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Model Development for Estimating Total Soil Contents of Pb and Cd Using
Chemical Properties and Extractable Contents in Paddy Soil

Woo-Ri Go, Ji-Ho Lee, Eun-Yong Lee, Seong-Mook Lim, Ji-Hyock Yoo, Ji-Young Kim,
Kye-Hoon Kim', Geon-Jae Im, and Won-1 Kim*

Chemical Safety Division, National Academy of Agricultural Science, RDA, Suwon 441-707, Korea
lDepartment of Environmental Horticulture, The University of Seoul, Seoul 130-743, Korea

Predictive model for estimating total contents of cadmium (Cd) and lead (Pb) was developed by stepwise
multiple-regression analysis using chemical properties and extractable contents of metal in paddy soil adjacent
to abandoned mines in 2009 and 2010. Soil properties, e.g. pH, electrical conductivity (EC), organic matter
(OM), available phosphorus (P.Os), and exchangeable cations (i.e. Ca, Na, K, Mg) were measured. Total
contents of Cd and Pb as well as extractable contents of metals were analyzed by ICP-OES. Results showed
that the total and extractable contents were estimated to be 3.55 and 0.27 mg kg'1 in Cd and 83.38 and 24.32 mg
kg'1 in Pb on the average. From stepwise analysis, it was found that the contents of extractable Cd, Zn, Cu, as
well as exchangeable Na were significantly influenced on estimation of the total contents of Cd in soil.
Moreover, it also showed that the contents of extractable Pb, Zn, and Cu significantly affected estimation of
the total contents of Pb in soil. More significant relationship between estimated and measured value in total
contents of Pb was observed than those of Cd (R2=0.87, p<0.0001). This demonstrates that extractable
contents of metal are influenced more on estimation of total contents of Cd and Pb in soil than soil properties.
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SOF o|58H4 SAlo] wheh chopshul, Wuelsk mopo) 5 Cf (Bachmann et al, 1993; COME, 2002: US EPA, 1996)
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2005). 2010d°] $4% EFedFHAIAe] AR A SARM B U =g 3ol A I 245

A A geF B4 9= =29 (HCLHNO; = 1:13) 22 )8t mE AL Juksly] 93l SPSS =& 13 ver 18,0 (SPSS

B 5 a5 AAE A@go] WAHI o] Q3| Inc., Somers, NY, USA)S o]gatgitt, B9F U 7l=87}
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Sc. £ A7e) BAL WY AT = w U A2 FF L = AP AT stepwise S ]85
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WA AFsIAIL, oF Edtstol HARE WHE =
ol AXSFATE. pH W 9= 5.8 (5.2~T.0)2A], fiHdollA

9 BN Eop Rl EASWA BA e WS RolRglth f718 @S 5.3~52.0 g kg

RS Gol} WEYAR B T 2 mmo} 0,074 mm ] THEUAKE 472089 mg ke, WY L, TE. v
2 o|gslo] axpHon AT T AT ABD AL di#, UES ke FFA0R 0.2~4.2 cmol kg 9] |
ml, AZFEp AT o] EOF 5 o8 A2k} HEE 2T Kim et al. (2010) #HJFA4E QI = ESF
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At A& 200

o] 0,1 N HOIZ 25 mL2 @l 1X]7F Mkt 5 No, 40 o] 5ol pHi= 5,4~6.0, 7|8 TS 14.5~42.0 g kg |,
F}#] (Whatman, Buckinghamshire, UK)2 oJx}3t & -1 FEQIARS 175.7~436,9 mg kg |, WA A4, 2, vhL
o]ol-S- [CP-OES (GBC Integra—XMP, Braeside, Australia) Yl¢5, UEE - P72 02 0.2~3.8 cmol kg 2t 2
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HAF 21 mLe} A4k 7 mLE $29)8}o] 30°CollA] 2417t XA 24.32 mg kg ' (2.06~242,30)0]9} 1, A T FI=F 355
A7) T, A3 SEE o] 90°Col|A] 24|7F ZHdEka Wzt mg kg ' (0,28~6.81), & 83,38 mg kg ' (12,15~570,26) 0.2
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Table 1. Chemical properties and total and extractable contents of Cd and Pb in paddy soil adjacent to abandoned mines.

N s s Exch. Cation Cd Pb
pH EC oM P,0O5’
Ca K Mg Na Extractable Total Extractable Total
(=89)  (1:5) dSm' gkg' mgkg' o emol. kg I —
Mean 5.8 0.3 219 65.3 42 0.4 1.2 0.2 0.27 3.55 24.32 83.38
Min. 5.2 0.1 53 4.7 14 002 03 0.03 0.004 0.28 2.06 12.15
Max. 7.0 1.0 52.0 2989 183 1.3 9.4 0.4 3.11 6.81 242.30 570.26

"Electrical conductivity, jrOrganic matter, ‘Available phosphorus.
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Table 2. Fitted simple linear regression of total soil contents of Cd and Pb and soil properties, and extractable soil
contents of metals in the form of y=a+bx.

y X a b R’ p-value
Extractable Cd 3271 1.054 0.219 < 0.001"
Extractable Pb 3319 0.010 0.133 < 0.001"

Extractable Ni 3.289 0.343 0.031 0.100
Extractable Cu 3.309 0.030 0.108 0.002"
Extractable Zn 3276 0.034 0.102 0.002"

Extractable As 3572 -0.005 0.000 0.840

Total Cd pH (1:5) 3.848 -0.051 0.000 0.869
content in soil EC (dS m™) 3.399 0.565 0.011 0.334
OM (g kg') 2951 0.028 0.068 0.014°

P,0s (mg kg) 3512 0.001 0.001 0.750

Ca (cmol. kg') 3.386 0.039 0.008 0.391

Na (cmol. kg') 2.935 3.184 0.054 0.028°

K (cmol. kg 3.495 0.190 0.002 0.700

Mg (cmol. kg) 3515 0.031 0.001 0.737
Extractable Cd 48.101 131.930 0.429 < 0.001"
Extractable Pb 30.956 2.155 0.835 < 0.001"

Extractable Ni 89.914 -8.483 0.002 0.652
Extractable Cu 61.548 2.696 0.108 0.002"
Extractable Zn 36.896 5.670 0.357 < 0.001"

Extractable As 83.049 0.080 0.000 0.969

Total Pb pH (1:5) -198.206 48465 0.036 0.077
content in soil EC (dS m™) 46.376 136.261 0.078 0.008™
OM (g kg') 33.875 2275 0.057 0.024°

P,0s (mg kg') 79.556 0.059 0.001 0.740

Ca (cmol. kg 51.184 7.580 0.039 0.062

Na (cmol. kg') 49 454 174.739 0.020 0.183

K (cmol. kg 106.444 -52.604 0.034 0.082

Mg (cmol. kg') 84.269 -0.735 0.000 0.929

“"Correlation is highly significant at the 0.05 and 0.01 probability levels, respectively.
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Table 3. Summary of multiple regression equation between total soil contents of Cd and Pb and extractable soil
contents of metals and soil properties (stepwise regression criteria: probability of F to enter p=<0.05, probability of F
to remove p=0.10).

Metals Equation R’ p-value
Total Cd = 3.271 + 1.054 extractable Cd 0.219 < 0.001
Total Cd = 2.698 + 1.038 extractable Cd + 2.974 exchangeable Na 0.267 < 0.001
Total Cd = 2.749 + 2.050 extractable Cd + 3.620 exchangeable Na - 0.055 extractable Zn 0.325 < 0.001
=2 + 2. + 3. - 0. + 0.
Total Cd 2.702 + 2.079 extractable Cd + 3.399 exchangeable Na - 0.066 extractable Zn + 0.022 0371 < 0,001
extractable Cu

Total Pb = 30.956 + 2.155 extractable Pb 0.835 < 0.001
Total Pb = 15.933 + 1.896 extractable Pb + 2.603 extractable Zn 0.898 < 0.001
Total Pb = 13.342 + 1.891 extractable Pb + 2.309 extractable Zn + 2.309 extractable Cu 0.903 < 0.001
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Fig 1. Relationship between estimated and measured contents of total Cd (a) and total Pb (b) in soil.
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