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1- Soil pollution
2- Soil-building processes
3- Anthropogenic activities
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Figure 1. Map of the study area surroundings of the Parham — zinc factory of Zanjan.
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Figure 2. Map of sampling points.
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Table 1. The mean of Some physical and chemical properties of soil in the study area.

5 S T osle dols s L A S Sl la Sal
o B " Sl ol e b St s So Sl -
Clay Sand Silt OM CEC n EC CCE Direct
% % % % cmoly/Kg P ds m™ %
5 pidled
22.2 39.1 38.7 0.51 16.3 7.83 0.62 19.3 o
Northeast
16.3 42 41.7 0.36 14.5 7.78 0.68 22.5 or
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Table 2. The mean of zinc concentration in the factory waste, sewage sludge and sewage water.
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Table 3. Zn concentration available (mg kg ™) in surface and subsurface soil according to the distance from
factory in three directions.

< F S O ridlass
West East Northeast
S/ () lols
N ke s b s b Direct \ Distance (m)
Subsurface Surface Subsurface Surface Subsurface Surface
(10-30 cm) (0-10 cm) (10-30 cm) (0-10 cm) (10-30 cm) (0-10 cm)
385.41° 412.66 360.66" 41475 398.31° 503.66" 0-250
499.33° 591.35° 577.66 659.66 434.16" 368.33° 250-500
190.27° 227.74° 48.33° 59.33¢ 94.54° 153.33" 500-750
22.43° 29.32¢ 35.52° 40.25° 86.12° 67.12° 750-1000
16.47° 19.23¢ 15.33¢ 21.66° 21.29° 32.21° 1000-1250
6.33° 8.27¢ 10.24° 14.24° 29.13° 43.66° 1250-1500
186.70 214.76 174.62 202.48 177.25 194.71 oSk

Mean
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Table 4. The results of analysis of variance for the effects of experimental treatments on Translocation Factor,
Zn concentration in shoot and root of Hulthemia persica and Chenopodium albumin.

Dlagye S0
Jl | es6 mean of squares 3l am s Sl S Gt'“
Translocation Factor o wlr i Df Source of variation
Root Shoot
Q Q Q bLg
0.0062™ 57.79™ 645.33™ 1 y
Plant
1.2376%** 407511.95%* 341263.51%* 2 —
Direction
B
0.1290%** 3767222.16%* 2874930.08%** 5 e
Distance
g oS
0.0831%** 2133.51 6735.08 2
Plant * Direction
i ! B # olS
0.01543* 1289.85™ 2243.29™ 5 e -
Plant * Distance
g ddols
0.4155%* 230573.58%* 238926.93%* 10 ’
Direction * Distance
b % g # olS
0.0247** 13159.84%* 9702.04** 10 ke ’ -
Plant * Direction * Distance
1555
0.0055 2360.76 2554.67 72
Error
() Sts
9.26 10.62 12.73 - j

Coefficient of variation

yAl B 7.0 Jlec| Cb—w BE )1)&# \,.;JSM ;Hr E) * g)‘)&».’.ﬂ_ﬂ..@ ns
™ no-significant difference, * and ** significant difference at P<0.05 and P<0.01, respectively.

b



OS2 9 (5 )lw (5Tl Sesme

P/ )l 3wty 2ler S
o oy bl (Sl (8 Jadr) sp ls e
0N 500 e b fay 28 S 3 &) 5 a2l
P s Ao S el p SAS e S e
3ol i gy clle (Sl G0 g
eSS n oS YOV 5TV L LS S aly
S 2 S YL bl g S S ele
sy 68 gladleny g5 ] chew o ye

(<)

600 B
Shoot Part
a
500
£
4 S400
2 3 300
N
200

100

0

West w6

East-North 3,& Jla

direct

Gyywhl

Zn Concentration (ppm)

(ot x olS) Llize 3 5 (Cgmr x olS) Jolize il
0 5 ) JL;.;;-\CJMJJ o S Jlml Hesb
sl s e o Sande 5 S olS s dws s
Dl sl gme dlss s ples Ao e g, ol
chle ol x S x olS Llae Jl ioces
Soy JEl HeSB s Al (ples S 5 S
(P<e/0Y) s s s
w0l 95 3 TF 5 g4, <l » cgr ool J

Chle g s ol Ol bl s e

600 m Al D) R 3
Root Part

500

400

300

East-North 3= Jw2

East 3% West &

G
direct

.A;W}J)j&ug)édj)wﬁiﬁ&)‘sﬂw%;|—rp

Figure 3. Effects of direction relative to factory on Zinc concentration of Hulthemia persica and Chenopodium

albumin.
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Figure 6. Effect of distance from factory on zinc Translocation Factor.
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Figure 7. Zinc concentration in shoot of Hulthemia persica and Chenopodium albumin in different distance.
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Table 5. Correlation between zinc concentrations in Surface and Subsurface soil with translocation factor, zinc

concentration in shoot and root of Hulthemia persica.

b P

sl S ) Jusl, pse
Surface Subsurface .
(0-10 cm) (10-30 cm) Shoot Root Translocation factor
Lenkm
Surface 1 - - - -
(0-10 cm)
P
Subsurface 0.984** 1 - - -
(10-30 cm)
‘ .
@t o 0.893%* 0.863%* 1 - ;
Shoot
)
. 0.885** 0.863** 0.993** 1 -
Root
sl oS
oS 0.341* 0.328* 0.394* 0.344* 1

Translocation factor




WAV (1) jlond dA) s sy adgi 9 S8 Cappre &g pul

o aake olS 55 Ul S0 5 aky; 5 plsr Siou g CBE L b ) g e S gy, clle Kaen -1 Jpis

Table 6. Correlation between zinc concentrations in Surface and Subsurface soil with translocation factor, zinc

concentration in shoot and root of Hulthemia persica.
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Abstract

Background and Objectives: Contamination of soil and plants with heavy elements including zinc,
due to industrial activities, might have significant adverse effects on human health. Industrial
factories and mines, fertilizers, pesticides and waste water are the most important sources of water,
soil and plants contaminations. In Zanjan province, there is a wide range of zinc processing and
production factories and mining activities that can contaminate soil, water and plants. The aim of
this study was to investigate the zinc concentration of the soil, shoot and root and zinc translocation
factor (TF) in dominant rangeland plants (Hulthemia persica and Chenopodium album) in different
distances and directions from factory.

Materials and Methods: This study was conducted as factorial in a completely randomized design
with three replication. The experimental treatments included three directions (northeast, east and
west of the factory), six different distances from the factory (0-250, 250-500, 500-7500, 750-1000,
1000-1250, 12500-1500 meters) and two plants (Hulthemia persica and Chenopodium album).
The soil and plant samples were collected from the selected sites. Shoot and root samples were
digested by concentrated nitric acid and available zinc in soil was extracted by DTPA. The zinc
concentrations were measured by atomic absorption spectroscopy.

Results: The results showed that the effect of direction and distance from the factory was significant
on zinc concentration of shoot and root and also translocation factor, (P<0.01). The highest zinc
concentration in shoot and root was 1125 and 1322 (mg/kg dry matter) in the northeast direction, in
the range of 0 to 250 meters from the factory. The lowest zinc concentration in the shoot and roots
was 7 and 30 (mg/kg dry matter) in the west, in the range of 1250 to 1500 meters from the
factory. The highest amount of TF (1.46) was observed in Chenopodium album in the range of
1250-1500 meters in the northeast and the lowest TF (0.22) was in Hulthemia persica, in the range
of 1250-1500 meters in the west direction. The directionsxdistancesxplants interaction on zinc
concentration of shoot, root and also TF were significantly (P<0.01).

Conclusion: In the northeast direction (dominant wind), plant and soil pollution was mostly
influenced by wind. The main contamination factors of the soil and plant at distances close to the
factory were waste water and waste in the east and west direct, respectively. Hulthemia persica, with
a broad and thick root system, was able to absorb more zinc and transfer it to the shoot part. But in
the northeast direction, the atmospheric deposition of the factory played an important role in soil and
plant contamination. Chenopodium album with high vegetation biomass absorbed more zinc from
the air in its shoot than Hulthemia persica with rough and blubber stems. For this reason, in the
dominant wind direction, the TF was also found in the Chenopodium album at as far from distances
higher than Hulthemia persica. Therefore, the absorption of atmospheric zinc was higher in
Chenopodium album. In waste disposal areas, Hulthemia Persica had a more translocation factor.

Keywords: Atmospheric deposition, Contamination, Industrial activities, Waste disposal, Waste water
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