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2. A BB AT I B A (7D, TR T 5106405 3. BT HREERIAIITRE, TR B 518001

FE . XSRS IR A 10 ANy SRS+ SERNEE S (/NSRRI N ) XPRCREE, S 217 B AT
PP EAJER (Hg) BB 5 He 8 A SUS B /40, FF58 R A F/INASEME 2 Nl &0 & % He
MR, Z5SRRI, AR K TSR —E M Hg 755, 29 20%AY 1381t % L3RRS B ARifE ( GB15618—1995)
TRARUE(E, (H/NEASEREAE N He BREEER, BIE SR 0.001 2 F10.001 3 mg-kg™, X 2 A~/INASERES He B4
B E R AR (RIS e IBRE ) (GB 2762—2005 ) HNFR(E 0.01 mgkg!. TGA HEHUAY 1A He g
O3B0 I He 4 W IEASE, TGA 25 He AU 5 e He BRI 3%~4%. /NESERTAE 3t Hg 195 54 2500
S 0.90%F1 0.94%, KA HIEHARE M1 Hg AL HFAGTER . i emolie, /NASEREE b al (i Hg Bt /4 +
Herh Hg &R A SES R O EAE B E ERIESCR, Hrhgisk 5 1 Heg ARS8 RN TH S 14 Hg &40
HIKFR . MR E RS DAARE, B ELA HE R AR/ (R 2 N R 224 s+ 3 He 2GS IR 4L
Il SH{E5314 0.038 F10.063 mg-kg' I Y 118 He 4 milfi S K T3 BT - R Al (9 — i,

PRBRIE(RLX TR AR A /N SERTI S N i 2 ok i il e T/ 46

KW OK; B, HEIRFME; B3E TR
hESES: X825 XERFRRRD: A
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S RIS AL He B/ Ao bR
U et A BT He 16 ik 3¢
RETBHERS  (A2Z Ai— SRR 28
BRI T-Be, ARES WA LS 400 ik,
AW IS AN SRFE, LIH R K 2 Fr e
HIFRAEAS R B Se——/ N SRR 2 N x4, it
LB AR AT He 7SR RGP R E 4R
M. 7Esbah b, RK4E CEahis R )
( GB2762—2005 ) HHLERIEESEH He FREE!,
THEA M X ER XX 2 FhigkRn 14 He BREAE, A
PRESE SR e 4, ¥00 Hg £ EsEidt AAE,
DL R il 7 B T AAE W o i 4 4 1 b S A5 T R
RS H WK
1 MR5F*®
1.1 BRI

TR A M Ab Jb 4 20013~25°31' , R &
109°41'~117°20', 2 iHiAIFL17.81x10* km®, K
W3 & R Z R, AR R 18~23.2 °C,
AE R B — M 1700 mm , WU Hb X W] 3k
1900~2 000 mm, fF5% X + 38 REAEA A LRl
REBMAA, 1ERA MR EEA RIS, 2058
AR II40%, HJE A AT A e i
KT, RIS FERE AR R REL, ST
FEEEL . RA BRI 4B AL, I W AR
SR E S T, BE304Ek, AR P I,
AL Tlb Al A e 45 4 398 o B 4 o ot o0 B0
DT 2 A= ok 5| (e s 9 o
To Y AR R AR E R
1.2 HmEE

20104E8~12 1, FEJ R4 B S PR THI FRAS R 1Y
10T . T ZR5E . WL BRI BN,
YOI, BRI, T I, RERMLR, EATER
A A — X — R, HORENAXK
Brassica chinensi L.FESH 1714 . ¥ DN Daucus
carota L.var. sativa DC. 461>, XtR )+ 3ERE 217
Ao NEERAIARE, [F— AR Z SR G R
F(5~10180), HHEREFCRETFHEZ (0~20 cm),
IRAYAEIRIU M ER] kgZi i AR ZIFEEH O
5, BRI T IR EN HARRT, HIBREE & Y
TR R L AHUIRIE LU AT WAR AR, AR,
20 HGH, HAME - HEpH . A LT AIA RS He
Fin g 205G o 1 S 2 AR B A 28 4
10085, FHLANE i g e, 7EXT N ) 145
REE SRR BR8] B804, BRSRkES 22
BRI REVK S, WK F-20°C
IR AR
1.3 HmathilE

5 B SRR AR I H B 8. R 3ERE S AdpH
AHUFRHg A (R AARES ) o Bigkem
HgFi /50 2 2 B GB/T 5009.17—2003 { &5
BOR B AR E ) P, ek S He 450
SEITHESMGB/T 22105.1—2008 (3 Mok,
S BT E RO B e
SORBGIE ) P B S S Hg TR BT R T
HEHEAL (AFS-930, JbmidiR) b, Wt
P, FhE209% WAL LA T A TRUREINE o 43 4
A—E B H ) E bR Bt i Wt (HY
GSB-5F1GSB-6; +3: GSS-3), +IEAMESHHR
B BUHTGA-NaHPO 2 U™, HpA 70 (1)
FREGE2 mm i +4£5.00 g, A 100 mL = FjfHT;
Q) #E1:10 19 & Lt i A 50 mL 0.03%TGA-1/15
mol-L™ Na,HPO#2 4275 (3)25 “CHRF-#2 h( 250
rmin’ ); (44 CE.L (2000 rmin™ ) 5 min; (5)
W IEAGE g, FRmIT0.45 il FECFE VA
FIRTF- AL LI AE o HHERE FpHE LI
FEME (KEHCN2.5:1), AHLFIE R B R
PR
1.4 Sitoth

KH SPSS15.0 Xt T4 T, B +-
R HEA 725 5 2 PR, AH DGR 1M Pearson
ik, WEEAKEAE 0.05,

2 H#REHH
2.1 FEHYREN H S RIFE

THERERY pH. AHLURA He 4 KA
Hg U /B R 1, 3k 1 v, iz X
R SRR YE, pH (EAE 6 A4 AR T
0.34%H1 4.96% 2], ~FIETE 2%/ 47 /DRI
B8 ARG - Heg B A BT A ) A
0.014~1.02 F1 0.05~2.04 mg kg™, F-HIE 4514 0.22
M 028 mgke', mE TR+ He MFHHE
(0.03~0.1 mg-kg™" P! 23k [ + 1% He 155 {8( 0.038
mg kg Y 5~7 f5P7 SRR 211 He “F-HI{H( 0.069
mgkg!) 1) 3~4 528 5 58 ARG B R AR
(GB15618—1995 ) h —ZiARrifE(E (Hg: 0.30 mg-kg™,
pH<6.5; 0.50 mgkg', 6.5<pH<7.5; 1.0 mgkg’,
pH>7.5)FEL, /NESEARER L He #Bbr 33 4> (&
RN 19.3% ), #58 MMRER I He Hibs 9 4~ (|
PR 19.6% ), i X 2+ E 452 81—
FEEEM He 1559+, HHEARGE He B 80K,
NIRRT S ARES A RS He B 4061
Bl 23 9 g R 4t ~0.045 mg-kg! 1 0.001~0.026
mg-kg”, FHIEIIH 0.006 mg-kg ', FHFMIMTLE
BB, TGA 2N ARG He 514 He
S IR NSRRI A RS Hg &5
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F1 THREATERMHBEEFER
Table 1 Chemical properties of soil in typical vegetable fields in Guangdong province
Bk pH YT % Hg & /(mg-kg™) AR He B 8/(mg-kg') +4E Hg A 50ME R 3L
INHER(n=171) 6.26+0.05 a 2.06+0.06 a 0.22+0.02 0.006+0.002 0.04+0.01
W5 (n=46) 6.00£0.06 b 1.68+0.09 b 0.28+0.06 0.006+0.001 0.03+0.01

Bollr=EprERR 2% . R R TR 2R B (P<0.05)

Hg 48 IAE 250k 0.444 ( P<0.05), HH3 MR
A MAS Hg 5 Hg 28 EREH 0.572
(P<0.01), FHEFEPRHUE Heg Fim o8] LITE
—EFRE L35 T He /KF, 33 4% He
AR R R, BARGS He 5 Hg 2B RY A,
ER R, MNSR/NASEIS SIS e, i
TGA $EHURA S Hg 5L, A TR He (1)
3%~4%, SR EIRZETH 0.1 mol L' Wi h W2 Fits
219150 0,005 mol L' DTPA W14 4 —3K,
FA 34 KR Heg N 5AITERS . i
W, bt 4 He ARG R 50 -5k
PR (pH fH. HHEAHUT ) BRSP4 R %
B, A% MRS 3 He A8 5S +
WAL B E EAE (X RE =0431,
P<0.05), SHALHFICEEMHCH:.

2.2 BEPHRE S EUHT

M 2 A, AR EES S A R /N
SEHIEASEE MW Heg BR8P EZE R AR, 3
2574 0.001 mg-kg”', W% Nrh Hg B 0o i
Z/NESRIEE A o K E R B AR (]
s LR ) (GB 2762—2005 ) Xf#i3EH He
(IRRMA . Hg FRisr4h<0.01 mgkg', Ay
171 A/NASEHRAE 2 MY He B2 B8,
HFRFEN 1.2%, S MER He @FR%N 0.
BT+, s He s Rk,

AW A FR BRIV SR AT A RS e i
A IR HZTE Y TR B E R, B
-4 2 WA [R) b 2 5 3 X 1% 75 YL W) ' B E 1 i
555, UNESERIE S MY He B4R R BN
0.90%H1 0.94%, —H TG BEEF . W ITEHER 5
PR S0 i 4 8 B L RE T sR I bn e . EHEREL
<L5%MB R AINE L, 1.5%<5E5ERE<4.5%K

F2 BEHHyRESBREERH
Table 2 Contents and accumulation coefficients of Hg in vegetables

Hg Fi 70 80/(mg kg ™) B BEZRE%

¥ﬂﬁﬁ%ﬁﬁﬁ¢ﬁ%ﬁﬁ$zn¥ﬂﬁﬁ%ﬁﬁ

B

UNEES
0.0012 0.0017
(n=171)
HE b
(n=46)

ND, KAt

ND 0.0120 2 0.90 0.083

0.0013 0.0011 ND 0.0036 0 0.94 0.170

B, BERECAS%NEEE, AT/
FE NERE X He (% & SR8 58, 2P He R &
RIS ER, YN Hg e, H Hg 7EfE
YR N RS SR AR XA 2207, 4545 2 Pk St
+HEd Hg s o8 i bn R Mgt =g b He i
OYBAGERRR R, T BE UL FE Ak B R V5 e + 3%
R 2 iSRS G KU N
23 BEHHIRENSBSTEHIEERERS
HoRENHHXZ

NSRRI ST R He Bk s
Hg 8L )25 5 03 3, 2 Mhiksenl &
WAL He By BohRit 38 He B/ Bur s in
s, 2ottt KRR E 8 E K. HAbBFIE sy
I R e P L IR He 5 IR
Hg BR800 BB Mo R, R4 He 154
S (L SN N U ) S RN S
Bk Hg i /040 13 Hg B i e i C 24058 ,
R (T 0.15), TR M T+ Hg £8 I
EFTA AR AT BB SRR, K 25 T AR 3R R
K AR50 13 h Hg A4 08 ROPE g et He
MY, 3 He AR T e AR b AR At 2
XF Hg MW BB B B, A RCS He
J R AR T A T R R R R Ay, BRIS
FRERFOR T L, FURSHTES R EOR, BEE Hg
JER RS 3T He A7 3808 R B et 6 &
B, ANESERTAE N R 21555 0.80 F10.38,
MR T He Fim gy 45 Hg 28k
7, FWHHARCE He B 8ok #EAE H 4
Hg B4 WA 5 A Yy st o & 2

FRAZALLA 10 1) 7 R FER b He 284l
Bl (0.01 mgkg'), 2 BHEE A/ NESE A 8

®3 BRFAIRMML Hg RESEH()5LE Hg RES (KX R
B+ Hy 5 R1E
Table 3 Relationship between Hg contents in edible parts of vegetables ()

and that in soils (x), and calculated threshold of Hg in soil

13 Hg Il FHE/

T Hg B EEpy R

(mgkg")
., /DFZE y=0.0014x+0.0009  0.026 7* 6.50
Hg &8
W% N =0.0009x+0.0011 0.1170* 9.89
FRA /MERE 3=0258 5x+0.0003  0.800 9** 0.038
Hg #1% M 1=0.1520x+0.0004  0.377 9** 0.063

* i EAHI(P<0.05); * D E A2 (P<0.01)
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NFRRE) 3 He B/ B0im SE (% 3), 3%
Hg 286 FUE R/ NESE: 6.5 mgkg, B% M. 9.9
mg-kg”, TH WL T FE IR R AR
FARMEAE . A7 5B U E 2 HaR B6 45 el 4
W ELES BN A X 2 R e 1 He B
MU R PR RS ST He MG, #£
AP A T RS bR He BRE(EXT TRk
INESERTA S | e e re R UL BE T4 . S5
B SO QORI 8 DAY I He I AIRIE 3.1
mg-kg MEL, ABFFEHER N He 2R R, [l
e TR A1 T 48 1 A A AR T4
ARG I A R AN 6B LR A R R
IR SRR 3 i Y BR A A 25 5%, BRI A
XUEER | FXA] ., AR AMEE R, A TR
e A BT Y . (BT LA A RE R
RMERRET, AT T Hg & RIG R
(H T E— I UEA T T35 S bRt .

KT RN TR, AR, SR
A ESCR R BEAE A, Kyt AS
TS YA — 0 Bl S 3 ] R s o
A IR LB il AN RER A AR, AR LIS
Yy i AR R TR 5 0 1 SR B N B
AP R AR YT R R, A RS
FERY B PR, e FUL, LAA SO N L
HETENEIE ARSI, N2+
TR 4 B A S T Ay BUVE R R R R bR o
HR R R AR . ARPELA B A SR+ He
(2 4 BREARE (0.01 mg-kg!) & H 19 14 He
BRASRESBE FE )2 . /NSRS 0.038
mg-kg!; BE M 0.063 mg-kg!, SCEAHIL TS
i A 3 He ARCRIGFEMIRER D, T
AT, 2L He AR RS (/A
S 0.04, S N SEHAEIEN 0.03) fRHLHE
B, NPNESEHL 1 He £ RIGFUEZ R 0.95
mgkg!, BIE MIEHL T He ARG AEL N 2.1
mg-kg' o FIZI SR A TR, & A
171 A/NAZESE T, F 2 AR He i
Ay B0 HEE I AU 0.95 mg-kg!, 7E 46 N E
N 3Erh ) A £ He Fa /B0t i 4,
X—Z5 R 5 E SRR He MRS —2, R
WS He BR (AR 7E R = 1 & PP FILE F M

i b, BRSO EZ R
PR KA E RSN R R AR, 1 T ] R
B REARE (GB 15618—1995 ) U FRE T E 4R Y
MR pH E, FE—ERMASHME, 52 R
FANEY) i % 4 A bR . HIEA AL
A R bR T Bk G IR 4 S92 AR BE AL M R A R )

T R AR YA k25, TR gAY
R NG & =t A (= DK IS L At = e
e He pY4RIOM & v Jel FAs e i, 2 T+
H Hg ARG & S0l FTs Rl . BB B X HE
YIFhds | 3T I He ARCS SRR X 35
SRR AL,
3 it

(1) J7RAE FER M 78] He 55, #08
T EAT A U EARHE (GB 15618—1995) —
bR, EARRIEIT 20%, [H/NESERB S h &
#BA7 He & 4350k Hids o

(2) TGA I HIEARES He g 85 +
I Hg & W EIEAHG, R TGA $#EHGE Hg it
Ay BUREAR I H A 7 3% Hg /KT, 1B TGA $2BU1A
S He A5 H3E 5 He 1Y 3%~4%, I 3o
K531 Hg RN HALTER . BAEYIRI

(3) /NESEATAS Nl adsi; He Biasnss
+3ih Hg B AARAS He /B g
LR R, HPEHs ARG He FiE sk
PR AN THS 5 Hg 20X ER ., RIEDAM
05 R A 8 He 4 FUE i T [
17 R i AnifE (GB 15618—1995 ) —Zibrifi
8, FRIPZAREXT TR D SRS e A
HViAd FFH o TR PR/ SRR B D i
LA A RS He B a0 B 510k
0.038 1 0.063 mg-kg ™.
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Accumulation of mercury in edible parts of pakchoi and carrot at typical
vegetable plots

SUN Fangfang"**, WEN Dian"?, WANG Fuhua'*", LIU Xiangxiang"?,

WANG Qifeng" %, WANG Xu'?, GENG Anjing"*
1. Research Center for Quality Safety and Standard of Agricultural Products, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China;
2. Supervision and Testing Center for Vegetable and Fruit Quality, Ministry of Agriculture, Guangzhou 510640, China;
3. Shenzhen Academy of Environmental Sciences, Shenzhen 518001, China

Abstract: Two vegetable species, pakchoi (Brassica chinensi L.) and carrot (Daucus carota L.var. sativa DC.), and their rooting
soils were sampled in vegetable plots in 10 cities of large vegetable producing area in Guangdong. The mercury (Hg) contents in
vegetables and total and available Hg contents in soils were determined to study Hg accumulation in edible parts of vegetables under
field conditions. The results showed that about 20% of the sampled soils had higher Hg contents than the class II threshold of
Environmental quality standard for soils (GB 15618—1995), indicating soil Hg contamination. The pakchoi and carrot showed low
Hg contents of 0.0012 and 0.001 3 mg-kg respectively, with only 2 pakchoi samples exceeding the maximum level of Hg in
vegetables (0.01 mg-kg"') set by national food hygiene standard (GB 2761—2005). Available Hg content extracted with
TGA-Na,HPO; in soil, positively correlated with total Hg, was about 3%~4% of total Hg content. The accumulation coefficients for
Hg of pakchoi and carrot were 0.90% and 0.94% respectively, suggesting their low accumulating ability for Hg. Mercury contents
accumulated in edible parts of pakchoi and carrot presented linear correlations with both total and TGA-extractable Hg contents in
soil, with better fit when using TGA-extractable Hg than total Hg in soil. Based on the regression equations and the statutory limit of
Hg in vegetables, the soil thresholds of TGA-extractable Hg were calculated to be 0.038 and 0.063 mg-kg™ for pakchoi and carrot,
respectively. Calculated soil thresholds of total Hg were much higher than the class II limits of Environmental quality standard for
soils, suggesting current soil quality standard might overestimate the risk of pakchoi and carrot being contaminated by Hg in
Guangdong.

Key words: mercury (Hg); accumulation; soil threshold; vegetable; Guangdong



