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Assessment of Risk Based Pollution Level of Pb and Cd
in Metal Contaminated Soils Using Biotic Ligand Model

Jinsung An' - Seulki Jeong' - Hee Sun Moon’ - Kyoungphile Nam'*
IDept. of Civil and Environmental Engineering, Seoul National University
2School of Earth and Environmental Sciences, Seoul National University

ABSTRACT

Risk based pollution level of Pb and Cd in metal contaminated soils depending on physicochemical properties of soil in a
target site was assessed using biotic ligand model. Heavy metal activity in soil solution defined as exposure activity (EA)
was assumed to be toxic to Vibrio fischeri and soil organisms. Predicted effective activity (PEA) determined by biotic
ligand model was compared to EA value to calculate risk quotient. Field contaminated soils (n = 10) were collected from a
formes area and their risk based pollution levels were assessed in the present study using the calculated risk quotient.
Concentrations of Pb determined by aqua regia were 295, 258, and 268 mg/kg in B, H and J points and concentrations of
Cd were 4.73 and 6.36 mg/kg in G and I points, respectively. These points exceeded the current soil conservation stan-
dards. However, risk based pollution levels of the ten points were not able to be calculated because concentrations of Pb
and Cd in soil solution were smaller than detection limits or one (i.e., non toxic). It was because heavy metal activity in
soil solution was dominant toxicological form to organisms, not a total heavy metal concentration in soil. In addition,
heavy metal toxicity was decreased by competition effect of major cations and formation of complex with dissolved
organic carbon in soil solution. Therefore, it is essential to consider site-specific factors affecting bioavailability and
toxicity for estimating reliable risk of Pb and Cd.

Keywords : Biotic ligand model, Heavy metal, Risk based pollution level, Bioavailability, Soil solution
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Fig. 1. Schematic overview of the methodology used for estimating risk based pollution level of Pb and Cd contaminated soil.

LAEHY] HrEFE,
concentration)yS- 5/38H4] 24 (toxicological endpoint)
o] gl LEEHY HKELVIE, soil quality
criteria) 0.2 Ui o2 AFoEH, E= ol 18 g
S AL g Yo 9=tk Wtk Lanno et
al., 2004). £ AFoxle EGEY FOo=2 EEE U

© TE5e YE=EEAT, exposure activity, EAYS
ZagolZ=nEe] o3 ANEE BAEE|EGAIAE,
predicted effective activity, PEA)Z U7ro] $8= 52
ArEsitt.

TAALJN B7PPH B A= Fig. 13 Atk LHES
A]E’_E}?—Eﬂ Eoc @1] TEO]LT’—, an}‘%‘@i %4 pH,
DOC(TOC analyzer V-CPH, Shimadzu, Japan), 5%
ol (ie., Mg>, Ca’ Cd,
Pb)(ICP-AES Optima 4300DV, Perkin-Elmer, USA)E
A5ttt 54 32 WinhumicV speciation model©]]
Hgsicl F0 Pole W BF% oj2) BAEE 1
fo5l, 28 oI2e) BHEE okl 1 (4 (o7l 1

=5 3E0E U effective

o XE

K+) =1 Z:L/\ l‘:‘:(le

o1-=

J. Soil & Groundwater Env. Vol. 16(4), p. 23~30, 2011

dgho M o= 78 FAd5 (predicted effective activity,

PEA)S =Z3I%T]
13 2 23 2
2 1077 {Mg" }+1077{Ca” }
{Pb” Ypy= 4

6.67 1
10 —
-0.373

(52.6_0 53)

0™ (Mg 14107 ca® 11005k )

2 1
{Ch™ Ypoy=

]05.02 1 -1

41.1 -0.328
(770.41)
)
A @ oE A (1 ©F FE5) PR Fel

gk RolH, i Ao Fa ol BHY=E Hist

E’i, %/\éoﬂé‘]?gc R(ie
o] W2 o= §8& TS (e, PEAYS AT} o] &

WinhumicV speciation model 7-5 23 =&F EXE

% bioluminescence inhibition)



Biotic ligand modelol] A3 5545

LA} pb B Cd A A B7E I A

120
100 1
80
60 |50%
40
20

(a) Pb

el

o

% bioluminescence inhibition

0.37 mg/L
-20 .

0.1 1
Pb concentration (mg/L)

0.01

10

% bioluminescence inhibition

Y
o

27

120
100
80
60 150%
40
20 A

(b) Cd

o

10.30 mg/L

1 10 100
Cd concentration (mg/L)

1000

Fig. 2. Dose-response relationships of (a) Pb and (b) Cd for Vibrio fischeri. Error bars mean standard deviations (n = 3). ECs, values were

0.37 mg/L for Pb and 10.30 mg/L for Cd.
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Table 1. Physicochemical properties of the soil samples collected from the studied site

Sample Soil Organic  Soil Cd' Soil Pb' Soil solution (mg/L)
1D texture  matter (%) (mgkg) (mg/kg) pH DOC Ca** Mg* K* Cd Pb
A Sand 1.90 3.57 40.05 7.27 20.61 14.56 11.00 2.26 ND? ND
B Sand 2.10 325 29532 6.75 100.70 20.43 14.05 5.34 ND ND
C  Sandy loam 1.76 0.15 34.04 503 29790  220.83 56.88  1260.61 ND 1.92
D Sand 2.98 241 36.71 4.80 1745 44366  132.74 31.22 ND ND
E Loamy sand  1.76 1.03 12.81 6.67 14.64 4.34 7.73 0.66 ND ND
F Sand 292 1.88 40.37 7.91 35.25 185.94 14.01 20.81 ND ND
G Sand 3.86 4.73 59.12 6.31 84.20 10.81 3142 21.80 ND ND
H Sand 3.88 2.06  258.18 437  130.10 10.10 4.96 3.63 ND 0.91
I Sand 3.50 6.36 47.27 7.13 56.93 80.76 17.43 17.86 ND ND
J Sand 0.82 1.11 26830 4.57 10.73 11.15 332 6.05 ND 0.46

) Determined by using aqua regia (HCI: HNO;=3:1 v/v), ? Not Detected.
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Table 2. Determination of risk quotients based on protecting levels to 95% soil organisms (HCse,) by using exposure activity of Pb and

Cd and predicted effective Pb and Cd activities

Risk quotient (RQ)

Exposure activity (EA)

PEA., (i.e., predicted effective activity (mmol/L) that

Sample ID in soil solution (mmol/Ll) caused x% bioluminescence inhibition) based on HCse,
Pb Cd Pb Cd Pb (x=88%) Cd (x=2%)
A NA' NA ND? ND 8.81.E-04 2.53E-09
B NA NA ND ND 1.12.E-03 3.29E-09
C 0.01 NA 1.05E-04 ND 8.92.E-03 5.12E-08
D NA NA ND ND 1.93.E-02 6.54E-08
E NA NA ND ND 4.27.E-04 9.68E-10
F NA NA ND ND 6.63.E-03 2.57E-08
G NA NA ND ND 1.46.E-03 3.24E-09
H 0.31 NA 1.51E-04 ND 4.92.E-04 1.57E-09
I NA NA ND ND 3.26.E-03 1.17E-08
J 0.25 NA 1.24E-04 ND 4.95.E-04 1.76E-09

) Not Applicable, ? Not Determined.

Pb in solution
ezzz® FA-Pb complex
HA-Pb complex

—
o
o

-
N
o

<

C

S

=

S 100 -
2 80 -
£

-5 60 -
2 40
2 20 1
o]

o O ¢

Field soil sample

Fig. 4. Distribution of Pb in soil solution. ‘Pb in solution” meant
free metal ions in soil solution and ‘FA(HA)-Pb complex’ meant
Pb ion associated with dissolved organic carbon.
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