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Background and Objectives: The classification of Cd as the Group |
carcinogenic and its position among the most toxic metals highlights the
need of understanding and mitigate its effects in agricultural and natural
ecosystems. Cadmium in soil exist as soluble, exchangeable, carbonate
bonded, and associated with FeMn oxides forms, which play an important
role in the mobility, bioavailability, and potential toxicity of cadmium.
Knowledge about the distribution and behavior of cadmium fractions is
essential for efficient environmental management and remediation
strategies aimed at reducing Cd bioavailability in soil and protecting food
production systems. This study was conducted to investigate the changes
in cadmium fractions due to its addition to several calcareous soil samples
over time.

Materials and Methods: The experiment was conducted as a 2-factor
factorial design with 13 soil samples and two levels of cadmium (12.5 and
25 mg/kg soil) with two replications in a completely randomized design.
The total number of samples was 52. Soils were contaminated with 12.5
and 25 mg Cd Kg in duplicate and stored at laboratory temperature and
20% w/w moisture content. At 40 and 90 days after incubation, a wet
sample of about 2 g was taken, and its dry weight was calculated using the
moisture content of the samples. Sequential extraction with F1) distilled
water (solution form), F2) neutral 1M ammonium acetate (NH;OAC)
(exchangeable form), F3) 1M NH,OAc at pH 5 (carbonate form); F4) 0.04
M hydroxylamine hydrochloride in 25% v/v acetic acid at pH 3
(associated with iron and manganese oxides); F5) 30% hydrogen peroxide
pH 2 with 5 ml 0.3M NH,;OAc in 20% v/v nitric acid (form bonded to
organic matter); and F6) 7 M nitric acid (residual form) were performed
and the cadmium concentration of the extracts was measured by atomic
absorption spectrometry.
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Results: Cadmium added to soils was recovered mainly in Exch-Cd,
Car-Cd and FeMn oxides forms. The sum of Exch-, Car- and FeMn oxides
forms constituted more than 90% of the cadmium added to the soils.
On the day 40 of incubation at 12.5 and 25 mg cadmium levels, the
average exchangeable cadmium was 2.41 and 5.68 mg kg™, respectively,
equivalent to 19 and 23 percent of the added Cd. A large portion of
applied Cd was recovered in carbonate form at the both times of
incubation. The average cadmium carbonate at the levels of 12.5 and 25
mg/kg on day 40 was 7.15 and 14.65 mg/kg, respectively. At both levels
of Cd, approximately 58% of Cd was recovered as Car-Cd on 40d of
incubation, which decreased to approximately 40% by 90d. Average
content of FeMn oxid bonded Cd on the day 40 was 0.98 and 3.3 mg kg™
at 12.5 and 25 cadmium levels, respectively, constituted 8 and 13% of the
added Cd. On day 90, FeMn oxides-Cd increased to an average of 2.98
and 6.68 mg/kg, which was 24 and 27% of the applied Cd, respectively.

Conclusion: In the present study, the mobility of cadmium was high and
the soil potential to stabilize Cd was low despite the calcareous nature of
the studied soils. It seems that CEC and OM content are the soil properties
that may influence Cd fractions transformation, and the increase of these
two properties could reduce Cd mobility in soil.
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Table 1. Some physicochemical properties of the studied soils.
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Table 2. The effect of incubation time on exchangeable cadmium in soils treated with 12.5 and 25 mg Cd Kg™

(n=2).
Cadmium level (mg kg™ soil)
25 125 Soil
90d 40 90d 40d
\j;.u
5.79+0.22 5.18+0.20 2.54+0.04 1.90+0.02
Dehnol
¥ ol s
6.79+0.41 6.36+0.05 2.82+0.11 2.5+0.05 ’
Chenarestan2
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WSl
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Soil 13
LT lsee
7.24+0.28 6.45+0.24 3.45+0.08 2.89+0.11
Mokhtaar Aabad
A\
7.10+0.36 4.65+0.37 2.53+0.07 2.28+0.05 < N
Cham Khani
0.698 0.534 LSDgs
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Table 3. correlation coefficients between properties and exchangeable Cd on different times.

b b S ol S - Colde
L L - ol osle ST o S o Ga) Ol
o ;’ : é‘ oC (%) vg’?‘ pH Clay Silt Sand Time (day)
CE CE E
12.5mg Cd Kg™
-0.365™ -0.141™  -0613* -0.371"  0.322"  -0.046"  -0.097™ 0.079" 40
-0.638* 0.433" -0.54™  0.19™ 021"  -0.545™  -0.594* 0.648* 90
25 mg Cd Kg™*
-0.228"™ -0.141®  -0.540" -0.042™  0.292™  -0.045°  0.128™  -0.039" 40
-0.765%* 0524™  -0550™ 0.209™  0.607*  -0.387"  -0470™  0.485™ 90

*

o I3 e M asys) 50 C"“‘“J’J"&"" S L

* and ** represent significance at P<0.05 and P<0.01, respectively. ™: Non-significant
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Table 4. The effect of incubation time on carbonatic cadmium in soils treated with 12.5 and 25 mg™ Kg Cd
(n=2).

Cadmium level (mg kg™ soil)

25 12.5 Soil
90d 40 90d 40d
\_}J.Ab
11.8+1.02 15.2+1.04 5.20+0.06 7.40+0.44
Dehnol
Y Ol b
11.80+0.11 17.1+0.26 4.94+0.22 7.43+0.33 :
Chenarestan2
Y}J.Ab
10.8+0.53 14.1+0.76 5.81+0.04 7.67+0.51
Dehno2
SlamS
9.79+0.01 13.7+£0.34 5.19+0.06 7.34+0.23
Ganjeie
Ll 8
10.1£0.01 14.8+0.08 4.55£0.20 6.90+0.47 2
Firooz Aabad
Y Ol sl
9.26+0.29 15.9+0.04 5.37+040 6.99+0.74 :
Chenarestanl
VLT
10.740.60 13.9+0.62 4.65£0.32 6.83£0.10 I
Mahmood Aabadl
o5l
9.39+0.25 12.8+0.75 4.68+0.05 6.78+0.41
Sar Abtaveh
LS}J.A
9.51+0.03 13.5+£0.40 4.68+0.01 7.43+0.20
Servak
YLl
9.1840.11 14.0£0.23 4.370.18 5.7120.43 e
Mahmood Aabad2
¥ S
10.1+£0.90 13.7+£0.63 5.36+0.02 7.44+0.64
Soil 13
LT lsee
10.0+0.16 13.80+0.46 5.51+0.12 7.29+0.15 ’
Mokhtaar Aabad
Sy
12.6£0.05 16.90+0.18 4.63+0.19 7.67+0.15
Cham Khani
0.534 0.698 LSDo0s

"y
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Table 5. Correlation coefficients between soil properties and carbonatic Cd on different times.

o b oS : EC
Shesls Colda Fle o e o () Ol
S8 dels Joles r_:....lS . .
CEC coe OC (%) S S pH Clay Silt Sand Time (day)
12.5mg Cd Kg™
-0.466™ -0.466™ 0.075™ -0.244™ 0.212™ 0.541™ 0.650* -0.675* 40
-0.528™ -0.528™ -0.13"™ -0.342™ -0.014"™ 0.196™ 0.345™ -0.302"™ 90
25 mg Cd Kg™*
0.029"™ 0.029™ 0.494"™ -0.016™  -0.145™ 0.140™ 0.512™ -0.355™ 40
-0.044 ™ -0.044™ 0.692** 0.063™ 0.031"™ 0.238™ 0.564* -0.442" 90

*

;M,.:_?Jlsd'..u:ns.w):\ jocla..ﬂpjl:dm\,,;/;@:% ¢

* and ** represent significance at P<0.05 and P<0.01, respectively. ™: Non-significant
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Table 6. The effect of incubation time on FeMn oxid-bonded cadmium in soils treated with 12.5 and
25 mg* Kg Cd (n=2).

(..:AJLS c]a.w
Cadmium level (mg kg™ soil)
25 125 Soil
90 d 40 90d 40d
\ﬂ:
6.99+0.63 3.93+0.01 2.99+0.04 1.08+0.20
Dehnol
YQL“—««)L'\?:
7.52+0.59 4.46+0.40 3.08+0.02 1.19+0.08 ’
Chenarestan2
\'j;.u
7.71£1.02 3.47+0.26 3.58+0.18 1.62+38
Dehno?2
SlaS
5.24+0.04 3.14+0.30 2.50+0.19 881+0.12
Ganjeie
Tiy s
6.3420.42 3.74%0.10 3.0020.13 1.0240.09 s
Firooz Aabad
Vol b
7.49+0.36 3.27+0.02 3.44+0.06 0.844+0.06 ORI
Chenarestanl
VUi
6.90+0.94 2.13£0.11 2.48£0.13 0.19+0.06 PRsame
Mahmood Aabadl
ol
7.74+0.13 3.49+0.52 4.42+0.13 1.530.06
Sar Abtaveh
5.43 +0.10 2.33+0.07 2.50+0.16 0.443+0.06 Sar
Servak
YLl
4.970.32 2.2040.03 2.0920.31 ND TR
Mahmood Aabad2
V¥ S
7.93+0.02 3.36+0.15 2.90+0.08 1.29+0.03
Soil 13
LT lsee
5.23+0.07 3.2240.19 2.79+0.17 0.92+0.01
Mokhtaar Aabad
"
7.43+0.26 4.19+0.62 2.98+0.02 1.77+0.045 <
Cham Khani
1.170 0.394 LSDo s

o
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Table 7. Correlation coefficient between soil properties and FeMn oxides bonded Cd on different times.

blicsb  edSobs EC
ey U Gy W e e
12.5mg Cd Kg™
0.266" -0.466**  0.075"™ -0.244™  -0.238™  0.652**  0.638**  -0.74** 40
0.182" -0528™  -0.13™ -0.342™ -0541™  0.564*  0.285" -0.50 ™ 90
25 mg Cd Kg™*
0.024"™ -0.029™  0.494™ -0.016™ -0.340™  0.638*  0.803**  -0.80 ** 40
0.118"™ -0.044™  0.692** 0.063™  -0.01™ 039™  0.582* -0.54"™ 90

*and ** represent significance at P<0.05 and P<0.01, respectively.
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