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Abstract

The investigation in this study includes examining the impact of wastewater at ten different stations.
Eight lifting stations and two treatment stations in the center and district of Al-Hurr in the Karbala city.
The study's goal is to determine the operational effectiveness of the main treatment unit project in
Karbala and the Al-Hurr treatment unit and its impact on wastewater quality, disclosing the qualitative
features of wastewater in the study area, controlling waste water from treatment plants, and utilizing its
service in other fields. More than 70 trace elements were examined in this study by using inductively
coupled plasma mass technology, in wastewater samples. Arsenic (As) concentrations were shown to
be higher than permitted levels in some sites reaching 11.300 ng/ mL, and lead (Pb) concentrations were
found to be higher than permissible limits at several lifting stations, where the concentration value
reached 15.500 ng/mL. according to Iraqgi standards and the World Health Organization. The findings
of the investigation were provided on several indicators and classifications to take advantage of the
water departure from the treatment plants in several places, as the indicators revealed that the water is
contaminated, salty, and unsuitable for agricultural irrigation. It is suitable for crops that survive high
salinity and for animal consumption. The correlation coefficient was also evaluated for the elements
measured at the stations under study, and there was a perfect correlation for some elements, with
correlation coefficient values ranging between (0.996 -1.000) for each of elements (Ni, Re, W and As,
Li).

Keywords: Chemical pollutants, ICP-MS, Toxic materials, Wastewater treatment, Water quality.

Introduction

Wastewater which is discharged from homes,
businesses, and industrial facilities, is a complicated
mixture of water carrying waste!. Municipal and
industrial water outlets may contain pollutants,
medicinal products, and also other industrial waste,
heavy metals, oils, pesticide residues, sludge, by
products®®. Environmental issues are caused by the
over usage of these contaminants and their untreated
discharge®. Other extremely dangerous substances,
and poisonous Additionally, metal ions have a
tendency to bio-accumulate and might gradually
leach into rivers, endangering aquatic life®. Heavy

metals present at higher concentrations have a
number of detrimental consequences on the health of
humans and other creatures’®. Heavy metals can
exist naturally in the environment, ecosystem and
soils®. Wastewater pollution is frequently caused by
mining, recovery, and other economic activities that
use several harmful metal ions!®,  Numerous
varieties of waste-water have been produced as a
result of the population boom, urbanization, and
industrialization'>3, Black water, which contains
pathogens, yellow water, which is nutrient-rich
urine, and gray water, which comes from shower
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drains and laundry facilities, make up domestic
wastewater'*. Environmental issues are brought on
by the over usage of these contaminants and their
untreated discharge’®. Given the large number of
organic and inorganic contaminants present,
wastewater discharge has the potential to damage
soil, groundwater, and surface waters'®t’. One of the
most important challenges on a global scale is heavy
metal contamination!®181° Metal ion concentrations
in some industrial wastes are typically substantially
higher than allowed limits. Cd, lead, Hg, Cr, Ni, Cu,
Zn, Co, and other metals are among them. Due to
their toxicity even at very low concentrations, heavy
metals can harm the environment and subsequently
cause a variety of ailments in humans??!, Heavy
metals cannot decompose because of their limited
solubility in wastewater, which causes them to
accumulate. One of the most crucial aspects of water
treatment is the elimination of toxic heavy metals
from wastewaters®.  Additionally, wastewater is a
good screening target for determining the sources
and potential environmental impacts of human trace
element consumption?. Despite advancements in
treatment technology, wastewater treatment plants

Materials and Methods

An ICP-MS analyzer (inductively coupled plasma
(ICP-MS) made in USA) was used and the chemical
reagents of analytical reagent grade were used, nitric
acid HNO; (1 M) (70%) (B.D.H) and deionized
water was used throughout the experiments.

Sampling

Wastewater samples were taken from ten different
stations: eight lifting stations and two treatment
stations in the center and district Al-Hurr in the
Karbala city. Samples were taken from each station
at a depth of 1- 3 m. Wastewater samples were
collected in pre-washed 1L polyethylene containers.
Wastewater samples were filtered using filter paper
(Huathman 42, 44). Vials and examination
equipment were washed with deionized water before
use. All samples were kept in the refrigerator after
receipt to ensure that the samples were not damaged
during laboratory examination. Table.l shows
nformation on lifting and treatment stations and Figs.
1 and 2 show the sequence of lifting and treatment
stations, the information system data for sewage
systems was provided by the Directorate of Karbala
Sewage.

(WWTPs) are still unable to completely eliminate
chemical pollutants, such pharmaceuticals, trace
metals (TMSs), and metalloids, which are regularly
detected in environmental samples?. Human health
and the sustainability of the socioeconomic system
are directly related to water quality. As
anthropogenic activities become more intense,
contaminants, particularly trace elements, infiltrate
the water system and endanger people?. Water
supplies and water quality are critical for human
survival, the ecological environment, and economic
and regional sustainability?®. Pollutants in bodies of
water, particularly trace elements, rich aquatic
ecosystems and, ultimately, the human body via the
drinking water pathway . Some of the metals are
poisonous, persistent, and non-degradable?”.

The study's goal is to determine the operational
effectiveness of the main treatment unit project in
Karbala and the Al-Hurr treatment unit and its impact
on wastewater quality, disclosing the qualitative
features of wastewater in the study area; as well as
evaluating the possibility of using wastewater after
treatment for agricultural and industrial purposes.

Table 1. Type of the lifting and treatment stations

for sewage
Station  Station name Station type
symbol
Z-1 The main processing Wastewater
unit project treatment plant
Z-2 AL- Hur processing Wastewater
unit project treatment plant
Z-3 Messila lift station Sewage lifting
station
Z-4 Oasis station Sewage lifting
station
Z-5 Ghadeer station Sewage lifting
station
Z-6 Staff district station Sewage lifting
station
Z-7 Ready lift station Sewage lifting
station
Z-8 Al-Bahadliya Station Sewage lifting
station
Z-9 Industrial district lift Sewage lifting
station station
Z-10 Poultry lift station Sewage lifting
station
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Figure 1. The lifting and treatment stations A: Lifting and treatment stations for Al-Hur District B:
Lifting and treatment stations in the center of Karbala city

-

Fgue 2. ap of the locations of

wastewater sampling (A): AL- Hurr

processing unit project Z-2 (B):

Msaylila lift station Z-3 (C): Oasis Lift station Z-4 (D): Ghadeer Lift station Z-5 (E): Staff district Lift
station Z-6 (F): Ready lift station Z-7 (G): Al-Bahadliya Lift Station Z-8 (H): Industrial district lift
station Z-9 (1): Poultry lift station Z-10 (K): The main processing unit project Z-1.

Inductively Coupled Plasma-Mass procedure.

The most often used and recommended techniques
are inductively coupled plasma-mass spectrometry
(ICP-MS) and inductively coupled plasma-
optoelectronic spectroscopy (ICP-OES) because of
their well-known advantages of sensitivity,
selectivity, and multi-element analytical
capabilities?®*°. Inductively coupled plasma mass
spectrometer (ICP-MS) technology currently allows
for the simultaneous identification of several trace
elements®. In tests ranging from 1 ng. L* to high

Results and Discussion

Trace Elements Level in Wastewater

The analysis of trace elements for the wastewater of
the lifting and treatment stations in Karbala city
using ICP-MS techniques was presented. Where
more than 70 elements were estimated in the stations

mg. L ranges, ICP-MS shown to be more accurate
than other methods at detecting components of
biological or clinical origin at the lowest
concentrations with good linearity, the exceptional
sensitivity of *2. The concentration of trace elements
was measured in wastewater samples, where 10 mL
was taken from the sample and a digestion process
was carried out by using 1M HNOs. After the
samples were entered and injected into the device,
the concentration reading was taken directly.

under study, where the elements that showed
concentration values were 28 elements, while for the
rest of the elements, the concentration of the
elements was equal to zero. The items were divided
according to the concentration values into three
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sections (Ultra Micro Elements Concentration,
Micro Elements Concentration, and Macro Elements
Concentration) according to the results shown in
Tables 2, 3, and 4.

A. Ultra Micro Elements Concentration

According to the analysis presented in Table 2, the
concentration of As levels ranged between 0.000 -
11.300 ng. mL* with a Mean and Standard
Deviation of 2.075+4.163 for lifting stations. The
maximum concentration in station (Z-10) was
11.300 ng. mL*. The results showed that the
concentration of arsenic is outside the permissible
limits in the final lifting station (Z-10) because the
station is considered the final complex for all lifting
stations where all chemical pollutants are
concentrated in this station. The Pb concentration
ranged between 0.000 - 15.500 ng. mL*? with a
Mean and Standard Deviation of 7.913+6.803 for
lifting stations. The maximum concentration in
station (Z-9) was 15.500 ng. mL™. It was found that
the concentration of lead was outside the permissible
limits in the lifting station (Z-9) compared to the
World Health Organization. The reason for the
increase in the concentration of (Pb, As) in the study

area is that the industrial zone lift station (Z-9)
contains industrial waste from factories and oil waste
present in the area, which are discharged directly into
the sewer without any treatment being carried out,
which causes an increase in the concentration of the
elements. (Pb, As). The Ni and Re concentration
ranged between (0.000 - 11.600 ng. mL1) and (0.000
— 6.300 ng. mL?) with a Mean and Standard
Deviation of (5.800+8.202 and 3.150+4.455)
respectively for treatment stations, and the maximum
concentration in station (Z-1) was 11.600 ng. mL™*
and 6.300 ng. mL*. The results showed that the
nickel concentration was within the permissible
limits for all stations. The presence of (Ni and Re) in
the treatment station (Z-1) is caused by the
deposition of some trace elements in the
sedimentation ponds during prolonged processing.
For the rest of the elements (V and Rb), the values of
the Mean and Standard Deviation (4.775+3.101, and
12.863+5.402) respectively for lifting stations. As
for the rest of the elements, their effect was very
little. Figure 3 shows the concentration of trace
elements in the lifting stations (Before treatment) and
treatment stations (After treatment).

Table 2. The concentration of Ultra Micro Elements in the lifting and treatment stations in the range (0-

25ng. mL?)

Statio Concentration of trace elements ng. mL™*

n Ag As Ga Li Mo Nb Pb Re Se \Y W Rb

symbo

|
Z-3 0 0 0 0 0 0 0 0 0 0 0 0 10.1
Z-4 5.0 0 0 0 0 0 0 0 0 105 0 0 7.50
Z-5 0 0 0 0 0 0 0 130 0 0 54 0 135

g Z-6 0 53 58 9.4 0 0 0 0 0 6.0 56 0 13.2

% Z-7 0 0 6.3 0 0 0 0 88 0 0 6.2 O 11.2

% Z-8 5.0 0 6.9 0 0 16.0 O 133 0 0 58 0 11.5

§ z9 0 0 52 0 o 0 0 155 0 0 85 0 105

~ 710 50 11.3 59 16.4 114 0 0 127 0 6.0 6.7 0 25.4
K 1.9 27 3.7 3.2 14 20 O 79 0 2.8 48 0 12.9
SD 259 416 315 625 403 565 6.80 412 3.10 5.40
Z-1 0 0 0 0 0 0.0 116 00 6.3 0 0 6.0 85

> Z2 0 0 0 0 0 0 0 0 0 0 0 0 7.9

§ sl 0 0 0 0 0 0 5.8 00 3150 O 0 3.04 82
SD 8.20 4.45 0.24 0.42
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IME, WHO,2011 Iragi standards for treated wastewater in irrigation (IME, 2012) (ng. mL )33, World

Health Organization (ng. mL?) 35, Respectively
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Con. of trace elements(Mean)
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Ag As Ga Li MoNb Ni Pb Re Se V W Rb
Elements

Figure 3. The concentration of Trace elements in
the lifting and treatment stations in the range (0-
30 ng. mL?)

The results in Fig. 4. showed the concentration and
distribution of some elements (Ga, Pb, V, Rb). It was
found that the concentration of Ga is normally
distributed and that the concentration of the element
ranges between 0.0-6.9 ng. mL? and in the low
concentration range in most lifting stations. As for
lead, it was found that the concentration of the
element ranges between 0.0-15.5 ng. mL? and is
within the high concentration limits of most lifting
stations. The concentration distribution of VVanadium
was in the range 0.0 -8.5 ng. mL"* and within the low
concentration limits for most stations. As for the Rb
element, the distribution of concentration values was
in the range (7.5-25.4 ng. mL™) and the values were
within the high limits for most stations. A significant
increase in the concentration of the element was
observed at the final lift station (Z-10) because most
of the chemical pollutants were discharged from all
lift stations and collected at this station. The symbol
X in the figure represents the Mean concentrations of
the elements.

30
I °
3
ERL
£
g5 T
&
3 10
: - L]
] X

0

EGa @Pb @V ORD

Figure 4. The concentration of some elements
(Ga, Pb, V and Rb) in the lifting and treatment
stations.

B. Micro Elements Concentration

The results of trace elements analysis are represented
in Table 3. The concentration of the Al element
ranged between 10.000 - 130.300 ng. mL™. The
value of Mean and Standard Deviation
38.238+29.837, for lifting  stations, and
102.850+38.820 for treatment stations. it was found
that the concentration of Al in the treatment station
(Z-1) was outside the permissible limits compared to
the World Health Organization. And the reason for
the appearance of Al in the treatment station (Z-1) is
the deposition of some trace elements in the
sedimentation basins during prolonged treatment.
The concentration of the barium element in the lifting
and treatment stations ranged between 47.0 — 69.0
ng. mL?, and the value of the Mean and Standard
Deviation 55.500+£7.191 for lifting stations and
55.000+ 7.071 for treatment stations. The
concentration of iron and manganese elements in the
stations under study were between 10.000 — 170.000
and 0.000 — 76.900 ng. mL* and the value of the
Mean and Standard Deviation 88.488+48.062 and
45.163+19.054 respectively for lifting stations. The
concentration of the barium, iron and manganese
concentration were within the permissible limits in
all lifting and treatment stations. Fig. 5. shows the
concentration of trace elements at the lifting and
treatment stations.
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Table 3. The concentration of Micro Elements Concentration in the lifting and treatment stations in the

range (10-180 ng. mL™)

Station symbol

Concentration of trace elements ng. mL™*

Al Ba Fe Mn
Z-3 89.700 69.000 170.000 58.000
= Z-4 66.200 62.000 30.000 33.200
g Z-5 10.000 57.000 16.300 40.300
© Z-6 20.000 50.000 107.100 50.400
g Z-7 10.000 56.000 93.600 38.800
o Z-8 20.000 51.000 83.500 51.600
g Z-9 30.000 52.000 107.800 12.100
o Z-10 60.000 47.000 99.600 76.900
Mean +SD 38.238+29.837 55.500+7.191 88.488+48.062 45.163+19.054
w Z-1 130.300 60.000 10.000 0.000
= é Z-2 75.400 50.000 10.000 0.000
g = Mean +SD 102.850+38.820 55.000+ 7.071 10.000+0.00 0.000
(5]
WHO2011 100 700 300 100
IME 2012 100 1000 300 100

IME, WHO,2011 Iragi standards for treated wastewater in irrigation (IME, 2012) (ng. mL"1), World Health

Organization (ng. mL?) respectively

120
O Before

100 - treatment

80 -

60 -

mL)

0 |
Al Ba Fe Mn
Elements

Con. of trace elements(Mean) (ng/

Figure 5. The concentration of Micro Elements
Concentration in the lifting and treatment
stations in the range (10-180 ng. mL™?)

The results in Fig. 6. showed the concentration and
distribution of some elements (Al, Ba, Fe, Mn). The
concentration of Al and Mn elements. It was found
that the concentration of the elements is normally
distributed and that the concentration of the element
is within the middle limit of concentration in most
stations. A significant increase in the concentration
of the element (Al) was observed at the lift station
(Z-1). As for the element Ba that the concentration of
the element is within the low limit of concentration
in most stations. As for the element Fe that the
concentration of the element is within the high limit
of concentration in most stations.

180
160
140
120
100

- - .
20 Cl )

1

Con.of Elements (ng/ mL)

HA HBa @Fe OMn

Figure 6. The concentration of some elements (Al
Ba, Fe and Mn) in the lifting and treatment
stations

C. Macro Elements Concentration

The results of trace elements analysis (high
concentration) are represented in Table 4. The boron
concentration value ranges between 0.427-0.665
mg. L?, where the value of the Mean and Standard
deviation 0.549+0.0693 for lifting stations, and
0.481+0.076 for treatment. The concentration of
boron was within the permissible limits in stations
(Z-1, Z-5, and Z-7) and outside the permissible limits
in the rest of the stations compared to the limits of
the World Health Organization. The concentration of
phosphorus in the lifting and treatment stations
ranged between 1.100 - 2.610 mg. L%, and the value
of the Mean and Standard deviation for lifting
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stations were 1.824+0.574 and 1.860+0.057 for
treatment stations. The concentration of phosphorus
was within the permissible limits in all stations. The
results of the rest of the trace elements with a high
concentration (Cu, Si, Sr, K, Mg, Na, S, Ca, and ClI)
that the copper concentration was within acceptable
limits compared to the World Health Organization.
As for the rest of the elements (Mg, Na, S, Ca and
Cl), the concentration values were higher than the
acceptable limits and require further treatment. The

reason for the increase in the concentration of some
elements is the addition of chemicals in the treatment
stages, such as alum, gypsum, and chlorine, to the
wastewater, which causes an increase in the
concentration of chlorine and sulfur. In addition to
the deposition of some elements inside the final
sedimentation tanks in treatment plants during
prolonged treatment, this leads to an increase in the
concentration of some elements.

Table 4. The concentration of Macro Elements Concentration in the lifting and treatment stations in the

range (0.01-500 mg. L)

Station concentration of trace elements mg. L
symbol B P Cu Si Sr K Mg Na S Ca Cl
Z-3 0531 1170 0.000 9.280 5.950 45,500 80.10 294.00 368.00 393.60 533.60
0 0 0 0 0
Z-4 0538 1.870 0.000 11.00 8.480 47.000 79.90 254.00 454.00 540.60 490.80
0 0 0 0 0 0
Z-5 0.475 2380 0.000 9.230 5.580 34.200 66.30 210.00 305.00 360.00 398.00
0 0 0 0 0
© Z-6 0.588 1.100 0.000 9.890 7.460 42.300 75.00 256.00 394.00 465.00 445.00
=y 0 0 0 0 0
o
o Z7 0.443 2210 0.000 9.030 5970 34300 63.30 214.00 304.00 369.00 472.00
5 0 0 0 0 0
% Z-8 0582 1.940 0.0062 9.670 7.040 38.200 72.10 244.00 375.00 444.00 515.40
@ 0 0 0 0 0
2 z9 05700 1.310 0570 8.880 6.810 35100 7480 251.00 372.00 438.00 496.80
0 0 0 0 0
Z-10 0665 2610 0.0081 26.70 7.500 93.700 89.30 275.00 422.00 425.00 506.90
0 0 0 0 0 0
Mean 0549 1.824 0.073 11.71 6.849 46.288 75.10 249.75 374.25 429.40 48231
+SD  £0.069 +0.574 +0.201 0+6.0 +0.97 +19.24 0482 0+28.1 04518 0+58.1 0+434
3 94 7 2 42 46 31 69 56
» Z-1 0.427 1820 0.000 8420 6.080 35600 76.40 256.00 340.00 372.60 412.60
= 0 0 0 0 0
3 Z-2 0535 1.900 0.000 9.640 6.300 41500 82.60 286.00 364.00 385.60 495.00
@ 0 0 0 0 0
% Mean 0481 1860 0.000 9.030 6.190 38550 79.50 271.00 352.00 379.10 453.80
@ #SD  #0.076 +0.057 +0.86 +0.15 0+4.3 04212 04169 0+49.19 0+58.2
- 3 6 +4.172 84 13 71 2 66
WHO 0.5 10 2 _ — — 150 200 250 200 250
2011
IME 2012 1.0 —  0.05 —_ _ _ _ More — More
than than
200 200

1QS, WHO,2011 Iraqi standards for treated wastewater in irrigation (IME, 2012) (mg
Organization (mg. L) respectively

. L), World Health
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Figure 7. The concentration of Macro Elements Concentration in the lifting and treatment stations in

the range (a) (0-30 mg. L) (b) (0-500 mg. L?)

The results in Fig. 8, showed the concentration and
distribution of some elements (B, P, Sr, Si, K, Mg,
Na, S, Caand CI). It was found that the concentration
of (B, P) is normally distributed and that the
concentration of the elements within the low limit of
concentration in most lifting stations. As for (Sr, Si
and K) elements, it was found that the concentration

of the elements is within the middle limit of
@
25 T
E 20 }g
£ g
E 15 $
T 0 - %
§ __ g
05 e Y
0.0
1
Be @r
He @P
100 600
o0 (<) .
: ==
E 70 E w00
g % 2
g 50 £ 300
£ 30 B 200
S 20 §
10 w00
o
1 a
Bk Eme

5

15

concentration limits of most lifting stations. And A
significant increase in the concentration of the
elements (Si and K) was observed at the final lift
station (Z-10). As for the (Mg, Na, S, Ca, Cl)
elements, the distribution of concentration was
within the high limits for most stations.

™) .

)

Ena @s Dca Oa

Figure 8. The concentration of some elements in the lifting and treatment stations (a) Con. of (B, P) (mg.
L) (b) Con. of (Sr, Si) (mg. L™) (c) Con. of (K, Mg) (mg. L) (d) Con. of (Na, S, Ca, CI) (mg. L?)

Statistical Analysis of Data

To find out if there are statistically significant
differences between the concentration of trace
elements in wastewater samples in the pumping

stations (before treatment) and the concentration of
the same elements in the treatment plants (after
treatment) in the city of Karbala, which were
estimated using the standard method ICP-MS. T-test
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and F-test were performed with a confidence limit of
95% as shown in Table 5. The obtained results
indicated that there is a significant difference
between them. Where the p value of the T test and
the F test was p > 0.05 significant difference, the null
hypothesis was rejected and we note that there is a
difference in the concentrations of trace elements in

the wastewater samples in the lifting stations (before
treatment ) and the concentrations of elements in the
treatment plants (after treatment ) and that the
treatment plants are effective in disposing of most of
the chemical pollutants, as well as we notice some
elements need more treatment processes.

Table 5. Statically data t-test and F-test for Lifting and treatment stations

Elements Mean £SD Mean £SD t-calculated T- F-test=
Before treatment After treatment test= (X1+X2) (SD1)¥
Spooled A)’Vl:NNZZ (SD2)2
Rb 12.863+5.402 8.200+0.424 1.166 162.322
Al 38.238+29.837 102.850£38.820 2.626 1.693
Ba 55.500+£7.191 55.000+ 7.071 0.0880 1.017
B 0.549+0.0693 0.481+0.076 1.214 1.203
P 1.824+0.574 1.860+0.057 0.085 10.07
Si 11.710+6.094 9.030+0.863 0.594 49.864
Sr 6.849+0.977 6.190+0.156 1.00 39.223
K 46.288+19.242 38.550+4.172 0.542 21.272
Mg 75.10048.242 79.500+4.384 0.707 3.534
Na 249.750+28.146 271.000+21.213 1.00 1.76
S 374.250+51.831 352.000+£16.971 0.576 9.327
Ca 429.400+58.169 379.100+9.192 1.166 40.046
Cl 482.310+43.456 453.800+58.266 0.800 1.798

Value t0.05 (N1+N2-2) = (8+2-2=8) = 2.31, F0.05 (8,2) = 19.35, P-value < 0.05 sig. difference, p-value > 0.05 non sig.

difference

Correlation Coefficient (R)

Knowing the correlation between the studied
parameters in wastewater stations can facilitate rapid
monitoring of the wastewater treatment process. The
coefficient of determination (R) was used to
determine the strength of the relationship between
each two of the studied parameters. Through the
results shown in the Table 6 (A, B), it was found that
the (Ag) has a moderate correlation with Mo, Nb and
Se (R = 0.5092, 0.5092, 0.5864) and a weak
correlation with all elements. (As) has a very strong
correlation with Li and Rb (R = 0.9960, 0.9070) and
a strong correlation with Mo (R = 0.8970) and a weak
correlation with all elements. (Ga) has a strong
correlation with V (R= 0.8210) and a moderate

correlation with Pb (R = 0.5674). and a weak
correlation with all elements. (Li) has a strong
correlation with Mo and Rb (R =0.8540,0.8830) and
a weak correlation with all elements. (Mo) has a very
strong correlation with Rb (R =0.9180) and a weak
correlation with Ga, Nb, Ni, Pb, Re, Se, V and W.
(Ni) has a perfect correlation with Re and W (R
=1.000 ,1.000) and a weak correlation with all
elements. Pb has a strong correlation with V (R
=0.8430). (Re) has a erfect correlation with W (R
=1.000). (V) has a moderate correlation with Rb (R
= 0.5499), Fig. 9. (@ and (b). The correlation
coefficient is displayed between the items of the
perfect, strong, and very strong correlation type.

Table 6 A. Correlation coefficient (R) determination coefficient of the Lifting and treatment stations

Correlation coefficient R

Ag As Ga Li Mo Nb
Ag 1.00
As 0.38 1.00
Ga 0.27 0.43 1.00

Li 035 0.99 0.44 1.00
Mo 0.50 0.89 031 085 1.00

Nb 050 -0.15 042 -015 -0.11 1.00
Ni  -0.21 -0.15 -033 -0.15 -011 -0.11
Pb  0.23 0.16 056 012 032 035
Re -0.21 -0.15 -0.33 -0.15 -0.11 -0.11

Ni Pb Re Se \% wW Rb
1.00

-0.32 1.00

1.000 -0.32 1.00
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Se 0.58 0.47 0.02 049 034 -020 -020 -0.28 -0.20 1.00
V 0.07 0.36 082 036 0297 020 -039 084 -039 -010 1.00
w  -0.21 -0.15 -0.33 -0.15 -0.11 -0.11 1.00 -0.32 1.00 -0.20 -0.39 1.00
Rb 0.38 0.90 0.483 0.883 0918 -0.02 -0.23 049 -023 023 0549 -0.23 1.00

9 28
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Figure 9. Correlation coefficient (R) determination coefficient of the Lifting and treatment stations
between (a) Con. of Ga ion (ng. mL™) and Con. of V ion (ng. mL™) (b) Con. of V ion (ng. mL*) and Con.

of Rb ion (ng. mL™).

Results in Table 6 B and C show the correlation
coefficient results for trace elements (middle and
high concentrations). (Al) was discovered to have a
moderate association with Mg and Na (R =0.5906
and 0.6530). (Fe) has a moderate correlation with Mn
and Cl (R =0.6115, 0.6017). (Mn) has a moderate
correlation with B, Si and K (R =0.5608 ,0.5941 and
0.6081). (B) has a moderate correlation with Si, Sr,
K, Mg, S, Ca and CI. (P) has a moderate correlation
with Si (R =0.5323). (Si) has a very strong
correlation with K (R =0.9820). (Sr) has a very
strong correlation with S and Ca (R =0.9270 and
0.9490). (K) has a very strong correlation with Si (R

=0.9820) and a moderate correlation with Mn, B, Mg
and S (R =0.6081, 0.7060, 0.7440 and 0.5692). (Mg)
has a strong correlation with Na (R =0.8680). (Na)
has a moderate correlation with Al, S and CI (R
=0.6530, 0.5409, and 0.5932). (S) has a very strong
correlation with Sr (R= 0.9270) and a strong
correlation with Ca (R = 0.8825). (Ca) has a very
strong correlation with Sr (R =0.9490) and a strong
correlation with S (R =0.8750), Fig. 10. (a), (b), (c),
and (d). The correlation coefficient is displayed
between the items of the perfect, strong, and very
strong correlation type.

Table 6 B. Correlation coefficient (R) determination coefficient of the Lifting and treatment stations

Correlation coefficient R

Al
Ba
Fe
Mn
B

P
Cu
Si
Sr
K
Mg
Na
S
Ca
Cl

Al
1.0000
0.4384

-0.1975
-0.3581
-0.1964
-0.1368
-0.1881
0.0556
-0.0437
0.1622
0.5906
0.6530
0.2110
-0.0852
0.0518

Ba

1.0000

0.1329
-0.0586
-0.5427
-0.3029
-0.1857
-0.4321
-0.2546
-0.3306
-0.1300

0.0919
-0.1108
-0.0513

0.0086

Fe

1.000
0.6115
0.4228
-0.4645
0.2326
0.1629
0.0412
0.2265
0.0850
0.2894
0.1368
0.0856
0.6017

Mn

1.000
0.5608
0.1913
-0.3230
0.5941
0.2638
0.6081
0.1417
0.0253
0.2844
0.1907
0.3346

B

1.000
-0.0439
0.1803
0.6770
0.6340
0.7060
0.6350
0.4623
0.7140
0.5170
0.5748

P

1.0000
-0.3536
0.5323
-0.0724
0.4176
-0.0274
-0.3867
-0.1572
-0.2670
-0.1947

Cu

1.0000
-0.1339
0.0418
-0.1782
-0.0476
-0.0362
0.0225
0.1205
0.1662

Si

1.0000
0.3977
0.9820
0.6420
0.2857
0.4785
0.1384
0.2747



https://doi.org/10.21123/bsj.2024.9583

Published Online First: November, 2024
https://doi.org/10.21123/bsj.2024.9583
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

A

Baghdad Science Joufnal

Table 6 C. Correlation coefficient (R) determination coefficient of the Lifting and treatment stations

Correlation coefficient R

Sr K Mg Na S Ca Cl
Sr 1.0000
K 0.4390 1.0000
Mg 0.4735 0.7440 1.0000
Na 0.2198 0.4353 0.8680 1.0000
s 0.9270 0.5692 0.7370 0.5409 1.0000
Ca 0.9490 0.1981 0.3274 0.17 04 0.8825 1.0000
cl 0.3346 0.3618 0.4773 0.5932 0.4955 0.3399 1.0000
> 9 (b) | r=09490
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Figure 10. Correlation coefficient (R) determination coefficient of the Lifting and treatment stations
between (a) Con. of S ion (mg. L) and Con. of S ion (mg. L?) (b) Con. of Srion (mg. L) and Con. of
Caion (mg. L) (c) Con. of Sion (mg. L) and Con. of Ca ion (mg. L?) (d) Con. of Na ion (mg. L*) and

Con. of Mg ion (mg. L?).
Conclusion

According to the findings of this study, the majority
of trace element concentrations of untreated
wastewater samples in pumping stations that were
examined with using inductively coupled plasma
mass technology were higher than the concentrations
of the same elements in treated wastewater samples.
And the values for some trace elements, such as As,
Pb, Al, B, Mg, Na, S, Ca, and ClI, were outside the
permissible limits according to Iragi quality
standards 2012, and WHO 2011. The source of these
elements from manufacturing, agricultural processes
and natural factors. And the correlation coefficient
was also evaluated for the elements measured at the

stations under study, and there was a perfect
correlation for some elements, with correlation
coefficient values ranging between 0.996 -1.000 for
each of elements (Ni, Re, W and As, Li) which
indicates that there is a direct proportionality
between these elements. As the concentration of one
element increases the concentration of the other
element increases for the stations under study.
Furthermore, although WWTPs are usually
successful, they fall short in some areas of treatment
for some components, where levels were outside of
permitted levels and required additional treatment,
therefore treated wastewater cannot be used for
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irrigation, it can be used in some fields of restricted
agriculture.
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