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Te current study is concerned with the primary environmental assessment of the physicochemical characterization of seasonal
fuctuations in the leachate of Tanjaro open dump site in Sulaymaniyah City, and its impact on the quality of the groundwater.Te
primary characteristics of the leachates were their high levels of organic and inorganic components and their toxicity because of
the presence of heavy metal concentrations. For almost all physicochemical parameters, the leachate from the Tanjaro area
dumping has incredibly high values. All heavy metals were present in leachate, with the exception of cadmium andmercury, albeit
at levels below their respective permitted limits. Te characterization revealed that Leachate 1 (L1) may be referred to as young
leachate, whereas Leachate 2 (L2) and Leachate 3 (L3) can be referred to as old leachate due to their pH values. It was indicated that
the Tanjaro dumping is operating and in the early stages of stabilization. BOD5/CODwas around 0.63, and the leachate was highly
biodegradable in the anaerobic phase. Groundwater, which contains little to no organic matter, was not found to be severely
afected by monitoring wells located close to the dumpsites. Te conductivity, total dissolved solids, total hardness, Mn, and Fe
were some of the values that went above theWHO guidelines. Correlation analysis was used as a preliminary descriptive technique
to establish the strength of the association between the relevant variables. Some parameters were discovered to be statistically
signifcantly correlated with one another, pointing to a close connection between these parameters.

1. Introduction

Open dump area (site) is thought to be active sources for
the gradual release of harmful compounds mixed with
nontoxic precursors into the environment. Leachate and
gases are produced in the open dumpsite as a result of
biological, chemical, and physical processes that promote
waste disintegration [1]. Te most typical kind of landfll,
which receives a combination of commercial, municipal,
and mixed industrial waste, defnes landfll leachate as
a water-based solution of four categories of contaminants
(dissolved organic matter, inorganic macro components,
heavy metals, and xenobiotic organic compounds) [2].
Leachate has a very high concentration of chemical

oxygen demand (COD), biological oxygen demand
(BOD), ammoniacal nitrogen, heavy metals, and other
organic and inorganic contaminants. According to the
ratio of BOD5/COD > 0.6, young leachate often contains
organic fractions that are readily biodegradable and have
signifcantly lower molecular weights. Older leachates
with an organic proportion tend to have persistent fea-
tures and contain humic and fulvic compounds with
greater molecular weights, as seen by BOD5/COD ratios
>0.3. Tis is because landflls have a longer lifespan. In
addition, fewer easily volatilized fatty acids are present in
older leachates, which makes them largely comprise re-
fractory materials and may lower the BOD5/COD
ratio [3].
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Leachate is dark brown or black in color, and if not
collected and treated, it has a great potential to contaminate
nearby soil and groundwater [4]. Depending on the type of
waste and its age, leachate can have a wide range of com-
positions, and numerous elements are suspended and dis-
solved in it. Even at a single dump site, the quality of leachate
is largely site-specifc and varies from place to place [5].
Municipal solid waste landflls will continue to create
contaminated leachate after they are closed; this process can
keep going for 30 to 50 years and can have a severe envi-
ronmental impact if released into the environment untreated
[6]. Leachate can have a direct or indirect impact on the
properties of soil; however, as opposed to mechanical al-
teration, leachate contamination of soil typically concen-
trates on its chemical qualities [7]. When leachate is present,
it may afect soil diferently than when normal water is
present. Leachate contains a variety of chemical components
that could regulate its electrical conductivity, which would
then afect how it interacts with the soil [8].

In Tanjaro, groundwater is the main source of agricul-
ture and drinkable water. In this study, the impact of open
dump area leachate on groundwater quality determined
through physical and chemical analysis of both open dump
area leachate dumpsites and groundwater (tube wells)
samples collected near the Tanjaro open dumpsite in
Sulaymaniyah city.

2. Materials and Methods

2.1. Sample Collection. In order to characterization of the
leachate generated from open dumpsites and groundwater,
three groundwater (tube well) samples surrounding the
dumping area and three leachate samples were collected
from the dumping during four seasons of the year 2021-
2022. Site specifcations for sampling points are presented in
Table 1 and Figure 1. Table 2 displays the Specifcations of
the sample analysis instrument, analytical methods, and
monitored parameters.

Te groundwater samples (W1, W2, and W3) were
collected close to the dumping sites; where it was found that
the distance between W1 and (L1, L2, and L3) were 1,447,
955, and 925 meters, respectively, while W2 and (L1, L2, and
L3) were 862, 448, and 382 meters, and W3 and (L1, L2, and
L3) were 1,177, 780, and 714 meters, respectively. Te three
samples for each were collected throughout four seasons,
same like the leachate samples.

2.2. Material Preservation. All samples were collected in
5.0 L precleaned polyethylene containers (MEDILAB-
Company-India.), and returned to the laboratory at Uni-
versity of Sulaimani-College of Agricultural Engineering
Science- Department of Natural Resources. Tey were kept
at 4°C in the incubator (TC 135 S-Lovibond incubator)
before being tested in accordance with standard procedures.
To prevent the heavy metals from precipitating, samples for
heavy metals were maintained separately by adding 1.0ml
concentrated nitric acid (from Merck).

3. Results and Discussion

3.1. Leachates. Te mean values of physicochemical pa-
rameters of leachate samples as well as their seasonal var-
iation are summarized in (Table 3 and S1).

Tere is signifcant efect of leachate temperature change
on the organic decomposition, which afected on the gas
production. Te biodegradation of the waste caused heat to
be released, which raised the temperature and accelerated
the composition of organic matter, which in turn to increase
gas production. Tere is a clear correlation between tem-
perature and each of the parameters of electrical conduc-
tivity, suspended particles, pH, and BOD5; therefore, the
warmer the season, the greater the values of the parameters
[9]. Te seasonally average temperature distribution (Ta-
ble 3) shows that the highest temperature in summer
(28.5°C) were recorded, and the lowest temperature recor-
ded in winter is (7°C). Tese values rise gradually from
January and evolve into a summer character in July and
August. Tere are a direct proportion between the tem-
perature and each of electrical conductivity, suspended
solids, pH, BOD5 parameters, which means, the warmer is
the season, the higher the values of the parameters. Based on
the various landfll ages, three types of stabilized leachate-
young (less than a year), medium (1–5 years), and old (more
than 5 years), can be distinguished in landflls [10].Te pH is
an important component in stabilizing the age of the
leachate; it is typically found to range from 4.5 to 9, with
young leachate having a pH of less than 5.5 and older landfll
leachate having a pH of more than 7.5; while the pH in
between is considered to be a medium leachate [11]. Te
pH values of the dumpsites analyzed (Table 3) were found
that the pH mean value for L1 is around (6.0), L2 is around
(8.0), and L3 is about (7.7). According to Christensen et al.
and Salami et al. [11, 12], the age of L1 can be referred to
young, but the pH value of both L2 and L3 were referred to
old leachate. Te leachate from L1 dumpsites is considered
to be young because of its pH value, which is less than 6.5
due to the high concentration of volatile fatty acids; however,
the leachate from L2 and L3 during the methanogenic stage
has been converted into methane and carbon dioxide,
causing the pH of the leachate to rise to alkaline levels [13].
Te Electro-Conductivity parameter (EC) is dependent on
the presence of inorganic components, specifcally the levels
of diferent anions, cations, and the soluble salts [14]. Te
average EC mean values of the leachates for four seasons
range from (498.56) to (144514.9) μS·cm−1, which is con-
siderably high amount. Te exceptionally high EC values are
caused by the abundance of anions and cations. Leachate’s
weakly alkaline composition is a sign that the dumping site
reached mature stage.

Total dissolved solids (TDS), another crucial parameter
used to characterize leachate samples, can indicate the
presence of some organic material as well as inorganic salts
of major cations and anions, and it is used to show the degree
of salinity and mineral contents of leachate. Total dissolved
solids with high concentrations can reduce water’s clarity,
which makes it harder for plants for photosynthesis and
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raises the water’s temperature. Te biotic components, such
as photosynthetic bacteria and algae, are afected in terms of
their growth and development. Many aquatic organisms
might become weak and even die due to high TDS levels
[15]. Te values of TDS as represented in Table 3, is (96825,
51602.5, and 779) for L1, L2, and L3, respectively, which have
high TDS values make these leachates biologically polluted,
whichmakes unfavorable tastes, odors, and colors as a result.
A decrease in water clarity caused by high TDS levels might
contribute to light limitation, which in turn reduces pho-
tosynthesis and raises water temperature. Tis has an impact
on the genesis and proliferation of biotic elements like
photosynthetic bacteria and algae. Many aquatic species may
be killed by high TDS, which restricts their ability to grow
[16]. Tis high concentration of TDS was a result of rain-
water intrusion, which caused larger concentrations of
contaminants to dissolve. Te highest EC and TDS values
during dry seasons suggested that they might be the result of

dry weather where the cations, anions, and total solids
collected at these locations. In contrast, the winter and
spring seasons revealed low EC and TDS levels as a result of
the dilution of these ions following the season of signifcant
rainfall [17].

Total Alkalinity (TA), caused by bicarbonate, carbonate,
and hydroxyl ions, is one of the physicochemical parameters
studied in leachate. Te high alkalinity in leachate gives
a disagreeable favor that could have an impact on human
health, and the higher levels in tube well samples indicate
that the water is not used for drinking due to the taste. Te
biological decomposition and dissolution process that takes
place within disposal sites causes TA values for leachate to be
much higher. Signifcant amounts of bicarbonate, which is
dissolved carbon dioxide and one of themain components of
alkalinity, are produced during the biodegradation of or-
ganic matter [16]. Alkalinity of leachate samples were mainly
due to the presence of carbonate ions, in which high

Table 1: Site specifcation for sampling.

Samples Sampling
location and type Latitude and longitude Elevations (m)

L1 Leachate collecting point-1 35°29′11″ 45°26′12″ 700
L2 Leachate collecting point-2 35°28′56″ 45°26′4″ 650
L3 Leachate collecting point-3 35°28′54″ 45°26′5″ 650
W1 Tube well-1 (depth� 101m) 35°28′32″ 45°25′40″ 670
W2 Tube well-2 (depth� 12m) 35°28′43″ 45°26′12″ 650
W3 Tube well-3 (depth� 11m) 35°28′33″ 45°26′17″ 660
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Figure 1: Te location of study area (dumping site and wells) at Tanjaro.
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âm

et
ro

m
ilw

au
ke
e
M
W
80
4)

pH
El
ec
tr
om

et
ri
c
m
et
ho

d
El
ec
tr
ic
al

co
nd

uc
tiv

ity
(E
C
)

El
ec
tr
om

et
ri
c
m
et
ho

d
To

ta
ld

iss
ol
ve
d
so
lid

(T
D
S)

G
ra
vi
m
et
ri
c
m
et
ho

d
To

ta
la

lk
al
in
ity

as
C
aC

O
3
(T
A
)

Ti
tr
im

et
ri
c
m
et
ho

d
To

ta
lh

ar
dn

es
s
as

C
aC

O
3
(T
H
)

ED
TA

tit
ri
m
et
ri
c
m
et
ho

d
Bi
ol
og
ic
al
ox
yg
en

de
m
an
d
(B
O
D
5)
,a
nd

ch
em

ic
al
ox
yg
en

de
m
an
d

(C
O
D
)

W
in
kl
er
’s
m
et
ho

d
Po

rt
ab
le

di
ss
ol
ve
d
ox
yg
en

m
et
er

(o
ak
to
n
D
O

11
0
po

rt
ab
le

di
ss
ol
ve
d

ox
yg
en

m
et
er
)

A
ni
on

s

U
V
-v
isi
bl
e
sp
ec
tr
op

ho
to
m
et
er

(u
ltr
av
io
le
t_
vi
sib

le
sh
im

ad
zu

18
00

sp
ec
tr
op

ho
to
m
et
er

sc
re
en
in
g
m
et
ho

d)

C
hl
or
id
e
(C

l−
)

A
rg
en
to
m
et
ri
c
m
et
ho

d

N
itr
at
e
(N

O
3−
)

U
V
-v
is.

sp
ec
tr
op

ho
to
m
et
ri
c
sc
re
en
in
g

m
et
ho

d
Su

lp
ha
te

(S
O
42−

)
Tu

rb
id
im

et
ri
c
m
et
ho

d
Ph

os
ph

at
e
(P
O
43−

)
A
sc
or
bi
c
ac
id

m
et
ho

d
C
at
io
ns

Fl
am

e
ph

ot
om

et
er

(je
nw

ay
50
08
01

PF
P7

/C
cl
in
ic
al

fa
m
e
ph

ot
om

et
er
)

C
al
ci
um

(C
a)

ED
TA

tit
ri
m
et
ri
c
m
et
ho

d
M
ag
ne
siu

m
(M

g)
So
di
um

(N
a)

Fl
am

e
em

iss
io
n
ph

ot
om

et
ri
c
m
et
ho

d
Po

ta
ss
iu
m

(K
)

Fl
am

e
ph

ot
om

et
ri
c
m
et
ho

d
H
ea
vy

m
et
al
s

A
to
m
ic

em
iss

io
n
sp
ec
tr
om

et
ri
c
m
et
ho

d
In
du

ct
iv
el
y
co
up

le
d
pl
as
m
a-
m
as
s
sp
ec
tr
om

et
ri
c
in
st
ru
m
en
t

IC
P-
M
S:

A
gi
le
nt

75
00

IC
P-
M
S,

eq
ui
pp

ed
w
ith

A
sx
-5
20

au
to
sa
m
pl
er

(E
ng

la
nd

)

A
rs
en
ic

(A
s)

C
ad
m
iu
m

(C
d)

C
hr
om

iu
m

(C
r)

M
er
cu
ry

(H
g)

Le
ad

(P
b)

Zi
nc

(Z
n)

C
op

pe
r
(C

u)
M
an
ga
ne
se

(M
n)

Ir
on

(F
e)

C
ob

al
t
(C

o)
N
ic
ke
l(
N
i)

Se
le
ni
um

(S
e)

4 Journal of Chemistry



Table 3: Physicochemical parameters of three leachate samples collected from Tanjaro dumping during four seasons during (2021-2022).

L1 L2 L3
Min. Max. Mean± SD Min. Max. Mean± SD Min. Max. Mean± SD

Temp 13 28.5 20.63± 6.45 7 21.8 14.53± 7.14 8 21.9 16.40± 6.70
pH 5.9 6.4 6.08± 0.24 7.3 8.6 8.01± 0.60 7.06 8.3 7.72± 0.55
EC 85328.36 297298.5 144515± 102466 30522.39 160716.4 77019± 59068 352 608 499± 119
TDS 57170 199190 96825± 68652 20450 107680 51603± 39575 550 950 779± 186
TA 23600 50000 33180± 12004 12900 30000 18285± 7893 760 15000 4359± 7094
TH 12400 40000 22080± 12335.06 5300 20000 12525± 6011.863 751 30000 8731.25± 14234
BOD5 270.6 4554 2596± 1831 348 11100 3257± 5234 184.8 379.5 302± 91
COD 381.546 7331.94 4151.971± 2967.092 490.68 18204 5304.87± 8607.63 260.568 607.2 474.942± 161.1
BOD5/COD 0.625221 0.61387 0.636551
Cl− 6920 15000 9293± 3859 5650 15500 10913± 4473 240 6500 1831± 3113
NO3

− 1153 4990 2321.75± 1790.627 717 3589 2273± 1447 65.2 4871 1398± 2322
SO4

2− 653 8673 3569± 3610 265 11224 5040± 5251 108 6887 1988± 3277
PO4

3− 27 88 48± 27 18 110 59± 43 5 79 28± 35
Ca 4400 15200 8103± 4825 1280 7200 3785± 2552 172 8800 2728± 4069
Mg 486 2600 1250± 927 371 510 439± 70 75 1944 554± 927
Na 375 10000 4544± 4733 720 17000 6868± 7712 100 2500 775± 1153
K 304 3600 1756± 1566 233 5000 2121± 2052 8 1260 332± 619
Cr 0.18 1.4 0.5325± 0.5832881 0.16 4.88 1.62± 2.205826 0.01 0.02 0.0125± 0.005
Mn 43.1 100.25 74.0325± 30.47551 0.16 4.88 1.62± 2.205826 0.07 1.77 0.573± 0.81037
Ni 0.28 2.33 1.29± 1.127445 0.11 4.1 1.3425± 1.871138 0.01 0.02 0.0125± 0.005
Cu 0.01 0.11 0.04± 0.046904 0.07 0.44 0.2475± 0.18482 — — —
Fe 39.64 152.15 83.45± 54.08593 6.52 24.67 14.4± 7.657271 0.01 0.33 0.1425± 0.1513
Co 0.07 0.615 0.30375± 0.255974 0.02 0.73 0.25± 0.329545 — — —
Zn 0.44 1.69 0.9325± 0.54027 0.89 3.72 1.81± 1.328734 0.01 0.44 0.1625± 0.1899
As 0.01 0.1 0.0375± 0.04272 0.05 0.37 0.18± 0.136137 — — —
Pb 0.01 0.06 0.025± 0.023805 0.01 0.09 0.0375± 0.03594 — — —
Se 0 0.02 0.01± 0.008165 0.01 0.02 0.0125± 0.005 — — —
∗ (all concentrations are given in mg·L−1, except pH), EC (μS·Cm−1), and Temp. (°C).
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Figure 2: Heavy metals (Cr, Mn, Ni, Cu, Fe, Co, Zn, As, Pb, and Se) of three leachate samples were collected from the dumping during four
seasons the year 2021-2022.
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concentrations were found in L1, L2, and L3 (33180, 18285,
and 4359mg·L−1), respectively, as a result of disintegration
and liquefaction processes. Total Hardness (TH), specifcally
calcium and magnesium, may have contributed to the
leachate samples’ TH values. TH in ground water samples
can be related to anthropogenic infuences and mineral
leaching, which are the main governing elements of the
loading [18]. Te total hardness was detected in high con-
centrations in L1, L2, and L3 (22080, 12525, and
8731.25mg·L−1), respectively. Te excessive alkalinity in
leachates lends a disagreeable taste that could have an impact
on human health in addition to the high value TDS, TH, and
pH. Enhanced.

Biological Oxygen Demand-5-day (BOD5), an essential
physicochemical parameter, was used to detect the presence
of organic maters in the leachate and groundwater samples.
Higher BOD5 values signify a high concentration of organic
matter that is either decomposing or being biodegraded [19].
Te BOD5 and COD concentrations of leachate sample
ranges from (184.8 to 11100) and (260.568 to 18204) mg·L−1,
respectively. High values of organic matter in the wastes are
indicated by the high BOD5 and COD concentrations. Te
L2 was determined to have more organic matter than that of
the other two leachates based on the BOD5 and COD results
[20]. Te results indicate that the BOD5/COD ratios
exceeded 0.6 for all samples taken from the three dumpsites.

Table 4: Physicochemical parameters of three groundwater (tube well) samples surrounding the open dump area during four seasons of the
year 2021-2022.

W1 W2 W3
Min. Max. Mean± SD Min. Max. Mean± SD Min. Max. Mean± SD

Temp. 19.2 23 21± 1.608312 18 21 19.9± 1.428286 16.9 21.7 19.5± 2.280351
pH 7.8 8.4 8.075± 0.25 6.9 8.04 7.435± 0.467155 6.8 7.89 7.3475± 0.446869
EC 859.375 1078.125 943.3594± 95.33704 796.875 859.375 823.8281± 26.92386 650 687.5 674.219± 17.7466
TS 0 691 467.5± 316.8812 0 604 411.625± 277.2897 0 523 351.75± 237.5898
TDS 550 690 603.75± 61.01571 510 550 527.25± 17.23127 416 440 431.5± 11.35782
TSS 1 11566 2892.25± 5782.5 1 11452 2863.875± 5725.417 1 23018 5755.75± 11508.17
TA 36 660 274.5± 268.5237 42 800 332.25± 325.9861 32 480 241.75± 183.6453
TH 68 220 132.75± 63.46324 458 520 484.25± 27.28095 434 480 449.25± 21.28184
BOD5 0.4 1.6 1.0675± 0.511949 0.51 3.7 1.7375± 1.507103 0.1 3 1.4925± 1.196422
COD 0.476 1.904 1.270325± 0.609219 0.6069 4.403 2.067625± 1.793452 0.119 3.57 1.776075± 1.423742
Cl− 30 110 84.75± 37.64195 82 90 84.75± 3.774917 60 80 67± 8.906926
NO3

− 5.9 51 19.6± 21.22436 6.3 50 24.825± 19.00498 7.3 52 31.575± 20.64273
SO4

2− 92 153 125± 26.77063 84 110 95.5± 11.81807 43 84 54.75± 19.56826
PO4

3− 0.31 0.59 0.4125± 0.122848 0.3 0.55 0.435± 0.119583 0.26 0.39 0.3325± 0.062915
Ca 22.4 62 46.85± 17.273 86 160 122.75± 38.13463 86 144 116.25± 23.81001
Mg 2.8 15 9.45± 5.086911 19.7 29 23.875± 4.73524 20 32 25.9± 5.592257
Na 8 110 64.75± 42.3271 5 67 36.25± 25.34265 3 67 25.75± 28.22971
K 0.16 2.6 1.06± 1.062575 0.56 10.3 3.885± 4.363374 0.48 10.3 3.185± 4.757293
Fe 0 0.06 0.0175± 0.028723 0 0.03 0.0125± 0.015 — — —
Zn 0 0.19 0.105± 0.094692 0 0.29 0.0925± 0.13326 0 0.12 0.0525± 0.057373
∗ (all concentrations are given in mg·L−1, except pH), EC (μS·Cm−1), and Temp. (°C).
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Figure 3: Heavy metals (Fe and Zn) of three groundwater (tube well) samples were collected near the dumping site during four seasons
during (2021-2022).
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Te higher value shows that the young leachate has more
organic fractions that can break down into biodegradable
compounds (majority of organic compound is biodegrad-
able). Old leachate is more resistant to degradation than
young leachate primarily because it contains humic and
fulvic acids [21].

Te values of the anions (Cl−, NO3
−, SO4

2−, and PO4
3−)

and cations (Ca, Mg, Na, and K) are shown in Table 3. It is
clear that the concentrations of cations and anions vary
during the wet and dry seasons. Regarding the anions, the
high amount of chloride contents of L1, L2, and L3 were
(9292.5, 10912.5, and 1830.5) are due to mixing of domestic
waste. Kitchen waste from homes, hotels, and restaurants are
potential anthropogenic sources of chloride. Higher nitrate
and sulfate concentrations in L1, L2, and L3 were (2321.75,
2272.75, and 1397.8) and (3569, 5040, and 1988.25), cor-
respondingly, and these amounts are mostly attributable to
domestic wastes [7, 22]. A mature stage of the dumping site
is also indicated by the increased phosphate values in L1, L2,
and L3 (48.225, 59.25, and 28.1), respectively [23]. Domestic
wastes are regarded as themost probable sources for leachate
cations. Due to the increased evaporation impact in
a semiarid climate, the concentrations of all cations-Ca, Mg,
Na, and K-show greater values (8103, 3785, 1249.75, 438.75,
4543.75, and 1756, 2120.75, and 331.7, respectively [24].

Te mean concentrations of Cr, Mn, Ni, Cu, Fe, Co, Zn,
As, Pb, and Se for L1, L2, and L3 were summarized in
(Table 3 and Figure 2).Tere was a high concentration ofMn
(74.0325mg·L−1) and Fe (83.45mg·L−1) detected in L1
samples of the study area. Te L3 exhibited that Cu, Co, As,
Pb, and Se were not detectable, also represented relatively
high concentrations of Cr (0.0125mg·L−1), Mn
(0.573mg·L−1), Ni (0.0125mg·L−1), Fe (0.1425mg·L−1), and
Zn (0.1625mg·L−1). Relatively high concentrations of Cr,
Mn, Ni, Cu, Fe, Co, Zn, As, Pb, and Se were detected in the
L2. Similar outcomes were discovered by De et al. [25].
While the three leachates showed that Cd and Hg were not
detectable.

3.2. Groundwater (Tube Wells). Groundwater quality (tube
well) seasonal variations have been well investigated, the
mean values of physicochemical parameters of well samples
as well as their seasonal variation are summarized in
(Table 4).

Table 4 displays the seasonal average temperature dis-
tribution, the highest temperature ever recorded was 23°C in
the summer, and the lowest temperature ever registered was
16.9°C in the winter. Tese values gradually increase starting
in January and take on a summer aspect by July and August.
Te latitude and topographic heights, according to (Lee and
Hahn) [26], play a signifcant efect in the temperature
distribution, but there are also occasional values that cannot
be described by the abovementioned simple criteria. In this
instance, local man-made factors including groundwater
pumping, surface vegetation, land use, and host rock geology
could be potential drivers for the variations of temperature
value. According to Table 4’s analysis of the tube well
pH values, W1, W2, and W3’s respective mean pH values

were (8.075, 7.435, and 7.3475). Tis table makes it clear that
the pH fuctuated from 6.9 to 8.4, which is ideal for bacteria
that produce methane. Similar outcomes were discovered by
Visvanathan et al. [27], who discovered that ground water
(tube well) samples had a slightly high pH and stayed in the
range of 7.0–8.0 throughout the operations, indicating the
brief acidic phase and early methanogenic phase. Te
analysis revealed that the conductivity (EC) of the three
monitored wells under investigation (W1, W2, and W3)
recorded high values with means of (943.3594, 823.8281, and
674.2188) μS·cm−1 and a maximum value of
1078.125 μS·cm−1 detected in one of them.

Each of the three water samples (W1, W2, and W3) had
a total dissolved solid (TDS) value of (603.75, 527.25, and
431.5)mg·L−1, respectively. Total dissolved solids concen-
trations in groundwater may increase as a result of im-
properly lined landflls. Te mean BOD and COD values of
the three monitoring wells (W1, W2, and W3), as shown in
(Table 4), were determined to be (4.27, 6.95, and 5.97)
mg·L−1 and (1.270325, 2.067625, and 1.776075)mg·L−1,
respectively, in groundwater, which contains little to no
organic matter.Tis proves that the groundwater around the
site is not contaminated with organic material due to
leachate. Hassan and Ramadan [28], has also been found this
after evaluating the efects of the same sanitary leachate on
groundwater and found that there was no organic con-
tamination of piezometer wells near the landfll’s active cells.

Table 4 illustrates that for the three monitoring wells, the
mean values of the chloride content (84.75, 84.75, and 67)
mg·L−1, sulfates concentrations (125, 95.5, and 54.75)
mg·L−1, nitrate concentrations (19.6, 24.825, and 31.575)
mg·L−1 are also noted. According to WHO, the acceptable
values are (250, 250, and 50)mg·L−1 for chloride, sulfate, and
nitrate, respectively. Tese recorded levels of chloride, sul-
fate, and nitrate in the three monitoring wells are suitable for
drinking [29]. Te concentrations of phosphate ions de-
tected in the three wells were (0.4125, 0.435, and 0.3325)
mg·L−1, phosphate concentrations remained unafected and
suitable for drinking.

Acceptable concentrations (mean value) according to the
WHO [29] of cations in groundwater (tube well), sur-
rounding the open dumpsite recorded (Table 4), were
represented by calcium (46.85, 122.75, and 116.25)mg·L−1,
magnesium (9.45, 23.875, and 25.9)mg·L−1, sodium (64.75,
36.25, and 25.75)mg·L−1, and potassium (1.06, 3.885, and
3.185)mg·L−1, for the W1, W2, and W3, respectively. Te
reason behind these acceptable values because of the soil’s
permeability and antiseepage system.

Heavy metal pollution of the groundwater was examined
(Cr, Mn, Ni, Cu, Fe, Co, Zn, As, Pb, Se, Cd, and Hg). All the
heavy metals were discovered to be absent during the
summer for all three of the monitored tube wells, and most
of them were absent during the other seasons of the year,
with the exception of Fe and Zn.Te antiseepage system and
the permeability of the soil are the causes of this phe-
nomenon. Terefore, if the antiseepage system was com-
promised, the soil’s permeability and unsaturated zonemade
it more likely for pollutants to infltrate the groundwater, the
leachate might contaminate the groundwater [30], and the
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chances of contaminant of the groundwater by heavy metals
is by mixing with rain water in the rainy season [31]. Te
mean concentrations of Fe and Zn W1, W2, and W3 were
summarized in (Table 4 and Figure 3). Te concentration of
Fe (0.028723, 0.0125, and 0.00)mg·L−1 and Zn (0.105,
0.13326, and 0.057373)mg·L−1 were detected in the three
tube-well samples of the study area, while the other heavy
metals were not detected. Tese values are acceptable for
drinking-water compared with the standard of WHO, in
which the upper limit of iron presence in drinking water is
(0.3mg·L−1) and zinc is (3mg·L−1).

3.3. Statistical Correlations. A preliminary descriptive
method to determine the degree of relationship between the
variables involved is correlation analysis. Te correlation
matrixes of the physicochemical properties and heavy metals
of the leachate and groundwater (tube well) samples are
presented in (Tables 5 and 6). It was found that some pa-
rameters had statistically signifcant correlations with one
another, indicating a close relationship between these pa-
rameters. Due to the combined efects of spatial and tem-
poral fuctuations, the correlation coefcients (r) should be
taken with care. However, it is simple to infer certain
correlations. For the leachate’s samples (Table 5), BOD5 had
a positive correlation with each of (COD, Cl−, NO3

−, SO4
2−,

PO4
3−, Na, K, Cr, Ni, Cu, Co, Zn, As, Pb, and Se) with

positive correlations of (r> 0.9). Also, for groundwater (tube
well) samples, since little to no organic matter was found in
the groundwater, as revealed by the analysis, BOD5 and
COD had a positive connection, at the same time BOD5 had
a positive correlation with each of (NO3

−, SO4
2−, Ca, Mg, Na,

K, and Fe) (Table 6). Temperature and (TH, Ca, Mg,Mn, and
Fe) also showed a good correlation (r) value of (0.83419,
0.88167, 0.98512, 0.95012, and 0.9208), respectively, and
moderately correlations with (EC, TDS, and TA) with (r)
value of (0.64902, 0.65092, and 0.69027), as shown in (Ta-
ble 5). Te statistical correlation matrix for the three wells
(Table 6) represented that the temperature and (SO4

2−, Cl−,
Na, Fe, and Zn) also showed a good correlations (r) value of
(0.93752, 0.70613, 1.00, 0.9865, and 00.84892), respectively,
also the temperature had a negative correlation with TH
(r� −0.93906), NO3

− (r� −0.94389), Ca (r� −0.9435), Mg
(r� −0.98917), and K (r� −0.87728). Te high association
between the pH of the leachate and the concentration of
heavy metals is indicated by the negative correlation of
pH with Mn, Fe, with r value (−0.98801 and −0.9717), re-
spectively, and the slightly weaker negative correlation with
Co (r� −0.52065). Reduced pH increases the solubility of
several metals. Metals that form cations become more
mobile as pH is lowered, in contrast to elements that pro-
duce anions and complexes, whose solubility decreases as
pH is lowered [32]. Same thing repeated for the correlation
matrix for the pH of the tube well and its association with
and the concentration of (Fe and Zn), it is indicated by the
good correlation of pH with Fe (r� 0.9999), and moderate
correlated with Zn (r� 0.76038). Good correlations were
found between Cr, Cu, Zn, As, and Pb (r> 0.9), whereas
moderate correlations were found between Cr and Ni

(r� 0.77137), Co (r� 0.62845), and Se (r� 0.86050). Te
simultaneous accumulation of Cr, Cu, Zn, As, and Pb is
a common occurrence at smelting sites and is caused by the
elements’ or compounds’ shared chemical environment or
absorptive pathways [33].

All the parameters in Table 5 exhibit high correlations,
and some of the parameters in Table 6 also exhibit high
correlations. Te three Tanjaro dumpsites’ waste composi-
tions appear to be comparable based on the signifcant
connection between the leachate parameters in all three
leachates. A preliminary indication that the particle size of
waste, degree of compaction of waste, hydrology of the
dumpsites, moisture content, and accessible oxygen in the
Tanjaro dumpsite are also similar is provided by the sig-
nifcant connection between the leachate parameters in the
Tanjaro dumpsites. Similar results indicating a substantial
association was shown by leachate parameters from the
dumpsites were shown by (Salami and Susu) [34]. Te
leachate characteristics of the Tanjaro dumpsites show
a strong association, which suggests that the existing ap-
proach of mixing garbage in the dumpsite is inefective.
Wastes from the domestic, municipal, medical, hazardous,
and industrial sectors should be separated into their own
categories.

4. Conclusion

In this study, the main environmental issue is the physi-
cochemical characterization and evaluation of seasonal
variations of leachate of Tanjaro open dumpsite of Sulay-
maniyah city, and its efect on the groundwater quality. High
levels of organic and inorganic compounds, as well as their
toxicity due to the presence of heavy metal concentrations,
were the main characteristics of the leachates. Te leachate
from the Tanjaro dumping area has extraordinarily high
values for nearly all the physicochemical parameters. All
heavy metals, with the exception of cadmium and mercury,
were found in leachate at concentrations below their re-
spective acceptable limits. Te characterization showed that
the age of L1 can be referred to young, but the pH value of
both L2 and L3 were referred to old leachate. According to
the study’s fndings, the Tanjaro dumpsites are currently
functioning and in the initial stabilization process. Te
leachate had a high degree of anaerobic phase bio-
degradability (BOD5/COD is about 0.63) and was highly
biodegradable. Monitoring wells near the dumpsites showed
that the groundwater was not severely contaminated, due to
time required for migrations of H.M through soil profle till
reaching groundwater which contains little to no organic
matter. Whereas some parameters exceeded the WHO
standards, in which the (conductivity, total dissolved solids,
total hardness, Zn, and Fe) were some of these
characteristics.

4.1. Recommendations. Tanjaro dump area is an unengi-
neered landfll. When considering remediation measures,
the landfll site should be taken into account. Since it takes
approximately 500 years for plastic bags and polythene to
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completely degrade, they should be strictly separated before
MSW is dumped [35]. Composting and anaerobic digestion
are the preferred methods for processing biodegradable
trash, with landflling only being used for nonbiodegradable,
inert, or garbage that cannot be recycled. Industrial and
biomedical wastes must not be combined with MSW.
Municipalities must upgrade their MSW storage facilities to
protect residents who live close to open dump area, which
lead to unclean and unhealthy conditions in the neigh-
borhood. After closure, parks may be built on a landfll [31].
Te fndings of the current study therefore call for the
Sulaymaniyah Municipality Directorate to implement ade-
quate solid waste management in Tanjaro open dump area as
a long-term policy, and the groundwater in and surrounding
Tanjaro’s open dumpsite has to be continuously monitored.

Data Availability

Te authors confrm that the data supporting the fndings of
this study are available within the article.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Supplementary Materials

Table S1: the physicochemical parameter values of leachate
and ground water (tube well) samples as well as their sea-
sonal variation. (Supplementary Materials)

References

[1] M. P. Papadopoulou, G. P. Karatzas, and G. G. Bougioukou,
“Numerical modelling of the environmental impact of landfll
leachate leakage on groundwater quality - a feld application,”
Environmental Modeling & Assessment, vol. 12, no. 1,
pp. 43–54, 2007.

[2] A. Bia, “Hazardous Emissions from Municipal Solid Waste
Landflls,” Contemporary problems of management and en-
vironmental protection, vol. 9, no. 9, pp. 7–28, 2011.

[3] I. Yenis Septiariva, T. Padmi, E. Damanhuri, and Q. Helmy,
“A study on municipal leachate treatment through a combi-
nation of biological processes and ozonation,” MATEC Web
Conf, vol. 276, Article ID 06030, 2019.

[4] P. Gautam and S. Kumar, “Characterisation of hazardous
waste landfll leachate and its reliance on landfll age and
seasonal variation: a statistical approach,” Journal of Envi-
ronmental Chemical Engineering, vol. 9, no. 4, Article ID
105496, 2021.

[5] B. P. Naveen, P. V. Sivapullaiah, and T. G. Sitharam, “Efect of
aging on the leachate characteristics from municipal solid
waste landfll,” Japanese Geotechnical Society Special Publi-
cation, vol. 2, no. 56, pp. 1940–1945, 2016.

[6] P. Kjeldsen, M. A. Barlaz, A. P. Rooker, A. Baun, A. Ledin, and
T. H. Christensen, “Critical reviews in environmental science
and technology present and long-term composition of MSW
landfll leachate: a review present and long-term composition
of MSW landfll leachate: a review,” Critical Reviews in En-
vironmental Science and Technology, vol. 32, no. 324,
pp. 37–41, 2002.

[7] C. Liao, Q. Tian, and F. Liu, “Nitrogen availability regulates
deep soil priming efect by changing microbial metabolic
efciency in a subtropical forest,” Journal of Forestry Research,
vol. 32, no. 2, pp. 713–723, 2021.

[8] A. Rahman, “Efects of leachate on geotechnical character-
istics of sandy clay soil Efects of Leachate on Geotechnical
Characteristics of Sandy Clay Soil,” AIP Conference Pro-
ceedings, vol. 1571, 2013.

[9] L. Lei, Y. Chun, L. Jiangshan, and T. Yu, Te efect of tem-
perature on landfll gas production with waste degradation,
vol. 599, pp. 570–573, 2012.

[10] F. A. Norashiddin, M. A. Kamaruddin, I. M. Emmanuel, and
M. P. Faizal, “Activated carbon for landfll leachate treatment:
a review,” International Journal of Development and Sus-
tainability, vol. 8, no. 1, pp. 19–29, 2019.

[11] T. H. Christensen, P. Kjeldsen, P. L. Bjerg et al., “Bio-
geochemistry of landfll leachate plumes,” Applied Geo-
chemistry, vol. 16, no. 7–8, pp. 659–718, 2001.

[12] L. Salami, O. Fadayini, R. Patinvoh, and O. Koleola, “Eval-
uation of leachate contamination potential of lagos dumpsites
using leachate pollution index,” British Journal of Applied
Science & Technology, vol. 5, no. 1, pp. 48–59, 2015.

[13] S. Singh, N. J. Raju, W. Gossel, and P. Wycisk, “Assessment of
pollution potential of leachate from the municipal solid waste
disposal site and its impact on groundwater quality, Varanasi
environs, India,” Arabian Journal of Geosciences, vol. 9, no. 2,
pp. 131–212, 2016.

[14] S. K. Maiti, S. De, T. Hazra, A. Debsarkar, and A. Dutta,
“Characterization of leachate and its impact on surface and
groundwater quality of a closed dumpsite – a case study at
dhapa, Kolkata, India,” Procedia Environmental Sciences,
vol. 35, pp. 391–399, 2016.

[15] R. Nagarajan, S. Tirumalaisamy, and E. Lakshumanan,
“Impact of leachate on groundwater pollution due to non-
engineered municipal solid waste landfll sites of Erode city,
Tamil Nadu, India,” Iranian Journal of Environmental Health
Science & Engineering, vol. 9, no. 1, p. 35, 2012.

[16] B. P. Naveen, D. M. Mahapatra, T. G. Sitharam,
P. V. Sivapullaiah, and T. V. Ramachandra, “Physico-
chemical and biological characterization of urban munici-
pal landfll leachate,” Environmental Pollution, vol. 220,
pp. 1–12, 2017.

[17] A. H. Mohammad, G. Abdullat, and K. Alzughoul, “Changes
in total dissolved solids concentration during infltration
through soils (rain, fresh groundwater and treated waste-
water),” Journal of Environmental Protection, vol. 08, no. 1,
pp. 34–41, 2017.

[18] R. Rana, R. Ganguly, and A. K. Gupta, “Physico-chemical
characterization of municipal solid waste from Tricity region
of Northern India: a case study,” Journal of Material Cycles
and Waste Management, vol. 20, no. 1, pp. 678–689, 2018.

[19] B. M. Awaz, “Leachate and ground water assessment at kirkuk
sanitary landfll site in zindana village , Iraq,” International
Journal of Environmental Research, vol. 9, no. 2, pp. 457–466,
2015.

[20] M. Rathod, H. Mishra, and S. Karmakar, “Leachate Char-
acterization and Assessment of Water Pollution near Mu-
nicipal Solid Waste Landfll Site,” International Journal of
Chemical and Physical Science, vol. 2, pp. 186–199, 2013.

[21] D. Cassano, A. Zapata, G. Brunetti et al., “Comparison of
several combined/integrated biological-AOPs setups for the
treatment of municipal landfll leachate: minimization of
operating costs and efuent toxicity,” Chemical Engineering
Journal, vol. 172, no. 1, pp. 250–257, 2011.

Journal of Chemistry 11

https://downloads.hindawi.com/journals/jchem/2022/8574935.f1.docx


[22] Q. Wu, X. Jiang, Q. Lu, J. Li, and J. Chen, “Changes in soil
organic carbon and aggregate stability following a chronose-
quence of Liriodendron chinense plantations,” Journal of
Forestry Research, vol. 32, no. 1, pp. 355–362, 2021.

[23] D. Fatta, A. Papadopoulos, and M. Loizidou, “A Study on the
Landfll Leachate and its Impact on the Grounwater Qualty of
the Greater Area,” Environmental Geochemistry and health,
vol. 21, pp. 175–190, 1999.

[24] S. S. Kale, A. K. Kadam, S. Kumar, and N. J. Pawar, “Eval-
uating pollution potential of leachate from landfll site, from
the Pune metropolitan city and its impact on shallow basaltic
aquifers,” EnvironmentalMonitoring and Assessment, vol. 162,
no. 1, pp. 327–346, 2010.

[25] S. De, S. K. Maiti, T. Hazra, and A. Dutta, “Evaluation of the
impact of landfll leachate on groundwater quality in Kolkata,
India,” Pollution, vol. 3, no. 3, pp. 453–459, 2017.

[26] J. Y. Lee and J. S. Hahn, “Characterization of groundwater
temperature obtained from the Korean national groundwater
monitoring stations: i,” Journal of Hydrology, vol. 329, no. 3-4,
pp. 514–526, 2006.

[27] C. Visvanathan, P. Kuruparan, and O. Tubtimthai, “Infuence
of tropical seasonal variations on landfll leachate charac-
teristics — Results from lysimeter studies,” Waste Manage-
ment, vol. 25, pp. 1013–1020, 2005.

[28] A. H. Hassan and M. H. Ramadan, “Assessment of sanitary
landfll leachate characterizations and its impacts on
groundwater at Alexandria,” Journal of the Egyptian Public
Health Association, vol. 80, no. 1–2, pp. 27–49, Article ID
16922147, 2005.

[29] Who, “Guidelines for Drinking-Vvater Quality,” WHO
L1brary Cat. 1n Publ1cat1on data guid, 1993.

[30] D. Zeng, G. Chen, P. Zhou et al., “Factors infuencing
groundwater contamination near municipal solid waste
landfll sites in the Qinghai-Tibetan plateau,” Ecotoxicology
and Environmental Safety, vol. 211, Article ID 111913, 2021.

[31] Archana and V. Dutta, “Seasonal variation on physico-
chemical characteristics of leachate in active and closed
municipal solid waste landfll site in lucknow, India,” G-
J. Environ. Sci. Technol.vol. 1, no. 4, pp. 90–95, 2014.

[32] I. A. Talalaj, P. Biedka, and M. Walery, “Monitoring of
leachate quality at a selectedmunicipal landfll site in Podlasie,
Poland,” Journal of Ecological Engineering, vol. 17, 2016.

[33] L. Sun, X. Liao, X. Yan, and G. Zhu, “Evaluation of Heavy
Metal and Polycyclic Aromatic Hydrocarbons Accumulation
in Plants from Typical Industrial Sites: Potential Candidate in
Phytoremediation for Co-contamination,” Environmental
Science and Pollution Research, vol. 21, 2014.

[34] L. Salami and A. A. Susu, “A comprehensive study of leachate
characteristics from three soluos dumpsites in igando area of
lagos state, Nigeria,” Greener J. Environ. Manag. Public Saf,
vol. 8, no. 1, pp. 1–14, 2019.

[35] P. Vasanthi, S. Kaliappan, and R. Srinivasaraghavan, “Impact
of poor solid waste management on ground water Impact of
poor solid waste management on ground water,” Environ-
mental monitoring and assessment, vol. 143, 2014.

12 Journal of Chemistry




