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ABSTRACT

BACKGROUND: Contamination of freshwater sources can be caused by both anthropogenic and natural processes. According to Central
Pollution Control Board, Maharashtra along with 2 other states, contribute 80% of hazardous waste generated in India, including heavy metal
pollution. Hence, it is important to quantify heavy metal concentrations in drinking water sources in such areas.

MATERIALS AND METHODS: Water samples were analyzed for toxic elements (F, As, Cd, Hg, Pb, Ni, Cu, Zn, Mn, and Cr) using Inductively
Coupled Plasma-Mass Spectrometry (ICP-MS) Agilent 7500. Health risks due to ingestion and dermal contact was assessed. A total of 557
people were randomly selected, with consumers from all 4 types of water sources that is surface water, hand pump, wells, and municipal
water. Spot urine samples were collected from 47 people after considering inclusion and exclusion criteria. Urine was collected for estimat-
ing mercury and arsenic levels in the study participants.

RESULTS: Arsenic contributes the most health risk from ingestion from water. Among surface water users, 14 people (32%) reported fre-
quent loose stool (P-value <.05) (OR 2.5), and 11 people (23%) reported frequent abdominal pain (OR 1.9). Hand pump and well water users
reported frequent abdominal pain (27%) (OR 1.4) and gastric discomfort (31%) (P-value <.05) (OR 3) respectively. The mean value of urinary
Hg and As were 4.91 £0.280 and 42.04 = 2.635 ug/L respectively.

CONCLUSION: Frequent loose stool, gastric discomfort, and frequent abdominal pain were associated with the various sources of drinking
water. Urine Hg levels were found higher than the NHANES (USA) Survey. It is recommended that frequent monitoring of drinking water

should be enforced around the industrial hub, so that appropriate actions can be taken if present in excess.
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Introduction
Water of optimum quality is essential to human life, and water
of acceptable quality is essential for agricultural, industrial,
domestic, and commercial uses; in addition, water is also used
for recreational activities. Therefore, major activities having
potential effects on surface water are certain to be of apprecia-
ble concern.! The United Nations General Assembly (UNGA)
has listed access to clean water and sanitation for all as one of
the sustainable development goals to be attained by 2030.2
Contamination of freshwater sources can be caused by
both anthropogenic and natural processes. Erosion, weather-
ing, and other geological events are the natural sources of
pollution,® while human settlements, mining, industrial, and

agricultural activities are among the anthropogenic factors.*
Heavy metals are also released into water bodies through
sediment resuspension, desorption, reduction or oxidation
reactions, and the degradation of organic tissues.” All these
factors increase the concentration of dissolved metals which
may threaten the aquatic ecosystem and human health.®

Heavy metals are ubiquitous materials and prevalent con-
taminants in polluted environments, and their properties such
as chemical stability, bioaccumulation, non-degradable nature,
and long-lasting negative impacts have piqued public interest.”
Some dissolved metals are readily taken up by aquatic species
and may enter the human body via drinking water, skin absorp-
tion, and ingestion of products, posing a health risk.®
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Cadmium alters the immune system and raises the inci-
dence of pulmonary adenocarcinoma and proliferative prostatic
lesions.”10 Excessive blood lead can cause hypertension, weaken
the skeletal, immunological, and endocrine systems, and reduce
the intellectual capacity of children. It also disrupts renal and
cardiac function in adults.!>12 For arsenic, inorganic com-
pounds are more hazardous than organic compounds, while
trivalent compounds are more dangerous than pentavalent or
hexavalent compounds. Arsenic is a carcinogen that has several
short- and long-term health effects on humans.’®> Mercury
causes widespread oxidative damage by increasing the produc-
tion of reactive oxygen species (ROS).!%5 Zinc may cause
infertility, renal problems, and CNS problems whereas copper
induces depression and, in the long run may contribute to lung
cancer.!617 Chromium has been linked to cancer and tumors of
the respiratory system.' Therefore, assessment of heavy metals
in drinking water is essential.

The hydrological environment is composed of 2 interrelated
phases; groundwater and surface water. Impacts initiated in 1
phase eventually affect the other. For example, a groundwater
system may charge one surface water system and later be
recharged by another surface water system. The complete
assessment of any impact dictates the consideration of both
groundwater and surface water. Thus, pollution at one point in
the system can be passed throughout, and consideration of only
1 phase does not characterize the entire problem.!?

Even though the majority of the world’s population has
access to water, it is often not suitable for human consumption
and is rarely available in adequate amounts to fulfill the basic
health needs.?® This is now a worsening problem worldwide.
According to the World Health Organization (WHO), over
1.1 billion people worldwide consume contaminated water,
and the majority of diarrheal diseases (88%) are caused by
contaminated water and poor sanitation. Diarrhea is a major
cause of childhood deaths. Water scarcity and low quality have
a significant influence on long-term development, particularly
in developing nations.?! Hence, it is crucial to evaluate water
quality and risk assessment regularly in developing nations
like India, with rapid growth in industrialization and urbani-
zation. According to the Central Pollution Control Board
(CPCB), Maharashtra along with 2 other states, contribute
80% of hazardous waste generated in India, including heavy
metal pollution.?? The study area, Solapur, which is located in
the Indian state of Maharashtra is home to many textile indus-
tries. Previous studies have documented the role of textile
industries in heavy metal pollution.?>?* The potential health
risk due to environmental release of hazardous chemical stim-
ulated interest in ascertaining the health status of inhabitants
who drink from different water sources. Water sources were
then screened for presence of toxic elements (F, As, Cd, Hg,
Pb, Ni, Cu, Zn, Mn and Cr) following which the human risk
assessment was carried out. Finally, the Hg and As content of
urine samples from the participant were assessed in a bid to

further explain the observed incidence of gastrointestinal dis-
orders amongst the inhabitants of the region.

Materials and Method
Study area and sample collection

The study was conducted in the industrialized city of Solapur
district, which is located in the Indian state of Maharashtra.
Handlooms and power-looms are the main industries in this
area. The city experiences a tropical monsoon type of climate.
The monsoon lasts from June to October and brings about
87% of the annual rainfall. The average annual rainfall in the
study area is around 677.7 mm.

Water samples were collected from 7 locations around a
10km radius of the industrial hub for 2 seasons viz. winter
(January) and spring (April) in the year 2017 to understand
water quality (Figure 1). Samples were collected as per 1S:3025
(Part 1) methodology.?® Necessary precautions were taken
while collecting, preserving, and transporting the samples.
Samples were analyzed for pH, Total Dissolved Solids (TDS),
Dissolved Oxygen (DO), Biological Oxygen Demand (BOD),
Chemical Oxygen Demand (COD), Fluoride (F), Ammonia
(NH;), Mercury (Hg), Arsenic (As), Cadmium (Cd), Lead
(Pb), Nickel (Ni), Copper (Cu), Zinc (Zn), Chromium (Crf+),
and Manganese (Mn).

One sample (SW-1) was collected from the Sina River,
another sample (GW-2) was collected from tap water, and the
other 5 samples (GW-1, GW-3, GW-4, GW-5, and GW-6)
were collected from hand pumps of that area to understand the
quality of surface, municipal and ground water respectively. The
selection of the water samples has been considered as per the
utilization for domestic and drinking purposes. Water samples
were collected in 1L polypropylene bottles; pre-cleaned with
5% HNO; followed by rinsing repeatedly with deionized water,
stabilized with 0.5% HNO; and transported to the laboratory.

Spot urine samples were collected from the subjects after
considering inclusion and exclusion criteria. The urine was col-
lected for estimating Hg and As levels in the study subjects.
Only apparently healthy individuals were included in the study
of urine Hg and As levels. Subjects under treatment for tuber-
culosis, cancer, and chronic heart, lung, or kidney ailments were
excluded. Also, pregnant and lactating women were not
included as these conditions might modify some of the meas-
ured parameters.

Sample preparation and analysis

Parameters such as pH, temperature, and DO were measured
on site while collecting the water samples. All the rest of the
parameters were analyzed in the laboratory as per “Methods
of Sampling and Test (Physical and Chemical) for water and
wastewater” IS: 30252 and “Standard Methods for the
Examination of Water and Wastewater” APHA.26 Preparation
of the samples were made by diluting 1 mL of water sample to
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Location Latitude Longitude
Sina river (SW — 1) 17°30.033’ 75°55.794'
Chandrahal Hand Pump No. 2 (GW — 1) 17°30.840° 75°65.322’
Tillehal Bore water from tap (GW — 2) 17°31.576’ 76°00.834"
AujAherwadi Hand pump water (GW — 3) 17°563.863’ 76°02.846’
Gurdehalli Hand Pump No. 1 (GW — 4) 17°36.150° 76°01.913’
Kumthe village Hand Pump water (GW — 5) 17°36.862' 75°565.791'
Savathkhed Hand Pump water (GW — 6) 17°34.660° 75°56.747'

Figure 1. Study area and sampling locations.

10 mL with 0.3% HNO; and then, samples were analyzed for
Fluoride (F) and heavy metals (As, Cd, Hg, Pb, Ni, Cu, Zn,
Mn, and Cr) using Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS) Agilent 7500.

For urinary Hg and As examination, a 20mL aliquot of
urine was kept in a metal-free container (Tarsons) after collec-
tion from subjects, and further analysis was made with the help
of Inductively Coupled Plasma-Mass Spectrometry (ICP-MS)
Agilent 7500.

Human health risk assessment

Chronic daily intake (CDI). In the present study, we have
assumed that ingestion and dermal contact were the routes of
exposure. The Chronic Daily Intake (CDI) through surface
and ground water ingestion and dermal absorption was calcu-
lated by using the following equation:

CDI

ingestion (

CxIRxEFxED) / (BWXAT)

CDI,,,. = [CxEF x EDx ET x 84 x KP x CF)
/ (BW xAT)

Where, CDI = chronic daily intake (mg/kg/day), C=mean con-
centration of heavy metal in water (mg/L), IR =ingestion rate
(L/d), EF=exposure frequency (days/year), ED =exposure
duration (years), BW =average body weight over the exposure
period (kg), and AT =average time period of exposure (days),
ET =exposure time (hour/day), SA=surface area of contact
(cm?), KP =dermal permeability coefficient (cm/h),?” CF = unit
conversion factor (0.001 L/cm3).28

The following assumptions were made to quantify exposure:
People residing in the study area are assumed to drink 2L/d of
water. EF is taken as 350days because it was assumed that a
person will leave the area for about 2 weeks per year. For non-
carcinogens ED is taken as 1year. AT is the period over which
exposure is averaged (1 year=365days) for non-carcinogens.
BW was assumed as 58 Kg. ET was taken as 0.58 hour/day and
SA was 18000 cm?.

Hazard quotient (HQ) and hazard index (HI). To indicate the
potential non-carcinogenic risk to human health posed by a haz-
ardous material, the hazard quotient has been developed. It is the
ratio of estimated heavy metals exposure of test water and oral
reference dose. It indicates potential hazards to human health.
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H Qinge:tion = CDIingextion / RjD ingestion

HQdermal = CDIdermal /RfD dermal

Where, CDI=Chronic daily intake and RfD = Reference dose.

The oral reference dose (RfD) of F, As, Cd, Hg, Pb, Ni, Cu,
Zn, Mn, and Cr are 0.06,2° 0.0003,3° 0.001,3° 0.01, 0.0035,31
0.02,32 0.04, 0.3, 0.014,3* and 0.003 mg/kg/day® respec-
tively. The dermal reference dose (RfD) of F, As, Cd, Hg, Pb,
Ni, Cu, Zn, Mn, and Cr are 0.0582,2° 0.000123,32 0.00001,32
0.000021, 0.000525,32 0.0054, 0.012, 0.06,2° 0.00005,2° and
1.5 mg/kg/day? respectively.

An index of equal to or more than 1 is considered as not safe
for human health.32

To evaluate the potential risk to human health through
more than 1 metal, a hazard index (HI) has been developed.3¢
The hazard index is the sum of the hazard quotients as
described in the following equation.

HI, . = YHQ

ingestion ingestion

HI = Z H—Qdﬂma/

dermal —

It is assumed that the magnitude of the adverse effect will be
proportional to the sum of multiple metal exposures. It also
assumes similar working mechanisms that linearly affect the
target organs.’’” When the value of HI> 1, there is a greater
possibility of non-carcinogenic health effects, and the proba-
bility increases with a rising value of HI.3® The hazard index
for the elements F, As, Cd, Hg, Pb, Ni, Cu, Zn, Mn, and Cr
through ingestion and dermal absorption has been calculated
in the present study.

Cross-sectional health survey

A cross-sectional health survey was carried out in line with
USEPA’s guidelines for Human Health Risk Assessment. The
study area was limited to 25kms around the industrial hub of
Solapur. Stratified sampling techniques were used in the selec-
tion of villages, which were divided into various strata depend-
ing upon the direction of the fall out of pollutants from the
industrial hub. A total of 557 people were randomly selected,
with consumers from all 4 types of water sources that is surface
water, hand pump, wells, and municipal water. To provide a
more complete picture of major waterborne diseases, the ques-
tionnaire included both open-ended and closed-ended ques-
tions. Age, monthly income, education, smoking habits, body
weight, drinking water source, employment, waterborne dis-
eases, and human health risks data were collected and docu-
mented. The survey questionnaire is presented as Supplemental
Material 1. The researchers conducted direct interviews with
all survey respondents within the local communities in their
native language and each participant were examined by medi-
cal professional to ascertain symptoms.

Table 1. Surface water characteristics.

PARAMETERS  SW-1 IS: 2296-1982
WINTER SUMMER CLASS C NORMS

pH 8.23 8.0 6.5-8.5
TDS (mg/L) 378 450 1500
DO (mg/L) 6 4.4 4
COD (mg/L) 16 14 NS
BOD (mg/L) 4 2.0 3
NH, (mg/L) Nil Nil NS
F (mg/L) 0.4 0.9 15
Hg (mg/L) <0.001 <0.001 NS
As (mg/L) <0.05 <0.05 0.2
Cd (mg/L) <0.01 <0.01 0.01
Pb (mg/L) <0.05 <0.05 0.1
Ni (mg/L) <0.01 <0.01 NS
Cu (mg/L) <0.05 <0.05 1.5
Zn (mg/L) <0.01 <0.01 15
Mn (mg/L) <0.01 <0.01 NS
Cr (mg/L) <0.05 <0.05 0.05
Fish survival 90% 90% 90%
after 96h

Results

Water parameters

The results of all the specified parameters were then compiled
for both seasons and are tabulated in Tables 1 and 2. The water
samples were observed to be neutral to slightly basic in nature
with pH ranging from 7.06 to 8.23 for both seasons. For
groundwater samples, TDS was between 410 and 1898 mg/LL
whereas for surface water was 378 and 450 mg/L for both sea-
sons. F concentration ranged between 0.4 and 0.9mg/L, Zn
from 0.32 to 0.57 mg/L, and NH3 was found to be <0.1mg/L.

No toxic compounds were observed in all 7 samples analyzed.

Human health risk assessment

For the heavy metals which are below detectable limits, the
value of the detectable limit was considered for calculation.
CDI and HQ for toxic elements F, As, Cd, Hg, Pb, Ni, Cu, Zn,
Mn, and Cr are presented in Table 3. For reference, an index of
more than 1 is considered not safe for human health.32 In our
study, HQ_ of more than 1 was noted for As (HQugestion
As=5.5108) for both surface and groundwater ingestion and it
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Table 2. Ground water and Municipal water (GW-2) characteristics.

PARAMETERS

GW-1

WINTER

SUMMER

GW-2

WINTER

SUMMER

pH

TDS (mg/L)
DO (mg/L)
COD (mg/L)
BOD (mg/L)
NH3 (mg/L)
F (mg/L)

Hg (mg/L)
As (mg/L)
Cd (mg/L)
Pb (mg/L)
Ni (mg/L)
Cu (mg/L)
Zn (mg/L)
Mn (mg/L)
Cr (mg/L)

Fish survival after 96 h

PARAMETERS

7.07
1810

116
24
0.1

0.5

<0.001

<0.05

<0.003

<0.01

<0.01

<0.05

<0.01

<0.01

<0.05
70%
GW-5

WINTER

7.21
1860
0.8
95
12

<0.1
0.9

<0.001

<0.05

<0.003

<0.01

<0.01

<0.05

0.57

<041

<0.05
75%

SUMMER

8.01
821
4.5
20

0.1

0.8

<0.001

<0.05

<0.003

<0.01

<0.01

<0.05

<0.01

<0.01

<0.05
90%
GW-6

WINTER

7.8
864
3.7
12
2.0

<0.1
0.8

<0.001

<0.05

<0.003

<0.01

<0.01

<0.05

0.32

<0.1

<0.05
90%

SUMMER

GW-3
WINTER SUMMER
7.25 74

465 590

5 3.4

4 16

Nil 3.0

0.1 <0.1

0.8 0.9
<0.001 <0.001
<0.05 <0.05
<0.003 <0.003
<0.01 <0.01
<0.01 <0.01
<0.05 <0.05
<0.01 0.45
<0.01 <0.1
<0.05 <0.05
90% 90%

IS: 10500-2012 LIMITS

DESIRABLE

GW-4
WINTER SUMMER
713 7.5

1190 1206

3.5 2.8

12 12

4 2.0

0.1 <0.1

0.9 0.8
<0.001 <0.001
<0.05 <0.05
<0.003 <0.003
<0.01 <0.01
<0.01 <0.01
<0.05 <0.05
<0.01 0.32
<0.01 <0.1
<0.05 <0.05
90% 90%

PERMISSIBLE

pH

TDS (mg/L)
DO (mg/L)
COD (mg/L)
BOD (mg/L)
NH3 (mg/L)
F (mg/L)

Hg (mg/L)
As (mg/L)
Cd (mg/L)
Pb (mg/L)
Ni (mg/L)
Cu (mg/L)
Zn (mg/L)
Mn (mg/L)
Cr (mg/L)

Fish survival after 96 h

7.06
1465
3.5
38

0.1

0.9

<0.001

<0.05

<0.003

<0.01

<0.01

<0.05

<0.01

<0.01

<0.05
90%

7.30
410
3.1
12
2.0

<041

0.8

<0.001

<0.05

<0.003

<0.01

<0.01

<0.05

0.53

<0.1

<0.05
90%

7.25
1898
3.2
42

0.2

0.8

<0.001

<0.05

<0.003

<0.01

<0.01

<0.05

<0.01

<0.01

<0.05
90%

7.35
1620
2.6
14
2.0

<041

0.9

<0.001

<0.05

<0.003

<0.01

<0.01

<0.05

0.41

<0.1

<0.05
90%

6.5-8.5
500
NS

NS

NS

NS

0.001

0.01

0.003

0.01

NS

0.05

0.1

0.05

90%

No Relaxation
2000

NS

NS

NS

NS

1.5

No Relaxation

0.05

No Relaxation

No Relaxation

NS

1.5

15

0.3

No Relaxation

90%
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Table 3. CDI and HQ of toxic elements in ground and surface water.

CHRONIC DAILY INTAKE (CDlI)

F HG AS
Ingestion Ground Water 0.0265  3E-05 0.0017 1E-04
Surface Water 0.0132 3E-05 0.0017 0.0003
Dermal Ground Water 0.0001 2E-07 9E-06 5E-07
Surface Water 7E-05 2E-07 9E-06 2E-06

HAZARD QUOTIENT (HQ)

0.0003  0.0003  0.0017 0.0003  0.0003  0.0017
0.0017 0.0003  0.0017 0.0003 0.0003  0.0017
2E-06 2E-06 9E-06 1E-06 2E-06 2E-05
9E-06 2E-06 9E-06 1E-06 2E-06 2E-05

Ingestion Ground Water 0.4409 0.0033 5.5108 0.0992
Surface Water 0.2204  0.0033 5.5108 0.3307
Dermal Ground Water 0.0024 0.0082 0.0702 0.0518
Surface Water 0.0012 0.0082 0.0702 0.1726

was found to be the major contributor in HI;, ;- The HQ of

metals via intake of surface water follows the order: As > Cr >
Pb > Cd >F> Cu> Mn > Ni > Hg > Zn, whereas ground-
water follows the order: As > Cr >F > Cd > Pb > Cu > Mn
> Ni > Hg > Zn (Figure 2). The HI of metals via intake of
surface and groundwater are 7.1712 and 6.7823 respectively,
whereas dermal absorption is 0.3042 and 0.1714 respectively.
In the case of dermal absorption, it was found that in surface
water HQca>HQAas. The calculated HI of metal through
ingestion and dermal contact signifies that the major health
risk posed to the community living around the industrial hub is
through ingestion of heavy metal contaminated drinking water.

Demographic overview

For the human epidemiological study, 557 people were
recruited. Characteristics of the study population were pre-
sented in Supplemental Table 1. 68.2% of the participants were
male. 55% of the participants had at least 10years of formal
education. 63.7% of the participants were currently using
tobacco products. 12.9% of the participants drank alcohol.

Source of drinking water and prevalence of various
diseases

A cross-sectional health survey was conducted within the study
area to document the source of drinking water used and the
prevalence of various symptoms and diseases such as cough,
gastric discomfort, jaundice, frequent loose stools, frequent
abdominal pain, and infectious diseases.

Out of 557 people, 43 people (7.7%) used surface water, 194
people (34.8%) used hand pump water, 64 people (11.5%) used
well water, and 256 people (46%) used municipal water as their
source of drinking water (Table 4).

0.0945  0.0165 0.0413 0.0011 0.0236 0.5511
0.4724 0.0165 0.0413 0.0011 0.0236 0.5511
0.0083  0.0003 0.0007  2E-05 0.0345 1E-05
0.0164 0.0003  0.0007  2E-05 0.0345 1E-05

The data regarding the source of drinking water and the
prevalence of various diseases are tabulated in Table 4 and
Figure 3. Among surface water users, 14 people reported fre-
quent loose stools (P-value<<.05) (OR 2.5), and 11 people
reported frequent abdominal pain (OR 1.9). Hand pump and
well water users more frequently reported frequent abdominal
pain (OR 1.4) and gastric discomfort (P-value <.05) (OR 3)

respectively.

Urinar_y arsenic and mercury monitoring

For estimating Hg and As excretion through urine, urine sam-
ples were analyzed. Forty-seven subjects were selected after
considering exclusion and inclusion criteria. The results of uri-
nary Hg and As are demonstrated in Table 5. The mean value
of urinary Hg and As are 4.91 = 0.280 and 42.04 = 2.635 pg/L
respectively. No significant difference was found with respect
to As and Hg levels in urine samples in the representative 47
samples with P-value being .854 and .431 for As and Hg
respectively.

Discussion

This study provides information about the quality of drinking
water used by the communities surrounding the industrial hub
of Solapur. Sources of drinking water and prevalence of various
symptoms and diseases were collected to see any correlation
between water use and disease prevalence in the community.
Furthermore, urinary As and Hg excretions were recorded to
understand As and Hg exposure in the communities surround-
ing the industrial hub.

In the study area, the assessment of water quality was per-
formed to understand its suitability for drinking, agricultural
and domestic purposes. All the water parameters were within
the Indian standards for ground and municipal water. TDS is
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Table 4. Odds Ratio (OR) of various diseases/symptoms with different drinking water source.

TUBERCULOSIS

DIABETES, OR
(95% Cl)

FREQUENT

L
(%)
o
©]
—
'_
z
|
=)
e}
L
o
18

JAUNDICE OR
(95% Cl)

GASTRIC

COUGHOR (95% Cl)

SOURCES OF

ABDOMINAL PAIN

DISCOMFORTOR STOOLSOR (95% Cl)

PEOPLEN (%)

DRINKING WATER

43 (7.7) 2.2 (0.987-4.748) 0.5 (0.193-1.6) 1 2.5 (1.253-4.875) 1.9 (0.916-3.911) 4 (0.128-1.410)

Surface water

0.9 (0.507-1.528) 0.7 (0.398-1.114) 0.9 (0.392-2.220) 0.5 (0.335-0.907) 1.4 (0.919-2.309) 0.6 (0.335-0.984) 1.4 (0.484-4.142)

194 (34.8)

Hand Pump

64 (11.5) 3(1.5696-5.717) 3(1.689-5.498) 0.3 (0.043-2.443) 1.2 (0.637-2.349) 0.5 (0.210-1.206) 0.8 (0.382-1.826) 0.6 (0.075-4.556)

Wells water

1.2 (0.409-3.412)

2 (1.270-3.348)

0.7 (0.447-1.123)

1.1 (0.712-1.706)

0.9 (0.572-1.457) 4 (0.621-3.205)

256 (46) 0.4 (0.253-0.780)

Municipal water

composed of a variety of salts, including those of Ca, Mg, Na,
K, and other elements, as well as carbonates, bicarbonates,
chlorides, sulfates, phosphates, and nitrates. WHO has not
defined its health-based limit in drinking water, because TDS
occurs in drinking water well below its toxic levels. However,
water with TDS level of less than a 500 mg/L is generally con-
sidered to be good. Water becomes significantly and progres-
sively unpalatable at TDS levels greater than 1000mg/L.
Consumers may find TDS beyond 1200 mg/L undesirable, and
it may aftfect people who need to restrict their daily salt intake,
for example diabetic, severely hypertensive, and dialysis
patients. In groundwater samples (GW-1, GW-4, GW-5,
GW-6) TDS was recorded above 1200 mg/L.

The main route of elimination of many metals from the
human body is through urine, and urinary levels of metals
have been used in demonstrating previous exposure within a
few hours to days of ingestion.*’ In the present study, we meas-
ured As and Hg levels in urine samples. The mean value of As
in the urine sample was 42.04 pg/L, with a range of 10.00 to
82.00 pg/L. The result in the present study for urinary As levels
were higher than the studies from mining areas in Zimbabwe*!
and Guatemala.*? Urinary As levels in Michigan urban anglers
were found lower than the present study.*3 However, our results
were lower than the studies conducted in mining areas of
Ghana.** The mean value of Hg in the urine sample was
4.91 ug/L, with a range of 1.00 to 10.00 pg/L. The results of
urinary Hg were higher than those found in mining areas of
Guatemala*? and Michigan urban anglers.3 Relatively similar
results were reported regarding urinary Hg levels from mining
areas of Zimbabwe* and Colombia.* However, our results
were lower than the study conducted on non-occupationally
exposed Indians by Panday et al.#” Our results for urinary Hg
are higher than the NHANES Study in the US (Mean urinary
Hg and As are 1.76 and 49.9 pg/L respectively).*®

Human exposure to As and Hg can be from various routes
including ingestion of contaminated food or water, inhalation,
or dermal contact. Consumption of fish is the most common
route of As and Hg exposure worldwide.* Another probable
cause of As exposure may be through drinking water.”® In our
study, As and Hg in drinking water were found below detect-
able limits. So, other exposure routes should be investigated. A
previous study from the same location as present study
reported that As concentration in fruits and vegetables were
within permissible limits. However, in garlic (A/fium sativum)
(0.123 mg/kg), okra (Abelmoschus esculentus) (0.17 mg/kg), fen-
ugreek (Trigonella foenum-graecum) (0.235 mg/kg), sugarcane
(Saccharum officinarum) (0.035 mg/kg), tamarind (Tamarindus
Indica) (0.147 mg/kg), and sorghum (Sorghum arundinaceum)
(0.356 mg/kg) Hg concentration exceeds WHO/FAO stand-
ard (0.03 mg/kg).>! This might be one of the reasons for mer-
cury exposure in the study population.

In many parts of the world, drinking water is still a major
contributor to the community burden of enteric disease
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Figure 3. Sources of drinking water and prevalence of diseases.

Frequent loose
motion
23%

Table 5. As and Hg levels in urine samples of representative samples.

ARSENIC — MERCURY —
URINE (ug/L) URINE (ug/L)
N 47 47
Mean 42.043 4.915
Std. error of mean 2.6356 0.2801
Median 39.000 5.000
Std. Deviation 18.0687 1.9205
Range 72.0 9.0
Minimum 10.0 1.0
Maximum 82.0 10.0
25 27.000 4.000
Percentiles 50 39.000 5.000
75 57.000 6.000

because available water sources are fecally contaminated or
industrial contaminants make it unfit. When it comes to the
severity and clinical importance, the effects of poor drinking
water quality on human health can take many different forms,
ranging from asymptomatic infections to gastroenteritis and
diarrhea to serious sickness and eventually death.’ In our
study, surface and well water users significantly reported fre-
quent loose stools and gastric discomfort respectively. One
possible explanation for this may be As exposure through
drinking water as evident from the health risk assessment
(HQas=5.5). As is known to cause frequent loose stools and
abdominal pain.? Other possible reasons could be fecal con-
tamination via runoff from agricultural fields around the Sina
River. Some research suggests that when pathogens are pre-
sent in well water, the home plumbing environment may
encourage additional microbial growth, resulting in increased
pathogen concentration in the water.’® This could well be a
possible explanation for gastric discomfort in well water users.
Other possible cause may be presence of latrine in the house.
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In our study only 105 participants out of 557 (18.9%) have
latrine in their house. Previous study has documented that
presence of latrine in house decreases the incidence of
diarrhea.”* This could be a confounding factor in our study.

This study only included the human health risk assessment
of elements (F, As, Cd, Hg, Pb, Ni, Cu, Zn, Mn, and Cr)
through ingestion and dermal absorption of drinking water.
There are other routes of heavy metal exposure such as inhala-
tion, which may increase the overall heavy metal intake but
were not considered in this study. Another limitation is that
many investigated heavy metals were found below detectable
limits. Hence the value of the detectable limit was considered
for calculation.

Conclusion

In our study frequent loose stools, gastric discomfort, and fre-
quent abdominal pain were associated with the various sources
of drinking water that is surface water, hand pump, wells, and
municipal water. As per the observation from different villages
for urine As and Hg levels in selected individuals, it was found
that Hg levels were found higher than the NHANES (USA)
Study. Moreover, it is recommended that regular monitoring of
drinking water should be enforced around the industrial hub as
metal accumulation can be toxic to consumers when they are
present in excess, and if found elevated appropriate action to
reduce exposure should be taken.
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