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Bioavailability of cadmium (Cd) and arsenic (As) can be different depending on soil pH. For this reason, main
purpose of this research was to compare bioavailability of Cd and As in agricultural field under varied soil pH
and different extractants. Bioavailable fraction of Cd and As in soil was extracted with CaCl,, NaNOs;, DTPA,
EDTA, and low molecular weight organic acids (LMWOAs). Soil samples and cultivated crops were collected
at the range of soil pH 4.5-8.5 and correlation analysis was conducted between bioavailable fraction of Cd and
As in soil and total concentration of Cd and As in crops. Results showed that concentration of Cd and As in
acidic soil was ranged 0.002-0.462 mg kg'1 and 0.041-4.903 mg kg'1 respectively. In alkaline condition,
concentration of Cd and As were ranged 0.006-0.351 mg kg” and 0.039-2.807 mg kg” respectively.
Comparing bioavailable fraction of Cd and As in acidic and alkaline soil condition, higher concentration was
measured in acidic condition. Similarly, higher average concentration of Cd and Asin crops was observed in
acidic condition (0.398 and 0.751 mg kg'1 respectively) than alkaline condition (0.248 and 0.264 mg kg'l).
Among different extractants, LMWOAs method showed higher correlation (r2=0.545) for Cd in acidic
condition indicating that LMWOASs method could be applied for evaluating bioavailability of Cd in acidic soil.
However, no high correlation was observed for As in both acidic and alkaline condition. Overall, bioavailable
fraction of Cd and As can be higher in acidic condition of soil than alkaline condition resulting higher uptake
of Cd and As from soil to crops. Therefore, efficient best management practice (BMPs) for Cd and As in acidic
soil should be conducted for minimizing uptake of Cd and As into crops.
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Correlation coefficient between extractable As in soil by different extraction methods and in crop.

Total CaCl, NaNO; DIPA EDTA TMWOAs Crop
Total 1
CaCl, 068 1
NaNO; 026 935%* 1
All pH DTPA 022 539w 540%% 1
(n=82) EDTA 133 839%* 765%* 543%* 1
LMWOAs 153 -.027 -033 -.064 -.042 1
Crop -.064 152 074 -.006 153 -.062 1
Total 1
CaCl, A7 1
Acid NaNO; 167 977 1
DTPA 144 402% 347* 1
(n=34) EDTA 232 VRS 660%* A457%% 1
LMWOAs 803%* 344% 344% -109 268 1
Crop -.101 126 122 -025 063 074 1
Total 1
CaCl -124 1
Alkali NaNO; -.096 973%* 1
DTPA 247 631%* 621 1
(n=43) EDTA 061 913%* 878%* 617%* 1
LMWOAs 017 -.091 -075 -.061 -.087 1
Crop -.097 .160 .080 -.003 .186 -.083 1
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Introduction
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acids) =S 0|-83}3t} (Chen et al,, 2004; Feng et
al., 2005; Kim et al,, 2007; Pueyo et al., 2004).
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(LMWOAs) &2 EY 2 g} 10 mM LMWOAs (acetic:
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Results and Discussion
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7} 0,462 mg kg '¢lal, L] ZZ0]A ¥l 0,098, 0,039,
0.202, 2.807¥} 0.176 mg kg ', 7F=H-S 0,029, 0,006,
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LMWOAs ¢ DTPA { EDTAQ] &0 & Z7}5}¢la1, o]= 2%
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(Lee et al_, 2003; Jung et al,, 2000; Pueyo et al,, 2004;
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Table 1. Concentration of As and Cd extracted with different extractants and soil pH.

oH Aqua regia CaCl, NaNOs DTPA EDTA LMWOAs
As Cd As Cd As Cd As Cd As Cd As Cd

1:5 mg kg‘1
Ave. 692 7072 2571 0.111 0.022 0040 0.005 0205 0211 3.676 038 0.146 0212
/(:1:;; Max. 895 5362 8400 0773 0.137 0659 0074 0751 0.883 22.87 2255 4505 15.52
Min. 4.14 4223 1248 0016 ND ND ND 0027 0020 0171 ND ND ND
Acid Ave. 568 8125 2841 0.130 0012 0041 0.002 0209 0242 4903 0436 0.103 0462
<pH7 Max. 693 5362 4720 0567 0.114 0272 0028 0.505 0652 1739 1228 0.786 15.52
(=34)  Min. 414 4223 1313 0017 ND ND ND 0061 0027 0491 ND 0001 0.001
Alkali Ave. 7.80 6326 2381 0.098 0.029 0.039 0006 0202 0189 2807 0351 0.176 0.034
> pH 7 Max. 895 2576 8400 0773 0.137 0659 0074 0751 0.883 22.87 2255 4505 1365
(n=48)  Min. 721 1037 1248 0016 ND ND ND 0027 0020 0171 ND ND ND
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Table 2. Concentration of As and Cd in crops cultivated in
different soil pH.

All pH Acid Alkali
n=82) (< pH 7, n=34) (= pH 7, n=4%)
——————————————————————— mg kg'] e
Ave.  0.466 0.751 0.264
As Max. 6.008 6.008 1.513
Min.  0.006 0.024 0.006
Ave. 0310 0.398 0.248
Cd Max. 2213 2.124 2213
Min.  0.008 0.008 0.012
(0.248 mg kg ) #AdH Ao& Vel
ofefet AT mopel pHE F4o] GaEe o] 4
HHAE YeRdTtal 2378 Oh et al, (2012)} Seo et al,

(2013)9] Au}e} A5k
HEH 2 ZA51E v]A

o1, 32 pH 2404 839
Fo| W& pH 7oA &

]_
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/-2 Table 3F+ 4<>ﬂ L}E}L“E} EOFO] H|A& ﬂ%%m
01]/\—1 /U—J,]-/Ho] H}\‘_ /\___E ;{/\I_E]oi EO}: 1

52 710 v
Holol o BrRe ofefe AR Uehdrh (Park et
al., 2009),
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r’=0,0199, FLF-AHEE
3 (IN HOD-S 1°=0,00467} AH8-E3H—E-8- 231k 1=
0.0081% Y Frlect= Aoke} AX5k%c)

Eoko] o FE] u|AgeF 2EH 7o) CaCl,—NaNO; (1=
0.935, p €0.01) » CaCl,—EDTA (°=0,839, p € 0,01) > NaNOs—
EDTA (r"=0,765, p € 0.01) ) DTPA-EDTA (r"=0,543, p
0.01) > NaNO;—DTPA (+*=0,542, p < 0,01) ) CaCl—DTPA

=7} 2y Jehd dat2 BoEch (Jung et al,, 2000; (r’=0, 539, p € 0.01)] 402 AftAo] =& Ao F ZA}
Oh et al., 2012). E)9iet. olefdh k= Koo (2011)9] Aol = TCLP,
SPLP, SBET % DTPA -%—%‘%’QEE H|AS 223192 o &
EYu siE S35 S dEEAl A E 2k} oJdzzHo FE B3] ko] AFmAlo] U
ol FraH vl 7HEEET e A 1 g r’=0,922 =7 Yehdths Aate} elx)sleict
Table 3. Correlation coefficient between extractable As in soil by different extraction methods and in crop.
Total CaCl, NaNO; DTPA EDTA LMWOAs Crop
Total 1
CaCl, .068 1
1 NaNO; .026 .935%* 1
All pH
P DTPA 022 539%% 540%% 1
(n=82)
EDTA 133 .839%* 765%* .543%%* 1
LMWOAs 153 -.027 -.033 -.064 -.042 1
Crop -.064 152 .074 -.006 153 -.062 1
Total 1
CaCl, 172 1
NaNO; 167 977** 1
Acid
DTPA -.144 A402%* .347* 1
(n=34)
EDTA 232 T44%%* .660%* A457%* 1
LMWOAs .803%* .344%* .344%* -.109 268 1
Crop -.101 126 122 -.025 .063 -.074 1
Total 1
CaCl, -.124 1
NaNO; -.096 973%** 1
Alkali DTPA 247 631%** 621%* 1
(n=48) ’ ’ ’
EDTA -.061 913%* 878%* 617** 1
LMWOAs .017 -.091 -.075 -.061 -.087 1
Crop -.097 .160 .080 -.003 .186 -.083 1

Probabilities for pearson correlation coefficients represent *, at p < 0.05; ** at p < 0.01
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Table 4. Correlation coefficient between extractable Cd in soil by different extraction methods and in crop.
Total CaCl, NaNO; DTPA EDTA LMWOAs Crop
Total 1
CaCl, -.006 1
NaNO; -.048 .808** 1
All pH
(1=82) DTPA 292%%* 185 -.037 1
EDTA A408%* .030 -.114 .943%* 1
LMWOAs 102 -.071 -.052 -.044 .003 1
Crop -.062 -122 -.148 -.002 .038 354%%* 1
Total 1
CaCl, 011 1
NaNO; .027 .694%* 1
Acid DTPA 063 233 -020 1
(n=34)
EDTA 113 .028 -.106 947H* 1
LMWOAs .023 -.081 -.069 -.174 -.142 1
Crop -.047 -.100 -175 -224 -.181 .545%* 1
Total 1
CaCl, .067 1
NaNO; -.012 .834%* 1
Alkali DTPA 362+ 232 -006 1
(n=48)
EDTA 490%* .070 -.092 .954%%* 1
LMWOAs .849%* -.052 -.079 522%%* .674%* 1
Crop -.136 -.084 -.116 .090 .106 -.080 1

Probabilities for pearson correlation coefficients represent *, at p < 0.05; **, at p < 0.01
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A AZFEaL, 9] Ale} niEl7IR]| 2 DIPA-EDTAS} CaCly—
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=2 Fo4dS vEhiT

E3F LMWOAs 32&312F1} DTPA, EDTA 2&3}efo| =
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TR AT A Wrlel ArgSt akEe] FR7) ol
7] wjol| vehd Ankz st

E3} Feng et al, (2005)2 LMWOAs® 2=%3} EoFo] 7}
Eg o A 27 (7=0,798, p € 0.05)Ec 4T =
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etk Akel Ak e Ao Ukt ol
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Conclusions
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gFo] Z=ZM 7ho|| CaCl,—NaNOs (1°=0,935), CaCl,—EDTA
(r"=0,839), NaNOy,—EDTA (r*=0,765), DTPA-EDTA (r’=0,543),
NaNOs—DTPA (r’=0,542)2} CaCl,—DTPA (r’=0,539)2] AX
PAZE BEE A, AT ] 2o AR ww
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EoFo| 38121} DTPA, EDTA 2 LMWOAs 7+ r’=0,362,
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FHEo] e dZEdHTE A o) EokollA] 2] A
7b & AEQa, B3] CaCl, AEHL iR &y
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