LR A R 254k 2018, 39(6): 54-60 http://xuebao.scau.edu.cn
Journal of South China Agricultural University doi: 10.7671/j.i1ssn.1001-411X.2018.06.009

A, A, WL, S ZIRTT IR IE R S0 A K R A B R[], SR AR K 2224, 2018, 39(6): 54-60.

22 V<3S EROE NG 2 IS de ke e ppAlL

REE", B £, £AL, BEL, K8, FXT'
(17 BRE RFR, ;& &T 530004; 2 dTWREFZHAA, & &T 530021; 37 BHAZEAREESEZRE/
RIS HH EAYBE RS BHEHREETEERET/ GRYAF R HEMTI, 5 & & T 530007)

WE: [HIHHZ 347718 (PAHs) 1B X} 30 Brassica parachinensis " IS0, 31T PAHs [P 6 3200 ) 4= BE
Fi. 7R ZE (Nap). 3E (Phe). W (Flt). 7 I EE (BaP) MEiFFEE (InP)5 F' PAHs JR & VUit N\ 18 i =2
L, FERSHEFE G S 104 17 F1 24 RAH SO F I B (MDA). H,O, FIHE R (Pro) & & LA K FT A AL B i 14 (1038
1k, WLZEI E € M 5 55 24 RIEOMAEREI . (455 JPAHs i R3O RRE B, L 10.0 mg-kg™ AbFH Ak
155 0.4 F10.8 mg-kg " Ab BTS2 O 1 2 R MR AN DK, 4 vy B R B o 2 AR 6 o 12 — 5@ IR IEAE T, 2.0, 5.0 AN
10.0 mg-kg "' b BN [FAR B M BRI 77 5200 R 220 L B R B 0 2 AR B 2 PAHs B3 T, 2.0 v MDA H,0,
Al Pro & i 7 a5 18] B AE KA PAHS & 5 A3 KT A i1 88 E A SIS (SOD) ¥ 14 il 25 il e AR B35 (%) 184 DR T
o 1 E A (POD). i & LA (CAT) MBudp i B F AL ¥IEE (APX) W& MEREE PAHs & & HI3E K E 50T
Ja FREME S . (4518 MK& & PAHSs JHa Xt 380 A KRR, & & PAHs FRa il 3o m Ew A K, RIh
SEABAR /N, BB )T B FRR 6 S5 B PRAIC ELFAE 3R AT . PAHSs BN, HyO, AU ST E4b =4 MDA & 81w, X3¢
R FEEEAFII RN, AT AT 3 = I MR & AN S S TR 2

FERF: BT, S0 K AR B T INER; LA LG
hE S-S S511; 5502 HRFRAERD: A XEHS: 1001-411X(2018)06-0054-07

Effects of polycyclic aromatic hydrocarbons stress on growth and
physiological characteristics of Brassica parachinensis

LIANG Yongsheng"?, HUANG Xing'?, LONG Minghua', WU Guifen', ZHANG Huimin', QIAO Shuangyu'
(1 College of Agriculture, Guangxi University, Nanning 530004, China; 2 Nanning Agricultural Science Institute,
Nanning 530021, China; 3 Guangxi Key Laboratory of Sugarcane Genetic Improvement/Key Laboratory of
Sugarcane Biotechnology and Genetic Improvement (Guangxi), Ministry of Agriculture/Sugarcane

Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China)

Abstract: [Objective] To determine the effects of polycyclic aromatic hydrocarbons (PAHs) stress on the
growth of Chinese flowering cabbage (Brassica parachinensis), and explore the physiological toxicity of
PAHs. [Method] The PAHs solution mixing naphthalene, phenanthrene, fluoranthene, benzopyrene and
indenopyrene was applied to soil to stress the growth of B. parachinensis. The changes of malondialdehyde
(MDA), H,O, and proline contents and antioxidase activites in leaves of B. parachinensis were analyzed on the
10th, 17th, and 24th day after planting, and the growth was measured on the 24th day after planting. [Result] The
plant height of B. parachinensis was increased by PAHs treatments, and it was highest under 10.0 mg-kg™' PAHs
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treatment. The treatments of 0.4 and 0.8 mg-kg' PAHs had little effects on stem diameter of B. parachinensis,

but had some promotions on individual plant fresh weight and root fresh weight. The stem diameter, individual

plant fresh weight and root fresh weight of B. parachinensis were decreased by 2.0, 5.0 and 10.0 mg-kg ' PAHs

treatments for different degrees. The contents of MDA, H,0, and proline in leaves of B. parachinensis increased

with the stress time and PAHs content increasing. With the PAHs content increasing, the activity of superoxide

dismutase(SOD) increased, and the activities of peroxidase(POD), catalase(CAT) and ascorbic acid

peroxidase(APX) increased firstly and then decreased. [ Conclusion] Stress from low content of PAHs has little

effect on the growth of B. parachinensis, while stress from high content of PAHs can inhibit plant normal

growth as it decreases stem diameter, individual plant fresh weight and root fresh weight and also causes earlier

blooming. B. parachinensis could alleviate the disadvantageous effects from increasing contents of H,O, and

MDA under PAHs stress by increasing proline content and antioxidant enzyme activities.

Key words: polycyclic aromatic hydrocarbon; Brassica parachinensis; growth; physical characteristic;

malondialdehyde; proline; antioxidant enzyme

% I8 75 )& (Polycyclic aromatic hydrocarbons,
PAHs) J& T PEad e i) — K55 A&7,
W2 — RIAEE T AEATE I FF APEA LIS G,
AR, 8 PAHS F75 G ) f8 H 28 7™ 5, A
AR B 04 J o B W . H AT, A7 9% PAHs
OR7IVE 2@ e ERCNE DU EZ ST AiUPEE N o 2] 5l
il J¢ PAHs 15 % T35 (1 A WME 2 07 10, A5
FEMI T PAHs Pria A KK B AR AL
RePERIREM . FELF IR TR W], PAHSs 8 T
AR AR T AR it TR bR v 45 A K AR AR 2 2
BB 2 HH ;s U /E PAHSs Wi 5, HAR B D,
ERAEA Y YR Z KT, A EKZR
il ] PR FE); Maliszewska-Kordybach 25U 57 %,
) PAHs IR EAKT 10 mg L' B, X &
KN SE 6 MEDIINAK K E BARIBUHEH; %
i S R AN [R) M B P AL R S AR R, 45 SR
B, MR BN RIS LA (Catalase, CAT) FI%E
I H K (Glutathione, GSH) & & 2.3 T+ 5, M PRI
S 2 i s 52 0 1 A . BTAR R U AT T
PAHs Jih8 T, U 7+ P A A B 1 R SRS
L, S5 RRBEE PAHs A0 3K BE R34 N, F R IF
A E A ) B AL I (Superoxide dismutase,
SOD). i ALYl (Peroxidase, POD). HLIA IR ik
EAYIEE (Ascorbate peroxidase, APX) v/% 14 154
o A < PAHs BHEXTSE L Brassica parachinensis
AR B AR I B T RGE D o ARSCRASE L
N M kL, F1 28 (Naphthalene, Nap). 3
(Phenanthrene, Phe). % ¥ (Fluoranthene, Flt). K JF
EE (Benzoapyrene, BaP) f1Efi 3 t€ (Indenopyrene,
InP) iX 5 FiAFEZIAEH) PAHs R A Wit 115
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ISy, RGBT TEA [F) 5T B 2> £ PAHSs JHriE X
AR AR AR B E R AL R
LR, Lt — D o AN PAHSs [P i A PR
Wiy SEATL A1), 56 45 B T PAHS O HE ) 25 5 LR )
W TSR -

1 MRS

1.1 AR

BRSO i R S Y UG SE O, AR AR
35~40 d, FHAIIM T S HE B R Fh 2 8 e ft

PR L3 S L, R Hb AU T R A
Bt 5% S 00 B M, Y = AL MR A : pH6.2,
HHUR 10.3 g-kg ' ALK 65.5 mg-kg ' K
15.8 mg-kg ' AL 70.2 mg-kg'. TIEFHT 16 Fh
¥ PAHs S &5 $0 103.46 ngkg '
1.2 R

Mo16 Fiflids PAHs HIE$E Nap(R I 5L 2).
Phe(CRIAEL 3). FIt(AIFEL 4). BaPCEI L 5). InP(ZR
I 6) iX 5 FPTEAHE [ - G H R = K PAHS,
SEEVA T IR, B RCAS [R5 & 2 $ PAHS RS
WAL EE T8 I SR F e AR, 13 6 N EE,
415N O(CK, RIS INAME PAHs, 38 1) PAHSs
R JyR A LR 5 A A 1) &)L 0.4.0.8.2.0.5.0
F110.0 mg-kg™', A9 x = #A% 4 46 cm*21 cmx
15 cm A AFE FiE, BE4E R 1 10 kg, PiE SO
6 th, AL ES 3 K.
1.3 SJoLHE KR

WIT 2016 4 4—5 HTE] U K2R = ik
SRS  EAT . KSR ORI R T B
B, VR LB WA IR 2 3 e, K
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BB O B A B % A B R, 43 ITE
MG 10 K (BLE ). 28 17 K (PREZE ).
824 R (JFAE) BUEE 4 5kt v, B8 TR
TG, G EERTRATAE, ZEHET
~80 C {RIRIKFE PRA7 2 F, W52 0o 1 25 TiAE
BEEE (=7 T
1.4 ERKMERNE

FOAEKERG —EEEE S 24 K (OF1E
W) BT E, RSB AL E 6 R, FH BRI &
R AR AR m W AR RO 28 2~3 i [R) SR 28 2545
HL RS RR  BR B R AR B R i, e
PRI O FFAE T[]
1.5 HIBIEFRNE

A (H,0,) & =E S Sergiev 25
751 52 ; 7§ % (Malondialdehyde, MDA) F1fifi &,
& (Proline, Pro) 7 &l & 2 feUBX tH AN {1 572
SOD V& Tl 52 2 Bl 2= 50 SR A5 (1) 73, LA i
VU MR A7 50% A 1 ANEEEE P A7 POD i 14 2
SR 17715, D8 Dyzg am 71 0.01
1 ANEEE BT, CAT PRI E 218 909
J5i% AR EI N Dago nm J8ZD 0.01 24 1 /MBS P
BARLs APX S PRI GE 2 BRSO 0T [ v, AR
BRI AN Dyog g JRAME T APX TG PE, HUIA 1ML
B E IR &R %L 2.8 mmol- L -em™ 115,

1.6 HRALIBF IR
BAE 0 M AL B K FH Microsoft office 2016 LA
I SPSS 19.0 %44, K Duncan’s v:3/E47 2 2 TEAG 56

2 FERE5SH

2.1 PAHs fHBEXSOAE KRS N

K PAHs BB JE 5 24 K, S2 0 A KA L
# 1. ANFEFEDE PAHs A0 B 32Ok s 256
MAEKBEEWHAREARR. k&R E, & PAHs
AR FR A SR OBk m B T R 4 PAHs ACER R, R LA
10.0 mg-kg ' AFEMR R AR, Hh CK 36K T 27.42%,
Ze i . PR 421 (0.4 A1 0.8 mg kg ')PAHSs
Aab PG S0 PR ZE AR S IR AN K, 6o 8 e B ok 5 T R A
MR R A — R EE A, (S CK ZR AR
#:2.0.5.0 fI1 10.0 mg-kg 'PAHs AbFH X 3200 1) 2%
FH Rk B 5T 5 AR B 5T B B 1 AN (R R A 4
i, o BL 10.0 mg-kg " ARFE X SEO (1) AE KA 4
K, ZEHH . FRORRF Jo 5 A AR A 5T B 40 B CKO IR
B 7 20.20% 15.13% 1 21.16%, 2.0 1 5.0 mg kg
W5 CK Z 7 ARk BE K, 10.0 mg-kg ' ALBE
5 CK AR 5% . )\ PAHs il st 304 K i
Mg ] O, 10.0 mg-kg 'PAHs AbFE R, S0 [ 1E % A K
e fndl o HeAh, 10.0 mg-kg ™" ALFESE 0 EAE BT
TR R B R KT A AR 2, b CK $257 748 2.1 d.

&1 PAHs BB TRLEKRIFMEY
Table 1 The effects of PAHs on the growth of Brassica parachinensis

w(PAHs)/(mg-kg™") P i/em 2% /em FARRAE 5T /g HRE 5T /g SENE BT R Eud
0 (CK) 26.91+£2.57b 1.984+0.10a 86.78+6.72ab 1.89+0.12a 22.83+0.33a
0.4 27.2543.09b 1.9840.13a 89.94+4.38a 1.93+0.19a 22.61+0.63a
0.8 27.37+£2.86b 1.96+0.16a 88.73+5.12ab 1.95+0.13a 23.00+0.33a
2.0 28.21+1.05b 1.85+0.09ab 84.26+8.26ab 1.87+0.12a 22.56+0.35a
5.0 29.76+1.83ab 1.79+£0.11ab 83.51+£7.42ab 1.78+0.07ab 22.28+0.10a
10.0 32.29+2.86a 1.58+0.14b 73.65+5.84b 1.66+0.08b 20.72+0.35b

DA F 248 4 6 R E 09 -F AR R IR B2 SRE JLARA — MR B T84, R £ R 2% (P>0.05, Duncan’si%)

2.2 PAHs fBXI30MH MDA & /89520
M 1 A5, BEE PAHSs B i a) () 8 K,
Jrd MDA & 2 AW = . 4 PAHs 0B, ¢
O MDA B &35 T R, HERE S AR i & 50
Tt Enfi . fEPNEJEEE 10 X, B 10.0 mgkg™
M5 CK M Z SRR, b CK & T 61.74%, %
FREEMIBES 17 K, 0.4.0.8.2.0.5.0 Al
10.0 mg-kg ' AL ER 32000 H MDA FL ZmE,
Sl CK 30T 8.19%+23.65%- 42.90%-
53.57% A1 56.29%, 0.4 1 0.8 mg-kg ' Ab¥E CK %

FARE#,2.0.5.0 F110.0 mg-kg 4F 5 CK [A] %
RIS E K AEMEJE 5 24 R, &40 T MDA
TEIEHA, At CK FFE T 13.05%- 28.30%-
48.03%- 63.61% M 66.10%, 0.8.2.0. 5.0 Al
10.0 mg-kg ' A5 CK 7] 2 718 B & K
2.3 PAHs fnEXI3: 0 A H,0, & 28500
H,0, J&—Fi B G A, BRI
M, BANRE EL#E B SR AL, B i Rtk
B 7 AR S ) IR e AR ), 6 R A B
F. MIE 2 WL, B PAHSs LA O SE K, A7
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2 () (CK) B (0.4 mgkg' " 0.8mgkg!
H2.0mgkg! ®50mgkg! ™ 10.0 mgkg' aa
~ ab |
50
=
=
=
<
[a)
2
<

10 17 24
tym/d

Pl oA (R A BRI () A 7B 7 JLREAR — MHRVNE 281, R AR
AR ) 22 7 RN R 3 (P>0.05, Duncan’s %)
E1 AE&E PAHs BHETIOME MDA S2MT
Fig.1 Changes of MDA content in leaves of Brassica
parachinensis under stress from different contents

of PAHs
=0 (CK) B (0.4 mgkg!'™0.8mgkg!
30 M2.0mgkg! ¥5.0mgkg' ®10.0mgkg' ,a

b (H,0,)/(umol-g ™)

10 17 24
Lys/d

rRAH R A R B () R A 7 5 LR — AN RN 7 B, RORAH
Ab R A) 2 R B2 (P>0.05, Duncan’s %)

2 T E&E PAHs B THRIUM A H,0, S EHIEL

Fig.2 Changes of H,0, content in leaves of Brassica
parachinensis under stress from different contents
of PAHs

o H,0, & &EIZETG N, HH#E PAHs Jit & 7 80t
&, R HH,0, & & BEWnh &S . 5 CK A7,
TEMMEJE 28 10 K, 0.4, 0.8.2.0. 5.0 A1 10.0 mg-kg
FAFH Fr e HyO, BRI E T 8.15% 18.51%.
33.49%. 41.83% F 52.27%, FH 5.0 F1 10.0 mg kg
AEFRY CK [A)Z 57 0 35 AE MBS 36 17 R, 403
A A Hy0, S &4 il b CK 4275 1 8.98%. 19.43%-
27.99%.38.16% F1 57.04%, H+ 2.0.5.0 f
10.0 mg-kg ' 4P CK [A] 2 F14 2 7K 7E e
JE 5 24 R, FALEM B HY0, B R — 2B 0,
HF10.0 mg-kg ' A FERY H,O, & & &, B CK
&1 69.76%, Z7/K TR, n WHE% PAHs fid
I TA] A RE G, S0 R R IR & HL0, R RE#E X
IR, 20288, IEF AR T,
2.4 PAHs BEXFOLM A SRS 2/
Pro Z 51V HNEE R ER, B Raefl
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L) R AR A M B2 e RN PR AV E 3, DL e 1 B (9 0E
WA IR . A 3 AT, B PAHS JH e IR 1)
FEK, SEOMAN Pro S EIRHTIEIN, £ AbHET) Pro 5 &
YT CK, IBE% PAHs it & 0 0 T i T .
FEMMEJE 55 10 K, 0.4.0.8.2.0. 5.0 F1 10.0 mg-kg’
AL Pro & 840 AL CK 3215 T 0.93%. 5.30%-
15.57% 23.76% Al 33.59%, HH 5.0 Al 10.0 mg-kg*
AR CK ()2 5 i3 s fEMME S 58 17 K, SALBE)
Pro & &AL CK #2751 5.20% 4.58%- 16.97%-
36.97% H1 51.53%, H i 10.0 mg-kg "4t FE 5 CK ]
ZESF R CEWAJE 5 24 K, S AP Pro 5 &4
B CK 37 T 9.74%. 15.14%. 22.91%. 35.62%
A 51.52%, Hrb 5.0 A1 10.0 mg-kg ' 4bFE 5 CK 6]

EREF.

H0 (CK) 0.4 mgkg' ®0.8mgkg!
H2.0mgkg! ¥ 5.0mgkg! ®10.0 mg-kg! a
o 30 B
50
&0
ESA
&
& 20
HEE
=
=15t
10
10 17 24
Lysmld

Pl b AR ] A 3R 18] RO AT 7 05 PR — AN RN B - B3, RO A
AP E) 25 7 AN 2 (P>0.05, Duncan’s 7%)

3 AEEE PAHs BHETRUH RS EMER
Fig.3 Changes of proline content in leaves of Brassica

parachinensis under stress from different contents
of PAHs

2.5 PAHs fHBEXZ0Rt /R SOD JEMERIFZ T

SOD 2 AH YA P 5 25 2 (1 R AR VS M S A 5 10
B, & REH AR B T 86 H,0,, 11 Hy,0, X2
Bl HUIR i R AN I A A U 23 R 9 H,O Al Oy, LI
BARIIR B Y3 e % . A 4A T, BE
% PAHs B il [ I IE K, S 0rt FrH SOD JEPEIR
& BT, AL FEL AR A SOD S Y AT CK, HHRE
# PAHs Jli &0 B S s . fEhia s
% 10 X, b PAHs i &7 #0% £ T, 0.4, 0.8, 2.0,
5.0 f1110.0 mg-kg"' & 4bFE SOD 35 ¥ 43 5 E CK Tt
&7 11.70%- 9.03% 25.79% 31.50%F1 41.60%; i}
BIEH 17 K, FA4LPE SOD G Atk CK T 1
3.42%. 6.31% 10.94%. 12.22% H1 19.64%; it J5
%24 K, FA4H SODEMS A CK A& T
4.38%- 10.86%- 11.82%. 15.82% F1 20.12%; H: L)
10.0 mg-kg ' AL FE A0 F SOD i =, S5
CK (8] 22 513k B3 K7« YIS0 F SOD ik
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#5393

B0 (CK) ®04mgkg' ¥0.8mgkg' H2.0mgkg’

CAT iEME/(Umg™)

10 17 24
tym/d

#50mgkg! ¥10.0mgkg!

tsld

e ) 0 R S b 0 6D LA — AR/ S 7 B, B2 58 B35 (P>0.05, Duncan’s i)
4 FEEE PAHs B THROMH FHEMEEENTEN

Fig.4 Changes of antioxidant enzyme activities in leaves of Brassica parachinensis under stress from

different contents of PAHs

XF PAHSs [olyiem B SR, 7 Bt SR 251 1R Re ) B
BItE.
2.6 PAHs BnEXI30 H POD SEMRIR I

POD & 57 11 Aot 8010 1 3 22, e n] DA R
TR N 1) HyO,, PRIFIE SEHENE . AE] 4B 1] WL,
bE7E PAHs Wrig i (8] () 5, i fr ot POD & 1 2
B T, B PAHs iR B TR, POD
TS T S BRI, 7E5.0 mg-kg™ ALFE R POD JiE
B, B R A B ER N POD & 46 T B, (R
2 PAHs Ab3 3.0 POD J& T #m T CK 1.
EMMHEJE S 10 K, 0.4, 0.8, 2.0, 5.0 F1 10.0 mg kg
HALEE POD VA I EE CK FH&E T 16.57% 32.89%.
59.31%- 86.50% H1 72.52%; M J5 56 17 K, &4tk
I POD 3E M B EL CK TFE T 0.15%. 15.38%.
35.13% 54.17% 1 24.86%; it J5 56 24 K, &4k
P POD 3510 B EL CK THE T 18.47%- 25.56%-
43.41%- 58.90% £ 21.21%. 0.4. 0.8 mg-kg "' AbFf)
S0 Fr POD JEHETEALEE AT S CK 2 5 AN &2,
TERIB R 5 24 K, AL FZE0M F POD i tE S
CK Z S ARE 3 B E /KT . WAL POD i1
X} PAHs )36 me UK
2.7 PAHs BnEXI30 H CAT SEMRIR I

CAT MM BRAAN H,0, 1) E B B,

M 4C v WL, i PAHSs e B[] (R 2E 4, SR
i CAT W7t e %, B PAHSs i 7 30 ot
i, M CAT W&t 2 56T G FEiE S . £
JA % 10 K, L 5.0 mg-kg "4 FL ) CAT 35 M & K,
bt CK i 1 33.14%, HZE S AR fEM a5 5
17 X, LL 2.0 mg-kg ' LB CAT iEMER K,
CK F& 1 30.33%, 257 W3 (EE 55 24 R,
PL 0.8 mg-kg AbFRAY CAT Wi PER K, t CK TFH&
T 21.10%, ZRARE. EMEYI B 10 X),
10.0 mg-kg ' ALFEZE LM CAT WM T CK, F+
= 1 16.46%, WAt I (56 17,24 KX), CAT i&1E
MUK T CK, 435K T 0.69% A1 12.81%, (HZE 7
ENTEN
2.8 PAHs BnEXISLM A APX JEMERIFZNE

APX SEAEYNIE BRI a4k H,0, I OCHERE . A
4D W W, BE3E PAHs il i (A (K ZE K, S0 A
WK APX W RS T R T RS, e )
517 RIEFIHCK; B PAHs = 0 5008w, &%
A APX TS PR 2R T R R B AR
#, LL5.0 mg-kg ' LR APX EMER K, B
PAHs & &AL B APX IGHEFH4R T B, iX 5 POD
AL IR AL, (HZ: PAHS AR S0 M A APX %
P T CK. 7EMMEJEEE 10 K, 0.4, 0.8,2.0. 5.0 Al
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10.0 mg-kg ' FALFE /AL CK THE T 7.89%- 9.38%.
27.36%- 37.95% H1 35.96%; W55 17 K, SAbHE
S CK FHE T 8.54%- 6.29%- 18.58%- 29.12%
A1 23.78%; il J5 55 24 K, S A4bFE 4 EE CK T
7 9.92%. 13.90%- 19.24%. 33.14% 1 12.53%.
PAHs i f2H, 5.0 mg-kg ' 4bF 5 CK %7
HBIE B K.

3 Wit

3.1 PAHs BmMBEXI S KA 2 0

HE ) TV 75 R A K 1) AR A0 2 AEL ) 52 31300 1%
JE i BRI . ABFFLH, 0.4~5.0 mg-kg ' PAHs
A BRSO A KA AR, R 2R AR K IR R
Z 3R, M7E 10.0 mg-kg ' PAHs 4bFE R 2001
B A K A2 BB R A, Ry AR /N B R A
Jo B AR A o7 2 ARG DA S T AR R AT o T B SO T
-3 PAHs [ALBRIR FE iR 52 {H7E 5.0~10.0 mg-kg'
Z 18], AR T i 52 A 96 5 0 AR K 52 3 1) 52 i
/N, BRI K, (B I N 52 {8 3G FL 2
Or Y IE 3 AR K2 B . A U S R 8, K
A T AR R R b3 20 1 AR K Bl A SRR 1 T
BTG R, AR B A ER ) T R AR R AN
Hiy b3 AR B B IG 0, R B A B TR R AR
K, ARWFFTEE R IR T 45 R — 5. IR E PAHSs
Wb PR E TS0 B ARG, MR B A o R AR i
Jog B A AN FIAR FE 4 e, ST AR SR FH 55 JihaE 7K
FELI B ORI 90 285 SRABUE S 13X — o5, M 5] X 2R
AR K AT B T PAHs BF S KR
WAL PR S5 44, 3% P 45 44 (R AE AL (3 B A
R ZMIEH, Maliszewska-Kordybach 25
FHEE. 7 B i b B e 52 A FOK S8 VR, K3 PAHS
JRER AT 10 mg- L' B, SHEY A KA (L 1
R, BARMEY 3% REEE] 100 mg L. AR5
W, S0 R E BIEAE 5.0~10.0 mg-kg ' 2 [H], 32/
T F KRGS SEAE DI 52 BUAE, T WA AR
PAHs I 32 BEAS R, BAT A FEFH2E 1K) PAHS
i 52 15 B AN [+
3.2 PAHs BHEX U RS S ERA FZE R

REEIpA: A

PAHs o382 %5 A8 470 21 fa fE 32 1 47 55, S g
FIEH R IAE MDA Fl H,0, B R, BAEL
SAACAE FIRI Y o 520 A S5 FU R B, BRI e R
/N SR H ) MDA 5 R o 7S 11 Y 3 4
i, AR S A AR IS OR, JEAE B 56 32 RiXF %
o AT A S0 MDA Rl H,0, & &Rl
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PAHSs il A 1] 6 32 K 0 Py 26 57 B8 40 5 0 186 K g
s < B S0 P R S A A B AN W R, X —
Wt 70 45 SR 5 SE 3 T f g I i R e S T A A A
A IS SLA RN . 254 % PAHSs i F3g.0n
A PR AR S ARG I 43 AT, PAHS BB R T
FA LR BEER = A T REURR (i 9L, (EATS A i A ) e
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