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ABSTRACT This was a case study to observe the environmental pollution of pulp and paper mill with respect to human
health problems. A pulp and paper mill namely Vamasdhara at Srikakulam (Andhra Pradesh, India) was visited for observation,
data collection and sample analysis for various pollution parameters like pH, suspended solids, total solids, COD and BOD.
Samples were collected from different units (viz. black liquor from slant screen, brown stock washers (BSW)-1, paper
machine back water, thickner filterate, inlet to effluent treatment plant (ETP

in
), outlet to effluent treatment plant (ETP

out
) or

final discharge) of the mill. Five samples for each site analyzed in duplicate and averages were taken. General health information
of a total of 135 mill workers was also observed and obtained through questionnaire/ interview schedule. Mill has high
pollution parameters. pH, suspended solids (g/l), total solids (g/l), COD (Mg/l) and BOD

5
 (Mg/l) for inlet and outlet to ETP

are respectively 7.85, 1.83, 7.96, 1744, 686 and 8.3, 1.25, 4.63, 546, 329. Environmental toxicity specially water toxicity
due to some of the hazardous pollutants have more effect on health. Hair loss from hands and fingers without nails (partially
and fully) and other dermal problems like rashes and itching on hands were noticed in 9 out of 15 workers at secondary fibre
recovery plant of the mill. Improvement in design, processing and advancement in eco-friendly technology will not only
improve the productivity of mill but the community health also through better utilization of resources, waste disposal and
water treatment generated by pulp and paper industry. Further intervention and research is required for development of water
supply surveillance and strategies for improvement in environment and community health.

INTRODUCTION

Approximately 400 pulp and paper mills,
which generate significant quantities of solid and
liquid wastes, carry significant quantities of fiber,
fines, filler and other wet end additives that
contribute to total suspended solids (TSS),
chemical oxygen demand (COD), and
biochemical oxygen demand (BOD) exists in
India. The present permissible limits of pollution
load allowed by Central Pollution Control Board
of India in Indian Papers mills are BOD 30 mg/l,
COD 250 mg/l (assuming effluent volume
generated in bleaching is 100 cubic/ T of pulp)
and total chlorine (TOCl) 2 Kg/T of paper. Broad
categories of effluents from pulp and paper
industry are 8 types of effluents i.e. oxygen
demanding substances, disease causing
substances, synthetic organic compounds, plant
nutrients, sediments radioactive substances,
thermal discharges, organic chemicals and mineral
substances (Alan, 1993). Both surface waters and
ground waters are at risk from pulp and paper
industry pollution in rural area. Waste management
by environmentally better technologies improves
productivity (Mall, 2000). Fly ash being light, gets
airborne very fast and pollutes the atmosphere
(Swamy, 2000) and water system.

Working community of people and the people
living in surrounding areas near industry are
affected by the pollution. PCBs through water
can enter in fishes which are consumed by humans
and cause diseases (particularly cancer).
Occupational exposure to PCBs has been
associated with modulation of some biochemical
activities and adverse health effects, including
increased 17- hydroxycorticosteroid excretion
and g-glutamyl transpeptidase activity (Emmett,
1985), decreased serum billirubin and increased
lymphocyte levels (Lawton, 1985), increased skin
diseases such as chlorane, folliculitis and
dermatitis, hepatomegaly (Maroni et al., 1981),
increased serum cholesterol and elevated blood
pressure (Kreiss et al., 1981). These effects vary
in incidence and severity among various exposure
groups. PCBs can increase frequency of
malignancies and increases mortality due to
cancers of the gastrointestinal tract, hematologic
neoplasms, and increased frequency of lung
cancer (Bertazzi et al., 1982). PCB contaminated
fish has been linked with impaired neonatal and
early infant health (Chatterjee et al., 1998). PCBs
can bind with DNA and can create lot of metabolic
problems in body physiologically.

During bleaching process, many chlorinated
organic compounds viz. adsorbable organic
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halogens (AOX), dioxin, 2,3,7,8-tetrachloro-
dibenzo-p-dioxin (2378-TCDD) are produced and
many of them are not biodegradable as explained
by environmental change and human health- a
Ciba Foundation Symposium jointly with the
European Environmental Research Organisation
(1993). Dioxins through waste waters enter in
fishes which are consumed by humans and have
bad effects on health (USEPA, 1994; Silbergeld,
1995; WHO, 1997; Sarma et al., 2000). 2378- TCDD,
most toxic organic compound, is not degraded
by biological mechanisms and causes acnegen
(causes acneform dermatitis complete with
blackheads) in man. Dioxins have cellular and
molecular actions. TCDD and similar compounds
diffuse across the plasma membrane and bind to
a cytosolic receptor (AhR). Many physiological
impacts of pollutant (Kent et al., 2000) are still
unknown. Work-related activities frequently
involve exposure to toxic chemicals, most of
which are damaging to reproductive health and
cause infertility in humans (Wyrobek et al., 1997).

STUDY AREA

A pulp and paper mill namely Vamasdhara
Paper Mills Ltd., located at the bank of
Vamasdhara River in District- Srikakulam,
Andhra Pradesh (India) was visited with an
objective of observation, data collection and
sample analysis from 24-02-1999 to 15-03-1999.
Health problems were assessed of workers and
people living in nearby village, called Maddapam,
adjacent to mill.

METHODS

Samples for analysis of various pollution
parameters like pH, suspended solids, total solids,
COD and BOD were collected from different units
(viz. black liquor from slant screen, brown stock
washers or BSW-1, paper machine back water,
thickner filterate, inlet to effluent treatment plant
or ETPin, outlet to effluent treatment plant or ETPout

or final discharge) of the mill. COD and BOD were
estimated at Central Pulp and Paper Research
Institute, Saharanpur (Uttar Pradesh, India); and,
rest of the parameters were analyzed at mill itself.
Five samples for each site analyzed in duplicate
and averages were taken. General health
information of a total of 135 mill workers was
observed and obtained through questionnaire/
interview schedule. All the mill workers are
residents of Maddapam village that is situated
within a radius of half kilometer of the mill.

RESULTS

Some important and common pollution
parameters of the mill viz. pH, suspended solids
(g/l), total solids (g/l), COD (Mg/l) and BOD5
(Mg/l) for inlet and outlet to ETP (Fig.1 and 2)
are respectively 7.85, 1.83, 7.96, 1744, 686 and
8.3, 1.25, 4.63, 546, 329. Community health has
direct bearing on these parameters and on various
levels of air and water pollutants. The toxicity of
some of the pollutants is well established on
human health. There is dermal toxicity from
exposure of various pollutants. Hair loss from

Fig. 1. COD & BOX (mg/l) at various stages/sites for mill.
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hands and finger without nails (fully or partially)
were noticed at Vamasdhara Paper Mill (Andhra
Pradesh) among 9 persons out of 15 workers
working at secondary fibre recovery plant.
Moreover, asthma (breathing problem plus other
associated symptoms like in asthma is considered
as asthma) was observed in 21 workers (14 men
and 7 women) and only 8 men and 3 women were
smokers; proper smelling ability was lost in 32
workers who are working in the mill from at least
last six years for 12 hours daily. Three workers
were commonly suffering from both asthma and
lost smelling ability.

Final effluent or outlet of ETP is drained into
Vamasdhara River which is source of fish for local
people. Apart from irrigation, water of river is
also utilized for drinking and bathing of domestic
animals of villagers. Some of the villagers are
also taking bath occasionally in the river. There
is no information whether river water is used or
not for human consumption. Some of the
chemicals like 2378-TCDD can enter human
body through fish and interfere with human
physiology. Same environmental conditions exit
at many Indian pulp and paper mills. Strategies
for improvement of water quality to improve
water quality of drains/ rivers adjacent to the
industry can be a step towards better community
health

DISCUSSION

Discharged effluents of Mill were not within
limits as prescribed by Central Pollution Control
Board, Government of India. BOD and COD are

important parameters for determination of
pollution strength of waste water. High chemical
contamination means high levels of BOD and
COD which permits favorable environment for
pathogenic micro-organisms growth. The total
and fecal coliforms are the most common
parameters tested for ascertaining the
bacteriological suitability of water for drinking
purposes. The recommended limit is 10 colonies/
100 ml. of sample for total coliforms. The
provision of an adequate supply of safe water was
one of the eight components of primary health
care identified by the International Conference
on Primary Health Care in Alma- Ata in 1978. As
indicated in chapter 18 of “Agenda 21” of
UNCED, an estimated 80 % of all diseases and
over 1/3 of the deaths in developing countries
are caused by the consumption of contaminated
water.

The potential adverse impact of the chemicals
depends on many factors, including the level and
duration of the exposure, the potency of
chemicals, the mechanism of action of the
chemicals, and interactions among the chemicals
that comprise mixtures (Safe, 1998).  This makes it
difficult to identify the relative contributions of
individual substances to the physiologic
alterations noted and to determine the degree of
toxicity present in environments that contain
diverse mixtures and various concentrations of
substances and pollutants; however impact of
some pollutant is well known. Numerous studies
have demonstrated that some environmental toxic
agents may have adverse effects on male
reproductive system, either by affecting neuro-

Fig. 1. Total solids, suspended solids & pH at various stages for mill.



94 SURENDRA KUMAR YADAV

endocrine function (Stevens, 1998) or by directly
affecting the process of spermatogenesis,
resulting in poor semen quality (Robins et al.,
1997). In case of occupational exposure to toxics,
the workers frequently are exposed simulta-
neously to different substances (Celis et al., 1996).
The most thoroughly studied toxic agents that
may have an effect on male reproductive function
are several aromatic hydrocarbons (Wagner et
al., 1990), certain halogenated hydrocarbons like
dibromochloropropane (Whorton and Foliart,
1983), polychlorinated biphenyls (Wassermann
et al., 1979), polybrominated biphenyls, some
organochlorine compounds like the pesticide
kepone (Guzelian, 1982), heavy metals like lead
(Assennato et al., 1987), and certain physical
agents like ionizing radiation (Ash, 1980).
Pollution impact in a pulp and paper mill on
workers’ health for single pollutant is difficult to
evaluate while cumulative effect assessment is
easier. It is possible that the observed associations
between particles and adverse health effects may
be due to confounding by other correlated
pollutants and not to the fine particles themselves
(Chen et al., 1999; Lipfert and Wyzga, 1999).
Some risk factors in smoker and non-smoker
workers suffering from asthma were estimated
using formulas described by Leon Gordis (2000).

Pulp and paper industry contributes almost
all type of pollution i.e. air, water, noise and soil
pollution, and therefore all aspects of all type of
pollutant have to be studied in details with respect
to the health of workers. The inter-relationship
between water and sanitation is such that one
without the other will have little impact on the
health of the workers and community (WHO,
1995). Health policies are chosen on the basis of
effectiveness, need, and economic reasoning
(Brinkmann and Brinkmann, 1995). There is well
established linkage between health, quality,
availability and pollution of drinking water supply
(Matzer and Moench, 1994). The large fractions
of contaminants in cells indicate that PCBs and
lindane sorbed to bile, oleic acid, and digestive
proteins contributed to the uptake flux towards
the cells (Oomen et al., 2001). Neonatal exposure
to high doses of organo-chlorines could favour
the development of MNU- induced mammary
lesions (Desaulniers, 2001). Polychlorinated
biphenyls (PCBs), dioxins, and many other
chemicals are lipophilic organochlorines, they
accumulate in fat, and they are present at the mg to
mg/ Kg levels in human tissues and milk (Kannan

et al., 1988; Faroon et al., 1993; Dewailly et al., 1992)
confirming direct exposure of the mammary tissues.
Sustained high LH levels have been seen in
association with exposure to dioxins (Egeland et
al., 1994). Effect of 2,3,7,8-tetrachlorodibenzo-p-
dioxin (2378-TCDD) doses on humans with respect
to body burden is well established.

CONCLUSIONS

To reduce environmental pollution for better
health of people and community, efforts should
be made at each mill. Toxicity testing can play an
important role in implementing all phases of
effective control strategies for complex effluents:
identifying environmental problems, establishing
priorities for pollution control efforts, setting
discharge limits for effluents, identifying and
implementing appropriate control measures,
monitoring compliance with regulatory limits on
toxicity. The consequence of controlling effluents
without using toxicity test may be significant
impairment of some of the most vital designated
best uses of water such as drinking water etc. A
most effective way to analyze for water pollution
and to establish standards for control is an
integrated approach based chemical specific
standards, biologically based toxicity standards,
and hydrological analysis. The concentration at
which a specific effluent (or individual chemical)
is toxic depends on the period of exposure and
toxicity may be acute (short-term) or chronic (long-
term). Hence, the magnitude, duration and fre-
quency of exceedance are important parameters
for evaluating toxic impact of a pollutant on health.
Hence, further research is required to improve
the working conditions in Indian mills for better
health of workers and community people in
surrounding areas.

ACKNOWLEDGEMENT

The author wish to thank  Prof. (Dr.) M.
Bhattacharya, Head, Depaetment of  Community
Health Administration, Prof. (Dr.) N. K. Sethi,
Director and Dr. P. C. Samantaray, National
Consultant, National Institute of Health and
Family Welfare (NIHFW), New Delhi; Dr. Almas
Ali, Chief Advisor, Population Foundation of India,
New Delhi for inspiration and encouragement.

REFERENCES

Abbey, D. E., Nishino, N., McDonnell, W. F., Burchette,



95HUMAN HEALTH IMPLICATIONS DUE TO WATER TOXICITY BY PULP AND PAPER MILL

R. J., Knutsen, S. F., Beeson, W. L. and Yanng, J. X.
Long- term inhalable particles and other air pollutants
related to mortality in non-smokers. Am. J. Repir.
Crit. Care Med., 159: 373- 382 (1999).

Alan, M.: Overview of water pollutants and their impact
on pulp and paper industry. Tappi Press, p. 7 (1993).

Assennato, G., Paci, C., Baser, M. E., Molinini, R.,
Candela, R. G. and Altamura, B. M.: Sperm count
suppression without endocrine dysfunction in lead-
exposed men. Arch. Environ. Health, 42: 124-127
(1987).

Ash, P.: The influence of radiation on fertility in man.
Br. J. Radiol., 53: 271-278 (1980).

Bertazzi, P.A., Zocchetti, C., Guercilena, S., Della, F. M.,
Pesatori, A. and Ribold, L.: Mortality study in male
and female workers exposed to PCBs. In: Prevention
of Occupational Cancer. International Symposium,
Occupational Safety and Health Series, Geneva: ILO,
46: 242-262 (1982).

Brauer, M., Avila-Casado, C., Fortoul, T. I., Vedal, S.,
Stevens, B. and Churg, A.: Air pollution and retained
particles in the lung. Environ Health Perspective,
109(10): 1039-1043 (2001).

Brinkmann, U. and  Brinkmann, A.: Economic aspects
of the use of impregnated mosquito nets for malaria
control. Bulletin of the World Health Organization,
73(5): 651-658 (1995).

Celis, R. D., Nuevo, N. P. and Velasco, A. F.: Toxicology
of male reproduction in animals and humans. Arch.
Andrology,  37: 201-218 (1996).

Chatterjee, M., Munasinghe, M. and  Ganguly, R.:
Environment and Health in Developing Countries.
APH Publishing Corporation, New Delhi (1998).

Chen, C., Chock, D. P. and Winkler, S. L.: A simulation
study of confounding in generalized leanear models
for air pollution epidemiology. Environ. Health
Perspectives, 107: 217-222 (1999).

Desaulniers, D.: Modulatory effects of neonatal exposure
to TCDD, or a mixture of PCBs, p,p-DDT and p-
p’-DDE, on Methylnitrosourea- induced mammary
tumor development in the rat. Environ. Health
Perspective, 109(7): 739-747 (2001).

Dewailly, E., Nantel, A., Bruneau, S., Laliberté, C., Ferron,
L. and Gingras, S.: Breast milk contamination by
PCDDs, PCDFs and PCBs in arctic Quebec: A
preliminary assessment. Chemosphere, 25: 1245-
1249 (1992).

Dockery, D. W., Pope, C. A., Xu, X., Spengler, J. D.,
Ware, J. H., Fay, M. E., Ferris, B. G. and Speizer, F.
E.: An association between air pollution and mortality
in six US cities. N.  Engl. J. Med., 329: 1753-1759
(1993).

Egeland, G. M., Sweeney, M. H., Fingerhut, M. A., Wille,
K. K., Schnorr, T. M. and Halperin, W. E.: Total
serum testosterone and gonadotropins in workers
exposed to dioxin. Am. J. Epidemiol., 139: 272-
281 (1994).

Emmett, E. A.: Polychlorinated biphenyl exposure and
effects in transformer repair workers. Environ.
Health Perspective, 60: 185-192 (1985).

Environmental Change and Human Health: A Ciba
Foundation Symposium jointly with the European
Environmental Research Organisation. John Wiley
and Sons Publication (1993).

Faroon, O., Richter-Torres, P. and Bosch, S. Toxicological

Profile for Selected PCBs (aroclor-1260, -1254, -
1248, -1242, -1232, -1221 and –1016). Agency for
Toxic Substances and Diseases Registry, Atlanta, GA
(1993).

Gordis, L.: Epidemiology. 2nd  Ed. W B Saunders Company
Publishers, Philadelphia (2000).

Guzelian, P. S.: Comparative toxicology of cholordecone
(kepone) in humans and experimental animals. Annu.
Rev. Pharmacol Toxicology,  22: 89-113 (1982).

Jeremy, A. S., Schwartz, J., Catalano, P. J. and Suh, H. H.:
Gaseous pollutants in particulate matter epidemiology:
Confounders or surrogates? Environ Health
Perspectives, 109(10): 1053- 1061 (2001).

Kannan, N., Tanabe, S. and Tatsukawa, R.: Potentially
hazardous residuces of non-ortho-chlorine substituted
coplanar PCBs in human adipose tissue. Arch Environ
Health,  43: 11-14 (1988).

Kent, E. P., Francis, H. Y.G., Cathy, S., Val, V., Charles, G.
P., Venu, G., Daniel, H., Emily, B. B., Susan, S. L.,
Margaret, G. M. and  Marc, B. S.: Distribution of
particulate Matter and Tissue Remodeling in human
lung. Environmental Health Perspectives,  108: 11
(2000).

Kreiss, K., Zack, M. M., Kimbrough, R. D., Needham, L.
L., Smrek, A. L. and  Jones, B. T.: Association of blood
pressure and polychlorinated biphenyl levels. JAMA,
245:  2505-2509 (1981).

Lawton, R. W., Ross, M. R., Feingold, J. and  Brown, J. F.:
Effect of PCB exposure on biochemical and
hematological findings in capacitor workers.
Environ. Health Perspect., 60: 165-184 (1985).

Levy, J. I., Houseman, E. A., Spengler, J. D., Loh, P. and
Ryan, L.: Fine particulate matter and polycyclic
aromatic hydrocarbon concentration patterns in
Roxbury, Massachusetts: A community based GIS
analysis. Environ. Health Perspective, 109 (4): 341-
347 (2001).

Lipfert, F.W. and  Wyzga, R. E.: Statistical considerations in
detremining the health significance of constituents of
air borne particulate matter. J. Air Waste Manag
Assoc., 49: 182-191 (1999).

Mall, I. D.: Waste management in pulp and paper industry:
A system perspective. IPPTA,  12:  4 (2000).

Maroni, M., Colombi, A., Arbosti, G., Cantoni, S. and  Fao,
V.: Occupational exposure to polychlorinated biphenyls
in electrical workers-II Health effects. Br. J. Ind. Med.,
38: 55-60 (1981).

Matzer, A. and Moench, M.: Ground water availability for
drinking in Gujarat: Quantity, Quality and Health
Dimensions. Economic and Political Weekly, March 26:
A 31-41 (1994).

Nikula, K. J., Vallyathan, V., Green, F. H. Y. and Hahn, F. F.:
Influence of exposure concentration or dose on the
distribution of particulate material in rat and human
lungs. Environ. Health Perspective, 109(4): 311-318
(2001).

Oomen, A. G.,  Tolls, J., Kruidenier, M., Bosgra, S. S. D.,
Sips, A. J. A. M. and Groten, J. P.: Availability of
Polychlorinated Biphenyls (PCBs) and lindane for
uptake by intestinal Caco-2 cells. Environ. Health
Perspective, 109(7): 731- 737 (2001).

Penttinen, P. et al.: Number concentration and size of particles
in urban air: Effects on spirometric lung function in
adult asthmatic subjects. Environ. Health Perspective,
109(4): 319-323 (2001).



96 SURENDRA KUMAR YADAV

Pope, C. A., Thun, M. J., Namboodiri M. M., Dockery
D. W., Evans J. S., Speizer, F. E. and Heath, C. W.:
Particulate air pollution as a predictor of mortality
in a perspective study of US adults. Am. J. Repir.
Crit. Care Med., 151: 669-674 (1995).

Robins, T. G., Bornman, M. S., Ehrlich, R. I., Cantrell, A.
C., Pienaar, E. and  Vallabh, J.: Semen quality and
fertility of men employed in a South African lead
industry battery plant. Am. J. Ind. Med., 32: 369-376
(1997).

Safe, S. H.: Hazard and risk assessment of chemical mixtures
using the toxic equivalency factor approach. Environ.
Health Perspective, 106: 1051-1058 (1998).

Sarma, G. S. R. P., Satyanarayanarao, P. V. V., Vidya
Sagar, V., Annamraju, P. V., Murthy, N. V. S. R. and
Satyanarayana, U. V.: Short sequence bleaching- A
step towards environmental friendly process. IPPTA,
12: 4 (2000).

Silbergeld, E. K.: Understanding risk: the case of dioxin.
Sci. Amer. Sci. Med., 2: 48-57 (1995).

Stevens, J. T., Gfeller, W., Machemer, L.and Heinz-Leist, L.:
Adequacy of required regulatory hazard testing for the
detection of potential harmonal activity of crop
proection chemicals. J. Toxicol. Environ. Health, 1: 59-
79 (1998).

Swamy, Y. V., Mohanty, J. N., Murty, B. V. R., Trpathy, H.
K. and  Tripathy, A. K.: Treatment of Black Liquor and
Utilisation of Waste MaterialGenerated in Small Paper
Plants. IPPTA,  12(2): 53-60 (2000).

USEPA.: Health Assessment Documents for TCDD and
Related Compounds. EPA,Washington DC.(1994).

Wagner, U., Schlebush, H., Vanderven. H., Vanderven,
K., Diedrich, K. and  Krebs, D.: Accumulation of
pollutants in the genital tract of sterile patients. J.
Clin. Chem. Clin. Biochem., 28: 683-688 (1990).

Whorton, M. D. and  Foliart, D. E.: Mutagenicity,
carcinogenicity and reproductive effects of dibromo-
chloropropane (DBCP). Mutat. Res., 123: 13-30 (1983).

WHO.: Guidelines for Drinking- Water Quality . 2nd  Ed.
vol. 3. Surveillance and Control of Community
Supplies, WHO, Geneva (1997).

WHO News and activities. Bulletin of the World Health
Organization, 73(3): 397- 401 (1995).

Wassermann, M., Wassermann, D., Cucos, S. and  Miller, H.
J.: World PCBs map: storage and effects in man and his
biologic environment in the 1970’s. Ann. N.Y. Acad.
Sci., 320: 69-124 (1979).

Wyrobek, A. J., Schrader, S. M., Perreault, S. D., Fenster, L.,
Huszar, G. and Katz, D. F.: Assesssment of reproductive
disorders and birth defects in communities near
hazardous chemical sites. III. Guidelines for field studies
of male reproductive disorders. Reproductive
Toxicology, 11: 243-259 (1997).

Ye, F., Piver, W. T., Ando, M. and Portier, C. J. Effects of
temperature and air pollutants on cardiovascular and
respiratory diseases for males and females older than
65 years of age in Tokyo, July and August 1980- 1995.
Environ. Health Perspective, 109(4): 355-359 (2001).


