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Hospitals discharge significant amounts of wastewater loaded with microorganisms, heavy
metals, toxic chemicals, and radioactive elements. Screening of wastewaters produced from
hospitals is, therefore, necessary to predict the actual health hazards that may be caused due to
their improper discharge. The analysis of a recognized set of physico -chemical parameters is the
most commonly used method of assessing wastewater quality by pollution control boards /
regulatory authorities. This paper points out the areas of concern for hospital wastewater disposal
and reports the findings of a limited physico-chemical study executed with effluents of three
major hospitals located in different parts of Jaipur (Rajasthan), India. Monitoring of pH, turbidity,
conductivity, salinity, total dissolved solids and biological and chemical oxygen demands
indicates that the activities of hospital wastes in the environment is a major health and
environmental threat, which therefore call for a proper regulatory system on disposal of hospital
effluents untreated, worldwide, especially in the developing countries like India.

Copyright © 2014 Pratibha Sharma et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted

use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Hospitals consume a significant amount of water in a day,
ranging from 400 to 1200L per bed (Deloffre-Bonnamour,
1995; CCLIN Paris-Nord, 1999) and generate equally
significant ~amounts of  wastewater loaded  with
microorganisms, heavy metals, toxic chemicals, and
radioactive elements. Such waste effluents may endanger
public health and welfare, and contribute to oxygen demand
and nutrient loading of the water bodies and in the process
promote toxic algal blooms and leading to a destabilized
aquatic ecosystem, if discharged without treatments into water
bodies (WHO, 1985). Chemicals used in hospitals are
potential sources of water pollution, mainly through the
sewerage system. These chemicals may contaminate the city’s
water system and bring about skin diseases or enteric illness.
Besides these, the untreated wastewaters from health centres
can also present a potential risk due to the content of toxic and
genotoxic chemicals (Paz et al., 2006). In a country like India,
there is a tendency of disposal of hospital wastewater directly
into municipal sewer system, which is further treated along
with the domestic sewage in the municipal sewage treatment
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plant (Gautam et al., 2007). Many of the chemical compounds
present in hospital effluents resist normal wastewater
treatment. Residues of pharmaceuticals can be found in all
wastewater treatment plant (WWTP) effluents, due to their
inefficient removal in the conventional systems (Kiimmerer,
2001; Kolpin et al., 2002; Petrovic et al., 2003; Snyder et al.,
2003; Carballa et al., 2004). They end up in surface waters
where they can influence the aquatic ecosystem and interfere
with the food chain. Humans are particularly exposed by the
drinking water, produced from contaminated surface water
(Pauwels and Verstraete, 2006). Therefore, concerning the
possible threat generated due to untreated hospital wastewater,
this paper points out an imperative assessment of physico-
chemical quality of these effluents draining directly into the
urban sewer network. A seasonal investigation of untreated
effluents from three selected hospitals located in Jaipur
(Rajasthan), India was carried out during the study.

MATERIALS AND METHODS

Sampling of waste waters

For this work, the samples were collected in January, 2012 and
July, 2012. Sampling was repeated at two consecutive days in
a month. Samples were collected from main discharge points
(just before the hospitals wastewaters are discharged into the
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municipal sewerage) of three hospital sites situated in different
areas of Jaipur (Rajasthan), India.

Sampling sites
Sawai Man Singh Hospital (SMS)

Sawai Man Singh Hospital is the biggest government hospital
in Rajasthan. There are 43 wards with a total of 1563 beds.
Samples from this hospital were collected from the main sewer
as the hospital doesn’t have any wastewater treatment plant to
treat its waste water before releasing it into municipal
sewerage system.

S.K. Soni Hospital

Soni Hospital is the most frequented private hospital for
Critical Care in Rajasthan, with over 300 ICU beds to handle
all kinds of trauma and emergency cases. S.K. Soni hospital
does not have an effluent treatment plant, but all the liquid
waste is disinfected by sodium hypochlorite solution before
being released into the municipal sewer. Different
concentrations of hyposolution are used for disinfection of
different wastes. For instance, the microbiology laboratory
uses 1% sodium hypochlorite solution while for cytotoxic
waste a 5% hyposolution is preferred. For cleaning of floor
and wash rooms also, chlorination is done. From this hospital,
samples were taken from the main sewer.

Santokba Durlabhji Memorial Hospital (SDMH) cum
Medical Research Institute

SDMH is the most modern hospital of its kind in the state of
Rajasthan. It has a bed capacity of 310 including 31 ICC/CCU
beds and 161 beds for special care of neo-natals. This hospital
has an effluent treatment plant encompassing provision for
filtration and chlorination of effluent. Therefore, the samples
from this hospital were collected both before and after
treatment. Untreated sample was taken from the sewer of the
hospital, where the entire water from the hospital is collected
before being treated. Treated wastewater was collected from
the outlet from where it comes out of treatment plant and is
then used for irrigating the gardens of hospital.

Sample Collection

Samples from hospitals were collected in precleaned, sterilized
glass bottles. Samples were taken during maximal activity
periods, usually 8:00 am-6:00pm in hospitals. All samples
were stored at 4°C until testing. These samples were further
tested for physico-chemical parameters in their crude state
without being concentrated.

Physico-chemical analysis

Following physico-chemical parameters were measured during
the study:

pH

Temperature (°C)
Conductivity (mS/cm)
Turbidity (NTU)

Salinity (ppt)

e Total Dissolved Solids (TDS (ppt))
e Biological Oxygen Demand (BOD (mg/l))
e Chemical Oxygen Demand (COD (mg/1))

A multiparameter Water Analyzer Kit (Systronics Water
Analyzer 371) was used to determine the above said
parameters except BOD and COD which were estimated by
Membrane electrode method (APHA, 1995) and open reflux
method (APHA, 1999) respectively.

RESULTS AND DISCUSSION

Water-related environmental quality has been shown to be far
from adequate due to unknown characteristics of wastewater
(Lin and Han, 2001). Thus, an important element in preventing
and controlling water pollution by several unregulated
discharges like hospital effluents is the existence of reliable
information about the presence of pollutants in wastewater.
The results obtained with physico-chemical analysis of
effluents from three different hospitals (or four sampling sites)
are summarized and compared in Table 1 & 2 with General
Indian Standards for Discharge of Environmental Pollutants
IS:10500 as there are no specific standards for hospital
wastewaters. During both sampling periods wastewater
samples showed most of the physico-chemical properties to be
similar, suggesting little or no seasonal influence on the
quality of samples from hospitals.

The pH values for all the untreated samples were found to be
within the limits of standards except Soni hospital samples
(10.76%0.03) collected in January, 2012. The values for BODs
were also reported below (as in most of the cases) or near the
standard value (340 + 24.04mg/l for untreated SDMH July
samples) for these pollutant discharges to be discharged into
public sewers but were recorded higher than standards to be
discharged into surface waters for all the samples. The COD
values were also found much higher than specified by Indian
standards for all the samples during both sampling periods.
For treated samples from SDMH, also, similar observations
were found i.e. except BOD and COD other parameters were
observed to lie within the prescribed standard limits. However,
the values for BOD, COD as well as turbidity were observed
to be significantly declined for treated samples as compared to
untreated samples from SDMH. Comparing the BOD and
COD values with the WHO standards for wastewaters (COD:
60, BOD: 30 mg/l) (WHO, 1996) to be discharged into the
environment, all the untreated and treated samples were found
unacceptable for their direct discharge downwards.

As there are no specific standards mentioned in “General
Indian Standards for Discharge of Environmental Pollutants
IS:10500” for turbidity, conductivity, TDS and salinity, these
parameters were compared with different standards available
in literature. The maximum permissible levels for turbidity
vary from 0-10 NTU in wastewaters (WRC, 2003). Except for
the treated samples, greater levels of turbidity were observed
with untreated wastewater samples from all three hospitals
(Tables 1 & 2). Total Dissolved Solids were found to stroke
maximum permissible value of 1000 mg/L or lppt as
prescribed by WHO (Jayalakshmi et al., 2011) for SMS and
SDMH wastewaters (both treated and untreated); however,
Soni samples were found to have much higher values during
both the sampling periods. Similarly, values for conductivity
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Table 1. Observed values of physico-chemical parameters for hospital waste water samples collected during January, 2012

Sample sites —

SDMH (Untreated) SDMH (Treated) S.K. SONI SMS Standards
Properties |
pH 7.2740.01 6.24+0.03 10.76£0.03 6.97+0.01 55-9.0
Color colorless colorless whitish pale -
Temperature (°C) 31.8+0.42 31.5+0.14 31.3+£0.28 31.5 Shall not exceed 5°C above
the receiving water temp.

Conductivity (mS/cm) 1.52+0.06 2.23+0.04 80.6+0.42 19.9+1.41 -
Turbidity (NTU) 55.09+0.06 12.76+0.03 97.77+0.18 59.65+0.01 -
Salinity (ppt) 0.82+0.1 1.18+0.01 - 10.8+0.7 -
TDS (ppt) 0.78+0.06 1.14+0.07 41.5+0.14 10.2+0.85 -
BODs (mg/l) 290+2.83 168+11.31 276+15.56 310+8.49 350' / 30°
COD (mg/1) 58045091 348+52.33 698+63.64 560+21.21 250"

To be discharged into public sewers

Table 2. Observed values of physico-chemical parameters for hospital waste water samples collected during July, 2012

Sample sites —

Properties | SDMH (Untreated) SDMH (Treated) S.K. SONI SMS Standards
pH 7.79+0.06 8+0.14 8.1240.04 8.1620.06 55-9.0
Color colorless colorless whitish pale -
Temperature (°C) 43.5+0.14 50.8+0.7 49+1.31 45.9+0.7 Shall not exceed 5°C above the

recelving water temp.

Conductivity (mS/cm) 1.95+0.07 2.2640.01 72.9+0.28 3.6140.27 -
Turbidity (NTU) 68.22+0.04 10.030.1 84.58+0.04 52.06+0.23 -
Salinity (ppt) 0.88+0.03 0.95+0.03 - 1.56+0.03 -
TDS (ppt) 0.82:0.01 0.99+0.04 40.8+0.28 1.49+0.06 -
BOD;s (mg/l) 340+24.04 170+7.07 288+11.31 2944283 350' / 30°
COD (mg/l) 559438.18 326+8.49 654+24.04 597+12.73 250!

To be discharged into inland surface waters

were also observed to be little above the permissible limit as
specified by mS/cm (Wyasu and Okereke, 2012) for SDMH
and SMS samples; and much above for Soni samples (Tables 1
& 2). The findings of this study for hospital wastewater
physico-chemical analysis are supported by some previous
studies (Ekhaise and Omavwoya, 2008; Mahvi et al., 2009;
Ibeh and Omoruyi, 2011; Alabi and Shokunbi, 2011) carried
out in countries other than India, however, for different
hospitals different values were observed every time. To our
knowledge there is no published work studying the physico-
chemical parameters of hospital wastewaters in India till now.
Therefore, in present study an attempt has been made to
characterise  physico-chemical parameters of effluents
discharged from Indian hospitals. Although this is a regional
study representing only a part of India but the results of this
study trigger a concern over the indiscriminate discharge of
hospital waste waters nationally and globally too. As in this
study, three different hospitals effluent samples were studied,
it could be noted that even upon chlorination (a routine
practice in Soni hospital) or an inefficient treatment (as done
in SDMH), the risk associated with hospital effluents could
not be negated and therefore requires urgent attention.

Conclusion

The study concludes that hospital wastewaters could not be
regarded safe to be disposed off directly into the
environmental water bodies. These effluents can contaminate

the surface and even underground water, thereby making it
unfit for irrigation and drinking. Varied and unacceptable
densities of the physiochemical parameters of these effluents
suggest that the activities of hospital wastes in the
environment is a major health and environmental threat, which
therefore call for a proper regulatory system on disposal of
hospital effluents worldwide, especially in the developing
countries like India. As concluded, it is extremely difficult to
quantify the risk associated with the pollutants like hospital
wastewaters because their hazardous components usually
occur in the concentrations too low to allow analytical
determination and putative mutagens, with few exceptions
have never even been identified. Intensive research is further
required to have an exact idea of the unfavourable effects
generated due to the wastewaters from health-care sectors
comprising mainly clinical laboratories and multi-speciality
hospitals. Further, a properly designed effluent treatment plant
is a feasible solution to avoid hazardous consequences
resulting from discharge of untreated hospital wastewaters.
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