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Heavy metal pollution status and dietary exposure risk
of marketed vegetables in Yantai City
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Abstract: Objective To investigate the status of heavy metal pollution in vegetable samples in Yantai City, and to
assess the dietary exposure risk. Methods According to the national standards, the contents of lead, cadmium,
mercury, and arsenic in vegetables were measured and analyzed with the pollution index. The risk of dietary exposure
was assessed with the target hazard coefficient (THQ) and total target hazard coefficient (TTHQ). Results The four
heavy metals were detected in vegetables to varying degrees. The average contents of lead, cadmium, mercury, and
arsenic were 0.0142, 0.002 8, 0.000 4 and 0.007 1 mg/kg, respectively. The detection rate of cadmium was the high-
est, accounting for 35.36%. Of the 758 vegetable samples, 2 leek samples had excessive lead, and the over-standard
rate was 0.26%. The pollution index and comprehensive pollution index of the four heavy metals were lower than 0.7.
Of all samples, bulb vegetables were the most polluted but still at a safe level. The THQ and TTHQ of the four heavy
metals for adults and children were less than 1. Conclusion The overall level of heavy metals in vegetables in Yantai
City is relatively low. Eating vegetables poses no significant health risk to the human body.
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T ARFERENES GG, KEERS KR
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KA ME S BARN KRR, — B EE
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FE IR ILZRAE B TS e ) A 8 R 2R AU
TAEFMY MK, R BENLIAE B9 J7 i, T 2012-
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AR, FRE IR T AL HE S PR BT R R ) A
FRAEER TS, BEAAE i 2 /0 2R 4 500 g, HoR AR R
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1.1.2 EZRH

HSPR (DL k4l ) WA+ 75 = BR7e A |l B 4 ot
ZEhREW (1 000 mg/L) T 3 [# Inorganic Ven-
tures A A, K ICEBRHER (1 000 mg/L) 4 Frf
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Mars 6 fi T A% (S5 R CEM 23 ] ) 5 HL A
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VR SR FE ] B Uk S A L PRI
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20 min, fF % A JE M A R/ E LR E A 2
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Table 1 Classification of pollution index
& P HYAEGR YK
1 <0.7 i T
2 >0.7~1 LR B TR T
3 <1~2 AP TR ZB5 Y
4 <2~3 s gy BTG Yy
5 >3 GG B A E

1.2.4 XU PPAS J7 12

3% [ R {4 J5) ( United States Environmental Pro-
tection Agency, USEPA ) [ {5 JXURS: 1Ak A5 75 £ %
JZ TR B KU AL T AR 18 6 1 4
BRI 15 T B S T A Jm R T R R R XU

A
1.2.4.1 ZZTIES

RSP B R, N B SR T A
R NFRE B0 S0 2 B0 SR FH A H AR T & (esti-
mated daily intake, EDI) P48 H 48 A IE &
BFACE A,
CXIR
B (3)
K (3) W, EDI A R h 4 JE A H AT A R, 3
ik mg/(kg-d) ;C NEEE &, 008 mg/ke;
IR HGE0) HEIH T i AR 2015 4R 1L AR A o RS
BT AR RO AT 255, A EUE 0.278 ke/d, L
HIUE 0.172 kg/d; BW R F 2 4R i &, il A B
64.3 kg' ! JLFEHUH 32.7 ke''*
1.2.4.2  XBSAFER A
H #7563 2280 (target hazard quotient, THQ) L)
INZSEE LS e YN S N DE S PN
F it 525 R0 LB AE P AR, B8 2 i 1 A
V5 P AR = A R RS2, )z P
T — G SR C R R RSP, ST AR E S
JEMBRAYER, PR A H AR G5 22 (total target
hazard quotient, TTHQ) it ZF H & )8 & & 7 i&
A E R XS THO>1 8% TTHO>1 R

EDI=

W B HFRSRA RN — G R M E SR E 5%
S N A W E U TR AR

h0) < EFPXEDXEDI ()
Q= RfDXTA
TTHQ=Y, THQ (5)

X (4) W, EF R R, B 365 d/4F; ED N 5 7%
IR B 74.8 4E S RAD B2 50 ik 4y A OR il
() RfD {43524 0.003 6.,0.001 0,0.000 3.0.000 3 mg/
(kg-d) " ZfEHETE FAE R USEPA £ TRl
TATIRZIESE, 0 T VFAG T3 G s A i 4 0 2 XL
B i 2 1,4 FhEE 42 ) RfD E E EARYE LA R AR
ZOHE BT AR 2 R B R R S
PEPEREPE  SRXT B BB O I RGP
XS HAX B 28 2R e M PR BRI, B B2 K i 38 ) 46
P K BUEAE T TA SR -1 R Eg it al, B 365 d/4F x
74.8 4,
1.3 SitFaE

K 11 Excel 2019 g #4743, /] SPSS 24.0
HEATGEIH IR K A3 B i SRR x5 F0R, 114K
TERER B oy e RoR . SIS 5E, A P<0.05 K22
SAGIFEX,

2 # R

21 HEHELSETLEIRK

FREER 758 1y g A v, EE A JE
o AR AR RS (0,014 2 mg/kg) >
(0.007 1 mg/kg) >% (0.002 8 mg/kg) > & 5K (0.000 4
mg/kg) . BETMETE IR RMEN 0.171 0 mg/kg,
JE Z AR AEBR A 1.7 %, 5% Bk R Y
R RE AR F KR, 4 FhE 48 nRs 34K
TR (35.36% ) >H5(28.90% ) > 57K (5.01% ) > &
H1(4.09%) . A H & a B AR O, AR A
0.26% . W32,

R 2B AR O
Table 2 Detection of heavy metals in vegetables
EJRI fF/ (mg/kg) xxs/(mg/kg) FRERR LT/ (mg/kg) KRR/ % HEER/ %
Y 0.002 5~0.171 0 0.014 2+0.022 4 0.30/0.20/0.10 28.90 0.26
i 0.000 1~0.042 2 0.002 8+0.005 5 0.20/0.10/0.05 35.36 0.00
BR 0.000 1~0.009 3 0.000 4+0.000 0 0.01 5.01 0.00
ey 0.005 0~0.101 0 0.007 1+£0.011 3 0.50 4.09 0.00

RTINS A I R (R [ B e SR B R 0.10 mg/kg, M2 SR BRI A 0.30 mg/kg, 25 53¢ 3% AE%4F
FRAE(EA 0.20 mg/ke ; A [ 2 55 3 H 4 19 BR A (EA 1], 9 B SR PR BE(EL W 0.05 mg/kg, P2 B3 28 | 3 B S R (B
0.20 mg/kg, 52 HEEMBARSE ZEABE G E ) 0.10 mg/kg' ",
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22 AEAXRIGXHELESENHBERREIR  HHRN O, B RN 5.26%, B 25 KP4
&5 B ORI RS H R A, 4 i R 73.68% ,78.95% |
WEE R R AT B R S RS, 0 10.53%, H i 2K/ AR B AR I R RS, N

46.57,12.10 0. 46 pg/kg, MR H R B & 10.53%, WK 3,

1,0 10.94 pg/kg. (A 85 ZR 85 (E3R) 1B

3 IRIRIZE I HE S Hh 4 TR A D15

Table 3 Detection of heavy metals in different types of vegetables

—— . iﬁﬁ;ﬁi/(‘ug/kg) : ig}%*@m%/% ‘ bR/
i ki MoK K H i BOR O K %
E| Ry B e 187  7.29 0.89 0.24 6.21 10.70 16.04  2.67 2.14 0.00
HEde 2emk 19 18.14 4.55 0.32 6.98 57.89 68.43 526  10.53 0.00
JRZEZE CH A F) 38 9.24 0.37 0.26 6.34 26.23 10.53  2.63 2.63 0.00
P Hezsk 163 6.44 2.27 0.22 5.53 9.82 2699 245 1.23 0.00
[ 38 46.57  12.10 0.46 5.32 73.68 78.95  10.53 2.63 5.26
fif T 2B 5 134 6.33 1.03 0.34 5.91 13.43 2313 3.73 1.49 0.00
S B 179  27.94 4.92 0.55  10.94 64.80 63.69 10.06  10.06 0.00

23 EE£ESETM YU R A A 2 R S R, R RN g
LB PSR, N 0.47 Ak, hARMESER P EK P, EH/N T 0.70, FHE
N 0.24 BEZEAEERMN RGP EORM P EHE: AWERE SRR EBRER/N SR ER L L,
LN 0.05; MR E TR R P, HEE, A W4,
0.02; B LB P, (Hiw s, 0 0.36, & HAZ 15
4 AIFSNGE S AR 5 Y T4 R

Table 4 Evaluation results of heavy metal pollution in different types of vegetables

—— EFL?‘E‘Q% E%fﬁt\( PJ;> ‘ LA TR EL g%

o ki MR psyl (P.) &3
EH RSB 3 0.07 0.02 0.02 0.01 0.06 YA
Higde ek 0.06 0.09 0.03 0.01 0.07 G4
IR (H R 0.09 0.01 0.03 0.01 0.07 G
PR HezE2k 0.06 0.02 0.02 0.01 0.05 Ga
[ 0.47 0.24 0.05 0.01 0.36 G4
fif 2B 3R 0.03 0.01 0.03 0.01 0.03 YA
Sy e d 0.09 0.03 0.05 0.02 0.07 Gax

24 BEHPELEESEEXKITME 0.14,JLEH 0.17, A KJLER) THQ . TTHQ {H¥

BT L BOR BRI EDI PR TR B <1, BEHT R FIEE SR Y 4 Fh R 4 I R B X 2 b
6 AHR A J LB B EDI6.15%107° 7.48x  RMMEEEER/N, WS, 4 F 48 0 A
107 mg/(kg-d) Jfem, Biskh 4 MESGEN THO  RJLHE TTHO {HAY TTHkA (1) BT WL, Sifxd —
TER/AMKYC R B> 40> 8k . N TTHO fH & TTHQ {H I STk d i, 0 75%

F5 B A A X AR I R BRI
Table 5 Health risk of heavy metals in vegetables

; JUN JLEE
KA

EDI/[ mg/(kg-d) ] THQ TTHQ EDI/[ mg/(kg-d) ] THQ TTHQ

) 6.15x107° 0.02 7.48x107° 0.02

i 1.21x107° 0.01 1.48x107° 0.02
0.14 0.17

R 1.73x107° 0.01 2.11x10°° 0.01

L 3.07x107° 0.10 3.74x107° 0.13
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Figure 1 Contribution rate of four heavy metals in vegetables
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ARFFEAHT T AT 14 D EX 758 Gy i B ik
SEHRET R ROR A 4 R 4R TS Y BT EAG
THOS BUFILEE A g R XU, AR R R A%
KRR 4 P 4 8 A R AR BE Ak s FErp
FrER AN 0.014 2 mg/kg , {UAT 2 By AESERE LA
AR AR R 0.26% 5 1L 7R 44 P Al R i
FER—B R ELSE T EEAR I,
SR R AR R S, AP T SR R Y R
FRES 0K 1.29% . 0.29% , j % Fl i il 1 I #
B0 S T B S R A S AR R R 2.75% , K K
PR S EREAR I S AR A SN T M T
R T ERER R (30% ) P A EL, K 6 TSR 2R B AT
Fr AR R BARAC, X T RES LR 2 H A HERK
PRSP AR IR BT 5 4 i T Yo e, i T M T Talk
OISR Iy Jai R SN

FRPEAS R 565 3 h 8 4 J 1 2 o A G O
BB ARG B4 B, K B0 5% =25 2% B SR Y RN AR Y i
(46.57 g/kg . 12. 10 g/kg ). K i} % (73. 68% .
78.95% ) B , 3% 5 T WA 0 g 4 R — 3,
RIS AEE Y R 2T S B, HiE/
ZEEEIS R R R, R 10.53% , 3% H i H X
TR T 4 W25 SRR — 80 T g S A
S R/ B AR B D B T IR B 32 4 Fh
BEBIGRMBEARA G, b, B2 5 R0
P drcrm, Ul HOG 2 B i B R R, A S
ZRESRIEY, NEER AR L, #10Y
b JEE PR £ P 0 25 28 SR il D e SRS SR B
FHA 3 DA AR L i 5 RS A R B RS, (R SE Tk 3R
JE NPT B IR R BORUE, S Y M W A
I T o g ZE 2S5 58 v B 4 Ja 1 A W JF 4B

SR BSUN X1 it G2 8 02k 245 A IES 1 5 FH B35 7K
VMRS, MR AR I 2R IR fff 25 2 0% S0 1 o 4 S 15
K

£ T R KR DAL 45 SR o , N B L 3 S
BV EDI AE S, BTG £ 2 88 ] BN R 1S i R
G PG RGP RGN, IR LE R )
2 JE R B B s A 2 S R B R e v
HRAFREBE N EEIRN, KL, 55 b s ye
KPSt R AIR 224 i B 2 8 /KO Sk U S
TG e FEORIEA 15 K HERE | 28 75 G Ml Tolk 5
S IR AR TS YOl IR Y 22 5 e A XY
s Y R R B AN L 4 PP 4 )8
) THQ . TTHQ {6 ¥ <1, F B 24 Hb Ji R & I8 58 R
ST RN 4 Rl 4 B4 R B AT AR VR AR Y
FE R XU | 335 T Iy 45 20220 i o 25 S — 3, T
BRI R HE AR KOS LKERZH TR
[ FERE A EE & Jm T5 e (HT5 e i Ab T % KO il it
BESEAR AR TR 00 4 R AR AT B A XL
B, nTBCOE SR, b, JLE R T HIEA TR
REW B, W E RGN AR KR E B, X H S
TG YL SO RIURR N T AR . RN B L EE 4 S R
Xt TTHQ (B (1 5THk 3R 5 K, 3O i TR A ) RD
(BB HA 4 8 /N — 28 RS v B ) i A
FER, I LV B DTSR R, B R
Fa K oG A S8 R0 o LA A 1 XL
B0 DRI R S 1T i i %o 224 b J B 3 i
SRR IR S I £ 2 5 IKURS: DA, DA T fie LA B
JRURS: - 452 HH AH R T

ARBIFGE R PEAR T 0 7 TR VAR Y e R
FHBR 05 4 B I B B KO, Al 45 R LR BR T
SRRV, 20 T AR B S 2 ik SO R SR 2
LRI YK 22 5, X 0T B8 T BOFAG 25 R A7 1E—
SE M RH A2 1 R T M — 25 8 35 Ak ik, AT
4 T HERR O RIF ST

25 L TR ARIFIRZE SRR M G T T BB SR R
SRAZ B | ONRI R EE BT B oK RIS g (B G
BEBE/IN, FEAAE T2 KO He H TR 5B
SN 2 F B 23 7 A T S A gt RS, (X )L 2
FROAE B AUBS T AR AL, ARBIFFORE A 15 1T g Sk i
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B BRI A RN A — e B SR
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