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Abstract; In recent years, dust pollution has occurred frequently in sprmﬂ and haze or fog in autumn and winter. The inhalable particulate matters in the atmosphere,

especially PM,  , loaded in heavy metals such as cadmium, lead, and arsenic, are easily taken up by leafy vegetables and accumulate in the edible parts. It is not clear
whether the accumulation of heavy metals in the edible parts of leafy vegetables in greenhouses is also affected by atmospheric deposition. Therefore, a field experiment was
conducted to explore characteristics and health risk assessment of cadmium, lead, and arsenic accumulation in leafy vegetables planted in a greenhouse using six types of
common leafy vegetables (spinach, leaf lettuce, lettuce, pakchoi, Chrysanthemum coronarium, and fennel) in the Beijing-Tianjin-Hebei region. The results showed that C.

coronarium, pakchoi, and spinach are the leafy vegetables with a low accumulation of Cd, Pb, and As, respectively. Fennel is the leafy vegetable with a low accumulation of
Cd and Pb. In the greenhouse, Pb concentrations in PM, 5 were 42. 6 and 8. 4 times of Cd and As, respectively. Moreover, PM, 5-Pb contributed on average 36. 5% to the
edible parts of six kinds of leafy vegetables, which indicated that the Cd, Pb, and As accumulated in leafy vegetables were mainly derived from the soil. Meanwhile, the
concentrations of Cd, Ph, and As in the edible parts of vegetables did not exceed the safety limitations of three heavy metals (GB 2762-2017) , and Pb accumulation in leafy
vegelables does not pose a health risk to humans. However, Cd in the leafy vegetables could threaten the health of adults and children, except for the intake of fennel.
Conversely, As in the C. coronarium could threaten the health of adults and children.

Key words: leafy vegetables; heavy metals; atmospheric deposition; soil; sources of pollution; health risk
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ANl B SR A T 4 i o i RN i R 25 5
HeA.

2 HR5ITR

2.1 KM RABOR Y TR R IE AN & 8 Cd |
Pb. As E T

15 6 R A A AR AE KB, R A4 T A TR
LA IIURL ) BT B2 b 4 e 5 R SR N 1 TR
KM A, AS ] L A2 UKL W) Wk B2 R 3 . PM, 5 >
PM2.5-10>PM1010()’/\':F‘S{Z£]P(PM25) p(PM,5)
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Fig. 2 Mass concentrations and proportions of atmospheric

PM, 5, PM, 5y, and PM,; 4 in open field

2.2 MERTEERAIES S Cd, Pb Al As & HARE
S

KA 6 Fhntsnt i &4 )& p(Cd) . p(Pb) Al
p(As) 4352k 0.05 ~0.34 . 0.04 ~0.18 F10.05 ~
0.29 mg-kg ™', FHME 55k 0.19, 0.09 Fl0.17

mg-kg ™ (1 5) , Jr e 5 E R, - 3 (6 20 5 R
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Fig. 3 Characteristics of concentrations of Cd, Pb,
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Fig. 4 Characteristics of concentrations of Cd, Pb,

and As in PMs in open field
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M3 p(Pb) 43 4)J2 0. 04, 0.10, 0.05, 0. 10 Al
0.06 mg-kg ™", iX Al HEJE H T A= 3 1 TR FRAS K, %
fil KA BRI ) LR S, ST AR B
p(Pb) 1T, JF H A3 p (Ph) Ik T H 42 2[R
B, P AR B e B T R 258 3 Ph 1Y
SRR

R T p (As) FEMCIR W & =, o9 0. 29
mg-kg ™', EHAD 5 B SEIEALNY 1. 24 ~5.77 5, H
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Fig. 6 Contributions of atmospheric deposition and soil
to Pb accumulation in six leafy vegetables according

to Pb isotopic tracer analysis
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R A 0L S ] 4 E 4 JE Y AR R R
2 PR W Cd & B R ECE R Ph 1Y 215
fEHT As 19 103 A%, Ui B I S22 88 S8 X A 58 h Cd
W& B2 BE ) B35 E T Pb Al As, HAB AR A an /N 22 il
KEEH Cd, Pb Al As Al & 5 A7 76 A0 AL G 24
(AN R & R85 ) . R, B8 ed 1Y
EERBCE B E S T AL S B3 X 5 BRI =
LI | E S VSRR T 3 b X SR Cd
AR R FRRAE — 2, B AE A [ b XA 9 9%
3 Cd &4 R B R 0 TR e R A
Sy Cd AR BB, AT HE PR 52 B V5 e 1 - 48 op ol
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Xb Cd 5%z ZECEA Ph 19 7 A5 As 1 4 45, 1L
W Cd l AR AR 1) Al B A 55 i BE ) 2 T
Ph Hl As. 7EWCHRIYT, R IR I S/ F S SR
A AR 25 MR-l R Cd Bz RBCHRR T
1, H/hASE Cd %z 28Rk 1. 8 DL BEHix
4 Pt Cd ph AR ) LT AY 5% as BE ARG, (HU
NI TR S T e 5 Cd 5538 RBUNT 1, LR
AN TETAF Y Cd F iz R B AIR, XU Cd 200 A
FEKPIRP T SE AR IR R Gy )RR 4T Pb
T, Tal e R AR SR e i AR 35 e T A K

PEIC 2 FhkSEAR X Ph it b3 1055 AS AE F1 88 T
Hofts 4 FhotsE | IR 6 AP S0 HE 5 REBOYN T
1,3 Ph 45 75 I SRR B, i A ST
37 B R B T RE SRR . — R AESE Ph B RSRE )
G R 5 N R/TA 30 N U il L i S =IO
T As T 5,3 6 FhIHSERYHE REE/NT 1, U
As EZAMRLEAHS, R, 3 32 (638 2R e, L
PSR F b B As iR SR A 10, T8 B S S AR I ke
As 5 AR5 b 35 7.

S 6 FhIT SRR A | RIS EIE, T LA L X
T CATiF,/NHZE, W3k, W AR Emitis il
EFE B AR G BT Ah R A
T A A AR A, U P T, 2R
It 5 A 2 L TR THT 7 /N 11 3R AR 3 IR AR
AN As T 7 T T A A S s g A
S SR I AR AR R, ' ]

]
’ |
--... rd

R2 6 FARMTTRAAX Cd, Pb 1 As WEE RE

Table 2 Bioaccumulation factors of '@d, ‘Pb, and As in edible parts of sixl types of leafy wvegetables i
G , CETE R A o A
Il ad Pb AS ¥
[ 0.1192/5 £0. 023 6¢ /" .- 0.0013 £0,0002b 0.006 4 +0. 002 8abi#,
o i 0,200 0'£0,047.4¢ 47 0.0036 £0.001 3ah = . 4 0.01080.003% [
NP 0,835 '9_,£0”‘._‘p@ 7t 0.001 9 +07000 8b 0005 1 +0,0005ab—
b 1.2226 20413568 0.003 5 +0. 001 3ab - 0.0019£0.0002b %
iz L 0.837 5/20. 066 4b 0.002 0 10:£0 8b 0.005 8 +0. 000 4ah
T3 07166 £0. 12561 0. 006 3'+ 0000 3a 0.0087 £0.0006a

UV B 31k 6 RIS B 4 8 7 4 2 B8 S, R )
| | : 2! '

e
F3 GFRTER CA. Ph 1 As BAR R EI AT ARDAL MO R4
! Table 3  Transfer factors of Cd, Pb, and As from

root to shoot in leafy vegetables

o s 7AU
cd Pb As
Hi#  0.427 £0.030c  0.058 +0.010b  0.528 +0.220a
T 0.838£0.128¢  0.344 £0.119a 0.392 +0. 114ab
INHZE 1.864 +0.182a  0.076 £0.019b 0. 165 +0. 004ab

WH 1.314+0.136b  0.112 £0.035b  0.097 +0.013b

WA 1.514 +0.111ab  0.086 0. 040b 0. 193 0. 006ab

B 1.340 £0.079b  0.349 £0.050a 0.332 +0. 023ab
2.5 MRAEAAEEIE Cd, Pb Fl As A £ XL
[Saa iy

6 P hEum LA (Cd ., As) FIAEEUE L2
Y1 (Pb) XF BN JL FE A B XU 1B DL 3% 4. 2525
KIL6 Fpt R Cd X AL B KBS (B Y & 1
B R AT HEZ B K 1 % 10~ (FEATR R AN, HR
BB ) , P 2 AR Cd 777E BB @KU ; 6
P32 e Ph X AL EE () il B XURS: (34T 1,
FEF G 1 AU A AR (e 5 3 B XURS: 5 T 7S T As X AR
N RSB R T 785 . /NS b 22 R A S aoxt L
TP XU 1 3 v 1 e K mT 42 32 AU 7K F 1 x

-

-
=

10 % FFAE 0 35 AR RRE XU 1 932 S R T 4 v i 4 I
As XA FILZE B KU ETE 1 x107° ~1 x 10742
], A KA LA 32, 6 Al 3 Cd A As XL
BT I A R XU T
R4 M3H Cd, Pb 0 As IR AFILE NERERREEE
Table 4 Human health risk values of Cd, Pb, and As in six

leafy vegetables for adults and children

K TiH R, (Cd) H(Pb) R;(As)
W& 0.33x107* 0. 001 0.29 x10 4
THI 1.96 x10 0.013 2.52x107*
B /NEZE 3.42x1074 0. 004 0.50 x10~*
Wk 10.64 x10* 0.016 0.38x107*
mFE 3.99x10°* 0. 004 0.66 x10~*
R 1.77 x10 ~* 0. 008 0.55 x10°*
HEF 0.88x107* 0. 003 0.79 x10*
WHE o 5.27x107* 0. 036 6.78 x10 ~*
L A 9.202 x10 4 0.011 1.35x10°*
PR 28.62x10°* 0. 042 1.03 x10~*
W#E  10.73 x10°4 0.012 1.77 x10 ~*
A 4.75x107* 0. 022 1.48 x10~*
3 &g

(1) THE . /NEASRAPER 94 Cd, Pb Al As
AR S s VIR 232 | 5 & J8 T Cd Al Pb ¥1IK
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