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Abstract

Introduction

River pollution is one of the serious risks to the environment, water systems, and human health. Regular monitoring and
protection of river water quality is therefore vital to meet environment, and human needs. The increasing trend to fresh water
highlights the management of river water resources as a crucial resource. Meanwhile, population growth, irregular
urbanization, industrialization, overuse of chemicals materials in agriculture (such as fertilizers and pesticides), discharge of
domestic sewage, and solid waste into watercourses, sand mining in riverbeds, water transfer diversion, has seriously
challenged the rivers regimes and river ecosystems.

Materials and Methods

The effect of agricultural activities on water quality in the Chalus River was examined. Sampling was conducted and
analyzed in surface water at three points from October 2019 to September 2020. Three surface water samples were collected
from each station and water quality variables were analyzed. The following water quality parameters have been analysed in
the current study; temperature, pH, conductivity, soluble solids, suspended solids, turbidity, salinity, reduction of oxidation
potential, alkali, total hardness. Also, oxygen demand parameters of dissolved oxygen, oxygen saturation, biological oxygen
requirement were examined. Meanwhile, the nutrient-related water quality parameters include N-NH4, N-NO,, N-Npj, total
phosphate, total phosphorus are also evaluated. The heavy metals, inorganic pollution parameters, and suspended chlorophyll
content of biological parameters were the other investigated parameters. Multiple statistical methods were used for the results
of analyzing the parameter including principal component analysis (PCA), Pearson correlation Coefficient (PCC), and cluster
analysis (CA). In addition, water quality index (WQI) was used for determining quality of surface water, hazard quotient
(HQ), and hazard index (HI) for evaluating the public health risk for heavy metals.

Results and Discussion

The water quality of Chalous River has decreased from S1 station to downstream. The water quality index based on public
health risk assessment showed that station S1 water could be used as drinking water and did not pose a potential risk to the
health of adults and children. However, the water quality at Station S2, and especially Station S3, cannot be used for drinking
puprpos, due to improper quality and may poses potential risks to the health of adults and children. The station S1 with an
average of 15.62 categorized in the excellent water quality category. Meanwhile, the station S2 and S3 with an average of
25.5, and 49.8 assigned as good water quality status, respectively. The amount of As, Cd, Co, Ni, Pb was very small at the
studied stations. The hazard coefficient (HQ) and hazard index (HI) values calculated to determine the risk of heavy metal
effects on health were identified as non-carcinogenic. HI values of heavy metals calculated for adults and children were Mn>
Cu> Al> Zn> Fe, respectively. The manganese and copper are more involved in non-carcinogenic health risks. Also, the
values of HQingestion and HQdermal values and the HI value are less than one.

Conclusion

A combination of point and non-point source pollution have been identified as the main source of water quality deterioration.

The water quality parameters of Chalous River in S1 station has not exceeded the permissible level of the national standard of

Iran. While, the water quality in S2, and S3 stations has decreased that poses potential risks to the human health and need a

pollution prevention action plan. The factors such as municipal wastewater, septic tank and water leakage from horse stables,

natural and artificial fertilizers used in agriculture, runoff and rock pebbles in the basin are the causes of pollution.
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Figure 1- Study area and location of sampling area
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Table 4 - Statistical summary of physical and chemical parameters in the study area

O S 3l JS polae Y ailaie Y dibaio \ dilate bl Sluogas 2l Selyly
4.2-34.2 8.4-34.2 5.6-29.3 4.2-21.9 el
- Cce Temperature
19.7£7.2 17.428.1 13.8+7.4 12.5745.5 Sl
6.9-0.4 8.3-0.4 79187 6.9-8.25 s
6.5-9 _ pH
8.15+0.29 8.85:0.28 8.3+0.3 7.69+0.61 oSke
4.06-12.7 4.0629.77 7.0-11.62 9.1-12.7 el
X>5 (mg/L) DO
8.8+1.06 7.4+1.06 8.81-1.3 10.9+1.13 oSke
1.67-6.18 1.16-6.18 42-4.98 0.22-2.68 s
X<6 (mg/L) BOD
3.52+0.12 3.67+0.81 2.46+0.94 1.31+0.71 oSobe
150-479.7  358.4-479.7 154.7-279 150-258 el
X<1000 (us/cm) EC
314454 94.6+42.4 211.38+4457  201.63+32.27 oSle
89.3-1050.2 695.4+1050.2  394.6-595.6 89.3-291.6 s
1000-1500 (mg/L) TDS
569.6-51.82 872.6451.82  490.5+43.41 190+39.26 oSke
400-favorable -177-90 -140-90 -155-94 -177-120 4l
(mV) ORP
+800-unfavorable -130 -115 -124 -145 oSle
0-9.8 5-0.8 3-4.2 0-0.05 adls
10-100 48+15 (g/L) Salinity
OEL. 7.05+1.46 34105 0.025+0.04 oSobe
1.25-36.3 14.5-36.3 3.24-29.1 1.25-45 aels
X<5 (NTU) Turbidity
2525398  10.06+3.89 16.65+4.58 284338 Slee
30-130 52-130 41-105 30-75 s
X<150 804195 (mg/L<CaCo3) TA
=19 91+15.5 73115 52.5+9.59 aSSbe
35327 6.5-32.7 55316 354215 aeld
X<25 (mg/L) TSS
18.146.78  16.667.78 14.9146.18 11.08+4.9 Slee
22-79 24-79 23-65 22-75 aels
X<100 (mg/L<CaCo3) TH
50.748.8 51.745.8 44,2545 5 42,6245 Sl
0.01-0.08 0.01-0.06 0.01-0.08 0.001-0.07 aals
X<0.5 (mg/L) NH4-H
0.035:0.01  0.03+0.01 0.036+0.02 0.036+0.01 ke
0-0.03 0-0.03 0-0.02 0-0.01 aels
X<0.15 (mg/L) NO,-N
0.023£0.0018 0.013+0.0015 0.0032+0.0012 0.009+0.0012 ke
0.03-1.2 0.3-1.2 0.3-1 0.03-1 el
X<11.3 (mg/L) NO3-N
0.7320.4 0.63%0.3 0.55+0.25 0.31-0.33 Sle
0.003-0.062  0.015-0.062 0.12-0.029 0.003-0.03 aals
X<0.08 (mg/L) TP
0.038£0.01  0.018-0.009 0.02-0.005 0.012+0.005 aSke
8.82-120 31-120 23.82-49.8 8.82-34.8 aeld _— 02
X<250 mg/L o
64.58+14.17 775841417  35.5+11.19 21.83+4.85 Sle *
2.8-1163 8.96-3.63 4.3-6.84 2.08-3.55 el gy
X<250 mo/L, CL
13.3+0.88 9.22+0.88 5.15+0.82 2.8+0.48 Sole
5.7-13.8 7.8-138 7.3-116 57-12.9 el gy
2-20 mg/L. Sio2
975153 10354093 8.74+1.36 8.45+1.7 Sole
0.31-0.6 0.39-0.59 0.39-0.58 0.31-06 el
(pna/L) Chl-a

0.48+0.069 (48540068  0.49+0.064  0.488+0.087 Sle
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Table 5 - Water hardness classification (Jaiswal et al., 2019)

R dil
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Table 6 - Analysis of the main components of the matrix

i ¥ \ ) sl
-0.005 -0.144 0.320 -0.850 Temperature
0.10 -0.22 0.121 0.810 Total PO4
0.130 -0.189 0.120 0.815 Total P

0.482 0.333 -0.225 0.692 BOD
0.420 0.05 -0.195 0.744 DO
0.035 0.072 0.842 -0.432 EC
-0.001 0.101 0.941 -0.165 TDS
0.110 -0.742 -0.265 0.240 ORP
0.001 0.025 0.952 -0.185 Salinity
0.742 0.161 -0.352 0.242 Turbidity
-0.295 0.150 0.792 0.175 TA
0.552 -0.324 0.152 -0.510 TSS
-0.105 0.184 0.941 0.120 TH
-0.05 0.302 -0.233 0.752 NH4-H
-0.521 0.542 -0.125 -0.271 NO2-N
-0.312 -0.217 0.170 0.780 NO3-N
-0.042 0.882 0.240 -0.001 pH
0.085 0.032 0.869 -0.172 So4
0.182 0.08 0.162 0.721 CL-
-0.172 -0.625 -0.028 -0.222 Sio2
0.01 0.521 0.08 0.552 cCl_a
1.98 231 3.02 6.125 Eigen Values
7.952 12.230 25.28 26.25 (%)Variability

(L) O saiges y3 i OIS polic CllE -V Jgon

Table 7- Concentration of heavy metal elements in water samples (ng/L)

Al AeS oSke e b Ol e el Selily
145 45 85.755 64 101 756 1186 Al
4331 7 13.6345.37 8.67 13 9.25 28.75 Mn
178 33 103.53+36.7 62 201.8 85 182.8 (Hg/L) Fe
9 0.16 2.15+1.23 3.48 3.52 0.98 0.82 Cu
30.03 7.7 14.60+4.28 10.11 19.31 16 15.48 ZN
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Table 8- Relative weight of each parameter

RW AW sl )l
0.113 5 (mglL) NOs-N
0.113 5 (mglL) NO,-N
0.113 5 (mg/L) NHs-H
0.063 3 (mg/L) CcL
0.023 1 (mg/L) TH
0.069 3 (mg/L) TDS
0.069 3 (psfcm) EC
0.069 3 - pH
0.069 3 (mg/L) S04
0.091 4 (ug/L) Al
0.113 5 (ng/L) Mn
0.023 1 (ug/L) Fe
0.046 2 (ug/L) Cu
0.026 1 (ug/L) ZN
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Table 9 - Toxicological parameters (toxicity) of metals for health risk assessment

ABSQ RFDdermaI RFDingedtiun KP ARN
(%) (ug/kg/day) (ug/kg/day) R
27 300 1100 1*103 Al
21 4.69 24 1*1073 Mn
25 180 700 1*1073 Fe
45 18 40 1*1073 Cu
17 50 300 6*10° Zn
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Table 10 - Health risk assessment for metals in water for adults and children through swallowing and dermal routes

HI HQdermaI HQingestion

el
Child Adult Child Adult Child Adult
8.68E™ 6.40E™ 437E* 7.19* 6.31E* 5.78E* Al
6.93E7 3.63E3 4.00E* 3.80E* 10.31E* 9.31E* Mn
4.01E* 3.64E* 3.37E* 3.07E* 7.43E° 6.74E° Fe
3.32E° 2.00E7 10.69E* 5.38E* 3.07E° 10.56E™ Cu
4.25E* 4.39E* 7.66E* 4.88E* 3.48E* 3.21E* Zn
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