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Effects of benzotriazole on the uptake and toxicity of cadmium in rapes(Brassica campestris L.)

WANG Jiao', ZHAO Shuang', DUAN Xin—yue', WANG Yu—di', QIN Li*>, AN Yi?, DUAN Zheng—hua"

(1.School of Environmental Science and Safety Engineering, Tianjin University of Technology, Tianjin 300384, China; 2.Agro—Environmen-
tal Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: Rapes (Brassica campestris L.) in hydroponic gardens were tested to investigate the influence of benzotriazole (BTR) on the toxic
effect of cadmium (Cd). The changes in growth status, antioxidant enzyme expression, and metallothionein (MT) content of rapes were sys-
tematically studied for the first time, and the joint toxicity mechanism was also discussed. The results showed that the growth of rapes could
be promoted by Cd at a concentration of 0.1 wmol + L, while it could be inhibited at 0.5 wmol - L™ or higher; the dose—effect relationship
was significant (R’=0.779).The expression of the superoxide dismutase (SOD) enzyme in rapes could be significantly induced at a BTR ex-
posure of 1 wmol- L™, although there was no effect on the growth of the rapes. The morphology of Cd could be changed and bioaccumulation
could be reduced by the combined presence of BTR and Cd, leading to differences in growth status and antioxidant enzyme expression, and
MT expressions in rapes. The degree of reduction was related to the exposure sequences of Cd and BTR. When BTR was pre-added in
rapes, it could promote the accumulation of Cd in stems.

Keywords : benzotriazole; cadmium; rapes; joint toxicity; exposure sequence; toxicity mechanism
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2R IV Ml X 5 N K 2R B BTRs 1 46 B K 2 1 20~90
ng- g, T A PN B A H B R i R BB K 2000 ng -
g o HHEFHE B IR KRNI FR5E Th BTRs 1Y LMk 24
70.08~200 pg- L0, 54 LK) BTRs 76 A Ag 5
HYR )RR, BTRs i 2 PE 2R, (H
oA MR RS, PR A BTR HA K H
BRI VB ARPE RN o W PR B8 Sk BREE AT S
o,

BTRs 75 & ¥ B R G451 EA I, 5
H&EMESREE TSRS S . WESERNIKES
BEPERCR IR AEAE G . R TAEINFA ML A AT
PR E R E AR R, &8 S LR 4%
G REAR T I B A MU . 40 Haghighi 55 5Y
KPR IRIKAK P R (HA) AT AR Cd it . 1
B HTBEFE RIS wmol - L7 AT = KA BE T 1 )T fif
24 h MBI BN & & 56 h BET- 35X 2 i dE bR |- # 2>
RN T pmol - L CA I EEPEY, 55—, A ALY
HESENEGERSRSESENESERAEY
AR BRECEE" R B o S A BN B A R
CAFE AR (DDTC) 5 CdE A G, 255
Cd He FE 30, T RE = A2 45 FhAS RSN o

Bifi 5 7K A - 4805 e n) ) H 2528 1, AT TS
Pn KRR A A e . YT, RIEY 2 &
I8 5 Y A B ST R A PR it 5 2 AL,
&8 5 TG R R AVE G R R E 2
REM, IFRA/ NI TRE Tz R E ISR,
BRI /INIEEST Cd A & HE/E ST, H CdRERS1E /I
RN PEF RS, BTR & —Fp )32 b i 48
Gl A B RS e ) AE K A A R v
ZER BRI E] (BT B 3 A I 500 38 R LA
o R, AT DA O] 2 28 1 /Nl (Brassica
campestris L.) AWFFEXT G, /NS A KRB L Cd 7Y
H R AT A ARG & B B (1 (MT) Rk X 34
1T T BTR M E 48 Cd ik & B ERCR , A
R PP B A 2 58 20T CATE AR T £ B 40 B HL Bk
A VEFBLEL, LV N kA 7 vh BTR A7 46 45 T &
& JEXHVEY B N O AE 5T S — 2 B LS A -

1 #HRFTTE

L1 iR+ 8 51X F

ik B _E W /NI 3 (Brassica campestris LOVEN
A, Bl B b O R 2 B B SR AE Y
Bt o BUORAERIE A KA AL T . (B RS

45 emX20 ¢cmX30 cmo

AR h SRR (CACL) VU ABAR (AgC) FTE -
= M (1 - H - benzotriazole, BTR) & 4 #7 4l ( 4§ & >
99.9%) , ) F Sigma—Aldrich 23 #] o FREL— & & A8}
KIETHEHAKD BT EORE . KRR EE
HE 4 R R SEBR VR B A TR IR 45 L, AN edCl,
() % FE W 4 0.1,0.5.1.0.5.10 wmol - L', BTR AY £
BV A 5 wmol - L' E AL IE AL (SOD) ) 44
kWi (POD) it 454k AU (CAT) il 5] &5 341 A r
SRR T AR S AT
1.2 iR E
121 &

P Ar AR — B o R E o A,
5% H,0,¥211 20 min, $8J5 25 B 77K ok T . %
P38 55 M HES A A — 2 DR AR FE 8, i ki Fp
I PR AP SRR IR S, CRAIE 55 R 0442 fl T FRURN 72 J
1 B 23 8], R 26 CHEIREE S48, G H 1A
FE 2 T R A VR B A S R IR DR AR
WSS HAE K SRR . AR B RO A
NH,NO; (0.71 mmol - L") . NaH,P0O, (0.32 mmol + L") |
K;S04 (1.02 mmol - L7') . Ca(NO3), (0.5 mmol - L")
MgS0, (0.65 mmol - L") . MnCL - 4H,0 (2 pmol - L") |
(NH4)s * Mo;0x + 4H,0 (0.1 pmol - L") | HiBO: (8.5
pwmol - L") . ZnSO4+ 7H,0 (0.1 wmol - L") , CuSO, - 5H,0
(0.2 pmol - L") A1 FeCl: (5.8 wmol - L") . FCLALREF—
AR5 em A4 RIGHEIT AR . BEEUR /N 46
1) 20 RN i AR ENR = ML, AR A K,
HARGE 1 PR .
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Figure 1 Experiment setup
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1/4. R 847 €d(0.0.1,0.5.1.0.5.10 wmol - L")
FIBTR(5 pmol - L) By B 55 5% , SR J5 47 Cd A1 BTR
AU & B 8% (Cd ¥ 9 1 wmol - L', BTR ¥ &£ 0 5
pmol - L), BRI 3 AL AN 34 FAT, B AL HL
KNFEE R 20 bR i AT AR IR E A SROB I A=
Ko REIER . A REAT 3T 2R, B
a1 R .

1.3 MikIEFR

1.3.1 HERARB

FREE 35 AT, BN A 2R BR A R R A Rl LT
10 BR/INHRE I FL2E K T HE 3 2 - I (E A
WER 2 LA RAE 2
1.3.2 Cd & 8E

HF 2R AR 1 R 2L /DN S FH 28 88 K e T S TBOA
HEFE P, 7E 105 “CAF 30 min 80 CF Mt E 46 i 7 5
WERE . 3 FRE 0.25 ¢ T & FIRFE S, AR G R
(7 mL 65%~68% [} HNO; 1 2 mL 30% ] H,0,) =2 #fd1
e NI REET, 110 CR #2097 h, 180 CIN#AGEE
FRIGHU R A, EAE 25 mL, FHUSGHEA & 5 11k
FEIEAL (ICP-OFS) 22 FELHAE S H Cd IR FE . Cd Y
o th FR 24 0.002 mg - L7, IR [T HAC 38 949%~105% . Cd
B AR AR SRR N Y Cd 35 1 (T i ) S5 A0 R )
RBRREZ FR
1.3.3 P AL A4 T 7 2 1 0 I

(1) ALEE POD .SOD Hl CAT Ay &

KB 2 8 2 Wl MLk 5 A 2 5 20 3 BRI 3, i BT
AR AZEROK SR T . B4R 0.2 ¢
R, BT )BT B TR I AR A SR S I
R RS mL B0 . A 3.5 mL & 2 Uk
(15 mL =32 BL 2 L e 3h iR 3 25 mL Tl .2 ¢
IS J5E R ) (4 CCE T 3500 remin™' 0> 45 min,
FRBCEVE M o S5 Hi IR AL B AL T (SOD) L3 %1
AWy (POD ) Flast 45 Ak 0 (CAT) 32k 7] 65 150 BH I

AN 2R IR

(2) & BB 1 (MT) B &

1B % R L B MLk 3 R 4 5 4 3 BRI 3%, TR BT
AR HZBK SRR T . SAREPLFRE0.2 ¢
MR AR A TS S . B 0.6 mL AR it 5 W T
2 mL B, A 0.6 mLH 20 B2 2% vl i A1 0.5 mL
20 pg-mL ' AgCLA TR, E IR ACE 5 min; FHIIA 100 pL
L2128 AT, IR A 5T, 80 CARUE A S min, SR 5
VKI5 mine FEI AT, 12 000 re min™ B0 S min,
B35 95 TN 100 WL If 21 26 v i E A R A 1 YK
A FiE W 5 mL HNO(65%~68% HNOs ) 1 fi# ,
FHICP-OES M5 AELHAE S AR i T IR 2
1.4 SEitor i

BRI A% 3 FATAE . R A SPSS 17.0 #fF
HEATEE 53 A, A5 R P £ 5 M 1R 25 B U F0R
ZH 1] F Student—t £ 5K , P<0.05 F/8 A % 22 5H , P<
0.01 F/R AR E 25

2 HERE55m

2.1 CAEAThRE
2.1.1 CAXJ/INHEE A A= K

/NS ZR R 35 d JE  HAE RS An 1 2 s . \f
U, 28 PG R ) /N S AR R A, 2R M- Ky
21 em. AHXFES (IR HRAL, 0.1 pmol - L' Cd & 88 X/
SRR A KA & B AR HEE ] (P<0.05) , 251
KJEH 2533 em, 2K KA 20.63% , BIMILH EE Cd
2N ZINIHEE P AR RN o 24 Cd A R 2R TR R i )
0.5 wmol - L' DA E B, i 406 1 /IMm S 25t AR K
I HLFA -4 500 6 & 8.3 (R°=0.779) .
2.1.2 CdfE/NlE R E

/NN SEZR TR 35 d e, AN R B EE R R /N 3
Cd &S 3 Frs . Al UL, 25 Foxt BEAL v s
1) Cd Akt o BlAE Cd 28 55 ) 535 K, /Nl SRk

x1 REEE

Table 1 Exposure setup

2 5] Treatments 2l % Defined name

B E Exposure concentration

% J7 3\ Exposure method

LSk 1673 cd 0.0.1,0.5.1.0..5.10 pmol -L.”! Fgi35d
A 55 CK 0 F¥ek35d
Cd 1 wmol L 354
BTR 5 pmol - L™ FF2235 d
Meantime Cd 1 wmol-L" BTR 5 pmol - L™ I A Cd F1 BTR , #4535 d
Cd/BTR Cd 1 pmol - BTR 5 pmol -1 JefilA Cd,25 dJE A BTR, Fi 2252 10 d
BTR/Cd Cd 1 pmol- L BTR 5 pmol - L™ JEMABTR, 10 dJS LA Cd, Fi# 5 25 d
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* indicates a significant difference compared with the blank control ,
P<0.05;** indicates a significant difference compared with the blank
control, P<0.01. The same below
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Figure 2 The stem length of the rapes affected by different

concentrations of CdCl,
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Cd 75 B B 38 K SR -3 AR 6 &R i # (RP=
0.931) o 4 Cd & B W BE M 0.1 pumol - L7 3% /il 2 10
pmol - L™ B, /NZEA S ) Cd & FHE HH 11.05 mg-
kg ' B AN F) 223.22 mg - kg™, BN T 220 1% . {HE M
B BUS B A8k R, R AR B W B 0.1 pumol - L
I, BB RO KL A0 110,47, 24 2 88 1 B 15 K )
0.5 wmol - L' LA, B BUZR B A, & FURF S B
KR (R=0.917) . BI/NMSEAEMRHE T Cd 2585 T
ST AT T A B Cd R 5 B A W i
22 CA5BIREARE
2.2.1 /NHEEA AR

Cd 5 BTRIE G 25 35 d T, /Nl s 22k K
K4 Fr7R o 5 pmol - L' BTR %% 5% 2H 25 M F- 2 K JE
20.05 cm, 575 X5 BE AL AR TG B 2 A8 4k (P>0.05) ,

RAIRERIZ 2R M REET BE]
- 430
s 2 & Cd & _
= _I_ *% ;;;; 25 vy
= L # ) .
= i fo~de A | 52
= {20 &%
5= &
2 15r E = B
= ]
§ 115 %—E
10 WO
& 110 ;E‘*s
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R 15 %
& ] S
e 0
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NEURNIRC N
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sW N
AbFE Treatments
#2785 Cd UM BREZ AU LUAT 3525 5%, P<0.05; ##RR 5
Cd FU 52 20 A LA I 025 22 57, P<0.01
# indicates a significant difference compared with Cd singly treatment,

P<0.05; ## indicates a extremely significant difference compared
with Cd singly treatment, P<0.01
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Figure 4 The stem length and Cd bioaccumulation in BTR and Cd

A o
SRS

joint exposure to the rapes

KL BTR X/ A K & B C B0 . 1 umol -
L7 Cd U 22 55 T /Nl SR AR Ak 8 5 A8 % (P<0.01) , 25
M BE N 171 emo BEG 2 4, Meantime , Cd/
BTR .BTR/Cd £ 41 i 25 i B 43571 24 18.1.18.6..16.9
cm, Bl Meantime . Cd/BTR iX I Fij 22 % UK 7 BE F&AIK Cd
Xof /NS B9 A2 KR (P<0.01) , T BTR/Cd 4H B A% Cd
X 7N S A A RO A (2 2 (P>0.05) o
2.2.2 CdE/NHISER I E

W 4 FF 7R, 25 G BRI BTR 50 52 528 241 /1N
SR CAd AR o ARIRIFECS 288 U% T Cd7E
NP E L. Cd H il Meantime ,Cd/BTR .BTR/
Cd #5241 Cd 1% 53514 24.09.,20.86 ,21.50,24.51
mg-kg"'o Bl Meantime ,Cd/BTR £ BEFFAIK Cd 76/ N2
R E R (P<0.01), 1 BTR/Cd HEI A FE(P>0.05) .
2.2.3 Cd 5 BTRECA 2R FE X /N SR Y I A4 52

RIGIEPE T SOD .CAT H1 POD ixX 3 F 7 (1) 471 41
AR A 42 B K 1 MT AT 3 52, LRSS TR R 7
WA ZR e st 2 R pLE . WE 5 TR, S wmol - L7
BTR XF/INIMSE A T — e i LM TR T, 6B SOD
Tif 114 %308 308 2 B 5 S AH XS O BRI T
7.67%(P<0.01) ,{HJ& CAT 1 POD Ft) 3¢ A # G ik % 748
1£(P>0.05) . 1 wmol- L™ Cd Baph Z£ 58 K /N3 SOD |
CAT i 223552 FIPD ] , 5 AR 28 6 B4y S BEAIR
T 28.39% (P<0.01) F1 65.46% (P<0.05) , POD Jifi & &
HIFFE T 24.84% (P<0.01) , iEH] 1 pmol - L™ Cd X /)y
TSR A B Ry 2 ) AR T
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Figure 5 The changes of anti—oxidative enzyme expressions and MT content in the rapes induced by BTR and Cd joint exposure

Cd 5 BTR AN [FJIR 7 A5 2% 85 %/ Nl S bt A AL i
HFBAE2ES . 5 CAd R TEAIM H , Meantime 2
#& I SOD F1 POD [ ik # 8 # F4AIL (P<0.01) ,Cd/BTR
% % FUAT POD i 2R 1K i 410 1 A7 BT B I (P<0.05) |, T
BTR/Cd 28 T 3 Tt S Ab il 92 15 1) 52 e 5 JC 1) f 2
5 (P>0.05), HIt,Cd 5 BTR AR FEA B ,
Meantime % 7 X Cd 1 Bl A4 2 A R 7 ) BRARAE F ek
BTR/Cd Xt Cd i B A 8L R 7 B BEAIRAE P e/ o

Cd 5 BTR A [A] Y7 3545 2% 68 X /Nl 3 MT 25 1
B FRWAFAEZESE . 1 pmol - L™ Cd BAMH 2 5E T /M
SEMT Y55 N 8.30 mg- kg™, AHXF2S 1 4] HR 24 4 i
T 1) 84.44% (P<0.01) . Meantime , Cd/BTR . BTR/Cd
UOPBRG BEE /Nl i MT 3Rk 7 5 510
5.52.6.10.6.50 mg-kg™'. KL, Meantime #& & X Cd 75
S MT IR F K, BTR/CA 252 4 Cd 55 MT ()
PR e

3 iFig

Y5T BTRs 7E/K PR3 B g 15 A B2 (28 - 1L71) , il

Ko 7 77 AR M MERR AR, BTRs H S 7E /K A 8%
oS K IETE . AR BTRs /K AR W dE g e 17
e KA SR AER X K A A ) (e KA 28 BE
Thf 55 ) 1) 0T B PR 0N S AR A IF 5 I R R
JLFEN pmol « L' % . BTR7EA] ELIEEE R EY N E
PRI EE AR L B A 38 o Liu S5"9% 2 500 pumol -
L BTR GBS TE K R4 i vh AT & R, O HAR B &
T 8 T 220 (H 2 BTR X /K R 40 1 09 4 K %
S, [, BTRs 264 3485 2 LUK 2 A T 28
AR . AALYE R ik S — EgA N R B4
Ja& TE A= WA TN 7 A B AR AL Y B 2 B 4
AW & 5 wmol - L™ BTR RE % 175 5 /)N il 32
SOD i F ik , Fe B — 2 LM R 1B, (2 A
AN A ROR R B TC B s O (1 4) .
IRARFN - A BT A R 1A RS AT L
B AR T A S S e . — 5 I, pH A g 28
il - 3 T 4 R AT RS R B R RR, Rt e
RIAT KLt KA K -5 A FUAE BC e 4 B 25 4 v A
FH 38 pHAE , B - 58 A 3808 Cd 9 3 i FK AR 45
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A Cd A5 1, T AR Cd XK FE R fPEE R . 55
—J7 T, FREE A LB B AAAE T DA SRS TR A
A RS , (A B 4 T AL AR 2R I 7 i 5 T
Z RN B AR Sk B 4 5 b ) [ A HL R
H A ALEC LA R Cd™ 28 A AE I T A RS Cd 1y
S, IR R T R S R Cd LR T
S 28 ST ST TR R B, R LR R A nT
DA S 25 15 I - S W b AT A LR (DOC) YR B, el
715 T 4 JaR A L [ VRORE 1) A, S0 B 4 B AE I Y
W B, DA T 52 ) B 4 S A AE A M o Griiter 524
T it P A WLt 2 BRI /N v Cd TR B

AHFSE % B, BTR A1 Cd [R] i A4y =X RE % [
11 Cd T2 /N 3 v 0 8 R R L /0N 32 B 25 P30
ZF K Meantime 4H 7 Cd X /MISERAE K E B LI KL
SOD . POD F MT # 35 19 3 il VB FH #5225 B AIK (P<
0.01) . A5 X 7% 5 R4 1 pH AEHE T T2 , Cd A
Mt N A BTR BEA 282 10 pHAE Y My 6.5 /245 . RijIHIBF
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