a:-d othcrl. ·nealth ~roblcms f~~P 
by Resid~nts o( a Ne1&hborbood Cont:umoated by a H 

ous Waste FaciliLy.• A.~mricJV~ JoiVf'fal ,,f 1 W· 
tfi4/ Mtdi.ciM, Vol. 11 (1987), pgs. 58l·S 7. 
(10] Qy,jo Herwn~ and others. •Upf·er t~­
wa Street Landfill Site Hc.al~b Study,• m-i· 

. ronrN'll~l Htallh PtD'J'tctiva Vol. 75 ( 9S7) • 
pgs. l7l-19S. 

· flll De3n B .. Balcer and olbers, • A I ealth 
; , , StuJy o( Two Communh= [sic] ~ea the 

Stringf~llow W~te Disposal Site: Arthives of Enviro e~tt('.l 
1/t::JI:lt Vol. 43 (SepL/OcL, 1988), pgs. JlS-334. . . 
[12} Stanley J. Gclcberg and other1, ·~ As.scc:at1_ n. of 
Human Cor;.:eniul Cardiac Mal!omabons and Dn king 
\Vat.::- Ccntarninar~ts.' Joumal of th~t Anwican Co/1 tl of 
CarrJ,'olc~ Vol. 16. No. 1 (July, 1990). pgs. 155-164. See 
also; Oc!o P. l..oeber Mary .J. C. Hendri:&:. Steven Di z De 
Piao~. and Staol::y J. Gold~rg, ,.,.n~oroet~yle :~ ~ 
Cardiac Teratoge:: 1r. DC\·clopaog· Chu:k Embryos, Pe 1aJTtc 

R~srartfa Vol. ~4 (1988); pgs 740-744. A.,d: Breo a V. 
D:l'llw'SOn, Paul~ D. Johnson. St:lolcy 1. Goldberg, and \aJith 
B. Uln~it:h, ·c.1tdi:k Tcr;1togcnesis o( Trichloroe:hy!c: and 
D:chloroc:thylene ::t a Mammalian Model: loumal {the 
Anwricon Colks• of CtJJTliolfJgy Vol. 16 {Novetr.ber 1. 990), 
pgs. 1304·1309. . 
{l.J] Ann ~c;hengrau &ll~. others, •Qualicy or Coer. ur.ity 
Drinking Water ar.d tbe O~rrence oC Spontar.eous 
tion.• Arclri~·1.1 of En ... iror.mental Hea!Jh Vot. 44 :se 
ber/Oc:tober 19S9), pgs. 283-290. 
[14) J. s~ctt Osborr.e In. C:lr! M. Shy, and S.:rt 
Kaplan, ft~pic!emit)lugic Arul!ys\$. o(" a Re~ortcc: . 
Ouster in a Small Rural Fopulauon, Amenccn J,, al of 
Epi::Jemio!J;g; Vol. 12-2. Nd.l.(July 1990)~ pgs, S87-S9 . 
(lS] Anthony B. Miller and othet'S, En'N'OM'IIntal Ep dtnu• 
ologj, Volume 1: l'ubiic Hralliz and Ha.:tvdow Wasru ( Vnsh· 
ington, O.C: S:n!onOJI A~emy rrc:ss. 1991), pgs. 10 257. 
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StAte of New Jersey 
Department of Environment.~ Pr·otecrlon And £ne:-g9~~ 

Division cf Responsib1e P~.l\;' Site Remtdi~tion 
CN 028 

Trer:tc~. ~! C862.5--C02.8 

,.. 0,.. ..... 1 0 t.. ·.., L' u 

,...., , 2 C'l '/:Iii t ':' ... I . - i ,. ... I '..J 

Scott A. Weiner 
Cc,mmls.s/oner 

l<.tl:i J. ::;. i?.;iC)' 

Di ccrcr 

_, 

Ms. Susan oange, Site Manager 
Former Sitae Resto:at.ion Di.vis ion 
Department of Energy 
Field Offi:e, oa~ R~dge 
P.O. BOX 2~01 . 
Oak Ridge, TN 37831-8723 

~PR 0 8 1993 

Re: Maywood and Wayr.e Sites - Icen~ifica~ion of New Jersey ARARs 

Please be advised that the New Jersey Department of ErwirOfl.!tH!ntal Prote.ction ar.C. 
Energy (NJOEPE) is in receipt of your March s, 1993 correspondence with regarc 
to the referenced subject. 

A state o!.New Jereey prcposed goal for exceso cancer risk o! 1 x !0 ~ lies 
within the variability of natural backgrc~nd radiation. Ttis in t~rn requires 
that "oractical~ remedial levels be aet at natural background levele ao that 
expos~ee approach those re=eived from natural sources. As a general poir1t. 
naturally oceurring backqround radiation· levels are approximately 97 mrem/yr fer­
cosmic, terrestrial and internal exposures, excluding rad~n. 

Exposure to surface external gamma r·adiation from radiwn - 226, thorium - 232. 
thorium ... 228, and its decay pr:oducts in contaminated surficial soi s, mu posa 
a significant cancer risk. In order to ac ~eve near ac ground cvels ae noted 
above and in accordance with NJDEPE requirements, soil radium - 226 and 
thorium- 232 concentrations should not sxceed S*Ci/g with a minimum of one fco~ 

·Of clean/firm fill eover materia!: Estimates 1.n !cate that "untreated'' surface 
sollf containin9 S pCi/q of r~dium - 226 will result in a dose of 60 mremjyr, 
equivalent to a. lifetime cancer risk of 1. 5 x 10 .s. contaminated "untreated .. 
6urface so~ls containing 5 pCi/g of thoriu~ - 232 along with decay products may 
result in a doee of approxim~tely 100 mre~/yr and 4n attributable cancer risk of 
2 x 10 · ·1 • By comparison to nat\:ral gamma radiation levels, ~heSlc expos:..:cee ~"/ 
be cone ide red to e f feet ua.to ub l.:'.r. uf natura :.1 · A.'!'J't'a racl ~ t icr. 
exposures. As at\ aei e t should be r.o e .a l.ation er,vironmental star.dar s 
n~ar nuclear power plants and !or low and high level radioactive waste.disposal 
sites restrict allowable levels of expco~re to approximately 25\ of back9round. 

In summary, the t~JDEPE is not yet in a pos1ticn to prcvide specifl.C New ..Je:eey 
atata AAAP.' s for aoil, c;round water, ·surface water and air for radiological 
cont~~ina~ion. However, such ~evels will be ?rovided as they beccme available. 
Nevertheless, the above discussion shall oerve as guidance in thG absence of eu:~ 
AAAR' e and Qhall be used in eva·l-.Jatln<;; pAr~ i.r.er.t US'DOE pJ:oposale. 
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If you ~.ave any queeticns CC·rH:erning the a.bove ?leaee feel fr~e ~o ::or.tac.:t r:-.e a 
(509) 633 ~ 1455. 

c: Jonathan Berg, SFCM 
Steve Byrnes, BEEP~ 
Greg Rapp, BGWPA 
Bc:b Stern, BER 
Jeff Gratz, USEPA 

S}nce'!"ely, 
,/ ,.',<. /..,., ~ ~ 

./ (,.. v ·!./"_...... vr'- .:> 

Nicholas L. M~r~on, MPH 
Research Scientiot II/Case Manager 
Bureau of Federal Case Hanage~ent 

1~1)( , 
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Scott A. Wei'rter 
Commissioner 

StAte of New Jersey 
Dcpc\ltlnent of 'EnvironmentAl rrotcc;.tfon Mn [ncr!f3 

Oivl.s!o~ of Respoi'S;b~e P~rty Site R.cmec::Hatio.i 
cr-.: ozs 

Trcr~ton. NJ 0862.5-002.8 

02890 

12 P:i 

i'-.il:: 1 Dcl"r.e;, 
o:recr;:···· 

Ms. suaan cange, Site ~anager 
Former Sites Restoration Division 
Depart~ent of En~rgy APR 0 8 19 
Field Office, Oak Ridge 
P.O. Box 2001 
Oak Ridge, 2N 37831-9723 

Dear Ms. cange: 

Re: Maywood Site - Pe~forma='\ce C:-itcria and uoe o! Treated Soil 

Please be advised that this office is in receipt of your March 17, 1 S3 
correepondence. The New Jersey Oepartrr.ent of Environzr.ental Pro~ection and Ene gy 
(NJDEPE) doee not concur offers with the United states Oepart~ent Of Enerq •a 
(USDOE} px-op~_sed use, of radiologically son;aroinated soils containin9 no more t. an 
15 picocuries per gram (pCi/g) .~ o1 .radh~:on and thorium as fili rr.ateri§l. he 
following cc:-:-.pr ises NJDEPe ccn~er:1a wit!'l regard to the auqgeeted is pC /g 
9uidelinee: 

l) The NJOEPE maintains that the maximum concentration for ~adium- 26 
should not exceed 5 pCi/q. At this level, an estimated 4 pi.cocuriee 
liter (pCi/l) of radon wou!.d be a~ded to the lowC!st indoor level o 
residentiaf structure ( 2. 5 pCi/1 is th"~· eta tewide average) . S\:.C 

conce~traiion would tra~elatc to an appr6ximate lu~g cancer ria~ of 
2 x 10 · . The proposed ;,s r>Ci/o level wo\!1·: potential! t i ' 
resultant indoor ~adon concentrat1on a~d the attendant Aung 

--~~----------~ 
2} The ~reposed use of 6• of clean !ill over radium contaminated soil 
concentrations of 15 pCi/g is not accep~able. The USEPA repor~s indic 
that a minimum of two feet of clean fill (@l pCi/g) is necessary to c ~er 
15 pCi/9 soils to reduce indoor radon levels in alab-on-grade homee 4 
pei/g or lower. Additionally, the eug9ested lS pCi/9 radium - 226 
guideline exceeds the NBS< Teshnisol 8r;anst6,. pgpition with regard 
releaein9 uran~um and thoriu~ contaminated sites for ur.restricted ~s 

Therefore, in li<;ht of the above disc~ssior., the N . .iD:EPE ma.ir.tain·e tr.at 
proposed guideline of 15 pCi/g with a 6" cover of· clean fill is not ouffi~ie 
protective of human health. Furthermore, the NJOE?E recommended s;.;bst i 
9uic!eline ia a maxirr.um of s pCi/q for radiurr. c:ontami.!"\ated soils with a· min ;..;.;m 
of two foot of clean till as cover. 
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If you have any ~eetions eoncernin9 the above please !eel free to co:-.tact 
(609) 633 - 14SS. 

e: Jonathan Berg, StcH 
Steve Byrnes, BEERA 
Gre9 Rapp, BGWPA 
Boo Stern, BER 
Jeff Gratz,-USEPA 

Sincerely, 

-· ·· .: ''t:./vt./L ;P"k--
~icholas L. Marton, MPH 
Research Sci•ntis~ I!/Case Mana9~r 
Bureau of Federal case Ma~age~ent 



UNITl!O STAi!S &NVIAONMENTAL.. PJ'(OiECTJON AG!:NC:Y 

JACOI K JAVI'T4 'I~RAl. 8l.J~~INQ 

NIW 'foruc. Nlw VQRK 101?'1•00\l 

Ms. Su&an M. Cange, Stt& Manager 
Form•r St:&a lileatoratlon Olvteion 
C1partme ,l of Energy 
Field omce. Oak Ridge 
P.O. Box 2001 
Oak Ridge, TN 37831..a?~3 

,,. .. _"" ''''·' ""'' 
.. 1;. l·.•· f!U F:; I; :,r;; . ~·'. 

Re: EPA Comment$ on DOE's draft final etgposod Pll!l and Eeaslbitlb' Study • 
E.avlcnnmen•et lmpaQS S,atomont fgr tbl MAY'fiOod Sit~. tJaywood, Now Jer&oy (AprH, 
1Q<J3) 

Oaar M&. Cange: 

In accordanet wtth Ohaptet XIV of the Federal Faolitttes Agreement (F~A) botween the 
~nvfronmental raroteeuon Agency {EPA) and the Department of Energy (OOE), EPA hu 
revlowed the Aprlt. 1993 draft f1nal froQoeedJ'Ian af\d feglbllttv Study· Enylroomeotal 

/ lDJpactStattmeot for th• Matwoog etta (FS). Maywood, New Jeraey. AI, wrrtten, EPA cannot 
v concur with DOE's ~ropoaed aJternaU~e: Phased Action and ntra1te Oispo$al. One Jaavt that 

has bean substantrvely been resolved tnrough dlaeuasrons ·has been an o.greement to 
addreas groundwater ~ntaminatlon In a aoparate dtolslon document, Another ii&Yt, whlch 
ia one ~at we hava not raleed in prevlou• ocmment letters but has become a ve~ aigntficant 
eotaearn to tho Agency, io one of cleanup levera. 

In the draft final proposed fJ!tU• and fi'S, 001: loenl11'ea tne following remedial ectlon 
objecti'VU for rtaldual &o!l contamination taken from 40 CFR 192: 

5 pCf/g av•raged over the flrlt 15 centimeters {e"n) below theturfaee. and 

15 pCI/g averaged over 1! em thick !Byars mnrA t~n 15 orn cttow tho 
sur1a'lt. 

Tt'leae numbtra were developed to aupport the Urantum Mill Telling$ Control Act o1187& rthe 
Act•). TtUe t of tho Aot epoclfies atandarda fcK dlaPQaftl (Subpart A or 40 CPA Pan 192) ana 
cleanup (Subpart a) of uranium mill talllnga at sltee designated under Section 102(a)(1) of the 
Act. Tltle II apeom,, etandarda for dl1pcae1 (nOt cre~up) of uranium (Subpart D) and 
thorium (Subpll1 E) taJIIngaat NRC llceneed dlspo1al altea. Since the Maywood ette Ia 
nerther a csealgnate~ site undor TltJe I nor proposed to be an NRC rrcensed dlapoaal ette, 
neither the THJe I nor the Tltlt II •tandarda are directly ~pfioable at Maywood. Hnwavor, the 
concentration Umit tor surface soli (S pCI/Q -radium 228) fn Subpart B Ia a heatth·baaed 
atandard and can be reaaonably applted '"' A reJevl'nt and appropriate rtquf,.mant for 
radJYm 228 or combined redlum ~ and radium 22B {a dauahter product of thorium 232), 
hcr.eauee tt-teae materlall pr•••nt eimUar ho&ltn rl1ka (~er"at gamma expo•ure). 

. . 



The con~entratlon Hmtt for subsurface ~oil {15 pCI/Q radlum 226) In Subpart a is r'\Ot c hea.~· 
based standard a~d cannct be applltH;t "' iituatlon~ for whloh tt was r\~t tntended. Th• 
diatinet\orl Ia documented \n \he materle.l~ accompany,ng t..,e promulgatior~ cf Subpart B. 
Tht& erlteflon Ia on\y au\tablc as a measurem~nt ertterton for uae ln ~catn; dhacrele oacnet· 
ot high eQtlvlty talllng& 111 urllt'llum mill altee that wero depoelted In auo~urface locattona. h i~ 
EPA's pceltl.on that. n the Intent of \he proposed remodtal aetlon Is to auow vnrestrlctea 
acetal to the att&, etther In the current Ot future use aoenario, tnen the appropriate eon 
eoneentration deanup orlterla atloutd be ~ pCI/g through all son layer$ regardless ot depth. 

Consistent wtth Stetion XVl (Otspute Resolution), Paragraph B, of the FFA. wo consider the 
tjme penod beglnning wlth your receipt of thot• common\$ to ~ Of'lt of •Informal di~plrtA 
resolution.' We are w~lling to meot with you to discuss our ecncerns and possibly resolve 
tnlalasuo during \hh& lhlrly da~ tlmeffM"!$. 

1f you have illY questlot'tl, please can rr.e at (2 t 2) 264~. 

Sinctrety yours, 

~~-
J;,({y Orltt, ProJect Manager 
FodOfAI F~llltJeo Stotlon 
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r' FOR S"~ mo.% ACT;.et.s 
A! 12 ~-~ f(ZSID~ ~ SITE 

WEST Oil~, IL.t.D1JIS 

under the p~"isior.s of t..l-)e Ca:pre'"lensi ve Enviror:rrer~t.al Resp::..r-<se, 
Carpersatian, a.r:d Liability Act of 1980 (ccr.r.cn.ly k!1~n as ~-perfi;.""ti), ~:::, 
a.~ed by t.t!e S\,;erfu."Xi Arre.~ts arrl Reaut.horiz.aticn Act of 19e6, t:~ 
United States Envira'll'elltal Protection h;ency <U.S. £::~) is a.ut..'10rized, t .. rror; 
other t..hi:"J9S, ·to take resp::~1Se actior.s .,_her.ever t:..r~re is a re!ease cr t.h.: ... eat 
of a release of a ha.zardo..;.s S'~tance into tl'.e envircnrent. n-.e Na:ior.a.l 
?!"iorities List (NPL) is a list of r.aza.rdcus was~e sices across t.h.e cwr~~r-,. 
tha~ a--e eligible for U.S. EPA resp::::nse ac:icr.s urrler Superfurrl. · 

7he u.s. EPA has listed fcur sites in the vicil'lity·of the City of West 
O".icago, Illinois, oo the N?~. 'nle prir.ary contamirN.L:s of cancem at t.hese 
sites are r~aactive thori\Jl\ arrl its decay pro:l.1cts derive:i fran ore · 
pr-OCessing op;rati<r.iS at a factory itl Wes~ Chicago, nc.,.· l<::rJa,.,n as t.r,e Kerr­
M::Cee 01a"rical Col"lX':atioo West Chicago Rare ~""t.i".s Facility (''factory sit~~~ . 
Three of &.e NPL sites becan'e cxntaminated ~·hen the p!"Ccessin; \taStes {tr.O:::"i d 

mill taili.."lgs) were re:roved fxun the factory arrl USEd FrLwrarily as fill 
rraceria.l in a.."Xi aroorrl the City of West OUcago. 'rt.ese sites are l<:1oNn as: 

(l) K.err·M:l3ee (Residential Areas) site, 
(2) Kerr·M:Gee {Sewage Treat:rrent Plant) site, a. "'C. 
(3) Kerr·M:Gee (Reed-~ler Park) site. 

The fOJrth .site becarre caltaminated when ·discharges are runoff fran the 
facto:y site traveled via a stotrn sewer into nearby Kress CXeek arrl do.,-r-.st... m 
to the Wast Branch of the D.lPage River. 'Ihis site is knoNn as: 

(4) Kerr·~ (Kress Creek/West Branc.h of rw>age River) site. 

· It is ittport.a.nt to oote that tr~ Reside...-.tia.l A.re.as site rra en s not , 
residential RBies, b.lt also iilstitutHlB..i, c~'Cial a~ rnm.lCl . 

p~rties. 6Jgh prilra.diy coota:ro.nteaa w...ause Ei'~rium mil ta~.tngs 
were ';JSOO as fill, sate of the prcperties rray have becare CCI'ltaminated dJe t 
win::tblown naterial fron the !actocy site. 

The ~-M:Gee factory site fran ~ch the contami.nat:.cn originated has no: 
been listed oo the NPL; it is regulated urx:!er the licensing authority of t:1e 
Illinois Departlrent of N.lelear Safety ( ms) . De<::attn:.ssia'lin3, clean -l.lp a.-d 
closure of the factoty site currently is being ad:h"essa:l under that authorit . 

P\J.rp06e and Intent 

The p..u:pcse of this OOcurent is to establish criteria for u.s. EPA's respcns 
actiens at contaminated prc:p!rties ( • Residential Areas") that are not p3.tt o 
the Sewage Treatl'l'ent Plant, Reed·l(eg>ler Pant or Kress Creek/West Branch of 
tuPage Riv& sites. '1b:l3e three NPL sites 'flill be adiressed by u.s. EPA in 
sepa.rate actic:ns. 

(/.} 
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ted States Government Departrnent of Energy 
C.s:.c. Ridge Oper;:ticns 1emorandum 

·"'/ 
,TE: January 26, 1994 

v ... ~· 

TO 
.OF: EW·93:Cange 

:cT: DOCUMENTATION OF BI-~IONTHLY PROJECT ~tANAGERS ~1EETJNc;s 

TO: 
PDCC File: 

Bi~MonthlyProjcc: Managers Meetings were held with Jeff Grat?. on October 8 :1:·1d ngnin on 
December 14, 1993. The follov.·ing is a list of topics discussed at ecKh of these r:k~:tings. 

October 8. 1993 

• Maywood Displl[e 
• EPA will ~e writing thcirdccision now tha.t Oct. 5 has comt' ;~:1d gene. 

• Wayne Document Schedule 
-BRA will be delivered November 18 
- FS will be delivered October 29 
• PP will be delivered 1\ove.mbcr 30 

~ Onsitc Activities 
- DOE plans to collect additional samples from Sheffield Brook during E\1 in response to 

EPA comments on the FS. 

December 14, 1993 

• Maxw~d Disamae . 
-eview of nex~ steps after Guimond & Muszyniski meelin ~ . ~fi: , ..,. ~=-·-:;.;::~.:--.:.:: .. :; ' '-='·'-"' ... 

• Plans for radon testing in Maywood 
- Schedule is to test in Feb. 
~ Plan will be sent in Jan. 

• \Vayne Document Schedule 
-DOE can expect ~PA comment!' t)n the PS in December :1nd tht.· PP in .!:::·~~:n·y. 

I ~11< 
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Department of Energy 
\Aw'asnington. DC 20585 

January 19, 1994 FALL 1993. 

The Honorable Marge Roukema 
Member, United States House 

of Representatives 
1200 East Ridgewood Avenue 
Ridgewood, New Jersey 07450 

Dear Congresswoman Roukema: 

"Pt'rspe(ri-.·es" is a l'fgulor itaju_,e if E'/• (. 
Thomas Gru riili!Y, Assistant Secretary f r En virc· 

mental Restorat:on and \Va.ste 1\ianagemE:n has prOl 
iscd that future decisions about nuclear wa tc dispo: 
facilities wil!J?!.gasid Qrt scjcncf!, not o]ti . Fulfi 
ing this plcdgt~ will be difficult, but an i creasinE 
aware public will accept nothing less. * 

L ,.. C . ., 
(!.Ot.J ;t ;c j -1 o 1-- (_ 

This responds to your November 24, 1993, letter regarding the 
differences that have arisen with the Environmental Protection 
Agency (EPA) over standards for the cleanup of thorium· 
contaminated soils. 

We are ~urrently working with EPA to develop appropriate cleanup 
criteria for sites like Haywood, lodi, a·nd Roche~le Park. Ht11jW 
d~ is an Assistant Surgeon q~Q~t!1 in the Public Health 
Service and w;s lfie actin~ assistag£ EPA administrator responsible 
for Superfun and nitirdo s w~sle management. He is very 
knowledgeable about the basis for setting the stardard in the 
first place, an<lrecently twe,Jled to New York at my regue~t to 
discuss this matter with hi er collea . My deputy informs 
me t~a e wo agenc1es ar 1scuss1ng op 1ons that will provide · 
appropriate health protection and yet enable the Department of 
Energy to be efficient in its use of Federal resources so more 
communities like Maywood can have cleanup occur at a more rapid 
·pace. 

While added cost and time are important elements of this dispute, 
our highest priority remains the protection of public health and 
the safety of your constituents. Please let me know if we cnn 
help you answer any questions posed by your constituents whi1e we 
work with EPA to resolve our differences. 

cc: 

Sincerely, 

~&1 
(Thomas P. Grum. y 
Assista~t Seer tary for E 

Restoration and ~aste 

The Honorable Marge Roukema 
U.S. Hous~ of Representatives 
Washington, D.C. 20515-3005 
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de-:onta.Tfli.na ted to t.r..e !ollc.1oir1.')3 l i.r.i t.s pr:.c:- to te~i.:JC. t icrt c: t::e 
1 i C€!".s9 : 

"0::nca"'1tratior..s o! rad..icr.;;Jclide..s in soil al::xJ'JE tac.~~~"'x.i 
C01CE:r.tto.tior.s ~or total radi1...."T., a"reragoo ove:r a..v-eas :oo sq-.:..~2'"-& 
rretE~I'S I shall not exc€--ed ~ 

A) :. picoc.nes per gra-:l c! d..'J' soil 1 avera·3ed ever t..l":e firs: j,5 
ce."1t:L'TEters belOt¥ the surface; an1 

B) 15 pic.o::uries per gra.-n o~ dry soil 1 ·averaged o .. :er· 2.a:,.e:-s of 15 
cen~irreters t."M..id<:--.ess rrore tl"a"l lS cent ir.'ete.rs bel~ the sw-fac:e. " 

The State 1~remer.~s in Section 332 .. 150(b) of the IllL~is 
~l.;inistrative Co:ie ~re base:l on the federal staniards in .;o CFR 
192.12 (a) . ~ the federal staJ'rlarjs in 40 CFR 192 \IJE?!'e G.evelq::.ed c.rer 
a decade ago, the 5 picocuries per gra:n (t:(:i/g) starmrd ·was a hea:tr. 
b3..sed starxaro1 rut the 15 p:i/g s~vd ·for ~J!:Su.rface scil was 
technology lasEd, reflecting instrurent. 1 irni tat icns i.'l 1 oca tin3 
sul::surface dep:sits. 1he 15 fCi/g limit ~ not; ~-~_l_t;j)._~~St.a.£.=.~, 
arxi sh:?.:!_q~!;. ... ~.~~-~ed Eo Sl€ua.tiCI"'.s. in which a health·tesed stan.13..~ 
is ~rcp~:.ate, or to sit\.:aticns tJst differ S'J.bst.a.r:tively fran ~'"los-= 
for 'Nhi ch it was de.ri ved. 

The 15 t=ci/g limit was develq:aj as a practical rrea.surer.ent tccl. :cr t~e 
in locating discrete caches of high activity tailings (typically 300-
1000 p:i;g; that ~ dep:.eited in subsurface locatioos at mill_ si:es cr 
at nearby properties. 'Il'.e suhsurface soil starrlard ill 40 en 192 'Na.S 

origirAlly prqnsed as S p:i/g. n-.e final stairlard was chan;Erl, net 
because t,'1e health blsis ~ relaXEd, b.lt rather in order to reduce the 
ccst to o:>E of locating b.lried tailin:;rs • urder the asStJTpt.ion that this 
wcul d res Jl t in essentially the sa. '"~'a degree of cleanup at the 00£ s i :es 
as origiru.lly prq:x:sed u00er the 5 p:i/g critericn. The use of a 15 
p:i/g subsurface criterion all~ the OOE to use field m=ra.su...~~s 
rather th!n laboratoty a.~ysis to detenrd.ne when b.lried tcJ.lings rad 
:teen detected. It is ally afPrq>riate for use as a o:st·e!fective :oo:. 
to locate ra.dioact i ve waste in sit:uatioos where ccntami.nated ~ .. a:: ace 
rraterials are of high activity arx:1 are not e>q:ected t.o be significantly 
aciniJ<ed with clean soil. The l5 pCi/g subsurface criterioo was not 

· develcp:d for sit:uatia1S \~.'here significant quantities of m:x:lerate or lON 
activity aaterials are involved, such as a.t the Residential Areas site. 
The.re~fSLE·-~ ~. _ jlJ_,_~q.Qe...SiteriQl Ja.mLa[DilD!i.ate for V§e 
at -----1- _ 0t~~ s.1te, and t:.h.ls is not an MM. 'Ihe 5 p:i/g 
s , oo the. othfr Mia, was developed as a heal t.h- ba..m st.an:iard 
and is at=Prtpriate for use at the ~idential Areas site. 

Altho.lgh the soU ccnoentratioo st..arrla.tti in the regulatioo is written in 
eem. ot .n a~o ~ an ~ .,e lQQ ·~ .,..~"'· ~\. ~n~4'~ 
will oot te cx:n:hlcterl during discovezy arxi characterlzaticn. nus 
approach is ~tive a.rxl shcW.d min.i!!dze the chances of oot 
identifyir..g Caltazrdnaticn duriD3 the dis07JerY an:1 charactP..rizatioo 
su.rveys. . 

('.J 
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Mr. Joe La Orono 
M'ana1tr, Oak PJd&• Operulona Oftlce 
u.s. DepartmMt ot lnergy 
P.O. Box 2001 
Oak RJdp, TtMtuee 37831·8501 

~e: E-PA Rel1on 2•a Pot!tion on the Oitpute Reprdin& Cleanup Levels for Rqdionucljd~ 
Contamination at the M&ywood ChemJc.al Company Svpertund Site, Maywo~d. 'NJ 

Dc:•r Mr. Ll Grone: 

. You and t ., m~ber• of the Senior becutiv• Committee (SEC), have g()J"tferreJ in 211'1 

ateempt to reaolve tho dispute roaardinJ clean U&Jltvel.s for radionUQUde contamlnl\tion in soil :11 
the Mt\VWOod Chtm!~al Compkny Superfund Sho. Ahho\Jsh we were ncs ft},lo tn rea~lve tho 
djspute" wls~.ln the timtfrarne allocftted to 1.11 1'n th• Federe1 P-.cUit)· Aareemenc (FFA) hetWetn 
the Dtpartrnent of !neri)' (1)0£) and the EnvlronmencaJ Protection A&ency (!PA), I direcre<i 
rr.y slatf to contlnue wcrldng wjd} D02 in ptr!orrn1nl 1fte-speoific risk analys6l prfor ro 
tormulAtJn$ my final poeilion on the dlapute. ThtJ'Urpoae of lhia lcuer is to noUty you, a.~ c he 
DOl! repreaoentatfve on the SSC. of my poeiUon ·on che GllpUle r•aardir\a radlonuclide elefin Llr 
lo\iefs fer soU at tho Maywood Site, purtuanl to Chapttr XV (Raolution of Oltrutes) of the 
FFA. Jbsed on rtC4tnt dilcuw.lons between Geor1e Pa\'lou ot m)' .tatr and Let Price of' rows, 1 
understand 'hat thit poaltion. n• prel6nled in the attaehment, i• acceprwhle to DOe, Ar\d will he 
l"corporated into uae reviled Proposod PJan for tb1 Maywood &icc. 

Jn 1ctOrdance with Chapter XV of tht FFA, DOE rna)', Within 2J day~ of my lssuunce nf 
lhiA pot!rlon, i .. uo a written not1ee elevatlngtht d!tpute to the AdminllfrfHOr of !PA tor 

· retolution. In the evetal that ·DQ~ elects r.ot to eleva&e rhe dl~use within ttl~ 21 \lt~~y perlo<.t. 
DO£ w.lll be dMmed to ~IYt tareed with SPA R11!on 3'• poshion with re»pccr to the ciitpute 
Ill ru·~Mttteri hArem. A& noted abov~S, 1t 11 r.1~ uodettt&ncUna that EPA'& .,nafcjon ~~ M(;C!()lH~Ic 
rn DO!, ano 'hac t>Oa wUl not llevats tht .::aput• to tl'\e AdmfnSstrator. 

· . l comme~td o~r repowtive ''-'tfa IQr lhair eft'oru 1n rctelvint thia dltpY&e ttnd look 
fnrwftrd to fj~alfllna the Propoltd Plan v.·Jthout 1\Jrth" undve delay, If ~o~ have any questlnm' 
on the abO\'e ft\lttert, pJeue do not htaltatc to caU mt at (212} 264 .. 2.525, 

SJnotttJy. 
. . ,.. 
U~~·-~·tr:~. ~~ 

WWSam , P.~ 
AcUna egio~aJ Admin!ttrMtnr 

Au~ehment 

·1"!0)( ' 
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B:P A ~ 2•• po..hJOf\ on ck&nup 1 eevels at ~ht MAywood S.!te m w tt \to ?\l t lnto the OOilt ~~ 
of the ~na .,.~ nos 6~ in irs drat'\ hi Propos&d 'l'n for tke Ml)"r'OOd She (April. 
1993): DOE aelectod AJt~rnath-e 6 • Pl'ta.udAc:tit:m w Ol!•itf Dllpt»al. at the propo.ed remedy. 
Thi~ elte!I'TlAUve consist-ed ot ;wo ~phA~· of ~dvltlec, ln Phue I~ the pile of approximately 35,000 
cubic yardt et contaminated d.U'c and debril at th• MAywood Intorlm Stortsse ~lte (MlSS) woulc1 be 
"'moved aftd tent to a cornmeTdtl d!Apoaal f11dllty. 'Phue I a.1&o lncludetd lhe oomplett oxc.av~t.ion 
o! the redd~:nt.ill properties, lncludlnJ tha unremedlattd portion o! tht Ba.U~d property. Ph a ae 1 t 
would l.nclude t.he treatment cr rh• remalnln1 •ocu&!hle cont&nlit\•tjon at the MaYWQod She (tho 
cotntt'lD;,'!l:sl and i""~rnmca.nt propeltle• whlch lnctude Stop an Company. ':he sear1 property! ttl'\d rne 
DO!:! ow~ed MISS). The •eJtan at.r.am' from che trutment proeeu would he baek~.lled on ~he 
~!ISS &:~d portion~ gf the Stepan LDd Sean ~~tt!e.a (over w~fc~ "'ould be pla~d a toot of cleAn 

cov~), a~c! the oor.cer.trs.ted felidualA would be dllposod ot at an otr-Jite: ccmme.rcia! dispoul 
faclllty. DOS hat PQ exp1ened an int1ltett to troat the soli tn the M1SS rdlo if, durlnJ &u rernovtl, 
t~eatmem~ bteomo• v.lable and ooot etfCDti ... -e. I!PA Region 2 "grte.s- w)th theM proposed actions, 
but not the cleanup level~ au .. ,.iated with them. Below b my po~ition, which. 11 aeteptable 'e OOE, 
should be fncorporaled into a final Propoaed Plan. . 

Phtue 1 (~ ~flw NISJ M4 ~ Prop#ld~J): 

_Sl'Re-preferred ~ltem,tJvt fer ~ Maywood •Jte il a phaaed action, in which soll 
ontaminated above a apecltled c:dtt:lan would be exc~vated~ an~ the dlspo•ltlon of the excavated 

materil.ll tit•ill di1!er let d!f1J(O.nt~t$C8 o! &he project. DurlnJ :Phaae I. ~Htaminated toll trom the 
rcaldential properties, the unrem ~hat~ portion of the lallbd property and \he Maywood Int~rim 
Storaic Sit• (MISS) watte pile WID be ac.avt.t4d &1\d ahipped otfe&Jre ~r ~mmerdel diapoaal 1rt 
acco:dan~ with appllcabJe regulat{ons. ~ preposed ~DOE, lt durjngJtmew~lcrf the MISS_plJe, 
treatmanr becotne. viable and oosr eff~rv~ tteatmant ot the MISS~· may be inrtltuted. 
Ex~vdted areu on reildendaf propetdea ,'OJ be bacicfilltd wlth Clean tw material. Surface ar.d 
aubsurfac~ acll at resjdential prcpert1e.r and the unremecUattd portion ~!the BaUod properry wlll 
be rerne~&terlto ~~~~~ve ba_:~~~~.:.r~·---------------
PAA.It u (~ uf tiN c~~~ Proptltti83J; 

Phae U me t · foUOw tfiall I. DuriniPiiUeir""i;~ti;:~:ivit~aee 
o on commerda.Vgovemmen~ propertf~s w111 be excavated a.nd rtmov~d to a level of 1' pCi/2 
bovo baekifoUnd wtth an .. a, low as reatonably achimable' (AlARA) goal or! pCi/i above 
acksround._.On the bui• of a lite-tpKiflc riJk analyw, these le\'oll are dee:-ned protectivt for 
rcn~ed c.ommtrcl&.l/i.nduatr!Ll properties. Moat eccavated areas wlll be bat"kfD.led with elear. 

ft.U mated1l. Any prol'tr~· \haC 1a ll.Jbj~ ce backtillln; of \rezated ma~er1al during Phasr. n (the 
MISS. and poulb!)' portiDJU of the Stepan and Sears property) will be 00\fered by at )east lO em of 
elean !W uto a:rade." Tre.ated toeld\Jals wW be at a CCD1ce:l1tttion n'o greater dUr\ !~ pCi/& ab~ve 
baekll'ound. Corulstent with ALARA, if the toil treatment cechr.ot()g)·, at thr. rime of tts 
imple.menta.tlon, provo.& capable of c:.&dns aot!l co lower ros.!du&\J oonoentrations in "~t·ef't'cc::tivt. 
manner, then OOE shell adopt a lower concentration linuc for replaoerlent of 'r6~ted soil~ 

DOE will fn11ritute AI.AM during u.s t1eld ~C4VAtiO:l end ren1ovtl prOJTam at 
commerc.ial/lovetnment propenia1. Forth~ propoted actlons. an AT.ARA i:;lal of S pCi/t !or Ra· 
226 l\nd Ra-228. eomhin•r.f. llbove b"clcjnlund, wH: bf inrtnllted tor C\Jb•urfac-.: toiJt. 7he desisn 

······------ ... ,.~ .. ,. ............................. ·--· .. ···r!f·~· 
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RACHEL'S HAZARDOUS \VASTE NE,VS #370 

Providi::g aews aod resources for environmental justice .. Dec' ember 30, 1993 

------==----------
CHEMICALS AND HEALTH--Part 2 

The Assistant Surgeoa General of the U.S. PubUc 
Health Service, Barry L. Joh.nsoa, told Congess In 
~fay 1993 that liviD& aear a hazardous waste site 
•seems [to be) associated with a small to moderate 
lncrease<S risk or tome kin~ of birth defects and. .• 
some specific cancers:' Since 1986 Johnson has beea 
Assistant Administrator of the· Agency Cor Toxic 
SubStances and Disease Registry [ATSOR]. the unit of 
the Public Health Service that Congress created to 
deal with hazardous waste health issues. 

Johnson told Coagress that "health investigations of 
communities around some,.. hazardous waste sites 
have found l.ncreases iD tbe risk of birth defects, 
neurotoxic disorders, leYkemia, cardiovascular [heart 
•lld circulatory system] abr .. orroalities, respiratory and 
sensory irritation, and dennatitis (skin disorders]: 

Johnsoa told Congre.t~ there were 1331 dump sites 
ou the official Supert\mcllist, as of last May. He saJd 
Industrial solvents ate pre$ent at 87% of tbe sites; 
inorganic compoUDds (such u lead) at 87%, and 
pesticides at 50% of th~ 1ites. He said 41 million 
Americans live within 4 mites of 1134 Superfund sites 
that were studied. On average, 3325 people UveldJhin 
one mile of eacl!f{te; since there are 13311isted sttes, 
thii means a 10 of 4.6 mllllon AmcricaDS Uve within 
a mile of an offiGial Superfund site today. · 

Johnson said a typical site cootains more than 100 
different chemicals; •such mixtures may be much more . 
toxic than any of the individual cbemlcaJs. • he told 
Congress. ('Tho situatiou is actually s6inC'IIbat wone 
~an IohnsOo deseribed. U.S. Environmental Protec· 
tioo Agency (EI' A) analyzed leachate at 13 representa- . 
tive hazardous waste sites from across the country. 
Only 4% of the organic chemicals in the leachate were 
iden~ified by ps Ghromatography/mass spectroscopy 
(GC/MS], but t1Us 4% included 200 individual chemical 
compounds, includin& 13 metals. ~e unidentified 
96%" of the organic chemicals is •of unknown toxicity" 
the National R.e~,eatch Coyncil said when it repon~d 
EPA's findinp ill 1991.') 

To Wustrate ~be P'irit that even a single ehemJcal 
~an ea.use real pro~temt, Johnson discussed the 
mdu.stnal. solvent trichloroetbylsn~ (the second-most 
c:.ommon chemical lOuna at Supedund sites, after 
lead). He said, • An increasing body of sc.ientific 
evidence indicates past ex,sures to baurdous sub· 
stances can cau.se litentdelayea} adverse health 
eff~c:ts. Recent ~ndings from the ATSDR exposure 
regsstry of approXJmately $000 persons exposed in the 
pa.st to trichloroethylene (TCE) in drinking pter 
&hawed registrants reportir.g elevated rates o{ diabetes~ 
s.troke, elevated blood pressure, and neurologic 
problem$." 

Johnson then described two large cancer studies 
that compared the he;t.lth of people in counties with 

hazardous wute sites to the he~th of people irt 
counties without hazardous waste sites. Both studies 
found an Increased fr~uency ·of cancers in ~\;nties 
with hazardous waste Sites. A 1983 study reported 
that age-adjusted pstrOiAtestiDal (GI) cancer duth 
rates were higher than national averaces.iD 20 of New 
Jer~ey's 21 counties (for the period 1968-1977). The 
enVU"onmeatal variables that correlated most closelv 
with elevated death rates were population densitY, 
u,rbaniutioa, and presence of toxic waste disposal 
sttes.' A 1989 study looked at 593 hazardous waste! 
sites in 339 U.S. counties (in 49 states) where contami · 
nat!d ground. v.:ater was the sole source for drinking, 
durtng the penod 1970..1~9.4 (See RHWN #127.) 
Excess cancer deaths were found in ·counties With 
hazardous waste sites compared to counties without 
h~rdous waste sites for the following .kinds of 
canee!': lung, bladder, esopha~U$. st9macb, large 
lntesune. and rectum for white males; and cancers or 
the lung, breast, bladder. stomach, large inteStine, and 
remJm for white females. Noo-whites were not 

· studied. · · ·-
Johnson desenoed a study by the New JerseoJ 

Department of Health of reproductive effects associa~ 
ted with c:ontamfnated drinkina water.' Public drink· · 
ing water systems were evaluated iD 15 towns in 
northern New Jersey. The stUdy looked at aU liv·~ 
binhs and stillbirths (excluding chromosomal defects 
and plural births) dunng the period 1985-1988 in th~ 
15 towns. The 15 tD9IDS were not bow to hav~ 
excessive health problems. Altboup some water 
systems bad levels of certain contamiDants above 
f~eral standards atJhe time of the study, eootamina.· 
tion levels fD the 7S towns are thought to be typical c:f 
U.S. water supplies, Johnson told Coagress. 

In the 75 towns, statistically si~cant asso<:iatior..s 
were fouDd for the following: total trihalomethanc:S 
(the chemicals formed in drinkin& water supplies when 
chlorine is added to kiltaermsJ were associated with 
low tenn binh weight, intrautenne growth retardation, 
central nervous system defects, and major bea!·t 
defe<:ts. Trichloroethylene (TC2) was associated with 
neural tubeCfefegs {defects of the spinal ~ord and 
brain] andorJ <:left defects (for ~ample, cleft palate]. 
Carbon tetrachloride was associated with low term 
birth weight, intrauterine growth ret:lrc:btion, centra.I 
nervous system defects, and oral cleft defetts. Oichlo· 
roethane was associated with major heart d~re.Ci5,ir.d · 
dicliioroethyleneswere associated with central nervous 
system defects. 

Johruon then described a large study of bir1 h v 
de!etts among children whose mothers lived near 
waste dumps in New York state. •A particularly 
important study' examined the association betwec:n 
congenital malformations in children and maternal 
proximity to hazardous waste sites in the state of New 
York,• Johuson told Congress. ~esearc:hers at the 
Ynle University Scbool of Medicine and the New York 
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A study published earlier this year in the Journal 
of the American .Medical Association reveals that the 
occurrence 0t leu.keniia {cancer of the blood· forming 
cells) is 63% higher among y.thite ma!e atomic workers 
at the Qak Ridge NaticrJ!ll Laboratory (QBNL) than 
among .all U.S. white males. ORNC in Oak Ridge, 
Tennessee, has .been a fe~eral research and develop· 
mentlaboratory for U.S. nJclear weapon~ development 
since 1943. . 

. If its findings are confirMed by additional research, 
this study will affect 'the f'Jture of every part of the 
nuclear indu.stry, including electric power reactors~ 
weapons factories and fT\edical uses. 

· The study compared radiation e~osures and 
·deaths among 8318 workers h1red by 0 NLhet.veen 
.1943 and 1972; the workers' health status was fol· 

. (owed.· through 1984, Previous studies of these 
individuals--the fat est being 1977 •• had not shown any 
unusual ·cancer problems. It was during the period 
1977-1984 that the eXc~sswe cancers be[n . to 
~· At erid ot the SFuiJy penod (1 984), s24 · hl 
the 8318 workers had died. Study. of these workers 
in the future will be provide important additional 
information. . · · 

The resea'rch team reporting1hese results--several 
of whom are employed by ORNL~-~s clearly dis­
tressed by its 0\Vn findings because very rew wor~ers 
at ORNL .rece1ved rad1aiion doses greater than those 
permissible for radiation workers .today. Of n~arly 
88,000 individual records of an annual dose rece1ved 
by a worker at OAN~, only 135 exceeded the yearly 
dose limit permissible today; which is 5 rem.per year. 
Most of the workers in the study received total radi~­
tion · doses well below what is permissible today. 
Nearly 75% of the ORNL workers had cumulative 
radiation doses of less than one rem total exposure . 
throughout their employm~nt. Thi~ study ~herefore 
casts doubt on the Safe of toda s rad1at1on stan· 
dards or atom1c wor ers, .. 
. Even more tmportantly, the study· provides reason 

to doubt the safety of the a!lowable lim~s for radiation 
t.o which the general public can legal~· be exposed 
1oday. tf the risks revealed. bY. this st~dy. are c~n­
firmed, it could force a lo·wenng of permrsstble rad1a· 
tion exposures to workers and .to the publi~,. thus · 

affecting the design and operati.on of nuclear pc>wer 
plantS,·the.shipment of nuclear materials by truck and 
by train,· the packaging and bLrriaf' of nuclear wastes 
in the ground, exposures allowed during medical . 
procedures, and on and on. T cday the general public 
can legally be exposed to 1/10th of a rem per year. 
An individual exposed to this !egaf limit for 10 y•lars 
would achieve a total exp·osure. larger than that 
received by 75% of the workers at ORNL. . 

This study was very carefully done and was not 
rushed into print hastily. The last year of the study 

. period was 1984 and the study appeared in print in 
1991. Clearly, a great deal .of thought and anat~s 
went in!o thi$ study before n was finally published. 
An unusual aspect of the study is that the autt,ors 
have made available a 19 page supplement that 
discusses the statistical techniques they employed. 
(O,rder National Auxiliary Publica~ion ~ervice docun:ent 
04849 for $7.75 from NAPS c/o M1crofiche Publtca· · 
tions, P.O. Box 3513, Grand Central Station; NYC, NY 
10163-3513.]. 

The study not only reveals an· elevated risk_slf 
cancer am on workers ex osed. for ion enOds J.o 
row . oses o ra 1a 10n; rt a so s ows . at t e ns i 
Cancer Increased ·as 1he 9XQOSUre to radiation JQ.· . 
creased. In other· words, there was· an observable 
relationship between dose (amount of radiation) ctnd 
response (cancer). This observable dose-response 
relationship is im ortant in convincin scientists til!t 
the relationshi between sma oses o ra ratron ::~ 
leu emta rs mos 1 e one o .cau~e and effect and 
not ~ure c nee. . 

urthermore this new study makes an important 
contribution to a debate· that has been going on for 
two decades between groups that. might be. ealltd 
'high dose danger advocates' vs. 'low dose 8anaer 
aavoea!es. p I ne reason for me deoate IS that most 
data on harm from radiation are derived from events 
in which humans re'ceived high doses of radia!ion in 
short periods. The best-known such eve.nt was the · 
bombing of two Japanese cities in 1945. Yet mc;a 
radiation exposures to humans are . not hiQfi'Ts~ 

· deliVered · UIC~i but are ·low doses deftvered over 
deca es. . e core t e e ate ts ow to juj<Le 
what the effects of low doses will be. on humans! 
given that most of the avaha'ble data are derived not 
from iow-dose slud.ies. but from high-dose studies. 
(The various arguments were presented tn some detruf ,, 
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SUPPed 
~ the controversy over the toxicity of dioxin 

mounts, a respec1ed environmental 9tfiler on the 
subject is findin& himself defendins a $4 million libel 
lawsuit filed by a retired Monsanto Co. sclentist.1 Or. 
Peter Montague. founder ud director of the grass· 
roots.oriented EnvitonmeDtal Research Foundation, 
was sued by Moasanto epidemiologist Willialft Gaffey 
\Yiho claims he was b"beled iD an article MontaJUe 
wrote iD the Much 1990 lssu~ (#1711 of ~•1'1 
HtiUI'llmu Wa.* New1. Tho subJect of the article was 
alleged ftaud bl clfoxiD studies conducted by Gaffey 
&Dd his Monsuto colleagues. 

Montacue's supporters say the case. is a cl~fc 
SLAPP. a lawsuit filed by a corporattOD to st~e 
citizen opposition (the acronym stands for Strategte 

I..awsuit Against PubUe Participation). 
Prior to the lawsuit ap!Dst Monta&Ue, 
Monsanto's alleged fraud was . receiving 
widespread attention ud · even created 
momentum for expandiDg pa.):me.nts to 
Vietnam veterans -exposed to dtoxm~n­
tammated Agent Orange .••. 

Montasue based his article on a memo, -Newly 
revealed Fraud by Monsanto: prepared by EPA 
scientist Dr. Catc Jenkins. Montague's article also 
quoted doaaments from a lawsuit brought by Missouri 
residents apiDst Monsanto, which revealed oum.erous 
discrepancies in the Monsanto studies. 

The laws~l.~ could help resoJ..:e some of th~ contro· 
versy over cft~lin. smce the key 1ssue at trfal1s expee• 
ted to be whether what Montague wrote (and Jenkins 
alleged) fa uuc or oot..... . . 

ReaChed at his home ID SL LDufs. Gdcy said, •rm 
afraid we're comJ'letely \&~sable to talk wtil [the trial] 
Is ~p1etely finished or much further aiODJ. • 

(1b1S laWS\lit is now pending iD federll district 
eoun iD St. Loub; ·a trial date has not yet been set.] 

(Happy New Year.] 
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~ 
H~VN #184 and #185.) 
ht? study of ORNL ~ .. orker.; indicates that low 

dos s of radiation delivered slor-.Jy (over decades) are 
abo t 10 times more efficient at ~roducing cancer in 

· hu aris than are high doses of radiat,-on delivered 
qui k/y, (One possible exp!anaticn for sucl1 a phe·: · 
no en on would be that high radia· ion doses kill ce!~s 
outr ght whereas low doses met ely damage cells 
whi h •:an then go on to cause car)cer.) 

hEt ORNL study snows that c"lronic exposure to 
low oses of radiation is about 10 times more efficient 
at p educing cancer than one would expect. based on 
stu es of bomb survivors in Japan. 

his is not the first study of a~omic workers that 
rea e~j such a conclusion. An. irv~s1igation of British 
ato ic wor~ers published in 1988 rElported very simi!ar 
resJts,, so the OANL st.udy confirms tt1e earl;er British 
wor . This is definitely not good m~ws for people who 
are nthusiastic about expanding nuclear technologies 
bee use many nuclear technologies would be aifi1cult 
and ve-y expensive to redesign to re,juce human ex· 
pos res to radiation. In the case of nuclear power 
plans to generate electricity: and n~c!ear weapons, a 
phil so~hy of pre~·ention. would ver'/ likely provide the 
leas -cost solution to the problem. 

s if to ·confirm that this study is reaHy b~td news 
for very part of \he nucl~ar industry, U1e Journal of 
the fr.erican Medical Association C~rintea an ed:~oria! 

· .to cc.Qmpany t e stu y. t ~a'JS~ •11 correct, the 
·rcon lus;ions of VJing et al {and othersJ are h:g~;y[l 

sign fie. 3. nt' meaning that they deal a severe b!ow to 
. peo le who nave argued for oecades tha~ tow doses 
o r 1at1on are mconse uenbal. 1 he editonat' then 

t~ goe on o sa e ou an mteresting position for a 
med cal journal; it is called 'There·s no free lunch' and 
it b sically says, 'Hey·-you w~nt the benefits o~ 
nucf ar weapons and n•Jclear-genarated elec1ricity a:td 

•• ~ .. -·r r 

nJclear med1cine? Then you've got to expect t~:~~! 
some peop:e will b~ kili~?d a$ a result.' The ed;tcri:1! 
does not e·1en discuss the possibility of redesigning 
nuclear facilities to pro·. ide lo·ser doses; ir.herent in 
suc!1 an emission 1s tile Llnstated conclus.:on H:2:1 
f(!desig.1 \'/OI~Id be proh :bit!ve!/. e.xpensive. 

Get S~3ve \ Vmg. Ca~l r1~. Sl~y. Joy L. V'Jood, Susanne 
• ~ : I I 0 L (' . .. E L F I q ... , ~vC!.. ·~nr.a . Aaig. anv . . rome, rt.Or1a:;,y 
Among V·Jorkers at Oak Ridge National Laboratory.' 
JOi..'m<11 of !he American Medical Assoc:ation Vol. 265, 
No. 11 (March 20, 1991), pgs. 1397·1402. Request 
a fre~ reprint frvm Dr. Wing at Depa1mer.! of Ep:. 
demiology, CB 7400, Univ€rsity of North Carolina, 
Chapel Hill. NC 27599-7400. 

'V. Beral. r. Fraser, L. Carpenter, M. Booth, A. 
Bro·Nn, and G .. r4ose, • \1ona~ity of Employees of the 
At·:.r:·li·: 'v\'capor,s EstahiiSl1men:, 1951-1 982.' Bri!ist? 
Medical Journal. Vo! 97 (1988). pgs. 757· 7i0. · 

~wi:h8n' R. Hendee, "Thore·s No Fre? Lunc11; T11e 
Benefits ar~d f1isks of Techr.olcgies. • Journal of the 
America .. 1 Medical Association Vol. 265, No. 11 1Mar~h 
20, 1991), pgs. 1437·~438. 

Addition<ll reading we recommend: 

Cal~'er!r.e Cat;~ieid. Mult(ole ExpJ':ures; Chronicles of 
r!it:1 Radiation Age (Chicago: University of Chicago 
Press, 19£•0). Si 3.95. [See RHVI:'V #200, 11201, .#.?02 j 

Joim VI. Gofm3n, Rcldiation·lnduced Cancer from 
LeN-Dose Exposure: An Independent Analysis (San 
F r~;;cisco. CA: Comrni~ee for Nuclear Responsibility 
:c.rJ.R Bo·:-k Oivis:0n. P.O. Sex. 11207, San FrCln(s­
co! CA 9~ 1 Cl1 !. 1990. S29.95. [See Rh//N #184.] 
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LLfl.W. C(JI'fn/rsJfJ!-1 _ 

/ ?9.J /1~1/~ 1~(.. J< ~,~o itt· 

F' • ..::.: ~. 

The New Jcr;e;tJ.u"v:~ ... ~\sJ ~\8Jo~ti~~~~~--~9~L~~~~i.n~.Bom~l1oard) h:1s 
responsThility for .LLR\V management in New Jersey. The Board's responsibilities ind~!de: (1) 
development of the siting criteria, the waste dispo~al plan and the n~c.thodology to appl} th~ siti!ig 
criteria; (2) site selection; (3) oversight ofconstn:ction, op~ration, and closure of the facility; ~nd 
(4) imple-mentation of a Pl•blk partkipfition and infonlHition program. 

Backgro:uzd 

After studying siting effort~/ thru~!~hout tht· na1ion and Canada, the Board shifted its focus 
to a volunteer siting pro<.:~ss during fiscal y~ar 1993. The Board adopted a policy entitled 
Seeking a Vvlwur.er Commw;iry to /lost a iJisposal Facility As 'A1l Alu~r,wtc Site /£/(:ncijkution 
ft.1ethodology. To enhar11.:~ this !n~10\'Hii\~ ~tpproa~h. th:- Bl>i.ll'd S\1,pcra1ed a pr~viously approved 
statewide screening proc~:'~ an,.f~~iv:.· thl:' H:~dinih:ti.,·r \Va~te Advisory Cummine~ (Advi~Of)' 
Committee) responsibility for de\1-lopir.g ~11~\.l rtxomrw;•:\ding a voh.:ntary siting pl~tn for New 
Jersey. The Advisory Conunittee, assisted by the ~ew Jersey Leag~.:e of W01nen Voters and th 
New Jersey Department of Ptibli' Advocate as nc:utral facilitarors: sought input fron1 various 
citizen groups throughout the state. Th~st neutral facilitators conduct~d "stakeholder·· meetir:g · 
with re~resentatives of the State's labor organizations, emergency response organizations, 
generators of radioactive waste, professionallar1d-usc planners and the environmental con1n1unity 
The meetings focused oh identifying information, safeguards and benefits that would promp 
communities to consider hosting a LLR~' disposal facility. 

Since the Board's inception, New Jersey l.I..RW generators have fully supported the Board' 
efforts, i :1cluding the voluntary sitin~ approach. Over a year ago. generators organized as the Ne 
Jersey Radioactive fo..faterials .~anugemtnt Group. Generators played a key role in antending th 
State's Siting Act to provide a permanent S()urce of funding for the siting effort through 
generator fee assessrnent program. In addition, generator~ contint.e to work closely with th 
Board to develop educational n1at~ri~ls that will be u~ed during the-. ~·ohmtary siting progrant 

A statewide poll condm:tecl in tisc4l1 ye~r 1993 indicated that s~ven in ten residents surveye l 
believe the best way to deal with LLRW is to transport it to a Q_enrui'i~ru facility. Approxin\~\tel . 
the same percentage of resillents polled bclie\·c that disposing-of LLR'Watfilfa specially design~d J 
technologically advanced facility i' the envirQ~."~!!.?.~tlJ~lJJ' ... .r~sP..~tl~-LW.~.£~{~U>~.J.ion. In addition 

. they bcbeve that this issue tnust be r~sulvcu now am.i n<H l~.ft for future generations w solve. 
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Comments to the Environmental Risk Assessment 
and Risk Management Study Commission 

Camp Dresser & McKee Inc. (COM) is pleased to present these comments to the Environmental 
Risk Assessment and Risk Management Study Commission concerning the appropriate risk 
management level and risk assessment methodologies for establishing cleanup standards for 
environmental pollutants. We _understand that it is the duty of the commission to: 

1. "examine and assess the scientific basis for selecting the risk management standard o.fone in 
one million"; and 

2. "examine and assess methodologies of risk assessment and their efficacy and applicability for 
the purposes of establishing remediation standards." 

Our comments are presented below and address primarily the first issue, that is, the 
appropriateness of the risk management standard of one in one million. 

1. Mandating all cleanups to the one in one million risk level without regard for technical feasibility and 
cost is irresponsibfe and ignores the origin of the one in one million critmon and its application in the 
federal regulatory arena. 

As stated by others commenting before the Commission, there is no scientific basis for the 
selection of one in one million as the criterion for developing cleanup standards for 
environmental pollutants. the use of the one in one million risk level by the U.S. Environmental 
Protection Agency (EPA) is as a "point of departure" as stated in the NCP, for determining the 
appropriate target level for each site. Prior to its use by EPA, the U.S. Food and Drug 
Administration (FDA) had established 10~ as a screening level for deciding when a substance 
should be evaluated. Therefore, for both EPA and FDA, one in one million is considered a "de 
minimus" level, risks below this level are considered too small to be of regulatory concern. 

In establishing Maximum Contaminant Levels (MCLs) under the Safe Drinking Water Act, EPA 
uses one in one million as a goal, balancing risk protection with evaluation of technical 
feasibility and cost. The MCLs for many chemicals have been set at the one in ten thousand risk 
level for reasons of feasibility, analytical detection limits and/ or cost of compliance. In · 
promulgating these standards, EPA has acknowledged the 1~ point of departure but has also 
stated that the final risk level (1CJ') is protective of public health. 

-
Therefore, while one in one million can be stated as a goal for setting cleanup standards, 
technical feasibility and cost of compliance must be considered. To be responsible, information 
concerning the prevalence of a pollutant must be collected, as well as the costs to remove the 
pollutant, prior to establishing standards. EPA collects this information before promulgating 
standards under the Safe Drinking Water Act. N]DEPE must collect and evaluate this 
information ~ mandating across-the-board cleanup standards based on the one in one 
million risk level. 

COM recommends that New Jersey adopt policy that is more similar to the federal government, 
establishing a range of acceptable risk levels, using 10-6 only as point of departure for where 

CDM Camp Dresser & McKee 1-1 



Section 1 
Comments to the Environmental Risk Assessment and Risk Management Study Commission 

regulatory intervention may be needed. Generic cleanup standards should only be developed 
when full information concerning the prevalence of a pollutant and its cost to be remediated is 
available. This information should be used in establishing the cleanup standards, balancing the 
calculated risk level, the location and likelihood of exposure and the costs of cleanup. 

2. The risk level chosen for cleanup standards is a policy decision which should be made in the context of 
other risk-based policy decisions legislated in New Jersey. · 

While it is unusual for a legislature to explicitly establish such policy (more often it is left to the 
regulatory agency to set the levels in response to the legislative intent), the legislature's actions 
are appropriate if the policy being established reflects the concerns and desires of the public. 
Admittedly, the public's perception of risk is extremely influenced by the media and its focus on 
hazardous waste sites because they make good "stories". However, when given choices and 
appropriate comparisons to everyday risks, the public, or its representatives, can make 
reasonable decisions concerning risk management. 

It may be useful to compare this issue to the debate about whether to raise the speed limit on 
highways to 65 m.p.h. This issue is also one which dealt with.risk-the increased risk of traffic 
fatalities or injuries associated with a 10 m.p.h. increase in the speed limit. The public and its 
representatives were able to make reasonable decisions concerning the speed limit issue, 
sometimes accepting risks that are much higher than the 10~ level legislated for pollutant 
cleanup standards. 

Before mandating the risk level upon which cleanup standards should be based, the public and 
its representatives should be shown how these risks compare to risks they·take in their everyday 
lives, both through their choice (i.e., tobacco smoking) and unavoidable risks such as those 
presented by background levels of radiation. In addition, the public must be shown how the 
risks calculated from traditional. animal tests, extrapolated to sensitive human population, 
actually compare to the consequences observed. (For example, how the animal tests on tobacco 
smoking compare to the observed lung cancer mortality.) In this way, the uncertainty of the risk 
assessment science can be put into perspective against the backdrop of the actual risks accepted 
by the public in their everyday lives. 

3. The risk level chosen for a cleanup standard must be appropriate in the context of thebackground risk 
for a pollutant. 

As a final comment, COM cautions that the choice of a risk management level on which to base 
cleanup standards cannot be made without consideration of the background risks of pollutants. 
The background level of exposure to environmental contaminants is estimated at 10·3 to 10·2 

due to naturally-occurring and regulated substances in food, air and the earth around us. To set 
cleanup standards for some substances that are lower than the background concentrations for 
those substances is unrealistic. NJDEPE has acknowledged this in stating that their cleanup 
standards should always be taken as an increment above the background concentrations 
established for that substance. However, given the variability of environmental concentrations, 
the cleanup standard should not be established within the variability of the background 
concentration. Setting standards within this variability will result in cleanup of soil that is 
actually not influenced by site contamination, i.e., that is actually part of natural background. 
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Section 1 
Comments to the Environmental Risk Assessment and Risk Management Study Commission 

For example, naturally-occurring arsenic in soils and drinking water can present risks on the 
order of 10·3• A 10-6 standard for arsenic in drinking water would be about 20 ug/1. However, 
the background concentration in many. localities in the U.S. exceeds 50 ug/1 with a variability of 
about 10 ug/1". Setting a 5 ug/1 standard above the background level of 50 ug/1 would not be 
meaningful or demonstrable, given the variability expected for the environmental concentrations. 

Likewise, for radionudide contaminartts such as radium and uranium, with background 
concentrations in New Jersey representing 10"3 risk levels, cleanup standards must be established 
in significant increments relative to the background level. In fact, radiation presents a perfect 
example of the inappropriateness of setting risk management levels at 10-6 across the board for 
all contaminants for all situations. It is virtually impossible to measure the concentration 
associated with one in one million above the background level of naturally-occurring 
radionuclides. In fact, the detection limit for radionuclides is very nearly the background 
concentration (which has an aSsociated risk of 10"3

). 

In summary, cleanup standards should be b~ed on a range of ~cceptable risks, balancing the 
technical and cost issues associated with compliance against the desired risk protection level. 
The risk managment level should be chosen within the context of other· risk management 
decisions made in our society and should be adjusted to reflect the background levels of a 
substance and the variability of the data at the background level. 

[dcx:\hannock \risk] 
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State of New Jersey 
Department of En~lronmental Protecdon and Energy 

Robert C. Shinn. Jr. 
Commissioner 

Dr. Michael Gallo, Chairperson 
Environmental Risk Assessment and Risk 

Management $tudy Commission 
Research Office #109 
675 Hoes Lane 
Piscataway, NJ 08854 

Dear Dr. Gallo, 

April 11, 1994 

On behalf of the Department of Environmental Protection and Energy, 
I am pleased to present to you, and the entire Environmental Risk 
Assessment and Risk Management Study Commission, the attached 
reports to assist in your deliberations as mandat~d by P.L. 1993, 
c.139. The reports are formal submittals to the Commission. 

The first report, "Considerations in Selecting a Carcinogen Risk 
Level and Controlling Exposure at Contaminated Sites" presents 
background information on the nature of risk and the concept of 
"acceptable risk", the regulatory need for generic soil standards 
approach used by the U.S. Environmental Protection Agency (USEPA), 
and discussion of the use of engineering and institutional controls 
to mitigate exposure. 

The second report, "A Review of Methode logies And A Sample Approach 
For Soil Standards Development" reviews the major alternative risk 
assessment methodologies which are available at both national and 
state levels for use in developing soil cleanup standards. The 
report also provides a general sample approach which we hope the 
Commission will find useful in demonstrating many of the 
considerations involved in developing soii remediation standards. 

We trust these documents will assist the Commission in its 
deliberation. Should you have any questions please feel free to 
contact ~ither Dr. Robert Tucker at (609) 984-6071 or Assistant 
Commissioner Lance Miller at (609) 292-1250. They are always 
available to discuss these issues in greater depth with the 
Commission if you so desire. 

,\,"ew jer:.ey :s dn !qudl Opporrunlry !mplcryer 
Recyded Pdper 



State of New Jersey 
Department of Environmental Protecdon and EneriY 

Robert C. Shinn, Jr. 
Commissioner 

MEMORANDUM 
MAR 311994 

TO: ROBERT C. SHINN, Commissioner 
Department of Environmental Protection and Energy 

FROM: LANC~.l'thLLER, Assistant Commissioner 

SUBJECT: 

Site Remediation Program 

(7~CHARD V. SINDING, Assistant Commissioner 
f i~ Policy and Planning 

TRANSMITTAL OF REPORT TO THE ENVIRONMENTAL RISK 
ASSESSMENT AND RISK MANAGEMENT STUDY COMMISSION 

In June 1993, the Legislature established in P.L. 1993, c. 139 (section 47) the Environmental 
Risk Assessment and Risk Management Study Commission. Ita purpose is two-fold: 

"(1) To examine and assess the scientific basis for selecting the risk management standard 
of one in one million for the purposes of P.L. 1993, c. 139 and to consider and assess 
alternative scientific standards and criteria for that purpose; and 

(2) To examine and assess methodologies of risk assessment and their efficacy and 
applicability for the. purposes of establishing remediation standards." 

The Commission, chaired by Dr. Michael Gallo of Rutgers University, held public hearings on 
the above issues on March 9, 10, and 11, 1994. Dr. Robert Tucker, Director of the Division 
of Science and Research, is the DEPE's non-voting member on the Commission and attended 
two of the hearings. Assistant Commissioner Miller attended all of the hearings. Although no 
DEPE testimony was presented at the hearings, the Commission has provided an opportunity for 
written comments to be submitted until April 11, 1994. 

On behalf of DEPE's Soils Cleanup Standards Committee, we are pleased to present for your 
review and approval a report to the Commission entitled "Considerations in Ss;lecting a 
Carcinogen Risk Level and Controlling Exposure at COntaminated Sites". This report, the first 
of two reports which we anticipate being presented to the Commission, discusses the issue of 
"acceptable risk", presents an objective discussion of the generic standards approach and the site­
specific approach and discusses the use of engineering and institutional controls to mitigate 
exposure and control remediation costs. The second report will focus on alternative risk 
assessment methodologies and will follow shortly. 

New jersey Is an £qlMI Opportunity lmployer 
RecydedP~ 



We would like this report included as part of the formal comments presented to the Risk Study 
Commission which must be submitted by April 11, 1994 (the close of the comment l)eriod). To 
assist in expediting the submittal process, we have also attached a draft letter to Dr. Gallo for 
your approval. 

Thank you for your consideration of this report to the Commission. 

Attachments 

c: Mark Smith, Chief of Staff 
Director Tucker, DSR 
Members of the Soils Cleanup Standards Committee 



considerations in Selecting a carcinogen Risk tevel and 
Controlling Exposure at Contaminated Sites 

Prepared by 
New Jersey Department of Environmental Protection and Energy 

Soils Cleanup Standards Committee 
Karch 1994 

I. Overview 

The New Jersey Department o.f Environmental Protection and Energy (DEPE) has 
adopted as the primary approach for site remediation the establishment of generic 
soil remediation standards which can be used on many sites rather than the United 
States Environmental Protec~ion Agency (USEPA) approach which relies on baseline 
site-specific risk assessment analyses. While P.L~ 1993, c.l39 allows for site­
specific risk assessments to develop site-specific remediation standards, the 
emphasis in the law is on the development of contaminant-specific or generic soil 
standards (see section 35 of P.L. 1993, c. 139). The setting of generic soil 
standards . involves the application of sound scientific principles and the 
public's perceptions of "acceptable risk" which result in the management of risk 
through remedial actions. 

The DEPE believes that reliance solely on baseline site-specific risk assessments 
will impede remediation of contaminated sites in New Jersey. The lengthy debate 
and analyses required for a decision using a baseline site-spec.ific risk 
assessment approach may be warranted for the relatively small number of Superfund 
sites (109 in New Jersey; 1,250 nationally) but it is not workable for the over 
39,000 known and suspected contaminated sites in New Jersey. 

The DEPE is presently using interim soil cleanup criteria, which are a 
combination of Tables 3-1 and 7-1 from the February 1992 rule proposal (24 NJR 
373), with corrections, for case-by-case remediation decisions until final 
standards are promulgated (Soil Cleanup Criteria, February 1994). These criteria 
were derived by DEPE using risk assessment methods established by USEPA to be 
protective of human health. The chemical-specific health based criterion is only 
one factor in the setting of a cleanup standard however. The DEPE must consider 
other applicable and relevant promulgated criteria such as standards for ground 
water quality and surface water quality in order to develop a soil remediation 
standard for a site. 

The determination that all New Jersey citizens should be protected to a 
contaminant exposure level which does not exceed an established risk level for 
carcinogens, and has no adverse impact for non-carcinogens, is a risk management 
or fundamental policy decision which has been made by the Legislature in P.L. 
1993 c. 139. In P.L. 1993, c. 139, the Legislature established as the risk 
management policy basis a 10-6 risk level for carcinogens, and a Hazard Index of 
one for non-carcinogens. Under the legislative scheme, standards would be 
developed for individual contaminants based on this risk policy and would not 
take into account multiple contaminants. The Soil Cleanup Criteria (sec) already 
in use by the DEPE are generally based on these risk management policy guidelines 
while othe~ sec are based on analytical capability (e.g., polyaromatic 
hydrocarbons) or natural background (e.g.; arsenic). Also the impact to ground 
water numbers in the sec were not directly developed using the USEPA risk 
management guidelines. Rather, these standards were developed so that the ground 
wa~er quality standards (which are primarily-based on a 10-6 risk.level for 
carcinogens) are not impacted. 

The Legislature also established in P.L. 1993, c. 139 the Risk Assessment and 
Risk Management Study Commission to examine the basis for the carcinogen risk 
level. The DEPE believes that the setting of a risk level rests firmly in the 
publ_ic policy arena and is not a scientific issue. The policy nature of the risk 
level does not imply that·remediation standards are not based on sound science 
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but that the risk level serves as a starting point in the technical evaluation 
of the myriad factors involved in developing soil remediation standards. 

This paper will present four areas of consideration for the Risk Assessment and 
Risk Management Study Commission: 

- background information on risk, risk assessment, risk management and the 
concept of acceptable risk; 

- the ·regulatory approach to setting standards; 
- consistency with other remediation standards; and 
- the economic issues associated with risk level and site remediation. 

II. The Language of Risk 

A. The Nature of Risk 

Risk, or the probability of an event such as cancer occurring in an individual, 
is generally portrayed by the following basic formula: 

Risk = Toxicity X Concentration X Exposure 

Control of any of the components in the formula can effectively reduce the risk 
to a population. For example, using engineering and institutional controls can 
reduce or eliminate the exposure factor from the formula. Another example might 
be to modify the concentration of a contaminant through treatment or removal 
techniqUes thereby effectively reducing the risk. Both of these are examples 
where risk management techniqUes were employed to reduce the overall risk to a 
population. 

B. Determination of Acceptable Risk 

Environmental managers have sought a defensible "acceptable risk'' level for many 
years, particularly for those contaminants where scientific evidence which 
demonstrates a threshold in the dose-response curves is lacking (e.g., 
carcinogens). Such an acceptable level is necessary for setting standards, due 
to the fact that achieving a zero risk level for these substances is generally 
considered an unattainable goal if any level of exposure is present. 

There is no scientific means to select an "acceptable risk" level. All potential 
methods pose severe technical, political and ethical problems including: formal 
analysis (e.g., cost-benefit), reliance solely on past actions, and surveying the 
public (e.g., Fischhoff et al., 1980; Salem et al., 1980; and Kasperson and 
Kasper son, 1983). None of these methods is truly objective or superior, and they 
produce inconsistent results. 

Furthermore, there is no scientific evidence that the public accepts any a priori 
"acceptable ri~k" level. Citizens recognize that a risk level of 1 X 10-6 is 
smaller than 1 X 10-4, and may make personal decisions (e.g., choosing not to 
test for radon in indoor air or for chemicals in private wells) that imply that 
some level of risk is at least "tolerable," if not acceptable. However, data 
suggests that most citizens do not accept even a 1 X 10-6 risk level ("what if 
that one person in a million is in my family?"). This is particularly true for 
hazards that are involuntary (i.e., imposed on them by others) which describes 
most environmental problems, such as contaminated sites (e.g., Slavic, 1987). 
Thus, public attitudes cannot be used to justify or reject any specific 
"acceptable risk" level. 

Therefore, the only basis for setting any acceptable risk level is a policy 
decision that smaller risks are not worth society's attention (the "de minimis''· 
criterion). Whatever the basis for such a decision, it is indeed a policy 
determination, even if decisions leading to this choice (e.g., that threshold 
evidence is lacking) are based upon scientific judgments. Any chosen risk level 
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is no more (and no less) scientific than higher or lower levels that might be 
set. · 

c. Risk Assessment 

Risk assessment, as it pertains to contaminated sites, is "an analysis of the 
potential adverse health effects (current or future) caused by hazardous 
substance re.leases from a site in the absence of any actions to control or 
mitigate these releases (i.e., under an assumption of no action)", (USEPA, 1989). 
The baseline risk assessment contributes to the site characterization and 
subsequent development, evaluation, and selection of appropriate response 
alternatives. The components of a risk assessment include data collection and 
evaluation; exposure assessment; toxicity assessment; and risk characterization. 
The risk characterization s~ep integrates the toxicity and exposure assessments 
into qualitative and quantitative expressions of risk, illustrating the major 
assumptions, scientific judgments and any estimates of the uncertainties embodied 
in the risk assessment process. Risk characterization serves as a bridge between 
risk assessment and risk management. 

USEPA uses the results of the baseline risk assessment to: 
(1) determine whether additional response action is necessary at a site; 
(2) modify preliminary remediation goals; 
(3) support selection of the "no action" remedial alternative, where 

appropriate; and 
(4) document the magnitude of risk at a site, and the primary exposure 

pathways of that risk. 

The setting of generic standards uses the same risk assessment equations and 
assumptions identified above, except that the risk level is set at a pre­
determined level for carcinogens (e.g., 1 X 10-6). Thus, in the manipulation of 
the risk assessment equations for a given risk level, the generic standards 
approach derives the contaminant concentration for a given risk level. For 
example, to derive the generic standard for a contaminant, a series of 
standardized assumptions are used in the calculations in the absence of site­
specific data and the result is the c;:oncentration of the contaminant. T.he 
contaminant concentration is then used as the generic standard for that medium. 

o. Remedy Selection and the Mitigation of Risk 

Risk management seeks to control or mitigate risks and reduce the probability of 
exposure. The selection of the appropriate remedial action is, in effect, risk 
management. This is achieved through either removal or treatment of contaminants 
or by the use of engineering or institutional controls. It is in this step that 
other factors such as community acceptance, cost reasonableness, technical 
feasibility, land use and other regulatory constraints are evaluated as well. 

III. The Regulatory Approach to Setting Standards 

The DEPE's overall goal in developing generic soil remediation standards is to 
derive a basis for consistent decision-making that is supported by scientifically 
developed human health toxicological and exposure factors. The primary bases for 
the numeric standards are the human health-based criteria derived from the data 
on adverse effects of the contaminants. Human health-based criteria are 
developed based on the carcinogenic potency factors for those contaminants 
treated as carcinogens and on reference doses for all. other contaminants. 
Practical considerations, including analytical limitations, are also considered 
in developing the final numeric cleanup standards.. If these practical 
considerations result in a level greater than the health-based criterion, the 
numeric cleanup standard is based on those other considerations. 
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A. Development and .Application of Generic Standards 

The first step in development of a contaminant-specific risk assessment involves 
hazard identification. This involves evaluation of data from humans and 
experimental animals to determine the toxic effects of concern, particularly 
whether the contaminant is to be considered a carcinogen for the purposes of risk 
assessment •. The approach to be used is dependent on whether or not the chemical 
is considered a carcinogen, as described below. 

Risk assessments for carcinogens are based on the assumption that no threshold 
exists for carcinogenesis. This means that there is some risk of cancer 
following exposure to any dose of a carcinogen, and that there is no level of 
exposure at which no risk of cancer occurs. Therefore, it is necessary to choose 
a risk level when. pe~forming a risk assessment for carcinogens in order to 
develop a numerical criterion. 

In contrast, risk assessments for toxic effects other than carcinogenicity are 
based on the assumption that a threshold exists for toxicity. In the risk 
assessment for non-carcinogens, the goal is to develop a level at which no 
adverse physiological effects are anticipated. Therefore, it is not necessary 
to choose a risk level for risk assessment of non-carcinogens. · 

For most carcinogens, the DEPE uses the 1 X 10-6 or one-in-one million risk level 
in humans as the definition of negligible (de minimis) risk as specified, most 
recently, in P.L. 1993, c.139. It should be noted that the health-based 
criterion must sometimes be modified by additional factors to determine the final 
cleanup standard. Such considerations include background levels, particularly 
for inorganics and analytical limitations on the quantification of the level of 
contamination. Therefore, the final standard developed may be set at a level 
which exceeds the risk level chosen as the basis for the health-based criteria. 

Additionally, New Jersey has addressed carcinogens where the weight of the 
evidence of carc~nogenicity is weaker (Class c carcinogens) differently than 
other types of carcinogens based on an alternate set of considerations. This is 
exemplified in the NJ Drinking Water Standards, the NJ Ground Water Quality 
Standards, the NJ Surface Water Quality Standards and in the February 1992 rule 
proposal for soil standards. Spec~fically, for the Class c carcinogens where 
there was also a chronic reference dose available, a health-based criterion was 
developed using a hazard index of 'one and then dividing that number by 10 as an 
additional uncertainty factor. If there was no chronic reference dose available 
for a Class c carcinogen, then the health-based criterion was developed as a 
carcinogen but at the 10-5 risk level (see the NJ Ground Water Quality Standards 
7:9-6.7 (c) 4 for details). This approach for Class C carcinogens has been used for 
many years by USEPA's Office of Drinking Water (SO FR 46936, Nov. 13, 1985). 

When the determination is made that a site has contamination above standards, 
responsible parties are required to take some degree of remedial action. The 
decision as to whether or not to conduct any level of remedial action has already 
been determined through the findings of levels of contamination above the 
standards. 

B. Comparison of USEPA Site-Specific Risk Assessment Approach with the Generic 
Standards Approach 

It should be noted that, given the same site, that the decision to remediate may 
vary based on whether the USEPA baseline site-specific risk assessment approach 
or the use of generic standards is employed. For example, using the USEPA 
baseline site-specific risk assessment approach the site would be submitted to 
extensive site specific risk assessment analyses which are conducted concurrent 
with the Remedial Investigation/Feasibility Study. According to USEPA "Risk 
Assessment Guidance for Superfund" (1989), the outcome of that risk assessment 
process is a risk level for carcinogens. If that risk level was between 10-4 and 
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10-6, USEPA would have the option ~f proceeding with a remedial action. Less 
than 10-6 would usually generate a "no action" alternative and above 10-4 would 
usually mandate some level of remedial action. 

The term often used to refer to the USEPA decision model described above is a 
"risk range." Another aspect of the USEPA approach is that the site-specific 
risk assessment incorporates a model which determines the site risk from all of 
the contaminants found at a site. This involves combining risks from the total 
number of environmental contaminants through all media and exposure routes. 
Therefore, when multiple. contaminants are present or a single contaminant is 
present in more than one medium, the total site risk may be higher than 1 x 10-6, 
even though it is possible that the risk level for individual contaminants does 
not exceed a 1 X 10-6 risk level. 

With the use of generic standards, the same site would be handled differently. 
The concentrations of individual contaminants present at the site would be 
evaluated aga1nst the individual contaminant standards and, if determined to be 
above standa_rds, some degree of remediation would be required to reduce those 
concentrations to comply with the standards. However,- although individual 
contaminant exposure might be mitigated to comply with a 10-6 based standard, 
there might be a higher total site risk. 

There are a number of advantages and disadvantages to each approach. The USEPA 
approach involves a high degree of site specificity. In addition, this approach 
can be very labor intensive and is subject to more professional judgment in its 
application. The USEPA baseline site-specific risk assessment approach, however, 
does provide greater site specific flexibility as the risk assessment is based 
on actual site conditions. 

The use of generic soil standards for site remediation is a more expedient and 
consistently applied method. This approach requires less professional judgment 
in its application to individual sites and less site specific risks are 
evaluated. However, generic standards may be based on conservative assumptions. 

P. L. · 139, c. 139 requires the development of generic standards. The DEPE 
believes that this is an approach which is consistent with other DEPE standards. 
In add-ition, under P.L. 1993, c. 139, the option of conducting a site-specific 
risk assessment to develop site-specific remediation standards is still available 
provided that it is consistent with the USEPA guidance. 

IV. Consistency with Standards for Other Media and Soil Standards of Otbe_r States 

A. Risk Levels Used in Other Environmental Media and Programs 

When considering the risk levels for situations of environmental contamination, 
it is important to be aware of the intended use of the risk level. Risk levels 
tnay be used as the basis for several different types of decisions, including 
health-based criteria, final regulatory standards, site-specific decisions, or 
contaminant-specific guidance which has not been promulgated as a decision or 
standard. Travis ( 1987) reviewed 132 regulatory decisions for which risk 
estimates were available, and concluded that action was always taken when risk 
estimates exceeded 4 X 10-3 and never taken when risk was below 1 X 10-6. 

A -summary of the risk_levels used as a basis for other DEPE and USEPA standards 
is presented below: 

A. Drinking Water: USEPA sets its Maximum Contaminant Level Goals 
(analogous -to health-based criteria) for carcinogenic drinking water 
contaminants at zero. This is a theoretical target which is not 
practically implementable as a standard. The final USEPA standard, or 
Maximum Contaminant Level is to be set as close to the goal as feasible, 
and is derived after taking into account factors such as analytical 
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limitations, treatability (i.e., technical feasibility) and cost. When 
these factors are taken into account, USEPA's final Maximum Contaminant 
Levels for carcinogenic drinking water contaminants range from 1 X 10-4 to 
1 X 10-6. 

In contrast, New Jersey's 1984 A-280 Amendments to the New Jersey Safe 
Drinking Water Act specify a target risk level of 1 X 10-6 for ingestion 
of car_cinogenic drinking water contaminants for a lifetime. Based on 
language in the Amendments, DEPE has incorporated analytical limitations 
and treatment considerations into th~ drinking water standards for so~e 
contaminants, as needed. This means that the final standard for some 
carcinogenic contaminants is above the 1 X 10-6 risk level. 

B. Surface Water: USEPA had previously recommended a risk range of 1 x 
10-5 to 1 x 10-7.for carcinogens for the human health-based ambient water 
quality criteria (45 Fed. Reg. 79318 , Nov. 28, 1980). Currently, USEPA 
recommends a 1 x 10-6 level for these criteria and recently adopted 
criteria applicable to New Jersey at that risk level. DEPE has finalized 
its Surface Water Quality Criteria based on the 1 x 10-6 level (N.J.A.C. 
7:9B) with the exception of Class c carcinogens as discussed in section 
III.A. of this paper. 

c. Ground Water: DEPE's final ground water standards use a 1 x 10-6 risk 
level as the basis for the human health-based carcinogen criteria 
(N.J.A.C. 7:9-6). Similar to the drinking water standards, NJDEPE has 
incorporated analytical limitations and treatment considerations into the 
ground water standards for some contaminants, as needed. This means that 
the final standard for some carcinogenic contaminants is above the 1 X 10-6 
risk level and includes the Class C exceptions as discussed in section III. 
A. of this paper. 

In summary, the 1 X 10-6 risk level is used as the carcinogenic risk level target 
in New Jersey for all of the above contaminant-specific standard setting 
activities except for Class C carcinogens as previously discussed. 

B. Comparison of New Jersey to Other States 

In June 1993, USEPA conducted a survey of ten states regarding their soil cleanup 
level programs (USEPA, 1993). In general, the survey found that the states 
surveyed used a generic one-in-one million contaminant specific cancer risk level 
in soil as established by USEPA guidance. Some states, including New York and 
Texas, indicated that higher risk levels (1 X 10-5) are used for contaminants 
where the weight of the evidence for carcinogenicity is weaker (Class c 
carcinogens). As noted in section III.A. of this paper, New Jersey's Soil Cleanup 
Criteria uses alternate considerations (availability of the chronic reference 
dose) and therefore the 10-5 risk level is not routinely used for all Class c 
carcinogens. 

Every state surveyed indicated the use of generic standa~ds in some way. Some 
states indicated that they have the option to use site-specific calculations for 
contaminants which have no set standard. Every state surveyed also provided for 
variation in ·exposure assumptions resulting in the setting of different standards 
for direct contact, residential/industrial use, or for excavation workers. 

IV. Economic Issues Associated with Risk Level and Site Remediation 

A. P.L. 1993, c. 139 Background 

In 1993 the New Jersey Legislature recognized the practical and technical limits 
to the remediation of contaminated sites and expressed the desire to provide 
property owners and the persons responsible for the remediation of the 
contamination (the responsible parties) with flexibility in determining the 
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appropriate remedial actions for their site. The legislature was responding to 
the statements by the regulated community that previous cleanup oversight and 
technical requirements by DEPE did not allow sufficient consideration of the 
economics and practicality involved in conducting a "complete" site remediation. 

The legislature responded by providing a variety of options within the P.L. 1993, 
c. 139 legislation which address many critical components . to the entire 
discourse on ~ite remediation such as: 

- differential cleanup standards by land usage, 
- finality of cleanups, 
- the use of various engineering and in&titutional controls to mitigate 

exposure, 
- cost differential as a means for selecting the remedial action, 
- the use of permanent remedies, and 
- the option to use health-based standards to achieve unrestricted use of 

the property for future development. 

P.L. 1993, c. 139 establishes the Risk Assessment and Risk Management Study 
Commission and directs the Commission to critically evaluate the risk management 
basis for remediation standards and risk assessment methods and to make 
recommendations to the legislature and Governor for future cleanup standard 
setting activities. 

In its support of P.L. 1993, c. 139, DEPB recognized and advocated that remedial 
action decisions. are to be based on factors such as technical practicality, 
community acceptance, land use, cost evaluation and use of engineering and 
institutional controls rather than the previous "cleanup to the maximum extent 
practical." The idea that cleanups should be performed consistent with the 
intended use of the property is a relatively new concept in environmental 
management. This provision allows that properties to be remediated are to be 
protective of human health according to their intended use. It. is still 
mandatory that the final remedial actions be protective of human health and the 
environment. 

8. Engineering and Institutional Controls under the Industrial Site Recoverv Act 
( ISRAl: 

P.L. 1993 c. 139 provides for the use of engineering and institutional controls 
to manage the risk of actual exposure to contaminated soil. Section 22 of P.L. 
1993, c. 139 defines institutional controls as: 

"a mechanism used to limit human activities at or near a contaminated site, 
or to ensure the effectiveness of the remedial action over time, when 
contaminants remain at a contaminated site in levels or concentrations 
above the applicable remediation standard that would allow for unrestricted 
use of that property". 

Institutional controls include, without limitation; "structure, land and natural 
resource use restrictions, .well restriction areas and deed notices". 

Engineering controls are also defined in section 22 of P.L. 1993, c. 139 as: 
"any mechanism to contain or stabilize contamination or ensure the 
effectiveness of a remedial action". 

Engineering controls may include, without liltlitation, "caps, covers, dikes, 
trenches, leachate collection systems, signs, ·fences andaccess controls". 

P.L. 1993, c. 139 clearly stresses that controlling exposure is a viable remedial 
option. Thus, the DEPE may approve remedies that incl\lde engineering and 
institutional controls to mitigate exposure from contaminants. For example, 
after delineating the extent and nature of the contamination, the DEPE may 
determine that·· encapsulation and restrictions of record will be sufficient to 
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control the existing contaminant exposure. Engineering controls including capping 
and fencing with continued maintenance along with restrictions of record can 
reduce the risk to human health and the environment to established risk levels. 
The current property owner must agree to any institutional controls and 
restrictions which may impact the future use of the property before a non­
permanent remedy may be implemented. 

c. The Impact. of a Set Risk Level to Remediation Costs 

Experience in the remediation of contaminated sites has shown that there is no 
direct or linear relationship of risk level to remediation cost. In most cases 
it is the site-specific characteristics of the site, the remedy selected and the 
desired riek to be achieved which govern costs. For example, a higher level of 
protection may be achieved at less cost through the use of certain engineering 
and/or institutional controls (e.g., capping) than the installation of removal 
and/or treatment systems (e.g., excavation and ground water pump and treat 
systems) which may achieve a less stringent standard. The u·se of engineering 
and/or institutional controls in the above example could achieve (if all 
appropriate institutional and long term maintenance ·provisions were assured), a 
1 X 10-6 risk through the elimination of the exposure pathway. By comparison, 
a removal and/or treatment remedy may only achieve a 1 X 10-4 risk level if only 
those soils above that risk level were treated. DEPE experience with remediation 
costs has shown that, given the diverse range of risk management options 
associated with contaminated soils, that there is no direct correlation between 
achieving an "acceptable risk" l~vel and remediation costs. 

CONCLUSIONS 

This paper is summarized by the following key points for the consideration of the 
Risk Assessment and Risk Management Study Commission in the conduct of their 
deliberations: 

1. To develop health-based generic soil standards for carcinogens, the 
establishment of a set cancer risk level is required; 

2. Many factors other than the risk level are incorporated into the setting 
of a generic standard; 

3. The 1 X 10-6 risk level has been used by other states as well as DEPE 
and USEPA for other media-specific standards; and 

4. P.L. 1993, c. 139 allows for engineering and institutional controls 
to mitigate exposure, greatly reducing the economic burden of site 
remediation. 
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-

SUBJECT: Transmittal Of Second DEPE Report To Environmental 
Risk Assessment And Risk Management. study Commission. 

DATE: April 7, 1994 

As described in a March 31, 1994 memorandum to you from Assistant 
Commissioners Sinding and Miller, DEPE's Soils Cleanup Standards 
Committee anticipates providing two reports to the Environmental 
Risk Assessment and Risk Management Study Commission. Th~ first 
report entitled "Considerations In Selecting A Carcinogen Risk 
Level And Controlling Exposure At Contaminated Sites", was 
transmitted to you along with the March 31-memorandumo 

We are pleased to present for your review and approval the second 
report to the Commission entitled "A Review Of Methodologies And 
Sample Approach For Soil Standards Development" o This report 
rev1ews alternative risk assessment methtidologies which are 
available at the national and state leve~ for use in developing 
soil cleanup standards o The document also provides a generic 
sample approach which we have developed· for . the Commission's 
considera-tion. 

We would like this report included as part of the formal comments 
presented to the Risk Study Commission which must be submitted by 
April 11, 1994 (the close of the comment period). To assist in 
expediting the submittal process, we have also attached a draft 
letter to Dr. Gallo for your approval. 

Thank you for your consideration of this report to the Commission. 

Attachment 
c: Mark Smith, Chief of Staff 

Members of the Soils Cleanup Standards Committee 

Newfersey Is an Equal Opportunity Employer 
Recyded Paper 
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INTRODUCTION 

Soil standards for the remediation of toxic chemicals associated 
with contaminated sites have been the object 6f numerous state and 
federal efforts over the past decade. The principal advantage of 
a standard~ver a site specific risk assessment is the reduction of 
the effort required to obtain scientifically justifiable cleanup 
decisions. The concept of a soil standard ranges from a single 
unmodifiable target concentration of a given chemical in soil to a 
more flexible approach where some site specific variables are 
allowed to modify the standard. · 

The development of soil standards involves the linkage of a great 
number of theoretical chemical fate and transport equations to 
human and animal toxicologic dose response. data. It is an 
enormously complicated undertaking for which there is currently no 
one solution agreed upon by the scientific community or among 
regulatory agencies. 

The focus of this review is those models which predict that 
concentration of a chemical in soil which will have no adverse 
effects on human health. Other environmental targets (such as 
wildlife) will be considered in a separate project. Contaminants. 
move from the source (so i 1) to a receptor (person) by numerous 
pathways and result in a dose of toxicant which is judged to be 
either above or below a level of concern for long term human 
health. The highest level in soil for which there is no predieted 
adverse human health effect is considered to be the standard. 

In contrast to existing site risk assessments where media 
concentration measurements are possible, standard setting involves 
the creation of scenarios for yet to be encountered exposure 
situations. The suite of individual exposure pathways which are 
used to develop a scenario must be broad enough to encompass all 
future land uses of interest. While there is general agreement on 
many of the important pathways of human exposure from soil, such as 
incidental ingestion of soil, groundwater, and inhalation of 
volatiles, there is little consensus on the particular models which 
best describe these pathways. 

one of the most important regulatory guidance documents for soil 
standards is the USEPA Office of Research and Development "Risk 
Assessment Guidance for Superfund: Volume 1 Human Health 
Evaluation Manual Part B" (USEPA 1991) • This document is based on 
policies in the Final Rule of the- National Oil and Hazardous 
Substances Pollution Contingency Plan, March 8, 1990. There are 11 
human exposure pathways to toxic chemicals in soil listed in the 
Risk Assessment Guidance for Superfund. Models for quantifying 
these exposures, however, are only provided for 4 of them. The 
risk assessor is directed to look elsewhere for models for the 
remaining pathways. 
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Numerous private sector and government entities have ·proposed 
strategies for soil risk assessment. All are subject to some 
degree of. criticism. This paper presents a review of some 
important approaches gleaned from dozens of references. It also 
provides -a synthesis of different methods in a sample approach 
which migtl~ _ be considered in the effort to develop a strategy 
useful in the-cleanup of contaminated sites in New Jersey. 

RISK ASSESSMENT METHODOLOGY 

Quantitative health risk assessment is the process by which the 
probability of harm is estimated from environmental exposure to 
toxic chemicals. The National Research Council (NRC) in 1984 
defined the overall terminology and is still the most widely cited 
reference for a description of the methodology (NRC 1984). The 
central idea in risk assessment is that there is some dose of a 
toxic chemical for which there are no or virtually no adverse 
health effects even with prolonged or lifetime exposure. This 
assumption is - based upon observational (epidemiologic) or 
experimental (animal bioassay) data. Whether or not certain 
environmental exposure situations would be predicted to result in 
harm is a judgement based as much on policy and convention as pn· 
scientific fact. For example, the choice of an acceptable 
potential increase in the incidence of cancer or the size of an 
uncertainty or safety factor to apply to non-carcinogens are either 
policy decisions or decisions based on limited technical 
information. The utility of this approach, even though it is 
lacking in complete scientific justification, is that it produces 
a high degree of consistency for decisions in many different 
applications. In principle the cleanup of benzene from 
contaminated soil can be to the same degree of protection as is 
provided by the standard for benzene in drinking water. 

The NRC described four steps in the risk assessment process, 
hazard identification, dose response assessment, exposure 
assessment, and risk characterization. Hazard identification is 
the type of adverse health effect which is caused by the chemical 
in question. Effects could be: liver damage, birth defects, 
cancer, metabolic disruptions or one of any number of systemic 
toxicologic outcomes. A single chemical may cause multiple hazards 
depending on dose. The USEPA has reviewed the literature on 
hundreds of chemical$ and identified the hazard for each chemical 
associated with low level chronic_exposure. 

Dose response assessment is obtained from known chemical exposure 
data for the toxicologic endpoint (ha~ard identification) of 
concern. The dose response assessment is the most important of the 
biological information used in the construction of the risk 
assessment. Smaller doses result in effects in smaller percentages 
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of animals or people. The point at which the dose is so small so 
as to cause no or negligible effect on the po~ulation under study 
is the benchmark which calibrates all risk assessments. For 
example, liver damage is not found to occur in a rat population 
below a dose of 2mg/kg-day of a given toxic che~ical after lifetime 
exposure ... ~h~ USEPA Integrated Risk Information System (IRIS) and 
Health Effects Assessment Summary Tables (HEAST) databases contain 
this information for most of the chemicals for which soil standards 
have been contemplated by either the USEPA or the state of New 
Jersey. In some cases the primary toxicology literature must be 
reviewed to develop benchmarks; 

There are many point estimates of common exposure related variables 
such as soil ingestion rate, length of residence in a home, body 
surface area and weight which after much debate have been 
quantified and described in USEPA guidance doc.uments. These point 
estimates do not describe the distribution of the exposure . 
variables and discussions regarding many of these estimates still 
continue. However, for some variables such as ingestion of 
drinking water, reasonable dis~ribution ·data are available. 

Exposure assessment for some risk assessments is relatively 
straight forward. For drinking water standards, for example, the 
exposure assessment currently used is the assumption of a~ 
ingestion of two liters of water per ·day. Inhalation and dermal 
routes of exposure to contaminants in potable water are not 
currently considered in drinking water standards setting. For soil 
standards, many avenues of exposure have been considered by 
numerous agencies, individuals, and institutions. The exposure 
routes are often called pathways. Some chemicals may be volatile, 
leave the soil, enter the air and be inhaled by an individual 
living or working on the contaminated ground. Other chemicals may 
wash out of the soil and enter the groundwater and become part of 
a drinking water supply. Most chemicals will, to some extent, be 
involved in many different pathways. The physical and chemical 
properties of the agent, as well as the properties of the 
environmental media through which it travels, affect its 
predominance in one pathway or another. Chemical fate and 
transport modelin·g results in an estimated concentration of 
contaminant in an environmental medium such as air, water or food. 
This concentration then becomes the source of the human dose by 
ingestiQ~, inhalation or dermal absorption. Each site of 
contamination is associated with a unique constellation of physical 
properties which results in a probability of human exposure which 
would be different from any other site with the same degree of 
contamination. A single set of standards for chemicals in soil 
necessarily involves the selection of typical site properties such 
as soil type or slope of the land. However, if the selection of 
model variable values is site specific then standards for the same 
chemical will differ from site to site. 
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The risk characterization step is the combination of the dose 
response assessment with the exposure assessment. If, for example, 
0.2 mg/kg-day is the dose of a chemical which will cause no harm, 
how much of this chemical can be in soil such that the dose will 
not be exceeded in a person by all pathways of exposure? In site 
specific ri.~k_assessments all exposures are summed to a total _ctose. 
The risk at this dose is reported based on the dose response 
information for that chemical. For the purpose of standard 
setting, equations are rearranged to solve for the concentration in 
a medium at a predetermined level of protection. 

There are two quantitative approaches for risk assessment. For 
carcinogens, a low dose extrapolation model is used to describe the 
dose response relationship at environmental levels of exposure. 
The response is assumed to be linear with no threshold. This 
requires the selection of a de minimus leVel of risk at which to 
calculate a benchmark dose. For non-carcinogens, a safety. or 
uncertainly factor is applied to the highest dose at which no 
~ffects are observed (NOAEL) in animals or people. There is 
assumed to be a threshold for non-cancer effects. The NOAEL 
divided by the uncartainty.factor (usually between 10 and 1000) is 
expected to bring the benchmark dose below the threshold for human 
effects. 

FATE AND TRANSPORT CONSIDERATIONS 

No single set of fate and transport equations exist which can with 
great confidence predict the movement of a chemical in soil through 
multiple media such as air, water and food and ultimately to an 
internal dose to a person. The physicochemical and thermodynamic 
properties of a chemical result in interactions with soil which 
retard or enhance its ability to move in the environment. Most 
chemical fate models consider one medium at a time. For example, 
most air models do not address interaction with soil or water. 
They usually predict air concentration at some distance from a 
source such as a stack given particular meteorologic conditions. 
Chemicals may, however, move from soil to air and then be absorbed 
by the cuticle of a plant which is consumed and, therefore, becomes 
a dose. · Boundary conditions between media must be estimated so 
that transfer between media can be calculated. 

There are two fundamental approaches to chemical fate modeling; 
concentration or fugacity based. Concentration based models 
require a starting concentration-estimate in a medium. Transport 
ratios from one medium to another result in the apportionment of 
the chemical mass into the respective media. This is accomplished 
algebraically by multiplying the starting concentration by 
transport factors to obtain the concentration in the next medium. 
Chains of factors will move the contaminant through linked 
environmental media such as air to soil to water to fish to people. 
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The transport factors may either be linear or be described by an 
appropriate power function. Most of the existing modeling schemes 
use concentration based equations. Fugacity models, which are 
based on thermodynamic equilibria, can also predict such 
intermedium transfer. Chemical· and medium properties determine the 
final equilibrium concentrations in multiple media. Fugacity 
models, however, depend on assumptions which may not be true for 
all or even most fate and transport p~oblems. Assumptions of well 
mixed compartments and dispersion dominated chemical mobility are 
necessary. Situations for which convection and physical processes 
such as impaction predominate largely disrupt fugacity only based 
modeling and concentration based equations are called for. 

MONTE CARLO ANALYSIS 

Monte carlo analysis is a computational technique which permits 
arithmetic or algebraic operations to be performed on equations 
whose inputs are probability distributions rather than single 
numbers. This is accomplished through iterative random sampling of 
the individual distributions and combination of each iteration's 
samples according to the mathematical form of the overall equation .. 
The outcome of this procedure is itself a distribution reflecting 
the probability of any numerical solution to the equation. The 
practical implication of this approach for risk assessment is that 
risk (or risk-based soil concentrations) can be calculated using 
the entire distributional range for inputs which have significant 
variability in the population. The current methodology for 
estimating risk requires that inputs whose possible values are, in 
fact, distributed in the population be represented by a single 
numerical value (point estimate) . Regardless of whether the point 
estimate is selected as the mean, an upper percentile estimate, or 
some other estimate of thE! distribution, no single value can 
adequately represent an entire distributi6n. Possible examples of 
such inputs include daily inhalation volume, soil ingestion rate, 
time spent inside and outside a residence, years lived iri a given 
residence, body weight and food consumption rate. While Monte 
carlo analysis holds promise for generating more realistic 
estimates of risk and risk-based standards, it is important to 
realize that this approach is no better than the input information 
on which it must rely. Therefore, incomplete or inaccurate 
distributional input data can result in faulty and misleading risk­
based distributional estimates. At the present time, there is no 
guidance on the federal or state level for the proper protocol for 
selecting and combining distributional data for Monte Carlo 
analysis of risk. In addition, no cons.ensus exists in the 
regulatory or scientific communities on default specifications for. 
distributions of commonly used variables in risk-based standard 
setting. 
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REVIEW OF APPROACHES FOR DEVELOPING SOIL STANDARDS 

overview 

The USEPA Office of Research and Development has guidance for the 
development- o-f risk-based preliminary remediation goals known as 
"Risk Assessment Guidance for Superfund: Volume 1 Human Health 
Evaluation Manual Part B" (USEPA 1991). A question arises as to 
the necessity of reviewing other non-superfund sources for 
additional information on soil risk assessment. It is recognized 
and stated in USEPA 1991 that other sources must be consulted to 
model site specific conditions not anticipated or defined in 
current Superfund publications. This point is expressed in 
numerous sections of the guidance, page 17: Remediation standards 
may be modified due to "the potential f-or human exposure from 
other pathways at the site"; page 19: "When risk-based 
preliminary remediation goals are to be calculated on site-specific 
conditions, the risk assessor should modify the full equations, 
andjor develop additional ones."; page 20: "The risk-based 
preliminary remediation goal for each chemical should be calculated 
by considering all of the relevant exposure pathways. Total risk 
refers to the combined risk for a single chemical from all exposure 
pathways for a given medium"; page 23: "Additional exposure 
pathways (e.g., inhalation of particulates, inhalation 'Of 
volatiles, ingestion of food crops contaminated through airborne 
particulate deposits, consumption of groundwater contaminated by 
soil leachate) are possible at some sites."; page 25: "Additional 
exposure pathways (e.g., dermal exposure) are possible at some 
sites •.. In the default case illustrated below, intakes from the 
three exposure pathways are combined"; page 51: "Risk equations 
for exposure pathways that are not listed below can be developed 
and combined with-those listed, in particular, dermal exposure and 
ingestion of groundwater contaminated by soil leachate". 

Non-Governmental Models 

A review article published by Jessiman (1992) compared the output 
of ten soil standard models (British Columbia Assessment criteria, 
Alberta Soil Guidelines, Ontario Decommissioning Guidelines, Quebec 
ABCs, N~ acceptable soil contaminant levels, USEPA Public Health 
Evaluation Manual., US Army Primary Pollutant Limit Values, 
California Site Mitigation Decision Tree, California Technical 
Standard, and Aid for Evaluating-the Redevelopment of Industrial 
Sites (AERIS)) when applied to one site in Vancouver. He observed 
that the models fell into two categories; those with one cleanup 
number for each chemical regardless of site conditions and those 
which would accept site specific conditions as determinants 
of the chemical specific cleanup number. 
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The two approaches were called absolute and relative respectively. 
The absolute approach will result in the same chemical 
concentration at different sites but different risks. The relative 
approach will produce different concentrations but the same risks 
for the same chemical at different sites. The absolute approaches 
are easy ~Q use while the relative approaches are data intensive. 
The two methods produced cleanup concentrations for the same 
chemical which differed by several orders of magnitude. In a 
summary table of a comparison of significant pathways of exposure 
across all models it was found for inorganics that ingestion 
accounted for 99% of all exposure. The other tabulated pathways 
were dust inhalation, vapor inhalation, and dermal uptake fro~ soil 
and water. In contrast, for organics, dermal contact with soil and 
water accounted for about 50% of the dose, with ingestion making up 
most of the remainder. For both inorganics and organics the 
ingestion component was divided into soil, water, and crop. Of 
these three categories, crop exposure was most often the largest 
contribution to ingestion for the total of 23 chemicals examined. 

In Paustenbach ( 1992) the point is made that there are many 
different and conflicting approaches to devaloping cleanup levels 
within the states and federal government. In an attempt to provide 
a common metric for site analysis, a list of the seven mo?t· 
important exposure scenarios is presented. They are: residential, 
industrial, agricultural, recreational, groundwater, wildlife and 
aquatic species, and runoff/erosion of particulates to waterways. 
The pathways of exposure within these scenarios relevant to human 
health are: soil/dust ingestion, dermal uptake, garden vegetable 
and crop ingestion, ingestion of fish which have been contaminated 
by surface runoff, uptake by grazing animals, dust inhalation, and 
groundwater contamination. Paustenbach ranks incidental ingestion 
of soil as the most important route of exposure followed by dermal 
contact and ingestion of garden vegetables. 

A multimedia chemical transport and transformation model, GEOTOX, 
was used by McKone (1991) to estimate concentrations of 
contaminants in air (particulate and gas phase), soil, drinking 
water and surface water. There are different exposure pathways 
pertaining to each media considered as a source. For example, 
there are three pathways associated with contaminated air and five 
with contaminated soil. Those specific to soil are: indoor 
inhalation of soil contaminants; ingestion of fruits, vegetables, 
and grains; ingestion of milk and me~t contaminated by soil; soil 
ingestion; and dermal uptake from soil. The model was run for 
arsenic, tetrachloroethylene and trinitroto~uene. It was found 
that the ingestion pathways of-fruit, vegetables, and grains were 
the most important contributors to dose. 
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RISK ASSISTANT, . developed by Hampshire Research Institute Inc. 
(Hampshire 1991), is a microcomputer-based software system which 
contains formula for 14 pathways of exposure. This software was 
funded by USEPA with contributions and reviews by NJDEPE and the 
California Environmental Protection Agency. It is a generalized 
risk assessment package and is not specific for soil. As a 
consequence;- the starting point for the analysis is a concentration 
in a medium such as indoor air, water, or fish. The necessary 
intermedia transport equations are for the most part not included. 
The pathways considered are: ingestion of drinking water, 
inhalation of vapors while showering, ingestion of homegrown meat 
and dairy products-, ingestion of homegrown fruits and vegetables, 
inhalation of vapors inside the residence and vapors outside the 
residence, ingestion of fish and shellfish, ingestion of water 
while swimming, inhalation of particulates inside the residence and 
outside the residence, and ingestion of soil by a child and by an 
adult. The media considered are: groundwater, surface water, 
biota, soil, air, and sediment. 

ASTM (American Society for Testing Materials) has produced a second 
draft of a document entitled ASTM Guide for Risk-Based Corrective 
Action at Petroleum Release . Sites (ASTM 1994). This does not 
currently represent an ASTM standard and is undergoing peer revie~.­
It is not available outside of the ASTM technical committee and the 
peer review group. The goal of the task group is "to produce a 
standard that is accepted by state regulatory agencies and can be 
incorporated in corrective action programs." It has been developed 
for gasoline and fuel oil spill and tank leaks. The fate and 
transport equations, however, are suitable for other volatile and 
semivolatile compounds. For the pathways considered, approaches 
used in this document are consistent with guidelines contained in 
the USEPA "Risk Assessment Guidance for Superfund, Volume I: Human 
Health Evaluation Manual, Part A" (USEPA, 1989). The pathways are: 

• Inhalation of vapors 
• Ingestion of groundwater 
• Inhalation of outdoor vapors originating from dissolved 

hydrocarbons in groundwater 
• Inhalation of indoor vapors originating from dissolved 

hydrocarbons in groundwater 
• Ingestion of surficial soil, inhalation of outdoor vapors 

and particulates emanating from surficial soils; and dermal 
absorption resulting from surficial soil contact with skin 

• Inhalation of outdoor vapo~s originating from hydrocarbons 
in subsurface soils 

• Inhalation of indoor vapors originating from subsurface 
hydrocarbons · 

• Ingestion of groundwater impacted by leaching of dissolved 
hydrocarbons from subsurface soils 

8 



State Models 

The state· of. New Jersey proposed rules for the cleanup of 
contaminated sites in 1992 (NJR 1992). Numerical soil standards 
were proposed for over 100 contaminants. The pathways considered 
were soil-ingestion, contamination of ground water and inhalation. 
It was also stated that contamination of surface water bodies due 
to erosion of soil could be considered due to contaminant 
incorporation into the food chain. Comments wer·e requested on how 
best to model this pathway~ Vapor migration into structures was 
approached with a trigger level soil gas concentration which would 
require further investigation. This proposed rule was withdrawn 
and work is proceeding to revise the proposed methodology including 
the incorporation of additional important pathways of exposure, and 
site specific considerations. 

A joint study issued by the USEPA, NJDEPE, and New York State 
Department of Environmental Conservation (NYDEC), entitled 
Incineration 2000 Phase II Report· and published in January 1993 
(NYDEC 1993), evaluated the impact of hundreds of incinerators in 
the New York/New Jersey metropolitan area on human health. Many 
indirect pathways were considered in addition to direct inhalation 
of emissions. These included ingestion of outdoor soil, ingestion. 
of indoor dust, breast milk, homegrown vegetables, freshwater fish, 
saltwater fish and shellfish. These equations would .be equally 
valid for soil risk assessment. The highest risks were associated 
with inhalation. 

The state of California has developed a model (CalTOX 1993) which 
is still in draft stage but is potentially the most advanced of all 
reviewed models. Intake equations are the same as those used by 
the USEPA with two modifications. First, there is a multimedia 
total exposure model and second it is used stochastically (not a 
single·risk level but a Monte Carlo derived distribution of risk is 
presented). CalTOX contains fugacity based multimedia· fate and 
transport equations. Fugacity equations are bas~d on mass flux 

·(movement) between media and on the physicochemical and 
thermodynamic properties of the pollutant. The advantage of this 
approach is that multiple media can be analyzed at once and there 
is no double counting resulting from a single initial concentration 
moving to several different media simultaneously. That pollutant 
mass which is available from the soil to the air is subtracted from 
the pollutant mass which moves to the groundwater. Fugacity based 
equations also provide a check on the overall media transport 
logic. With concentration based equations it is possible through 
their inherent uncertainty that more mass could end up in the air 
than was ever present in the contaminated soil. This could not 
happen with a· fugacity approach; CalTOX imposes conservation of 
inass and accounts for gains or losses from e.ach compartment as well 
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as for the entire system. There are 23 pathways of human exposure 
in CalTOX: 

• Inhalation of gases and particulates in outdoor air 
• Inhalation of gases and particulates transferred from 

outdoor air to indoor air 
• In.hal.alion of soil vapors that migrate to indoor air 
• Inhalation of soil particles transferred to indoor air 
• Indoor inhalation of contaminants transferred from tap water 
• Ingestion of fruits, vegetables, and grains contaminated by 

transfer of atmospheric chemicals to plant tissues 
• Ingestion of meat,milk, and eggs contaminated by transfer of 

contaminants from air to plants to animals 
• Ingestion of meat, milk, and eggs contaminated through 

inhalation by animals 
• Ingestion of mother's milk contaminated by inhalation of air 
• Human soil ingestion · 
• Ingestion of fruits, vegetables, and grains contaminated by 

transfer from soil 
• Ingestion of meat, milk, and eggs contaminated by transfer 

from soil to plants and animals 
• Ingestion of meat, milk, and eggs contaminated through soil 

ingestion by animals 
• Ingestion of mother's milk contaminated by ingestion of meat 

and vegetables · 
• Ingestion of tap water 
• Ingestion of irrigated fruits, vegetables, and grains 
• Ingestion of meat, milk, and eggs from animals consuming 

contaminated water 
• .Ingestion of fish and sea food 
• Ingestion of surface water during swimming or other water 

recreation 
• Ingestion of mother's milk contaminated by ingestion of 

water 
• Dermal contact with soil 
• Dermal contact in baths and showers 
• Dermal contact while swimming 

USEPA Models <Superfund> 

The Risk Assessment Guidance for Superfund, Part B (USEPA 1991), 
reflects current EPA guidance for developing soil cleanup levels. 
Pathways of exposure are suggested for two land use scenarios, 
residential and commercial/industrial. Default equations are only 
provided for some of the pathways. It is.the responsibility of th~ 
risk assessor to find appropriate equations for the other pathways 
in these two generic exposure scenarios. For the residential land 
use scenario the following pathways are given. Default equations 
are only provided in USEPA 1991, for those in capitals. 
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•INGESTION OF SOIL 
•Inhalation of Particulates 
•Inhalation of Volatiles 
•Exposure to Ground Water Contaminated by Soil Leachate 
•Ingestion Via Plant Uptake 
•Dermal-Absorption from Gardening 

Pathways for the commercial/industrial land use scenario: 

•INGESTION OF SOIL 
•INHALATION OF PARTICULATES 
•INHALATION OF VOLATILES 
•Exposure to ground water contaminated by soil leachate 
•Inhalation of particulates from trucks and heavy equipment 

Draft Soil Screening Level Guidance, USEPA-September 1993 (USEPA 
1993) is a response to the USEPA Administrator's request for a 30 
day study to outline options for accelerating the rate of cleanups 
at Superfund sites. There are changes in this guidance from USEPA 
1991, the existing guidance. In USEPA 1993, it is explicitly 
stated that soil saturation by a chemical is a trigger level for 
cleanup. This is not a health based effect but a property of the 
soil and chemical's physical properties. There is also a separate. 
child ingestion rate of 200 mgjday for non-carcinogens which is 
higher than the integrated rate of 114 mg-yr /kg-day which is 
reported in USEPA 1991. A quantitative approach for the soil to 
groundwater pathway is given. It consists of four equations, each 
appropriate to a screening level, which represent different levels 
of treatment of the same site. The simplest, most stringent, and 
least data intensive equation is level 1. If this level is above 
the level found at the site than no further work is required. The 
higher level equations are more data intensive and site specific 
but also are likely to result in higher cleanup concentrations. 
Monte c~rlo analysis is suggested for use in this guidance but only 
for the groundwater pathway. In summary, the pathways considered 
are: 

•Ingestion of soil 
•Inhalation of volatiles and -fugitive dusts 
•Migration of contaminants through soil to an underlying 
potable aquifer 

Assessing Potential Indoor Air Impacts for Superfund Sites, 
September 1992 (USEPA 1992) wa~ developed by EPA to assess the 
risk for occupants of buildings near Superfund sites. Contaminated 
water or soil can lead to volatilization of chemicals and movement 
through the soil to building interiors. Pressure differences 
between buildings and the surrounding soil gas can lead to the 
withdrawal of soil gas to interior living spaces. Wind speed, 
indoor-outdoor temperature differences, vented _equipment such as 
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bathroom and kitchen fans or oil and gas furnaces and fireplaces 
can lead to less than ambient pressures in the lower areas of 
buildings. Typically pressure differences are small, between 1 and 
10 pascal. This difference can lead, however, to the building 
sucking in soil gases through cracks and openings in below grade 
walls. Several tiers of screening equations lead to quantitative 
estimates of the relationship between soil and or groundwater 
contamination to soil gas and, thereby, interior concentrations of 
contaminants. The only pathway considered in this document is 
soil gas to building interiors. 

USEPA Models CNon-Superfundl 

Methodology for Assessing Health Risks Associated with Indirect 
Exposure to Combustor Emissions, January 1990 (USEPA 1990) is·an 
Interim Final EPA report with quantitative models sufficient for a 
multi-pollutant, multimedia human exposure assessment. The focus 
of this document is risk assessment of stationary source combustion 
facilities. There are pathways, however, which consider the effect 
of emissions which are deposited on the ground. The pathways for 
human exposure relevant to soil risk assessment are: 

•Daily intake from plants 
•Daily intake from contaminated animal tissue 
•Soil ingestion 
•Dermal intake 
•Surface water intake 
•Fish contaminated from surface soil runoff 

Promulgated regulations which have relevance to quantitative soil 
risk assessment appear·under the authority of the Clean Water Act. 
This act mandates the USEPA to develop regulations to protect the 
public health and the environment from the adverse effects of 
pollutants that may be present in sewage sludge. The Sludge Risk 
Assessment Branch of the Office of Science and Technology of the 
Office of Water deVeloped the Standards for the Use or Disposal of 
Sewage Sludge (40 CFR Part 503) (USEPA 1992a). In these 
regulations there is a basis and background which describes. 14 
pathways-of human exposure to land applied sewage sludge. Many of 
these pathways are relevant to soil risk assessment as needed for 
contaminated site cleanup. The basis and background is very 
extensive (2000 pages) and documents the quantitative approach and 
data requirements for the pollutant fate and transport analysis. 
The application of sewage sludge to farmland presents a fate and 
transport modeling problem which for many purposes is analogous to 
a contaminated site. Those pathways which are used to examine 
pollutant transport to a human receptor from surface application of 
sludge and are useful for soil risk assessment are: 
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•Plant uptake and ingestion of plants 
•Uptake in livestock and ingestion by people 
•Surface runoff intostreams, uptake in fish and fish 

consumption by people 
eSoil to air and inhalation 
•Soil-to 9roundwater 

Discu.ssion 

The reviewed models indicate a large variation in approaches to 
estimating human exposure from contaminated land. There are a core 
of 5 pathways (ingestion of soil, inhalation of vapors and 
particulates, ingestion of food products and water) which 
predominate in most exposure assessments. The algorithms, however, 
differ. Very little of ·the fate modeling has been validated. It 
is, therefore, difficult to identify superior approaches. Not all 
of the exposure assessments start with soil as the source of the 
contamination. At some point, however, soil enters into the web of 
exposure routes and these non-soil targeted references (e.g., air 
source models) can be utilized. Only CalTOX has fugacity based 
equations. This is an advantage for multimedia modeling but. 
requires complex software for implementation. Many of the 
concentration based equations used in the other approaches can be 
solved with a hand calculator. No one of the reviewed risk 
assessment approaches is in itself comprehensive. Deficiencies or 
omissions of certain pathways are often acknowledged by the authors 
with instructions to look elsewhere. This is particularly true for 
USEPA guidance. Therefore, in order to satisfy the requirement of 
a reasonably comprehensive exposure assessment to derive soil 
standards, it will be necessary to combine a number of approaches. 

SAMPLE APPROACH. SYNTHESIS1 

The following list of fate and transport equations encompasses the 
most likely exposure. scenarios for residents of New Jersey to 
pollutants found at contaminated sites. The equations were for the 
most part selected from the refe~ences which have been described 
earlier in this document. There are now six more pathways included 
in the approach than there were proposed in NJR 1992. For two 
pathways, soil gas to basements and soil to groundwater equations 
were derived by staff of the Division of Science and Research or 
their contractors specifically for New Jersey conditions. 
The pathways and their origin are as follows: 

1
The inform~tion provided in this section is not sufficient by itself to 
calculate chemical specific values. Further documentation can be provided 
on request. 
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Pathway Model 
Soil ingestion 
Dermal absorption from soil 
Particulate inhalation 
Volatile inhalation 
Veget-able consumption 
Fruit consumption 
Soil gas to basements 
Soil to groundwater 
Erosion to sediments 
Soil satu:r:ation 

Reference 
USEPA 1991 
USEPA 1989 
USEPA 1991 
USEPA 1991 
Hampshire 1991 
Hampshire 1991 
Sanders & Stern 1994 
Korfiatis & Talimcioglu 1991 
USEPA 1992a 
USEPA 1991 

These pathways are described by 27 equations as listed in Tables 
1,2 and 3. For each pathway there may be as many as four equations 
which describe residential and non-residential exposure conditions 
for carcinogens and non-carcinogens. The difference between 
residential and non-residential is the amount of time of exposure 
and the assumption of children living on a residential site. A 
soil standard is derived .by using typical site conditions and 
running all the models. The standard is determined by the pathway 
producing the most stringent contaminant concentration in soil. If 
this standard is exceeded at any particular site it is possible to 
use site specific conditions for a more accurate risk 
determination. Using all pathways for 105 chemicals (those 
considered by New Jersey in the ~JR 1992 proposal) the trigger soil 
concentrations ranged from 0. 000048 mgfkg for endosulfan in a 
residential scenario to 410,000 mgfkg for zinc for a non­
residential condition. Detection limit, ecological considerations 
and background levels have not yet been incorporated into this 
standard setting scheme. 

Pathway Descriptions 

Soil Ingestion 

Adults ingest a small but measurable amount of soil as a result of 
everyday activities. Exposure scenarios include the transfer of 
soil from hands to food, or food which has been in contact with 
soil. ·For children, this pathway is more important. Small 
children explore their environment with their hands and mouths 
resulting in the incorporation of soil into their diets. This is 
a widely studied route of exposure with many adequate models for 
its quantification. 

Dermal Abtorption 

A portion of the contamination present in the soil will pass 
through the skin and enter the blood and thereby become a dose. 
The chemical properties of the agent~ the amount of soil per unit 
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area of skin, and the length of time of contact are the major 
variables which determine dose. In genera1 the more fat soluble 
the contaminant the more the absorption. · 

Particulate Inhalation 

Soil may be a source of particulate matter to the air, which is 
then inhaled. Modeling approaches include wind driven and vehicle 
caused dust generation. Outd6or soil may b~ becom~ part of indoor 
dust. Both outdoor and indoor sources of soil are modeled to 
estimate a dose from this route. Variables include particle size, 
amount of vegetative ·cover, precipitation, and friability of the 
soil surface. 

Volatile Inhalation 

Chemical properties, such as vapor pressure, determine the 
importance of this route of exposure. Contaminated soil may result 
in elevated concentrations of certain solvents in the ambient air. 
Modeling has been conducted to predict on site, outdoor 
concentrations. Assumed average wind-speed is also· an important 
variable. 

Vegetable .and Fruit Consumption 

Vegetables and fruits grown in contaminated soil may take up some 
of the contaminant which is then ingested with this food. The 
worst case for vegetables is for root crops which contain lipids 
and retain chemicals with lipophilic properties. There is 
experimental justification for this pathway derived fr6m food crops 
grown in contaminated soil. For fruits to become contaminated 
there is a partition necessary from soil into the transpiration 
stream of the plant. Fruits for the purpose of this modeling are 
considered to be aerial edible portions of the plant. 

Soil Gas to Basements 

This is a special case of the soil volatilization pathway where 
soil contaminants volatilize and enter buildings through subsurface 
walls. Reductions in air pressure inside buildings due to numerous 
reasons will cause soil vapors to enter the structure. The model 
accounts- for ventilation and a first order degradation of the 
source. 

~rosion to Sediments 

This pathway leads to a dose by uptake of-the contaminant into 
fish. It is very dependant on assumptions of site size, distance. 
to a waterway, slope of the land, and size of drainage basin. 
Bioconcentration factors are used to estimate fish concentrations 
of contaminants. Assumptions regarding portion of diet 
attributable to locally caught fish are also required. 
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Soil Saturation 

This is the only equation which does not represent a route of 
exposure to soil contamination. The concentrations predicted by 
this model determine at what point pooling of the contaminant will 
occur. kt-soil saturation levels the volatilization model is no 
longer valid because neither the partial pressure of the 
contaminant nor air can be determined in the interstitial soil pore 
spaces. 

ISSUES AND CONCLUSIONS 

A justification for remediating the chemical contamination of soil 
down to the levels of cleanup standards is that soil may act as a 
vehicle for administering a dose of that chemical to people. The 
process of quantifying this event requires the use of data and 
assumptions of uneven quality and variability. Uncertainties 
require choices among competing assumptions, and this process 
fosters debate. The major areas for decision making in the soil 
standard development process are in the choice of exposure 
scenarios, pathways, fate models, and parameters. 

An exposure scenario is one of a small number of major classes of 
future activities which predisposes participants in those 
activities to have contact with chemical contamination. Exposure 
scenarios have been created for non-residential and residential 
situations. Exactly what types and how much of different 
activities make up the scenario is a matter of judgement. 
Questions such as whether or not truck traffic is likely to occur 
on a typical non-residential site and how many years the average 
person lives in one .home are examples of the decisions relevant to 
non~residential and residential scenarios, respectively. 
Addi tiona! exposure scenarios could be constructed for agricultural 
or recreational activities. 

Pathways of exposure are the components of exposure scenarios. 
There are generally between 5 and 20 pathways per scenario. Some 
or most of the pathways may overlap between scenarios. All 
pathways-of the sample approach given in this paper overlap betwe~n 
residen~ial and non-residential scenarios, with the exception of 
fruit and vegetable consumption which only appears in the 
residential scenario. The quantitative expression of the same 
pathway, ingestion of soil for example, may differ between 
different scenarios. The residential scenario includes children 
and the non-residential includes only adults. Pathway s~lection 
also depends Qn regional considerations. In New Jersey, for 
example, groundwater, surface water1 and aquatic systems are 
perhaps more important to consider than in drier states. 

16 



Each pathway could be described by numerous alternative fate 
models. The soil to groundwater pathway has been quantitatively 
described by many different models. Often the difference is a 
result of the capabilities of various models to accommodate site 
specific data. Therefore, a decision on how much site specific 
data to require or allow will determine the selection of a model. 
Models also differ with respect to their foundation in chemical and 
thermodynamic theory. Either fugacity or concentration based 
equations can be applied to the same site data for the purpose of 
fate and transport analysis. These choices are made by the analyst 
or policy-maker. Mod~is function by the mathematical combination 
of numerous point estimates of variables such as organic carbon 
content of soil, years spent at a site, vapor pressure of a 
chemical, etc. There is an option of using distributions of these 
variables instead of point estimates. This would require 
probabilistic techniques such as Monte Carlo analyses. 

There are often ten to one hundred variables or parameters needed 
to implement any particular pathway model. For soil remediation 
standards development an estimate is needed for every one of these 
before the calculation can be completed. Because standards are 
created for future conditions for which no site specific 
measurements are available, they all must be estimated for a · 
typical site. The parameters fall into human activity, sit:e 
characteristics, and chemical property categories. Human activity 
includes estimates of dietary intake (e.g. , fish) , residence time, 
working hours, inhalation rate, soil ingestion rate, etc. Site 
characteristics are such param~ters as soil type, weather, 
proximity to water, slope of the land, vegetative cover, and site 
size. Chemical properties include toxicity, vapor pressure, 
octanol-water partition coefficient, and Henry's Law constant. 

Variability and uncertainty surround each of these parameters. 
They could all take on any one of a number of values and herein 
lies the substance of debate. Many hundreds of independent 
judgements are required for the generation of a soil standard for 
a single chemical. Not all of the variables have equal importance 
in determining the numer"ic value of the outcome. Errors or 
misjudgments in some variables would hardly effect the result while 
for other variables the effect would be large. A sensitivity 
analysis ~ould be required to distinguish between the two. 

The Department of Environmental Protection and Energy has reviewed 
the numerous options and approaches currently available for the 
many quantitative aspects of soil remediation standards 
development, and has presented many of these procedures in this 
document. The Department looks forward to exploring these various 
approaches further with the Environmental Risk Assessment and Risk 
Management study Commission in the context of P.L. 1993, c.139. 
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TABLE 1 
PATHWAY EQUATION NU.MBERS/NAMES FOR SAMPLE APPROACH 

Equation# Pathway Name 

1 Soil ingestion, residential, carcinogen 

2 Soil ingestion, residential, non-carcinogen 

3 Soil ingestion, non-residential, carcinogen 

4 Soil-ingestion, non-residential, non-carcinogen 

5 Soil ingestion, child, residential, carcinogen 

6 ~oil ingestion, child, residential, non-carcinogen 

7 Dermal, residential, car~inogen 

8 Dermal, residential, non-carcinogen 

9 Dermal, non-residential, carcinogen 

10 Dermal, non-residential, non-carcinogen 

11 Particulate inhalation, residential, carcinogen 

12 Particulate inhalation, residential, non-carcinogen 

13 Particulate inhalation,· non-residential, carcinogen 

14 Particulate inhalation, non-residential, non-carcinogen 

15 Volatilization, residential, carcino$en 

16 Volatilization, residential, non-carcinogen 

17 Volatilization, non-residential, carcinogen 

18 Volatilization, non-residential, non-carcinogen 

19 Vegetables, residential, carcinogen 

20 Vegetables, residential, non-carcinogen 

21 Fruits, residential, carcinogen 

22 Fruits, residential, non-carcinogen 

23 Gas to basements 

24 Soil to groundwater 
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25 

26 

27 

Erosion, carcinogen 

Erosion, non-carcinogen 

Soil saturation 
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TABLE 2 
PATHWAY EQUATIONS FOR SAMPLE APPROACH 

l. C= (RL) (BW) (Dy) (L) 
s (SF) (EFI) (EDI} (Ra) 

2. C= (Dy) (BW) (RfD) 
s (EFI} (Ra) 

3. C= (RL) (BW)_ (Dy) (L) 
s (SF) (EF) (ED) (Ro) 

4. C= (Dy) (BW) (RfD) 
s (EF) (Ro) 

5. C= (RL) (EWe) (Dy) (L) 
s (SF) (EFI) (EDie) (Re) 

6. C= (Dy) (EWe) (RfD) 
s (EFI) (Rc) 

7. C= (Dy) (BW) (RL) (L) 
s (EFI) (SA) (SF) (AF) (AES) (EDI) 

8. C= (Dy) (BW) (RfD) 
s (EFI) (SA) (ABS) (AF) 

9. C= (Dy) (BW) (RL) (L) 
s (EF) (SA) (SF) (AF) (ABS) (ED) 

10. C= (Dy) (BW) (RfD) 
s (EF) (SA) (ABS) (AF) 

- . 
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11. C= 
(Dy} (Bf*?) (PEF) (RL} (L} 

s (EFr} (IRr) (Si) (EDr) 

12. C= 
(Dy) (BW) (PEF) (RfDi) 

c ( EFr) ( IRr) 

13. C= 
(Dy) (BW) (PEF} (RL) (L) 

s (EF) (IR) (Si) (ED) 

14. c = (Dy) (BW) (PEF) (RfDi) 
s (EF) ( IR) 

(1x10-10} (Koc) 2o5x109x 0.012 1 
0 0 35 + 4 o 2x10-5Koc 2 

15. C5=------------~----~~~--~--~H~~~~ H(Si) 

(RfDi) (Koc) 4. 9x1o-5(2 0 sx109 0 ° 012 

0 . 35 + 4x1o-s (Koc) 

16. C
5
= H 

H 

1o 4x10-10 (Koc) 2 0 5x109x 0 • 012 

0 . 35 + 4. 2x1o-s (Koc) 
1 
2 

17. C5=------~------~----~~~--------~H~ ____ 2__ 
H(Si) 

1 
2 

(RfDi) (Koc) 5 o1X10~5 2. Sx109x 0 • 012 

0 • 35 + 4. 2x1o-s (Koc} 

1 
2 

18. C5=------------------~--~~----------~H ______ L__ 
H 

19. C
5
= (RL) (BW) (L) (Dy) (Koc) (OC) 

(SF) (EDr) "(EFr) (Rv) (Fv) (100.77 Clogxow>-1.52+0. 82) 

20. c =- (RfD) (BW) (Koc) (OC) 
s (Rv) (Fv) (100.77 (logKow) -1.52+0. 82) 
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21 . c s= _____ ....;.(_RL___;,_) ...:..,_( B_W--:.)...:,_(;..._L;_;_) ....;.(..:...DY:::.....:....) ,.:..:( X;..:,.;o:....:c::....:..)__:(~O-=C..:._) ----­

(SF) (EDI) (EFI) (Rf) (Ff) (0.784-<<log(Kaw)-l.78l 2 /2.44l) 

22. Cs=----~~(~R~fD~)~(B~M~(~X~o~c~)~(O~C::....:..) ____ ~ 
(Rf) iFf) (0. 784-(log(Kow)-(1.78) 2/2.44)) 

2 5 . • c = {12) (KDsw+62, 500) 
s (SF) ((BCF) (FM) (Pf) (0.04)+2) 

26. C = (RfD) (1.2x107
) (KDsw+62,500) 

s (BCF) (FM) (Pf) (0. 04) +2 

27. Cs=(Kd) (Sol) (nm}+(Sol) (Om} 

•Equations 23 and 24 are on software 
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TABLE 3 
PARAMETER VALUES FOR SAMPLE APPROACH 

Svmbol Definition Value2 Units 

ABS . ~bsorption factor 0.01 organics Unitless 
0.001 metals 

AF Adherence factor 2x10-6 kg/cm2 

BCF Biological concentration factor chemical specific L/Kg 

BW Body weight, adult 70 Kg 

BWc Body weight, child 15 Kg 

Cs Soil standard chemical specific mg/Kg 

Dy Days per year 365 days/yr 

ED Exposure duration, non-residentiat 25 yrs 

EDr Exposure duration residential 30 yrs 

EDrc Exposure duration child, 6 yrs 
residential 

EF Exposure frequency 250 days/yr 

EFr Exposure frequency, residential 350 days/yr 

Ff Fraction of dietary fruit 0.3 dimensionless 
which is contaminated 

FM Food chain multiplier 1 dimensionless 

Fv Fraction of vegetables 0.4 dimensionless 
contaminated 

H Henry's law constant chemical specific atm-m3 

IR Inhalation rate non-residential 20 m3 /day 

IRr Residential inhalation rate 15 m3 /day 

Kd Soil-water partition coefficient chemical specific cm3/g 

2Reference for all numeric values is USEPA 1989 and 1991. 
chemical specific entries is Hampshire 1991. 

Reference for 
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.. 
Koc 

KDsw 

Kow 

L 

nm 

oc 

Om 

PEF 

· Pf 

Ra 

Rc 

Rf 

RID 

RtDi 

RL 

Ro 

Rv 

SA 

Si 

SF 

Sol 

Organic carbon partition chemical specific cm3/g 
coefficient 

Partitioning coefficient between chemical specific L/kg 
solids and liquids within the stream 

Octanol-water partition chemical specific dimensionless 
coefficient 

Lifetime 70 yrs 

Soil moisture content 0.16 dimensionless 

Organic carbon content of soil 0.001 dimensionless 
(fraction) 

Soil moisture content 0.2 L-water /kg-soil 

Particulate emission factor 4.6xl09 mJ/Kg 

Ratio of pollutant concentration 0.5 dimensionless 
in edible fish to whole fish 

Adult residential soil lxl0-4 Kg/day 
ingestion rate 

Child soil ingestion rate 2x10-4 Kg/day 

Rate of fruit consumption 0.14 Kg/day 

Reference dose chemical specific mg/Kg/day 

Reference dose, inhalation chemical specific rng/Kg/day 

Acceptable incremental cancer lxl0-6 3 unitless 
risk level 

non-residential adult soil ingestion 5xlo-s Kg/day 

Consumption rate of vegetables 0.2 Kg/day 

Arm surface area 2,300 cm2/event 

Slope factor inhalation chemical specific (mgjkg-dy)"1 

Slope factor chemical specific (mg/kg-dy)"1 

Solubility chemicai specific mg/L water 

3lxl0-6 is derived from Sl070 pending review by the Environmental Risk 
Assessment and Risk Management Commission 
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122 Main St., Suite 8. Flemington, N.J. 08822 (908) 788-0505 

April 8, 1994---- -

Environmental Risk Assessment and 
Risk Management Study Commission 
Legislative Office Building 
CN-068 
Trenton, NJ 08625-0068 

RE: Written Testimony 
Scientific Basis for 1 o-e Remediation Standard 

Dear Commission Members: 

I have provided oral testimony, W' 

will not repeat that testimony excc: 
:ranscript on Thursday March 1 0, 1994, I 
Jr two paragraphs: 

To investigate the scientific basis for the selection of the risk level of one-in­
a-million, the commission need only go to the ISRA .Public hearing transcripts 
or tapes from the Assembly Policy and Rules Committee on June 3, 1993 
and listen to the testimony of then Commissioner Scott Wiener. -
Commissioner Wiener said, "There is no scientific basis", he continued to 
say that risk level is something that should be legislated. In other words the 
one-in-a-million standard is political. 

As a practical matter the department has already had to retract the one-in-a­
million risk level for arsenic, ~ lown carcinogen. During January of 1993 
the Department set the level ;rsenic at 2 mg/kg. Then, during January of 
1994 the Department raised ievel to 20 mg/kg. It seems the one-in-a- . 
million rtsk of 2 mg/kg, madf .nat the natural soil in New Jersey exceeded 
the cleanup standard. The A-- 3tant Commissioner of NJDEPE, Lance Miller 
has autbored an: article 1 stating that natural soils in New Jersey vary from 
0.02 to .48.9 mg/kg. · · 

The NJDEPE has already adopted a one-in-a-million risk level for setting the 
informal cleanup criteria (except arsenic), and as a basis of withdrawn regulatory 
proposals. This is the same State Agency which owns and operates recreational 
lakes and marinas, where the risk of death from boating accidents is 1. 19 X 1 o-2

• 

1 Miller, Lance, 1993, Site Remediation News, v.5 no. 1, pg. 3 



The use of one-in-a-million risk level for exposure to chemicals as a remedial action 
standard just does not make sense. 

By reference in this letter I include as part of my written testimony excerpts from 
the book "Toxic Terror: The Truth Behind the Cancer Scares", by Elizabeth M. 
Whelan, Sc.D., M.P.H. Those excerpts which are to be read and considered as 

. part of the testimony are Chapter 1, pages 41 to 90 inclusive, and the Appendix, 
pages 441 to 467 inclusive. The included portions are marked for your quick 
reference. (This unusual step of including portions of a published book was taken, 
because the copyright royalty made ·xerox of the portions _more expensive than 
outright purchase of the required 15 copies.) 

The selected portions of this book provide a good, referenced overview of the 
issues which are central to setting risk levels, and interpreting cancer incidence 
studies. In my opinion the Commission should discuss the uncertainty and errors 
inherent in any cancer study made on animals and then extrapolated to humans. 
Significant weight should be given to evidence of cancer-risk deduced from 
occupational exposure records. In my Opinion the included portions of the enclosed 
book provides a basis for beginning that discussion. 

On the topic of risk assessment methodology I can not offer the opinion of one 
who routinely ·performs these calculations. But as a scientist it does not make 
sense that redundant conservative assumptions are necessary in performing these 
assessments. The risks we face every day far exceed the initial "one-in:..a-million" 
assumption. Compounding this with redundant assumptions wastes precious 
monetary resources in cleanup, without providing any measurable benefit. There 
are limited resources available for cleanup, we should use correct assumptions 
which then allow us to concentrate those dollar~ into those areas which need the 
most attention. 

Finally, please consider your task carefully as scientists, examine the facts and let 
the facts speak for themselves. Rational thought should prevail in setting the 
appropriate risk level. In my opinion a range in risk-level makes sense. USEPA 
uses 1 o-4 to 1 o-6 as an acceptable range, it makes sense that this should also be 
acceptable in the State of New· Jersey. 

' 
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