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Relationship between soil Pb pollution and Pb contents in vegetables
and pollution threshold of soil Pb

ZHAO Yong', LI Hong-Juan®, WEI Ting-Ting' , SUN Zhi-Qiang'

(1. Department of Environment, Henan Agricultural University, Zhengzhou 450002, China;
2. Zhengzhou Reconnaissance, Design and Consultation Company Ltd, China Railway Group, Zhengzhou 450052, China)

Abstract In order to determine the impact of soil heavy metal pollution on vegetable and to enhance quality of green vegetable
production, the relationship between soil Pb content and Pb pollution of vegetables was studied under greenhouse conditions using
five commonly cultivated foliage vegetables ( Lactuca sativa var. Asparagina, Schizonepeta tenuifolia Briq, Lpomoea aquelica, Lac-
tuca sativa, Amaranthus hypochondriacus) in Zhengzhou, Henan Province. Soil Pb pollution threshold for the production of green
vegetables was analyzed as well. The results show that low Pb polluted soils have insignificant effect on vegetable growth and out-
put. Pb content in the 5 vegetables increases with increasing density of soil Pb, and no consistent pattern of relationship exists be-
tween Pb content in the soil and vegetables. Simulated Pb threshold limit is: L. sativa var. Asparagina 39.909 2 +2.446 9 mg-

kg™', S. tenuifolia 43.898 6 £3.5855 mg-kg™', L. aquelica 35.293 4 +1.787 2 mg-kg™', L. sativa 33.696 4 £2.151 2 mg-

kg™', A. hypochondriacus 34.539 6 +2.425 4 mg-kg™'. Pb concentration ( ranked from highest to lowest) is as follows: L. sati-
va >A. hypochondriacus > L. aquelica > L. sativa var. Asparagina > S. tenuifolia.
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MBRHESRERY Y,

B AT B E & B BT T B, &
NG B TREEYEANEREFEE
S0 B BRI UL AE MR R 5 3 R X 4% b R
CRITRNARBUZAER, —RANLEES
BULRARERERERTESR TR S BEAR
FEME . BB E NS ERTINE
K,MHREGEREAEDBRERE. EKIEFME
T AT IS BE S X E & J8 (Pb,Cd I Cr) MR Wi A4 BFF
REN,ELBMERNERKMTRA B EL MW,
MWEM AT ARINESRSBEOWES" . B
WA VF Z ST IR SE , R R E R H KR E
TR &R BE T B 2 5 s Rl — AR W) R 2E X AN Rl
& T8 B I WO AR BE 1 AN TR, S [ A 3 B AR ) X [R] —
M E &R B RCE REE N BAR .

R, 48 K 2 00t 5 48 v 78 & ST 4 33 P B 3
BT )R 15 Y 0 A A5 Y e B IR A 7 T, oF R 40 Bk
K5 LRI AR E TS AR A —Se R 5T, (B A X
MSRERE K G TR E SR 5 A A SRS G
FRAET EFRE L. AR T ARIWE Pb 5
e 3 53 EE ST Y RO AR S, LLBA A Pb 7R
HMHREHE RN R AR, RIROHERETE
KAy 13 Pb 35 Y% B RAE, 9 TC A 3 B 3 4 3 9 1%
BT G T AR AR LR AR AE
1 #RNFGE

THER B EAROL K R B AR, A
Vi, REHE LB ~20 cm) NFTJFE S mm
i, T AR pH(H,0)7. 11, LT 25.72 ¢+
kg ', 2% 1.30 mg-g ', &#0.38 mg-g ', &4
12.60 mg - g', PH B F & # & CEC 9. 13 cmol -
kg ' HEAIRER CaCO,,Pb AJEME K 18 mg-kg ™'

VIO M T H WA 5 o S 28 5 S T 3 3K
( Lactuca sativa var. Asparagina ) . 3| % ( Schizonepeta
tenuifolia Briq) \ZE3E (Lpomoea aquelica) .4 3% ( Lac-
tuca sativa) . 3% ( Amaranthus hypochondriacus) 7 i3,
Tpret,S Rk SR AE K IR TE 40 ~45 d A, BT A
kBT E =R F T,

TMEREMF R 8 AL, 13 H Pb ¥k
BER 4> A8 18 mg - kg ' .28 mg - kg ' .38 mg -
kg ' .48 mg-kg ' .58 mg-kg ' .68 mg-kg .78 mg-
kg ' .88 mg-kg ', H AL 1 K AREK, B
HER 4R AR RAERE(LEZEHERZ15.0
cm,JEH B 13.0 cm, & 14.0 cm) , &7 1 kg +,
LSO X TE L3 im A 43 7 2l Pb(NO,),, 1B &
WE R ABE TR, K 2 H &K &4 HE#FK &

B 60% %5 1 FJE, HBATRZRT. SAEHE
-2, K1 FAERE, %84 0, 85X4E
KWIE R LB E I HRRKER 60% . A K
45 d J5 5 — Wk Btk

R Pb & B 2 BT AR &, B E K (HNO,:

HCl=1:3)J4 & 23T, N HCIO, EH /LT 2, K
SR F IR o 6 BE VAT 2 Pb & &

THEE PO FEWE: T B L, HEK
(HNO,:HCl=1:3)JHE 2K H, il 5 mL HCIO,
PAIVE BRI ,1: 1 HCL MR E 25, R 5 DL KB R F 1)
s e EE T E Pb & &

BRES RS R SICR A LR R B i
FEROPRUE" | AR SR A E R AR AT AR HE NY/
T391—2000 , EL{&FRvELFE 1,

®1 BRXRIBESESESRFAE
Tab.1 Graduation standard of heavy metal

content in vegetables and soils

PoE 3 Vig Pb
Object Grade (mg-kg™')
fi 3 I (%) 0.020
Vegetables I (RF) 0.050
I (%24) 0. 100
IV (il ) 0.200*
VER) 0.500
+ 3 Soils 6.5 <pH<7.5 50
* Sk [E % £ i TAEFRME National standard of food hygiene.
2 ZBRESW

2.1 TEHPhEEBMERKS EUWEHRM

AABHHNRENTRIZOHKETFH
TRESRE S ERME, FHRITH PbRERR,
W A MR 3 A K I, Sh LR H BUAE BRI A
REAERKRABZHEFRS, WBH HIAE T Pb
Bt mXHEY T R F RIS, X 8 Ff Pb AbH +
WG ERRL (K& EVE) BSEITER L
®2,

MER2AIM,ELE SR Pb LB K L3P A
KB, HEE ft Pb W BE 8938, o 22 5% VPSR L AR
SR Y Ak R B R B T B AR AL, T SRR R N 3
BT RE A — IR R &, A AR SR
B RE RE SR HEYA BAR R, B
IRV B R (e BEA ) IR 9 19 i A AL SR Lo AL
VI MR ERER B S, RETHY KN E
K5 MBERAY R SR MMM, L3 h
Pb & 8 58 hn xR SR AR ) B R RN B R, D 2 SR gk
AT M, TR S i e, B R B S AR
AR H B B TR
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Tab.2 Vegetable height and biomass in different soil treatments

Fi 3 AR Ab F Treatment
Vegetable Index 1 2 3 4 5 6 7 8
W ¥k 75 Height(cm) 21 20 23 21 23 20 20 21
Lactuca sativa var. Asparagina FE Biomass(g) 4.55 4.45 4.15 4.05 3.95 4.5 4.1 3.95
B ¥k Height(cm) 19 20 21 19 23 23 19 21
Lpomoea aquelica T Biomass(g) 4.55 4.54 3.9 3.95 4.05 4.15 3.6 3.85
biilPos # & Height(cem) 16 18 20 19 22 22 21 23
Schizonepeta tenuifolia Briq T3 Biomass(g) 3.59 3.68 3.69 3.75 3.88 4.1 4.1 4.25
3 ¥k Height(cm) 12 12 10 12 13 13 1 10
Lactuca sativa T Biomass(g) 3.91 3.9 4.05 3.5 3.73 3.65 4.08 3.7
S ¥k Height(cm) 15 16 16 19 20 17 20 18
Amaranthus hypochondriacus T Biomass(g) 2.61 2.55 2.35 2.42 2.5 2.3 2.45 2.72

2.2 TP Pb FEXRERH Pb SEH R M EHE
x4

8 Fh IR Pb 4k B 4 HE A B3R A9 X Pb 5 & L
K3 MERINESRSESRIE, AR A
I, BEE Pb &g AN, S FhgE ST & A B Pb
BYEMMEL, LH1=sai%+, /5% Pb
EER 18 mg kg HELLF WS HIT Pb & B A
BRZ W, B AR K P & B RBH K

R HIFFE B R R M A ME; 403 3 (Pb ¥
B 38 mg-kg '), ZEE Pb A REBEEK AR
TARRE  RBAR AR 15% ;403 4 (Pb ¥ B2 48 mg -
kg ') S IRIIT ESR AESR SISk Pb S B
AR Ao I S ok e R R A A o, R
RIS 5% I IF AR 41% , RIS 13% , 4
SRHBAR 57.5% , UK HMAR 51% ; Fi K L3+ Pb ik
BER3E RS FHBESE Pb & BAH 4% B R IWRE

®3 FRETEAAEPBHEIRL PbRE

Tab.3 Pb contents of vegetables in different soil treatments mg- kg ™!
B3R Ab 3 Treatment
Vegetable 1 2 4 5 6 7 8
K 0.071 + 0.174 + 0.104 0.210 + 0.474 0.405 0.630 + 0.835 +
Lactuca sativa var. Asparagina 0.019 0.025 0.036 0.029 0.042 0.054 0.039 0.068
I 0.071 + 0.185 0.101 0.282 + 0.211 + 0.470 = 0.402 0.790
Schizonepeta tenuifolia Briq 0.023 0.049 0.028 0.062 0.093 0.084 0.059 0.072
P 0.141 = 0.105 = 0.230 0.226 0.480 = 0.550 = 0.813 = 1.147 =
Lpomoea aquelica 0.062 0.052 0.065 0.094 0.070 0.074 0. 046 0.064
H: 3¢ 0.142 = 0.127 = 0.199 + 0.315 = 0.450 = 0.681 + 0.656 + 0.654 =
lactuca sativa 0. 046 0.057 0.062 0.019 0.053 0.045 0. 064 0.053
T3 0.144 = 0.110 = 0.142 + 0.302 = 0.573 = 0.990 + 0.990 = 1.050 =
Amaranthus hypochondriacus 0.047 0.082 0.073 0.088 0.048 0.064 0.038 0.079
AT L Pb ¥k BN SR ER K Pb & W 4,

BZEMRR, B2 T Pb Xt &g 4 M 3R s 3%
H9 75 G B FRAE, T - 4 R i S E 4 R A0 A T 4K
U, S BA Rk F R EIRG Re E . A5
A58 Pb i5 Je vk BEANEE3E Pb & BN R, R A [
E TR 7 3, B SL 4 Pb & (y) 53K Pb(x)
etk B X B R AR B S A E AR
PEAT e o A AR TR A ARSE R B (RY) AR
FEEERB(PHEH) BREHERAUSERS
(K R {HAE/N PE) BB H TR K& A,

B 4 ATLLR W, 03 38 R OT (RS VA SR
K5 FBREFTH P T RIS HIEP P R
FERIFR AR, BT —F SR B EAHX, B
Wi L Pb &R A R,S MEREA Pb & &Y
EWmEE, EHmEEERAAS—. HEERL,
FF T 3 22 38 (9 A0 56 i 4R 18T, DL IT 1

R 8 [ 2% B i T A A ofE R X B S Pb 15 B FR
H50.2mg-kg ', Bl x=0.2 RAFK4WELARK,
A4 S Fh SRR S A AR AR W N 1 3 B9 Pb i
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Tab.4 Relationship between Pb contents in soil and vegetables
#i 3% Vegetable 42 = Fitting formula R? P
i # 3% Lactuca sativa var. Asparagina y = —62. 147" +138. 49x + 14. 967 0.908 5 0.000 48 ™
JA I+ Schizonepeta tenuifolia Briq y= —118.21x% +191. 33x + 10. 361 0.846 0 0.003 72 ™
23K Lpomoea aquelica y = —54.914x% +128.73x + 11. 744 0.941 6 0.000 57 **
H:3¢ lactuca sativa y= -84. 824x% +167.15x +3.659 4 0.9179 0.000 27 **
W3 Amaranthus hypochondriacus y = —26. 1194 +85.767x + 18. 431 0.901 4 0.000 38 ™

s M g FAH K Significant correlation at the 0.01 level.
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Fig. 1 Regression curve between Pb content of soil

and lactuca sativa var. Asparagina

e B PRAE, TS5 R E 3 39.909 2 £2.446 9
mg-kg ', HIIF 43.898 6 £3.585 5 mg-kg ', EFK
35.293 4 +1.787 2 mg-kg ' ,AE3£ 33.696 4 £2.151 2
mg-kg ', 3K 34.539 6 £2.425 4 mg-kg ', M
PR E SR B RE R A, I3 Pb B £ e
HEN, LB RBRERS, HREMER. %
S0, AR P 5 Yy B R A B A%, 3R B A SR X
Pb BRI ok T 4875 4 B FRAE S Bt AE )
YE 4R Pb BER I K/, B FBEEXT Pb HE
BB RBI/N AR > T3 > K > WEX >
Sii/ 1
3 HieE&it

WE MR B, Y X Pb (% A= 3 & B A 1R B
&, YEYITE Pb & & 4 000 mg - kg ' 4 + 398 R H B
FEWRE . AR AN T BEBHMHSIE,
RSP, BRXEKRY, KRBT RE. R
H,2AEKMTEZEERER, HMrERKKHETE Pb AL
T s | AL A, B IR T R Bk R BE P b B
e BE B 1 I 3, MRk 43.75% o AWIREH S5
MEXWEYEYTHE THRIARBIER T X
— o

BRRMEANR, R EE BRI FERKE
U, REHKEEEHEALRE, 25 AL

— AR, LR W0 B AN T e G 0 R A R A e AR
HAALHEF P M Z AR K, S Rk SR A K
EEAM—2, BT AT R 2 . iK%
H S PR SR AEAH ] A< R T, X Pb RBLH AR 8 &
BERE I AT YeAR KA, B0 40 i B OX T RE S RS AR &R
RIEARR/NE K, 7T G855 H X 45 B & i 1 58 55
X,

R IX B LG R AT ,S M35 R Y Pb &
g YeRe RIS EiOE PSS i PN RNV S
R AR GARGRMR M L P R
MR KM KRR R M. FEZREFRERIN
K Ph FRGHE AR XA
HESHE P & B KGR P FRA K
KgmaX" s BTFREPERNERZESP
Pb {5 R E (5K %E LAk A & A& Pb <
B VIR R ) BRI TSR AR R
A BT 7R i 2= & AF T, Pb {5 Je e, R it £ 5 Pb
TS S Figh 3¢ Pb & B AP 2 B 4r B A R 4k, X Fl
AR A9 HE 5 1 B O R I 78 R A R L T B AR
A B SRR RAB 7R

HRUEYI X L IRESR RO LRAZRME
SR E R TR X% R 8E Pb B EH U
B Z AL A HE D R Al R B Bh, AT AR — E T AR
FANIA] Pb {5 3¢ 4 55 32 285 5 R K AL A
Fo A [ o o 0 i 5 A2 7 7 B2 9 P {5 B Y B PR,
A HE ST, AR A B BRAEL R 7 , RT3 L3RR &
B BORABN B, T 7R Pb 15 5L £ E A= &R
2] B AR 3 5 T A SR 1 3R B, HABTEAH
XHE R L BT AR B, AR R [R 4R %t
Pb AW AL , #F % -4 Pb 15 Y R AR ], A X
BB B AR, A T R 158 Pb R ™
HE e, 215 Yk AR 2 & B IT 2 A A

AR He i IR E AR R T R E A
W Pb 5 e N 5 i 38K ER 3T Y A R K& Pb
T M 3RBEIE N RRA A, 1 B KB & AR
HET AR T 5 Fhék 5k 3 4 7= BERK Y 1 4% Pb {5 3¢
B PRAEL, BF 7 45 SR 3R A ARV Pb {5 3L A9 - 3 X
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REK BEMARE, WIEKESERKEA—
E B AR HE A B8 L8 P W BE A3 AN, 57 3% Y Pb
FREMMES, KB oRFX S LEPD FRAFE
RGF B AE S 5 LIS A9 13 Pb 35 3 13 BRAE i
F439.909 2 +£2.446 9 mg-kg ', HIFF 43.898 6 +
3.585 5 mg-kg ', ZEHK35.2934 +1.787 2 mg-kg ',
M3 33.696 4 £2.151 2 mg - kg ™', T3¢ 34.539 6 +
2.425 4 mg-kg ;BRI EE Pb MRS B R BMHE
PSR > B3 > R > W33k > HTF .
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