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Abstract: A pot experiment was conducted to observe the effects of the bioavailability and uptake of heavy metals in different parts of carrots.

This research tested 2 different combinations of heavy metals Cd/Zn/Ni and Cd/Zn. For each combination 8 different concentration scenarios

were tested. The results showed that carrots’shoots and roots biomass were affected significantly( P<0.05) by the Cd/Zn/Ni and Cd/Zn co-

contamination combinations.For the Cd/Zn/Ni combination, all tissues of the carrots decreased sharply (P<0.01)when the concentration of
Ni reached 250 mg-kg ™. This result exhibited Ni significant influence on carrots’ growth. The calculated transfer ratio from roots to soil (EF)

and the transfer ratio of shoots to roots( TF) showed that the activity level (or bioavailability ) of these heavy metals varied with the concen—
tration of the co—contaminant combination within the soil. For the Cd/Zn/Ni combinations with concentrations of 0.35<Cd<1.8 mg-kg™, 50<

Zn<300 mg-kg™ and 60<Ni<250 mg kg™, Cd was the most bioavailable in the soil-roots interface. Zn was the next most bioavailable followed
by Ni, i.e. in terms of bioavailability Cd>Zn>Ni. At a different concentration of the co—contaminants in the soil-roots interface, 3.5 mg-kg™
Cd, 600 mg kg™ Zn and 500 mg-kg'Ni, the bioavailability followed this order Zn>Ni>Cd. While in the roots—shoots interface, the bioavail—

ability was from greatest to least Cd>Zn>Ni at concentrations of 0.35<Cd<1.25 mg-kg™, 50<Zn<180 mg-kg™ and 60<Ni<170 mg-kg™, but at
higher concentrations for each heavy metal the bioavailability followed this order Cd>Ni>Zn. For co—contamination with the Cd—Zn combina—
tion, the bioavailability of these two heavy metals was always Cd>Zn at all concentrations and interfaces. In addition, the interactions between
Cd, Zn, and Ni were observed. Cd and Ni acted antagonistically and Zn and Ni acted synergistically with regards to uptake.
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Table 1 Influence of two different combinations of heavy metals on dry matter yield of carrot shoots and roots

LK ca An AZ/:lg ke N 2E1/g - pot™ He2E/g - pot! gff Bme: kzil 2E1/g - pot™ /g pot™
TS0 0 0 0 0.793+0.063b 0.708+0.077a 0 0 0.793+0.063b 0.708+0.077b
TS1 0.35 50 60 1.179+0.264a 0.605+0.099b 0.35 50 0.833+0.088b 0.447+0.061d
TS2 0.75 100 110 0.715+0.097b* 0.301+£0.065¢** 0.75 100 1.016+0.072a*  1.072+0.083a**
TS3 1.25 180 170 0.699+0.053b** 0.361+0.040c* 1.25 180 1.072+£0.055a**  0.666+0.096bc*
TS4 1.8 300 250 0.102+£0.030c**  0.022 3£0.009d** 1.8 300 0.778+0.085b**  0.573+0.070c**
TS5 2.5 450 350 0.032+0.017¢**  0.004+0.002d** 25 450  0.786x0.087b**  0.618+0.039bc**
TS6 35 600 500 0.018+0.008c**  0.008+0.003d* 35 600  0.687+0.206b**  (0.421+0.090d*
TS7 5 800 750 0.006+0.003¢* - 5 800 0.157+0.066d* 0.052+0.017f
TS8 75 1 000 1100 0.010+£0.004c* - 7.5 1000  0.329+0.088c* 0.216+0.047¢

& ANEFRERENFRR B —SU50E A XSS 2B R AR 0.05 BEKE * o TR EREEAE FAAEND bERE RS

SERRY B E M ACE SRRk 0.05 F10.01,

AHLE, BAE PERZEF=BRR T TS2 KA (HHX) 7= i
Y 519%) , HARPI 2 BEAGKSE MX =R T FERRR
k1 93%(TS7 /K ) ,{H TS3.TS5 /K F AR A 2 (P>
0.05); XS FHu_LFR4r A28k it, Akt
TS1-TS3 7K & 41 P<0.05) , 7E TS4-TS6 /KA
FTREA (45 BN B 2 (P>0.05); 3 T TS7.TS8 =&
M 2 2E AR (P<0.05) o TEAH & FT A W KA, T
D 2R AT P R R RGN E 35%(TS3 K ), K
TR 80%(TST /K¥-) . EFHFUEHIAE fr=
AN A AL, 2R TR B E SR X
R AR A RIS P i e 2,
iR TR, AT X PR A T & A R K
R AR D ERB A A B O UESY, B Ni i
YER ., G5RFE, 78 TS2-TS8 ¥ FE K0T, Cd/Zn/Ni
(HA AMEE PR AR Cd/Zn(44A B)H
B FEAL(P<0.05), Hirr , TS3-TS6 7K F- W 40 4 %F b 2%
SEI1 2 K55 P<0.01, 5 B 44 AL, A 418
EHEYRRKBE 99.4%(TS5 K)o TEBARIK
FEW TS1 KF A HAEZEMAYELL BHSEH
2% AEFFREE . BEEEERSMIERBAEK,
HEMBBEL, XER T A BASGTRALYE
BIBERE . T 1 AJLIEH, TS2-TS8 MR A &80
B B A AMIRRINEFEEAKR(P<0.05), =255
. B 204 PRI 45.87%~100%, FIFEERE 2t
—H,TS1 KPR A A THRZEAYEEILBARE
35% ,{AZ RN BE(P>0.05), XAREE B kikEH
4B AR AR R R T Ni pmBI e R R R, )t
Ah,4E Ni ZK PR E 250 mg-kg™ B, 84 D BT A # AL
ARSI, RIET Ni S 5NEE MEYE

K, CADFETE B, B&R Ni S P aRe
$iE , W5 AR TP E A AR
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KM EH AT, AN ESBTE(UTEID Ik
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.3 FESBENE MAREALK S R 5R - TS0
AR L & BB A H(P<0.05), Cd TEFHE b &R
MFEMAE M ZEZEM>HZE, X5 Cd ¥E Impatiens
Balsamina F1 Calendula officinalis 7§ fhAE 4 T i FH &
FetEAH R, U Cd B ® PR -ZR- R EA
SRAVITRERE Y], X FTRERPAEAE M Cd BRI,
BT s st i A AR I i G2 Zn FETH B
N 5584 B 4 B R 7E TSO~TS2 e & /K it , 25
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Table 2 Concentration of two different combinations of heavy metals in carrot shoots and roots
ELAT Cd/mg-kg™ Zn/mg-kg™ Ni/mg-kg™
#nt = 2t = =y P

TS0 HEA 0.015+0.004d 0.012+0.005¢ 20.561+1.774f 16.221+2.547f 1.805+0.064g 2.425+0.298e
TS1 2.371+0.448b* 0.190+0.038de* 46.314+4.914¢ 37.519+2.499¢f 13.335+2.700f 12.672+1.797d
TS2 3.408+0.406a%** 0.366+0.070cd* 66.59+3.369de**  53.894+3.234de** 23.933+1.741e 22.612+1.580¢
TS3 3.621+0.179a 3.812+0.270a** 60.046+5.719de* 63.56+5.394d 24.277+2.700e 29.554+3.390¢
TS4 0.837+£0.191c** 0.4440.081bc**  60.985+3.900de**  157.333+10.312b** 41.330+3.632d 60.889+5.003b
TSS 0.463+£0.057c** - 80.556+6.301d 94.318+5.219¢** 73.765+6.035¢ 59.091+4.728b
TS6 0.568+0.084¢c** 0.556+0.110b 120.739+8.780c  716.667+41.184a**  71.023+5.8308¢ 167.284+11.919a
TS7 - - 677.586+29.599a%** - 99.138+4.300b -
TS8 0.5051+0.081c* - 539.899+12.827b** - 153.535 4+19.574a -
TSO #HEB 0.015+0.004f 0.012+0.005¢ 20.561+1.774¢ 16.221+2.547¢
TS1 1.374+0.078d* 0.090+£0.021e* 50.924+4.493d 40.199+3.399d
TS2 1.492+0.085d** 0.070+£0.009e* 45.081+£3.740d** 34.314+3.600d**
TS3 3.182+0.250 1.9140.116b** 71.246x5.291c* 57.309+3.393¢
TS4 5.755+0.199¢%** 2.636+0.160a** 123.412+£9.299a**  66.035+£3.639¢**
TS5 4.149+0.432b** 2.558+0.337a 76.495+7.911¢ 67.301+4.726¢**
TS6 5.865+0.745a%* 0.582+0.144d 108.521+8.331b 63.204+6.360c**
TS7 1.369+0.273d 1.635+0.232¢ 108.026+8.189b**  154.519 2+10.160a
TS8 0.767+£0.091e* 0.531+0.098d 105.005£9.299b** 103.512+8.500b

e NEFREA R NZR F— R XSS SR BRI RE 0.05 BERE, *

REABEKETHAGENAY MARMESRS

EER B EMEKESHR 0.05 F10.01,

Ni BRI 8 , R IA Ni>Zn,
2.3 Cd/Zn X EEAXERE MRKESE N

TE Cd/Zn EE1EAT (R 2,38 3) , lEE T Ik
RGN, Cd Zn FESA Y MRERRALAY & &5 TS0 48
Lb & I $5(P<0.05 ) . F1 Cd/Zn/Ni ZZEAEAT
A2 —HE, Cd AEBH S D 453045 B9 o BU LB IR SR
SRR R R IWERRES . T Zn ZEHIE B

BB I EGRN, MR 3 TTLUE H , E 1513 Pk
A, MESEAITRRE I FHER . 7E TS1-TS4
FK¥- , Cd>Zn>Ni; 7E TS6 7K, Zn>Ni>Cd(TS7 . TSS H
ETHZBATHBOM AN &5 s R80 ; fEtH S

NERZE-ZE R, Cd ERRE I 7E 8 AR K ET
WA B K, 1M Zn Fl Ni M EE, 78 TS1~TS3 /K B Zn>
Ni, T8l TS4 7K, B Ni ¥ ik 3] 250 mg-kg™ J&

R®3 ZMTBEPHIAAT NIEKRBIRIZRAY

Table 3 The transfer ratio of roots to soil( EF) and shoots to roots( TF) of carrot in the oasis soils

Pl Cd Zn Ni
K¥ ERA EFB TFA TFB EFA EFB TFA TFB EFA TFA

TSO 0.029:0.012 0.029+0.012 1235:0237 1.235:0.245 0.058:0.009 0.058+0.009 1.268+0.092 1.268x0.092 0.040+0.005 0.744x0.036
TS1 0.441x0.088 0.405:0.096 12.472+0.141" 15.356£2.936" 0.109:0.007" 0.232+0.020" 1.234x0.049 1.2670.005 0.105:0.015 1.052:0.065
TS2 0.812:0.166 0.075+0.011% 9.309£0.839" 21.341+1.849™ 0.138+0.008° 0.108x0.011° 1.236x0.012° 1.314£0.029° 0.120+0.008 1.058x0.003
TS3 6.147+0.435" 2.332:0.142" 0.950£0.020" 1.663+0.030" 0.221x0.019" 0.138+0.008" 0.945:0.010° 1.243:0.019" 0.126+0.014 0.822:0.003
TS4 04910089 2.478+0.150" 1.884+0.091° 2.183:0.057° 0.274x0.018" 0.113+0.006” 0.388+0.001" 1.869+0.038" 0.187+0.015 0.679+0.004

TS5 - 2.545+0.334 - 1.622+0.045 0.119+0.007 0.099+0.007 0.854+0.020" 1.137+0.038" 0.130+0.010 1.248+0.002
TS6 0.232+0.046 0.289+0.072 1.02320.054° 10.081£1.310™ 0.848+0.049" 0.063+0.006" 0.169+0.003" 1.717£0.042" 0.304£0.022 0.425:0.002
TS7 - 0.419+0.060 - 0.838+0.049 - 0.130+0.009 - 0.699+0.007 - -
TS8 - 0.089+0.016 - 1.431+0.097 - 0.090+0.043 - 1.021+0.262 - -

1 :EFA EFB I 4 4 A B RUEERE, TFA TFB S BIRMHA AB WEBEREG* M+ ZoRREREKE THAGEERBNEEER
B2 B B K43 5108 0.05 #10.01,
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b [ vk i 7K HE 0 B S R AIR (P<0.01), 3R BLA Ni X
A NI Cd MR . T NI RSHH 3 D EhZBilk
Zn MR N TS2 FHUR, e RIVE B 7K P B i i s B
SN, FRAE TSA KRR T B2 (P<0.01),
VR Ni XT3 PSRRI Zn BRHFEM . XM
Parida B K S\ WF57AH 5, B Hh B Ni Wk B iy
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/)y, BIFNi SR EXT Zn RN, AR, FE
TS1 K FHF, A Ni & 58 ZERIKAY Zn FHIC Ni
B/, XFIFTE Ni X% MY EEm—8, Uil
Ni AR B S A KR S E R FHEE
fEH . AN HEUE F& , Ni XFEHE 2Rl E

GRS IO , X5 — A B U, NI TR
XHHE MRRIFEFERTEMN,

MPAE T CdZn e EHBIENE (R 3), 4

TS4 7K ¥R ,Cd TLE ) EFASEFB(P<0.01,{BH: A 7E
TS1 KRB E), MR TS4 /K5 W R Z (P<0.01),
Cd JTE M TF HAEFTA W EKF-(P<0.05)¥2 TFA<
TFB, X RARE Ni BmA, THEB T 250 mg ke
WS, B IVE B R Cd -3 35 3 Pk
FNBZERZEM AR, B Ni S 5R-ILT Cd B
EHE X TF Zn JUER BTG WEKFET (P<0.05,1H
Hi TS5 EF FITS1 M TF ME R AR E), ¥k
EFASEFB, TFA<TFB, Ui Ni 2238 T Zn AL
R MR RERER, (AAIRELT Zn MEAE
MERZERZEM- ARSI, B Ni AT DU SER S MR
X Zn @M, TANGIEAEE D ZEMXT Zn BRI, 5
Fb, BT Ni WAR R R FAE AR, BARUL,
N AR Ni I Zn TERRE O TEAME T2

3 Hig

ACHIZE T SN K ES 138 FR Cd/Zn/Ni Cd/Zn T

MESGTHREFTHE MHERAESRE IR
fiEo 38 PN G B HCBCI 9T A B, TR IR
Ni X8I DA IE AR EOR, (EREE W93
I, NS A& IR K AR F AR TR, UL
X Ni XIWIE bAEAWR Cd 7= A M HEH
Rk Cd 7ERA %S b4 Fm LA Rt (BT HA 8 bR
W Zn HFAEARHEAE R, S F0RAE Zn 12 L3R-WIH PR
ZEATRGT R REM, BF Cd\Zn Ni 3 FhESJRES
M-I MER PR SIERHRIY Cd.Ni 1Y
FEVUERA K Zo Ni 9P FEHER . eoh, A48 Ni
HEF  WE M TYERESRENSTRVESRESE
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FEGER U W IR 85 1 SRR 1 pH (B REAR 1
Nift A Rk
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