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Effects of sulfur nanoparticles on growth and Pb accumulation in Brassica napus L. seedlings under Pb stress
YUAN Hai-yan, LIU Qing—quan, ZHANG Yong—xia, FU Jia—hao, WANG Yin—jie, SUN Yu-ming, TONG Hai-ying"

(Institute of Botany, Jiangsu Province and Chinese Academy of Sciences, Nanjing 210014, China)

Abstract: To explore the effects of sulfur nanoparticles (SNPs) on the growth and heavy metal accumulation in plants, their effects on the
growth, physiology and Pb accumulation in Brassica napus 1. seedlings were studied using Murashige and Skoog (MS) media culture with
additions of Pb and SNPs. The results showed that 1.2 mmol - ™' Pb had no obvious effect on seed germination although it did significantly
prohibit the growth of the Brassica seedlings and decrease the fresh weight thereof by 38.9% compared with that of the control (Ph0). Pb
stress also resulted in serious lipid peroxidation, and the malondialdehyde (MDA) contents in the shoots and roots of B. napus were
independently, 3.7 and 2.5 times that of the control, respectively. Moreover, the activities of antioxidant enzymes including superoxide
dismutase (SOD), peroxidase (POD), catalase (CAT), and ascorbate peroxidase (APX) were all induced and increased by Pb stress.
However, in contrast with the single Pb stress treatment, the Pb contents in shoots and roots exposed to the combined Pb+SNPs treatment
were only 5.7% and 29.5% those of Pb stress treatment, respectively. Furthermore, the dry weights of shoots and roots increased by 70.7%
and 26.1% over those in the single Pb stress treatment, and the MDA contents and antioxidant enzymes activities thereof were all lower
than the levels in the latter. In addition, SNPs had a more significant preference for inhibiting Pb uptake and alleviating Pb toxicity
compared to sulfur bulk particles (SBPs) and sulfate. Therefore, SNPs plays an incredibly important role in prohibiting Pb absorption and
alleviating Pb toxicity in B. napus.
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KR EE.2020-07-13  FABEH:2020-11-03

PEF BT SR (1979—) 2, PG RIG A -, AR 5L, SRR I5 Qe il S REME I E5E o E-mail : yuanhaiyan416@163.com

BEMEE Y E-mail:njtonghy@163.com

EE&WAE 008 BRI GRS R J2) 5 H (BE2018715) ; M A AR E S T AR F LG IH (41907135) s 719534 HARR L 7 4R R
SeaHH (BK20180317) s V13548 Ja 24 2 SFHIFBE B A AU (BM2018021-6)

Project supported: The Key R&D Program of Jiangsu Province (BE2018715) ; The Young Scientists Fund of the National Natural Science Foundation of
China (41907135); The Young Scientists Fund of the Natural Science Foundation of Jiangsu Province (BK20180317); Independent Research
Program of Public Welfare Institutes in Jiangsu Province (BM2018021-6)



nGEg>"®

URETR Rt Y F 4055 3 H

Bl T A i A JE PR 4 e T de gl
A2 7 DA R N R AR B ok 1)t T s e H g5 0 R e
2014 44 [ 35 JOROUIA A A4 B Your 4x &
e R Gl A A o, A TS L S AR SO
16.1% , F P85 (Ph) J& 3% 5] - 3360 1 3= 2 1 43 i 75
M G S PR E SR Z ", PhEFEM
R AR F A G, BELAS R ) 0 - B8 3R 43 U R BRI
HB 1 RAEY RN — R 50 A AR AL, & S8 ED
Yl A BT REC, b R S B AR A
Yy Al AR AR B 5 S5 P, L1 A D B
BRI Y A BAE YT BOATS G Ry 3 EUK
TRIREE A% B o 4 I s B 46 ) 1 0 TR R BT P AR
RS Sl AN AR M)A SO T RAR LB, 5105
PR W HEZ S TRET U LERE AL Z B
PRS2 15 0, 30 FH PR A BT B CAATR | LA 8 D o
A B8 5 BOR BEARAR W) % 88 4 s A Wl LA I AE £
FAERAL B9 R AT 108 2 i A oA B sk
s

20 K §i K7 (Nanoparticles , NPs) J& 4 fIE R SFAE 44
KB (1~100 nm) AR AR50RE, B B 5 Y 3
TR 5 14 A 6 25 A A e fel G A B 35 o 4
J&& 15 GBS AT Y 1 P 45 A2 ST R A R T T
E 3L AR BARTT 35 N 8 438 iz —11, 3
] = R 2 v s B B R R ) R TR AN K 1)
REAT B Ak, [ N A — 282 5 F 5 3R BH 240 K ot
KA 4 T A 0 9 AR A O AT DL 22 i o 4 Jm L R
SRR AR Wy 38 XA 15 B BE L A0, R K BORL AT
DA 2:d 930 /0 7K Fei 4 (Cd ) Ph B HSCFR 3 2 B (Cr) W
11T 2% fife L 4 Jams o AL A0 1) 0 00 AR L i A 4
KA R WA 16 52 05 SR ke 2 R S SCRR B 8D,
T 53R BRI A5 R 1) 40 KA ek i 584 5 300 %o T R AT
KA E &R R IR L2 A T E L.

B (S) SR AW AR KT I KB FRoe R, AR -
TE LS AE YA SRR . 9K (SNPs )1 —Fh
BN KA RL DR L 28 1 A0 K b R e P 1
WAEAEAR Y (B2 LR 4 Tk A5 )y T 2 A 2
T, AL ARl H T B I Y R R AR R
SRS SR H AT SNPs X 440 5RO B FE A AMY
L Salem ZE! R Y R ¢ SNPs AT i 25 41 2F 25
FNPGHE 7 A A A DGR IE |, SNPs Xof H AL AR ) 1) 52 i
A T 4 T Y A8 52 U R BF 5 [ A A A R
3% (Brassica napus L.) R 555 — KM BHMEY) ,
ProEi Ak LR 2E 5 /NN (59 IR P PSSV S (=278

1% WHART]

I, AR SC LA SR N B4 SR TR 37 2R B 3R il
WFFE Pb riE T SNPs XF il s A= 4 A= it Ph 5 DU
L2 R o S AR Wy RGBS TR R, U
fli Ph {5 YL BRI T SNPs Y A W) R0 I EREE R0,
% J5 SNPs 71 A Ml F1 A My 0 355 50 ) 0F 5 5 107 FH 48
PR

1 MREFE

1.1 iRBE w4

SNPs(99.99%,47 nm) , W4 [ & [ 44 K b4 RHIF 58
NIRRT (F 9 10 5) W FI0IR& AOl Bl 2
Bio N T (MDA) %% & A4t S b i G S 1k Pk 1k
fitt SOD | 3 & Ak & CAT 1 AL W POD Pt IR IfiL
Mz ok AL T APX) TP AG I 33X 7] ) F i o 3 A
YN
1.2 R5Z it
1.2.1 SNPs & 77 W1 B il

JCTHE 41 F FREL0.144 g SNPs B T 45 1l K 1# 1Y
AT 80 mL 2 B F /KA = A L R BRI, A R
K 58 (KQ2200B, 100 W, 40 kHz, [ 111 8 7 AL 28 2%
A ) YR 43 B 60 min B RS A 90 K BRI RS H
1.2.2 Ph ¥ B Be i

HR 56 ir 5 Ph J5t 38 2350, 76 JC I PR T U
FRELPH(NOs ). 8] A$R AT K B HI3EA 1.2 mL 25 & FK
ME.OE IR
1.2.3 7 Pb 1 SNPs [1¥ 1/2 MS 15 37 5E (1) Tic il

1/2 MS 55 37 3K W 5 B Tl TAE G R 5, 1%
B % FH B 1 T HURE — 22 AR SNPs BRI RN Ph i
WM A BB 352 3 b PR R 5] 0 %, B R 4 (220
mL) {8 A 60 mL 1/2 MS 553555 . Ph e & 5 6 1 56 {7
ERE AL Ph R 4 0.0.6.1.2.1.5 mmol - L, 2k 44
AL FE, 4351524 Ph0O . Ph0.6 ,Pb1.2 . Pb1.5; Ph+SNPs ix
56 3 3 A~ 4b i, 435 A CK(Pb 0, SNPs 0) \Ph(Pb 1.2
mmol L") .Pb+SNPs(Pb 1.2 mmol - L"'+SNPs 300 mg -
Lo DA EAERS S 4 K E A
1.2.4 WA 1031 B FIHEEFD

B4 30 S BT R 70% 945 T # 5 min, 0.1%
HgCL /7 10 min, 30% Y U PR §4 %5 W IH 75 20 min,
KT ) 25 857K (DI H0) 35 Bk 4~5 UK, B K 1 min, 28
JEHRN R 12 MS KEFR3E, R ar e fh 12 Ki,
1.2.5 MRS

PR R R 2 N TR fEER IR
JE 24 °C/21 °C, GG E] 14 h/10 h, Y68 42 000 Lx [/ 5%



G, 45 - AR B A T IS4 R KRR R (R B0 519

PR EER A 10 d R RS BTl A 45 6 5 -
1.2.6 A[FIJEAS S XHHSE4) i fif 51 72 F1 Ph R 2 (1% 52

3 Ph B8 R R UKL B (SBPs) AR R £k 5
SNPs XS4 B A K A Ph T B E i 22 57, B
Ph+ AR S U E, 44 5 41 Ab L, 43 5] 4 CK Ph(Pb 1.2
mmol - L") \Pb+SNPs(Pb 1.2 mmol - L"'+SNPs 300 mg -
L") .Pb+SBPs(Pb 1.2 mmol - L' +SBPs 300 mg-L™") .
Pb+#i 2 5 (Pb 1.2 mmol - L™ +MgSO, - 7H,0 300 mg -
L), RAb 4k ES . FiF4b P SNPs F1 SBPs (1
FEOEE SRR AR IR A L 10 d RO
I 00 S AR 5 ST RN Ph 1 i
1.3 MEFHE
1.3.1 A KAEFRI

L E K IR I TP U R AT A0 Vb AR B AR
55,9053 0 RO K B K vt 4~5 0 B R
KA B R B30, SR 5 R R Ak, 385, —
BB R AR VR E UM R 5 BT -80 CB AR il VKA
FHF BEE D AE , — 30538 T HEFE N 70 CiEZ2 T4 72
bt 28 4 BT i, A BT A P
1.3.2 Pb il 5

BRI 0.1 g i3 A AN b3 FHEM R, B S
mL il 92 SR FH 4 25 SR8 T A 75 T 28 (Milestone ETHOS
A, ltaly) : 1 000 W Ft i 2 180 C#J 10 min, 1 000 W
PRHF 20 min, SRJF R HI 2 50 CLLTF J BUH T4 B
FH 258 7 /K 58 %45 2 40 mL, [ ICP-OES (PerkinElmer
Optima 8000) & Pb % i .
1.3.3 MDA FIE I

MDA % & & B Tang " 1) i /¢ B b 2 MR
(TBA ) 2 5 SOD i P2 B Beyer 55214 % i U i
(NBT) S Ak i J5 325 0 5 5 POD i 1 2 BR Jing 252V
AR B 00 5 CAT 16 1 2 IR Aebi™ i 48 40 2 i
P E 3 APX I 1 2 B Nakano 25209 43 066 B 1k
M .
1.4 BiESH

K F Office 2007 F1 SPSS 11.5 B A4 #E1 7 5504 0 At
N2 5 3 2R I ICHE 1) 1) S PR 50 S R
ZHT Y Duncan 5, P<O.0S /nZ R B E . Fr
A7 HHE 4 R T 24 08 05 M 22 8 27, R Sigma-
Plot 13.0 2 7 8l 22 .

2 HRESW

2.1 PhXt MM FRFMLPYEERKBIZID
ANTRYHR JEE P ot Jih 3 1 2 M4l v A 1) R

TE 1,

M TA AT LA H,0~1.2 mmol - L™ Ph X1

W K BEA S Bl B R R B8 100%, (B 1.5

mmol - L'

1 W Ph 3 R AT & ALK 67.3%

3O, WL Ph X Ay A AL A TR B A £

(A

1B) , XF A [A] Ph ¥k & 1/ 3¢ i ot o 1Y 40 Ar 42

H,0.6~1.5 mmol - L' Ph 24t 2 B 1 Il 352 1) ff o o
(P<0.05) , H:rf, 1.2 mmol - L' Ph % J&F T 407 1 %% bk fif
JR R CK I A% 38.9%
2.2 PhBfE T SNPs Xl 3% 4 K B9 2 i

Pb i3 K Ph 38 T SNPs Xy 2% A= K 1952 1w UL

K2,

&1 2A AT 2B A PAE H, 1.2 mmol - L™ Pb i

FAWHD TR EARA A TEHAR R AR A K
A (P<0.05) , Pk iy FIAR K 23 ) B2 CKOT B

50.4% F190.2% , i I FRFIHE & T i i

439 T K% 40.7%

F131.7%. ¥ SNPs J5 Ph XS4 i B2 v B K
ZEAiR bk if MK L THE CKOK Y, i E R R T
JitHE 735 58 Ph H—Ab BRI 70.7% 11 26.1% , i FR A2
CK AL T F# 13.9% (P>0.05) , Hb_F 34 0 #5 F CK (& 2C
FE2D) .

2.3 SNPs XFiH3EA[E
SNPs Xy AR 22 A1 H 3 Pb &

ERL Phb & = RIS
ﬂ:ﬂ Pb*\/\i

B2 ANl 3 Fir s o AHESF Pb SR — AL B, 1.2 mmol -

filf Jifi i Fresh weight/(g- ¥k™)

0.12 a (B)
t
b
0.09f .
C
T
0.06 d
T
L
0.031
0 PbO Pb0.6 Pb1.2 Pb1.5

Qb #H Treatments
ANRING PR R b PR 2% 5 2 (P<0.05) . R Tl

Different lowercase letters mean significant differences between treatments

(P<0.05). The same below
Bl 1 PSR F R FF4E E K0

Figure 1 Effects of Pb on seed germination and seedlings

growth of B. napus

WWW.QEs.0r9.CN




NEG>%

URETR Rt Y F 4055 3 H

L™ Pb B T %1300 mg- L™ SNPs 7] 5 2 A% il 32
MR A 3R Ph & H 1 Ph L2 . Ph+SNPs H4b
FER I 22 AR & P & & WAl Ph B —4b
JHR AR I FRA Ph 5 B 5.7% F129.5% ; Hikk Ph FH 2
9 AL K Ph B — b BER A AL Ph AR B

101 () a -
= _I_ O the
S b
=g o ik
50
g
Wz
A
ZZ
ME 3 a a
#3 I = -
= b
g 2 .
a e
0
CK Pb Pb+SNPs
Kb FH Treatments
0.161
) N TR .
& a  [OMH
0121 T
& |
=
=
g 0.08 b
E\
= a
iz L a
B 0.04 . T
H 1
0
CK Pb Pb+SNPs
Ab P Treatments

B2 PbRfE T SNPs il 3 4h B 4 K AR08
Figure 2 Effects of SNPs on seedlings growth of B. napus

under Pb stress

1% WHART]

9.7% F136.4%.
2.4 Pb BT SNPs X413 MDA & £ 1) &M

Ph JPri T SNPs XA [FFRA ARG i 42 Ak =4
MDA 5 520 WA 4, H B4 ATH1, 1.2 mmol - L' Ph
PORl Bl NeN i) 7 SR IVE | B T e STER (o9 s N ]
BRI AL, = MDA £ 538, AR R
MDA 75 5550 CK [ 3.7 f5F1 2.5 5 (P<0.05) . TiHs
JANJE SNPs AT (. 2 2% i Ph XHM S 4 i v i i il
Ph+SNPs J4b B i1 22y _E B AR 22 MDA 75 143 1)
R CK I 1845 H 1.6 4%, B B — Ph AbFR i 2 R % (R
BA—Ph AR T 19 51.2% F165.8% (P<0.05) , SNPs 4 %%
GEff 1T Ph XIS 4 M ARG 1 A1) A A 155
2.5 Pb BT SNPs X it e S AL BB iE MR R0

Pb 38 T SNPs X S 4T A fL i SOD . POD .CAT
FAPX 36 PE B S an & S frs . I S AT LLE Y
1.2 mmol - L' Pb F.— 538 175 90 AR & A |35
SOD . POD ,CAT 1 APX ¥ 1 5 AN [ B i 14 n , e v
| #5 SOD. POD. CAT F1 APX & ¥£ & & & T CK
59.2% .305.3% .69.2% H1 86.9% (P<0.05) , {2 & POD ,
APX 1 P 55 CK A 5 25 3 i 55.8% 1 51.2%, SOD #il
CAT G PR IS 83 . 55 Pb B —Ab PR E] , Ph iif

300001 (A) .
T 25000} D EH DR —I—
20000}
15000 F

10 000

H o

Ph % & Pb content/(pg

5000

b ¢ a b
0
CK Pb Pb+SNPs

Kb PH Treatments

601 (B)

sop D kH DEE [
401 J—
301
20 T

10 a

0 b c E b
CK Pb Pb+SNPs
Kb PH Treatments

& 3 SNPsxtim 3t _FEBFNIR R Ph& 2RI

Figure 3 Effects of SNPs on Pb contents in shoots and

PbFH 2 Pb accumulation/( ng* 7

roots of B. napus



JEUIRESHE , 55 AN OK G BP0 il AR RO AR SR 52 521

301

Te O B3 a
: 250 OMA T
E
*\% 20
=
g 15 a b
< T T
T b
g 10F T
c
i < . I
{T‘H 5k
<t
a
= 0
CK Pb Pb+SNPs
Kb 3 Treatments

B4 PhAME T SNPs X1 i3 MDA & &K #
Figure 4 Effects of SNPs on MDA contents in shoots and roots of

B. napus under Pb stress

TSN SNPs J5 # & Al 38 SOD . POD . CAT #1 APX
T Ve A% T Ph B — &b BER R W BES , H 5 SOD
POD ., CAT F1 APX 7 4 43 5| 45 Ph B — 4b B 43 J31) 4 3%
(POD [&: 41 ) F#AI 30.4% .31.5% . 30.6% F131.0% , 1 %
o APPSR 1.29%~13.5%, TGRSR E.
2.6 PbEMBE TAE SXFiM3EAKF PhAR R
Pb 138 T SNPs SBPs LA K 6 iR &5 X 10 22 A4 K
Ph A E Y52 ILIE 6. HH & 6A FIEI 6B AT K1, 5 H—

T 800T ()
o a
= 600 I
s 1 b
= b & a .
g400f 1 | £ [
= 1 l
(@)
19}
+H
= 200
i
()
(@)
R
CK Ph Ph+SNPs
Kb FH Treatments
:\ 40007 ()
a0
: 3000 T
% T
E J. b
g2000f I
> 1
e
= 1000}
e a a
— L
=
© 0
CK Pbh Ph+SNPs

AP Treatments

0 3, 1346

P JFR38 AH G, Ph 38 N SIS [RJE 2 S ¥ 2 2 8 it
TSR A K. {H5 SNPs AHE , Ph HirE T %3 6] v
& 114 SBPs F1 iR 5 X5 90 5% A= 4 0 4 4 FHRE G 3¢
55 , AF AR f5F 5T T 3 01 B8 B — Pb B8 3 0 65.5% F
94.6% , M s /I SNPs A A4 fif J57 5 48 5 — Pb 38 3%
145.5% , 43 W) J2- [ vk B SBPs F i £h 40 31 F 40y 1
JRE Y 1.48 f5 A1 1.26 fi5 o XF Ph Biet ¥ i SBPs LA
M AR ER A FRLS 4l bSR3 Ph & = 0 A
B, 58— Ph raf A e, Ph A F SIS S 3
82 AR T I ST Ph W, Ph R38R B o [ v
1) SBPs 1t R 2 fef 7l 32 4)p 15 b 1358 Pb & 5 43 51 R
k% 28.6% F1 44.1% , #3 2 Pb & & 43 51 K % 73.5% Al
53.5% ,AHN R ZH 2L Ph & 7K1 S 2 1 T S i () vk B
SNPs ZbFH R AH N ZHZ! Ph % 12 (1 6C) 6
3 iTig

A KT R, S5 il i 1 3 4R S X
YK o AR T S R O AR B SRS
BN TT 380 A g 0 AR SR L R B B R S
R EE Ph S A ISR K DA SR R R B
TR AR, LA R R A A A2 A B e S Sy

~ 50 000 (B)
‘t\o
E a .
40 000 [ a
: E =
B
£ 30000 - a
I
a
3 20000
=
#
10 000 +
g b a ab
A 0 ] —
CK Pb Pb+SNPs
AL PR Treatments
~ 0.81 (D) a a
g I 1
= 06
B b
£ \
S 04r T
5 ) ;
I
#H o2l 3
e
>
a
“~ 0
CK Pb Pb+SNPs

AL F Treatments
O mx

5 PbiE T SNPs X S S EEE MR 220

Figure 5 Effects of SNPs on antioxidant enzymes activities in B. napus under Pb stress
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CAT Fll APX 7t 58 Ak J 136 1k 320 AN [) A B 185 n , G v
- # SOD . POD . CAT #1 APX I 7 4 &8 3% &5 T CK.
Singh ZE%F B[ B YR 3 (Najas indica) WIWF5Y W, Ph
JHri8 B MDA 5 =30, FF: B AL o
[ H S50 B AL il B 42 T il G B B 3
AR R IRIESS R 2

YRR R} DR AR IR 1 B R N T &R TS
YL K Ab BRI FE O 01 2 0E o B B 1T 90K
AR Bh 18 2 T 4 TR TS e R F o DL S
MY AR AT REICE, BHATE NS s ISR S
YK SR B A P16 S B R DGR SE IR TE . AN 5T 3
W1, Pb JPriE T %S00 SNPs J = b A FIAR & Ph % &
{4 Pb B — b 3R AH L EB AL Ph % R Y 5.7%
29.5%; B bk Ph AR 15 (A Ph B — A B AH N ER AL
Pb 1 2114 9.7% F1 36.4% , SNPs 1] K i FEAR i S %k
Ph ()0 WO 1) bR iz o[RBT, SNPs ZER#AIK Pb
TR (] B ol b1 SRR 3R 25 W i R 4 v, R s
MR ILF- 4230 F CKK o AL S50 /N 22 i AifF 9t 3
W1, Cd W38 T /N2 Wy 1 i R Wit Si 40 K R 15 3t |
B AR R KPR Cd B 43 0 B0 BN B 16%0~58%
19%~64% F1 20%~82% , [) i T J5 H2: 43 1] 48 11 24 %~
69% . 14%~59% H1 31%~96% ., Li %I HF 57 2 W AN [A]
W FEE o= MnO, 20 K k7 b 3 ] 75 255 [ AR /K A %o 2
RS As WA ) B ER 4% i2 . Huang S5
Hussain 55322 5 g T AR IE T 99K Fe;0, FI1ZH K Fe
7 A58 R AV A W A B 4 i A A A A K 1 A S F

SNPs i K HLZE i T Ph X3 A9 #5538, 5t H mir i
FE L5 R ILAR TR AL 3 2 5 R A R P B 4 R A R
JEERE o A AR B B UIAE G o ARBFSE Y, Ph+SNPs 24
PR Hb AR ZR Ph & 5 KR R R, Jo o 3 Ph
SERMBEE R —Ph AR 10%, 5k, Pb+
SNPs b R v S b b E AR R B AR i A Ak P
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MDA % A 4 5. — Ph b #L R (19 51.2% 1 65.8%
Castiglionea 5% 78 & (Vicia faba) HIWFFE F B, 5%
HEAH EE L TiO. 2 3 34 0 T H.0, B 82, 1717 TiO.NPs 4b #f
T H.0, B R KB R [, HLO, 75 5 b X R AT
44.3% , [5) Nt 48 AL T POD F1 CAT 3 1 o AK T % IR
JUH: CAT I VAR T X B8 47.5% , H kA2 0N, g 1
AR B BAIE , 0T Rt 40K 0RE TiOL kAR /N, e
TR, TR A LA RE R . AR5, Pb
J3E R TSI SNPs 5 HiE 2 Fi i B &8 SOD . POD . CAT FI
APX I PE LS4 IC T Ph 5 — &b R S (4 AH 0L B, 3X
Al fE S H T Ph+SNPs 340 B R 30 325 Ph A9 I I 22
DA S Ph FH 3R 1 B 40 f A8 Ak 45 45 38 (K T Pb B — &b
B 5 e X KRG R A AR AR
HIBFFE S5 AR

FiAh R Y AN AR A4 S X Ph B 2R
B B , 3 RO [RITE 25 S 35 8 R AR T 32 %) Ph
B W SRR Ph XA 35 5 o T S BRI AR 4 R i
G B A SR Y A K B R SRR E , X K 5¢
SEROTNE KRR Cd W AL A A 52 22 BT, 7K A It T8 B it NS
AL DL KRS 7 4R 5 6%~30% , K R kR Cd 5 B
FEAK 28%~50% . Yang SF“7E S Xif 7K Fef Ph W WAL )52 i)
WF5E P dL 21, 30 mg- kg™ S(Na.SO4) i FFRAR T /K
H b B ZE AT FURERL P A Ph S, LU AT AR A0 2
B S AR SO B T KRR AR 2R RIS (4T B, DA TG R T 4
Herh Ph B A A ROHE IR T Ph AR R 1
FUER . (A SOk 8 50 Jin S mT 14 i =2 42 @ 1)
A= T P AT B S A 18 52 0, A Wang SEIBESY
FEH bt S v] 2 4R R 3 TR AR (Cu)
FVEE (Zn) B9 HC A, 360 Cu B AR EAE 9 N 75 35 AR 2
i EF Cu MR R . AR ARESSHAEA
R ARG 5 Ph WO B9V T, 1B SNPs RUCR B (i 25, AL
il — J7 11 ] B S SNPs 1] 5 Pb 2§ JE A PbS i F A%
Ph (8 4= M558 M, 55— 7 1T SNPs K (1 Bl 2% 11 AR R 1)
W2 56 R 7 205 3K 368 R AU A A0 5 I s B 7 ) W o [
AT Ph B ITTREARA R X B A Ph B 1Y
T

4 it

(1) 5— Pb M TSR R AR E Yy
KMFRFAR , BENE I Sk 7= 4 MDA 55 2 Rl i, s
1L SOD . POD . CAT F APX i VA [ AL BE R4 1, Ph fify
TE X SR AR AR I A= R 3838 B T AR A T TR

(2)Pb 38 F 781 SNPs KR FEAR T 3364 2 4}

Ph WM L i) 3t BRI 52 7%, AR B 22 % 1 P
XA R H o S8 PbAAH L, MDA & &
B TRt AR Y i S5 KSR 35 Y
T A5 R URL AR AR R £ AH L, SNPs HAT T 58
1 Ph BHEERCR .
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