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Comtamination of Cadmium and Mercury in Farmland of Tianjin and Extration Methods for Predicting Their
Bioavailability

WANG Ting, WANG Jing, SUN Hong-wen", ZHANG Yan—feng

(MOE Key Laboratory of Pollution Processes and Environmental Criteria, College of Environmental Science and Engineering, Nankai Uni—
versity, Tianjin 300071, China)

Abstract: Irrigation of sewage water has been applied for agriculture production in Tianjin for over 50 years, since Tianjin is a city lacking
water resource seriously. Heavy metals in soils could not be degraded, but accumulated, causing hazards to human beings though food—chain.
Twenty—two sites of samples(including pairing soil and lettuce ) were collected from seriously polluted areas along the three sewage rivers in
Tianjin, and the contents of cadmium(Cd) and mercury (Hg) were measured. Moreover,different extraction methods were studied to check
their applicability for predicting bioavailability of the two metals. Nine of the 22 soils exceeded the National Soil Quality Standard II for Cd
(0.6 mg-kg™) and 7 exceeded the standard for Hg(1.0 mg-kg™). Over 60% percent of Cd concentration in lettuce exceeded the National
Food Quality and Safety Standard for Cd(0.2 mg-kg™), while the Hg concentrations of all the samples exceeded the standard for Hg(0.01
mg-kg™). Hence, the heavy metal pollution has threatened the safty of vegetable. The metal contents in lettuce did not correlate with those in
soils, wich were influenced by soil physico—chemical properties. Of five extraction solvents tested (HCI, CaCl,, NH,AC, diethylene—triamine—
pentaacetic acid(DTPA ) and M;), M; and DTPA showed good capacity for predicting the bioavailability of Cd, with the correlative coeffi—
cients(R ) being 0.92 and 0.88 respectively. M; showed better correlation, moreover, it cost shorter time for extraction. Hence, M; was a
promising method for Cd bioavailability prediction. However, both M; and DTPA failed for the prediction of Hg bioavailability, showing a neg—
ative correlation for Hg (R=-0.82 and -0.47, respectively ). This might be because Hg has caused adverse effects on lettuce, hindering the
transfer of Hg from root to the edible part of lettuce.
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Figure 1 Sampling sites in the suburbs of Tianjin, China
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Table 1 Extraction methods of five extration solvents
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R ﬁﬁiﬁ’ﬂ'ﬂ/ B RRE/ ’F?ii{

A min C remin™
0.1 mol-L™ CaCl, 2 1:10 60 25 200
1 mol-L* NH,AC 2 1:10 60 25 200
0.1 mol-L™ HC1 5 1:5 920 25 200
M, 2 1:10 3 25 200
DTPAR 5 1:2 120 25 200
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Table 2 Cd and Hg concentrations of soil samples(x10™ mg-kg™)

W& Cd Hg || Hi& Cd Hg || #15 Cd Hg
EF 41 89 |BUE:L 27 140 || BH 39 99
MOE 94 190 [EBE 100 61 [UMPE 71 29
ARFRE 350 220 [[FiRk 82 81 WK 09 17
WEE 57 130 [UNEE 540  13.0 [UMER 13 270
EEE 49 23 Wk 24 28 ||me 12 17
KEEFE 21 170 [EEAHE 1.0 18 KA 89 140
sRE 60 67 ||B¥E 41 55 |BREE 32 55
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R 3 MERTRISH Cd 0 Hg FEE(x10" mg-kg” FE)
Table 3 Cd and Hg concentrations in edible part of lettuce
samples(x10™ mg-kg™ dry weight )

R4 FEREBAHRRER (mg kg ™)
Table 4 Cd and Hg concentrations of different extraction
methods(mg-kg™)

s Cd Hg || #1458 Cd Hg || #is Cd Hg

FERL 23 38 |[fBAE 01 18 [N 26 25
BA 02 37 |EERE 45 48 |UNEE 22 38
WET 26 37 |WKE 02 12 |KEE 08 40
FEL 01 3.0 ||FwE 01 13 |pkEEE 60 32
ARITR 35 30 |VMMR 26 15 (KB 01 40
ERE 02 25 [UMER 01 13 [[BEE 22 14
JE¥E 02 40 [FEE 27 14 [EHoE 02 39
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Hi A B Hg cd
XA CaCl, ND* 1.5x107
NH,AC ND* 1.0x10™*
HCI 5.1x10™ 9.1x10™
M, $R B 2.8x10° 1.3x10™
DTPA {4 1.0x10° 6.3x107
KREE CaCl, ND* 8.1x10”
NH,AC 1.9x10° 1.3x10™
HCI 6.4x10™ 4.9x107
M, $R B 2.0x10° 3.3x10™
DTPA JRA&K 1.6x10° 1.8x10*
SR CaCl, ND* 4.2x10”
NH,AC 1.3x107 7.6x107
HCI 7.3%x10™ 2.3x107
M, $R B 4.3x10% 2.1x10™*
DTPA JRA&K 1.6x10° 8.8x10”
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FSEUNE M, X5 5 EDTA F1 DTPA #47 Hede, K3
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Table 5 Cd and Hg concentrations of M; and DTPA extration(x10 mg-kg™)

Cd Hg cd Hg
H g
M, DTPA M, DTPA M, DTPA M, DTPA
/N 13 4.0 1.5 3.3 vy 6.5 11.0 0.6 3.3
e 12 1.0 22 2.7 NG 8.0 6.5 0.7 52
WK 4.6 73 15 33 LR 8.0 15.0 2.1 3.2
Eoyae: 4 5.0 22 3.6 [iip72D N 1.0 14.0 0.8 13
SR 53 5.9 0.6 0.6 EF 11.0 14.0 0.6 0.9
FUpE L 7.0 13.0 0.5 12 lezaa) 5.5 6.7 0.7 12
JERE 6.5 6.2 1.0 22 INBIR 10.0 17.0 2.0 32
RO 6.4 6.5 1.1 2.1 ZEE 19.0 13.0 2.0 2.9
JE3EE 6.3 7.1 0.5 1.0 ARIH 20.0 19.0 0.6 1.8
KEeE 26.0 25.0 0.4 3.6 EBE 21.0 27.0 0.7 0.9

HRE 40.0 29.0 0.6 15
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Figure 2 Correlation between Cd concentration in edible parts of lettuce and extraction parts
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Figure 3 Correlation between Hg concentration in edible parts of lettuce and extraction parts

W 22 3 AT B 43 Hg & & [F] 48 BUR 48 B0 43
BBEE T (B 3) . M; RIS R 5 E R T &5
433 BEMME (R=-0.82,P<0.000 1), Tij DTPA
AR RARSCE NI 22, (Bt 5iZE R 8845
Hg & B A% (R=-0.47,P<0.05),

PR EGH 5ihZZ ] B34 Hg SR EA 7
AIAE SR , AT RE 2 R R R SEAR YT Hg B “ Bk 7F
A, —BASTERTRR, 2 R BT, SR T
FEEMMME, Zm He m128 2%, 545h, Hg BA
—E WIHE A, FE A R O X H A A 2, o A i
Bk Heg 5AEBES 2 AR H—REE,

3 #ig

AYAERE T LU, BA TP ESF#IRA
JRE ., (HEMERESRBINTE,60% L4 L
KZF| Cd BT5 5 (BRI A TRITIE S, HM;,

DTPA #BREGEIR AT AR FBAEMZZ S H Cd MAMIB 3K
P (H M; () RAEL R BT 20, 3E H M; (BRI [E) ¢
5, e AR N RIEE & B A YA R

AR VHZE RAE 100% ()90 22 2 #R3Z 3) Hg 154,
B FEBRMELR, hE3RS Hg 5 M; . DTPA
PREEE Rk 3 B2 AR

HE R4 YA SEN IE R T RIS Y2
TGRSR RS A EES RS+ EBE N E
BLRYE

S E 30k :

[E #, KB, £FR, & REWTGEXESRE L E-HRE
PRI RRT]. MATEE SIRM A, 2008, 21(2):38-41.
WANG Jing, ZHANG Yan-feng, JJANG Chun-xiao, et al. Transfer and
accumulation of heavy metals in soil-vegetable system at sewage irrigat—
ed areas in Tianjin [J]. Urban Environment & Urban Ecology, 2008, 21
(2):38-41.



124 E SRR E LRRAR TS G MR ARG i ik

201241 H

[2] Meyer J S. The utility of the terms " bioavailability " and "bioavailable
fraction "for metals[J]. Marine Environmental Research, 2002, 53.417—-
423.

[3] Gambrell R P. Trace and toxic metals in wetland : A review[]]. Journal of
Environmenial Quality, 1994, 23 . 883-889.

[4] Tessier A, Campbell P G C, Blosson M. Sequential extraction procedure
for the speciation of particulate trace metals[J]. Analytical Chemistry,
1979, 51(7) : 844-850.

[5] Querauviller P H, Rauret G, Griepiuk B. Single and sequential extrac—
tion in sediments and soils[J]. International Journal of Environmental
Analytical Chemistry, 1993, 51.231.

(6] ¥4 7H8, 1 IR, 9T, 45, SPH N 1) K & 7K B X AT B A 4R
B AR 3R, 2005, 36(4) :595-597.

YANG Jin-yan, YANG Xiao—e, HE Zhen-li, et al. Effect of equilibrium
time and water content on Pb availability in red soils[J]. Chinese
Journal of Soil Science, 2005, 36(4):595-597.

[7] Feng M H, Shan X Q, Zhang S, et al. A comparison of the rhizosphere—
based method with DTPA, EDTA, CaCl,, and NaNO; extraction methods
for prediction of bioavailability of metals in soil to barley [J]. Environ—
mental Pollution, 2005, 137 231-240.

[8] Gupta A K, Sinha S. Assessment of single extraction methods for the
prediction of bioavailability of metals to Brassica juncea L. Czern(var.
Vaibhav )grown on tannery waste contaminated soil[J]. Journal of Haz-
ardous Materials, 2007, 149 ; 144-150.

[9] Mehlich A. Mehlich 3 soil test extractant: A mdification of Mehlich 2

extractant[J]. Communications in Soil Science and Plant Analysis, 1984,
15: 1409-1416.

[10] Jones J J, Benton. Universal soil extractants: Their composition and use
[J]. Communications in Soil Science and Plant Analysis, 1990, 21 (13-
16):1091-1101.

[11]7h 4,70 B SkBbAR. VLT SURIRE ARG R ES RS
JURBLITM BN RV FRERIEEAR, 2003, 22(1):70-72.

SUN Hua, SUN Bo, ZHANG Tao-lin. Assessment of pollution of heavy
metals on vegetable field around Guixi Smeltery, Jiangxi Province[J].
Journal of A gro—enwironmenial Science, 2003, 22(1).70-72.

[12] Mclaughlin M J, Parker D R, Clarke J M. Metals and micro—nutrients—
food safety issues|J]. Field Crops Research, 1999, 60:143-163.

[13] Gorell J M, Johnson C C, Rybicki B A. Occupational exposure to man—
ganese, copper, lead, iron, mercury and zinc and the risk of Parkinson’s
disease[J]. Neurotoxicology, 1999, 20(2-3):239-247.

[14] Michaelson G J, Peng C L, Mitchell G A. Correlation of mehlich 3, bray
1, and ammonium acetate extractable phosphorus, potassium, cadmium,
and magnesium for Alaska agricultural soils[J]. Communications in Soil
Science and Plant Analysis, 1987, 18.:1003-1015.

[15] BiscR), BetRde, B 3. H3EE 4R TR E Hik L] R FF
B 5 R, 2004: 44-46.

LU Wen-li, NIE Jun—-hua, ZHOU Kun. Comparison of several methods
for soil heavy metal determination[]J]. A gro—environment and Develop—
ment, 2004: 44-46.



