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B ASCURHIE BRI T G, % e 1 3 il 5 4 O B S AT T o0 M J R AT BN
TR E g 4 B T R AT T IR 45 SRR B R S M i 38 Se S EVEIEIN 0.71—1.23 mg- kg™ (T
;) CPEIEEHR 0.96 mg-kg™ A BA H B+ 4 (Se =0.04 mg-ke™" ) prifE. (HUREE S b 3 FH & R
ARRIFEEAGTE Ye , HoP He Zn A1 Cu AOTSYFRE05 50 1.24 1.02 F1 1.23 75 YRREE Y M40 i Cd (975 Yeds
ok 2.26, 3K BIPEES YL 5040 NS HIERCESRAENE B N B SERISEAE A5 20 Rk g b 6 5 AR A i
WEATO0H , G5 R R I B SR E i (Se = 0.01 mg-keg™ ) HiAF] 90%. HR3E T HE b 1 5 (AH) FE K
2H(REHE MMES D35 (BE—5) WS =8 &, T 518 0.100,0.091,0.078 mg- kg™ (HF ),
S EARIBE SN 15 (Gt —E) SR 2 5 (SR &M 22 ) AUN SR 2 5 (38, i o il ok
0.007.,0.007,0.009 mg-kg " AEFPERZRAY Cd . Zn 1 Cu AYA IR & 50 & 4 [ R AR EER (BB 38 15 (O
) /K25 (%) B 15 (KH) AZEKE 2 S0HF) T He & 24514 0.022,0.018.,0.019,
0.016 mg-kg™" ¥ £ 5 & bR ERR(E. W (R EERUS TR 4 SR o, & AR SE M B (3 (REsE 4 (BB 3% |
SAE (ANl 15 ) AR (AR ) % AT AR R KU 38 K. 25 8 28 A BT PPN 5 3R i Sk b A 7 11 3 iy &
NOAHL RHESTFE N HET—5) B milg S8, BB R P 2 R IZ IS E R
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Characteristics of selenium and heavy metals concentrations in soils
and vegetables and screening of green selenium-enriched
vegetables in a base of Tianjin

XIE Wei'*" YANG Yaodong"* HOU Jiayu®
(1. Tianjin Geological Mineral Test Center, Tianjin,300191, China; 2.Tianjin Supervision Center of Geology of
Mineral Resources, the Ministry of Land and Resources, Tianjin, 300191, China;

3. Tianjin Land-resources and Housing Management Bureau Geological Center, Tianjin, 300042, China)

Abstract; Concentrations of selenium and heavy metals were analyzed in soil of a vegetable base in
Tianjin, and single factor index was used to evaluate heavy metals. The results showed that the
selenium concentration of soil was 0.71—1.23 mg-kg™'(dry weight) , and average concentration was
0.96 mg-kg™". All samples reached the standard of selenium-enriched soil (Se=0.04 mg-kg™").
However, the soil was polluted with Cd, Hg, Zn and Cu, and the pollution index was 2.26, 1.24,
1.02 and 1.23, respectively. The pollution level of Hg, Zn and Cu was mild, while Cd was moderate
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pollution. In addition, the concentrations of selenium and heavy metals in 20 vegetables such as
green radish, cabbage and cauliflower were analyzed. The results showed that the selenium-enriched
rate of vegetables reached 90%. High levels of selenium were detected in green radish No.1 (local) ,
green radish No.2 ( Tianjin green radish) and green radish No.3 ( Jinwei No.1), and the
concentration was 0.100, 0.091 and 0.078 mg-kg™', respectively (fresh weight). Low levels of
selenium were detected in Bok choy No. 1 ( Jinpinyixia), Bok choy No. 2 ( Improved jinpinyuji)
and pakchoi No. 2 (Jiamei), and the concentration was 0.007, 0.007, and 0.009 mg - kg™,
respectively. The concentration of Cd, Zn, and Cu in each vegetable was lower than the national
standard requirements for food safety, but the Hg concentration in cabbage No. 1 ( Yashilv),
cabbage No. 2 (Zhenmei) , cauliflower No. 1 (local), and Cauliflower No. 2 ( Baixue) was 0.022,
0.018, 0.019, and 0.016 mg-kg™', respectively and higher than the national standard requirements
for food safety. Meanwhile, the health risk assessment showed that consumption of cabbage ( Yashilv
and Zhenmei ), cauliflower ( local and Baixue ) and caraway could cause higher health risk.
According to the results, 3 green radish produced in this vegetable base were green selenium-
enriched vegetables, and the local farmers should be advised to grow vegetables.

Keywords :selenium, heavy metal, vegetable soil, vegetable, Tianjin:
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1 MBS (Materials and methods)
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TERHETT (£ BR 1:5 JTHbERfL A8 A ) iR LA b | PEECEA Q2 (058 S L T R 6 % 85
S AV T I L IR B SR A X, T AR 2 1320 m?, 2015 4F 9 A Fii 3 Rl &8 h——AKHh R
BN T 52 Fik 3E—8 M 60 HHES: 7551 R s h—— S FUkar ;2 fR s h—k it
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A2 2 BN SR —SR M 60 A5 1 PRI —RKEE N MRS — L M A —A
Hi s 1 PP S —ACH SR 20 FREESE (K 1) A/ NXIEFN 3 mx T m, /NXERE 1 m, 5 &R 58 4
BEALHESY , & 2 N/ NX 4 AR ARG 3 ANE .45 SR I B F ()45 3 50 4 e Y )
2B I B BB U R R AR B 5 5+ ke .
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Table 1 Information of vegetable samples

B SRR A BN wi A
Vegetable type Vegetable variety Vegetable type Vegetable variety
HE 1S A K15 ENi)
HEM25 KHFE b ¥ik25 HE
HE N3G ’L—5 MWFE15 Bm—H
KHEK 15 2xfd 60 e 2 5 ST ES
PNEEPAS Wrkzig 75 UNEES R=2 21k 60
(R S F e UNEEYRS (=S
BHE M5 THRAKEL K KA 2R
BEhN25 aFE=%5 3 e+
B3 15 kS B HE T
F¥2 %5 B3 T3 A it

TE AR 3R HHUK T H R

1.2 FRELCREE

SARIE R AR Y - R S LA AR FE RN X N S T2 A 05 R 0—20 em YR )2 AR,
FBRAE AYEERYE S A TFREALE N | RS RS B E RN 1 ke

B RHRE 5 A HERE A R R A B SRE SCOR AR VT B R A, B NRN T 10 AN TFREIR AN 1R
i, BEFRE S S R K T 3 ke
1.3 AR T 5

IR LA 25 °C BB KU FAR KT BIBRAE S PR AR AR RIE FLO RIS IS L 20 H I BT
THeaR N ORAE & .

GiRRESL IR E B, F A R RN ZAR /R A U 3 R i, T TR T BT S B AR LA A
[t SR SR A B TR TR AT Uk T R S o8 & TR e R TH T L. TR Y e e
MR B FE ST |, B Bz R4, B F Tas IR, & H.

58 pH 0 SR A HA Y s IR S T4 R A i3S E EPA 3052 AHOC T WA HEA T I AL I E L B SR 4
HNO, fole 7 i J5 5 - 5RE i R 230 22 . Se \Hg , As JCE R AR T 26650 %2 , Cd . Zn . Cu \Ni P,
Cr RSB RS A RE R T (REI R 45 J A v it v | (A TR S DR | TRV 2B 4725 1 A TR B b
WERE S S5, X F A PRk SRR fi, B E AT 3 W & O . £ AR AR & GBWO07425 . GBW07428 |
GBWO07453 .GBW07456 LA Kk SEFRUERE S GBW10015 . GBW 10048 F8) I 28 {1 247 3 J& A o B R . 4
LB SR i 25 o G VR A 7 T U A o 43
1.4 e FE PR

FRA R DL 22 0 TR Se JCER LS R PARME" | X K+ 45 Se JCR M EBRIEBLHEATIFN, W 2.

F2  HHESe FHUIFM IR

Table 2 Abundance and deficiency demarcation value of soil selenium

Se i
Selenium concentration/ (mg-kg™')

fili%f . Selenium effect A 2 WEAERHAS 2 JEi g Rk

<0.125 0.125—0.175 0.175—0.4 0.4—3.0 >3.0

1.5 MG R IT
1.5.1 POk
Sl IS YT R AT YRR SRR TR AT A FR AR EA T PR B R VRN R R DL
5 Y STMAEFPER AR AR FE 58 4305 005 Qe i s e e 4 TR AT .
P, =C/S,
K, PR RIS YY) ¢ TS YRR o RIS e B ST, BN mg kg S, M TS YL i
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FIPEMARE , 57 R mg kg™
1.5.2 PR

(ISR FTRARAE) (GB15618—1995) iy g b, & PR B A A 7=, 2 470 A {4 i B 1y £ 48 FR
{8, M5 R e 2 B PEM PR R FIZ A PPN 45 3R HTC R RR B W I H AR FLE ) (HI/T166—2004 ) Hife
TEMPEMNMARIE (£ 3).

R3O AR E

Table 3 Classification criteria of soil environmental quality

9% Grade 75 YL FEH Contamination index PR 45 5 evaluation result
1 <0.7 B4
2 0.7—1.0 ik
3 1.0—2.0 R Y
4 2.0—3.0 R Y
5 =3.0 CEREE S

16 BB
U T AT R A R

CXIRXEFXED

S, ADD 75 M 2 25 AT 2 B (me-kg - d™") ;€ MRS IS L G it (mg ke ) 5 IR

SRS (kg d ™) s EF HESEHABURE (d-a™) sED JFHEARL (a) sBW KT (kg) s AT Jy

ADD

AR (d)
Bt AR KB 5 BO T A AT

HQ =ADD/RfD
o HQ S EERE R840, ADD 15 Y ) 4o SR AR T34 H B U (mg - kg™-d™" ) s RID W EEIRS
R (mg-kg ™ d™") (F4) . HQ>1 FHIZ G YL nT 5 ke A ) (R U |, 1 5 XU 48 B08 K, %05
Lt AR SR XURS B R ; HQ< 1, WU R 3275 Yo AN 25 15 | S A A gt e UG
P T 5 4 XoF A A R Y 52 e — B2 AP T 23R L [RIVE A 45 3L, DRt AR S XU THOQ 42 H 2]
LTI Cd A Hg X AR A A KUBS e 5 A =R
THQ=HQ, +HQ,
N THQ < 1,35 WA AL 49 17 11 5200 ; THQ> 1, 28 B0 A A A B 77 A8 2 i A ol AR K.

F 4 Cd Fil Hg filt 5 XU S0 XU 2% ) 12 (RID)

Table 4 Reference dose (RfD) values for Cd and Hg
5 48 Heavy metals Cd Hg
RID/ (mg-kg™'-d™!) 0.001 0.0001

1.7 Bdsaba
1 Microsoft Excel 2010 F1 SPSS19.0 3R {4 %44 E 1740 3.

2 5 59518 ( Results and discussion)

2.1 HIEPESESE A K

SPSS B %t HIERES T Se S E AR & EATIES AR I ISR R, F It XS EYIRMNIES
434 (K-S, P>0.05) , BUHEHCF-HEF R KU R B & (K 5) .Se B4 0.96 mg-keg ™' (T,
IR B S R T M T AR X OB R Se 9T R{A 0. 11 mg - kg M £ HE Se & O IE
0.29 mg-kg™'" (H A K T TR [ 4R - 0L B (4.06 mg-kg™' ) O S IEIR [ Se JUE BT MY
FRiEDS) | A AR Ak B A AR T BT R B4R S R BN 16.6% , J&@ T-H5 748 5 1 i
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T IC R AT B 5] MR AT DAFR R & s S A b, Bk - R NI As (Cr P AR 5T S
HILF—2, RVTBGSEE M A SZ AP FHZ K IC R W52 5 1 Cd  Hg Zn ,Cu ,Pb BY-F-X & W i & T 5t
{8, Horh  Pb (9248 T S0 2.4 4555 Zn 1 Cu 19T 3 & BRI S0 4 504 F, T Cd 1 Hg F
B m il m ik S E R 11 A58 25 4%, v WA+ 38 rh Cd \Hg Zn .Cu F1 Pb JUEZ BISMAH R,
Hr cd il He SZ52m O FR R A K.

x5 DEPWSESEITRSESEITE(mgkg", TH)

Table 5 Statistical values of selenium and heavy metals concentrations in soil (mg-kg™",dw)

B33 Statistical parameters pH Se cd Hg Zn Cu Ni As Cr Pb

% KAH Maximum/ (mg-kg™") 8.43 1.23 2.2 269 4085 175.1 383  11.68 797 1174
He/IMH Minimum/ (mg-kg™") 7.55 0.71 1.1 0.8 199 59.4 31.9 9.56 65.4 44.5
A Mean/ (mg-kg™") 7.96 0.96 1.38 125 303.69 121.3 3512 10.65 7339 559
FrifEfR#: Standard deviation/ (mg-kg™") 0.37 0.16 0.27 0.4 49.87  29.21 1.86 0:56 3.61 15.66
75 5 Z8 Variation coefficient/ % 4.7 16.6 19.4 31.7 16.4 24.1 53 5.2 4.9 28

5l Background value/ (mg-kg™") — 0.11 0.12 0.05 74.8 26.2 339 1095 67.1 23.5

TE 5 5 A SR AR 2= A i DX A7 SR R

2.2 HHEASE RN

+3ER pH EI KT 7.5, FHME R 7.96(£ 5) , I ZESEAT + A BRI PP i, e E 1 85 I
HHRE) (GB15618-1995) HY pH>7.5 ) - PF-Mr e ifE. 76 R 45 A BAEFREL P, IT A FR LAY Cd 34 —
FhrifE , HFRRE A 100% ;Hg Zn F1 Cu #83T G br e LB 53531k 87.9% | 72.7% Fl1 84.8% ; Hifh ot &
1 Ni As Cr I Pb, SR ZIRHE(FR 6).

B R X 2 i S A R IO AR T A R R S e B R
L Cd BARRE R TAREAS T Cd BB AR 22K 24. 1% P AT UL Cd 15 B0 S 585 58 20 2 A 72 3 il
BRI AN AR B R TS Y ROk O F E A EE , Cd N RIS Y He Zn A1 Cu ¥ MR TS Y 1 Ph
R (3R 6) A UL RGeS Y 18 A7 2] Cd \Hg  Zn Al Cu 8975 4% AR 4 S Hb R b 2 B, i85 5
SEHb RHAT T A MUIE (L4642 XA 284 ) 53k B | 5000 kg, 1M & A AR BRI, 3R E 4
A NGFEFEEEFA VLU IAAE AN RIFEFERY Cd Hg  Zn A1 Cu AUEEFRRIE, b nl LUE H it A PLAE
JETE RS Cd Hg  Zn F1 Cu 35 Y R R 22 — 280 S 06 ) Nk P A i s B vp e A (RS R
M ok 2t KRR IRDTRESEA 3 L2518 Cd Hg Zn 1 Cu BY¥5 Y fn) @it .

R 6 HIEIEIREIMAS

Table 6 Evaluation results of soil environmental quality

=R Heavy metal Cd Hg Zn Cu Ni As Cr Pb
ﬁﬁ:ﬁ 100.0 87.9 72.7 84.8 0 0 0 0
Unattainment rate/ %
S Y
TaERER 2.6 1.24 1.02 1.23 0.59 0.43 0.29 0.16
Average contamination index

. U R R R s s e S

Contamination degree

2.3 BRSSP

SPSS HIAG I 45 R 5 R il 5 5 4 i T R S s IR E A4 A, Rk T SO S Bk RoR
HAP & it (K-S, P>0.05) . FH3 7 AT LA W AN AR EE S il & 5 9 25 SR il 5 1 50 8 i g
FABFE LS (AH) FHE P25 (REBEFE MMEE N3 S(HBRE—5), a5 0.100,
0.091.0.078 mg-kg ', Hop 8 N 1 5 (AR M) MM & i 5 7 i SR A0 & A X 7= 2 N e il
(0.103 mg-kg™" ) B R —F AN & HBARAI SR R RIMEE 15 (0 —E) il 2 5 (R &0 ) Fvh
32 5 (fE3) , &8558 0.007 .0.007.,0.009 mg-kg ™' 7S FEH A B9 K 38 536 /SRS M
Tl FR) 2 543 514 0.037 ,0.067 .0.010 ,0.031 mg-kg ™", B 5 & T M il R RD RS 7 B3k 4 Fhigise
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AR & 2 1 0,006, 0.002, 0.006, 0.008 mg - kg™ #H bt T B 75 48 BH &5 Al X 77 00 K 3R
(0.967 mg-kg™") , ASKEH K 1R A AR 1 1 B B 4RI

TR A S T B S G 1 i Ll R A 5 R LR, T BRI AT S A AN (] b DX A G e A
FEAERE R 22 57 X R B SR - il oo R IR 3z 2] + B2 B SR s DA Sl T R A B 1M T 5
ZRPRFE R

AR A 4 ¢ T & G B U7 AR 1) (DB42/211—2002) 2R 2K R ok, i SR Se &
=0.01 mg-kg " (HFH) BV L & ST SE 2R I L bR 2 i (& — B SR &M 2R ) A/ SR
25 (fE3E) R Se BRCELR AN  HARFI B SEAE S s Se SR UL B HIEE A B H KRR E
il % 53 0 VR P 3, IO i T 2% 1.

RT HSPISEREITE P (mg-kg', B )

Table 7 Average concentration of selenium and heavy metals of different vegetables (mg-kg ', fw)

EREFZE Vegetable type Se Hg cd Cu Zn

HE MY 0.100+0.047e 0.00420.003ab 0.01120.002bcd 0.305+0.058cdef . 2.254+0.743cde
HE N2 0.09120.047de 0.00420.004ab 0.013£0.002¢d 0.34920.043fgh 2.562+0.377def
HE 3T 0.078+0.041cde 0.003£0.002ab 0.015£0.005de 0.36120.039gh 2.489+0.202def
F1= 0.041+0.002abc 0.019+0.001ef 0.005£0.001a 0.471+0.007i 3.767+0.033g
X2 5 0.081+0.003cde 0.016+0.002¢ 0.004£0.001a 0:346+0.008efgh 2.71320.014ef
GIEESE= 0.027+0.003ab 0.022+0.001( 0.008+0.000ab 0.140+0.002a 1.425£0.002a
[ 3 2 5 0.050+0.002abcd 0.018+0.002e 0.005+0.001a 0.1150.003a 1.338+0.009a
KAF 15 0.037+0.030abc 0.005:£0.005abc 0.015£0:004de 0.284+0.005¢d 1.97420.295bc
KEFE2 5 0.038+0.030abc 0.002+0.000a 0.0180.003e 0.29120.100cde 2.09120.430cd
RE MY 0.018+0.002a 0.006+0.001bed 0:016+0.002de 0.476=0.010i 2.75020.015f
R h25 0.015+0.001a 0.006+0.002bed 0.010£0.001be 0.267+0.016cd 2.084x0.021cd
UNEES I 0.024+0.001ab 0.003=0.000ab 0.061%0.001j 0.255+0.002bc 2.115+0.008cd
UNEE A= 0.009+0.001a 0.006+0.001 bed 0.045+0.003i 0.215+0.004b 1.442+0.003a
M5 0.007+0.001a 0.00320.000ab 0.026+0.004gh 0.311£0.001defg ~ 2.321+0.015cdef
W25 0.007+0.001a 0.005+0.001bed 0.029+0.002h 0.39320.004h 2.68620.015¢f
i 0.042£0.003abc 0.005£0.000abc 0.013£0.003cd 0.3400.004efgh 2.65420.004ef
i3 0.067£0.002bcde  0.005+0.001bed 0.026+0.002gh 0.31320.008defg 2.141x0.001cd
LN 0.031+0.020ab 0.002+0.001a 0.023+0.003fg 0.505+0.032i 2.24920.165cde
Py S 0.027%0.002ab 0.008+0.001cd 0.01920.004ef 0.766+0.024; 1.629+0.010ab
e 0.010+0.001a 0.009+0.001d 0.078+0.001k 1.143+0.003k 4.67920.010h

TE : RS AR )N E 5 bR OR [l o R A R R 2R B3 h Y 5 Bt 22 57 835 (P<0.05) .

2.4 BERTPESBNS RSN

BESEREN T Cd S B S BRI SE, S R 0.078 mg kg™, HK /NSRS (H & KT
Hte N RN £t 22 4 TR AR IE (28 < 0.2 mg- kg™ i, fRZE2K <0.1 mg-kg ' fF H) .5 Cd LI
AT FE AR Cd 8528, 5 H IR Se 47 5¢, A FORFZE SR 26 B 4 49 vl B Y Se n] LA S 38 [ AR 2 %
Cd I M 2 1S 3 it AR I8 (0 TR SR AT i A A VE T 3 S AR B AR AIE S i, 245 SR R ]+ 058
i Se FVREEART 1.5 mg-kg ' X Cd 54 <5.0 mg kg™ HATEHUEN], [ AT LAGEE SR b g AR G 32 7
SR KB T KRR A TS, R BRAE A — BV BE (1 Se J& , Cd A FRIEVE IS 2128 /2.

SR O R AR 0 1Y 7 R SEHEAT T ST, & R Se T LIAT R ) B SEAR TR Cd A9 e
SR b BRI, S AR AR Cd 5 i 3 PR AR AR 9 il o X S M 8% 58 Se 15 Cd Al Hg
EE A BT (K 8) UL Se 5 Cd 2 B MIMAHIE(P<0.05 /KF) , Ul & Se HIEREA £
B SR [ A SCREAE I 8% 3% Cd AR

PR He &m0 M M8 E R 208 B R A, R R AR 1 5 (ESEag) R E3E 2 5 (2 356)
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) Hg #4378 0.022 mg-kg™' F10.018 mg-kg ™', 34L 1 5 (AHL) FIZEAE 2 5 (1) (W Hg & &t 53
4 0.019 mg-kg ' F10.016 mg-kg ™', S M4 N\ RILFIEE 544 AR (532 <0.01 mg-kg "B H)
iR 4 FPERSE) He & BBt bR | R ISR RS ER S0 5 4 8 00 BE B PR WS A AR 224E =R AN[H] 9.

KR8 BT Se HHEARMAIM:

Table 8 Correlation analyses of selenium and heavy metals in vegetables

JEE Element Cd Hg Zn Cu

Se -0.464 * 0.025 -0.033 -0.226
H.n=20, = 7£ 0.05 7K F B 4

FHLE T HAMFP BT , TR 1Y Zn 1 Cu & i B, i 2008 4.679 mg-kg™' 1 1.143 mg kg™,
PR T e N RN E & 526 4 DAERE(Zn<20 mg-kg '8 5, Cu<<10 mg-kg '#E &) . — FHEH T
Zn Fl Cu MENAEY AR DT TR YA, (FAEY) A SR AT GBS A — 5 W IR P ML AE 42 6 X5 Zn 1
Cu Wi , (A T AYE 458 Zn A1 Cu & AR EREE TR IE % A= K Rl (A T B2 i 1
8 Zn A Cu S50, B R RIS SR A IEH A K REUR NSO & Zn T Cu 4R R0 T TR,
M Zn F Cu AW ISCRE S0 55 .

FAO/WHO & 5 N5 B G Zn Al Cu BT ZER 551 BN 18 mg-d = Fl10.99 mg-d™" . LIBLA
FERAEA 0.355 kg Biseit, Ji R M IEHLEE SR AR Zn FI Cu 29 5 755K A9.4.6%F1 13.1% . B W B 5% 5
FRIAHE Zo A Cu, MIASE Zn A1 Cu Y55
2.5 BRSEEE AR KBS

M5 E EPA 2 FE I FF M Superfund XU PEAT T 942 IF 45 A B0A TR ST Ve Rt Bl T A
U AEE R KA SRR S8, gk 9 TR

R ERRKEIT R EE 24

Table 9 Parameters of assessment model

240 Parameters IR/ (kg-d™") EE/ (d-a™") ED/ (a) BW/kg AT/d
0.355 350 30 58.5 365%30

ARG A2 FH TS 5 XU 48 50 (HQ ) 1 7, X A S B B A e A 7= I B SR R A T 1 A B XU
WA, 25 RN R 10 7R X TR &, i3 gi e h Cd o R HIA RN TS H AR (£ 4) R
fa R ARG HE 2L HQ (@ 8/INF 1, RIAE FHIZ I M 2 2 A Cd T R s At (e B e 3 EL: i S 1)
2% 15 (CRESESR) AR 3 25 (255 FIZRAE 1 5 (A4h) b Hg AO{a R XS T8 B KT 1, &
TR 2 W S B AR RS, P 45 S 5 i SCE S8 Hg V5 Yo PPN &5 R — 3L

AN, AR BRI THQ L2 XoF i 22 45 A feie B XU B — Rl A0 T2 B, Tl X 85 38 N TS 2ot R A HQ
KON, [RIAE T LI DI o 2 FH R o i S8 oA B XURS: , I LA 2 X Y5 e e P 45 AT 4 72 a3k 10
FiR B 145 (st RIS 2 5 (238) FISRAE 155 (AR HL) MR B XU (B 5 B s et R 45
— B TSR 2 55 (AE) AR SR E R SR /N T 1 RZERT 0.95, R & HZ I N &%
HMIZEAE 2 5 (AT ) RIREAEAE R A Aa BRE JXURS:. T L P47 35 s A o 55 352 110 it 5 XU I A B A 5 B9
JCERM HQ i, B ZESH AR LA THQ 1.

2.6 BRA(0E B SR

b AR 4 R S RN 4 R T R T, T A B S B AR XU TR 2 SR, T DA i A
i Ay o G S R L, A 7 I S R 2 Bt T R S R (B T A R I B AR R R S 1 AR
A 1 7 Cd Hg Zn Al Cu 0 MT5 4% JF S A Cd 1 Hg TR TE & s s 48, B8 A
it R XU T Sk s PR i = 2 e A AR i s ok 5 3

AR A AL S ISVEM (R Lt b 07 1 S 00 ' G S 25 780 | DIV 58 11 G e ) ) Bk S
HA R RS I, AR ST IS £ REGX —F845, B s h o Z & it 5 b AT R & i
PEAT HAH, B 48 R B0RT LA WA E AR ) 38551 X o R I &= 4R e ).

i



1244 AR OSSR M R R - i S AR B o € B R T 2797

R0 BB MR A5 5L

Table 10 Intake and health risk of Cd and Hg by consumed vegetables

B BRI
Ve;(’;::hqz type HQHg HQc THQ Ve;::fbtfzpe HQHg HQc THQ
HEML S 0.2083 0.0639 0.2722 ¥H15 1.1026 0.0276 1.1302
HH M2 0.2275 0.0737 0.3013 ¥b 25 0.9487 0.0250 0.9737
HE M35 0.1808 0.0874 0.2682 MW 15 0.1836 0.1539 0.3375
HH MG 0.0514 0.1178 0.1693 M2 5 0.3016 0.1662 0.4678
KE¥15 0.2814 0.0881 0.3695 UNEES = 0.1692 0.3566 0.5257
KE¥K 25 0.0979 0.1056 0.2035 NEXK 25 0.3386 0.2607 0.5992
(BN 0.1006 0.1334 0.2340 K 0.2832 0.0763 0.3596
BEHEMN 5 0.3640 0.0921 0.4561 T 0.2936 0.1489 0.4425
SEN2E 0.3376 0.0588 0.3964 B 0.4478 0.1077 0.5555
BE% 1S 1.2782 0.0450 1.3232 R 0.5010 0.4536 0.9546
GHISESR= 1.0276 0.0298 1.0575

5 FHICERTE 20 Fhgi s b iR AR R BN 11 FT7R | Se TEA RS 3E HP 4 4 2 50A ) 1 ) 28501 5 5
WHEZ 1S (ARM) 25 (CREFEE M) M35 (HT—5) ZE 8 EHE T J0RE 22 5. A 1 Se 78
HE DN S(RM) 25 (RIEFE M3 S(HI—5) KIE2 5(HF) FFMBEER2 5 (B3%)
R A AR RO (eI T B & SR R WU/, W N R RE S LT 20 175, H# D SRy
i Se BEJIAFAE R 2500 B i Hg 73 AERNIR (3 b w4 R OB Lok 2RAE 1 5 (R i) fl2 5 (A3
) Xt Hg R RREIIAFAE 225, MBI 5 15 CHESESR) 1 2 5 () MIE ] .25 5. F & )8 Cd e/
FISK 15 (kA 60) INFISK 2 5 (HESE) TSR 15 (i ) I3 2 5 (R L i I 2 D3R T g
AR RBEOR, HL 5 R e Cd B0 4R AEI L R E 225 Zn Al Cu RN R R 002 rh 19 5 4R R U
FHIL , AEAN [P B 200 PRI T 3R ) HE BB I AAA e 2800 il DL, B0 Se S BRIV E LR T 5
B AR B (9 A BRI ME AL DR 3R S, b5 2% JE R 18 M -5 R S8 P BT R B AL A G, LA
[Fl P S i 30 (7] b TR A B SRARBLAN R, [ e XA AU R 1 & B AR DLt 2 i 22 53

R ARG E SRR

Table 11 Bioaccumulation factors of different vegetables

BRI Vegetable type Se Hg Cd Cu Zn
GENE= 0:130+0.070e 0.003+0.002abe 0.009+0.002cd 0.002+0.001bcde 0.007+0.002cde
GE VA 0.117+0:075de 0.003+0.003abe 0.010+0.002cd 0.003+0.000de 0.007+0.001cdefh
HH 35 0.100£0:062cde 0.003+0.002abc 0.011+0.003de 0.003+0.001g 0.008+0.001fg
XA 15 0.044+0.002abc 0.013+0.000e 0.004+0.001a 0.003+0.000cde 0.011+0.000hi
A2 5 0.094+0.003bcde 0.020+0.002g 0.004+0.001a 0.003+0.000¢ 0.009+0.000g
GISERR= 0.026+0.003a 0.017+0.000f 0.005+0.000ab 0.001£0.000a 0.005+0.000ab
GISERR= 0.052+0.002abe 0.015+0.001ef 0.004+0.000a 0.001+0.000b 0.004+0.000a
KAX 15 0.033+0.027abc 0.004+0.003abc 0.010+0.000cd 0.003+0.001f 0.007+0.000cd
KE¥ 25 0.039+0.033abc 0.002+0.000ab 0.014+0.001e 0.003+0.000cde 0.008+0.001efg
BHE M5 0.019+0.002a 0.004+0.000abc 0.012+0.001de 0.004+0.000bc 0.009+0.000cd
BH#E 25 0.015+0.001a 0.005+0.002¢d 0.008+0.001be 0.002+0.000bed 0.007+0.000cdefh
UNEES R 0.025+0.001a 0.003+0.000abe 0.034+0.001hg 0.003+£0.000ef 0.009+0.000a
NEF2 5 0.007+0.001a 0.005+0.001cd 0.020+0.001fg 0.002+0.000bcd 0.005+0.000ab
W15 0.006+0.001a 0.003+0.000abe 0.019+0.003fg 0.002+0.000bcd 0.008+0.000defgh
25 0.006+0.001a 0.004+0.000bed 0.022+0.001¢ 0.003+0.000de 0.009+0.000gh
R 0.041+0.023ab 0.003+0.000abe 0.010+0.002¢d 0.002+0.000a 0.008+0.000defg
i 0.064+0.001abed 0.005+0.001cd 0.020+0.001fg 0.002+0.000g 0.006+0.000bch
N 0.029+0.020ab 0.001++0.000a 0.019+0.002fg 0.005+0.002bed 0.008+0.001defg
e 0.027+0.002ab 0.005+0.000cd 0.017+0.003f 0.006+0.000ef 0.005+0.000ab
xR 0.010+0.001a 0.007+0.000d 0.007+0.000i 0.007+0.000h 0.007+0.000j

T : FIF AR R/ NG TR IR R — JUR7E AR R R 2R B S b s 4R A 1 22 5 235 (P<0.05).
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LG EIROHTER AU EE M 1S (R HE P25 (REHEE MHAMHEE h3 5D
—5) i A B s S A, mT AR A e AR < 0 R PR R Y MR P 2 R A X
PR B3R

3 4512 (Conclusion)

(1) ZERSEFEHh + HERE b Se & EVEHIN 0.71—1.23 mg-kg™" , SFH{E N 0.96 mg kg™, A FE S
PR B A0 - bR | M TR 2 Sk A S S .

(2) %5 Se g S 1 Cd \Hg Zn ,Cu V-3 5 553508 1.38,1.25.303.69,121.30 mg kg™,
4 i 4 @ M I - PR T i bR AERY U430 100% .87.9% 72.7% Fl 84.8% KR 15 YLt KA E
P, Hg Zn ,Cu MR EETG YL Cd ik B rp BV L Fe B

(3) A LIRS A B R S K 90.0% , 5k T 8 M 15 (KM HE M2 5 (RIBEHFY b)) MES

N3-S (HT—5) B & R8T, R34 0.100,0.091 ,0.078 mg-kg ™", Al & AR AOBR = il 3E 1
F(EfMm—H) W25 (HREMWE) M/AAAFE 25 (HEFE), &2 55 H0.007,0.007,
0.009 mg-kg™".

(4) TGRS Y Cd iR & s Yo & s BRAE, I B 15 1o CHESE &) (TR 1% 2
S(BE) KA1 S (K L2 5 (HE) T He B9°F & 84518 0.022,0.018,0.019,
0.016 mg-kg™", It 4 PG He 197t 25 2k £ v s ey o it BR AL

(5) B SEHE AR RURS 5 BRI A A R KU 6 S, 13 T = H 04 [ 1 5% SR A8 R S AP e
o P B IS

(6) LR ARV EER M ES M SR HFE P2 5 (RIBEEE MAEE 3 5
(T —5) ¥ sk o 5 i 5, 0 MR o 22 Tl 120 28 700 11 % .
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