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Abstract 
Assessment of occupational and public risk from the environmental 
pollutants like chemicals, radiation, etc demands that the effects be 
considered not only from each individual pollutant, but from the 
combination of all the pollutants. An integrated risk assessment system 
needs to be in place to have an overall risk perspective for the benefit of 
policy makers and decision takers to try to achieve risk reduction in 
totality. The basis for risk-based radiation dose limits is derived from 
epidemiological studies, which provide a rich source of data largely 
unavailable to chemical risk assessors. In addition, use of the principle of 
optimization as expressed in the ALARA concept has resulted in a safety 
culture, which is much more than just complying with stipulated limits. 
The conservative hypothesis of no-threshold dose-effect relation (ICRP) is 
universally assumed. The end-points and the severity of different classes 
of pollutants and even different pollutants in a same class vary over a 
wide range. Hence, it is difficult to arrive at a quantitative value for the 
net detriment that weighs the various types of end-points and various 
classes of pollutants. Once the risk due to other pollutants is quantified 
by some acceptable methodology, it can be expressed in terms of the 
Risk Equivalent Radiation Dose (RERD) for easy comparison with options 
involving radiation exposure.     
 
This paper is an effort to use to quantify and present the risk due to 
exposure to chemicals and radiation in a common scale for the purpose of 
easy comparison to facilitate decision taking.  
 
Introduction 
Any system of risk management usually aims at protecting the 
occupational workers and the public with the available epidemiological 
human data or suitably adopted data from animal experiments. With 
these data, assessment and comparison of risk levels under various 
exposure conditions can be done to check their acceptability or 
compliance with regulatory guidelines. Such quantitative comparisons of 
risk provide a better perspective about the relative magnitude of the 



health hazard in the groups exposed to radiation or chemicals. However, 
uncertainties are an inherent part of such risk estimation due to 
biological variations in adopting animal data to humans and in computing 
the risk estimates using extrapolation of high dose health effects to low 
doses.        
 
 
The harmful effects of radiation are better known and hence the 
monitoring techniques, safety standards and regulatory techniques are 
more complete and advanced than that for chemicals. In regulatory 
assessments, cancer risks are commonly estimated from exposures by 
applying relationship that express risk of developing a tumor as a 
function of dose, known as dose response curves (Crettaz, et al., 2002; 
US-EPA, 1986) However, the estimation of the risk of using chemicals is 
difficult since there is not much human data on the health effects at low 
doses of various chemicals. Like radiation, extrapolation of the risks 
from high to low doses is carried out (Olin, et. al., 1995). 
  
The levels of risk that are considered acceptable for industrial radiation 
exposures and for chemical exposures in general are observed to have a 
large variation. In the case of individual chemicals, exposure limits are 
set to keep the excess cancer risks for workers to be < 10-3 /y over the 
entire period of workplace exposure and for the general population in 
the range 10-5 - 10-4 over lifetime for protection of individuals in small 
population and 10-7 to 10-6 for protection of individuals in large 
population (US-EPA). WHO guidelines for drinking water quality selected 
10-5 as the acceptable level of lifetime risk for carcinogens. In the case of 
radiation, the occupational limit of 20 mSv/y means an excess cancer risk 
of 8x10-4 if received annually over a working lifetime. The annual 
occupational exposure limits of ICRP works out to a lifetime risk of about 
10-2, if ALARA is not followed. Differences between radiation and 
chemical exposure risk estimates could be attributed to the fact that 
radiation exposure limits consider all types of radiation, where as the 
chemical exposure risk limits consider each chemical individually. A 
combined exposure to different chemicals must include the appropriate 
relative potency factors for various chemicals to assign a proper weight 
to each constituent chemical with respect to the total risk. Public 
exposure limit of 1 mSv/year to radiation is 1/20th of the occupational 
limit whereas the ratio of occupational to public exposure limits for 
chemicals usually ranges from 50-400.  

 
The total risk due to the combined exposure to both radiation, a known 
carcinogen and carcinogenic chemicals are computed based on the risk of 
the fatal cancers   for certain select chemicals and radiation at the 
occupational and public exposure limits. The computed risk values are 
expressed in terms of the newly coined Risk Equivalent Radiation Dose 



(RERD). An attempt is made towards monetary evaluation of the harm 
based on the Value of a Life Year Lost (VLYL) approach after correcting 
for the purchasing power parity and the gross national product (GNP) 
applicable to different countries (Extern, E, 1998 and Markandya, A. and 
R. Boyd, 2000). 
 
Health Hazard 
Health hazards associated with radiation or chemicals may be of two 
types viz: somatic and hereditary. One striking example of somatic 
effect of radiation and some chemicals is carcinogenesis. However, 
cancers induced by radiation are not distinguishable from those occurring 
naturally due to many different causes. The one important cause is the 
environmental chemical pollution. 
 
Health effects of radiation or chemicals are generally classified as acute 
or chronic. Acute affects results from a single exposure to high radiation 
dose rate or exposure to high concentration of a chemical. The effect, 
deterministic in nature, sets in rapidly and could be mild to severe. The 
dosage of chemical or radiation plays a significant role in the level of 
severity of the effect. Chronic effects develop over a long period of 
exposure to a low concentration of chemical or low dose rate of 
radiation. The effect may remain invisible for relatively long period, 
called latent period. Carcinogenicity is included in chronic effects 
(stochastic in nature).. 
 
For the particles, NOx, SO2, O3 and CO the background in most 
industrialized countries is above the level where effects are known to 
occur. It is known that air pollution, even at current ambient levels, 
aggravates morbidity (especially respiratory and cardiovascular 
diseases) and leads to premature mortality. The most important impact 
comes from chronic mortality due to particles calculated by Pope et al 
(2002). Another important contribution comes from chronic bronchitis 
due to particles (Abbey et. al., 1995). Acute effects that result out of 
exposure to high doses of chemical or radiation are not discussed here 
 
Radiation Safety and standards 
Humankind has always been exposed to ionizing radiations from natural 
and man-made radioactive sources. The dose varies substantially with 
geographic location and radioactive content of the soil/rocks. A large 
part of the total natural radiation dose is unavoidable. The annual per 
caput radiation dose to Indian population is about 2.43 mSv. The most 
important man-made sources of radiation is the medical use of ionizing 
radiation, mainly for diagnostic purposes. About 97% of the total dose in 
India is due to natural background radiation. The contribution from the 
nuclear fuel cycle operations is negligible.  
 



Well-quantified risk estimates arrived at using the epidemiological data 
of exposed group of people (mainly Japanese) were available for the 
purpose of risk comparison. An average annual mortality risk in the 
range of 10-4 was assumed to be acceptable for radiation workers. This 
can be compared with the estimated value for spontaneous fatal cancer 
risk of 122 cancer deaths per million for exposure at natural background 
radiation levels. Based on a linear dose response relation, the ICRP now 
assumes a risk factor of 4.00 x 10-4 per Sv for cancer mortality, 
corresponding to annual dose limit of 20 mSv (ICRP-60, 1991). It was 
emphasized that ALARA principle should be used in work places to reduce 
exposures to an order of magnitude below the dose limit, in order to 
make the radiation risk comparable to that of  ‘safe industries’. A limit 
of 1 mSv/y for public was set by ICRP, which is 20 times lower than the 
occupational dose limit of 20 mSv/y. The annual and lifetime probability 
of fatal cancers at various effective doses are given in Table.1. For 
continuous exposure of public at the dose rate of 1 mSv/y, the lifetime 
(75 y) cancer mortality works out to 3000 per million. In other words, the 
cancer death probability at the annual limit of 1 mSv would be of the 
order of 10-5, which is considered acceptable for protection of members 
of the public. Estimated relative risks from exposures associated with 
typical dose limits and Indian conditions are given in Table.2 
 
It is well known that chronic inhalation of radon/thoron daughters is 
likely to result in lung cancer over the years. Quantitative risk estimates 
for lung cancer mortality due to exposure to radon and its decay 
products are derived from the analysis of epidemiological data, and the 
estimates of lifetime risk from exposure to radon daughters were found 
to be in the range 115-140 deaths per million person-WLM (Working Level 
Month). WLM is the unit of exposure to radon daughters and is defined as 
exposure at the rate of 1 WL for a period of 170 working hours in a 
month and 1 WL is the radon (Rn-222, in equilibrium with its daughters) 
concentration of 100 pCi per Litre (3.7 Bq/L) of air. Various activities 
involving radiation exposure with estimates of associated risks of cancer 
mortality are listed in Table.3 
 
Chemical Pollutants 
Most environmental problems existing today stem from the discharge of 
potentially hazardous chemical wastes generated in variety of chemical 
industries. Unlike in nuclear industry, the chemical waste discharges are, 
often subjected to less stringent controls. Automobile exhaust, which 
contains variety of organics, most of them are carcinogenic, continues to 
be the major environmental pollutant in urban areas. Inhalation of 
cigarette smoke and asbestos fibers are known to contribute greatly to 
the incidence of lung cancer. Burning coal and other fossil fuels used for 
power generation produces toxic / carcinogenic chemicals such as poly-
aromatic hydrocarbons, benzene, heavy metals etc. Chemicals are used 



in consumer products or as food additives without fully evaluating their 
long-term health effects. 
  
A systematic study of the long-term consequences of majority of the 
chemicals on human health and the environment are not yet available. 
Unlike in radiological safety, there are not many systematic efforts to 
evaluate critically the risk from the numerous existing chemicals, many 
of which are toxic and or carcinogenic. We have in our environment, 
varieties of chemicals including new and improved organic pesticides and 
fumigants. Since 1957, the chemical Abstract Service of the American 
Chemical Society has registered more than 10 million chemicals and 
nearly 60000 new chemicals are being reported in scientific literature 
every year. 
 
Various agencies such as the International Agency for Research on Cancer 
(IARC, 1994), International commission for Protection against 
Environmental Mutagens and Carcinogens (ICPEMC) and Environmental 
Protection Agency (EPA) of the US are evolving approaches / guidelines 
for assessing carcinogenic risk of chemicals and pollutants (US.EPA, 1986, 
1996). Safe levels of exposure for chemicals that have identifiable 
thresholds have long been available (IRIS, 1998). Toxicity studies on 
animals together with safety factors served to establish the Threshold 
Limit Values (TLVs). Various international bodies such as ACGIH, OSHA, 
NIOSH, etc bring out TLVs periodically for various chemicals. Cancer, 
being a non-threshold effect, such threshold values may not be safe 
enough for potential carcinogenic chemicals. 
 
 
Major industrial chemical accidents are of low frequency, but of great 
significance in terms of loss of lives, environmental damages and long-
term health effects (Bhopal gas leak, India,1984: 3000 dead and more 
than 200,000 injured). Prevention of such industrial accidents and post 
accident management require reliable assessment of the health risk. 
Often chemical pollutants come in complex mixtures and little is known 
about their combined effect on health and environment. The combined 
effects may be synergetic in nature. For example, lung cancer risk of 
smokers exposed to radon is 10 times as large as the risk of non-smokers 
(IARC, 1986). 
  
The toxic threshold of a chemical is designated as LD50 (Lethal Dose -50), 
which means that 50% of the exposed population to a given dose would 
die within a given time period (usually 30 or 60 days). The dose is 
normally expressed as fraction of body weight or mass (mg/kg). 
Chemicals with lower LD50 values are considered more toxic than those 
with higher values. Range of oral LD50 values for some chemicals is given 
in Table 4. As could be seen, theLD50 values vary in orders of magnitude for 



different chemicals. It is also reported that there is several fold variation in the 
susceptibility (degree of harm done) of different animal species to a given 
chemical. Scaling factors are used for normalizing the animal dosage to humans. 
 
TD25 (Tumerogenic Dose-25) is used to quantify and compare 
carcinogenic potency of chemicals. TD25 is the dose in mg/kg body 
weight/day that, if administered daily to humans from age 20 to age 65, 
would cause cancer deaths in 25% of the exposed individuals who, if not 
exposed, would not die from the cancer in question. Quantitative 
correlations between the carcinogenic potencies of chemicals in animals 
and humans have been reported. The Table 5 gives the estimated values 
of TD25 for humans and rates for some chemica1s. As could be seen, 
there is wide variation in TD25 values for rodents and for humans. 
 
Exposure pathways 
Individuals may get exposed to chemicals through their occupation, by 
environmental pollution due to waste discharge, use of pesticides, 
fertilizers, fumigants, etc. Most of the exposures to chemicals are 
generally accepted due their benefits. More useful or beneficial 
chemicals will receive more acceptability in-spite of their known risk to 
the health and environment. DDT (Dichloridiphenyl dichloroethane) is a 
good example of chemical, which is banned in developed countries but 
continues to be in use in developing countries because of its benefits in 
terms of eliminating insects, which cause diseases. Similarly, chlorine is 
still used in developing countries as fumigant even though it generates 
carcinogenic halogenated hydrocarbons during chlorination of drinking 
water. 
 
The intake of a chemical, like intake of radioactive material, can takes 
place by inhalation, ingestion and accidental injection routes.  Airborne 
pollutants are inhaled, and the ingestion route serves for the intake of 
contaminated food or water. A few toxic elements get concentrated due to 
uptake by the fish or plant species and find their way to humans, again by 
ingestion route.  Strict regulatory control at the discharge point is called 
for to minimize such exposures.  
 
Carcinogenic chemicals and carcinogenicity   
Occupational workers are exposed industrials chemicals such as alcohol, 
benzne, vinyl chloride, 2–Napthylamine, compounds of nickel and 
chromium, compounds nickeland chromium, etc. which are know to be 
carcinogenic in humans as per the Carcigen Assessment Group of EPA of 
United States (Table 6). There are hundreds of other chemicals for which 
there are some evidence of carcinogenicity in laboratory animals was 
observed.  Some of the well known such chemicals are acetamide, 
berrylium, dieldrin, DDT, cadmium compounds, ethylene dibromide, 
methyliodide and lead compounds.  
 



It is generally assumed that carcinogenic chemicals are mutagens and 
hence cancer may be initiated by a mutational mechanism in a single 
somatic cell.  DNA is considered to the critical cellular target for chemical 
initiators.  It evolves through successive discrete stages with about 10 – 20 
years of latent period.  Some chemicals need to be metabolized to form 
carcinogenic derivative of the chemical.  Benzo(a) pyrene is an example of 
such a mechanism. The polycyclic hydrocarbon is oxygenated and hydrated 
by enzyme catalysis to form finally the carcinogenic derivative–9, 10 
epoxide.  In such cases, the metabolic activation of a carcinogen is a 
critical event in the carcinogenesis process and the carcinogenic potency 
depends upon the concentration of the derivative rather than the 
concentration of the original chemical.  However, at lower doses it is also 
possible that metabolic detoxification, DNA repair mechanism, 
immunological defenses, etc. may neutralize the initial effects.  
  
Unlike radiation, chemicals may not affect cells directly at the site of 
entry.  They need to be transported to a preferred site or organ before 
affecting cell. A single irreversibly affected somatic cell (modified cell) 
may lead to uncontrolled growth of cells, eventually leading to cancer.  
 
Dose response relationship  
 
The correlation of dose or concentration of a chemical or radiation with 
the percentage of test animals exhibiting the defined response is known as 
dose-response relationship.  Normally, dose-response relationships are 
derived from epidemiological or animal experiments.  Similar to radiation, 
say for the biological and point of cancer, a wide diversity of dose-
response relationships have been observed in the experimentally induced 
cancers in animals. The carcinogenic effectiveness of chemicals varies in 
relation of molecular structure while the carcinogenic effectiveness of 
radiation varies with the linear energy transfer (LET)–energy lost per unit 
path of the impinging radiation.  
 
Based on linear, no threshold relation between chemical dose and the 
cancer incidence,  Anderson has estimated the upper bound risk estimates 
(Table – 7) for some air pollutants suspected to be carcinogenic.  These are 
excess life-time cancer risks due to continuously breathing the pollutants 
at concentration level or 1 µg/m3 in air.  
 
 
 
Risk factors and risk comparison  
 
Quantitative risk factors are necessary for comparing carcinogens and to 
control or regulate the occupational and environmental exposures.  Dose 
response relationships are used to quantity risk due to a carcinogen.  The 



estimated rates of cancer mortality due to occupational exposure to 
chemicals are given in Table 8. For some occupational exposures such as 
uranium mines and asbestos industry, epidemiological data provide a basic 
for obtaining risk factors.  Epidemiological studies for lung cancer by 
asbestos (from the study of insulation workers) indicated that excess 
mortality from lung cancer is proportional to the level and duration of 
exposure to the fibers and for chrysotile fibers, the annual risk was found 
to be 6 x 10-4.  However, variations of the order of a magnitude in the 
values are reported. At the prevailing tobacco consumption level in US, the 
life time lung cancer risk of inhaling environmental tobacco smoke is 2 x 
10-3. Table 9 gives the risk of cancer per unit concentration of the 
pollutants in drinking water in US and the typical existing concentration 
levels.  
  
Leukemia mortality associated with occupationally exposed persons to 
benzene has been assessed and the findings indicate correlation between 
cumulative benzene dose and leukemia.  Even short-term exposure to 10 
ppm benzene can be toxic to bone marrow.  
 
Table 10 gives the relative potency (50%) of some chemicals as reported in 
the Jones’s work using the RASH method using Benzo(a)pyrene as the 
reference chemical.The table also lists the acceptable daily intakes (ADI) 
values corresponding to the lifetime cancer risk of 10-5. The occupational 
limits given in this table is compared with the TLVs as given in ACGIH to 
arrive at the risk due to the intakes.       
 
Table –11 provides a general perspective on the problem where one can 
compare radiation risk with the risk associated with the chemical 
pollutants. Risk Equivalent Radiation Dose (RERD) gives an idea as the 
pollutant equivalent radiation dose.  However, these values are not 
applicable to mixture of pollutants, i.e. radiation + chemical or mixture of 
chemicals.  Under such circumstances, the knowledge of concentration of 
individual pollutant and exposure details are necessary to arrive at the 
total risk to the occupational workers and general public.  
 
Monetary Evaluation of Health Hazard 
Differences between approaches employed for chemicals and 
radionuclides can result in incompatibilities in the two estimates of risk 
based on how the cancer toxicity values (i.e., slope factors) are 
calculated. For both radiation and chemicals, cancer toxicity values are 
obtained by extrapolation from experimental and epidemiological data 
(Rabl, 2001).  For radiation, however, human epidemiological data form 
the basis of the extrapolation, while for many chemical carcinogens, 
laboratory animal experiments are the primary basis for the 
extrapolation. One fundamental difference between the two is that slope 
factors for chemical carcinogens generally represent an upper bound or 



95th percent confidence limit value, while radionuclide slope factors are 
best estimate values.  
 
Overall index of harm or the total risk in this study due to combined 
exposure to both radiation and carcinogenic chemicals are computed 
based on the risk of chronic fatalities (long-term impacts) for chemicals 
and radiation at the occupational exposure limits. Cancer contributes to 
fatalities in radiation exposures whereas non-cancer health effects like 
pneumonia and respiratory illnesses mainly contribute to fatalities in 
case of chemical exposures. The computed risk values are expressed here 
in terms of the RERD. An attempt is also made towards monetary 
evaluation of the harm based on the Value of a Life Year Lost (VLYL) 
approach used by ExternE study of the European Union (ExternE, 1998). 
Suitable correction factors for the purchasing power parity and the gross 
national product (GNP) applicable to different countries (Markandya, A. 
and R. Boyd, 2000) are applied in estimating the monetary value of 
health detriment for India. The RERD values and the monetary cost 
estimates for selected pollutants are given in Table 11. The monetary 
estimates are specific to India. It would be different for other countries 
for example, the cost estimates given in Table 11 would be about 10 
times higher in the case of European Union. 
 
Conclusions  
Radiation is a fact of life and everybody, irrespective of whether he is 
working in nuclear industry or not is exposed to natural background 
radiation.  Average occupational exposure to a radiation worker in NPPs in 
India is about 4 mSv in a year, the health risk of which is equivalent to risk 
in any other safe Industry.  The additional risk to the public due to 
discharges from nuclear Industry is less than 1 percent of the natural 
background radiation. 
 
Death due to cancer is the main stochastic risk due to exposure to 
radiation as well as some chemicals.  In both the cases, a linear dose 
response model is assumed to calculate the risk factors.  Systematic and 
well documented data are available on the radiation risk.  In case of 
chemicals, mainly animal data are employed to arrive at the dose-
response relationship.  Epidemiological data wherever available were 
employed to determine the risk due to some industrial pollutants, such of 
asbestos and organics to coke oven workers and workers in plastic (PVC) 
industries.  Positive correlation between cigarette smoke and lung cancer 
is now well established.  
 
There are a few dietary constituents, such as vitamin A, ascorbic acid and 
selenium salts, which may serve as inhibitors or carcinogens is either by 
preventing the formation of  Carcinogenic metabolic compound or by 
blocking or suppressing the chemically induced carcinogenesis. Selenium as 



sodium selenite has been shown to be effective in reducing the 
mutagenicity of a variety of direct acting mutagens requiring metabolic 
activation.  
 
By virtue of our living in cities and continued urbanization, we are 
continuously being exposed to the environment polluted with 
carcinogenic contaminants such as polycyclic aromatic hydrocarbons (ex. 
benzo(a) pyrene), chlorinated dioxins, diphenyls, diesel exhaust, etc. 
These are some of the accepted or acceptable risks, which are much 
greater than the radiation risk of a worker in nuclear industry. Relative 
potency estimates for hazardous substances, including carcinogenic 
chemicals, indicate that some compounds such as nitrogen dioxide, and a 
few pesticides are more hazardous as compared to the carcinogenic 
reference chemical benzo(a)pyrene. At the prevailing air concentrations 
in cities and in unventilated huts, the binzo(a)pyrene risk is manifold 
higher than the perceived risk of radiation worker. Dose reductions for 
the radiological safety in occupational scenarios should keep the risk of 
both the radiation and possible presence of chemical pollutant in the 
work environment. Similarly, the environmental safety should take into 
account the ambient levels of chemical pollutants and the corresponding 
risk. Additional small contributions to the environmental  pollution by 
the discharges from nuclear industry causes negligible risk as compared 
to the multiple chemical risks, as could seen by the RERD values in Table 
11.   
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Table.1 Fatal cancer probability for exposure to radiation at annual dose 
1imits 
Annual effective                                                    Probability           
dose                                                            Annual              Life 
time (x 10 -2 
                                                                    ( x 10 -4 )             (Age 
18-65 y) 
OCCUPATIONAL 
50 mSv (ICRP-26, 1977)                                 6.25  
2.94 
50 mSv (ICRP-60, 1991)                                20.00                     9.4 
30 mSv (AERB, India)     12.00                     5.6 
20 mSv                                                             8.00  
3.8 
 PUBLIC                                                      Annual              Life 
time (x10 -2 
                                                                    ( x 10 -4 )             (Age 
Birth-75 y) 
5 mSv (ICRP-26)       0.63                      0.47 
1 mSv     0.13                      0.09 
5 mSv ( ICRP-60 )                                          2.50  



1.88 
3.mSv      1.50                      1.13 
2 mSv      1.00                      0.75 
1 mSv      0.50                      0.38 
 
Table.2 Estimated relative risks from chronic exposure associated with 
    typical doses / exposures 
Relative Risk*                                         Exposure Type/DL 

1.0     Per-caput dose in India from natural sources 
                                               (2.43 mSv) 
0.979     UNSCEAR (1988) data for the global 
average dose 
                                                from natural sources (2.38 mSv) 
0.017     Annual dose to whole-body of 0.04 mSv as 
per  
                                                drinking water standard 
0.02     Per-caput dose of Indian population from medical 
                                                sources (0.048 mSv) 
0.412    Annual effective dose of 1 mSv for continuous 
                                                exposure to public (ICRP-60, 1991) 
1.646     Internal exposure from inhalation of radon/
                                                and their daughters in uranium mine workers 
in Jaduguda 
                                                India (4 mSv) 
2.057                                       Average occupational dose in NPPs (TAPS)   
                                                in India (5 mSv) 
2.880                                       Annual average occupational dose due to 
handling of   
                                                thorium minerals at Udyogmandal, IREL, 
India (7 mSv)    
2.914 Per-caput dose in high background areas of             

Kerala (7.08 mSv) 
8.23     Annual effective dose (20 mSv) 
12.34                                       Annual effective dose (max) of 30 mSv 
(AERB, India)  
13.37     Peak value for the background radiation 
dose 
                                                in Kerala (32.5 mSv) 
* 1) Risk values normalized to unity for risk from natural background 
radiation.  
   2) Negligible risk level is 0.01 mSv (Relative risk =0.0041) for individuals 
(NCRP) 
 
Table.3 .Various activities involving radiation exposure with estimates 
of the associated risks of cancer mortality 
 



                                                         Effective dose                     Fatal 
cancer 
Activity                                                 per year)                       risk (1ife 
time) 
                                                                 mSv                                 (x 10-3) 
 One exposure to chest x-rays                  0.1                                  0.38 
(Av. 1 x-ray/y) 
Effective dose limit to the  
members of the                                           1                                     3.75 
public for continuous 
exposure (ICRP, 1990) 
Radon /Thoron exposure                            1.37                                 5.14 
(Indian Data) 
Radon/Thoron exposure from                     2                                     7.5 
US homes (NCRP, 1987) 
Exposure to natural background              
 Radiation in India (Per caput)                   2.43                                  9.11 
Average occupational exposure 
in a uranium mine (Jaduguda)                    8                                     15.04 
Effective dose limit                                    20                                    37.6 

Risk factors used: 5 x 10-2 Sv–1 y-1 for public (75 y lifetimes) 
4 x 10-2Sv-1 y-1 for occupational exposure (47 y - working life) 
 
Table 4 LD50 doses for some common chemicals 
 
Chemical  LD5O (mg/kg) 
Table sugar  29,700 
Ethyl alcohol  14,000 
Common salt  3000 
Vitamin A  2000 
Aspirin  1000 
Chloroform  800 
DDT  113 
Caffeine  192 
Nicotine 53 
Aflatoxin Bl  7 
Sodium cyanide  6.4 
Sodium nitrite  85 
Dioxin  0. 11 
 
 
 
 
 
 
 



Table 5 Estimated TD25 doses for rodents and humans 
 
Chemical TD25 mg/kg/d over life time 
 Rodents   Humans 
Benzene  5.36 x 10-4   6.45 x 10-4 
Diethylstilbestrol 9.35 x 10-4   1.5 x 10-3 
Aflatoxin 1.55 x 10-3   1.7 x 10-3 
Cadmium  9.01 x 10-3   1.74 x 10- 1 
Nickel  7.3 x 10-2   6.76 x 10- 1 
Asbestos  1.72 x 10- 1   7.08 x 10-2 
Arsenic  3.81    5.89 x 10-2 
Ethylene oxide  4.46    2.24 
Vinyl chloride  9.24    398.1 
Cigarette smoke  16.51    645.7 
Trichloroethylene  27.44    64.57 
Phenacetin  56.08    19.95 
Methylene chloride  87.51                              --- 
Saccharin  544.4                              --- 
Estrogens  ----   5. 13 x 10-3 
 
 
 
Table 6 Some chemical carcinogens for humans according to exposure 
source, route of exposure, target organ and IARC rating for carcinogenicity 
(NCRP-96, 1989) 
Agent    Exposure source         Target organ  
 IARC Rating 
and route 
Alcohol                       Beverage ( Ing. )   Mouth, esophagus  
 1 
Aflatoxin  Food (Ing. )    Liver              2A 
Arsenic (III)             Occupational (Inh+Ing)          Lung    
 1 
Arsenic (III)  Water- (Ing.)    Skin    
 1 
Asbestos   Occupational (Inh + Ing) Lung     1 
Benzene   Occupational (Inh).   Bone-marrow    
1 
Chlornaphazine  Therapy    Bladder   1 
Chromium   Occupational(Inh + Ing)        Lung    
 1 
Diethylstilbestrol  Therapy    Vagina    1 
Ethylene 0xide  Occupational Inh.   Lung     2B 
Mustard gas   Occupational Inh.   Lung    
 1 
Nickel    Occupational (Inh + Ing) Nasal cavity, Lung       
 1 



Soot, tars &     Occupational (Inh + Ing) Skin, lung, Bladder 
 1 
mineral oils                      
Vinyl chloride  Occupational Inh.   Liver    1 
Cigarette. Smoke          Inhalation                              Lung, Bladder  
 1 
 
Grade 1 => Carcinogenic for humans 
           2 => Probably carcinogenic for humans on the basis of animal 
                   evidence and limited human evidence. Evidence for 2A > 2B. 
 
 
 
Table –7 Upper-bound risk estimates for suspected carcinogenic air 
pollutants* 
Chemical      Upper bound risk estimate 
                                                                       (linear relation, no-threshold) 
Acrylenitri1e      7 x 10-5 
Allyl chloride      5 x 10-8 
Arsenic       4 x10-3  
Benzene        7 x 10-6 
Beryllium      6 x 10-4 
Diethyl nitrosamine     2 x 10-3 
Dioxin       1 
Ethylene dibromide      6 x 10-5 
Ethylene dichloride      7 x 10-6 
Formaldehyde      5 x 10-5 

Manganese       4 x 10-4 
Nickel        6 x 10-4 

Trichloro ethylene     3x 10-6 
Pl-nitroso-N-methylorea     7 x 10- 1 
N-nitroso-N-ethylorea     1 x 10-2 
,Vinyl chloride     4 x 10-5 
Vinylidene chloride     4 x 10-5 
* Anderson (1983) US/EPA 1976-1983 
Excess life time risk of cancer for a person of weight 70 kg associated 
with breathing 1 pg/m3 of the chemical over a 70 yr life span. 
 
Table – 8 Estimated rates of cancer mortality attributed to various 
occupational 
                exposuresa 
     
Occupation                Cancer Site    Risk (death 
per year 
                                                                                                                  per 
million ) 



2-Naphthylamine manufacturing  Bladder    24,000 
Nickel workers Lung 15,500 
(employed before 1925)   Nasal sinus    6,600 
Mustard gas manufacturing   Bronchus    10,400 
Amosite asbestos factory  Lung, pleura    9,200 
Rubber mill     Bladder    6,500 
Coal carbonizers    Bronchus    2800b 
Uranium mining    Lung     1,500 
Wood machinists    Nasal cavity    700 
Working with cutting oils   Scrotum    400 
Printers     Lung, bronchus   200 
Shoe manufacturing    Nasal cavity    130 
 

a modified from Pochin, 1974. 
b Includes deaths from bronchitis. 
 
 
Table – 9 Life time cancer risk by ingestion of drinking water* 
Chemical   Highest observed    life time cancer 
                                    Concentration (µg/l)    risk/ µg l-1 
DDT     ---     1.2 x10-5 
Chloroform    366     1.7 x 10-6 
Carbon tetrachloride   5     1.1 x 10-7 
1,2, dichloroethaul   8     7.0 x 10-7 
Vinyl chloride   10     4.7 x 10-7 
Benzene    10     Insufficient data 
Dieldrin    8     2.6 x10-4 

*National Academy of Sciences, US, Drinking water and Health, Vol. III 
(1980). 
 
 

 
Table.10. Relative potency and acceptable daily intake for some chemicals 
                                                    Acceptable Daily Intake (ADI) – 3 
    Chemical   Relative           µg/d   µg/l             ng/m3         
µg/m3  
              Potency,        (Public)         in water            in air  
Occupational 
                                     RP-50%                                                                   
1. Dioxin   3300   0.000018  0.0000091      0.00014     
0.000061      
2. Endrin     17   0.0035  0.0018  0.027         0.012 
3. Benzidine     6.0   0.01   0.005  
 0.077         0.033 
4. Dieldrin     3.0   0.02   0.01   0.15           0.067 
5. Beryllium     2.9 0.021 0.010  0.16   



0.069 
6. Nitrogen di oxide    2.2   0.027   0.014  
 0.21         0.09  
7. Nitric oxide    2.1   0.029   0.015   0.22 
        0. 097    
8. Ozone     1.1   0.056   0.028   0.43   
0. 19 
9. Benzo(a) pyrene    1.0   0.06   0.03   0.46         
0.2 
10. Uranyl nitrate    1.0   0.06   0.03   0.46            0.2 
11. Diesel Exhaust    0.38   0.16   0.079  
 1.2              0.53 
              Particulates 
12. Hydrogen sulfide  
                         H2S     0.26   0.23   0.12   1.8     
0.78 
13. Phosphine      0.23   0.26   0.13   2.0     
0.85 
14. Hydrofluoric acid     0.23   0.26   0.13.   2.0 
           0.87 
15. Chlorine      0.22   0.27   0.14   2.1 
           0.91 
16. Arsenic      0.16   0.38   0.19   2.9               
1.3 
17. Nickel      0.13   0.46   0.23   3.5              
1.5 
18. Sulphur-dioxide     0.12   0.49   0.25   3.8     
1.6 
19. Potassium cyanide   0.17   0.35   0.18   2.7              
1.2 
20. Fluorides      0.046  1.3   0.65   100              
4.3 
21. Ammonia      0.035  1.7   0.87   13               
5.8 
22  Caffeine      0.026    2.3   1.2   18                
7.7 
22. Ethylene oxide     0.022  2.7   1.4   21                
9.1 
24. Carbon monoxide    0.019  3.2   1.6   24          
11 
25. Carbon disulfide      0.0085           7.1   3.5   54          
24 
26. Benzene      0.005  12   6.0   92          
40 
27. Chloroform     0.005  12   6.1   94                40 



28. Cigarette smoke     0.0049  12 6  1   94                
41 
           (Condensate) 
29. Carbon tetrachloride 0.0022  27   14   210              
91 
30. Carbon dioxide     0.0020  30   15   230            
100 
31. Ethyl alcohol     0.00077  78   39   600            260 
32. Kerosene      0.00059  100   51   780            
340 
Notes: 1) Permissible drinking water concentration for PAH(Poly-nuclear 
                Aromatic: Hydrocarbons - Benzo(a)pyrene) = 0.03 pg/l 
           2) Permissible air concn. For PAH = 0.002 µg/m3 
           3) Risk assumed for determining ADI values = 10-5 (life time) 

 
 
 
 
 

 
Table 11 Occupational Risk, RERD values and monetary health damage 
estimates for some pollutants at the respective occupational exposure 
limits 
                         TLV             permissible level                                    Cost of 
Occup. Exp Pollutant       (ACGIH)       (Johe's et. al.)      Risk per      RERD          
in India 
                          µg/m3           µg/m3              person-year     mSv          US $ / 
person -year 
HF   2500   870   6.46 x 10-3       162                    518 
NOX   6000   90   4.14 x 10-2      1035                  3312 
NH3  18,000  5800   5.00 x 10-2  1251                 4003 
SO2             2000   1600   2 30 x 10-2  575                   1840 
(Radiation dose of 
 20 mSv)         -----                ------                  8.00 x10-4        20                       
64  
Note: Data for GNP for India after adjusting for the purchasing power 
parity as per 2001 World Bank estimates. 
 


