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Abstract: In order to explore the effects of Pyrenes, one kind of polycyclic aromatic hydrocarbons, on vegetables, eleven
kinds of Chinese cabbages, which are common varieties in North China, were cultured with the treatments of different
concentrations of pyrene through pot experiments. We analyzed the physiological characteristics based on three indicators,
including biomass, malondialdehyde, and chlorophyll. The results showed that different treatments of pyrene concentrations
had significant effects on the physiological characteristics of various species of Chinese cabbage. There were two results of
the pyrenes on biomass of Chinese cabbage: one was that biomass gradually decreased with the increase of pyrene
concentrations ; the other was that biomass increased with the treatment of low and medium concentration stress (5, 15, 45
mg/kg) , and decreased with the treatment of high concentration (135, 405 mg/kg). The content of malondialdehyde
(MDA) in Chinese cabbage showed rather different with the treatments of pyrene concentration; (1) no significant

difference among the different treatments; (2) gradually increase of MDA with the treatment of increase concentrations of
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pyrene; and (3) significantly lower than the control group. As to the content of chlorophyll in the Chinese cabbage, there
were two different results with the treatment of pyrene, such as rising with the treatment of low and medium concentration of
pyrene, then decreasing under high concentration, and gradually increase of chlorophyll with the increase of the
concentration of pyrene. The species of Chinese cabbages, such as JCB and ZB- 50, were observed to have the
characteristics of well tolerance to the stress of pyrene, based on no significant changes of the above physiological indicators.
The species of JC-60 and JCL were more sensitive with the treatment of medium concentration of pyrene, while species of
JQ-65 and JH- 308 showed more sensitive at high concentrations of pyrene. These could be indicative vegetable for the

contaminated soil with low, medium, or high concentrations of pyrene.

Key Words: pyrene; Chinese cabbage; malondialdehyde; chlorophyll

Z I J5 % (Polyeyclic Aromatic Hydrocarbons, PAHs ) 2&—JE HA SN DL E R 5 &, Hb A 16
Folvigle 56 [l R (R 0 2 Ry e e s Rl A LTS e | O (4 R PR A BILTS e, A T A B v B SR AR
PEREEERRR LR 22 06T . PAHs FZ fR S8 SR i FRIE I, Wb RRHER B A= ) Js R
PeMAIIINR S . ZH R BRI S v TR KR IR R B A R - s i B ]
e e A AT, AR IHE 90% DL LAY PAHs BRBE G M AR, TS YL a8 H 25 ™
X AR L R A S PR AR B T — 2 AR, AR A 42 [ 2005-2013 4R 85 Ju i A 45 R ok 3K
FR o> DX s Y A E AT 15 sz 2R R AR 19I5 %, 2305 R WL IS Y S0 AR Rl
1.4% . 5574 PAHs( < 3 MR ML, R0 71 PAHs( =4 2RI ) Sk B4 fige 1 7 + SR b rh K
WIfFET | TR 4 DAL IR ITE 5 PAHs A RE MM, BR O T EZSH SR A%,
WA I FE R AL ST L Peng 25T I A5 A 5T 4 3 b 1 28 R TE ELZE 6.9—1560.8 pg/kg, SEXI{E K
127.3 pg/kg; RIS X K HEH LRI LI T/IHT, BT HAE 12.5—183 pg/kg ZIH]; 25
TERIT = AN DI 11 AT T E )2 138 16 Fh4% PAHs WML 10.1—3058.6 pg/kg.

H AT, ©A AP E X Z 0I5 AN [FAE ) A A2 i B B9, A [R) R 00 %A BIL TS G4y 0% 2 e o 1oy 547 B
2SI R R Y PAHs XA A A K BT B0 AR, R B 2 RS I a8 R (9 LRSI (Arabidopsis
thaliana) ML Capsicum annuum 1.) /NFZ ( Triticum acstivnm ) | F13% ( Brassica pekimensis) | V89 14 ( Solanum
lycopersicum) , EK( Zea mays L.) FZL5.( Vigna angularis) #5H BT A= K 32 il 69 PG B B K
B :50—200 mg/ kg JiEKF TSI b B A I SRR (0 3R 5 0 IG5 S M E MR EE R T 50
mg/ kg IR ARRIZE 0T B fof 0 PR, HLR B 4R 5 1T Maliszewska-Kordybach %8 58 & BE, &
K FEEFEWTAEALT 10 mg/L B9 PAHs BTt B iy L3 bt A IO A KA T EH ., A 2TRE &
BIRME R B, W K B B SE , H ETEOS AN 6] &R B 1 S E 2 05 2 ia R i A BRAFE B ST A D | LR
JEH DR ULEY 11 A S BFFEXS B IR T HLTS Qe e ) 2 i A= BRAE bR i) BAT B2 5 ), B 720 PAHSs
XA 0 5 LB 5T FHER 22 1 & A A P 4 — i i B AR AT

1 HRHABFFE

1.1 SEEe bR

TR E AR X H UL 11 AN]SR Y SR SR B X 42 . 507 60 (JC-60) , 3 FK 65 (JQ-65) , Hi I
25 (JCW-2) , 3 EFH (JCB) , 5 AR 70 (JC-70) , 4k (JCL) Atk 4L =5 (JH-2) , 111 50 (ZB-50) , # 21
308 (JH-308) , 440> (JX) FMRSE 1 5 (KC-1) , 340 H 650 RARBE 22 B st WF 25 ARl B A R 7 A 4
BB SEAE T TS T . B8 (>95% ,GC) W iR hr T A AL B A BR A+

S A S A TR KO R AE B L, HARRT S Bk AR AR 3 mm 0 fEAE R, S
B R HEA ML S R 5%, pH Sy 8.42; LB EEBYVR E S 0.09 me/ kg, ARG A SE SCHRT' , 13 A B
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<0.4 mg/kgfit, AT LLZBE AL
1.2 SR

HRAEAZ PN AT I EE XS (ISR A KRS 18 5,15 .45 135 405 me/kg DL Kb BAZH H: 24 26 kB ek
UK, HERERCE kS BNV T MR R i LR OR FRE 35 ¢ BETHE S TN EA R, AR 10
kg ()48 BIEE MR B R 3500 me/ kg 9 1398 B 138 KUt Fh b 4, e NN o8 4 R JE i P 5], 78 bk H 4%
H 3 I AN [R5 HR G TS e i 398 SEAT AR R T AN W) A Bk B 1) 38 2 I BRI S o e Ak
PR E ) 44 7 kg T 18 em AR 23 em R A 21 em BB 0 T AR (3G 98 A0 3520 ik
FIEH AR B EAE P IMAZ (CO(NH,),) B (KH,PO,) B (KC) B4 2.24 3.07.0.32 g, [AlHH5EK 2 H
[ K R — 8, A SERD T DU T IS AR AL BE  7E 75% W9KE FRIR 5 min J5 , FZRIB/K IS, 58 T 55°C
HY7K H IR

11 Bl SRR AR AR P RE R 15 R, B TR E PR 3E, AR 24°C P MR 32°C . Rkl
R EM G BB BRI N R AT 3 REE L SRR R B BRI T B 80 d,
1.3 SRk

(1) A=yt () Y SE

FI SRS MR IE FE FOR /K sp b SR T 1) = B B2y PR 25 B8 oK vp ok = , DR A4 TR MK 43 )5, F R FE
FRIBUR IR B 4,

(2) A . FE (MDA) iy 2

PR B SR AR MDA A7) & (TBA He i) M, W B AL FmARAE D RHE A BR AR, ARk
BRMFREC 0.4 ¢ FEMBTIESS A 4 mL ZHEUS MG 585001 | 28 4000 r/min 5.0 10 min, §U 1 mL VW, Je)5
A 0.005 mL HLAAAK]  TBA TAEWR , M HAE 450,532,600 nm Ak (W 6 BEE

(2) WRERZ

M4 3R a FIFEEER b 1Y & S MR Gitelson 451" SR FHAY Jr ik FRELARI (360 0.1 ¢ & FaER i
AR 95% CBEF/D Y CaCOy, WFES B 513K, b U8 % 25 mL b8 1 95% M S lE 45 ), T UK
665 .649 470 nm b RE O EEE
1.4 B3 R 5B

K H Excel 2016 ,SPSS 24.0 #4748 b BN 2 N 25 22 000, R /N 3P 22 515 (1LSD, P<0.05) ##47
Z 8 R M Origin 2018 HEATIRITE 224l

2 ERES

2.1 Wi ()

F SR8 A W e e AS RV S EEAE T LA AN [ A2 22 [R] R AU R 7 25 0 AT B, 3 S 10 2R 28 Wk 3 38 %
AYEA B E R (P<0.001) , H FASEMIEHER A TAEN, £ 1 BRny2 11 f Sy 7e A
WREEEAVE R R AR RS B0, AR L BN R A — {8« U7 A IR SR ARSI, (SR AR G, H
ORI 2 5 R AR 70 RS JERR L T4 P 50 T 4L 308 A0 RSE 1 S X 9 R SR Y
A A R R BRGNS R S T S R AR Ay R e BB U B, X BRATAE EL L9 B SR TR B v
AR S — S (A R AR e K FE TR N EE W Bl 45 mg/kg B, AW S0 B THiE T 178.62% , i i b i 2
70 JEiX 9 Bl SR Sh R A AL B /N FETR INEE MR B 1y 15 mg/kg B A M1 AN TG 16.12% , Hifth 7 Fh 32 A4 4
EFHEY AN 17.57%—158.40% , HL32 60  GLAK 65 33X B [ 372 i Rl ) A 40 B o 18 Tk B8 P T o 1 o
% Horr  7E 405 me/kg BEVREERYIIE T AL Wik W2 REAIR, 320 60 A9 A Wit BRI (59.25% ) = T8k 65 A
PR (47.96%) .

2.2 A _EE(MDA)
FRE IR 2575 22 04, AS[R) S L AR B TR 8 (MDA & A7 i 5 25 57 (P<0.001) , 79 2 S A
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YIlg it AL FR B R B, 2 A W R GE R ik A A 1 700 , R [B]H2 1) S WA 7 22 B A0 (0 Jolh 3 ) 440 e
I Z I REE , MDA 5 ol Sz iR BE AR i 1 o AR AL X 11 Bl PSR AN )k B 4 398 28 Bl
T MDA & i 2B AN AR LR . — RN EEEE A T, (128 MDA & & 00 B 3 AR ML, DIOR BRI o
A 50 3% 3 Fp SR A O SXT IR L, U R R MDA TR0 R (26.35%) , i H L TR
B (19.9% ) 3 “ I3 MDA 25 B B EE I FE A3 I i &2 b Th#a %, in st 60 5iFk 65 75 41 308 st —5
PR ESEA R, S0 IRAR L, MDA & TR 0.18%—98.13% , HAE W 405 mg/kg tEAL BRI MDA &
W EET R, ORISR MDA & AR B E R YR X IR, it sk 70 st AR S ML AR 4L 50X 3
AR SRR MDA FEMRIR BERE A IS (5 me/kg) W5 FFAK, BRAR AT N 25.72% .60.38% ,26.8% ; i W 1

36 (135,405 mg/kg) F5%F RLAM LL, 5038 70 B9 MDA 75 & B E R K (41.51%) , B LML AR LT 5 0
EERNCIEENTE N
F1 EBEXNBEREYENRM
Table 1 Effect of pyrene stress on biomass of Chinese cabbage
. E T
FIS A Concentration of pyrene in soil/( mg/kg)
Chinese cabbage varieties
0 5 15 45 135 405

AR 60 364.24+13.29a 268.55+65.48b 332.59+0.31ab ~ 302.04£19.41ab  293.73+26.54ab 148.42+42.99¢
ik 65 441.31£16.78a 402.05+£12.02ab  416.49+62.74ab  329.31+£129.25b  272.49+10.64c 229.67+8.19¢
W2 ) 161.74+25.74b 326.65+103.00a  417.93+83.15a  334.88+11.83a 152.12+39.49b 77.22+17.65b
AR 413.71£123.71c ~ 698.76+21.23a 604.24+79.00ab  649.44+24.04ab  545.07+127.74b 292.33+40.34¢
LR 70 342.07+15.13a 350.16+18.39a 397.20+47.54a  380.63+103.08a  361.17+78.61a 337.95+45.14a
AR 445.79+4.76b 635.97+94.32a 591.43+101.73a  691.08+12.09a 431.55+117.07b 248.92+14.33¢
Fher 2 %5 437.93+17.70bc  514.88+45.76a 471.26+39.71abc 487.93+£80.36ab  411.05+2.07¢ 352.51+14.25d
1 H 50 400.60+4.31b 463.28+63.47ab  449.57+13.765ab 536.49+36.07a 474.95+0.74ab 237.27+111.50¢
4L 308 382.94+164.88b  466.00+94.23ab  650.90+127.46a 544.59+111.96ab 526.53+35.82ab 352.25+103.68b
B0 419.70+8.44b 533.71+12.43a 508.58+30.50a  487.79+58.97a 522.19+27.10a 364.19+10.73¢
P15 124.65+0.80b 282.58+55.99a 296.60+48.87a  347.30+61.29a 278.50+30.43a 121.25+74.26b

FPEYE N 3 WEE M P B ELRER AR/ FRAURTE 0.05 KF 25 RE

23 M=

XFUFERER a FIFEEEE b PEATRUR 2R 5 25 08T, 45 5 s F 32 04 S PRI EE (R VR BT 2 B 35 5 M) 4 SR 4 R
a M4 b Y& (P<0.001) . M e ST CAERMER AR, sy mEMEY e A 1EM,
I R e A AR A T AR SRy v T A B A B AR AR B AR — e FE R 1 R AR 9 A 4 B AN B
WpERY R 2 IR 3 T, RIR SRS 2 a FINFSEEE b o 18 Bl 2 B e A 3 i 52 B A TR A A
feias, M1 AR SRR S A AR AR A — RS 3 S IR E R (5
mg/kg) A FFHEH GETER 60 5K 65 FI.L =R ISk, Hih iR 60 B4R o Mt R b S &= B E T,
S ITHE 106.9% F11 102.8% ; 78 IR BEEE AL PR (15 .45 mg/kg) T, 4R S0 R %, M Hex) R4, i
LEE a FIHLEER b IR T 9.86%—12.34% 1 8.25%—20.21% ; 1E =W BE (135 405 mg/kg) i3 K 5% A
A, 538 60 (MK a S ETHE 136.32% , 5Rk 65 1442 b &8 5 E W 157.53% , PRk
FEEEMNE T R, S BT AR AR W R RS AT P 50 RIS DUR SR AE 5 me/kg EEIR
FET M2 a T EFEIKT 7.83%—23.71% , M4 % b F LT 16.9%—39.74% ; £ 1 = W BE (45,135,405
mg/kg) BEEMR A T 230 TR 48K a A1 b AR INR0 518 1.53%—21.34% 1 2.51%—18.86%, —
SE SR E S BB 0 W EE DY BG I ZE S, IR L AR 70 R SR AN 21 308 DUF 3K, 7E 405 mg/
ke WRBEEEMNE T 4 BRI E 3 a FIMFSRE b 40 5ITHE T 84.1%—122.53%F1 77.37%—120.29% |,
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Fig.1 Effect of pyrene stress on Malondialdehyde content of Chinese cabbage
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Fig.3 Effect of pyrene stress on chlorophyll b content of Chinese cabbage
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3.1 EEME XA R

R 0 A 78 A AR ) AR 32 2 0 I BV B 28 IR FE A | 18 AL R 2 IR R B ki A — 5 A TR 2 1
{5, B9 YA A W AR A A 8, (B LA O A A2 2 2 ARSI g, AR i e 28 s I 2 BRI ol
AL, TSR 60 FLEURK 65 3 A PS8 i B Bl A B VR B A 3G AR AT T B, T REJE PAHS FHAR
HLPIAR 22 A5 e - S R WS R 43 R K 208 1T 5 MR AR 4 F) A R AR SRR PE T T 53 A 9 B SR A e L B
“AE) U R AR S AR A T A A i A A B T v R B AR 3k 5 P AR T A R A R U RS O B
PR OIS LA B i A > A R SO SRR AR M R A I B ST A SR — B, R A 23
F5 XA A (14 A A EA I BT, (A A AR Bk > i R & B MR N R AR R e R
JE R Z2 R 07 IR I3 s, XA B T R Y, R 22 A S AR B R F RT EJ2: R PAHs B SR AR 25
PSR IR N 0 A K R TR R A A A S R R MER R K
3.2 EEMMEXT MDA A5

Z IR TFIE SR 7 A S A B R A4t R A X 2 L PN R R ST AB R K TR U (MDA) 7 it
A DA — e BB 1 S A2 4 T RO B ) R R Y I SRAE NI B MR B A T T B S AP EAS
[ AR AL R FEASDFZE HP 0 12 S R 7 AR B A EE AR B MDA 5 00 8 35 A8 Ak, 7 o TR B e Tl
T, 3% MDA &b W T, X SRR R ARl S0 N BRI T 5 SR — i, T 2 S R e
R B EE TR T 20 M 32 2] 40 3 50/ 0N T v YR B 0 B8 s WA A0 36 P — e R B 3007, TR 5 4 B 43 1 3%
A AN TEAZ B e ME B MDA 55 3 S 25 A0, A FOIh 00 e 2 31 PRl P B R 8 1 0 R AL 0 22 A D5 e 7E — 2 i vk
JE TR SR A0 T L S ML A s A K R R R AR 22 RO R I R B ATk i A S ) S 9
S R B EARVE A R MDA & BEBRAIK, WAFFEAE Y E 2 3005 R it T ARl 2 Ay 7= 2 0 M 4
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VERE S 53 F-1% SRV P IR N 5 filh K B A R G B ALY, 16 TATAE R 452
3.3 EEMHEXTHARER SR AR

— A LA DL TG e IR ) VAR A A 2 3R TR , 505 TG o K e e il , B0 2 5
B2 (AP e M R AR R A LA a3 it B FRATIB ST R B 2 B D5 SR e K VR
TN SR 2R T R A —E YR, AT 60 5UAK 65 A5k 48 S Al A P IR 2R 3 R AR IR L BE AR
BN LTS 7E T BE R E R IS T AR S AR AN W3 R U BE A TR 5 X BRAAR P AR
R TR R PRI, TR EE R Z IO R 8 N A AR b A R B R
FEHEIH SRR a (A AL, I AR 4502 EE X R T AR s e 5 oy it (i i R S B 58 B THS TR
S SASCIAE AP IR B R B SO AR L, ol BESE AR R BE A5 L T A OC A I 1R AR 32 B ], A ) LA
Feor BT [RINE, 506 A5 4 Fh SR BEE PEW R AR N, i 4 3235 1 SR BB i 1 s A A 9 7 iR VR B e
N S IR L T, SRR X/ NS (H AR SRS ) D B30 1Y S50 45 AR B 1T A
JES A A - HEZRS FOR BTN I A B R (B 5 b R BRAE RS 35 3 JAS i i R R TR R B
AR O 3 S AN ZE XA 3 P R BT X i R A BRSO, 7E S AR S A R AR, O SE
St Y L 2 e SRR R EE A TR SRS DTS AR B Mt E e
XA b0 S R B R N 50 mg/ kg BN 43 3205 K B d /ML, T R e 4 B8 JR 3 T I 2 R A 44
N, S AR S A R, W R A RIS B R R DR () £ L W e R I P IR 4 RS 3 T S 1 2R T
G, SR ZAREE IR T K HE ARSI o S A R B BE A R AR KBRS B Wl L, M2 R IF IR T . A
G W] IR BRI AN R 1B B VAT W I, 23 B A A8 VA B 1 B8 I 7 2 ) H8 K, R 08 2 i 8 6 T % 24
0 A e 3R R TR

4 it

(1) AEJEH X 11 Bl AR IR EE (5,15 145 mg/kg) RYEEHE T, A=W R 035 T R 28 H BT oy i 2R
G VLT A SR R R B 8 35 e ) b S b 0 A R 4 T A0 T 1 K B2 (135,405 mg/kg ) k3l f A fiE
BEIEH AR,

(2) BREEA 60 5128 70 FI gt LRI HAY 8 Fh A3 MDA & it /e TP IRk BE A i ae BB A T i k22 5+
Bl SEAE PRI BE T 2 B A0 T B e st i =S AU IR 50 RV = ik B e Bk an R 5 0]
LA L, MDA 55 R AT 2 00, D0 R B8 A i 52 PR

(3) 11 SR AR R a FRIYR TSR b &8, HAAR R B A MHE T PR H-2r 2 HAT AL 22
PCHLEEAN 1, RIEERT FHSRI2- 3 a A1 b BYBMEFEFIAIERL, FEh R EEMNA T, 50% 60 5U4R 70 FIEUH
LR LR R F R E TR U TS R R S R E AR, AR T Bl SR A A AR AN 0, LA i R b
A TR IS S A S B O BARPLEIEA R — T

RAER S FASAE FP IR B 1) TS EE A T S2 2R M A/, i 52 2R 05 D05 IR R AR, P 5t
A F AR E 50 X EE R E B BRI s2 0 AR PR AR AR AU/ 5O 60 MRUHR x0T R EE e
BOWBURE R PR FR AR AR, AT LAAE S IR B2 P 75 e SRR TR /R VR W) s M VR BE PR AL BT, 50K 65 74 41 308
(A BEFE AR AR AL 2, W DA O v BE BE T e R /R )
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