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CHEN Cui-hong' ,ZHOU Qi-xing'”* ,ZHANG Zhi-neng' , CAI Zhang'

(1. Key Laboratory of Pollution Process and Environmental Criteria, Ministry of Education, College of Environmental Science and
Engineering, Nankai University, Tianjin 300071, China; 2. Key Laboratory of Terrestrial Ecological Process, Institute of Applied
Ecology, Chinese Academy of Sciences,Shenyang 110016, China)

Abstract ; Using outdoor pot-culture experiment, biomasses of wheat seedlings and accumulation of HHCB and/or Cd in parts of wheat
seedlings cultured in alluvial soil and cinnamon soil were investigated. The biomasses of wheat seedlings in different treatments followed
the order as single HHCB treatment > HHCB and Cd treatment > single Cd treatment. The accumulation of HHCB in wheat seedlings
cultured in alluvial soil was more than that in cinnamon soil , and effect of Cd on accumulation of HHCB in wheat seedlings cultured in
alluvial soil was different to that in cinnamon soil. In alluvial soil, the accumulation of HHCB in different parts of wheat seedlings
followed the sequence that root > stem > leaf. Cd significantly induced the accumulation of HHCB in wheat roots, but inhibited that of
HHCB in wheat stems and leaves, and the highest inhibition rate was 44. 07% . In cinnamon soil , the accumulation of HHCB in different
parts of wheat seedlings followed the sequence that root > leaf > stem. The effect of Cd on accumulation of HHCB in wheat roots was not
significant, but the median and high concentrations of Cd induced accumulation of HHCB in wheat stems and leaves significantly, and
the highest induction rate was 35. 95% . Besides, the accumulation of Cd in alluvial soil was lower than that in cinnamon soil ,and HHCB
could significantly induce the accumulation of Cd in wheat seedlings cultured in two different soils. The increasing rates of Cd
accumulation in roots, stems and leaves in alluvial soil were 30.84% ,61.82% and 61.82% , and those in cinnamon soil were
41.53% ,184.16% and 206. 18% ,respectively. It is indicated that HHCB in cinnamon soil induced more accumulation of Cd in wheat
seedlings than that in alluvial soil.
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Ja& 5 i e i BIF 5T A A 4fGE . 3 2R B A (HHCB)
S — P LY f e R MR R K M 2 IR A, S ek g
B3 (AHTN) — 2 4% by 22 36 B3 & (i FH & A9 959% .
BT X b AP H AL TA7 iy R, 5 5
T A AR, T fE — B L T H
T AR BTG Y. PR, AT AR AL K
Bl LR L EERE A TP E N T
HHCB, i 7F 4 3 sh ¥y s ] 1 9 85 15 R 28 D (R
Kl 2] T HHCB, £ 2 AR A8 5 18U WA /778, OF
UEW] HHCB & 9% + 5 A= ¥ B W .+ 458 38 5%
HHCB 3= B34 U5 T 75 /K BE 8 A ys R 40 . A B ge
T 15 KA BT H K RN IE M TS e o HHCB 1) & &
Ak 1.3 pg- L' M 177 mg-kg . 1 T HHCB
P14 58 A K T R S A, S O S W B R R, B
BiEvEE" W, B TSk KT PR R e T AL
M, 3 HHCB ¥R &8 TH e, H 2 80 4 8 A
Bt Pz 3K, HIEE SR (Cd) 55— HER
BERF SRRz W L s R e e g, TRE 2
CAd ISP MEA 18 77 km™ . 1 HEH Cd 54 &
BRI TS IR A ABRERE H | Tolk 2 7= 4 & k-
SRS B R0, Cd R AE %7 B
RWESBTREZ —, EAEH Wb 4
AR, HEw MMy MAERKET, LA
AR 58 ) B A 1) B AR 0T 38 o & ) 6 e N R
FED R Cd xR R AR R L R cd FE A A
1 RBURE B e AL R AL 5 BRI A A o6, 32 3
BB b AT e W s R L, B
HHCB fAAEME B0 T, Cd 764 9 1A o4 1) 38 B O A
1k, % F HHCB #l Cd B &5 Y W55 i 15 2 B
AHHEZEEX.

T8 d HHCB Al Cd A & LW kU8, —
AR PRI v 2 AE R B 6 SR DR I R BF 5T 3
A HHCB fl Cd iX 2 #3544 ¥, LA/ ( Triticum
aestivum ) AP AL W, /N HE BE T AR 25 0t
X HHCB #1 Cd B9 FL R k48 b1, 43 #f HHCB il Cd
ATt NFE A TS g R R, LA )
N AT Y I A A AU T A DA SR 0 15 SR 4R
5%,
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RIJEH W BERNIE Cbe (3:1) RIKA 24 h
bR LA T R AERT, AE T E 180°C 1% fk 12 h, JH 3%
o Al KBS 5 AR AE T 1E &k Hh 45 1. TG /K B R 4l 7
TE 450°C i N T 6 h.
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IRV HARIF & X M ok BRI TRR X, % Hfk
PEFRANZR 1 iR ANEFI T (K/NFE 3214) A K
A B2 B

CHj3
CHj3

CH;3

1 HHCB #F##X
Fig. 1  Structural formula of HHCB
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A R 5 AL PR AL TR 3 DK &
Ab FREH AN 0TS Gy kB (LA s ) 43
FHTR AREEZ 1R 10 mg-kg ™' HHCB; Zb 4 2
0 10 mg-kg ™' HHCB Al 1 mg-kg ™' Cd;ZbH 4 3
5010 mg-kg ™' HHCB #1110 mg-kg ™' Cd;Zb P4 4
NN 10 mg-kg ™' HHCB 125 mg-kg ™' Cd;AbBELL 5
W10 mg-kg ™' Cd.

- 51 S SR S AR A AR B A TR T 4 R G
B ARG T A RS 8 KA L7 d R AL 300 g o
AACZE . 5 K W T 20 A 38 £l 48 h
JE R /N A | RHEE KR (R 0 N 24% . R
T B SEKr /N Bl T 109% A K KB 10 min, 2R 5
P K TR 28 1 7K B 52 o B BRI A AR L B A
15 KLl FloA 58 BE S B AR A AN IR R
AFEKG. FEFR 2 DG BRI 2 A R 5T
MR ZERI AL 3 ANER A R T I 3 00 R AR 45 3 43
AWyt K HHCB F1 Cd 7EAR  ZE R iy R &
1.3 HHCB ¥R &

P 5 A A BR h HHCB 75 5B, 2 B8 Sk
(15 R J7 5. 8 R b VR 1 1 R WF S S ks KJ= , H
FICAHEPCR B AP LEANIE e (3: 1) MIREG W]
M 24 h. 2R BORT e 28 KA AE 2 1 mL, 48
Jei 38 3k A R A ORE SE AT v Ak A AR U Y
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Table 1  Basic physiochemical properties of the tested soil
B R %
- PR CEC cd HHCB i
i) . s e 7
- P /% /cmol - kg ™! /mg-kg ™! /mg-kg ! Rk Bk g
(<0.001 mm) (0.001 ~0.01 mm) ( >0.01 mm)
i+ 8.87 1.37 17.19 — 0.010 19.4 50.0 30.6
e 1 7.51 1. 00 13.20 — 0. 086 3.2 40.2 56.6
D) R

PIUUF T 2= BRI 0.6 g JC/K bR
B1.1.0 g BERZ 0.6 ¢ TO/KGRAREN. L AF IS 19 18 A %6
BAE e H 6 mL IE C ke kv LB & T3, B H
10 mL 40 H 08 6 O 5 00 420, 0 050 98 FH 20ROk & 5
TL8RIGH 1 mL 1E O %t 2 25 9 7% B 2 4% 5O L
£ 5E . HHCB & 2t 19 43 A7 I 1 SR A0 £33 o 3%
1 HI14X ( Agilent 7890A GC-5975C MS) , <A (0,18 #
A J&W DB-5MS B (30 m K ,0.25 mm N,
0.25 wm BEJEE) . FE 5 Y 20 BT R B B 1 B8 A X,
SE B T B R 243, B T VR TR B R R 43 1R
230°C F170 eV. A% FHR T A 6 M 100°C TF
B LA 15°C - min ™' T & 140°C 54445 2 min, L1 4°C -
min ' F+ & 175°C , fiJ5 LA 30°C - min ~' T+ ZE 250°C .
FE TR AR R 7E 270°C , 2 F#E M 2 mLemin ™',
1.4 Cd ¥Rz &

- S RVRE R AE i SR P IR T A 0 1464 R T Ak
RIS 2 Cd 7 & BOR T IF A B I 10 B A T
fEGE R KK 6 mL ¥R AS R 2 mL ¥REH R .1 mL
MK 1 mL &R , 58— B i 18] S5 A 08 T
AL (WX4 000, b7 ) o % B0 . TH AR S 00 RE oS
AR 5 2 25,2 0. 45 pm JE T U8 J5 Y K MG D51~ 1%
WA (FC L AA 140,240 , 35 [F) ) 2 Hok i
1.5 Zdiab

S 55 5% AT SPSS 13,0 48 3 B E #E AT 4 BT
FHF- 3580 « bn i 22 278 . 1 ANOVA #4724

2300, Z L % A Duncan %%, 4811 I & M
B p < 0.05.

2 HRE5ITR

2.1 SRR R X /DN A2 A bR AR i 0 5 e B
YE 00
FiAE 2 A G /NIRRT o A s n 36 2 B
/N. 7E HHCB Ml Cd & A 15 Y 4 48 vh /N 22 1l #k 1
FUHE T #4009 T FH LT 5 — HHCB V5 4« H 1§ (1
EERHARE. — 10 mg-kg ™' Cd 54+
/INAZ R AR M B R R R 3 T B KT HHCB A 10
mg-kg ™' Cd & &5 Y%+ HE K 8 — HHCB 154 + 5,
Bk T #+ 10 mg-kg 'HHCB 1 10 mg-kg ™' Cd 4t
P 3 TEER B EZI, LA 2R
PR 23X 156 B AR X HHCB 2K 5 Cd X /N 22 4 ik
A KA — MR A, I HHCB /T 28 /% Cd X /b
FEAE IR A KB E . Lin 2560 BIF 58 & R 7E 2 -4
Bi5 Y L B R X K (Zea mays L.)
A KB R Cd 2R AR 26 T B A K 4
BtEz— R LW cd & T IKNEF L E
PR GG E R VAR R R Rl
FOHIY Z B Cd BEFE M E WAERA L K ZE S E
wAEY HHCB J2 MM Z G &, 5 E A LI
gERYTLBE Y e BRI R RE RO RT LA M A R
KR HHCB AT g A8 9 B9 A K A A R A .

x2 BREANEEKRTE

Table 2 Dry weight of wheat seedlings in different treatments

Ab TR

-k

i+

HHCB/mg-kg ™'

Cd/mg-kg ™"

RN T E /g

W LT E g

RN T E /g

WLy THE/ g

0. 605 £0.039a

0. 668 £0.032a
0.662 £0.072a
0.638 £0.062a
0.677 £0.018a

0.367 £0.021a

0.395 +0.052a
0.384 +0.029a
0.378 +0.035a
0.388 +0.023a

0. 638 +0. 008b

0.763 £0.084a
0.711 £0.031ab
0.729 £0.067ab
0. 683 0. 044ab

0 10 0.281 £0.011a
0 0.351 £0. 066a
0 1 0.305 £0.037a
10 0.328 £0.035a
25 0.333 £0.027a
2.2 AW Cd X /N2 AH BRI A 22 HHCB
psA!

b R R MR BE Cd X /N 27 R Rk T 0 R R 2R
HHCB BYEmaan i 2 (a) ~2(c) Frzn. il 1+ HHCB
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TE/INAZ R PR A 8 43 AR i s BRI AR > 25 >
it X U R HHCB 2 — B2 4 1 1 A BL TS 3¢
Yy B /NG i E 3 43 BT SR AR HHCB K 2 J2& i
OGRS Lok, X5 Lz %1 W BF 58 4518
—5 M cd XF HHCB 78 /N 22 A8 6k 45 35 43 1
WOrn AR e e 2. W b Cd AT & 3 R #F HHCB
TE/NAEMIRE B, XL Cd BAFTEN I 7 /h &
AR X HHCB 1YW 0. i B i 30 4 7T RE A 9 J7 1 1
JRR L He— cd®* a] RL 5 40 i R 3 T Y 3 K S A R
A= TC B R fofT 448 A AEE 1T S 7K R ) SE K MRS A
I F B KPR HHCB 540 M 3 ar = ed®”
AE W% 52 w2 W) B I 52 1k U2 S A Y A HE i
HHCB 9 2 F &8 1 K. Cd X} HHCB 7E/h# 2% th
SRR 52 w5 AR 58 e AN [HL i 4 IR VR B Cd
(3 CdIE N 1 mg-kg ') Al B EHMH HHCB 7E
AN ZE R R I ZE AT SR 44,07 % , MG Cd 7E
INAEZE R BN 1,762 mg/kg (% 3) ;PR E
Cd( ek Cd W JE N 10 mg-kg " F125 mg-kg ') 77
FERT , HHCB f£/h 2 25 BRLE 5 i — HHCB Ab 2
AL ZERARZE LA /NEZEh B Cd W
4 22.833 ~50.091 mg-kg . Cd X} HHCB fE/N& 1
R B S 2R AL IR Cd X
t HHCB 7E/NZ2 v i 2 VR B2 il /E i
AP cd BFE R 1159 ~11.954 mg-kg '3 45
WP Cd 5 HHCB FL47 10}, HHCB 16/ & it p 2R
it 5L — HHCB b R4 AH b 22 50 1o 2, e i i oo
Cd ¥4 29. 059 mg-kg ', W] Cd Xf HHCB 7E M
e SRR 91 4 1 P i 55

ey AN 6] e BE Cd X /DN 22 A Bk i i A B R
HHCB (52 W& 2(d) ~2(f) ffR. 76 8.— HHCB
15U F R M v HHCB 78 /N 4 F R 4538 70 B
N BRI AR > it > 25X 5+ HHCB
SR F AR # +% cd X HHCB 78 /)N % 4 8 %%
[ A8 B RS i b NI 3 e i AR OFS I C

AN AR HHCB B 52 M R R {H s Wk B Cd
AT g A F HHCB fE /N2 25 i RFE AR R
35.30% ~35.95% , BB ZEh Cd BRLE R 45. 411
~78.493 mg- kg . B, ® K E Cd AT O
HHCB #E/NZE i v g B2 A8 i %R 5K 15. 08% , ML HT
Cd 760 i EAREE K 39. 822 mg-kg '

FiAh, NIE 2 F1gE 3 iRl LUE W # £ HHCB
TE/NZZ AR R A BB 43 1 R AR T4 L, i 48 - Cd
FE/NZ AR A i SRR R ) s T X TR R T
8 - A B R 22 7 B M. Liz % R B
i A Z 0 b HHCB A9 4= 9 ] F M5, oA
HORL RS 5 /0N | 5 0 ) AR 2R 1 422 fk 1 AR £, TR I
W ) HHCB 3.5 g A e R 8. 55 46, pH {H
XFF R RN Cd A R A, 1€ pH {H
HEAE, Cd 5 Bl R

Zi ik, fE HHCB fl Cd & A5 e + 5
HHCB 78/N&2 25 fiit rp SRR 9 A8 fL £ 2232 Cd #E /D
A ZEANN b A WA R A R e R AR AR I Y
N FIVER AR B A 7 i 2 B PEAR R B4 5 2
TP RE) B A2 A 15 Y i, R X Ml 25 I X 1Y)
W SRR SR LA AR A D P R RS PR 5 T v
FEH 5 2 B A L B A TG e, 2B i b 25
I %o ) W SRR 2R LA R A, A R P R .
BORH MR A1 YET T5 4 W i A WA b R
AR T 575 Y B BRI M A S A 1R 55 Y
Y Z MW EE G R R A B BAT LR,

M 4 PR IR0 LLE H HHCB 75/ 4
MIRR A4 WG RS TR FESZ Cd 520, 7638 + 4 HHCB
MARFNZE TR 2 2 Cd Y 3 40, 25 2 0w i 1T
RN 27 305 (0 22 R A 0 3 754 - HHCB MR 3]
LT ZH] Cd 7 FHEA A 25, 1 25 2 0 v
RN 2 F) Cd 1R . X UiBH , HHCB 76 AE Y 1
AT RS A7 3 - I BE J K Cd AR Rl 25
1) 52 ).

®3 TERE CAENEEREBIHERE /mg-kg ™'

Table 3 Accumulation of Cd in different parts of wheat seedlings/mg-kg~

1

Ak PR 2H i/l (CE=
HHCB Cd AR ERNE R R ERRE R
1 6.810 +0.723 1.762 +0. 679 1.159 +0. 262 9.114 £0.368 4.784 +0.588 1.711 £0.297
10 10 68.803 +2.810 22.833 +0. 056 11.954 £0. 175 88.211 1. 656 45.411 £0.968  23.501 £0.237

25 119.402 +2.727 50.091 £1.875

29.059 £0.678

243.671 +2.311 78.493 £2.080 39. 822 0. 567

2.3 HHCB X/ 2 FE AR M FTFR 2 Cd 1 52 )
HHCB %f 10 mg- kg ™' Cd 7£ /)N 2% 4 ¥k 5 3 43

AR mmE 3 Fros. fiE 3w LLE L2 f
T4k HHCB 2 n fie ¥ Cd 7 /)y 22 # pk 59 2R
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Fig.2 Effect of Cd in alluvial soil and cinnamon soil on the accumulation of HHCB in different parts of wheat seedlings
#4 HHCB EMEEKZHMAENEBET
Table 4  Transfer factors of HHCB in different parts of wheat seedlings
Ak B2H RN T -+ HBNT -t
HHCB/mg-kg ™' Cd/mg-kg ™" M-25 i -5 ESiy
0 0.220 £0. 044a 0.595 +0.204a 0.112 £0.007a 1.176 +£0.076a
1 0.094 £0.018b 0.747 £0.015a 0.104 £0.019a 0.868 +0.318b
10
10 0.116 0. 050b 0.721 £0.469a 0.155 £0.086a 0.772 £0. 164b
25 0. 109 £0.020b 0.844 £0.054a 0.116 £0.001a 1.004 £0. 026ab

Mucha %5 i 58 R B PIAR R WP e 5 & &
J& BT BC A, AT B O = 4 JE W AR WA AT
U, HHCB X /N2 R 2 43 W6 400 1) 52 i {45 2k — 25 fF
G5 AN BRIR AR WSS & B Ph Y A A AR Ot N A
X Cd i, HE PRAE T Cd Pb A7 I 4 35 X
Pb HLA AR 3R I R RE S0 P 9 5 F e F 1
o MET AL A%, 0 Pb AT ZFHC Cd 7R 4 3 i W R
f 48 Cd W6 P3G 5, 42 5 R HE T Cd B A ROHE, fil
4 Cd B 5 T o/NE BT it . Rk, HHCB 1 Cd
AFE 4575 Yo W A - 4 3 T R - 0 B b (E
Bt — A HF ST Alkio %5 PV BFSE Kk B £ 38 05 8 L ok
I E I B /R D T N S R =
A, R R 23t R S P e 5 4 P 0 o) R A A
M XA TESEE FLHEA YA
YIAn M. HHCB J& — 28 #3804 5 K P A HLTs 2 4,
5205 1 B ALE A — 2 1A L T fg
525 RA MLy 8oy %A B TR S Cd

BT N H R A W B A AT R k. Luckenbach %5
&3 HHCB BE &% 410 il hn A1) 4% Je W 1 D%t 47 3 4 i
() SRHCPT T, B AR S 28 0 ds IR I T M (A
Yy 5y 2T AWK, R, HHCB 1Y 77 78 7] fig
SRR/ N Z AR N e iz 8 09 3E P AT AR Cd 3R AR
WG W Cd 7EM 2R oy R R
391K 30.84% .61.82% FIl 61.82% ,# + h Cd
FEAR 25 M BB R B 4 ol 41.53% |
184.16% H1 206. 18% , v] WL # + ¥ HHCB X} Cd
ERMMEERHE T ESHNEBKN TR
/8 HHCB AMUAR #E T Cd 7AW ik i i 2, )
B sk 7 Cd FEHE W) 1R N 3T % . Cd 76 fH P 1K
PN BT RS 2 R WA W B0 2K s VR kR R Y T
HHCB B &Mt Cd XA ¥ 7= A= 2 FEEN,
It HHCB W F£ 76 7] Rk 23 G2 i Cd X 4l 4 25 15 1E
A i L B S T B R R, T Cd WY EE B
Tk .
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Fig.3 Effect of HHCB on the accumulation of 10 mg-kg ™' Cd in different parts of wheat seedlings
®5 10mg kg 'CAENEBREBINEBEF
Table 5 Transfer factors of 10 mg-kg ™' “d in different parts of wheat seedlings
Ak P RN T -+ RN T -4+
HHCB/mg-kg ™' Cd/mg-kg ™! M-2E - H-2E eSS
0 0.269 £0.014 0.508 +0.008 0.257 £0.007 0. 480 0. 003
10
10 0.332 £0.014 0.524 0. 006 0.515 +0.001 0.518 £0. 006

3 it

(1) 7E 2 Fh 458 v /N 22 K Bk L A0 R 35620 1
T AL F N, B — HHCB 75 4% + 5 > HHCB-
CdEATB R tIESH— Cdis P+ HESAL
e

(2) ¥+ h HHCB 78/ 22 & 1 45 36 4 1 21
WF AR > 25 > w3 v Cd A & 3 i HHCB
TEAR H Y 2R 1 HHCB 7622 Ay 2.

(3) # + HHCB £ /N %1 1 4538 4 19 22 U
oM > i > 25 # 0 Cd X HHCB ZEAR 25 0t
i BRI A AR SRR (R G AR Y 2R R R R i AN
.

(4) # + " HHCB £ /N #8 bk 4535 5 19 B AR
BT 4, Wi+ Cd 76 /N 22 HERE 4 564 1 2
U T+

(5) A+ h HHCB fig g B & 2k Cd 1
N ZE i BRUGE RS
S %
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