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1- Electrical of conductivity

2- Organic carbon

3- Calcium carbonate equivalent
4- Cation exchange capacity

5- Availability fraction percentage
6- Single-factor pollution index
7- Nemerow pollution index
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Table 1- Classes defined for PI, PIN and PLI indicators

Pl PLI PIN
Value Class Pollution Level Value Class P(I)_ILli/t;?n Value Class Pollution Level
Slado oW &l mhaw JIETR oW ;.:9” \ Sk s & o
PI<1 1 Clean PLI<0.7 1 Clean PIN<0.7 1 Clean
- (5291 o) - (59l o) - (5291 o)
1<PI<2 5 Low Pollution 1<PLI2 Low Pollution 0.7<PIN<1 5 Low Pollution
- (S S29) R (05 S50 T (05 S50
9<PI<3 3 Moderate Pollution 2<PLI<3 3 I;’Ao(iﬁiriztr? 1<PIN<2 3 Slight Pollution
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Table 2- Comparison of measured features in refined urban wastewater with international (7, 30, 31) and domestic standards

9)
saddninal (6 s WS
_ Urban Treated wastewater WHO EPA IRNDOE FAO
F‘%tf 39 ‘ toSile Sl plojlejleblis glojle  jlcbls gljle gl plojl
eatures awld . [ . . . .
Range Sre L1 il Sk Boyol Comjlapne ol Comn jlane Sk b
Mean + SD
pH 7.09-757  7.24+029 6.5-85 6.5-8.4 6.5-85 6.5-85
EC(dSm?) 1.32-160  1.33+0.28 0.7 0.7 0.7 0.7
Zn(mgL') 0.77-0958  0.87+0.06 2 1 2 2
Cu(mgL?) 0515-073 059+ 0.07 0.2 0.2 0.2 0.2
Cd(mgL?) 0.106-019  0.14+0.03 0.01 0.01 0.05 0.01
Pb(mgL?) 047-0965 0.77+0.15 5 5 1 5
Ni(mgL?) 0.04-0144  0.095%0.04 0.2 0.2 2 0.2

oly U g ol il WS L (g5l Codi (08151 55 uwd (63505151 (ot baond (S S 529 dmlio -3 Jou

Table 3- Comparison of chemical features measured in irrigated lands with treated wastewater and well water
(S didgyy) G dilaio S

b S Soil area 1 (profile 1) (ST JOVES SRV
Features M b o (gl S oy O boud gyl SB Percent change (%)
Irrigated soil with sewage Irrigated soil with well water

pH 7.93 £0.015 7.70+0.05 2.99
EC (dS m'?) 2.73£0.297 250+1.75 9.20
OM (%) 2.83 £0.867 2.58+0.86 9.69
CCE (g kgh) 42.2+1.39 40.7£1.36 3.70
CEC (Cmol kg% 24.3+1.12 21.8+2.31 115

(5> o) 9> adlate S5
Soil area 2 (profile 2)

pH 7.74 £0.021 7.70 £0.047 0.52
EC (dS m?) 3.64+2.16 250+ 1.75 45.6%
OM (%) 2.60+0.91 2.58+0.86 0.775
CCE (g kg™) 40.4 % 1.04 40.7+1.36 -0.700
CEC (Cmol kg'l) 25.45 +0.77 21.8+231 16.6

(4w Jubg yo)duw ailaio S5
Soil area 3 (profile 3)

pH 7.71+0.05 7.60 £0.047 1.46
EC (dS m?) 2.59+0.88 2.45+1.75 5.84
OM (%) 2.76 + 0.66 2.35+0.86 17.4
CCE (g kg™) 42.8+1.59 40.8+1.36 4.88
CEC (Cmol kg't) 23.5+0.40 8+231)2 7.90

(e Jibsy) sz adbaie SK
Soil area 4 (profile 4)

pH 7.77+0.21 7.65+0.021 1.57
EC (dS m?) 3.78+1.58 2.45+1.47 54.3%
OM (%) 2.60 +0.011 2.35 +0.063 10.6
CCE (g kg™) 37.4+1.73 30.8+1.23 21.5
CEC (Cmol kg't) 18.16 + 0.40 17.3£0.097 4.97

(w2 Jibon) poesy aidate S
Soil area 5 (profile 5)

pH 7.70 £0.021 7.60+0.32 1.32
EC (dS m?) 3.78+1.58 2.46 +1.42 53.6%
OM (%) 2.60+0.11 2.24+0.05 9.70
CCE (g kg™) 37.4%1.73 30.3+1.60 23.4
CEC (Cmol kg't) 20.13 +0.80 17.6 £0.045 14.1

2l o Mo yd 5 Jlossl pdaw )3 Iy gz
* Significant at a probability level of 5%
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Table 4- Effects of irrigation with treated wastewater on the concentration of DTPA and Total elements of Cd, Cu, Pb, Zn

and Ni
(K2 ey ) o elate S5 2ol
. ¥ - Standard
e Soil area 1 (profile 1)

e sl Liss EXTRTIWA

O U oo ; Percent change (%)

Heavy ok ol g,-»l X WY JRESE B

metals oMl Irrigated Domestic Foreign

Irrigated soil soil with
with sewage well water
DTPA -Cd (mg.kg™1) 0.44+0.10 0.285 £ 0.04 54.386* 0.5 0.2-0.6
DTPA —-Cu (mg.kg™1) 2.49+0.275 2.213+0.11 12.94 02-2 02-5
DTPA —Pb (mg.kg™1) 2.043£0.49 1.85+0.17 10.43 - 5.2-10
DTPA - Zn (mg.kg™1) 1.893 +0.49 1.395+0.24 35.7* 0.2-6 0.6-10
DTPA —Ni (mg.kg™) 1.39+0.114 0.764 £ 0.07 81.94** - 02-2
Total - Cd (mg.kg™1) 10.62 + 1.53 2.8+152 279.3%** 5 3
Total - Cu (mg.kg~1) 56.62 +2.71 49.75 £ 0.99 13.81 200 100
_ -1 55.71+5.98 49.56 + 0.824 12.41 75 -
Total - Pb (mg.kg™")
_ -1 40.16 + 3.19 20.204 +1.76 98.77** 360 300

Total — Zn (mg.kg™")

Total - Ni (mg.kg~1) 21.14+3.32 18.59 + 1.36 13.72 110 110

(59 Jidg ) 9 adlate S5
Soil area 2 (profile 2)
DTPA - Cd (mg kg™ 0.63+0.13 0.28 £ 0.034 1254 05 02~
DTPA -Cu (mg kg%) 3.14+0.31 2.65+0.412 18,5 0.2-2 0 2'_ 5
DTPA - Pb (mg kg?) 1.96 + 0.41 1.85+0.17 5.95 - 5 2 _10
DTPA -Zn (mg kg1) 2.42+0.24 1.39+0.24 73.35**  0.2-6 0.6 ~10
DTPA - Ni (mg kg%) 1.34+0.32 0.75+0.10 78.9%* - O > _1
Total — Cd (mg kg?) +9.63+1.7 2.81+1.56 243*** 5 ' 3
Total — Cu (mg kg?) +55.6+2.6 49.9 +0.68 11.3 200 100
Total — Pb (mg kg') +4.25)54. 48.9+1.86 10.6 75 X
Total — Zn (mg kg'%) 51.95+2.35 20.2+1.76 157%** 360 300
H - **k
Total — Ni (mg kg% 50.7 £ 20.1 29.3+1.96 73.1 110 110
(4w Jidop) dw ddaio S
Soil area 3 (profile 3)

DTPA —Cd (mg kg') 0.615+0.15 0.28 £0.03 119%** 0.5 0626_
DTPA —Cu (mg kg'h) 2.78+0.25 2.32+0.19 19.8 0.2-2 0 2'_ 5
DTPA - Pb (mg kg?) 2.22+0.11 1.85+0.17 20 - 5 2 10
DTPA -Zn (mg kg1) 2.25+0.19 1.39+0.24 61.3* 0.2-6 0.6 ~ 10
DTPA - Ni (mg kg%) 1.75+0.19 0.75+0.10 133*** - O > _1
Total — Cd (mg kg™) 11.7+£0.92 2.85+1.56 310%** 5 : 3
Total — Cu (mg kgl) 55.0+2.8 49.9 +0.68 10.1 200 100
Total — Pb (mg kgt) 56.4 +3.12 18.6 £4.3 203*** 75 X
Total — Zn (mg kg'%) 42.8+3.7 20.2+1.76 112%** 360 300
Total — Ni (mg kg') 34.7+1.79 29.3+1.96 18.5 110 110
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Soil area 4 (profile 4)
DTPA - Cd (mg kg'b) 0.42 +0.045 0.21+0.017 100** 05 0626_
DTPA - Cu (mg kg't) 3.47 +0.285 1.86 +0.11 86.6**  0.2-2 025
DTPA - Pb (mg kg%) 2.88+0.20 2.18+0.37 32.4* - 55 ‘10
DTPA - Zn (mg kg?) 2.47 +0.442 1.73+0.06 42.8* 02-6 & : 10
DTPA - Ni (mg kg?) 157 +0.27 0.67 £0.28 135%** - 022
Total — Cd (mg kg?) 11.6 +2.09 2.90 + 1.45 302%** 5 3
Total — Cu (mg kg't) 57.2+2.32 46.21+ 3.16 23.8 200 100
Total — Pb (mg kg') 60.5 + 0.66 37.16+ 1.4 62.7* 75
Total — Zn (mg kg'%) 41.1+2.79 27.2+1.88 51.1* 360 3(')0
Total — Ni (mg kg?) 41.7 + 3.68 18.4+2.41 127%%* 110 110

(s Jidgs) ety aiaie S

Soil area 5 (profile 5)
DTPA - Cd (mg kg 0.39 +0.045 0.21+0.017 85.7%% 05 0(')26‘
DTPA —-Cu (mg kg') 3.48 + 0.453 1.86 +0.12 87.1**  0.2-2 025
DTPA - Pb (mg kg%) 2.55+0.36 2.18+0.37 16.9 - 55 ‘10
DTPA - Zn (mg kg% 259+ 0.4 1.73+0.06 50.1* 02-6 & : 10
DTPA - Ni (mg kg?) 1.62 +0.14 0.67 £0.28 142%** - 022
Total — Cd (mg kg't) 11.8 +2.65 2.90 +1.45 307*** 5 s
Total — Cu (mg kg?) 60.9 + 1.80 46.2 +3.16 31.9% 200 100
Total — Pb (mg kg') 59.9 + 0.61 37.2+1.40 61.1* 75
Total — Zn (mg kg'2) 44.7 + 4.37 27.2+1.80 64.3* 360 3(')0
Total — Ni (mg kg% 22.6 +5.80 18.4 +2.42 22.9 110 110

b e 2o 0L g o 1 o 5 Jleis] o 55 5 me cui 5 g s o *%

*

«, = and ==« significantly, at a probability levels of 5%, 1% and 0.1% respectively
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Figure 1- Percentage of Cd, Cu, Pb, Zn and Ni in various profiles
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Table 5- Pl index

Ni Zn Pb Cu o5y 0,lous
Profile number
1.14(2) 198(2) 1.12(2) 1.14(2) 3.79(4) S o
Profile 1
1.73(2) 257(3) 111(2) 1.11(2) 3.43(4) 5%},_,55,9,
Profile 2
1.18(2) 212(3) 1.16(2) 1.10(2) 4.09(4) ““J_:-ém
Profile 3
227(3) 151(2) 1.28(2) 1.24(2) 4.02(4) S Jebo
Profile 4
1.23(2) 164(2) 127(2) 1.32(2) 4.07(4) & Jdox
Profile 5
151(2) 196(2) 1.19(2) 1.18(2) 3.88(4) oSk
Mean

2: class2: Low pollution, 3: class 3: Moderate pollution, 4: class 4: High pollution
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Introduction: Over the past decades, due to climate change and water scarcity, the recovery and use of urban
wastewater, especially in arid and semi-arid climates, has increased. But since wastewater is considered as an
unconventional source of water, its use in agriculture requires special management which, while benefiting from
it, does not have environmental and health hazards in soil, plant and surface water and underground water
resources. On the other hand, sewage systems often have significant amounts of heavy and toxic metals, the type
and amount of which varies from place to place, and even in the specific location, over time. The soil also has a
limited capacity to absorb and maintain these elements, and if their concentration exceeds the permitted range,
they can cause pollution of the water, soil, plant and human cycle. Therefore, the present study was conducted to
investigate the effect of irrigation with treated wastewater in Urmia city on concentrations, distribution and
contamination of Zn, Cu, Cd, Pb and Ni elements.

Materials and Methods: In field work, 6 soil profiles (5 profiles from the wastewater-irrigated soils and a
profile from the well-irrigated soil as control soil) were dug, described, and sampled. At around each profile,
composite soil samples were also obtained in the root depth of the area (Ap horizon, the depth of 30 cm). Soil
samples were first air-dried and passed through a 2-mm sieve and then analyzed for the determination of heavy
metals. The available and total fraction of zinc (Zn), copper (Cu), cadmium (Cd), leads (Pb), and nickel (Ni)
were extracted by DTPA method and concentrated acid (HNO3) procedure, respectively. The content of Zn, Cu,
Cd, Pb and Ni were determined by an atomic absorption spectrophotometer (Shimadzu AA-6300). Descriptive
statistics were conducted using SPSS 16 for Windows. In order to study the effect of irrigation with treated
wastewater on the extent of contamination of heavy metals, the AP (availability percentage), PI (Single-factor
pollution index), NPI (Nemerows pollution index), and PLI (Pollution load index) in the affected soils with this
wastewater was calculated. Also, all soil and water experiments were performed in 3 replicates and then, using
the excel data software category, tables and charts were plotted.

Results and Discussion: The soils were alkaline and calcareous as characterized by high pH, ranging from
7.6 to 8, and calcium carbonate equivalent, ranging from 30 to 42%. On average, the value of the available
fraction of the examined metals in the wastewater-irrigated soils ranged from 1.9 to 3.5 mg kgfor Zn, 2.5- to
3.5 mg kg*for Cu, 0.4 to 0.62 mg kg™for Cd, 2 to 2.9 mg kg-for Pb, and 1.34 to 1.75 mg kg*for Ni. Comparing
to the control, irrigation with wastewater resulted in a considerable build-up in the available fraction of the
metals in the rank of Ni (79-142%)> Cd (54-125%)> Zn (35-73%)> Cu (13-87%)>Pb (6-32%). These patterns
can be due to the quality and quantity of the used wastewater and impact of the used wastewater with its
receiving soils. Similar to the available fraction, there was an increasing trend in the total fraction of metals in
the order of Cd> Zn>Pb> Ni> Cu following wastewater irrigation. In this context, the mean content of total Zn,
Cu, Cd, Pb, and Ni in wastewater-irrigated soils was as 51-157%, 10-32%, 243-310, 11-203%, and 13-126%
higher than those of control soil, respectively. In spite of such enrichment, only the Cd values exceeded the
maximum acceptable limits. The AP index is an appropriate index to compare the mobility potential and the
toxicity of heavy metals in soil. In this study, the highest rate of this index among the heavy metals was related
to Cd and its lowest level was related to Pb, which showed more toxicity and more mobility of Cd compared
with other elements. The average of single-factor pollution index of five elements was observed in sequence Cd>
Zn> Ni>Pb> Cu that the element of Cd had the highest class of PI (class 4). The highest and lowest of NPI
values of five elements were observed in profiles 4 and 2, respectively. Also, the greatest effect of the five
elements of this study is on the elements of Cd and Zn in the generation of this level of contamination. The
pollution index of the five studied elements in irrigated soils with treated wastewater was similar to the NPI, its
maximum was observed in profile 4 and Cd showed the highest effect on increasing the value of this index.
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Conclusions: The results of this study showed that irrigation with sewage significantly increased the
available fraction of the metals in the order of Ni (78.9-141.8%)> Cd (54.4-125%)> Zn (35.7-73.3%>Cu (13-
87%)>Pb (6-32.3%) compared to the control. However, with the exception of cadmium, the available fraction of
other elements was within the permissible limit. Compared to the control, in the majority of studied soils, the
total fraction of the metals (with the exception of copper) was significantly increased and the lowest and highest
increase associated with Cu (10-32%) and Cd (2 - 3 times). Also, the results of pollutant indices showed that the
majority of the studied soils were in the low to high contamination and Cd was known as the major metal
affecting the indices yield.
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