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Article info Abstract

Original: 10/03/2023 This study was designed to assess the spatiotemporal variability of bacterial pollution in
ii‘é":etza_z%)/gg%g’ 3 Darbandikhan Lake and its river resources in Iraq's Kurdistan Region. Seasonally, 25
PuinZhed online: samples (a total of 100 samples year-round) were collected and examined for aerobic
20/12/2023 plate count (APC), total coliform (TC) and fecal coliform (FC) in all samples. Descriptive

statistics for physiochemical and microbiological variables and the Pearson correlation
coefficient (r) were performed using the Statistical Package for the Social Sciences

::)r/o\:)vizrs;te count: E. (SPSS) version 20 and OriginPro 2022b—Correlation Plot. GraphPad Prism v9 was used
coli; fecal coliform; to determine statistical significance (p < 0.05), one-way ANOVA was used, followed by
total coliform; Tukey's multiple comparison tests. Results indicated positive correlations between
Darbandikhan Lake microbiological and Al, Cu, EC, Fe, K, Mg, Na, NO3, PO4, SO4, T.Alk, TDS, TH, Turb

and Zn in most of seasons at the < 0.01 and < 0.05 significance levels. Furthermore,
microbiological characteristics had a strongly positive correlation in all seasons. Water
resources are heavily contaminated with coliforms, especially in wet seasons. The
inhabitant’s activities, untreated sewage and waste water, disposed waste, and livestock
were the main contributors to this pollution, which in turn led to waterborne diseases,
particularly diarrhea. Considering the above issues, the government should treat the
water resources properly and take the required actions to solve this issue.

Introduction

Access to pure water has been recognized as a fundamental human right. Pure water is used for a range of
purposes, including drinking, agriculture, industry, and the household, making its availability a crucial public
health concern in modern society [1-3]. Microbial pollution in aquatic environments is a critical issue regarding
the hygienic quality of water bodies. Bacterial pathogens are the leading cause of waterborne infections
worldwide, particularly in many low-income nations, generating severe clinical disorders [4-7]. Much of the
health problems in underdeveloped nations are caused by a lack of clean drinking water for over 2.6 billion
people, which is responsible for around 2.2 million fatalities each year, 1.4 million of which are in children.
This makes polluted potable water responsible for 80% of all diseases and more than one-third of all deaths in
impoverished nations [8]. There are over 600 million cases of diarrhea and dysentery each year, and 46,000
newborns die due to dirty water and poor sanitation annually [1]. While the industrialized world has mostly
solved this issue, access to pure water and sanitation is not the norm in the majority of resource-limited nations.
It is anticipated that by 2050, almost six billion people will lack access to safe drinking water [2 & 9].

263


mailto:pshtiwan.ghafur@univsul.edu.iq

JZS-A Volume 25, Issue 2, December 2023

A variety of harmful microbes, including coliform groups (total and fecal coliforms and E. coli), can spread
through drinking water and cause sickness in the population. Potential sources of fecal bacteria are classified
into three categories: humans, livestock, and wildlife. A fourth category of pets or dogs may be introduced in
more urban watersheds [10]. Because the intestinal habitats and selective pressures to which the bacteria are
subjected vary from source to source, each source creates distinct types of fecal bacteria. Sewage treatment
plant discharges and overflow from informal settlements are major variables influencing the microbiological
quality of surface waterways [11]. Surface waterways running through cities are more polluted with fecal than
their upstream catchments, and will increase particularly after rain events [12].

Coliform bacteria are the most significant indicators for assessing, monitoring, and predicting the
microbiological quality of surface waterways [11 & 13-14]. Coliforms are enormous quantities of facultative
anaerobiotic, gram-negative, lactose-fermenting, sporeless-producing rods found in the environment as well
as in human and animal intestines. The coliform bacteria category comprises both infective and non-infective
types and are widely employed as an indication of microbial contamination. Total Coliforms, which include
bacteria found in soils, water, plants, and animals [15]. Coliforms including FC and E. coli, respond to the
natural environment and treatment processes similarly to pathogens, which is why they are the most commonly
used indicators of contamination because they are simple to recognize. A deeper examination of the coliform
bacteria provides an evaluation of the quantity and concentration of infective bacteria in the sample [16-17].

Despite that, in the study area, Darbandikhan Lake and its water sources are mainly used for daily consumption
for different purposes. Sewage wastewater and industrial discharge directly flow into rivers, and municipal
solid waste disposal and commercial and industrial waste are spread throughout the area without treatment,
and fertilizers and pesticides are used intensively. These sources could cause bacterial contamination and affect
people around the study area and downstream of the dam.

Previous studies have demonstrated spatiotemporal variability of bacterial pollution and its consequences in
different regions of the world [18-22]. The Tanjaro River, Darbandikhan Lake and downstream of the dam
were evaluated in earlier studies [23-27], however, other tributaries and their impacts on the lake were mostly
not assessed. This study aimed to determine the spatiotemporal variability of bacterial pollution (APC, TC,
FC, and E. coli) in Darbandikhan Lake and its tributaries in Iraq's Kurdistan Region. It will identify the rivers
pollution share ratio and sources of bacterial pollution.

Materials and methods

Study area

The Darbandikhan dam is resulted in the formation of the Darbandikhan Lake, is located 65 kilometers
southeast of Sulaimani in the east of the Kurdistan Region - northeast of Iraq. It lays between latitude 35° 06’
58" and 35° 21’ 07" N, and longitude 45° 40’ 59" and 45° 44’ 42" E (Figure: 1). The dam on the Sirwan River
(Diyala River) was erected in 1956 and finished in 1961. The dam is 128 meters high, 445 meters long, and 17
meters wide at its widest point. The dam stands 532 meters above sea level (asl). The dam's storage capacity
is 3 km3, of which 2.5 km? is direct storage and 0.5 km?® is dead storage, while the water is at its normal
operating level in the dam (485m asl). At this level, the lake area is 113 km?. This dam was built with a central
mud core and a rock shoulder [28]. The Tanjaro, Chagan, and Zalm Rivers flow from Iraq to the north and
northwest of the lake, respectively, and the Sirwan and Zmkan Rivers flow from Iran to the east. The catchment
area of the lake, including the lake, is 16788.74 km?. The dam has two low-level outflow tunnels, 6 and 9
meters wide, that are used for irrigation. A spillway with three gates on the right bank with dimensions of 15
m by 15 m is also used for flood management. The spillway's maximum discharge capacity when working
normally is 5,700 m®/s. As the water level reaches to the design flood level (493.5 m asl), the spillway discharge
is 11,400 m¥/s [29].
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Figure 1: Locations of samples and study area [30]

Sample collection and analysis

From August 2021 to May 2022, twenty-five water samples were taken periodically. Fifteen samples were
obtained downstream of the aforementioned rivers, and ten samples were collected from the lake (five samples
from the subsurface and five samples from the bottom). The subsurface samples were obtained 1 m below the
lake's surface, while the bottom samples were collected 1 m above the lake's surface (Table 1). The lake
samples were collected using a VVan Dorn bottle sampler. Table 1 displays the longitude and latitude of rivers
and Darbandikhan Lake water sampling locations.
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Table 1: Characteristics of sampling locations and their longitude and latitude

Type of samples Samples XandY
Zmkan 45°53'02" E- 35°04' 00" N
Sirwan 46°04' 45" E- 35°05' 06" N
Rivers Zalm 45°53'56" E- 35°16'21" N
Chagan 45°51' 16" E-35°19'11"N
Tanjaro 45°49' 03" E- 35°19' 02" N
S1
B1 45°48' 09" E- 35°10'49" N
S2
B2 45°50"30" E- 35°07'33" N
S3
Lake (Sub-surface and bottom) B3 45°46' 27" E- 35°09' 00" N
S4
45°43' 29" E- 35°08' 38" N
B4
S5
B5 45°42'38.5"E-35°07' 04" N

Water samples were collected from appointed locations, kept in 250ml Glass bottles in an ice box and analyzed
in the laboratory. APC, TC and FC were determined in all samples. The rate of water contamination has been
measured by the absence or presence of the above bacteria. APC was performed using a ten-fold serial dilution
method and inoculated on nutrient agar and incubated at 37 °C for 24-48 hours [31]. Total count is expressed
as colony forming unit per 100 ml (cfu/mL). The most probable number (MPN) test is used to estimate the
probable number of viable coliform groups present in the water samples. The principle of the MPN test depends
on the lactose fermentation by the coliform group into acid and gas within Durham tubes. The decision of
MPN is based on three successive steps, including:

a. The presumptive test involved mixing 10 ml of water sample in five tubes of double-strength
MacConkey broth and the tubes were incubated for 24 hours at 37 °C. The presence of acid and gas in
any tube indicates positive detection of total coliform [22].

b. The confirmation test was then carried out by transferring 0.1 ml from the first step's positive tube into
a fresh single-strength MacConkey broth tube and incubating for 24 hours at 44°C [32].

C. In a complete test: the positive growth was recognized as a positive fecal coliform. The test was
finalized by inoculating on Eosin Methylene Blue (EMB) agar. The appearance of a green metallic
sheen on EMB agar indicates the presence of thermotolerant E. coli [33].

Furthermore, physiochemical parameters were calculated to assess the relationship between microbiological
characteristics and physiochemical elements. The potential of hydrogen (pH), electrical conductivity (EC) and
total dissolved hardness (TDS) were measured directly in the field by using Ph, EC and TDS meters. In the
laboratory, EDTA-Titrimetry was used to determine calcium (Ca), magnesium (Mg), total hardness (TH, as
CaCO0:s) and total alkalinity (T.Alk, as CaCOs). Turbidity was measured by a turbidity meter. Chloride (Cl)
was determined by titrimetry. Nitrate (NOs), phosphorus (PO4) and sulphate (SO.) were determined by
spectrophotometry. Potassium (K) and sodium (Na) were determined by flame photometry. Aluminium (Al),
arsenic (As), barium (Ba), cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), manganese
(Mn), molybdenum (Mo), nickel (Ni), lead (Pb), antimony (Sb), selenium (Se), strontium (Sr), titanium (Ti),
thallium (TI), vanadium (V) and zinc (Zn) were measured after digestion by HNO3 using a Multi Elements
Standard QC 22E-NIST SRM (iCAP 7600 Dual/ICP-OES (Thermo Fisher). For these tests, 5 mL/L of HNO3
were added to the water samples directly in the field.
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Statistical analysis

The descriptive statistic was used to show the minimum, maximum, mean, and standard deviation
physiochemical and bacterial parameters (Table: 2). The Pearson correlation was performed to test
relationships among variables using the Statistical Package for the Social Sciences (SPSS) version 20 (IBM
Inc, USA) and OriginPro 2022b — Correlation Plot. GraphPad Prism v9 was used to determine statistical
significance (p < 0.05), one-way ANOVA was used, followed by Tukey's multiple comparison tests.

River bacterial pollution share ratio
Depending on the APC results of collected samples from rivers, the river bacterial pollution share ratio in
Darbandikhan Lake was estimated using the following equations”:

R
x 100

RBPSR = SRAPCR

RAPCR =

Cx R
100 ¢

QR—&xloo

- 2Q
Where RAPCR = river aerobic plate count ratio, RAPC = river aerobic plate count, QR = river discharge ratio
and Q = river discharge.

Results and discussion

Statistical analysis

The Person's correlation coefficients (r) for the parameters were used to build the correlation matrix, which
showed the relationship between physicochemical variables and microbiological characteristics, and seasonal
variations of microbiological characteristics. The results of the selected parameters showed several substantial
positive correlations at the < 0.01 and < 0.05 significance levels in all seasons (Figure: 2). Seasonal changes
may be made on parameter levels and may vary from one season to another. In summer, APC had positive
correlations at the < 0.01 significance levels with Al, Co, EC, Fe, NO3, PO4, Se, TDS and Turb and positive
correlations at the < 0.05 significance levels with Mg, T.Alk, Temp, TH and Ti. In Autumn, APC had positive
correlations at the < 0.01 significance levels with Ca, Cu, EC, K, Na, PO4, SO4, T.Alk, TH, TDS and Zn and
positive correlations at the < 0.05 significance levels with NO3. In winter, APC had positive correlations at
the < 0.01 significance levels with CI, EC, K, Na, PO4, T.Alk and TDS and positive correlations at the < 0.05
significance levels with Mg, TH and Zn. In spring, APC had positive correlations at the < 0.01 significance
levels with Al, Cr, Cu, EC, Fe, K, Na, Ni, NO3, Pb, PO4, SO4, T.Alk, TDS and Turb and positive correlations
at the < 0.05 significance levels with Cd. Seasonal variations in parameter intensity caused these changes in
parameter pair correlations.
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Seasons Summer Autumn
Locations Rivers Lake Rivers Lake
Parameters Min Max Ave SD Min Max Ave SD Min Max Ave SD Min Max Ave SD
AR+ (mg/L) 0.0000 0.6450  0.2447  0.2687  0.0000 0.1040 0.0284  0.0432 0.3240 27.9530 6.4393 8.1042  0.1810 17.4200 2.5693  5.3200
As® (mg/L) 0.0000 0.0060 0.0010 0.0021 0.0000 0.0000 0.0000 0.0000 0.0000 0.0050 0.0016 0.0020 0.0020 0.0040 0.0027 0.0007
Ba?*(mg/L)  0.0060 0.2390 0.0657 0.0886 0.0190 0.0430 0.0301 0.0090 0.0300 0.1320 0.0642 0.0358 0.0520 0.1060 0.0646  0.0154
Ca?* (mg/L) 76.0 122.0 95.7 143 62.6 76.0 70.6 4.0 55.0 96.0 78.8 13.7 48.0 80.0 61.3 8.8
Cd?*(mg/L)  0.0000 0.0010 0.0001 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0020 0.0003 0.0007 0.0000 0.0020 0.0010  0.0007
Cl~ (mg/L) 38.0 96.0 70.6 18.2 48.0 113.0 89.1 19.6 39.0 125.0 73.1 27.1 54.0 75.0 61.9 6.6
Co?*(mg/L)  0.0001  0.0020 0.0011 0.0005 0.0010 0.0010 0.0010 0.0000 0.0000 0.0080 0.0028  0.0027  0.0000  0.0110  0.0016  0.0033
Cr?* (mg/L) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0360 0.0153 0.0121  0.0040 0.0870  0.0155  0.0254
Cu?*(mg/L)  0.0000 0.0550  0.0104 0.0203  0.0000 0.0000 0.0000 0.0000 0.0550 0.1450 0.0835 0.0262 0.0370 0.0800 0.0619  0.0138
EC (us/cm) 529.0 1097.0 684.3 2155 369.0 423.0 398.2 18.5 474.0 1112.0 666.5 235.0 382.0 591.0 488.0 58.7
Fe?* (mg/L) 0.0000  0.4150 0.0923 0.1598 0.0000 0.1500 0.0224  0.0476  0.1890 57490 2.0315 2.0980  0.1400 13.7550 1.9194  4.2020
K* (mg/L) 8.9 10.8 9.8 0.6 9.2 10.9 9.9 0.6 1.0 10.5 5.1 4.0 23 3.0 25 0.2
Mg?* (mg/L) 9.7 80.7 40.7 18.5 4.9 41.9 19.3 11.6 9.7 29.8 19.2 6.1 9.7 36.5 229 7.1
Mn2*(mg/L) ~ 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0580 1.2020 0.3352  0.4465 0.0440 05560 0.1576  0.1627
Mo3* (mg/L) 0.0000 0.0230 0.0055 0.0088 0.0020 0.0030 0.0025 0.0005 0.0000 0.0080 0.0032 0.0029 0.0010 0.0040 0.0027 0.0009
Na* (mg/L) 22.1 24.8 23.2 0.9 22.1 24.3 235 0.8 19.0 85.0 51.4 24.4 27.0 33.0 30.3 2.2
Ni%* (mg/L) 0.0000 0.0050 0.0010 0.0021 0.0000 0.0000 0.0000 0.0000 0.0000 0.0220 0.0063 0.0089 0.0000 0.0450 0.0066 0.0140
NO*™ (mg/L) 15 39.3 134 12.6 15 10.2 35 31 5.0 16.4 9.6 4.1 3.6 5.8 4.2 0.6
Pb?* (mg/L)  0.0000 0.0040 0.0008 0.0014 0.0000 0.0010 0.0001 0.0003 0.0040 0.0110 0.0073 0.0021  0.0040 0.0120  0.0078  0.0025
pH 7.8 8.2 8.0 0.1 7.1 8.2 1.7 0.4 7.4 8.0 7.7 0.3 7.1 8.0 7.7 0.3
PO4*~ (mg/L) 0.2 141 2.9 5.5 0.4 0.8 0.5 0.1 0.3 7.9 1.7 24 0.2 04 0.3 0.1
Sh®* (mg/L) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Se?” (mg/L) 0.0000 0.0040 0.0015 0.0015 0.0000 0.0010 0.0001  0.0003 0.0000 0.0040 0.0011 0.0013  0.0010  0.0030  0.0021  0.0009
SO4>~ (mg/L) 71.0 99.0 83.9 1.7 76.0 96.0 85.8 7.0 29.6 223.0 88.8 48.9 51.0 98.0 68.7 145
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Sr* (mg/L)
T. Alk (mg/L)
Temp. (°C)
T. H (mg/L)
TDS (mg/L)
Ti%* (mg/L)
TI* (mg/L)
Turb (NTU)
V2* (mg/L)
Zn* (mg/L)

APC
(CFU/100
mL)
Seasons

Locations
Parameters
AR+ (mg/L)
As® (mg/L)
Ba?* (mg/L)
Ca?* (mg/L)
Cd?* (mg/L)
CI~ (mg/L)
Co?* (mg/L)
Cr?* (mg/L)
Cu?* (mg/L)
EC (us/cm)
Fe?* (mg/L)

K* (mg/L)
Mg?* (mg/L)

0.1880
280.0
23.2
280.0
264.0
0.0040
0.0020
0.2
0.0000
0.0780

4.93x1
03

Min
0.0040
0.0000
0.0240

9.0
0.0000

6.0
0.0000
0.0000
0.0000

400.0
0.0190
0.0
24.0

1.1590  0.6675
560.0 400.7
31.0 28.1
530.0 406.7
548.0 3413
0.0120 0.0069
0.0070 0.0050
6.7 1.6
0.0950  0.0681
0.1950  0.1054
3.57x1  7.24x1
¢ 0’
Rivers
Max Ave
5.2080  0.9348
0.0020  0.0003
0.1570 0.0792
75.0 51.3
0.0010 0.0002
21.0 10.8
0.0080  0.0021
0.0770 0.0170
0.0170  0.0045
1376.0 681.4
12,1870 2.4322
7.5 16
80.0 51.2

0.3385  0.4710
83.4 240.0
2.8 217
72.6 200.0
107.2 186.0
0.0035 0.0020
0.0013 0.0040
25 0.3
0.0356  0.0640
0.0328  0.0170
159%x1  1.40x1
¢ 0?
Winter
SD Min
1.7508  0.0000
0.0006  0.0000
0.0391 0.0720
20.5 18.0
0.0004 0.0000
4.6 7.0
0.0031  0.0000
0.0285 0.0030
0.0057  0.0000
350.8 457.0
45293  0.0000
2.8 0.0
19.8 33.0

0.6220  0.5317
430.0 315.0
34.8 27.1
350.0 256.0
214.0 200.0
0.0040 0.0030
0.0060 0.0048
1.2 0.8
0.0810  0.0748
0.0570  0.0292
7.60x1  2.91x1
0d 0®
Lake
Max Ave
0.4110  0.1190
0.0000  0.0000
0.1040 0.0842
72.0 53.3
0.0000 0.0000
13.0 111
0.0020  0.0006
0.0120 0.0054
0.0000  0.0000
500.0 479.5
1.3250  0.3567
14 0.2
60.0 494

0.0470
63.1
5.4
474
9.8
0.0007
0.0008
0.3
0.0053
0.0113

3.19x1
03

SD
0.1521
0.0000
0.0107

18.5
0.0000

1.9
0.0008
0.0030
0.0000

15.0
0.4643
0.4
8.5

0.2950
316.0
145
220.0
220.0
0.0030
0.0000
15
0.0240
0.0390

1.13x1
0*

Min
0.0060
0.0030
0.0410

36.8
0.0000

9.0
0.0000
0.0000
0.0000

410.0
0.0100
0.6
33.7

1.0390  0.6235
600.0 389.7
24.4 18.2
348.0 275.9
527.0 3122
0.0410 0.0123
0.0020 0.0009
466.0 114.5
0.1130  0.0654
0.4600  0.1571
3.47x1  9.83x1
08 0s

Rivers

Max Ave
1.2970  0.4104
0.0090  0.0064
0.1570 0.0917

96.0 65.3
0.0020 0.0010

19.0 13.7
0.0030  0.0013
0.0050 0.0009
0.0060  0.0017
1065.0 669.8
1.6070 0.4916

10.0 4.3

75.1 51.6

0.2503  0.5610
69.1 240.0
2.6 17.6
34.4 235.0
1125 179.0
0.0097 0.0050
0.0005 0.0000

152.0 0.0
0.0402  0.0000
0.1117  0.0990
1.46x1  4.00x10

06 1
Spring

SD Min
0.4373  0.0000
0.0015  0.0040
0.0412 0.0040

19.8 52.0
0.0007 0.0000

3.6 9.0
0.0009  0.0000
0.0019 0.0000
0.0020  0.0000

2354 395.0
0.5788  0.0000

3.8 15
125 46.4

1.0790
302.0
24.4
280.0
279.0
0.0440
0.0010
97.0
0.1380
0.1740

1.40x1
0*

Max
0.0160
0.0060
0.0880

83.2
0.0010

220
0.0010
0.0000
0.0010

451.0
0.0270
19
73.0

0.6900
285.8
20.3
247.6
229.7
0.0102
0.0007
14.8
0.0535
0.1399

3.60x1
0?

Lake

Ave
0.0018
0.0053
0.0688

64.7
0.0003

13.8
0.0004
0.0000
0.0001

414.8
0.0055
1.7
56.0

0.1486
214
2.7
13.7
28.0
0.0120
0.0005
32.6
0.0403
0.0265
4.60x1

SD
0.0050
0.0007
0.0249

111
0.0005

3.5
0.0005
0.0000
0.0003

155
0.0098
0.1
8.4
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Mn2* (mg/L) 0.0000 0.3590 0.1361 0.1423 0.0000 0.3180 0.0760  0.1223  0.0000 0.0910 0.0256  0.0344 0.0000 0.0330 0.0064  0.0128
Mo+ (mg/L) 0.0000 0.0030 0.0010 0.0009 0.0000 0.0030 0.0019 0.0009 0.0000 0.0090 0.0023  0.0034 0.0000 0.0020 0.0016  0.0007
Na* (mg/L) 3.9 79.0 31.0 26.6 11.6 15.1 135 1.2 9.8 90.8 475 34.0 15.0 22.0 19.2 2.4
Ni2* (mg/L) 0.0000 0.0540 0.0071 0.0184 0.0000 0.0000 0.0000 0.0000 0.0000 0.0120 0.0052  0.0053 0.0000  0.0010  0.0003  0.0005
NO’*~ (mg/L) 1.0 9.0 2.6 2.2 1.0 6.0 1.9 1.5 3.4 30.1 16.2 9.2 4.0 8.1 5.9 1.6
Pb%* (mg/L) 0.0020 0.0160 0.0073  0.0046  0.0030 0.0100 0.0062 0.0023 0.0030  0.0090  0.0047  0.0022 0.0010 0.0040 0.0026  0.0011
pH 7.6 8.8 8.1 0.3 7.0 8.2 7.7 0.3 7.2 8.7 7.8 0.5 7.3 8.4 7.9 0.5
PO4*~ (mg/L) 0.3 51 1.6 1.7 0.3 0.6 0.4 0.1 0.2 9.7 2.8 3.6 0.2 0.8 0.4 0.2
Sh3* (mg/L) 0.0000  0.0040 0.0008 0.0013 0.0000 0.0000 0.0000 0.0000 0.0000 0.0010 0.0001  0.0003 0.0000 0.0000 0.0000  0.0000
Se’” (mg/L) 0.0000 0.0070  0.0027  0.0029  0.0000 0.0030 0.0007 0.0009 0.0000 0.0030 0.0008 0.0012 0.0000 0.0030 0.0011  0.0010
SO4%~ (mg/L) 22.0 120.0 60.3 38.3 26.0 71.0 60.1 13.6 28.1 92.2 57.1 19.4 33.6 59.4 447 7.2
Sr2* (mg/L) 0.2220 19120 0.7113 0.5382 05870 0.8060  0.7452  0.0751 0.3360 1.3300 0.7845  0.3038 0.0010 0.8060 0.6754  0.2415
T. Alk (mg/L) 190.0 480.0 262.9 103.7 138.0 220.0 182.2 22.7 206.0 428.0 282.1 80.4 134.0 220.0 172.6 333
Temp. (°C) 115 16.5 14.1 1.4 9.4 16.1 12.7 2.6 20.1 27.0 24.3 1.9 22.0 34.7 28.1 5.4
T. H (mg/L) 132.0 352.0 240.3 77.2 160.0 260.0 232.6 36.2 154.0 340.0 238.9 55.3 220.0 334.0 256.6 37.9
TDS (mg/L) 189.0 647.0 3195 164.5 215.0 235.0 224.8 6.9 193.0 498.0 314.4 110.3 182.0 204.0 191.8 7.0
Ti%* (mg/L) 0.0070  0.1930 0.0479  0.0745 0.0060 0.0230  0.0102  0.0056  0.0120 0.0180  0.0138  0.0019 0.0020  0.0140  0.0101  0.0031
TI* (mg/L) 0.0000  0.0040 0.0018 0.0014 0.0020 0.0050 0.0030  0.0009 0.0010 0.0040  0.0020  0.0008 0.0000 0.0030  0.0019  0.0010
Turb (NTU) 0.0 200.0 60.7 734 0.0 90.0 17.0 35.9 0.0 247.0 66.5 92.2 0.0 10.0 51 4.5
V2* (mg/L) 0.0000  0.2150 0.0889  0.0711  0.0280 0.1040 0.0846  0.0264  0.0080 0.0380  0.0232  0.0093 0.0010  0.0300  0.0243  0.0083
Zn?* (mg/L) 0.0350 0.1990 0.0901  0.0531 0.0270  0.1440 0.0841 0.0377 0.0180 0.2040 0.0686  0.0633 0.0010 0.0720  0.0415  0.0237
APC 2.73x1  8.67x1 2.08x1 3.68x1 4.00x1 6.00x1 2.52x1 1.85x1 510x1 5.13x1 1.12x1 2.24x1 3.20x10 6.60x1  2.09x1  1.99x1
(Ciﬂl{)lOO 0? 03 0® 0® 0! 0? 0? 0? 0® 0% 0% 0s 2 0® 0® 03

270



JZS-A Volume 25, Issue 2, December 2023

Furthermore, microbiological characteristics in all seasons had a strongly positive (nearly perfectly positive)
correlation (Table: 3). These highly significant positive correlations illustrate that the main sources for
microbiological characteristics in the study area's surface water could be sewage and waste water, disposal
waste and animal feces.
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Figure 2: Correlation plot of the Pearson (r) values among variables for all seasons (summer top left, autumn top right,
winter bottom left, spring bottom right). The r values from —1 to 1 are shown in blue to red (* p<=0.05 ** p<=0.01).

Table 3. Pearson Correlation coefficients (r) between microbiological characteristics for all seasons. ** Correlation is
significant at the 0.01 level (2-tailed).

Seasons Summer Autumn Winter Spring
Summer 1 0.951** 0.996** 0.999**
Autumn 0.951** 1 0.960** 0.961**
Winter 0.996** 0.960** 1 0.997**
Spring 0.999** 0.961** 0.997** 1

Aerobic Plate Count (APC)

Aerobic plate count was used to reflecting overall drinking water quality and the existence of pathogens. APC
is used as a bacterial population indicator in drinking water obtained from diverse sources. In these water
samples, the microbial burden ranged from 4x10%-3.57x10® CFU/100 mL (Table 2). The results revealed that
bacterial contamination was observed in 100% of the water samples with spatiotemporal variability.
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The number of CFUs in the Chagan River water samples in all seasons was statistically significant at the level
of P <0.0001 compared to other water samples collected in other rivers and the lake (Figure 3). There were no
statistically significant differences in the number of CFUs in the water samples from the Zmkan, Sirwan, Zalm,
and Tanjaro Rivers and the lake, which all had detectable levels of CFUs lower than 1.13x10°.
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Figure 1: Seasonal APC variation in rivers and Darbandikhan Lake and using Tukey's multiple comparison tests (***P
0.0001 ****P <0.0001)
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Total coliform (TC)

The results showed that all samples were contaminated by the TC bacterium at various levels (Table 4). All
rivers’ samples in all seasons had >16 MPN/100 mL. In the lake, samples S1, S2, B1, B2, B3, and B5 in the
summer and autumn; S1, S2, B1, B2, and B3 in the winter; and S5 in the autumn had >16 MPN/100 mL, with
the exception of S1 in the winter, which had 16 MPN/100 mL. S5 and B4 in summer, S4 and B4 in autumn,
S5inwinter, and S1 in spring had 9.2 MPN/100 mL. All other samples in all seasons ranged from 2.2 MPN/100
mL to 5.1 MPN/100 mL. Overall, the spring had the lowest contamination, and the autumn had the highest
contamination with TC.

Table 4. Seasonal variation in TC MPN index per 100 mL in the Zmkan, Sirwan, Zalm, Chagan and Tanjaro rivers and

Darbandikhan Lake

Seasons Samples 2.2 5.1 9.2 16 >16
Lake 1 1 2 0 6
Summer .
Rivers 0 0 0 0 15
Lake 1 0 2 0 7
Autumn .
Rivers 0 0 0 0 15
) Lake 3 1 1 1 4
Winter .
Rivers 0 0 0 0 15
. Lake 6 3 1 0 0
Spring .
Rivers 0 0 0 0 15

Fecal coliform (FC)
The results revealed that 96% of the samples were contaminated by FC bacteria. FC was only absent in S3 and
S4 in the winter and S4 and B3 in the spring (Figure 4).
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Figure 4: Seasonal variation in FC in the Zmkan, Sirwan, Zalm, Chagan and Tanjaro rivers and Darbandikhan Lake
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E. coli
E. coli was found in 68% of the water samples collected from the study area, and the other 32% were absent.

51 river samples (out of 60) tested positive, with the exception of Sirwan in the summer, Zalm in the autumn,
and Tanjaro in the spring, which had negative results. 17 of the lake samples were positive, and 23 were
negative. All lake samples were negative in the spring (Figure 5); however, all river and lake samples were
positive in the winter with exception to S3 and S4 due to the rainfall pattern in the study area.
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Figure 5: Seasonal variation in E. coli in the Zmkan, Sirwan, Zalm, Chagan and Tanjaro rivers and Darbandikhan Lake

Coliform contamination of the water implies fecal contamination. The sources of coliforms in the study area
surface water come from sewage, waste water and animal feces (Figure: 6). Sewage and waste waters are
mixed with waterways directly without treatment due to the lack of treatment plants, making the waterways
rich in coliforms (Table 5). Furthermore, domestic and wild animal feces could wash away with rainwater
during the rainy season (mainly November to May) and mixed with surface water (Table 6). Animals are
mainly raised by farmers in open areas and feed on natural grazing and waterways.

Table 5: Typical bacterial concentrations in raw and treated residential wastewater [34]
Treated effluent

Bacterial group Raw sewage (number/liter) (number/liter)
TC 107 -10° 105108
FC/E. coli 105108 105107
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Bacterial pollution
sources in waterways

Figure 6: Simplified bacterial pollution sources in rivers and Darbandikhan Lake. (a) shows residential areas from cities
and towns [35], and (b-e) shows some sources of bacterial contamination in the study area (photos were taken during field
work).

Table 6: Quantity of E. coli bacteria found per gram feces of human and adult animals [36]

Human and animals Numbers/gram

Cow 2x10%

Horse 1.3%10*

Pig 3.2x10°

Sheep 3.2x10°
Chicken 4x106

Dog 3.2x107
Cat 4x107
Human 5x108

The reduction in bacterial concentration in water resources will take time. In natural conditions, total coliforms
require approximately one day to achieve a 50% reduction in concentration, whereas E. coli requires 1.5-3
days (Table 7).
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Table 7: Reduction times for fecal bacteria in surface waters [34]
Time for half reduction in concentration

Bacteria group

(days)
TC 0.9
E. coli 15-3

The findings of this study are mainly consistent with previous research carried out in the study area and other
regions of the world. Some studies reported coliform contamination in the Tanjaro River [27] and
Darbandikhan Lake [25]. Mohammed et al. (2020) investigated the prevalence of diarrhea in drinking water
in Darbandikhan city. They concluded that tap water in Darbandikhan City that came from the Darbandikhan
Lake had coliforms even after chlorination. They illustrated that 14 samples (out of 36 samples) had total
coliform, seven samples had fecal coliform, and two samples had E. coli. Both above studies stated sewage,
waste water and garbage as a contamination source. Also, downstream of the dam coliforms were recorded
due to untreated waste water, discharge from sewage treatment plants and agricultural activities. Coliforms
were recorded in the Diyala River during the winter [24], at the Al-Azizziyah site in the Tigris River [26] and
Tigris River near the water purification stations within Baghdad Province [23]. Coliforms were recorded in the
Southern Gulf of Lake Tana [22], in Mariout lake in Egypt [37], Ecuador’s main rivers due to untreated sewage,
animal wastes and population activities [38].

Previous research has conclusively shown that rainy seasons increase the number of coliforms in surface water.
The highest value of E. coli (13.5 cfu/100 ml) was recorded in the eastern Himalayan state of Sikkim in the
rainy season [20]. According to [21] 15 mm of rainfall in 24-h would increase E. coli three times compare
before rainfall event and [2] mainly stated the same results.

Bacterial contamination in water can be harmful to human health. High TC and FC concentrations in water
typically cause gastroenteritis, dysentery, diarrhea, viral hepatitis, and in rare cases, fever and other secondary
problems. Bathing and swimming in surface waterways are very popular among local people [11 & 39], posing
them at great risk of the above-mentioned infections.

E. coli is essential for digestion, nutritional absorption, and vitamin K and B synthesis. E. coli could thrive
with or without oxygen because of its capacity to use carbohydrates as a source of energy. Despite being
mutualistic with its host, many E. coli strains are harmful and can cause diseases such as urinary tract
infections, sepsis or meningitis, and enteric or diarrheal disorders in immunocompromised individuals [17]
and [40]. They may also cause nausea, headaches, and other side effects. Infants, young children, some of the
elderly, and people with extremely weakened immune systems may be more vulnerable than the general
population [1, 5, 15 & 41-43].

Regarding the study area [25] found that 161 diarrhea cases occurred in Darbandikhan city in July and August
of 2019. fifty-three diarrheal cases (32.92%) among residents who used tap water (Darbandikhan Lake water
after chlorination), and 47.83% of diarrheal conditions occurred among children. Similarly, [27] stated that the
Tanjaro River pollution has an impact on people's quality of life by greatly increasing their likelihood of
developing a variety of health issues, including kidney, respiratory, digestive, neurological, congenital, and
intestinal issues, which are the most typical illnesses associated with such residents due to coliform bacteria.
In other regions, [18] confirmed the connection between the prevalence of gastrointestinal disorders and the
bacterial pollution of the Atoyac River. Typhoid, dysentery, vomiting, and other waterborne diseases are
widespread in Bangladesh, and the emergence of antibiotic resistance among coliform bacteria through
drinking water exacerbates the problem [19]. These problems would arise in the study area if the drinking
water were contaminated with coliforms or if inhabitants and tourists drank directly from rivers such as the
Sirwan and Zalm.
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River bacterial pollution share ratio

The proportion of bacterial contamination in the rivers varied in both spatial and temporal dimensions. The
Chagan River, Tanjaro River, Sirwan River, Zmkan River and Zalm River took first to fifth place in bacterial
pollution share ratio on an annual average. While the Sirwan River, Tanjaro River, Zmkan River, Zalm River
and Chagan River ranked from one to five in discharge amount, respectively. Tanjaro and Sirwan in the autumn
had their highest pollution share ratios at 43.22% and 44.1%, respectively; Chagan in the summer had the
highest at 88.4%; and Zalm and Zmkan in the winter had their highest at 3.37% and 11.05%, respectively
(Figure: 7). In contrast, Tanjaro, Sirwan, and Zmkan in the summer had their lowest pollution share ratios at
6.81%, 4.13%, and 0.39%, respectively, and Chagan and Zalm had their lowest at 10.23% and 0.05%,
respectively. These fluctuations in the bacterial pollution sharing ratio of rivers were mostly influenced by
seasonal APC findings and discharge.

100%
90%
80%
70%
60% ® Tanjaro River
. ® Chagan River
? B Zalm River
0 B Sirwan R?VGI‘
B Zmkan River
30%
20%
10%
0%

Summer Autumn Winter Spring Average

Figure 7: Seasonal and annual bacterial pollution share ratios of the Zmkan, Sirwan, Zalm, Chagan, and Tanjaro rivers
in the study area. Based on the seasonal river's APC results and discharge, the ratios were calculated.

Beside the river’s discharge amount, the number of populations and their activities, the absence of water
treatment facilities, the existence of landfills, and livestock farming are among the factors influencing this
spatiotemporal heterogeneity in this bacterial pollution share ratios (Figure 6). In total, the study area has about
2.45 million inhabitants (Table: 8). The Sirwan River watershed has the highest population with 1134260
(46.41%) inhabitants, and the Zmkan watershed has the lowest population with 36332 (1.48%). This
population engages in a wide range of activities, some of which directly affect the water quality of the rivers,
including using river waters for daily consumption, mixing disposal waste, swage, and waste waters into rivers,
and raising livestock around waterways.
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Table 8: population distribution by watersheds in the study area [44] and [45]

Watershed Population %
Tanjaro River 1049919 42.96
Chagan River 107311 4.39

Zalm River 116215 4.76
Sirwan River 1134260 46.41
Zmkan River 36332 1.48

Sum 2444037 100

It can be noted that the highest pollution share, like the highest APC values recorded in rainy seasons, with the
exception of the Chagan River, was recorded in the summer, when its discharge was 100% sewage water. This
result is mainly consistent with [46], which stated that during high river discharge, higher microbial
concentrations were found, whereas during low river discharge, both low and high microbial concentrations
were found. Rainstorms increase water flows and river discharge, and these will lower the quality of the water.
This may result in faster transmission of fecal pathogens from the source of contamination to abstraction sites.
Under normal discharge conditions, water's self-purification happens through sedimentation, dilution, sunlight
inactivation, predation, and starvation. Though self-purification becomes far less sufficient under high river
discharge conditions [33].

Conclusions

Significant spatiotemporal variations in microbial pollution in Darbandikhan Lake and its tributaries were
evident at different levels of concentration. The Chagan River, Tanjaro River, Sirwan River, Zmkan River and
Zalm River took first to fifth place in bacterial pollution share ratio on an annual average. The sources of this
pollution could be linked to the population and their activities, untreated sewage and waste water, disposal
waste, and livestock farming in the study area. The highest concentrations of bacterial pollution in the rivers
were recorded in the rainy seasons. It is well known that these contaminating bacteria have the potential to
cause a wide range of waterborne diseases. The findings reported here raise a great public health concern as
the Darbandikhan Lake and some of its tributaries are drinking water sources for the surrounding cities. This
necessitates immediate action by the government and health policymakers to control the contamination issue
in these waters and further mitigate the risks.
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