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LR R G A BE(TECAMSs )X -3 rp () AHTN -4 74280, DITEAR Cd 5 5 -8 AHTN X/N2 (0 A 9078 3t o 45381 : AHTN-Cd &2
BTG Y e RN AR AE MR AR TR — AHTN J52% 143524 AHTN ¥R S mg-ke™ I, FLAEF 48 Cd M7 AHTN 75/ 40 |
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Bioavailability of AHTN in cadmium—polluted soil and its assessment

XU Hui-lin, ZENG Wen-lu, CHEN Cui-hong", ZHOU Qi—xing

(Key Laboratory of Pollution Process and Environmental Criteria, Ministry of Education, College of Environmental Science and Engineering,
Nankai University, Tianjin 300350, China )

Abstract: In an indoor pot experiment, hiomass of wheat seedlings and accumulation of AHTN[1-(5,6,7,8—tetrahydro—3,5,5,6,8,8—hexam—
ethyl-2-naphthalenyl- )—Ethanone] in wheat seedlings were investigated in a soil polluted by AHTN and Cd to examine the influences of Cd
on the bioavailability of AHTN to the wheat seedlings. At the same time, Tenax—TA[poly(2,6—diphenyl-p—phenylene oxide )], SPME (Solid
phase microextraction ) fibers and TECAMs( Triolein embedded cellulose acetate membranes) were used to extract AHTN from soil and to
assess the bioavailability of AHTN to wheat( Triticum aestivum ). Results showed that the biomass of wheat seedlings in AHTN-Cd treat—
ment was lower than that in single AHTN treatment. At 5 mg-kg™ of AHTN concentration, the accumulation of AHTN in different parts of
wheat seedlings was inhibited by Cd, and the highest inhibition rate was 39.1%. The transfer of AHTN from the roots to the shoots slowed
down in the presence of Cd, with the highest inhibition rate of 19.0%. At 10 mg-kg™ of AHTN concentration, the accumulation of AHTN in
wheat seedlings was induced by Cd, with the highest induction rate of 38.4%. The transfer of AHTN from the roots to the shoots was induced
in the presence of Cd, and the highest induction rate was 68.5%. The concentrations of AHTN extracted by Tenax for 24 h, SPME for 12 h
and TECAMs for 12 h correlated well with the concentrations in wheat roots, which indicated that Tenax 24 h, SPME 12 h and TECAMs 12
h—extracted fractions could serve as a good predictor of the bioavailability of AHTN to wheat.
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g4 B A (AHTN) 2 2 SR B & (i i 2 1
EWZ—, AR B (HHCB)—i2 3t 5 23R B
AR 95% . BT AHTN 76 455 36 g Stk
S, R R 15 7K FnS e i it H 4 Y, 4358
AHTN ¥ BB Fh iy, S S0 A 25 AU o Bl =2 34
Ko ITAEN , AHTN ZERGAEAYiA S b il Ak AL 4
Yo RN SR, R AHTN 5 REUTshit s
PR AR AR T R AR R E 4 R c R 2
—  EAMMUS S A K EE S AR
) SAWE i i S PR E AR T+
Hed iy Cd W5 FEORIE TSR A . LAt . T
AR A S8 R R S, R Cd 5 AHTN 723758
HLAAHE RO MR L IS & R S A HLYS )
TESIHDI AR BAL, AL IAE Cd 5 HHCB R[F 1)
WA AT ,Cd 2% HHCB 78 /N2 1 N 1) SR Rk 51
PESE BN VE S, A7 4R Cd S 2355 1%
BN ERD, Wik, R BB ESET
AHTN 7E ShRa 1A 8 () BRI & A 75 Ye 3488 v s e
VIR TR A R

- 3 A LTS Y ) A A R R AR - e R
() B BN 2 — o AR R R AR A2 e Y b A=
YISO AT BE R R, e T — 5 B[R] P AR 40 S5 A
PRSI 25 AR RS e A A A R E R XA
MLT5 S 90 A= WA SOCPE VAN 7 1k F2 88 A vk Fdk
PRI Hod Al R P | R R
ZRN Tz, H R A2 E R B A TR R 4
B, [EI AR 25 B (Tenax" XRD 4 i FRH ) | [ 4H i 25 B
(SPME )M =y H- i e - B RR 2T 2 28 52 A IR AR B,
AR (TECAMSs ) "™ DL Ky AH i 26 B4 AR (LPME ) 145
Sun FFMER ] Tenax $IGEC AL DA Pt 2 38
IR RRARACR . Stringer ZEIKAF57 FBA J57 SPME
FEBUAT AR o PPAS DR P FL B K o 230557 K 1 e
JERAEY TR YE . FIRFTE R0 A R s 3
H S YLy (R AR A e s A A LA AR B O A O
PR A AL 2E R B A5 Y+ D Z IR B R
Jo A A R B S S A R

AHFFE L AHTN b 23R B35 29 R A0 3%, 4
Br 7 B4 Cd V54 - AHTN ZEAH 9 1R 9 (1 1

AR, IR Tenax SPME  TECAMs $2 UL IEA
AHTN FI Cd F— KA A i5 Y 3 AHTN 4904
vk, DU B L3 rh EE 428 Cd X AHTN B9 4%
PR SZI , H- TR B —Fh A aE b 2=k AR 2 &
TS YIRS T AHTN A 350k

| MRS

1.1 SER#F#

24 E5 A AHTN[1-(5,6,7,8—tetrahydro-3,5,5,
6,8, 8 —hexamethyl —2 —naphthalenyl - ) ~Ethanone], 4fi
JE=98%, W H Sigma 2w, 3T L5 1R,
SEEe BT CA(NOs), o bral, — S be IEC b
PR A A LGRS o g al. ik (100~200 H )
JKCBAL R B4 R B AR (0 FH T2 — S AR e P 2 IR
BRZ% B, B 30 min, fEKAE 180 CiAl 12 h, 3]
3% ALK LS , SRJ5 A T IEC be b4 o JOKBRIR
BATE 450 CF T4 6 ho fHE - HER A VLFH AL
JRANZE 1 7R o /NAERR Tl A RO R EBE

CH;

CH;

H,C CH,

HsC CH;

Bl 1 AHTN 5> F&H=
Figure 1 Structural formula of AHTN

1.2 KHE
1.2.1 S8t

SR A R N RS R, YRR
10 mg kg™, 85 B TR —4 5 7905 . Sgdt
BT A, & AR AHTN 1 Cd WM JE (LA
T EETEH) AR 0.5.10 mg-kg” % 0.10,100 mg-
ke BRALPEL 3 AEE

W e 4R 2 800 g B AR AR PR &,
Bl 2 iR . CA(NOy), K R T A _F ik + 5
Al 3 S K R ERLE 24% (80 , V-1 48 h
JEIRASIIERIME/INAE o 3 AR I /N2 Rl Rl
HIF 10% 98K KB 10 min, 2R J5 FHZEIR/K R 2

x| TEEKRBEUER

Table 1 Basic physiochemical properties of soil

S Parameter pH ALK SOM/% CEC/cmol -kg™! Cd/mg-kg™ AHTN/mg-kg" 4> TP/mg-kg™! 4 TK/% B TN/mg- g™
MR Value 7.47 0.73 6.77 0.24 0.04 0.11 0.25 0.48
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50 mm

53 mm

100 mm

P pEnf) 4 AHESSIAER 4 e e MR, f b = 0]
BIZKFEEES N 3 mm

Four rectangles in the middle represent four nylon mesh clapboards, the

horizontal distance is 3 mm between the clapboards
B2 REEETREE

Figure 2 Schematic diagram of rhizosphere box

PRBOR G R , 443 30 RiFh -+, AEAL PR 3 HEE
RIS AR PR G B T N TR R, IRE R
(25+2) °C,12 h JEIE B HaE s A se K oo B59% 24>
TG RN AR, 43 R 3584343 IAE i,
HT AR, e AHTN i3 & .
1.2.2 - AHTN fiill &
FOR AR R TIRS - TR i, S Bk 17]

P TR RAE I A B e G 78 R O 4R 2 1~2 mL,
TR A 8 AR BUME S, R AR BT
Je IS AE e E R S 1 mL, 7R,
1.2.3 Tenax-TA .SPME #1 TECAMs 325t 138 rp AHTN
EOWIRES

B2 g Yedi+F 40 mL AE I AP R A
1 mL 1 mg- L™ (12 ZAb#H (NaN;) /K, 39 mL 41
/K ,0.1 g Tenax WK, F4H % 3 A7, F 25 €150
remin” PEIRFE R DHEY 24 h, ZJ57E 3000 r+min™
(B CAIL A ES A 10 min, FHAIATICH A B g , o
A 10 mLL IF E B A AEH 30 min 2 YR, A< HUR T E
BEZR RALHAE & 1~2 mL, B R Ak 2 T, A3
WE AR ERE 1 mL, i) 0.45 pwm (976 HLIEE , %17
eI

B2 g et F 8 mL AR /NET, A 1 mL
NaN; /KA ,3 mL #4i/K ,3 # 4 ecm K19 SPME £f
“di oy B 3 AFAT, T 25 °C 150 remin™ A FE TR 4R
AR 12 h, Z G BUH £F 4k 22 BRI T, A

8 mL IF OV B A %5 B 30 min 2 IR, #RJG LARIRER) )y
AEATHEZS , AR, EAZE 1 ml, 1t 045 wm (A AL
DB, I

W5 g YeiE T 40 mL A7 ARG, A 1 mL
NaN; /K&, 10 mL #24ji7K ,4 A 2 emx3 em f H 1l
TECAMSs i, 540 3 FAT7, F 25 €. 150 remin™ f1H
IEFE R RY 12 h BT TECAMS i, FHZE B 7K et
FIA 15 mL 1F S Ae#E 75 A8 30 min 2 9C, LIARIRI ) 7
kAT ZE , B, ERZE 1 mL, i 045 pm A HL
TR, AR
1.3 AHTN & E45

AHTN & &5 59 W 5 >R 1405 364X (Agilent
7890A GC-5975C MS), (& RIS J&W HP-5MS
(30 mx0.25 mmx0.25 pm), i SIM #7507,
BN 243, B IR R 70 eV, I B 230 °C.
SAEITETHEFLT M : N 100 CIFIE , 4545 1 min, DX
30 C-min™" F} & 280 °C; #E#F RN 270 °C, 8K
WM 2 mLemin™ . FHEFRF 21T A9 BB E] 2R 7 min,
AHTN () H W] 24 4.822 min,
1.4 HiEAE

SRR A VA EAR N 22" 3RO, ] SPSS 4t
TR AESEAT 438, ] ANOVA 34T B V4047, 3%
KSR P<0.05.

2 HR5iTie

2.1 AHTN #1 Cd XH/NE K E Y E RN

FIAE 2 A F G /N2 R A SO Ay fe n sk 2 i
INo H— AHTN ¥5 4% - e /N R ik Fidh |3
AR AL T 0T REZE , B AHTN W B s, /N2 Atk
ARG, AHTN FI Cd 2575 Y -3t NZ )
EPMET AHTN B—y54e 39 i AHTN-Cd 2 &
15 Y BEPERON KT AHTN B—i5 4%, /P SE i 1o
FEAR S AR FT T P DR R RO B A K 4 Cd
IR A5 YR, 25 1R Cd SR A5 Y5
HREAR T 1 EORAIR FOKRZE AR A AR, )
AR A, AAUEIZ AT 5T HHCB Fl Cd V5%
XF/NFE R R SE A R B, 52 i Y A SR A A
YT ¥ — HHCB AbHEZH®, AHTN 5 HHCB [A])%
F L2 EE, LA AL, R AW 55 AHTN
15 YL a2 AL H R XN AR Y S AT
HAMUME . Cd 2RS0T Ak KR4 8ot
RZ— MYz Cd FEWE WAERRA A K %18 A
ZUAE, AL, Cd AEAE IR T Z 3B & X /N2 A i
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Table 2 Effect of AHTN-Cd joint contamination on wheat biomass

AbFRZH Treatments R B2 15 e
Underground Aboveground
AHTN/mg-kg"  Cd/mg-kg™ weight/g weight/g

0 0 0.637£0.091a 3.032+0.277a

5 0 0.3040.187h 1.91020.868ab

10 0.147£0.029h 1.197+0.003b

100 0.2790.143h 1.68620.958ah

10 0 0.257+0.139h 2.098+0.731ah

10 0.184+0.047h 1.582+0.162ah

100 0.216+0.141b 1.472+0.714ab

T RPN NE FREFROR B AL B 7] 22 57 0 35 (P<0.05) . R[]
Note : Different lowercase letters indicate significant differences ( P<

0.05). The same below.

AR PIRIAE A
2.2 AHIN-Cd B—R E &5 1 AHTN Xf/hE
R E AR

e OR R B Cd /N A RR T AHTN 4=
WA BRI SZ AN SR 3 Fin . 24 AHTN ¥k 5 mg-
kg™ B, HAE Cd #ifi] AHTN FEAS YT Fks b3
PR ZR BEAIR T AHTN XE/NEZ (A st , HE 4
J& Cd e BB, S0 M, o R A s
39.1%., Sun ZERFGE L P Cd . Pb I Cu IR L 1R
PRI LR, Hrh Cd A aEIE sy B e . 78
AHTN ¥ FZ 4 10 mg-kg™ I}, Cd FIFFTESLIE T/NAAR
ZXF AHTN fyi ke, 3458 7 AHTN XN B A0
Bk AR VER I A 38.4%  ANUREIZHFE HHCB A Cd
AT YT INZ T RS2 MR o Hh g 2l g R
1 Cd Al g R HHCB £E /N2 AR i SR,
X AT B SR T Cd> 55 20 i 5 3% ThT 1) 2% K 5 141 & 2B T
B O, ol 200 b0 5 35 T 5 7K 3 1 SR K M 55, A R
B K PERY AHTN 54 fEzin™, 54h At kW
CA>BEAE 2 M A= W 32 1, s/ S A o i A HER, T

A2 AHTN () RV BV AE YA 827, i+
N A BB A BT SR RE T ARk, SR 5 A A T
A BB A — B SR, SR AT RE A b & FRAE
LA PR N, S LAl A A B s VU (143 9%, 4N
NEHCAZ E R IRIEY™, K, #5958 Cd X AHTN
e /NG A N BB A5 6 R PPN B2 A Y5 YRR EE
AHTN A S KBS R AL TR AR, A O N TENLER T
P HRVT

WA 7490, AHTN 75/N AR N 155
FlRRERZ 5] Cd (52 (3% 3). 78 AHTN ¥R EEH 5 mg-
kg™ B, AHTN 78 /N2 04 oy DAl 21 b1 (932 B Bl 4
Co & JE 388 0 32 B4, LI 2 vy 0 o i, 10
HlR Al A% 19.0%, B Cd fA7AERI 6] T AHTN
Xf/INFE WA A S s AE AHTN %4 10 mg kg™
BF, AHTN MR 2 E 2 205, B ER
B Cd ¥R BER3E s on , fe k2 mik 68.5%, Al
Cd W JE BB A 02 BE T AHTN Xib/INAZ B9 4= A 54
PEo X5 Cd FEAERT AHTN FE/INZ R N 14 2R A 3k
AR A — 30 SR B AEPITERIT S £ B AR (1)
SEAATG Y R BT 2L B2 , 7EARHR BE 4 AN 2, 7
FE S A5 e rh, LA T 25 R0 X ] (4 IR AL 5
T E o R BE R 2 B e i B2 B ey, SRt it T
ZEFNIT X R IR o 3 RN RS A5 15 et 15 )
[ A= A O R A W B AN 5 5 e R B A SR
B, B SE AT RYINIRIEN G Z 06 & %A 5
KR
2.3 AHTN-Cd BE—R E &5 # 11 Tenax SPME |
TECAMs #2EL AHTN £ 5/MNEZ1RE AHTN ZFREM
P

¥ AHTN-Cd BA— N & A5 4% 143 rp Tenax 24 h
PRI AHTN 5 /N FE AR AHTN (%) SR 21 1A
KBTI 3), KR Tenax 24 h FLHUEE 5 WA
R Z A7 A B 35 19 IEAH E R (R?=0.969 2, P<

R 3 EATRE AHIN /N ZEH BB RREREBET

Table 3 Accumulation and transfer factors of AHTN in different parts of wheat seedlings

Ab PR Treatments HR AR SR B UR Hb b ER S SR B R - RSN T
AHTN/mg kg™ Cd/mg-kg™ Underground accumulation/mg-kg™! Aboveground accumulation/mg-kg™ Transfer factor
5 0 1.163+0.796ab 0.075+0.013a 0.079+0.043a
10 0.875+0.180ab 0.064+0.013a 0.076+0.030a
100 0.708+0.132a 0.047+0.030a 0.064+0.030a
10 0 1.840+0.523ab 0.069+0.046a 0.035+0.015a
10 2.547+0.140b 0.180+0.114ahb 0.072+0.049ab
100 2.085+1.391ab 0.212+0.097b 0.111£0.027b
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0.05), B Tenax 24 h $RI0] LIFE—EFEE FAEN
AHTN AW B ik 2 —. HAE Cd 777
B, AT S B Y IEAH 56 2R, U Tenax 24 h
PRI AT U Sk PEM AHTN-Cd & &5 + 8 rh
AHTN Xf/NZ AR 30k . Harwood S8R BIF5E 36
HH7E 5206 28 R FET AR5 24 0] ) Tenax $EHE Xt
ZRPHK A MU AR A R T REA o O
Tenax 7] DAASWIRBR -3 LBR/K P AgT5 94, IS
B RS TS AR ER o3 15 Y R R R 25
15 K ZAWTRIGIE A L 3EFLIBK |, e AE P 22 1]
IRFPPAE,

M SPME 12 h $ 5 AHTN-Cd . — % & 475 e
+4Erp AHTN (95250 25 5 vl LUE H (B 4) , AHTN-
Cd Bo—J2 55 A5 Y+ e SPME $2 8 AHTN 271

»
o
1

N
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g
=}
T
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(=]
T

¥=3.018x+0.108
R*=0.969 2

MR AHTN SR /mg kg
& 2

(=]
T
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Tenax $2HU#) AHTN £ /mg kg™
3 AHIN-Cd B—RE G55+ Tenax FZE AHTN A9
E5/NERE AHIN RREZ HHX R
Figure 3 Relationship between AHTN concentrations extracted by
Tenax and AHTN concentrations in wheat roots exposed in soil

polluted individually and jointly by AHTN and Cd
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fa:— i B )=0.5632+0.107
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= | R=0.936 5
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Figure 4 Relationship between AHTN concentrations extracted by
SPME and AHTN concentrations in wheat roots exposed in soil

polluted individually and jointly by AHTN and Cd

INFZRRER AHTN 1y 8280 i 2 [A] 2L AT AR 4T (0 e 1tk AH
P (R?=0.936 5,P<0.05), & SPME BBAR 4f Hi FAE +
e AHTN-Cd $— K52 G5 % T3 rh AHTN 94
WA, EAJE Cd fE7ERT, SPME $2H i n] LU
RPN 13 AHTN 94 9045 3501  Maruya 252 ff
FE4E i SPME 8 8l KA 3% AT LAAE A B i L) vh
MUEAR e E AN R A RO . BT SPME 1
R R LR, BETIIN Ak~ 40 Jo 7 ) Btk R 8K
F4) VS ok A Ve 3 0 PN R R VAR 32 FH LK
PR RS T AR s SR T, IE DAL O A A
oA LTS e A A

[i#E, TECAMs M\ AHTN-Cd 3} 5 A5 4 +
HErh SRR AHTN 5 5/NEZ A 2R AHTN 22
[i) 0 2 i 25 19 TEAH 56 C 2R (R?=0.891 8, P<0.05) , L&l
5 i, X% TECAMs H AT B /NE FH F3F0
AHTN-Cd H— K& A5 5k AHTN A=A 30
HIFEFH . TECAMS i () g A3 2Bl FAR P AR N 1 g
W, A RO GE L & 27K Hh A A RS i sk
YEB LY B 20 ARl e it i R HE
A3 TE -, AT IR S F 4 H 4, DR EAg AR
N RIS . Ke PR AF5EK B, TECAMSs fEAG 2R
B E K H RIE RS SR EE N . Tao 20
I TECAMs EHFSE T Cd X 22 30 55 JR 78 W e A 9
SRR AR HOCHL] , Wang Z5R0F] F TECAMS B
PO TR RN T A e ki 22 SRR B A= R A
BRI FE

gi b P ik 3 R Ak 2 4 IO AR T F P M
AHTN-Cd $— &G 4755 3 H AHTN XF/NE A

* ¥=2.504x+0.115
R’=0.891 8

0 02 04 06 08 10 12

TECAMs $2H(f) AHTN 5 f/mg - kg™

5 AHTN-Cd B — R E /5% TECAMs $2EX AHTN
HIE5/NERE AHIN EFRE HHXER

Figure 5 Relationship between AHTN concentrations extracted by

TECAMs and AHTN concentrations in wheat roots exposed in soil
polluted individually and jointly by AHTN and Cd
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YR AT AE 48 B4 1 . SPME A1 TECAMs
S HETN HES) 32 9 TR £ sl E B R RS
WP BB RFERAR , AT 2o P15 4 B B 0
A M AR 0E A KR B2 53, 1T Tenax 38 523 A7 W )
HE 2 P 0 W R ARt A K AR B2 43 o RS 3 Ry
ARG fr2s 5 (HE AT e S U AHTN
A BREAAE R E R IE R . [T, RIH
WeHENY Cd A#7E T, Tenax .SPME F1 TECAMs 3 Ff 71
PRI -1 AHTN 25 /N2 M R AHTN &
ZABAEAE B IR DG, BIEE 4R Cd /27
B, 3 Al 2= A AT B A N A SR AR W R P
AHTN AR R 3 Bk N AHTN-Cd B— %
AT Y+ R R ECA AHTN ¥R JE SR R N
SPME>TECAMs>Tenax, JH:H SPME [ [t 5 5 /N 32
FR A BRI, 8] SPME X Fpl sl RAEH A B
A T AHIN-Cd B — e & A5 4 L 5
AHTN XF/NZZAAAR B AE A 3t . i+ Tenax [E4HZE
HCH: R LB J& AHTN-Cd 3 — K% & 475 e + 3 rp
AHTN (1) FRAF B 43, i W B BRI /N 22 AR ) SRR
i, AR R Y g A ) 4K, 3R AHTN (118
FEIER B RE g /NAE B, FUR R g, AL LA
ARpit—UE  th PR AT Y 35 e 2 (a1
P RSO/ AR 2%, ISR AEAE 1% 8] —Fh k2 7 s
PN G 15 QR T TS B IR AR A R, I
UG ST AP RN I 5 AR Z A e e 2R OB
AT YIRS AR S XU PR AR A5 S I i 48 T
DR TR AT P 4k 8 5 38 1 s 5 o L N FE ML 2R 1 7R
AT

3 #ig

(1)H— AHTN &b B2 /N 32 1l ik A 4 ok B 1K
FXFHRZH , AHTN-Cd & 575 Ye b BRAL/NZ AR AR )
TR T8 — AHTN AbFHZH

(2)AHTN ¥ B 3 5 mg kg™ B, Cd # ] AHTN
TERE WA N 1 B R AHTN ¥y 10 mg-kg™ B, Cd
MfESE AHTN ZEREYI AR N 28, AHTN IREE R 5 mg*
kg™ B, AHTN 7E/NZE R Y A T B E iR 2 Bl
Cd Y& B2 (1 38 m 32 240 i) ; AHTN % BE24 10 mg -kg™
Bf, AHTN HE R 23 E R 2 80155 . R
BT Cd X} AHTN FE /N2 R PN 18 A= A ot = A=
TSI B (A A s A A

(3)7£ AHTN B—F1 AHTN-Cd 5475444, Tenax
SPME TECAMs 74 I $2 HC it 5 48 1 AR 5 22 B o 22 [

TEEAERSE, UL AT LA Tenax SPME  TECAMs 2 H{
PP E R Cd {5 R AHTN BRI Rt

Sk
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