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Eco—-toxicity and Accumulation of Inorganic Trivalent Arsenic in Lettuce

LATI Chang-hong, LIU Ya-ling, HE Hong—zhi, LI Hua-shou, CHEN Gui-kui"

(Key Laboratory of Agro—Environment in the Tropics, Ministry of Agriculture, P.R. China, South China Agricultural University, Guangzhou
510642, China)

Abstract : Seed germination test and pot experiment were conducted to investigate the eco—toxicity and accumulation of inorganic trivalent
arsenic in lettuce. The seed germination, plant growth, physiological characteristics and arsenic accumulation in lettuce were examined. The
germination rates and germination potential of lettuce seeds decreased as As( Il ) concentrations increased. At As( Il ) concentrations
greater than 1.00 mg-L™, the seed germination was inhibited significantly, with over 6.67% reduction. In the pot experiment, plant height
and biomass of lettuce were lower than those in the control when As( Il ) was added to soil at more than 50.00 mg-kg™'. When As( Il ) con—
centration was 200.00 mg-kg™, the plant height was only 86.07% of the control, and the dry weights of the aboveground and underground
parts were only 72.39% and 72.73% of the control, respectively. The chlorophyll content, leaf fluorescence parameters and antioxidant en—
zyme activities increased at low arsenic concentrations and then decreased at higher concentrations. High levels of soil arsenic could lead to
a significant rise of malondialdehyde content in lettuce leaves. Arsenic concentrations in both aboveground and belowground parts of lettuce
increased significantly with increasing soil arsenic, which were respectively 0.39~2.15 mg-kg™ and 1.18~2.56 mg-kg™'. When arsenic con—
centrations in soil were higher than 14.98 mg-kg™, the arsenic concentrations detected in the edible part of lettuce would be beyond the food
health standard value of 0.5 mg-kg™.
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TRk A PSR 2R 80 52 . H TG T i s iy
FEIE LS MR R 22 T 0 2 SR
BRI AL, TR A T AR e A AL R A
EIOI e T R 1 SED O e Al gl |
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Y5 e DX f A SRR 22 4 A P SR AL BRI AR M

1 #REFE

L1 K5e 4t
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T FERHBC G B G o B R ER A AR BRI K
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Table 1 Basic physical and chemical properties of tested soil

5t H it s i
/g kg 1.43 Wl A /mg - kg™ 81.36
Lot/ kg! 2.08 MK /mg - kg™ 128.92
g 25.96 R /mg - kg 244.06

FHHLFi/g ke 24.56 Ht/mg kg™ 498
pH 6.11

PROERESE L] & 34 55 5
1.2 KB FH %

1.2.1 Fpyig &0

W HRL AR 0 LR SRR T 1% 19U SR AN IR T 12
73 20 min {8, KB PRI TS T E AW
RIS AR B B R R MLrp BRGSO TR
EN(25£2)°C,45%+T% RHISEAT K 2F 50 . PRIC—
RIS TR SR Lrp BRI 25 67, IS s
W10 mL, ARy EE[ DL AsCID ) 31450 R 0.0.1.1.5,
10.20.50.100.200 mg- L, ke fif 3 &, 4t 27
ANGEPE, Bh i R A A RIS SRR — 2, R
T — YR UEACFINN A 10 mL AH N Ve BE 75 Ye I T
SRR 4 d J5 G R 2R, T d R s R ZEE,

1.2.2 AR5

PLSRLEIAR (R x T 3B EARx F i B AR : 23 emx20
emx31 em)VE R AR AS, BEAE2E A 5.00 kg EHi -,
W TR (S IR S Je e A YR MR
B E RSPl AsCID )RR, & B R AR £
gErp fd R Mg As (D) EE 42310 0,510,
50,100,200 mg kg™ MI/KIZ i 41, Ik 13 75 R
57, P45 10 d 224 o UK S — S it — i i A2
M B AR AR 3 MRAT, AN b B 3 A
A AR ) AR5 48, 50 d SR 4 — IR, e
A TFERT

AT As (D) B1OZ fr JEHLA As,05 Al
NaOH DGR Jz i A= il NaAsO, 75T 7K T 1 i ol o
1.3 SHERH

ke AR FH BRI o o A= it iR )
B ey i B O 1 SN S5 PN o &7 R ) =
ARG T, AL 4y 2 — KRR, AR5 20 )
BT 55 CHLE R, FRiE T,

2R 28 R AR 22 R A B, -4
RUOESBUE L E = 19 0S-30P il X -4 K 9%
FEALE M R o W P AEFPRE S 26 45 d(BER) B4
9:00—10:00 i 2 M, It s e B 4 — B A
St B, R e e AR 2R R 20 min, SR 5 I S
Tl (Fo) e K2 (F,) (PSR AE 16 1 (Fv/ Fy)
A PS T LA F R (Fv F) .

B SR RIBCE — v T T A e S A T
PESERDIN E o 2 RE R A 00 S5 R Jr s, 260 D e
(NBT) i J5t 2 I 52 8 4204k 9 15 AL g (SOD ) 3 % |, F
560 nm P& L] NBT Sefbif J5t 50% 7 1 A g
PERART U, BREMELL U-g™ FW 2871 5 FH b Ak S
FE R A AL S (CAT) 3P, F 240 nm P40 DLBES
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PRI RE D/ 0.01 2 1 ANE J1 8L U, TS LA U -
min™ g™ FW £ SRHATEOIAR M 200 & o) A AL it
T, PL 470 nm PB4 B 6 B2 i 0.01 4 14>
15 1B BEREPELL Uemin™ g FW KR s TN &
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FEIET S R A S FH R AR R R LR 1, 3k
75 H i, FREL 0.3 gORE A 2 0.001 g) A ff B
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JeE HEAT ORI M, 25 B TR T R 4 B 25
mL, A

ST I A - W B 4 mL Y AR, A 1 mL AR
IR, TRAYIEIE H AFS-930 B RUHE 548 Ye 6 RE T
M
1.4 FFELBIGIT S

I B 1P Y8 A5 1% (Mean=SE ) R 201,
KX I Microsoft Excel 1 SPSS 13.0 #k47481t, 3t H
Duncan ¥ 3075 51 722 55 B 3 1HE0#1 (P<0.05)

S5 W (R A PR A AR S B0 48 ), SR
AN AT A SR 0 & 23R ke 23

REFZ (P ) =R ZF R BU AR 20 %x100%

K %)=(4 d NFhF1 & 2R 50 R+ 40)
x100%

AR A Rt (% )=(Ab PR /5% BEZH )% 100%

2 EREHH

2.1 W3R FEEZ RN

KRR ZFRSE R WP & W EE S A
[l i As (T ) A PG AR S0 78 & () e i L3R 2024
AsCIDHREE A 0.1 mg- L7 I, A2 38801 (1) & 25 R 5 %0t
PRLHTC B2 25 5 HFE AsCI )M (9 T ig , Bl 1 & 25
R ETRE; Y AsCID) HkJE THE 50 mg- L™ 1100
mg L7, AR SERD T 1Y K 2R I A X B ALY
20.00% 1 4.00% . As( 11 ) XA S ZE34 A 5 M 12

2 As(I )3 £ TR B0

Table 2 Effect of As( Il ) on seed germination of lettuce

ASCIOWEL yseoeig, mapsro FxY it

mg- L. R R
0 100.00+0.00a  86.67+1.33b 100.00 100.00
0.1 100.00+£0.00a  93.33+1.33a 100.00 107.68

1 93.33+1.33b 84.00+2.31b 93.33 96.92

5 88.00+2.31b 81.33+1.33b 88.00 93.84

10 65.33+2.67¢ 58.67+3.53¢ 65.33 67.69

20 37.33+2.67d 30.67+1.33d 37.33 35.39

50 20.00+2.31e 17.33+1.33e 20.00 20.00

100 4.00+2.31f 4.00+2.31f 4.00 4.62

VE < BB 5 (R ) 8 7 R ) o b B 2 57 35 (P<

0.05), Tl
TR R ARG I R A0 T v e A R A R, 24 As (D)
FER 0.1 mg- L™ B, A= 31114 & 28 350 3 1 X0 I
4, ZEXTREARY 107.68% ;24 As( T )W E R 1.5 mg-
LB, R RS TC B 2 22 5, 12 AsCID) ik
FEREF 10 mg- L7 B, R 235 TR
2.2 TR A SEAE MR A K R R

PR AR A P e S WA AR S DL = A
F8bR. 2 3 0L, AsC T )X AR S bk i AR A9
) i 347 2 00 AV AR 0 v v T o R 3SR, EL v
T v U A FEBRBH S, - Ay AsCID ) 7
% 200 mg-kg™ B, ASERIRR R AR 4] HA X R
21 86.07% 1 74.48% , A= 3% b1 A1 1l 3B+ 2
AT HRZH Y 72.39%F1 72.73%.,
2.3 WX £ SRR

Mok R R U WOLAAE R ) M S SR R 2
— EAVE AT AR N TS YR A
K, fh 2% 4 v 0L, BEE SRk B T A A
FEE R IR S ey, SR ine As(ID)
WeBEA 10 mg-kg™ B, AR A 2 RO ESHRI 42
RO T A Y g b s As (I vk

R 3 MTAEEERKNEN

Table 3 Effect of arsenic on lettuce growth

FHOPRINEG A /mg-ke?  BR/em FKfem il TR B
e W o 1 W
0 19.02+0.10b 3.88+0.03b 33.47+0.87bhc 2.32+0.07bc 1.34+0.05bc 0.22+0.01¢c
5 19.67+0.09b 3.97+0.14b 37.43+0.66b 2.57+0.03ab 1.45+0.11b 0.27+0.02b
10 20.73+0.20a 5.09+0.43a 44.23+2.94a 3.00+0.31a 1.95+0.10a 0.37+0.02a
50 17.93+0.33¢ 3.65+0.13b 31.76+0.10c 2.19+0.01bc 1.20+0.30cd 0.22+0.01¢
100 17.26+0.34¢ 3.29+0.05bc 30.55+0.18cd 2.04+0.07cd 1.11+0.06d 0.20+0.01cd
200 16.37+0.30d 2.89+0.21¢ 25.81+2.57d 1.72+0.14d 0.97+0.05d 0.16+0.02d
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4 50,100 mg-kg™ B}, A= SR DO ESEU TG W R
MW EMEER A TP AsCID kK
200 mg-kg™ B, ISR G X A . B b, Y I
RS AsCID) ¥ BE & F 50 mg kg™ B, A= SR 4
RO EN R EI TR A

R4 WIESLEFERR I

Table 4 Effect of arsenic on photosynthetic characteristics

of lettuce

ER G Mk IOE S M ik
As(IlN)/mg- kg™ Fv/F,, Fv/F, (SPAD i)
0 0.848+0.003bc  5.583x0.145be  23.8320.06b

5 0.859:0.002b  6.111x0.111b  24.29+0.08h

10 0.873:0.008a  6.962+0.499a  25.84+0.26a

50 0.840£0.001c  5.244+0.026c  23.28+0.01c

100 0.837£0.002c  5.136x0.086c  22.19+0.06d

200 0.8110.001d  4.296+0.034d  20.60+0.32¢

2.4 TR RSN EEE AR

PUE AR il 25 G0 2 A 0 AR R 42 ) 3 12 BT
1) B L) I, 2 S N8 IV S bR () B R bR . R
5 A] UL, =T S AR M Rl - s As (D)
VR 11 T v 20 S AT AR 8 2 v e A il 1 i 35
2R AsCID) R 5,10 mg kg™ B, 4
St ) SOD \CAT F1 POD {35 18 2 /35 X B4l
2R INA AsCID#&E R 50,100,200 mg kg™
B, A= 3% 1% SOD i1 POD {14 2. & B, 1 CAT tu7e
Ay AsCID )R BE & T 100 mg-kg™ B 58 2K T X6
HRAL, XUl Y 3 h s m iy AsCID B 5 F 100
mg-kg™ B, AR TR LRI R GRS PERRAIC, v RE
HUARAL T2 3 F RS
2.5 WXt AEFER ZEE (MDA ) S EM RN

MDA g AL 2=, v S MR 4 ik

=5 Wt ELEEE R
Table 5 Effects of arsenic on activities of antioxidant

enzymes in lettuce

Saee e ShAT I U] SoD/ CAT/ POD/
As(Ill )/mg-kg™ U-g' FW UsminT+g? FW U-smin-g”" FW
0 234.490+3.505b  7.567+0.102¢  154.812+4.568h
5 242.686+2.050ab  10.404+1.321b  196.246+14.094a
10 250.431+1.852a  17.631+0.439a  218.053+9.438a
50 219.152+3.408¢  6.552+0.607cd  127.047+2.272¢
100 207.096+2.058¢  4.823+0.151de  109.992+6.125¢d
200 174.478+8.604d  3.565+0.124¢ 87.172+2.934d

N E AV E 5SS o FIEL 1 Al L, Bl AsCITD ) EE )
Jhisr , MDA & i S BUERRAR S T i s > %
ey AsCID WS 5,10 mg-kg™ B, A2 4
() MDA & 34 B T X B 4L; 4 L i
AsCII ) ¥ J& & 50,100 mg-kg™ Bf , MDA 18 5 % Ig
P25 AN 35 Y v s iy AsCHD) ¥k E2 2 200
mg-kg! B, MDA B ETH i, BEHASRIRN &R
Tl AR B A

20
=
=15t -
20 b b
E .
£ 10} 2 d
us]
&1
= osf
=

0

0 5 10 50 100 200

ARy AsCID Ak B /mg - kg™
AN B s AN R A A b H ) 71 22 55 3 (P<0.05) . TR
| AR _BESE0R

Figure 1 Effect of arsenic on MDA contents of lettuce

2.6 EFEFAIHIESE

mE 2 AT 0L BEE AsCHD ) ¥R FE T, AR S8t b
TR AL A A S A B 3, HLAE [A]— Kb Pk
T ARSI R R AR i R T . Y
e AsCID) e BEAIKF 50 mg-kg™ B, A2 284 |
HRAR T i 5 X B2 TG S 25 S Y R R s
AsCID )Y BEIRE] 50 mg-ke™ B, AR 32 HE b0 & 5 i
v T H REZH DR A AR R AN e

Ot 3 ]
B 36 .

2r b b
b

wddi

i /mg - kg™

—_

10 50 100 200
e AsCID k& /mg kg™

2 iR X A S B AR AL AR & B R RN

Figure 2 Concentrations of arsenic in lettuce under

different treatments
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