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NES, AHRV R RPN 20 PR A LR T SRR . (R Y BCE AR R 1995 Y 3% (PCNB:
0.44~9.88 mgkg '; Cd: 035~ 1.96mg-kg ), il id FARRE:, MWEHFHFKHNTE, IF0HE AN PCNB I Cd 1 7
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AR M. ANER . BEHEMHALX PCNB B ERY T EEXE R L eREirdE, M MyREE | BHNE
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60 15, HUCR B F LMD b, KRFIHESEXT PCNB (195 A28 ) A BIMIRIKR g5 55 m  /NESE . B3 L &R
MBS ERIE b X Cd B SR EE N dm, Ml Ak, EREE (P<0.05, n=5), [#it] PCNB-
Cd A T5 P X E KR PCNB, Cd BAEHEMER . 25 b, 3%, MZEX PCNB. Cd I EERNEIE, SHAERES
YL 1) PCNB-Cd B A 15 Y4 H e Al o AR5 i 45 5 A AR 1 T b DX 5% S HE 25 440 1 O Ak A 32 44 77 390 s
KRR RN MRy BATY; BERUN; B

PESES: SI81 MHEIRERB: A MEHRES: 1008-0384 (2024) 12-1374-11

PCNB and Cd Accumulations in Vegetables Grown on Contaminated Soil
PAN Shengwangl'z, YANG Xiangyu], SHEN Jiawei]’z, YANG Chengpengl"z, CHEN Chuntan’ *, GAO Yangl’2 !
(1. Chengdu University, Chengdu, Sichuan 610106, China; 2. Key Laboratory of Low-cost Rural Environmental Treatment
Technology in Education Department of Sichuan Province, Dazhou, Sichuan 635000, China)
Abstract: [Objective]l Variations in accumulating PCNB and Cd of different species of vegetables grown on a contaminated
soil were studied. [Method] Different concentrations of contaminated soil were prepared (PCNB: 0.44-9.88 mg'kgfl; Cd:
0.35-1.96 mg-kgfl), and a pot experiment was conducted to determine the dry weight of vegetables and analyze the
concentrations of PCNB and Cd within the vegetables, monitoring the growth and pollutant absorption/accumulation of
Lactuca sativa (CL), L. sativa var. longifolia (RL), Brassica rapa subsp. chinensis (PC), Raphanus sativus (RR), and L. sativa
var. angustata (AL) in PCNB-Cd contaminated soil. [Result] Light and medium levels (i.e., 0.44-6.74 mg~kg71) of PCNB
pollution on the soil stimulated growth of the leafy vegetables tested. However, when the contamination reached the severe

level at 9.88-9.96 mg-kgfl, the growth was significantly inhibited. And all levels of the contamination were detrimental to
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growth of the root vegetables. Cd pollution at between 0.35 mg-kgﬂ and 1.96 mg~kg71 cut the biomass production on all 5

vegetables. In combination, PCNB at 0.47-9.88 mg-kg{l and Cd at 0.46-1.63 mg-kg’l resulted in varied effects on the

vegetable growth. The PCNB contents in the leaves of CL, RL, PC, and AL grown on the severely contaminated soil exceeded

the food safety threshold, but the roots of RR and stems of AL did not. Meanwhile, Cd in AL leaves significantly rose to a level

surpassing the standard by 60 times, which was followed by the level in the stems of AL and that in the roots of RR. Overall,
PCNB absorbed by the vegetables or part of the plants ranked as AL leaves>PC> AL stems>RL>CL>RR, and Cd in the
order of AL leaves™> AL stems>RR > PC>CL>RL (P<0.05, n=5). [Conclusion] The soil contaminated with PCNB-Cd

did not significantly affect the absorption of the pollutants individually by the vegetables. In general, L. sativa and L. sativa

var. longifolia accumulated PCNB and Cd less than the other tested vegetables making them more suitable for farming on lands

moderately polluted with PCNB-Cd.

Key words: pentachloronitrobenzene; cadmium; combined contamination; bioconcentration effect; vegetables

0 7l=

[ 2 XY TRt s iR AR . Tl
gl Ar=2HHNET, LEZRGMESEL S
HHMFRE H R N E, SRR AT MR i e
R EEY . AT ] Cd R TR |
YL Fl ) R E R, B X R R A
Y. BESRAA Eh od SR E AR i, 2%
MIEER SN Cd AR A & AERE ST, T HA R S i
%5528 HAM R (pentachlorobenzene,
PCNB) /& AL R KR WA, BA I AR
(Organochlorine pesticides, OCPs), & & 1 3 FlFh T 1Y
FAL. TSR SR AT . ROEUR B R A R
B MRS AR, Rk S~104 AT H
i, ALHE  ELE A B 2 B R AR PCNB,  +1
PR TR IsR B Y, Ol e R . R
M7, T PCNB {5 4400 i 3 HY 52 W52 e b, 240
L 7E PCNB Bt alP 2y T . itk, #4858 PCNB
15 g 0TR[] B SR i Rl Uz s B2 AR PCNB AR PE X &
AR . WHELT M EZERRAEREEX
Lo UARFRUIA ST BEAER “RIFZEH", +
HWHEIR . W= FaE, R E A5 E -,
Bl T AR R A PR R, Tl =R HERORIAR
R, RS A g Y iE s T 2 TR
Ak, BATE Y ORI i I5 R Y |
H HLEUR 25 R EE 4 )& 52 6 1 e J il 3 ol 11 1
VGG A  CAR T X ER S M, R T RO R
F =4 & %t (dichlorodiphenyltrichloroethane, DDT )
NEAM B (hexachlorocyclohexane, HCH ) . 75 & 7K
( hexachlorobenzene, HCB ). PCNBTYE N By 18 ff
OCPs, #43# %5 ik 100%™, 14 X B 4 OCPs
AR T K AR (GB15618—1995) 1 [
{H, {HES5> OCPs 5k B K7 T i T3 T A 2 AU
oI 25 R A Sl L7 0 1 o 2 Aoy A b

erb, Cd B, A RNERY 0.04~0.80 mg-kg
A 8.63% M4 M LG T GB 15618—1995 1125 +
SRR RE BRI 0.6 mgrkg ', S Yok PR
PR AR 2R L Tl 2k e A s E HE Y &k
HMESBE G TEEE MM L. M,
FIAEAIR & 4R 0 AR MR 2 M 5 e W 7E B W ik b A% 3
FR B AR A e 0 — Fh A 88 e, IR o ARl 22 4
PR PRI T 22 A 1) AT O T i 3 1 L
TR B OGS ) ] AR 5 ) 2R IR, RS LR
Ji 3 A Y S iR SR AE PCNB-Cd & 575 4 T
e BRVRE, BRITE X PCNB. Cd 1 & %68 7,
SRy A S T ol R 45 A R R L R Y A ) PR 4
FIFHER AR
1 #H#5 7
1.1 RX3e AR

TR R B RCER R S S0 B R R
(5~20cm ), HHERACHEE L, FARBMHE. pH
{5 7.06, HHLIT 15.63 g'kg ', B 109.44 mgkg ',
PEALHE 17.82 mg'kg |, BEALH 98.23 mg'kg '; PCNB
M oCd & &4 9k 0 mgkg A 0.012 mgkg |, A
Cd & BEAEALT &A™ i ™ 2855 5T & P40 A
W) (HI/T 332—2006) 1 Cd & £ <03 mgkg '
BRAELGE ™, W R R R EOR . I T

5 A RE 5 20 I B ORIl 5 A2 3% (Lactuca
sativa ) . =~ 8 WU Z= o BE M % 3% (Lactuca sativa var.
longifolia ) . BWIWUZEYM/NAZE ( Brassica campestris
L. ssp. chinensis ). 1F & Wi B LA Bk 2 b (Red
Raphanus sativus ) . P22 KRI85 5% ( Lactuca sativa
var. angustata ) , FHAPF 0 T 00 )14 R B4 A BR
A8
1.2 XERANIRF

ACAS : ACHR 8% A - - 3l R A DU £ GC-ECD
(7890B, Agilent), FCXUE A ah#kEtEdR; BT RKF
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( BSA-2202S-CW, Sartorius ) ; ¥ ZREEELHL ( X3R,
Thermo ) ; JRFIRA)%S ( Multi Reax, heidolph ); H /&%
FA3 45 88 R 1AL ICP-MS ( NexION1000, PE ) .

A HAWMIERNER, WA Supelco ATl ;
NG Wi, WERM R Y N ai%g, REGha

(4 g MgSO4. 1 g NaCl. 0.5 g Na,H,CsHO, Fll 1 g
CeHsNa;0,); H 1% (2mL B.0%, W& 20 mg
PSA. 7.5 mg GCB. 142.5 mg Jo7Kk MgS0,); A ki
R [ 2R ChED) ABRAFE
1.3 REHE

PCNB-Cd {54+ + 4. 2 AL #BF- )it 13 PCNB,
Cd 15 e K ¥, BERURL 75 g 4R 200 R AR
B9 R [F ) PCNB % T H B . 9 41 A [A] i CdCl,

(CdCl,-2.5H,0) ¥ TR, ¥ABHRIRA LR,
BEPEI SR, PR 4 41 PONB 30 4 4 Cd +
Wit RAHMAE A L, FRBEAKER
Ja. BapHasE o, ne, EE TP 304)5,
51X B 14 4S5 Y kb B2, ] GC-ECD™,
ICP-MS™* 43 51 K ) e i + 4 b PCNB Al Cd FY) e
B, O BB - Yl i B0k RN A 2 T Y e B0k
X5 YRR AT R, AR LA 1,

R BAIBAISRKTE

Table 1 Soil contamination at test lot

v e iisf%PCNB ﬁ%%&i m%ﬁfg
No. Treatment Soil total PSNB/ Soil totali(lid/ Pollution
(mg'kg ) (mg'kg ) degree
1 CK 0.00 0.012 G4
2 PCNB-1 0.44 0.012 i g
3 PCNB-2 0.94 0.012 LEREES
4 PCNB-3 2.54 0.012 EEER/C
5 PCNB-4 6.25 0.012 g gy
6 PCNB-5 9.96 0.012 ENEYS
7 Cd-1 0.00 0.35 LEREES
8 Cd-2 0.00 0.54 B
9 Cd-3 0.00 0.78 g e
10 Cd-4 0.00 125 ESRCET
11 Cd-5 0.00 1.96 EREPS
12 PCNB-Cd-1 0.47 0.46 i g
13 PCNB-Cd-2 1.01 1.07 g e
14 PCNB-Cd-3 6.74 1.63 s g
15 PCNB-Cd-4 9.88 0.77 G

SRR . RIS T 2023 4F 2~6 A 7EER KR F R
P SEB0 FE M E AT o OB W BFE S 30 d S Y R AR
IR A (25 emX20 cmX 17 cm), 4§45+ 4 kg;

SR RS FL A LD WO FC L, DABT 18 B W
R AT B AN 1.5 g A NS, WK 1 S Ak
Fr, S HRERSEAE 1 AKX BRLLR 14 AN [R] V5 Y b B
ik s ER, it 375 4

PR E MR RS RK I, &
MR . ADNAKME NRHERE R, &
AR SIREF 10~ 15 0, FRghii i A B 5 [
Wi, HAE A, T3 H PR, 60dEUaR; 5
FRHABB I, Wi 4 iz, K%
— AR HET B B2, RIFHSEAEKE
B, 4 AMBE, 50dElcR. FRE, R
AR 1R, DLGRUEA [ i S 25 0F, JRAR
KA EHATOEHE . M, - OR O R )
ik & (65£2) %. i AR b A K R AR AR i
5 A DT 7 W SE ah P B Ak A R R, 5
Hofts 4 FhBE AR, R 58 55 (DA B AT — 2 )
PR
1.4 MEFE
141 H¥mi%E

Z:% (R HEA G W B RS ) (HIT 166—
2004 ) SRAE RS I S RRERR AT R, H
PRV QULR T RGN o T |1 TR iR s
FREUEETR J5 , #F437E 105 °C 237 30 min J5, 470 C
PR A T 2, FRECTE; #4 H& &
TRHEALAI, B TR A B4, 7E-18 C T &
fF . PRI - ORISR 835 hy R HURE .

142 PCNB &M<

BEERE S . BiSEh PCNB & HE S R (B3
FKSR G U . AL $OUBR B2 g 2 5 1R P
Haofe 25 ZHR R I E ) (NT/Y 761—2008 ) S AH 0 1%
Ao P R R TR RE LA R AT, B
25 g il FHET 100 mL HIEHEIE T, i 50 mL £ i1
PEHEL L, WHEE Y 10 min, £5.0 5Smin, B 2T
WA T 10 mL R O T, %% 1 min,
B0 S min, MAVAHFUKAHSE . B 2GRS
W S mL THIE R, f£60CT, AT+, HIE
CHEARZE SmL, W€ 1 min, 3022 pm A WL
Z 1 mL #FEE A, FF EALRI .

AR BC10 g BHERE T 50 mL B0 A
o, 10 mL 20, ¥R 7% $2H 30 min, 015 g Ak
N, IRBHE 1 min, 2.0 5Smin, BV 2 mL T35
B, AT, HOWESR 2mL, W€ 1 min,
0.22 um A HLIEMEE | mL BEREHUR, 5 EALRGI .

GC-ECD % #fr: DB-1707 B4 H: (30 mXx0.32
mm, 025 pm), Ni-ECD HL FHfi A0 45 ; dEAE 0
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T BE 230 G5 A g% BE 300 C 5 #EREAE 1 L,
SYURHERE, ARUR L 10015 A5G AR THR AR T O W) b
85°C, 10 C'min ' F+ZE 170 °C, 5 C'min ' F}F& 220 C,
20 C-min ' F}% 300 °C, 3 min., MJrEEH, PCNB K
[ i % H 85%~ 110%, F4 11 4 0.0002 mg-kg ' M
S B At LR b o S AT B S R A R T
iRauie

143 CdA=Mx

BESERERL . B Cd R IE R (A4
B ZArfE & i h 20K MiE ) (GB 5009.268—
2016 ) HURHE G 25 B ARG R BT g B AL R
FREM TR P, iMA 5 mL HNOs, 1 mL &5
g, #ESR, KM (CEM-MARS) fi§
i, EBETKERZE25mL)F, F/KE, 25 mmX
0.45 pm of PEEF K VR AR 2 S0 mL B0 . ks
R E T VKA ORAE, T L LA

FHERE S BRER 0.2 g HirAb R HHERE OB R E T
4164, A 5 mL HNO;, 1mL HF, #&itk, %
FH 00k T4 @ A ( CEM-MARS ) e, 28 FKE%R
£ 25mL Ji, iKFR, 25 mmX0.45 um it JEEF Kk
MR E SomL B4 . WY ALSRE S E T KA R
f£, FF LA,

ICP-MS /37 : R A A0 FR T
RIIE 1200 W, SRAEEHEE 8 mm, FERE 2 C,
AL 0.66 Lmin |, S5 TS 17 L'min |,
EENS M 120 Lomin |, ¥EEHE 44 60 rmin . I
D5, Cd R R 90%~ 97%, 5 i BR 4 0.002
mgkg o AT FELL “GBW10048 ( GSB-26) AE ¥k
Sy ARUE Y IR 3T A “GBWO07409 3 AT 4340
BRAEDI T 43 BIEA T i S8 R - A i T i o
1.5 BUELLIE

Wit A E AR B PR 2 i KR
FiE ) (GB 2763—2021) 7 iy i 3% 2% % 25 AR 25
R HAMIE R W R KRR EE,; Mg (8
m A ERERE BB YR E ) (GB 2762—
2022) HRE S FhgE S R S R S R

& 4 Z B0 (bioconcentration factors, BCF ): &g
PR PN S R05 ey 5 i 5 T IS ey S B LA,
R T BN LR R RAE . EER
=gk A BARTS e & i (mgkg ') / B3P H
PRSI S (mgkg ).

i P 4 45 3 R 38 i 1 A ) B ((biomass
response to stress, BRS ) YE N PEMr 6 AR, PPk 58 % X
15 YL W T 2 P A Wy X I 36 B 57 /%= (R
) A 3R AT S o AR B - CK AR 3R R v &2 H

oA R )/ CK AR g2 v] £ I A AR 61X
100,

K SPSS 27.01 X &ls #4748 1153 Hr s H Origin
8.0 YR RIS EI R .

2 ZRE55T

2.1 13 PCNB # Cd 53 HREE KM
2.1.1 PCNB 5 % +3

PCNB Xt 55 32 AE W)/t 952 0 WLIE 1. #E CK 4b 3
MM L, ESE WhES. DEZF. B, A
MR E W 1.24, 2,15, 052, 5.63, 8.62, 4.55
gk . SRR CK AL, B# PCNB kb BEk i 1
Fhi, B MEFRA/NAENTEZAET G
B f ke B, AR ZE 28BS 19 T 31 0 2 3L T B
e TETS LUK S PCNB-5 B, 8532 ] £ F 3B/ 09 1
AR I T X IR CK.

W IRk B PCNB ¥5 4« £ 3 ( PCNB-1~ PCNB-
4), AR MESE . DARMEY RS INT
8.21%~ 54.52%. 11.35%~53.71%. 0.85%~ 24.92%;
B E PCNB 5 Y +3% I (PCNB-5), /3. &3,
/NFISERY BRS S i {E, Ul W] R IRk B2 PCNB + 1
PSR A KA R, R S
¥R, 7EPCNBACHEEAY 4 I, & . BEEFEnt
BRS ¥ N {8, JEHI7E-22.55%~—8.26% ., —26.71~
—10.91%. —19.56%~—6.92%, 1] PCNB X} A 2£ 2%
B R AE KA RIVERT, x5 55 25 52 & T
e
2,12 Cd 7424

FECAdi5 e 158 b, 5 Rk S m A K 34 32 252
(K 1). 7E Cd-1~Cd-5 MT5 4L K |, 5 R e vl
R T R Cd ARV BT I, HAR
KT CK b3, 3 Cdi5 Xt S R e A KB
FEIAERT, AH6 AR 222850 32 r M il VR FH A W W

XTI CK A EL, 5 FPgh e sy Je 3% iy
AW AT B R R, H BRS ¥R i . 2Rk
BRS 75 Bl —32.89%~—-12.27% , H/hNHE3EZ Cd
SOMAEON 3 . MRZEKEEE BRS H-34.26%~-19.56%,
TR MR E R TGS fE Cdis Y HIERBET,
Cd X 5% 55 1 25 14 52 0l 2 X B S I B 52 )

2.1.3 PCNB-Cd £ &7 %

SRR E Al g HIEA KRR PR AR
gk BERHEFESFNSE., X TEHS TEW
1R, BEER A5 YR B R, si8 TE M
Ak 5 8 PCNB {5 34, A58 TSR/
FEH 112~ 174 ¢tk 1.84~3.06 g B ', 041~
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Fig. 1 Dry weight edible part of vegetables grown on PCNB-Cd contaminated soil
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JH; PCNB-Cd & A i5Y et 8 b sS40t
Ay sl I EIE T . /N ISR ) BRS 2 —-20.42%~
10.34%, XAEARE A 159 (PCNB-Cd-1) W i iE1H ,
EALVEVE ;A KA Yk SE T G, Sl
YERT, JELRFTRE /N SR B 5 32 + 5 Cd 152
22 ARAAIEETIHFEPCNBHM CAHRBEEES
2.2.1 PCNB /5 % +3%

TETCT5Ye 3% CK MRis e 11 b SRk

It PCNB. % 2 n] & #f 2> PCNB & & W&l 2, 7E
¥ . M#EF . INHZESE PCNB {5 Y -5 (PCNB-1~
PCNB-4) |- PCNB i & i 2 2.98X 10 *~3.87 X10°
mg-kg ', IR I 2 A v 2R B S A Kk
f* 0.05 mgkg ', {H £ PCNB T H ik FF i 9.98
mg-kg B b E b, 3 Rh R 2 g SR M A B R A
2%~6%. PCNB 7E8 228 il R MK, &Eh
1.20X10°~3.00X10 "’ mg'kg ', A[AE5 % b X} PCNB
BRI A K. BRI TN 1.09X10 2~ 1.65X
10 'mg-kg ', AHE T A AR ZE K ST B A R
AR FRE 0.20 mg-kg ', 1M &5 % 7E PCNB-4~PCNB-
ST e8I, i REE 1~2 5.

PCNB - 3 & % & ¥ H 1.0X10 *~3.92X10°
(FE3), Hoggamtimk, & M, BH2E. /D
EENEIF SIS I Y G e e 1]
222 CdiF4 i

K4 f7R, 76 CK Il PCNB {55408 ( PCNB-
1~PCNB-5) I, #3 Cd % &8 7€ 40X10°~8.0X
107 mgrkg ', A BBR £L 52 42326 BREEE 0.20
mgkg | BARZEA IR EAE 0.1 mgkg o 7E Cd ¥5 Y 145
B (Cd-1), A3, WmESR. PHEZECdH 5
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