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Mercury Pollution and its Influencing Factors of Vegetable Soils in Fujian Province, China

HONG Zeng—chun'?, GUO Yong-ling?, WANG Guo*

(1.Sanming Inspection and Testing Centre for Agricultural Product Quality and Safety, Sanming 365000, China; 2.College of Resources and
Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: An investigation on mercury pollution of the soils was carried out over the vegetable fields at the suburbs of 12 countries of Fujian
Province. The main soil properties which influenced the accumulation and the availability of soil mercury were discussed. Results showed that
soil total mercury of the vegetable fields was 0.038~1.81 mg-kg™, and 33.04% of the total soil mercury of the soil samples exceeded the Na—
tional Secondary Standard for acidic agricultural soils. Total soil mercury had significant and positive correlations with the contents of clay,
silt, organic matter, as well as CEC of the soils, indicating that these soil properties were in favour of the accumulation of mercury in the soils.
The available soil mercury was between 0.003 mg-kg™ and 0.095 mg-kg™, showing a significant and positive correlation with total soil mer—
cury. The availability factions of soil mercury decreased with increasing soil organic matter, suggesting that organic matter was the major soil
property which influenced the availability of mercury in the soils.

Keywords: vegetable soil; mercury; pollution; Fujian Province
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ST, HERAE 227 ANKE i RFERTT] AL 2010 4F 1 A
22010 49 1, RAEENSRHZ B EREIR G R
JZEHFE(0~20 em) NGRS BrJE LT R HESE
BB TS YLl . SRAER AR I SE G %, 48 FAR KT
Je , P T WL R AR R AN ERAR 22, AR A AR TR
S ad 2 mm JE e o PR P43 <2 mm [ A
Aoy R 30 g T4, IS BT ERBIES 2 2 it
0.149 mm [ JE BT, TAERASE
1.2 SHNEF &
1.2.1 -HEARL He & E

FRILAEARE 5 g 2247 OF§H 2 0.01 g)F 200 mL #
BHH A, ITA(25£2) CHY 50 mLL 0.03%TGA-1/15 mol -
L™ Na,HPO, 124257 (9.40 ¢ B R R 47 i Tk,
W HC 0.3 mL Bt 2 B R T OV 1 B R Sl — AV W
RS GERE T LA R, fE(25+2) CHRAFTF, LA
(250+10) remin™ $&3% 2 h, 7 Biad yg sl g0, Bk
R . R4 0B TH(AFS-230E, Jb iRt
B AL AT B /DM E AL He i,
122 3R Hg &0yl E

FRECEFE 0.2 ¢ Z2 4 CREHf 2 0.000 1 ¢)F 50 mL
HIEEHAE T, A 10 mL FK, MRS, THkB
HOIAAIE R 2 b, BURYR AL, A 10 mL fR££1# (0.05%
RPN S%AHIR ) , 7%, B o [FIBH S 1
5o FR T2 0T B He & i .
1.2.3 -3 M Ab M B

B ML R SR FH A I A AR R A A - 2%
S, 1 pH (BN A SR R HL A 9 SR 2
FE R ETHE , P 584t (CEC) I R ] bt
R b
1.3 RERH

R T AR ARG S A VA T 5 A R
Frad A, SREUH A - 48 [E ZhR HEY) 5 (GBW07401 )
F1 209 V4 TAEEA T BT e s i
L4 M FE

KI5 Y8 B (PO TR A T

P=C/S,
Ko PO R SR 15 AR 8G C o B3 E 4
B4t (mg-kg™); S MiZE B PEMFRITE.

ASCR AR i) (GB 15618—1995)
TR M R R IR AR AR (< 0.3 mg-kg™ ) VE I
Wb
L5 HiEIET &

RIS R DPS #A4F1 Excel A FALRR

2 #HER5E

2.1 TERNESEREZMESR
2,11 HHORE K A R

PR A FEAPE T L 1. A 1 AT, i
+ 3 pH AR 5.68, BUAMRER , {H 5 5 19 3% pH
{ELIRE] 7.54, SGEPE. ML A EER 30.86 -
ke, B . HIEMRIRAE J18AIK, CEC -3
{EALH 9.67 emol *kg™, FE 2 AT, 3 ROR &5
FEI°A 0.038~1.81 mg-ke™, “FHME K 0.283 mg-keg™, Ky
T+ HER TS 5HE.(0.04 mg kg™ 7.08 £, FFk E
HERTLT I AR 1 2 1 (0.069 mg kg ™)) 4.10 5,
IR TR A R 50(E.(0.081 mg-kg™ )™, KA
B (X)X ek & 22 HIAR K, e KME S /b
{HiR 222 11.8 %, HAHEESR & RA S W, R0
25 bR P e B 2 BRI RE BE ) RS e o AR R 1
BEFRES B AR UE GB 15618—1995 Hhiigk 134k 1
TFRIE(<0.3 mg-kg™) PEAT I R R TG Y A5 B0

&1 TEEARELER

Table 1 Basic physical and chemical properties of the soils

T H G SEHME = bRiERE
pH i 3.30~7.54 5.68 £0.79
AL /g ke 2.08~79.41 30.86 + 12.41
CEC/emol -kg™ 3.42~17.50 9.67 £3.18
<0.002 mm Fi 2% 55 1% 5.62~41.97 19.16 £7.25
0.002~0.02 mm F7 g 7% 5 /% 3.91~52.54 23.06 +9.01
0.02~2.0 mm K% % 15 /% 11.28~89.57 57.78 + 14.38

®2 TESREENGITFFEE
Table 2 Statistical characteristics of total mercury

contents in the soil

TREHE RSB QH%TEEI / ﬂﬁi@{n%; gl(ﬁﬁl Ij‘%bjﬁ/
Fav i 4 0.049~0.27 0.14+0.10 0.67
Jeg 7 30 0.038~0.45 0.16+0.11 0.66
LR 23 0.040~0.40 0.17 + 0.09 0.56
PR 23 0.13~0.36 0.21 +0.07 0.31
KR 11 0.057~0.52 027 +0.15 0.57
B X 52 0.068~0.79 027 +0.17 0.63
HEMTRRX. 34 0.079~0.81 0.29+0.18 0.62
W 4 0.086~0.91 03104 1.29
FERLIX 3 0.28~0.40 0.34 +0.06 0.19
35 18 0.11~0.86 0.34+0.18 0.54
JEE[X 14 0.14~0.70 0.35+0.17 0.48
JeigTH 11 0.23~1.81 0.91 +0.43 0.47
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Wi R (3R 3), T IT5 Y48 27 0.48~3.02 78
FEIIN , BRI T oh , Hop 45 PR A IX A AE R HEoRTG g
HAH P X AR TR L -1 g i A
TEHEE LRI YL, el i 45.45% 0 FE S A7
JEHHORTG Y BIRE , 28 & T HERFE S 66.96%
LA, 2511% )8 T 515 9 ,4.85% & T s 4L,
3.08%)@ THEI5YY, 33.04% M58 1 A7 T K [R] f
FEMFRTE Y, X AT BES A6 X S A T3k X, 4309 52 30k
57K B A RE R, 555 28t FH 5 R AR RN 35 Rk AR
A Ko AR X B 4 3 45Kk & 5
Fo BERAR YR Sy« T T > - [X > AL IR X 42 3k B>y
H ESHR M AR X > K AR T OB 2 X > TRIE B> 2E& E>
i) {7 LSRR T (3% 2), Hor ol it B DX AR IRIX
EWAATHEAREXRE LR P S EES
R 5K 1 T PR 0T A o ) PR R R (0.3
mg-kg™),

2.1.2 520 3 Aok o R Y R B

ORI i BT YR A L (H
IRAE - e A DR RN A A0 U] 5 B 3 25 DDA G o DA
4 ] W, 4 A0k B 1 SR R (<0.002 mm)
$1.(0.002~0.02 mm ) % 15 22 [A] ) S A i B AR P IEAHOG
M-S0k (0.02~2.0 mm ) 75 2 22 ] S A S 2 4k Al
Koo 2 A SBURL T TR (AW B 1 2 BB T 5, R SR 1Y
W RFF 11 502 B AR 551, KR ROk bz 5 1 i 1 4 rpoR
B EOREE, IT LA R OR & e s AR it s &
R KRR L 5 B AR, X TR B BRFRE 1 A%, BT LA
THORS AL A E PR A RS b+ g

Al

=

+ B R 4 FhT R BT AR
i (0.481 mg-kg™), S L b 0k
R Z AN B 22 R (K 5), FRF - HA KR
P I 6 T He M9BE 7 o BD = 4ok W38 & & i Ik
(0.058 mg-kg™) , ;X S 1R/NEbE I — B AP+ 4
KR SFEL LML, AR E LR, XA
RB SR £ IFEAE A K (n=4).,

-3 BH B A8 e i S DR BT B 1 I A
[ 7 e 0 EE 2 L, R AR A R A I

x4 tELREESTEBEUSHZ EHHEX R (n=208)
Table 4 Correlation coefficients between soil properties

and total soil Hg (n=208)

Tt H AR ZEL(r)
AHHUR /g kg 0.257"
<0.002 mm KiZk 5 1% 0.501"
0.002~0.02 mm i & 5 h /% 0.321"
0.02~2.0 mm Fig % 5 /% -0.454
CEC/cmol -kg™! 0.431"

RS5 FEFRMTERREERRE

Table 5 Total Hg contents in the soils with different soil textures

IR REEEC SR imgekg SEISME £ FRIEZE /mg-kg
ik 39 0.081~1.807 0.481 +0.411 Aa

12k 111 0.040~0.912 0.265 = 0.166 Bb
WA 54 0.041~0.787 0.207 +0.136 Bb
w2 4 0.038~0.079 0.058 + 0.021 Bb

G R 2T BT 1 NIRRT PR ZE RIS 1% 8
FF s ARG FREFROR ZE Rk 5% BE K-

®3 TEERMBEFTRIEH(P)
Table 3 Single pollution indices of total soil Hg (P;)

BIGTYAEY LN 1%

L e T Lh(P<1)  RIER(1<P<2) hERQ<P<3)  WIERP>3)
FEE T 0.16~0.88 0.48 100 0 0 0
i) 2 £ 0.13~1.51 0.53 90 10 0 0
YRR 0.13~1.34 0.55 91.3 8.7 0 0
JUEE 0.44~1.21 0.69 86.96 13.04 0 0
KR 0.19~1.73 0.9 63.64 36.36 0 0
B X 0.23~2.62 0.91 61.54 34.62 3.85 0
FEH TR IX 0.26~2.71 0.97 61.76 32.35 5.88 0
W 0.29~3.04 1.04 75 15 0 0
A X 0.92~1.34 1.14 33.33 66.67 0 0
b Az 0.38~2.87 1.14 50 38.89 11.11 0
FE-[X 0.46~2.33 1.15 50 42.86 7.14 0
yACAI 0.77~6.02 3.02 9.09 9.09 36.36 45.45
LB 0.13~6.02 0.92 66.96 25.11 485 3.08
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HA ) e 2P S A2 - 18 CECH, Rk B 1358
IR TR IE(GB 15618—1995) 1, sl % AN[a] CEC iy
FHERLE T AFEIBR g bR A Aok & S 1
CEC {HZ [MAF BN B MR IE MR (R 4),
ULEA CEC 5 5 1 386 R TR 7E 1 b ity R,
SRR I 45 R — 2

- S LT 2 R A ] S TR A R,
A AR A MUTIEAN 1%, SR 2 R AT 5
30%™, Giit R, U H I eR SRS HEA LR
T ) S R IEAHOG (R 4), U AL & L
AR TR E . — o 858 pH (H2 5
M) - 38 X6 5 (4 Wi B 0 B L [ R, pHL (S T i e ik 1
BEXT R I B, (B A E AR5, I 80 pH (S
b HE AR 22 IR G i E OGR4
(1) pH {25 5 AN KA S (RHB4r 181 pH (EA T4.5~
7.0 Z 0],
22 HERNBRMEREZMEER

T S 1A RS AR 2 A OOR] Y
B . BEEAREELEhEDHILNTRE, 51k
HIPIR I E A e , Xt NS FIRBE 18 i fE 2 .
HKEW, HERESENGEEFZRAESENARL
A2 MR 6 TN, AHER S - AT ROR & i
Fil 4 0.003~0.095 mg - kg™, F-I{H A 0.021 mg-ke'. +
BORMABE RIS HIEAROR GBS H SRS &
() H AR, (I R A RUE AT 1.33%~28.06% 22 1]
SEIE R 9.07% o Xof - $3 55 1y W B R U8 7= A 5 i) 1)
BRI 8 b 52 M)+ R A k2,

F: 6 TEERREENFITFEE
Table 6 Statistical characteristics of the available
mercury contents in the soil
FEREC BT ke P = GRIER ke 557 RH 1%
227 0.003~0.095 0.021 £0.014 0.69

TR YT R 1 AR E TR E TR
O, T ELRZ N L Jm RS Sl S A A R
ARFERYL, R0 T IA LR RS M ORI A AL
B TR 1A LSO G - SR A =,
X A LTS R A U AT AR SR 23
Br i R ] 8 Z A AR I 25 O 2k AR 56 (1
D)o MRISCAIAT, A BT e 19 3 T Xk A 5L
SR AR BT T E BE T, W] DASR e LRk ) B i [ 1 4
R, B AR SR S R E R iE
R X A A i Py R O 1 5 RE T WA T R R I A

RUE o HHEAOR &S A ROR T Z A
FLNEIEASC R MR R B r=0.9227(n=227),
WIRE + 3 aok S Ay , TR RORAY Ry
1o o L SBER AT BORE A L S Ao B i 2 ) AT B B
SRR (8 2), R L HORARUZ RIS ek
PRI, LR A U AME 2l L 4ok
R RN AR AR, T LR (R i R o - M o 35 1Y
SIS . AR A PR E  RPR UL
PAJ CEC Ry mdtRefe vk L ORI a4, B
Pra RN ] CEC AL ARL & i 5 IR A U
Z AR S EANSR , R /s H A 25 ARG
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Figure 2 Relationship between the available Hg and total soil Hg
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Wi B A5 b S el 3 O 32 BN R FR TR T5 e

(2) KA X 32 bl 1= BE A ROR & ey [l 0.003~
0.095 mg-kg™, TIELIRK & 5 R IAROR 5 & 2 (A
BAW AR EAIDCOCR RIS LIRS
SEIEI, HEAROR P F g i .

GRMEX Lok em S H A PR  CEC Kk
(<0.002 mm) B3 47(0.002~0.02 mm ) 7 L W 3 Y
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(4)RAE X A R A 505 B - A AT 38 o it
KA, 15 CEC UKk IR RL 5 2 [N 2 35 A 5,
B - HEA HLTR 52 R - 39K 1A S5 i) A

Sk -

(1] BELLL, 815 T I X a5t i 5 b 1 9 o 4 Js 7 i M AR 7
AUBSI]. -5 P84 244k, 2012, 18(4): 582-585.
YU Hong—hong, HU Xue—-yu. Contents of heavy metals in greenhouse
soil around Wuhan suburb and their potential ecological risk[J]. Chinese
Journal of Applied and Environmental Biology, 2012, 18(4): 582-585.
(in Chinese)

R FEA RE By, WL 55 T RS aR S b b e rh o 4 Je 5 ik
B AT INPEAOL R, 2013, 41(5): 470-472, 487.
LI Ai—quan, XUE Qi, TIAN Jing—si, et al. Investigation on the heavy
metal content in the soil in a vegetables base in suburb[J]. Journal of
Shanxi A gricultural Sciences, 2013, 41(5): 470-472, 487.(in Chinese )

[31 = RA, - 55, KBV, 45, R ICEE S I 4 )8 & i
AR KU U PIAN . il 24z, 2013, 29(4): 42-46.
YUAN Da-wei, HE Qi—yong, ZHENG Xian—qing, et al. The heavy metal
content and ecological risk warning assessment of vegetable soils in
Songjiang District of Shanghai[J]. Acta A griculturae Shanghai, 2013, 29
(4):42-46.(in Chinese )

(4] SR, IRTEIE, Fmesk, . MR X8 L - R g h A
J& R RS RHIELT]. A PREERL 241, 2014, 33(5): 920-927.
DOU Chang—-ming, XU De —cong, ZHOU Xiao -tie, et al. Transfer of
heavy metals in soil and vegetable systems nearby Tongling mining area,
ChinalJ]. Journal of A gro—Environment Science, 2014, 33(5): 920-927.
(in Chinese)

[5] Turkdogan M K, Kilicel F, Kara K, et al. Heavy metals in soil, vegetables
and fruits in the endemic upper gastrointestinal cancer region of Turkey
[J]. Environmental Toxicology and Pharmacology, 2003, 13(3): 175-179.

[6] Alam M G M, Snow E T, Tanaka A. Arsenic and heavy metal contamina—
tion of vegetables grown in Samta village, Bangladesh[]]. The Science of
the Total Environment, 2003, 308: 83-96.

14 VT, S5, PR 22 AR idial A o022 bel 1 S S o 4 s o ik
ARk K5 e PP 3R, 2010, 41(4): 985-989.
YU Jiang, HUANG Zhi —-yong, CHEN Lan. Heavy metal contents and

—202—

pollution assessment of soils and vegetables sampled in Fujian Province
[1]. Chinese Journal of Soil Science, 2010, 41(4): 985-989.(in Chinese )

(819 . A ey MLTR SR bl 139 4 BUAR K B VAR A 52 (D). Jb 5t

RO RABE, 2011

XU Jing. Studies on heavy metal profiles of typical harden soil in Fujian
and its remediation strategies[D]. Beijing: The Chinese Academy of Agri—
cultural Sciences, 2011.(in Chinese )

(9] AU . 9 A< i - ST 45 8 2 1] 3 A1 RFAE K2 75 YR PFANT]. 75 ARG

O BRI, 2013(1): 32-37.

ZHENG Hong—ping. Spatial variability and pollution assessment of heavy
metals in southeastern Fujian soil[J]. Journal of Jilin Normal University
(Natural Science Edition ), 2013(1): 32=37.(in Chinese )

(0] ¥ E25, £ A X o, S5 Rtk LA BOREIIBO AT, 4l
WEERI2E24], 2012, 31(8): 1566-1570.

HUANG Yu-fen, WANG Guo, LIU Kun, et al. Extraction method for
available mercury in acid soils[J]. Journal of Agro—Environment Sci—
ence, 2012, 31(8): 1566-1570.(in Chinese )

[ Pk, BT, 4 1 1k, 55 Al LI rh R Ay A= MR 12545 K%
HAZAION ). 30, 2007, 38(3): 590-596.

HONG Chun-lai, JIA Yan-bo, YANG Xiao—e, et al. Biogeochemistry
and ecological effect of mercury in agricultural soil[J]. Chinese Journal
of Soil Science, 2007, 38(3): 590-596.(in Chinese )

[12] #HF, 5Kk 07, BRARES, 45 Bobkrli et 13 5 38 R G0 ok 5 Ye it
FE1J1. HiBR1E#, 2009, 38(4): 369-378.

QIAN Jian—ping, ZHANG Li, CHEN Hua—zhen, et al. Mercury pollu—
tion in soil-vegetable system of vegetable districts in Guilin[J]. Geoch—
imica, 2009, 38(4): 369-378.(in Chinese )

[13] Bz, R TS, XU, 55 AR LR s S o2 0. PRase)
2%, 1992, 13(4): 70-75.

CHEN Zhen—jin, CHEN Chun—xiu, LIU Yong—qing, et al. Soil envi—
ronmental background concentrations in Fujian Province[]]. Environ—
mental Science, 1992, 13(4): 70-75.(in Chinese )

[14] FR/Nigd, ST, 250 HEH, 45, 1] el 280 Fr i X S e s i) 25

FEAE SRR 3 AT (). A SR EER 224, 2010, 29(7): 1320~
1325.
XU Xiao—xun, ZHANG Shi-rong, LI Dan—yang, et al. Spatial variabili-
ty characteristics and influencing factors of soil arsenic and mercury in
the typical hilly region of central Sichuan, Chinal]J]. Journal of Agro—
Environment Science, 2010, 29(7): 1320-1325.(in Chinese )

[15] EHade, JRBRE. il V5 U it 1398 o 4 Jm 3R A R 52 i) LR 3R
[J- AT 1R, 1998, 7(1): 68-71.

LU Yan-bing, WEN Yan—mao. The factors affecting the availability of
heavy metals of sewage sludge applied to soil[J]. Tropical and Subtropi-
cal Soil Science, 1998, 7(1): 68=71.(in Chinese )

[16] BRICIH, J7 R, 4 A, 25 LRSS RS Yea A K s (R
FIITI EBOMTE R4 CHARBEAR), 2009, 32(2): 168-172.
CHEN Wen —juan, FANG Feng-man, YU Jian, et al. Environmental
pollution assessment of soil Hg and influence factors in Wuhu, Anhui
Province[J]. Journal of Anhui Normal University (Natural Science ),
2009, 32(2): 168=172.(in Chinese )

(7] EDRUHE, b 1, XA ZE, 48 AN TR AR AR o0 - 3 rh of v i o A



HER Al 55 AR B M L RS YR S e P R

2015 4 B

PR AE IR S [T]. FREERY #2241, 2007, 27(1): 101-105.
YAN Shuang—dui, BU Yu-shan, LIU Li—jun, et al. Effects of different
humic acid materials on mercury fixation in soil and mercury absorp—
tion by plant[J]. Acta Scientiae Circumstantiae, 2007,27(1): 101-105.
(in Chinese)

(18] FISERE, XA 2, 4R 7. b e SR (v I B —fidp WA 7 SR A 5 20 JEE 1.
1R, 2010, 41(5): 1270-1274.
JING Yan—de, ZHAO Shi-ping, HE Zhen-li. A review on the studies
on mercury adsorption—desorption behavior in the soil[J]. Chinese Jour—
nal of Soil Science, 2010, 41(5): 1270-1274.(in Chinese )

[19] TEW 4, FRURAR, JoTE -, 45 & =M Anek =M 3R kg
& AR MR L] 224 S EREEAEAR, 2006, 6(2): 1-5.
ZHANG Ming—kui, FU Juan—lin, GU Guo—ping, et al. Chemical forms,
transformation and adsorption of mercury in the soils of the Changjiang
Delta and Zhujiang Delta|]]. Journal of Safety and Environment, 2006,
6(2): 1-5.(in Chinese )

[20] Z=fAE, XA, 2N, 4. T IR-MY RS R 15 Y M AEY
B EENFTTIERELT]. g A0l K721, 2000, 34(1): 30-34.
LI Hai-hua, LIU Jian—-wu, LI Shu-ren, et al. The present progress of
research on heavy metal pollution and plant enrichment in soil —plant
system([]]. Journal of Henan Agricultural University, 2000, 34(1): 30—
34.(in Chinese)

(207 w22, X E o, GEAT L. I b o 43 ) i A A PR RIF T E 1.
-4, 2000(6): 294-314.

SHANG Ai-an, LIU Yu-rong, LIANG Chong—shan. Progress in study
of the hioavailability of heavy metals in soils[J]. Soil, 2000(6): 294-314.
(in Chinese)

[22] i W, SRR, 5K—F, &5, JUR5 e i E 42 AR A ot B
i) D522 A 5[], Al AR 2541, 2004, 23(1): 115-118.
MENG Zhao—fu, ZHANG Zeng—qiang, ZHANG Yi-ping, et al. Bioavail—
ability of heavy metals and affecting factors in sewage sludge[J]. Journal
of A gro—Environment Science, 2004, 23(1): 115-118.(in Chinese )

R3] XRAE, £, % 2. LIETRAYABAERATTEI]. 40l P55
R4, 2000, 19(4): 216-220.

LIU Jun-hua, WANG Wen -hua, PENG An, et al. Bioavailability of
mercury in soil[J]. A gro—Environmental Protection, 2000, 19(4): 216—
220.(in Chinese )

[24] REEF, FTFRIR, Sih, 5. BAERRSS 5 R AL 13 P (19 43 A1 R AL
(] thEFREER, 2002, 22(2): 179-183.

YU Gui—fen, QING Chang-le, WU Hong—tao, et al. Characteristics of
humic acids bound Hg distribution in soils[J]. China Environmental Sci—
ence, 2002, 22(2): 179-183.(in Chinese )

[25] Wang D Y, Qing C L, Guo T Y. Effects of humic acid on transport and
transformation of mercury in soil—plant systems|J]|. Water, Air and Soil
Pollution, 1997, 95(1-4): 35-43.

[26] Rogers R D, Mcfarlane J C. Impact factors of mercury volatile from soils
[J]. Journal of Environmental Quality, 1979(8): 255-260.

— 203 —



