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Abstract: [ Objectives ] The response of vegetable to soil cadmium (Cd) and arsenic (As) stress and their
enrichment and tolerance varies significantly. The uptake and accumulation characteristics of Cd and As of some
leafy vegetables cultured in light to medium Cd and As co-contaminated soils were investigated, aiming to
provide reference for the rational and safe use of light and medium contaminated soils. [ Methods ] Twelve Cd &
As polluted soils were collected from the plough layers of vegetable fields in Xi’an suburbs, and seven kinds of

leafy vegetables were assessed in the pot experiment, which was conducted in the greenhouse of the College of
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Resources and Environment of Northwest A&F University from March to May of 2015. The tested vegetables
were: spinach (Spinacia oleracea L.), cos lettuce (Lactuca sativa L.), cole, Romaine lettuce (Lactuca sativa L.
var. longifolia), edible amaranth (Amaranthus mangostanus L.), water spinach (Ipomoea aquatica forsk) and
garland chrysanthemum (Chrysanthemum coronarium L.). The vegetable yields, Cd and As contents were
determined, the safety thresholds of soil pollution of Cd & As were calculated using linear regression models.

[ Results ] The soil Cd polluting level of 0.6-2.4 mg/kg reduced the biomass of most vegetables, medium or
low co-contamination of Cd and As (Cd 1.1-2.4 mg/kg, As 24.9-26.8 mg/kg) did not exacerbate the inhibition.
On the medium co-contaminated soil, Cd contents in the edible parts of spinach, cole, amaranth leaves, and
lettuce exceeded the food safety critical value (0.2 mg/kg), and the Cd contents in spinach and cole were even 4
folds beyond the standards, while those of water spinach stem and garland chrysanthemum did not exceed the
standard. Although the arsenic contents of all tested vegetables increased with increasing of soil arsenic
concentrations, they did not exceed the standard. The enrichment coefficients of Cd in the seven kinds of
vegetables were 0.083—-0.491, with descend order of cole, spinach, cos lettuce, edible amaranth leaf > Romaine
lettuce, edible amaranth stem, water spinach leaf > water spinach stem and garland chrysanthemum. The safety
thresholds of soil Cd for spinach, cole, cos lettuce, Romaine lettuce, edible amaranth, water spinach and garland
chrysanthemum were 0.33, 0.38, 0.46, 1.15, 0.59-1.79, 1.49-8.16 and 8.98—17.11 mg/kg, respectively. Among
them, the thresholds of spinach, cole and lettuce were similar to the current standards (0.3—0.6 mg/kg), while
the Romaine lettuce, edible amaranth, water spinach, and garland chrysanthemum were all greater than the soil
heavy metal limitation values. As enrichment coefficient was 0.002—0.006, and the As enrichment coefficient of
leaves of water spinach and garland chrysanthemum were significantly higher than those of others. The critical
thresholds of soil As for the seven kinds of vegetables were 62.31, 70.35, 70.21, 67.41, 67.86-90.43,
57.21-75.70 and 72.43-105.06 mg/kg, respectively, which all were higher than the current standards (25
mg/kg). [ Conclusions ] The cadmium and arsenic enrichment coefficients of vegetables varied significantly, and
so were their responses to light-mild cadmium-arsenic co-contamination soils. Water spinach and garland
chrysanthemum had low Cd enrichment coefficients and could be recommended for cultivation on mild polluted
soil, while spinach and cos lettuce should not be chosen because of the high enrichment of Cd from soil.

Key words: cadmium; arsenic; enrichment; soil thresholds; spinach; garland chrysanthemum
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(Ipomoea aquatica forsk L.) FI1E R /NI 15 &
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Table 1 The basic physicochemical properties of vegetable soils in the suburbs of Xi’an

e +H Cd T As AP A A HAA
Treatment Soil total Cd Soil total As pH Organic matter Available N Available P Available K
(mg/kg) (mg/kg) (g/kg) (mg/kg) (mg/kg) (mg/ke)
CK-1 0.3 15.6 7.4 11.1 15.2 34.5 178.5
CK-2 0.3 12.6 7.8 10.1 20.0 11.1 116.1
CK-3 0.3 19.2 7.5 10.8 13.4 20.6 524.9
CK-4 0.4 20.7 7.6 11.1 17.9 13.7 526.4
As-1 0.2 24.7 7.1 14.0 15.6 16.6 218.4
As-2 0.3 254 7.4 13.1 11.8 13.6 283.1
As-3 0.3 27.0 7.7 11.0 17.7 6.2 232.0
As-4 0.2 283 7.8 12.6 254 7.2 220.3
Cd-1 0.6 20.8 7.8 11.0 17.6 235 452.7
Cd+As-1 1.0 25.6 7.5 9.8 10.0 16.8 3452
Cd+As-2 1.2 26.8 7.1 8.7 233 6.8 249.4
Cd+As-3 2.4 249 7.5 10.0 16.3 12.9 478.5
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BOPIME (n=36), HHRASE Cd 8 As B4R (ug) =
B EHR Cd B As WRIE (mg/kg, FW) x BEFRE SE
Al EHREE T (g, FW).

A g A fR A Y = (Cd B As AT R B AT
AR Py it —CK A P 5% S8 W] B AR i )/CK AL 336
¥l EE AR < 100%, HA, CKAABRE LAY
HRERTGY I (CK1~CK4) s .

TR ARG R B E 4R
FE y (mg/kg, FW) 5 +3EH 48 &5 x (mgkg) #$15
LM EITE (Fo)., H (EMTPISREYRE)
(GB2762-2017) bt 32 iy BR 45 bk (Cd 0.2 mg/kg,
FW Fll As 0.5 mg/kg, FW) 435I AR 48L& 5 2,
TR B2 42 W x.

14 BEAHFEE

Beds M=% A SAS V8 {4 (North Carolina State

University, USA), JH TTEST process 17 ¢ K4,

ANOVA process fEH 200, HiEMEFELELL
. F SAS &%: CORR process fEAHEE/0 41, REG
process YEZVE a0 534 o /R B 8K J& Graphpad
Prism 6 (La Jolla, CA 92037 USA).

2 AR5

21 i LESERIFR

Ol LA R R ES R 1, K
hCd ¥R 0.2~2.4 mg/kg, As N 12.6~28.3
mg/kg. M IR BT E AR (GB 15618-2018) A1
FE ) A FH #3875 Y XU i e (7 (pH>7.5 B, Cd
0.6 mg/kg. As 25 mg/kg), CK-1~CK-4 4t g Tk
V50 WG YL I (As-1~As-4)As F RS E R
FRE(EAY 1.0~1.1 1%; FAI5Y 1€ (Cdl) ) Cd & &
HSEBREMEMEY; E675% 11 (Cd+tAs-1,
Cd+As-2, Cd+As-3) 9 Cd & i /2 B br bR i {EH 1Y
1.8~4.0 fi5, As &5 ERMREEMHY
22 HIECA I As SRR

PR S A i B b R S B G R R AR
BRI AR 2, Hp ARG Y R b, P R

R2 AECd As FEHIRE 7 FH3EH =2 (g/plant, FW)
Table 2 Yields of seven leafy vegetables in soils containing different Cd and As contents

Ak W 3 TR AR Edible amaranth Water spinach Garland chrysanthemum

Treatment  Spinach Cole Cos lettuce  Romaine lettuce

it Leaf =X Stem i Leaf 2% Stem " Leaf 2% Stem
CK-1 8.7cd 5.8 ab 8.1bc 5.3 de 5.3 de 4.2 bed 4.5ef 4.5 bede 73a 6.4 abc
CK-2 8.0d 5.9 ab 6.3 ef 6.2 bed 4.5ef 4.0 bed 41f 5.2 abe 62c 7.2 ab
CK-3 9.5 be 48¢c 7.4 bede 6.6 be 6.9 ab 4.2 bed 5.6 be 4.2 def 6.9 abc 38e
CK-4 8.6 cd 46¢ 7.6 bed 6.2 bed 74a 39cd 55cd 3.8 def 6.3 bc 7.2 ab
P Mean 8.7 5.2 7.3 6.1 6.0 4.1 49 4.4 6.7 6.2
As-1 10.8 ab 5.9ab 9.8a 5.9 cde 5.1de 50a 6.4 ab 53 ab 7.2 ab 7.3 ab
As-2 11.2a 5.7 ab 6.8 def 7.6a 7.0 ab 4.6 ab 4.7 def 4.7 bed 6.1c 7.2 ab
As-3 8.3 cd 54b 85b 5.8 cde 4.1f 3.8d 39f 4.4 cdef 62c 7.8a
As-4 8.2cd 6.1a 6.8 def 5.0 ef 40f 4.5 abc 4.4 ef 4.6 bed 6.6 abc 4.6 de
FH Mean 9.6 5.8 8.0 6.1 5.1 4.5 49 4.8 6.5 6.7
Cd-1 83 cd 45¢ 5.8f 6.1 cd 7.1a 50a 39f 3.7 ef 6.9 abc 7.1 abe
Cd+As-1 8.7 cd 5.7 ab 7.2 cde 6.5 be 73a 3.8d 6.8a 57a 62c 55cd
Cd+As-2 8.0d 5.6 ab 6.9 cdef 7.1 ab 6.2 be 3.8d 5.6 cde 4.3 def 6.1c 5.9 bed
Cd+As-3 8.2cd 47 ¢ 43¢ 4.1f 5.6.cd 3.7d 4.4 ef 3.6f 7.2 ab 6.3 abc
FHJ Mean 8.3 5.3 6.1 5.9 6.4 3.8 5.6 4.5 6.5 5.9

# (Note) : =R hEE

difference in yield for the same vegetable among treatments at 0.05 level.

MBI 3 WEEIAE; FFIEEE A F/NG 7R RS A0 A RIAL LR 22 575K 5% K-F- 2

# . The yields are the average of triplicates of each vegetable; values followed by different lowercase letters in same column indicate significant
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2.3 FR3E Cd F0 AsKE

BREE AT Cd S LR 4, FEJCTS Y 1 b
(CK-1~CK-4) Flffii5 4+ (As-1~As-4) I, XK
BT 0.020~0.190 mg/kg, HIARBIE M E LR
wEHARE 0.2 mg/kg, FEMTG Y 3 (As-1~As-4)
b, I As XM HARB SR Cd & BRI R
(¢ KE) . TEMRIG Y4 (Cd-1) b, 3%, whise.

SRS AT &4 Cd A e EARBR A 1~
1.3 4%, HRmEARMR, EREZ G 1 1E
(Cd+As-1) I, 3. W3, AR Cd &
I FE R A 50% ~142%., 45 e Wk P A e 43 595
Yo+ 4 (Cd+As-3) L, BRI MZSORZEFAN, Ha
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Y 4 5.
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PR SR A L 6, BSR4
S Cd 4 BIE 4518 033, 0.38, 0.46 mg/kg, 5
S C T gbRiE” MY HANMB RS ST
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J& 8.98~17.11 mg/kg, 7 PR % As e {E N
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FRIfE” o
25 HECIMAsEERBAREEE
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Table 3 BRS values (%) of biomass responses to Cd As stress of seven leafy vegetables

=i
HE

=2 b
R fef 5

phst WA UES GEE 2 fliE=2 Edible amaranth Water spinach Garland chrysanthemum
Treatment Spinach Cole Cos lettuce Romaine lettuce
i Leaf 2%Stem P Leaf 2% Stem i Leaf 2% Stem

As-1 23.8" 11.2 33.1° -2.9 -15.5 23.8" 30.1° 20.2° 7.6 18.1
As-2 28.5" 7.3 -79 25.4° 15.8 12.8 —4.0 5.4 -8.6 16.3
As-3 -5.3 1.6 16.1 4.2 -32.0° 7.6 -19.9 -1.3 -7.4 27.3"
As-4 -5.8 15.5 -7.6 -18.5 -33.0 9.8 -9.9 4.1 -1.8 -20.9
Cd-1 5.4 -15.5 -21.4° -0.2 17.6 2227 -212" -16.5 3.0 14.6
Cd+As-1 -0.4 8.0 2.2 6.5 20.6 -1.3 317" 28.6" -7.6 -10.4
Cd+As-2 -8.0 6.5 -59 17.5 3.1 7.8 6.9 -3.5 -8.2 4.8
Cd+As-3 -6.4 -11.6 —41.5" -324" 7.1 -8.7 -10.1 -18.8 7.0 2.1

H (Note ) : *Frn 5 YLl BHEE 3% A Pyim X A a0 A4 i 7 f2 2% The vegetable biomass response to Cd or As treatments was significant.
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R4 THIHEARERS Cd 8 (mg/kg)
Table 4 Cd content of edible parts of seven leafy vegetables

%

r I, et
DR R ] =y

>

b3 e UES R LB Edible amaranth Water spinach Garland chrysanthemum
Treatment  Spinach Cole Cos lettuce ~ Romaine lettuce

M- Leaf 2% Stem M- Leaf  Z£ Stem M- Leaf 2% Stem

CK-1 0.110 0.132 0.05 0.112 0.099 0.107 0.087 0.033 0.023 0.030
CK-2 0.163 0.145 0.165 0.112 0.136 0.074 0.106 0.039 0.024 0.030
CK-3 0.189 0.145 0.122 0.069 0.134 0.065 0.074 0.034 0.025 0.025
CK-4 0.171 0.183 0.140 0.093 0.126 0.064 0.056 0.033 0.024 0.027
As-1 0.124 0.120 0.158 0.132 0.166 0.081 0.101 0.032 0.032 0.033
As-2 0.190 0.154 0.184 0.118 0.138 0.061 0.084 0.033 0.030 0.034
As-3 0.137 0.171 0.112 0.086 0.154 0.084 0.109 0.039 0.022 0.028
As-4 0.152 0.159 0.160 0.118 0.168 0.087 0.103 0.033 0.020 0.029
Cd-1 0.268" 0.235" 0.205" 0.155 0.214" 0.105 0.162 0.044 0.037 0.036
Cd+As-1 0.424" 0.484" 0.384" 0.184 0.299" 0.146 0.160 0.059 0.047 0.042
Cd+As-2 0.420" 0.420" 0.370" 0.222* 0.255" 0.154 0.203" 0.058 0.045 0.040
Cd+As-3 0.753" 0.784" 0.528" 0.332° 0.478" 0.250" 0.267" 0.076 0.066 0.050

7 (Note) : *F/RESEFET Cd & BHFR Cd content of vegetable samples exceeds the standard; iR BR EFR1E Vegetable limited standard
(Cd<0.2 mg/kg, FW)4,

RS THHETRE As 58 (mg/kg)
Table 5 As content of edible parts of seven leafy vegetables

Ak W 3 TSR LB Edible amaranth Water spinach Garland chrysanthemum
Treatment Spinach Cole Cos lettuce Romaine lettuce
M Leaf 2£Stem M Leaf Z£ Stem M- Leaf 2% Stem

CK-1 0.025 0.054 0.012 0.018 0.006 0.061 0.086 0.029 0.085 0.027
CK-2 0.027 0.027 0.000 0.020 0.012 0.012 0.082 0.051 0.039 0.011
CK-3 0.027 0.034 0.008 0.034 0.027 0.012 0.069 0.053 0.083 0.048
CK-4 0.041 0.031 0.060 0.007 0.042 0.070 0.119 0.070 0.110 0.063
As-1 0.044 0.067 0.048 0.035 0.046 0.048 0.075 0.022 0.114 0.078
As-2 0.067 0.094 0.069 0.100 0.081 0.044 0.186 0.101 0.114 0.068
As-3 0.164 0.128 0.115 0.129 0.124 0.115 0.141 0.087 0.175 0.088
As-4 0.141 0.149 0.125 0.174 0.111 0.114 0.256 0.139 0.145 0.090
Cd-1 0.033 0.055 0.068 0.042 0.047 0.049 0.129 0.063 0.12 0.065
Cd+As-1 0.075 0.099 0.130 0.064 0.097 0.06 0.113 0.100 0.181 0.104
Cd+As-2 0.159 0.121 0.073 0.077 0.133 0.096 0.199 0.179 0.126 0.083
Cd+As-3 0.048 0.061 0.057 0.021 0.047 0.083 0.091 0.057 0.146 0.033

¥ (Note) : #REFREARE Vegetable limited standard (As < 0.5 mg/kg, FW)24,

ZIE, WML R Cd BEREIE THZE X od FERREK, M ORMRERAR, W, &
Fro 7Rtk As BERBUEFHUN, ZOFMAE . mER . WERNEEREN T ZEZ0, 3.
o AR R A o e T AR MR, W, a0 AR £ (Cd-1. Cd+As)

PR AR X Cd AT As IEEREILR 7, 3 LW CdE& TR EEM a1, H
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Table 6 Safety thresholds for Cd and As in soil
Cd As
K 5 AR i 5 BLA i
Vegetable Regression Coefficient of Threshold Regression Coefficient of Threshold

equation determination value equation determination value

3¢ Spinach y=10.2658x +0.1120 0.95™ 0.33 y=0.0104x — 0.1480 0.73™ 62.31
g Cole y =10.2939x + 0.0876 0.92™ 0.38 y =0.0086x — 0.1050 0.84™ 70.35
H: 3% Cos lettuce y=0.1847x + 0.1147 0.88™ 0.46 y =0.0089x — 0.1249 0.66™ 70.21
M3 RL y=0.1073x + 0.0764 0.86™ 1.15 y =0.0095x — 0.1404 0.62™ 67.41
T EAL y=0.1492x + 0.1113 0.91* 0.59 y =0.0093x — 0.1311 0.73" 67.86
B35 EAS y =0.0808x + 0.0555 0.93™ 1.79 y =0.0063x — 0.0697 0.62™ 90.43
25 03RM WSL y = 0.0863x + 0.0713 0.81" 1.49 y =0.0103x — 0.0893 0.59° 57.21
230325 WSS y =0.0209x + 0.0295 0.87" 8.16 y=0.0077x — 0.0829 0.51" 75.70
T GCL y = 0.0200x + 0.0204 0.85™ 8.98 y =0.0074x — 0.0360 0.62** 7243
22 GCS y=0.0101x +0.0272 0.73" 17.11 y = 0.0052x — 0.0463 0.54" 105.06

7 (Note) : RL—Romaine lettuce; EAL—Edible amaranth leaf; EAS—Edible amaranth stem; WSL—Water spinach leaf; WSS—Water

S AL

spinach stem; GCL—Garland chrysanthemum leaf; GCS—Garland chrysanthemum stem. y—ifi % % & Vegetable content; x— 144 Soil
total content; *—P<0.05; **—P<0.01.
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Fig. 1 The bioconcentration factor of Cd and As in the edible parts of seven leafy vegetables

[i£ (Note) : S—ii=¥ Spinach; C—iHiZ¥ Cole; CL—4:3Z Cos lettuce; RL—# 2% Romaine lettuce; EAL— 32 M Edible amaranth leaf;
EAS—7i %25 Edible amaranth stem; WSL—%5.00 22 Water spinach leaf; WSS—%%.0>3%25 Water spinach stem; GCL—w 1 ' Garland

chrysanthemum leaf; GCS—Ini= =5 Garland chrysanthemum stem.]
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Table 7 Enrichment of Cd and As in edible parts of seven leafy vegetables in the four treatments
B Cd As

Vegetable CK As cd Cd+As CK As cd Cd+As
=% Spinach 1.39¢ 147 ¢ 221b 4.40 a 0.26 b 0.94 a 0.28b 0.77 a
1lZE Cole 0.79 b 0.87b 1.05b 292a 0.19b 0.63a 0.25b 0.51a
A:3% Cos lettuce 0.84 ¢ 121b 1.18b 252a 0.15¢ 0.69 a 0.39 be 0.56 ab
M#3% RL 0.58 ¢ 0.69 ¢ 0.94b 137a 0.12¢ 0.65a 0.25 be 0.35b
3 EA 0.75 ¢ 0.78 ¢ 1.52b 2.16a 0.15¢ 0.44 ab 0.33b 0.60 a
25D WS 0.39d 0.48 ¢ 0.63b l.11a 0.44b 0.76 a 0.50 b 0.74 a
T8 GC 0.16 b 0.17b 0.25a 0.35a 0.53b 0.89 a 0.83a 0.98 a

IE (Note) : #A2HFRESEEEMNEAFEIM; CK, Cd. As, Cd & AsSRABERIREARBU N 12, 3, 13, 95 [fTEUEE A
[F)/NG FHREF R RIMEESZARAL PR E SR EEREAE 5% KF 2753 . RL—Romaine lettuce; EA—Edible amaranth; WS—Water
spinach; GC—Garland chrysanthemum. The enrichment amount was the average of samples in each treatment, and the each vegetable sample

number in CK, Cd, Asand Cd+As treatment was 12, 3, 13 and 9 respectively; values followed by different lowercase letters in the same row

indicate significant difference among treatments for the enrichment of the same vegetable at the 0.05 level.

Yy 138 (Cd+As-3), BRAESERNMA S 52 31 i & M
A, A S S N R R AN . MO
T AL SB35 A B E M IEA R (FH
KAEBR =0.14, n=36). NI, As {5yt HEX}H
AR IERON AT R T As-1 Al As-2 AbHfL 5
E A YR S B, 3 od SR SRR
WEEAMCKR FHXERER =-0.13, n=36),
VLR EHE cd M TESR AR HIEAIURAESS
W BFHER S T ROVE R, T AR R G fE e S
Yt R AR B AT YA N S, KA
SN N SRS SRR R A R SR A 2
L2515 . TR AT e Al ) H A 38 AN [ RS W aa 1
REJ1, MY AR A e bR e,
KEBP WA H K (glutathione, GSH) iM% & &
(phytochelatins, PCs) 45 5 4 J& 25 5 W [f i 7EAR AR
W, G T R L Rz B A e, R [RI R
% BRS{HZF e SHERE % Cd Ml As fE S . AR
Ho iR E A B e L E S B E A Y A R,
SRR TR A L PC, ST K, X T HAS
AR ) ML 3 F5 38 Cd fig f1e2 0, KRR AR
GSH. PC,. PC, FFEAWAKZES, X S5HYXE
& @ MR PR S AR S pke e BARTG Y + A
KSR TC I B0 B F AR, (B R Rm T ED
2B AR BR AR (R 4), ISR E e A K
BB AE i TC T R 15 A7 B 4 S 5 e,
3.2 1HIE Cd M As ZL2IGFREWR

MR 3 Cd Al As 22 ln FHE S Y b+ 1B
O A SR BB A G . AT, 3R . W

3. SRR Cd BIE-S A Y R (A 2
(Cd 0.3~0.6 mg/kg), {HIMZ3 ., S0, WRZEM
Tl v Y (R DN 2 3 T IR AR o . 32 As 15 %
{EY & FHAThRUE (As 25~40 mg/kg)., b AMFFE
ARMLE S, T RMIX/NEZE Cd 53 BE R 1.74
mg/kg, T3 As {5 QL E 113.58 mg/kg™, H& T
AT FhnifE . HX 55 ZEC9BIFSE e I g 5 A
Hb 448 Cd V5 4 BHEYL T E bR IR (8 A58 3
Cd I A/ N T Z 3, Lu SF0WF5e R S A L3 1
FISR 4R % & W & T 34T B K bw i, 1 55 4
3 M AT E S AR, XU R SR LA
BI(E D% AR R 5 H A, HIEE SR
A A SRR R LTS Y AR B 7 A OGS R
b, BN TE B4 S AR Y 2 15 et 1 B L
1o 4 [ {5 A 0 1 WA SR R A S 4 S A
BYUIME, ICAEAETT 4 498 8 4 8 15 Yo bn Ui B 0 0%
Lo FEAE IR RN AR
3.3 Cd 1 As R = M mFRAY ik

iR A YRR, FORARE R LA
NI 5 NS 1 AR AR, PR I O o 1t 3
Cd il As IRE L MAXT &M E A HEERE L., B
HEEEERYEAA MRS, XCLEERA
ST SR N SECAE IS DA S K A AR
Y) EASRNESE, 3 CAdWRELE 0.6 mg/kg A, %
OISR, RN, AERITEES Cd HROEEBHE
i e BRE (AR ME 0.2 mg/kg, T3E Cd HEAE 1.0
mg/kg I, BRIMZESR . 25038 . W&, Hapuse
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