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Figure 1- Position of Boroujen-Faradonbeh plain. Sampling points of irrigation with well water (west part of the plain)
has been shown with hollow triangles, sampling points of irrigation with wastewater (east part of the plain) has been
shown with filled triangles. Hollow circles in both parts of the plain represent grassland and rangeland points
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Table 1- Total concentration (mg L) of trace elements in well water and wastewater used for irrigation of Boroujen-
Faradonbeh plain and allowable concentration for each element.
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, Sl sly o s
S it (1) ol 2 laibins Wastewater Well freshwater Trace Element
FAO limit Iranian limit

0.2 2 0.5 b 0.3 a Ni I
0.1 1 0.1 a 0.1 a Cd posadls
0.1 2 0.3 b 0.2 a Cr FYWIN Y
0.2 - Negligible a Negligible a Hg 05>
0.5 0.5 0.2 b 0.1 a Co s
5 1 0.6 b 0.3 a Pb g

(P<+/0) ol Olay gol> O > puaie cdale 1Ske o ime glis (godimylis Cglite oSSl g >
aand b letters indicate a significant difference in the mean concentration between well freshwater and wastewater (p<0.5)
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Table 2- Statistical summary of soil basic variables in Boroujen-Fradombeh plain (n=200)
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3 15 48 44 46.0 46.1 % Silt g
14 2.8 24 155 19.5 19.7 % Equivalent CaCOs Jolee S il 8
0.1 7.9 75 7.7 7.7 - pH el
15 1.8 0.7 1.0 11 dSmt EC  Ssllcols el
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Table 3- Statistical summary of trace elements (mg/kg) in pristine lands of Boroujen-Fradombeh plain (n=200)

O SIS g g el S
Pb Co Hg Cr Cd Ni
5 ke 8y slao Lo
Total concentration variation
11 0.5 0.01 1.3 0.04 0.6 Minimum aeS
2.2 1.1 0.26 1.8 0.59 1.6 Maximum Ao
20 21 62 9 72 35 cv Ol ks o >
NENERP S JESAENS PPN
Anthrogenic background mean concentration
15 0.8 0.12 1.6 0.21 1.1 Arithmetic mean s 5:5ke
15 0.8 0.09 1.6 0.16 1.1 Geometriv mean owdin (1 Sle
Sl (glaie; clale YL ao clao ol
Anthrogenic background concentration upper limit
5 —
17 09 016 16 028 13 % g’rgﬁﬁgl'c'”;;:: ol Sile VL 720 s
2.4 1.4 0.35 1.9 0.68 2.3 Mean +3 times SD el ymol x ¥+ Sile




WAY 5 — 0l )3 Yo lod FY b (S gl apis YAA

Bl F Jgiz) ol (+19) MY KgY) il (Sike i Ly

7500 CleS polis lainej clale (F Jgi2) 2,5 o sl Sl
$loy5iS > a5l 1 5 ol e xSk 51 3150
(¥ Jois) canl jaS )50

el a8 o cuds (pl )3 S5 9 0 sl il

slapej cbale (g 039 (F) olpb5ile (gadlaio (gl 00d s
A bayye biee eugls pl cunl oty .l jlys Lo @5 puodls”
cbale (YF 54) cowl S (gpole slaSw uis ) oyl
Cowl o g ldine; cdale ply 50 cudd (pl )0 peodlS (gldine;

2 9 (MAC) jlxe clile pSTas sbdakold g (Lid 43 (b yguiS sy S 40 oy 1 3590 CleoS polie Clale gdkald g (3Klo —€ Joua
Cowlmg kgt &y edale olod .(gj,9UiS LS 3 (TAV) pladl

Table 4- Mean and range of trace elements in soils in iran, China and USA, and the ranges of maximum allowable
concentration (MAC) and Trigger Action Value (TAV) in agricultural soils. All concentrations in mg kg

(0!%55%) ol !

Lis 5 50! o
World USA China Ma;;sg;ran
(F=Y Jgaa 1YV) e (A) & (A) & (£) s
TAV"  MAC wals il oSl il oSl ke d Sl pais
R sl VR S WS JEIVREES el GM Element
AM GM AM GM AM

75-150  60-20 44-22 29 13 19 23 27 45.7 Ni JS

20-2 5-1 0.3-0.7 0.41 0.07 0.09 0.23 cd osel8

450-50 200-50  5.5-100 60 37 54 54 61 - Cr £9yS

1510 055 05818 0.7 0.06 0.09 0.04 0.07 - Hg ogu>

100-30  50-20 1100-2 11.3 6.7 1.9 11 13 - Co s

300-50  300-20 34-12 27 16 19 24 27 34.2 Pb oy

*MAC: Maximum Allowable Concentration; TAV: Trigger Action Value; GM: Geometric Mean; AM: Arithmetic Mean; R: Range. Values of

MAC and TAV from reference (17): Table 2-9, page 24
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Table 5- Geometric mean of total concentration (mg L) of trace elements in rabgelands (reference soils), irrigated soils with
well water and irrigated soils with wastewater, and their change under agricultural operations and sewage application in
Boroujen-Faradonbeh plain. n is samples number

ol b 0ls (5l sSB ola ol b ouds (g, lof sSK & SBSB
Wastewater-irrigated soils (WS) Freshwater-irrigated soils (FS) Reference
n=90 n=90 Soils (RS)
N=20
Nl yudS Nl oS oo o S olbo child (Sbo prese
SB a4 Comd SB 4 Comd JPFIERTEY SB 4 Cond Clale wai &ldiao Element
Sl Lo gyl FeSY) bl F 30 GM Mean baseline
NN Change of GM Change of concentration
Change of mean to RS mean to RS
mean to FS
YA JAde A e YA Jade
+23 +0.3 +36 +0.5 163 ¢ +18 +0.2 13 b 1.13 a Ni S
-18 -0.04 +13 +0.02 018 a +38 +0.6 0.22 b 0.16 a Cd wsodlS
+44 +0.53 +9  +0.14 173 ¢ -25 0.4 1.2 b 1.56 a Cr 2955
-30 -0.03 -22 -0.02 0.07 a +25 +0.1 0.1 a 0.09 a Hg o>
+64 +0.58 +AD +0.73 148 b +13 +0.1 0.9 a 0.8 a Co s
+115 +2.77 +270  +4.13 539 ¢ +67 +1.0 25 b 1.52 a Pb o

(P<+/0) cusl Sl)) £55 dw > yolic cdale . Sbo o me Cglds (goniad (Ll Jlaw yo )> Cglite (Sl gy
Differring English letters in each row indicate a significant difference in the mean concentration in three of landuse (p<0.5)

GM: geometric mean
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Table 6- Statistical Summary of observed Accumulation Factor (AF) for trace elements and their percentages of occurrence
in Boroujen-Faradombeh plain

wS il

High AF Medium AF Low AF cv Wi WS’ b s
6>AF >3 3 >0/AF >1 AF <1 v Maximum Minimum Mean Element
0
o 85.5 145 30 2.73 0.53 1.42 Ni I
7.0 60.5 325 57 3.68 0.19 1.48 Cd wsodls
. 35.0 65.0 31 1.89 0.59 0.68 Cr £9S
0.5 54.5 44.0 64 3.09 0.11 1.22 Hg 09>
6.5 80.0 135 43 3.44 0.21 151 Co s
35.0 475 175 55 6.63 0.48 2.65 Pb g

Number of samples: 200 ; AF: accumulation factor
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Figure 2- Effect of agriculture on accumulation of toxic trace elements in Borojen- Faradombeh plain. Vertical bars
indicate one standard error
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Figure 3- Distribution of accumulation index in Boroujen-Faradombeh plain
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Table 7- The area coverage (%) of accumulation factor of trace elements in Boroujen-Faradombeh plain
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High accumulation Medium accumulation Medium accumulation No accumulation Tr:alc; slement
3<AF<5 1<AF<3 2<AF<3 1<AF<2 AF<1

98.9 0.1 98.8 1.1 Ni IS

89.9 9.8 80.1 10.1 Cd wsedl§

322 - 322 67.8 Cr £9yS

71.3 2.7 68.5 28.8 Hg g

89.1 8.9 80.2 10.9 Co s

24.3 75.7 34.1 40.6 1.1 Pb "
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Table 8- The correlation of observed accumulation factors and the correlation of accumulation factor maps of trace elements
in Boroujen-Faradombeh plain

Wi (N=Y++) Olaalin

Maps Observations (n= 200)

-0.40 Cd sl -060 Cd peodlS’

-0.15 054 Cr p9yS -0.11  0.44* Cr poyS

0.79* -018 073 Pb O 0.61* -0.12 0.61* Pb Gy

-0.19 0.11 -0.17  -0.15 Hg 092 -0.50  -0.30 -0.12 -0.30  Hg 0.2

-0.24 090* 0.75* -015 072 Co AR -0.18  083*  0.54* -0.9 0.60* Co KAIRS
Hg Pb Cr Cd Ni Hg Pb Cr Cd Ni
o9 oy posS eSS 09> oy poS wmJSS

*Significant at o= 0.05, n is sample size
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Table 9- Statistical summary of the total pollution load in Boroujen-Faradombeh plain

N oy Ao Jol 0 Ay ApeS Bl el ke S Lo
Skewness o]y Last 5% 1t 5% Max Min Jivesy JRIVERTS Soil treatment
cv percentile percentile ) Heometric
X mean
0.8 19 1.36 0.73 1.38 070  0.20 1.00 gy S
Uncultivated-referenc
ol> g.j L ol d)lﬁ{i Sk
freshwater
Clag Lo ¢ ,L,j S
0.6 24 2.29 0.98 2.49 0.80 0.36 1.46 Irrigated with
wastewater
0.7 27 1.92 0.80 2.49 0.69 0.35 1.27 b plos _“ﬂ}
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Table 10- The coverage (%o)of total pollution load index in Boroujen-Faradombeh plain

1<PLI<3 2<PLI<3 1.5<PLI<2 1<PLI<15 PLI <1
5391 ggozne busgio 535 busgio (539 busgio (535 S e
Lwgio medium medium medium Low Pollution
Total medium load
91.8 0.4 15.4 76.3 8.2 o

Percentage
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Figure 4- Distribution of pollution load index in Boroujen-Faradombeh plain. Hollow circles indicate sampling locations of
rangeland soils
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Table 11- The correlation of total pollution load (PLI) with accumulation factor (AF) of trace elements in Boroujen-
Faradombeh plain
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Hg Cd Cr Ni Co Pb Trace element

0.43 0.22 0.48 0.54 0.60 0.69 Chialis (Ko
Correlation of observatons
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Correlation of maps
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Introduction: Soil pollution, i.e. elevated concentration of undesirable organic and inorganic matter such as
trace elements higher than natural background concentration can be a consequence of indirect or intentional
human activities. Evaluation of the effect of the agricultural operations and particularly using the wastewater on
soil trace element concentrations is useful and required to manage the land and reduce the health risks of the
food products. The aims of this study were: [1] The estimation of the mean concentration and max limit of the
background concentration for Cd, Cr, Ni, Pb, Co and Hg in the surface soil samples of Boroujen-Faradonbeh
plain; and [2] Evaluation of the effect of agricultural operation and farming by non-conventional water on
background concentration and on accumulation, distribution and pollution load of the soil of this plain.

Materials and Methods: Boroujen-Faradonbeh is an agricultural plain loaced in the Chaharmahal and
Bakhtiari mountainous province of Iran. Two hundered surface soil samples (0-20 cm) were taken from three
types of land: never-uncultivated soil (20 samples), freshwater-irrigated (90 samples) and wastewater-irrigated
(90 samples) soils. The total sampled area was about 2340 hectares. The exact position of the samples were
recoded using a GPS device. The total concentrations of Pb, Co, Ni, Cd, Cr and Hg in the samples, and the
background and upper limit concentrations were determined. In addition, pollution loading index (PLI) for the
whole plain determined and delineated. To separate the affects of agricultural practices and wastewater
application the analysis of variance of StatSoft Statistica 12 was used. Maping, and related operations were
conducted inside ArcGIS 9.3.

Results and Discussion: Background concentrations of Ni, Cd, Cr, Hg, Co, and Pb, were determined as
1.13, 0.16, 1.56, 0.09, 0.80, and 1.52 mg/kg, respectively; while upper limit concentrations for the mentioned
trace elements were respectively 1.3, 0.28, 1.6, 0.16, 0.9, 1.7 mg/kg. Conventional farming (application of
fertilizer but not wastewater) increased the soil accumulation factor of Cd and Pb to 1.7 and 1.9 (p<0.05),
respectively, but reduced the accumulation factor of Cr from the unit to 0.8 (p<0.05). Wastewater application
increased the accumulation factor of Ni and Cr (from 1.2 to 1.6 and from 0.8 to 1.2, respectively), and especially
Pb and Co accumulation factor from 1.9 to 3.7 and from 1.2 to 1.9, respectively, while the accumulation factor of
Cd was reduced from 1.7 to 1.3. About 8% of plain’s area, located in the western part where no wastewater is
used, had a low pollution loading index between 0.85 and 1 while the remainder of the plain’s area, mostly
located in the eastern part of the plain where both fertilizer and wastewater is applied, had a moderate pollution
loading index of 1 to 2. The most polluted part of the plain with a loading index from 1.5 to 2 that covered 15%
of the plain’s area was in the eastern part of the plain, where wastewater is most available. Overall, wastewater
application in this area led to increase the accumulation factors and higher pollution loading indices. Howerver,
the risks of conventional practices of fertilizer and pesticide use , though smaller, existed.

Conclusions: In this study, about 92% of this plain was placed in the moderate pollution class (pollution
load: 1 to :2). Most polluted farms were in eastern part of the plain where wastewater was used for irrigation. It
is expected that the accumulation and pollution load of trace elements in this plain will exceed the current level
given that the practice of using wastewater on the farms will not stop.. Soil pollution leads to the polluted meat
and dairy products produced in the plain and the pollution of groundwater. In addition, wind dust in this plain
contains toxin elements which is another concern. This points to detrimental effect of farming and wastewater
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application on soils. Current farming practices including the use of chemical fertilizers, pesticides and
wastewater, coupled with increased population, will lead to more unfavorable conditions of trace metal pollution
in the Boroujen-Faradonbeh plain.
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