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Abstract

This study was performed in the Tigris River water as it passed through Wasit province at the
rate of five stations extending along the river, (Al-Sowarah, Al-Nu'maniyah, Al-Kut before
Al-Kut Dam, after leaving Al-Kut city and Sheikh Saad), to evaluate the environmental
quality of Tigris River water. Samples were collecting monthly, two samples were taken each
month, and for a period of one complete year starting from the January 2016 - December
2016.

The study included measuring some of the Physical, Chemical and Bacteriological Factors.
The results of this study showed significant monthly changes in the values of all studied
factors. The parameters values of current study showed that the water temperature values
ranged from 9-29 °C and the values of turbidity ranged between 8-55 NTU, electrical
conductivity ranged between 749-1352 ps/cm with Salinity 0.479-0.865 ppt, total dissolved
solid 499 — 960 mg/l, total suspended solid values ranging from 12-190 mg/I. It was found that
the water of the Tigris River is slightly alkalinity, with pH ranged between 7-8.1. The monthly
concentrations of dissolved oxygen (DO) ranged from 6.2 - 12 mg / |, BOD ranged between
0.8 - 6.4 mg / |, total alkalinity ranged between 120-230 mg CaCOs/I, total hardness ranged
between 284-520 mg/L, while the concentrations of calcium and magnesium were 71-189, 36-
97.4 mg/l respectively, chlorides values varied from 90-151 mg/l, the sulphate values ranged
between 185- 410 mg/l. Nitrate values varied from 0.6 -6.7 mg/l and the phosphate values
ranged between 0.08-1 mg/l. Tigris River can be considered adequate for civilian uses
according to WHO and Iraqi Quality Assurance System after adequate treatment in filtration

and sterilization stations.

Introduction consumption, but the problem is that the

water is not distributed evenly on the

The interest in water resources and the surface of the earth on the one hand, and

preservation of the quality of their water, that the rivers come from natural sources,

and the deserts of living is important and . .
making them can increase and decrease on

vital to ensure domestic and other services the other hand. As well as the passage of

such as irrigation, industry, agriculture, .
many rivers away from Human settlements

transport and power generation. The world's or land not suitable for agriculture as in the

freshwater resources are sufficient if Amazon River and the rivers of Cybria (1).

measured b the average current . ) .
y g As well as, many rivers with variable
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drainage throughout the year may be
flooded in wet seasons as water is less
needed and dry in dry seasons as the need
for water increases (1). Rivers are one of
the most important water sources, on its
banks, civilizations, cities and industries are
built. Water has the ability to purify itself
from impurities by helping environmental
factors with this process of self-purification
if pollutants are within the water source's
ability to tolerate and treat them (2). In
other words, a certain volume of running
water can carry a limited amount and a
certain amount of pollutants (3). Here lies
the most serious problem for the Tigris and
Euphrates Rivers, on the one hand, the
water level in the two rivers decreases year
after year due to drought and rain. As well
by
neighboring countries on the other hand,

as increased investment waters
increased the amount of pollutants involved
in them as a result of industry and
agriculture that depend on irrigating land
and the use of pesticides, fertilizers, poor
sanitation and garbage collection methods.
Where he received the major rivers in Irag,
more than 400 million m® years of waste
materials. In Mosul alone, the amount of
liquid jetsam from the cities estimated to
reach the Tigris River about (6598) m® / h
of effluent crude (4). One of the most
common environmental pollution is fecal
pollution, especially what occurs in river

water in rural areas where fecal waste is
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reached. As clear for it in a more in
developing countries, can easily isolate the
bacteria of the colon and the possibility of
led

recommend the use of these bacteria as

preparation many  researchers

evidence of water pollution account (5).
The aims of this research:-

Study the physical and chemical properties
of Tigris River water and estimating the
volume of microbic pollution of the river
water through estimating the microbic
indications represented by the total number
of aerobic bacteria and the total coliform
and the total fecal coliform in the district of

study.

Materials and Methods

Study area

The current study included Tigris River,
one of Irag's main rivers, and one of the
longest rivers in the world. Its total length is
1,900 km, 20% of it in Turkey, 78% of it in
Irag, and only 2% is located along the
northeastern corner of Syria and meets the
Euphrates River in Qurna to form the Shatt
al-Arab (6). Length inside Irag, 1350 km,
and the river is 39 in length (7). The width
between 350-120

meters, while the depth of the water ranges

of the Tigris River

from to 5 - 2 meters during discharge the
low. A number of dams have been built on
the Tigris River to prevent flooding. These

dams are Mosul dam, Samarra dam and Kut



Wasit Journal for Science & Medicine

2017: 10(2): (52-71)

dam. There are also power plants as well as
agricultural uses (8). The width of the river
and its depth depend on the discharge of
seasonal water. Many agricultural areas are

located on either side of the river (9).

Five stations were chosen along the Tigris
River to achieve this study. The first station

was at Al-Sowarah, the second station was

at Al-Nu'maniyah, the third station was at
Al-Kut before the Al-Kut Dam, the forth
station was at after leaving Al-Kut city and
the five station was at Sheikh Saad), (Fig.
1).

Wassit

Coordinate System
WGS_1984_UTM_Zone_38N

Figure (1): Tigris River in Wasit province with the sampling location.

Map Scale1/100000.
Sample collection

Sampling of physical, chemical and
biological variables was performed from
the five stations, according to monthly basis
from January 2016 till December 2016, to
represent all seasons. Sampling usually

started at 9 am and completed at S5pm.

Water temperature was measured in the
field with a mercury thermometer (0-50 °C)
graduated up to 0.1 intervals, at the depth of

20cm. Electrical conductivity and pH value
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were measured directly in the field by using
portable pH-meter model (WTW pH. 720).
Turbidity level by using turbidity-meter.
Other parameters like total suspended solids
(TSS), total dissolved solids (TDS), total
alkalinity, total hardness, calcium (Ca+2),
(Mg+2), (Cl-),
Phosphate (PO4), Nitrate (NO-3), were
determined following standard methods
(APHA, 2005). Total hardness and calcium
were estimated using EDTA titrimetry.
and BOD5 were

magnesium chlorides

Dissolved  oxygen
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determined using Winkler’s method. Nitrate
measured by UV- spectrophotometer at a
wavelength of 220nm, while sulphate
determined by using UV-spectrophotometer
at a wavelength of 420nm. Phosphate was
determined by spectrophotometer at
wavelength of 860nm. Total Bacterial
Count (TBC), Total Coliform (TC), Thermo
tolerant (Fecal) Coliform Bacteria (FC) and
Fecal Streptococci (FS) were determined

according to (10).
Results and Discussion

Physio-chemical characteristics

Table (1): The range and Mean *

Water temperature values were varied from
highest value (30°C) at station 4 in August
2016 and the lowest value (9°C) at station 3
in January 2016 Table (1 and 3a). The
statistical analysis showed that there was a
significant difference in water temperature
among months, while no significant
differences appeared between stations in the
same season Table (1). We can observe the
variation of water temperature through this
study. The fluctuations of  water
temperature between seasons were due to

seasonal climate changes (11).

SD for the studied physical and chemical

characteristics in water of Tigris River in study area

Stati Station.1 Station.2 Station. 3 Station.4 Station.5

Parameters

Water 10-29 10-29 9-29 10-30 10-29

Temperature ('C) 20.061 £ 6.169 20.117 £6.216 20.017 £6.203 20.311 £6.149 20.072 £6.148
a a a a A

E.C. (uS/cm) 8751330 870 — 1336 749 — 1225 876 — 1342 855 — 1290
1087 +106.7 1086.9 + 107.3 1016.8+ 113.7 1091.1 + 108.5 1064.1 + 111.6
a a c a B

Salinity (ppt) 0.560 — 0.851 0.556 — 0.855 0.479-0.784 0.560 —0.858 0.547 - 0.825
0.6953 +0.116 0.6953 +0.117 0.6508+ 0.104 0.6977 +0.118 0.6760 + 0.106
a a c a B

TDS (mg/L) 583 — 886 580 - 890 499 — 820 584 — 894 570 - 860
7245+ 71.10 7247 +71.34 678.8 + 74.94 727.6+£72.10 705.9 +74.33
a a c a B

Turbidity (NTU) 19-51 20-53 8-37 21-55 9-39
34.19 £ 8.406 34.78 £ 8.482 21.69 £5.903 35.67 £ 8.838 22.72 £6.236
a a b a B

TSS (mg/L) 20 - 182 20175 12 - 151 18— 190 12 — 150
60.75 + 46 61.44 +47.11 39.33+41.66 62.78 + 50.55 39.36 +40.88
b ab c a C

pH 71-77 71-7.7 7.3-8.1 7-1.7 7.28-8
7.455+0.193 7.448 £ 0.190 7.675+0.225 7.435 £ 0.205 7.660 £ 0.219
b b a b A

D.O (mg/L) 7-10 6.4-10 75-12 6.2-99 75-11.6
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7.998 + 0.903 7.942 +0.870 9.001+ 1.127 7.785+0.818 8.849 + 1.067
b b a c A

BOD (mg/L) 19-55 24 -6.3 0.8-2.9 26-6.4 1-3
2.919 +1.058 3.496 + 1.109 1.691 +0.439 3.638 £ 1.059 1.753 +0.420
c b d a D

Alk (mg/L) 130 - 229 130 - 229 120 - 190 131-230 121 - 188
178.61 + 26 .46 179.78 + 27.48 156.83+ 20.73 180.25 +27.86 157.86 +20.90
b ab c a C

T.H. (mg/L) 310-510 310- 515 284 — 441 315-520 312 - 488
378.56 + 62.52 379.31 +62.56 327.25+49.29 382.25 +62.99 357.56 + 55.78
a a c a B

Ca"™ (mg/L) 79-184 80 - 187 71-155 79-188 75-171
117.78 + 34.46 117.89 + 34.49 94.08 + 24.21 118.50 + 34.96 107 £ 31.77
a a c a B

Mg*™ (mg/L) 50-92 50-95 36-74 51-974 47 -87
64.61+13.11 64.75 + 13.09 50.86 + 12.57 66.36 + 13.69 59.22 +12.48
b b d a C

CI'(mg/L) 117 - 147 120- 147 90 -125 122-151 92- 126
132.78 + 6.64 133.03+7.08 111.75 + 8.59 134 +6.75 112.56 + 8.68
b ab C a Cc

SO, (mg/L) 240 - 406 237 -408 185385 250 -410 215-399
317.67 £ 45.56 318.06+ 46.42 286.11 + 44.07 319.89 £45.18 302.53 £ 49.88
a a c a B

NO; (mg/L) 11-6.2 1.3-6.3 0.6-6 14-6.7 09-6.3
3.349 +1.581 3.408 + 1.586 3.225+1.768 3.519 £ 1.579 3.306 + 1.605
b b d a C

PO, (mg/L) 0.2-0.88 0.24-0.9 0.08 -0.58 02-1 0.1-0.55
0.4531 £0.211 0.4547 £0.217 0.2483 £ 0.135 0.4639 + 0.226 0.2575 £ 0.133
a a b a B

The range of conductivity with salinity in
water samples were ranging between 749-
1342 pS/cm and 0479 -0.858 ppt
respectively Table (1 and 3a). The EC and
salinity had higher values in January 2016
at station 4, while the lower values recorded
during March 2016 at station 3, this may be
due to the products of decomposition and
mineralization of organic materials (12).
Also the occurrence of high salinity and EC

values in surface water in the winter season
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due to the rain fall and increasing of water
level and river discharge, soil wash and the
addition of the salts through the agriculture,
urbanization, and industrial activities,
which helps to increase the amount of
dissolved salts in water this is consistent

with (13,14).

The statistical analysis indicated a
substantial difference among months for
E.C., and salinity at (P<0.05) Table (1). The

salinity results were within the range of
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freshwater salinity that ranged from 0 to
3.5%o (15).

pH values of water samples have ranged
from 7.0 — 8.1, the highest value was 8.1 in
station 3 during August 2016, while the
lowest value was 7 in station 4 during
December 2016 Table (1 and 3b). The
statistical analysis showed a significant
differences among months for pH at (P<0.
05) and the significant differences between
stations at (P<0.05) Table (1). pH value for
all water samples tended to be higher in
summer months and lower in winter
months. The pH value tended to side
alkaline during the study and for all sites.
Since water is the alkaline of nature, it
plays a major role in regulating natural pH

change (11).

Mean values of TDS were recorded in the
Tigris River (499-894 mg/L). In general the
highest value of TDS was in January 2016
at stations 4, while the lowest values were
during March 2016 at stations 3 Table (1
and 3a). The high value of TDS recorded
during winter season months period could
be related to increase in the load of soluble
increase in the urban and

salts, mud,

fertilizer runoff, untreated wastewater,
septic effluent, decaying plants, animals
and erosion of riverbanks. Lower value of
TDS recorded in spring season months
period might be due to dilution factor and

sedimentation of suspended solids and slow
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decomposition rate during the spring period
(16, 17). The statistical analysis showed a
significant difference among months at
(P<0.05) and the significant differences
(P<0.05) between stations except station 1,

2 with 4 Table (1).

The values of turbidity were found to range
from 8-55 NTU in Tigris River. However,
higher values were recorded in January
2016 at stations 4, while the lowest value of
turbidity was recorded in April 2016 at
station 3 (Table 1). Surface runoffs and
domestic wastewater that may lead to the
increased turbidity, and increased water
levels and high water flow in winter will
affect precipitation of suspended solids
(18). The statistical analysis showed a
significant differences among months at
(P<0.05), as well as there were significant
differences between stations except station
1, 2 with 4 and station 3 with 5 Table (1).

The present study results showed that the
TSS concentrations varied between 12-190
mg/L in Tigris River. The mean TSS
recorded higher values at station 4 in
January 2016 and the lower value at station
3 and station 5 in April 2016 Table (1 and
3a). The TSS values were increased in
winter due to increase in water level, soil
erosion and rainfall, as well as, other
matters such as algae, organic matter and
untreated wastewater discharges (19). The
statistical showed

analysis significant
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differences among months at (P<0.05), and
there were significant differences between
stations except stations 4 with 2, stations 1
with 2 and stations 3 with 5 Table (1).

Tigris River stations showed variation in
dissolved oxygen value Table (1 and 3b).
The minimum value was 6.2 mg/L in
station 4 during August 2016, and the
maximum value of 12 mg/L in station 3
during January 2016. The concentration of
dissolved oxygen in Tigris River rise in
winter this may be due to the increasing of
aeration due of the rainfall, in addition to
the decrease of temperature in winter which
the solubility  (20).
Decrease in the dissolved oxygen content

increase oxygen
during summer season could also be
attributed to increase in temperature which
will causes a decrease in the concentration
of dissolved oxygen, photosynthesis and
aquatic organisms respiration also play an
important role with fluctuations of
dissolved oxygen concentration in water
because self-purification occurs when the
decomposing organisms use the dissolved
oxygen to degrade the organic matter (21,

22).

The BODs concentration values of water
samples are shown in Table (1 and 3b). The
lowest value was 0.8 mg/L in April 2016
recorded at station 3, whereas the highest
value was 6.4 mg/L in December 2016

recorded at station 4. The statistical analysis
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showed a significant differences among
(P<0.05),
significant differences between stations
except stations 3 with 5 Table (1). The high

months at and there were

BODs value was during autumn and winter
and that could probably linked to the level
of organic matter load from sewage,

industrial or urban discharges (23).

The range of alkalinity values was 120 to
230.6 mg/L Table (1 and 3b). The
minimum value of alkalinity (120 mg/L)
was recorded at station 3 during December
2016, while the maximum value (230
mg/L) was found in station 4 during August
2016. The study results showed that the
river water was a light alkaline and this is
indicated by previous studies as the
alkalinity recipe is common in Iragi water
to provide bicarbonates salts in water (24).
High high

concentrations of alkalinity and

temperatures can  cause
total
increased rates of decomposition of organic
materials and then turning increase calcium

carbonate to bicarbonate (25).

The current work has shown that the
highest value of total hardness was 520
mg/l in December 2016 at station 4, while
the lowest value was 284 mg/l in August
2016 at station 3 (1 and 3b). The statistical
analysis showed a significant differences
among months at (P<0.05), and there were
significant differences between stations

except station 2 with 4, station 1 with 2 and
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station 3 with 5 Table (1). The soil erosion
towards the nearby waters of which lead to
higher concentrations of hardness in the
water, and the nature of the soil that adds

concentration of calcium and magnesium
ions (26, 27).

The obtained calcium ion data showed that
the maximum value was recorded in
December 2016 at station 4 which was 188
mg/L while the minimum value was found
in August 2016 at station 3 which was 71
mg/L Table (1 and 3b). The results showed
that there is an increase in calcium values
during the winter. This increasing in winter
might be due to the rainfalls that bring salts
including calcium, also the decrease of
temperature helps in CO? increasing in the
water and forming carbonic acid that helps
in dissolution the salts of calcium and
magnesium (28).

The highest value for Mg** was 97.4 mg/I
during December 2016 at station 4, while
the lowest value was 36 mg/l in August
2016 at station 3 Table (1 and 3c).

The highest concentration of calcium ion
on magnesium values may be due to the
fact that the reaction of carbon dioxide with
calcium is greater and stronger than its
interaction with magnesium. Consequently,
larger amounts of calcium are converted
into dissolved bicarbonate, or it may be due
to a high proportion of soluble sulfate,
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which may work on the deposition of

magnesium sulfate in the form of (29).

The current results found that the highest
value for chloride ions was 151mg/l in the
December 2016 at station 4, while the
lowest value was 90 mg/l in the May 2016
at station 3 Table (1 and 3c). The increase
of CI" value in station 1, 2 and 3 indicates to
pollution by sewage in the water of Tigris
River due to the discharged untreated
sewage from the city enriched with organic
matter in the river (30). Many researchers
have reported that rainfall adds chloride
directly. In Tigris River the CI" ion was
within the permissible limit for Iragi, WHO

and American standards for river water.

Concentration of sulphate in the Tigris
River water ranging from 185 to 410 mg/L.
The sulphate levels increased during
December 2016 at station 4 and decreasing
during March 2016 at station 3 Table (1 and
3c). The increase in sulphate value in the
winter and decrease in spring generally due
to the discharge of the domestic sewage
and agricultural runoff, these ions can
produced from decompositions of organic
matters or using chemical fertilizers in
agriculture (31). Higher concentrations of
sulphate ions in Iraqi water are common in
the south part of Iraq because of ground

water effect (24).

The nitrate concentrations range between
0.6 — 6.7 mg/L in Tigris River Table (1 and
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3c). The minimum value of nitrate (0.6
mg/L) was recorded at station 3 during
March 2016, while the maximum value (6.7
mg/L) was found in station 4 November
2016.

The statistical analysis revealed significant
differences (P<0.05) in NO3 among months
and there were significant differences
between stations except station 1 with 2
Table (1). High nitrate level in the Tigris
River during autumn and winter is due to
the rainfall and fertilizer runoff as well as
bacterial activity which convert nitrite to
nitrate and the decomposition of organic
compounds, but the decreasing of nitrate in
spring may be due to the dilution factor and
consumption of nitrate by phytoplankton
growth and reduction of nitrate to nitrite in
the bottom (32). Increase in nitrate content
in station 4 could be related to the impact of
Al-Kut city on the river by untreated
sewage. The banks of Tigris River are
certainly with high density of agricultural
areas, the nitrogen fertilizers raised with
high percentage as a result of increased
agricultural activity, in addition to the

sewage and industrial discharge in the area
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be

concentrations of nitrates (33).

that might the cause of high

The phosphate values in present study
ranged between 0.08-1 mg/l in the Tigris
River Table (1 and 3c). The minimum value
was 0.08 mg/L in station 3 during April
2016, and the maximum value of 1 mg/L in
station 4 during December 2016. The
statistical analysis showed a significant
differences among months at (P<0.05) and
significant differences among stations
except station 1, 2 with 4 and station 3 with
5 Table (1). Increasing levels of PO, in
Tigris River may be due to high
concentration of detergents in sewage, in
addition to the high density of agricultural
areas, the phosphate fertilizers raised with
high percentage as a result of increased
agricultural activity that might be the cause

of high concentrations of phosphate.
Bacteriological characteristics

The total bacterial in this study ranged
between (185 - 35000) CFU/1ml Table (2
and 4). The maximum value was 35000
CFU/1ml in station 4 during January 2016,
and the minimum value was 185 CFU/1ml
2016.

in station 5 during August
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Table (2): The range and Mean + SD for the studied Bacteriological characteristics in

water of Tigris River in study area

Stations
Station.1 Station.2 Station. 3 Station.4 .
Parameters Station.5
. 700 — 29000 1100 - 32000 200-18000 1150-35000 185-16000
Total Bacterial Count
5916 + 8455 8400 + 9839 3648 + 5657 9129 + 10746 3426 + 5191
(CFU/1mI)
c b d a D
) 2300-65000 3200 -108000 840-9500 3400-110000 800-9000
Total Coliform
25708 + 19508 46053 + 32610 | 4823 +2886.8 48758 + 34598 4491 + 2722
(CFU /100ml)
c b d a D
) 3000 - 77000 8100-109000 1160-9900 8300-114000 1000-9500
Faecal Coliform
25231 + 21395 44539 + 31273 | 4621+ 3044.9 47828 + 32681 4281 + 2995.2
(CFU /100ml) b c
a c a

High number of TBC in Tigris River was
recorded during autumn and winter ,which
might be the consequence of the high level
of suspended solid and nutrients in the
drainage water which affected the survival
of aquatic microflora (34), also it may be
because the high numbers of bacterial level
of the Tigris River due to receiving the
large amounts of sewage especially in Al-
Kut city, as well as increase the
agricultural activities have led to increase
bacteria number in the waters of the river
(35). On the other hand, low number of
bacteria during spring and summer may be
due to flooding period, which dilutes the
organic matter which used as food for the
bacteria, as well as high temperature which
cause the elimination of large number of

bacteria (36).

Total Coliform in this study varied between
(800 - 110000) CFU/100 ml, current results
revealed a high value of T.C recorded in

January 2016 at station 4, while the lowest
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value of T.C was recorded in August 2016
at station 5 Table (2 and 4). The statistical
analysis revealed significant differences
(P<0.05)
significant differences between stations
except station 3 with 5 Table (2). The

in T.C between months and

increase in numbers of T.C in station 2 and
4 may be due to the effluent discharged
enriched with organic matter from the city

which

leads to increase them. Also, this may be
due to the increase in concentrations of
nutrients as nitrogen and phosphorus from
domestic sewage and pollution sources on
the riverbanks these result us agree with
(37).

Faecal Coliform had ranged between 1000
— 114000 CFU/100 ml in the Tigris River
Table (2 and 4). The maximum value of F.C
was recorded in January 2016 at station 4,
while the minimum value of T.C was
founded in April 2016 at station 5. The
statistical revealed

analysis significant
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differences (P<0.05) in F.C between
months and significant differences between
stations except station 2 with 4 and station 3
with 5 Table (2). The increase in numbers
of FC in station 2 and4 may be due to the
continuous subtraction of untreated sewage
in the Tigris River from the city. Increase of
faecal coliform numbers in water during the

winter season to higher survival and growth

at suitable temperature (38). Also the
reason may be behind might be due to the
high rates of turbidity during winter season.
High concentrations of calcium and
magnesium. Will play the high levels of
turbidity role in providing shelter and
protection to the bacteria and facilitate their
movement through distribution systems
(39).

Table (3a): Monthly averages of all water variables examined during study periods

Parameters

Water Temperature ('C) E.C. (uS/cm)

Months Stl St.2 St.3 St4 St.5 Stl St.2 St.3 St4 St5
January 10 10 9.6 10.3 10 1276 1276 1195 1279 1264
February 10.6 10.6 10.3 10.6 10.3 1165 1165 1032 1070 1164
March 16 16 15.3 16.3 15.3 928 927 813 933 913
April 21 21 20 21.3 20.3 974 974 813 933 913
May 23 23 22 23 22 1033 1034 956 1039 990
June 26 26 25.6 26 25.6 1003 1000 964 1005 987
July 26 26.3 25.6 26.6 25.6 1075 1070 1013 1080 1050
August 28 28 27.6 28.3 27.6 1065 1060 988 1068 1052
September 24.6 24.6 24.6 25 24.6 1069 1075 1020 1078 1070
October 21.3 21.6 3.21 21.6 21 1054 1054 1005 1061 1039
November 20 20 19.3 0.66 19.6 1170 1169 1127 1172 1168
December 11.6 11.6 11.3 12.3 11.3 1230 1230 1190 1230 1233

LSD 0.335 19.97

Parameters
TDS (mg/L)

Salinity (ppt)

Months St.1 St.2 St.3 St.4

St.5 St.l St.2 St.3 St4 St.5

January 850.3 | 850.7 798 852.7

842 0.816 0.816 0.764 | 0.818 | 0.808

February 776.3 | 776.3 695 780

776.3 | 0.745 0.745 0.666 | 0.748 | 0.744

March 618.3 619 542 622.3

608.3 | 0.593 0.592 0.520 | 0.596 | 0.584

April 649.3 650 600 652.3 639 0.622 0.623 0.575 | 0.625 | 0.613
May 688.3 | 689.3 638 693 660.3 | 0.661 0.661 0.611 | 0.664 | 0.633
June 669 668.3 644 670 658 0.641 0.641 0.616 | 0.641 | 0.631
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July 717 715 676 721.3 700 0.687 0.685 0.648 | 0.690 | 0.671
August 710 709 660 711 701.7 | 0.681 0.680 0.632 | 0.681 | 0.673
September | 712.3 | 716.3 680 718.7 713 0.684 0.687 0.652 | 0.690 | 0.672
October 702.7 703 669 707.3 692 0.674 0.674 0.642 | 0.679 | 0.664
November 780 779 751 782.7 | 778.7 | 0.748 0.747 0.721 | 0.750 | 0.747
December 820.3 | 820.3 792 819.7 | 821.7 | 0.786 0.787 0.761 | 0.786 | 0.788

LSD 12.99 0.012

Parameters Turbidity (NTU) TSS (mg/L)

Months St.l St.2 St.3 St4 St.5 Stl St.2 St.3 St4 St.5
January 49.6 50 32.33 53 34.3 172 172 146 185 145
February 42 43 27 45 27.6 115.6 120 73 122 70

March 30.6 313 16 32 16.6 33 36 14.33 36 17

April 20.6 21 9 22.3 9.67 21.6 20 14 20 14

May 29.6 30.6 21 32.3 21.6 37 34 15 30 15
June 39.3 40 216 | 403 22.6 47 48.6 24 48.6 22
July 29 30 20 29 21 38 33 22 32 28

August 26 26 19 27 20 42 41 21 41.3 21

September 40.3 40.6 25.6 42 27 30 28.6 13.6 29.3 13

October 27.3 27.6 22 28 24 38.6 46 16 47 14.3

November 35.3 36 21 36 22 37 36 17 37 18
December | 40.3 41 25.6 41 26 117 122 96 125 95

LSD 1.188 1.957

Table (3b): Monthly averages of all water variables examined during study periods

Parameters pH DO (mg/L)

Months St.l St.2 St.3 St4 St.5 St.l St.2 St.3 St4 St.5
January 7.14 7.13 7.35 7.06 7.37 9.9 9.86 11.50 9.52 11.30
February 7.39 7.37 7.56 7.36 7.53 8.80 8.76 9.96 8.50 9.66

March 7.49 7.48 7.63 7.46 7.6 7.66 7.53 9.10 7.36 8.93

April 7.54 7.52 7.70 7.51 7.69 7.93 7.83 9.30 7.76 9.13
May 7.56 7.56 7.80 7.56 7.79 7.76 7.63 8.60 7.46 8.50
June 7.65 7.64 7.90 7.63 7.87 7.53 7.50 8.96 7.40 8.83
July 7.68 7.67 7.96 7.66 7.98 7.16 7.16 7.70 7.10 7.63
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August 773 | 7.71 8.06 | 7.71 | 8.00 6.73 6.70 7.66 6.53 7.63
September | 7.44 | 7.45 768 | 742 | 7.68 7.60 7.50 8.09 7.43 8.08
October 7.36 7.36 7.58 7.36 7.57 7.72 7.70 8.32 7.62 8.00
November | 7.33 | 7.36 752 | 7.38 | 751 8.21 8.16 8.69 8.03 8.53
December 7.12 7.11 7.32 7.06 7.31 8.93 8.93 10.10 8.66 9.93
LSD 0.020 0.1660
BOD (mg/L) Alk. (mg/L)
Parameters
St.l St.2 St.3 St4 St.5 St.l St.2 St.3 St4 St.5
Months
January 4.1 4.8 1.9 4.9 2.0 152 151 135 151 135.3
February 3.8 4.33 1.8 4.4 1.83 157.3 160 140 158 140.6
March 2.43 2.9 1.6 3.0 1.6 169 167.3 147 168 147.6
April 2.0 24 1.0 2.7 11 167.3 168.6 147 170 145
May 2.1 25 14 2.8 1.53 185 186.6 161 186 163
June 25 3.2 1.53 3.3 1.56 197.6 201 170 203 172
July 21 2.66 16 2.7 1.7 213.6 218.3 185 217 185.6
August 2.0 2.8 1.3 3.0 14 225.6 227 185 230 186
September 2.2 2.78 1.58 3.04 1.6 201 200 185 202 186
October 2.6 3.06 1.8 3.11 1.8 179 182 159 183 162
November | 4.06 4.86 1.96 5.0 8.53 160 162 145 162 146
December 5.13 5.63 2.8 5.7 2.8 134 132 121 133 123
LSD 0.1199 1.323
Parameters ++
T.H. (mg/L) Ca™" (mg/L)
Months
St.l St.2 St.3 St4 St.5 St.l St.2 St.3 St4 St.5
January 463 | 465.6 387 466 404 150.3 151 109 154 118
February 381 385 307 382 350 140 142 100 140.6 124
March 332 333 290 338 309 108 108.6 84 109.6 95
April 350 353 300 355 333 97 98 80 99 87
May 333 330 293 335 311 92 92 79 92.3 84
June 319 318 295 322 313 89 88 76 90 86
July 344 343 297 347 332 88 86.6 73 89 82.3
August 310 315 288 320 304 79.3 81.6 71 83.3 76.6
September | 361 | 361.6 313 362 358 89 88 76 90 86
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October 379 380 322 378 352 126.6 126 101 127 106
November | 463 460 398 469 439 173 172 133 175 169
December 505 506 437 512 485 180.3 180 147 184 170

LSD 4.116 1.476

Table (3c): Monthly averages of all water variables examined during study periods

Parameters

Mg™" (mg/L) CI (mg/L)
Months St.l St.2 St.3 St4 St.5 St.l St.2 St.3 St4 St.5
January 69.6 70 62 72 65 136 137 117 139 119
February 69 70 58 69.3 65 136 134.3 113 135 116
March 53 53.3 42 55.6 47 132 132 104 133 103
April 53 54.6 39 55 46 127 128.3 98 127 100
May 51.6 52 36.6 53.3 49 123 124.3 99 125 101
June 51.6 51.3 38.3 52 50 128 128 108 29 110
July 60.6 59.6 39.6 60.6 52 129 130 113 133 116
August 50 50.3 38 52 48 132 132.6 109 134 111
September 76 75 59 80 68 127 127 113 132 116

October 68 68 55.6 | 68.3 | 59.3 139 139 114 139 116
November 82.6 82 68 84.6 77 138 140 118 139 118
December 90 90.6 72 93.2 84.3 | 144.6 144 123 145 124

LSD 0.966 1.154
Parameters SO, (Mg/L) NO; (mg/L)

Months Stl St.2 St.3 St.4 St.5 St.l St.2 St.3 St.4 St.5
January 381.3 380 320 383 362 4.3 4.3 4.2 4.3 4.26
February 299 297 280 301 290 3 3 2.9 3.2 2.93

March 295 296 272 297 279 1.2 1.3 0.8 1.6 1
April 290 293 274 291 273 2.2 2.2 2 2.2 2
May 245 240 195 252 218 2.1 2.2 213 | 2.36 2.1
June 293 288 284 | 2916 | 283 2.3 2.3 2.2 233 | 232
July 280 290 264 293 269 2.26 2.1 2 2.2 2.1

August 305 290 265 300 268 2.3 2.36 2.3 24 2.3

September | 308.6 307 360 310 307 4.1 4 3.9 4.2 3.9
October 330 330 264 333 312 5.06 5.13 466 | 5.16 51
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November 380 380 328 382 371 6.1 6.2 6 6.4 6.1
December 401 400 380 405 398 5.8 5.8 5.6 5.86 5.63
LSD 2.457 0.0789
Parameters PO, (mg/L)
Months St.l St.2 St.3 St4 St.5
January 0.79 0.78 0.41 0.80 0.413
February 0.503 0.49 0.22 0.50 0.23
March 0.31 0.306 0.12 0.32 0.15
April 0.243 0.25 0.09 0.26 0.11
May 0.29 0.28 0.13 0.28 0.14
June 0.29 0.28 0.2 0.283 0.21
July 0.28 0.29 0.21 0.286 0.21
August 0.28 0.28 0.16 0.286 0.17
September 0.4 0.4 0.22 0.4 0.22
October 0.52 0.53 0.26 0.54 0.25
November 0.68 0.7 0.42 0.7 0.42
December 0.85 0.86 0.54 0.9 0.56
LSD 0.0204

Table (4): Monthly averages of Bacteriological characteristics of all examined stations

during the study period

Parameters Total Bacterial Count Total Coliform
(CFU/1mI) (CFU /100ml)
Months

St.l St.2 St.3 St4 St.5 St.l St.2 St.3 St4 St.5
January 25000 | 29800 | 17700 | 32667 | 15700 | 59000 | 101000 | 9200 | 107000 | 8700
February 18000 | 24000 9500 25000 9000 | 51000 81000 | 8400 | 86000 | 8100
March 890 2500 760 2600 750 37000 69000 | 7000 | 71000 | 6600
April 860 2600 660 2800 680 30000 63000 | 5600 | 69000 | 5100
May 1800 3933 490 4367 520 | 19000 | 35000 | 3900 | 37000 | 3600
June 1593 2100 900 2300 900 2600 5600 | 1250 | 6100 | 1150
July 1333 2300 370 2400 280 2700 4300 | 1000 | 4400 950
August 727 1133 207 1217 197 2400 3500 890 3600 860
September 750 2867 250 2967 250 3800 12900 1900 13000 1900
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October 1233 4267 900 4533 883 24000 | 49000 | 5733 | 51000 | 5033
November 2200 5100 835 5500 848 35000 54000 | 6100 | 58000 | 5100
December 16600 | 20200 11200 | 23200 11100 | 42000 | 74333 | 6900 | 79000 | 6800
LSD 452.6 945.5
Parameters
Faecal Coliform
Months (CFU /100ml)
st.1 St.2 St.3 St.4 St
January 69000 104000 9700 112000 9400
February 52000 84000 8500 87667 8300
March 33333 55000 6800 56000 6500
April 3300 23000 1350 31000 1000
May 21000 37000 4100 40000 3750
June 5100 8900 1700 9500 1200
July 5000 11100 1160 12700 1120
August 5800 12500 1180 13800 1100
September 3900 12967 1767 14267 1600
October 25333 51000 5800 54000 5100
November 37000 60000 6200 63000 5300
December 42000 75000 7200 80000 7000
LSD 1039.5
CONCLUSION _ _
M.Sc., Thesis. College of Science,

The results of current study indicated that

the river water is polluted and unfit for

drinking or other human uses without

fundamental treatment.
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