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T HE

B E L IRIFR(PAHs) 5 QA % AT R 75 Qe B ih S R I B SR R B, SR N R SE B, 2B £F PAHS o
A RN IR G Y EE (Pyrene) 1E 9 WF 5 G, BT 1R S e 2 S A HI A X R [ ¥k B2 g 75 e L3 R . &5
SRR AR L 19 PE (10 mg/kg) 76— R L e it 7R E AR, T &R BE A9 BE (250 mg/ke) WX B 19 A= A 100404 i 5
JeFEM AR BA Z BN EETE 3 (10 ~ 250 me/kg) Y F2 R 5 (A4 X RE g 38 109 A K AN [R) B B i e BEAE T 9 WD EE1E R
AN SE (A o 9 o0 A 4 B2 R 320 > o BB O3 s AR R X R & e 36 P e i R R E R [/ — 5 4K
T R AR SR SR D R BE A > R AR > e S AR > oA IR . L R B e IR A 2 — A R iR
AR TE S M, SCRETE 0 M TS Bt £ B IR A B A AR

XM kT k¥ OEME O MYBE
FESES X53 XBIRIRE A XEHS  1673-9108(2015)12-6128-07
Phytoremediation of pyrene contaminated soil by monoculture
and intercropping of Glycine max and Solanum nigrum
Wang Xiaoguo Hu Shibin Cheng Zhiwen Wang Jiaojiao Wei Liqiong
(College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China)
Abstract Polycyclic aromatic hydrocarbons ( PAHs) contamination control has become one of important

directions of soil contamination control at present. Through pot experiment in greenhouse, this study investigated
the remediation of pyrene contaminated soil by Glycine max and Solanum nigrum in different planting patterns.
The results showed that low concentration of pyrene (10 mg/kg) promoted the growth of Glycine max, but high
concentration inhibited its growth. The effect of pyrene in this experiment on the growth of Solanum nigrum was
not significant. The biomass of Glycine max and Solanum nigrum was higher in the intercropping treatments than
in the monoculture treatment. The distribution of pyrene in Glycine max and Solanum nigrum ( mature period)
was root > shoot. There was no significant difference in the pyrene concentration of plants between monoculture
and intercropping treatments. The remediation effect at the same contamination level decreased in the order: in-
tercropping of Glycine max and Solanum nigrum > monoculture of Glycine max > monoculture of Solanum nigrum
> the control treatment. Therefore, intercropping of Glycine max and Solanum nigrum is an effective way to re-
pair pyrene contaminated soil which can make full use of the contaminated land simultaneously.

Key words

Glycine max; Solanum nigrum ; intercropping; pyrene; phytoremediation
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b DX AL A 77 5 IR 2R 7R 4y R A TR [
o MEEMZERELZERILBEARGIZ —, E&F
VR IE B B AR R R BT 52 3 s g
FEERE S, O RUE AR AR 7 X TR H Al 41
1652 5 58 B B 0 O A Tk 9 e AR R
W RE T AR

Hiar, B/EEMEBCREESEG R LD
AT T AE S S A ML TS e S5 T G F 5T
WANZ UL, A SCEE SR PAHs o B AR 36 1 1 U 3 1k
HYIEE (pyrene) R BF 58X 52 i 5 28 9 AL AR 5L 5, F
FE R e 25 A A E] AR X B T G 1 A S 8K
S LAHE H —Fh PAHs §5 e + HE R W15 &2 00 5 B
3, R BIREA S & 15 e 18, T80 ) TS e qe H
bR H .

1 #REFE

L1 SRR
11,1 X+

i+ 58Ok A W V0 b R MRORE B R 2 A
(0~20 cm), HHENW 2K, W WHK, TR M
JG BARAT, 1 2 mm G 5 55 AT A i KR A BEAL P
JEUF :pH 7.62, 4 HLJ% 8.09 g/kg, % 1.21 g/
kg, ¥ 2L BE 5.23 mg/kg, 4B 13.38 g/kg, BK
o i o
1.1.2 B3R

Je 2% (Solanum nigrum) F 5 B H 244K,
K E.(Glycine max ) Tl W 5 4 1 735 16 X Fp 534 o
1.1.3 &XAHME

I AR 24 T EE (Pyrene, 4l >98% )W H H
RIBBHHABRA A o Z 4 LR (200 ~300 H) . —
SHBE PR I O T K B ER B, ¥ R A Bl H
Pty 0,3 4

A 1012 A g B KT B 48, B RO, 5
HaER A B A, KQ-300DE = ] %5 45 8 75 I 8 Uk 4,
LXJ-1IB AU K75 28 &0, A4 0.7 em x
25 em JZHTHE, BEFe 75 K A, Waters600 = 8508 HH €4
WA, BT Waters 2487 22 /MK £, 4. 6 mm x 250
mm C18 JAH %4
1.2 SKWAHE
1.2.1  sE3ha%it

AR 5% 3 A 7Y A6 A AR B K 25 BB =
1T SEERE 4 DT P 2 :0.,10 .50 F1 250 mg/
kgo B EE LN ER W TR 0 A 13 IR A 85T,

RIGH AR E ZNEE 2ELR (AFEDH) . Mg
BERAEDNE TP BB I e B2, 4 2R L 1. fR
S e R 3. 5 ke B AL M K E A B A T
WARH FFRE TR R A 2 om BE R, &
R BBy 6 BRI ) A Ak PR A
JFEA 3 bR, A TS YK B AR TCAE YN IR, BT A
AP E B3 A E L A E R BEOK, R FF
WHC60% A7, 41 90 d J RTER

F1 TEMNERMERER TEVRERE
Table 1 Volume of pyrene addition and initial concentration
of pyrene in treated soils (mg/kg)
Ik R4 TR k7] SPGB LI R e
DO N 0 ND
L0 xS 0 ND
DLO PN 0 ND
D10 K 10 10.42 +1.08
L10 2k 10 10.42 +1.08
DLI10 Ko+ g 10 10.42 +1.08
D50 K5 50 51.04 +1. 31
L50 i 3% 50 51.04 +1.31
DL50 KE + g% 50 51.04 +1. 31
D250 K 250 249.17 £2.25
L250 Jp 3% 250 249.17 £2.25
DL250 NCIE 250 249.17 £2.25

78 D KRR R E, L RoR Je 38, DL 308 R g %% [l 4, 5 6
Ja B R SNIR BN EE 9 ¥R L, 0 IR RN EE ) 1 8, ND %R
AR, A

1.2.2 #&mi%E

90 d ZAR IR R 5, FH BRI Hobk o B
KRG ZE 5 g i b T 35 43 WOk 9 2 8 1K
e T K A YA R AE B T 65C R
Bt PR 0 T T Y R A D AT
JEA ik 60 H R i, i T kA (4°C) i .

IR AR FH U 23 kR AT HEARE SR
Jei o P ED HS B B B 41, 1 100 H e e B, T vk A6
(4C) M.
1.2.3 qZF&

T HERIAE Y S R E . R A TR
RS R BER k"™

HPLC/UV 387 4% 4« it 3l Ay Y s /K (83
17) i~ 1.0 mL/min, £ i 30°C, # ££ 5k 20
pL s K 3 K 235 nm, BEAREIN R by 54.9 pg/L, +
FE T EE 19 AR [m] U 3k 92.42% (n =5, RSD <
5.5% ) s KPR HOInAR B 53 51 0 85.2% (n =5,
RSD <7.89% ), n] LAl i 5256 oK
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1.2.4 RFELRE
+ 3¢ H P8 Y 25 B % (dissipation rate, DR) A9
FaXmT.
Civiias = Cona
DR = /@ "
i C

initial

x 100%

A Cn N LI EE R W UG WKL, mg/kg DWW C,
NEE S 90 d b S PSR R B kO, meg/
kg DW

TH Y EE B & 4 & U ( bio-concentration factors,
BCF) i3t 5 AT

plant

BCF =

nd

K€ LY EE R W, me/kg DW . SEH 5L
Y& 1 DPS BRPFREAT 7 22 73 7 02 25 PR 8, 52 56 4K
PR - BIE £ bRAEER2E 2R AT Excel2010 &1

2 HR5WR

ETENKEMEZEKNZ N

ALY A 90 d L RIE R B R 25 Y
i x2 SERAEAEYENG R LEME 1 s, £
PR TR ERIEZEH R IEH A Ko [F— Mt
L AT YK 10 mg/kg B AR W) 119 AR ) Ok F)
oo BAERGHEAT, 15 KT B 10 mg/kg
h, K& (D10) #i R 35 43 F s b 356 4 T 5 5 51 A
0.32 f14.95 g/ 4, toR 5 s ¥y 4b 3 (DO ) 19 43 51
i 11.76% F16. 93% 5 2475 e ¥y /K 135 3 250 mg/
kg B}, K5 (D250) H F 43 F b B 585 T 84350

2.1

0.23 f14.33 g/4%, LR ini5 4 ¥ 4b 3 (DO ) 19 43 51
ik 21.8% #01 6. 54% . i WK B2 (9 25 (10 mg/kg)
fE—E R R T RS R A, R R
(250 mg/kg) W% K & AR K AT BRI AE . AR 2 0
W, B8 Y5 Yl Hk B AR A, X R ) 2k KA R AR
FH 5 B8 75 e e B g Bt A 40 A K i ) 9+ A
R TR R B S ) A, T 2 1 LR W R
F AR Z BTG Y i 52, UL R ZE R R B R
LF (T 37 e

3 A 6T [E) A R D A R R A ) R AT L
BT AR I R A BTG Y Wy i Ak 3 TR R Y b
EEATERNS 3 o/, RS TRELE(P <
0.05) ; [alfE Je 25 it b3 5r T80y 2. 59 ¢/ 4, LI
YEAL B 55 29. 88% o ik BH [] /5 %o oK &2 1 e 25 1) 2B K
WA AR A A . ZRRE AR A A
BCAAEA W) 7 RSO B T RIE T AR TR
W G D R LA o
2.2 TEHPEHER

PR 90 d J5, R e % B L3R 2,
i 2% 2 W] AT, B v v Y B Bk B B A ) e vk R 1Y
B G O i 2 R A8 A B W) 46 v B B 1S T
W/ o PTG YK 10 meg/kg I, JoAE P4 IR Ak
PR+ v sk WM E D 5.31 mg/kg, KR RN
49.07% |, T FpAE A 9 40 38 (D10 L10 F1 DLIO) [ &
B B BE A 1,61 2,43 il 1.34 mg/kg, £ %R
Ay 555 84.59% [76. 66% F1 87.16% , i Ik ] %01,
] — 5 e /K-, FiAE A 4 Ach B b A B8 R B R R

7
6F

sET | D p

YT E (/%)

45
— Y
T e HE 440

—— S

A
AB - 435
B| B
430
PI I_‘I-zsg
S
E g g E 20%l

TE R A AR T8 S R D AL SRR R R R OR SR 26 BB B B K/NE FREUER 0. 05 B3 KF TR,

&1
Fig. 1
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Effect of different pyrene concentrations and planting patterns on growth of Glycine max and Solanum nigrum
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R S KT T B A R B 95 e - 0 6131

PR T Jor Py oo BRAL 31, 3 L BR A W] g T A )
XTHEALFE (P <0.05) o P, Fiod K A0 e 25 B B
PRHE T A LY R, X T RE R B TAE ) 19 AR B
BORE AL TR M IS Y i R R A Y L At
[ —¥5 Y K-, HLVE R R AL BN B8 B R e T i
ERZEMEE bR % . A BEFE R W], i 1 500 ol LU
SR A R e R B S AR i
F18 J5L R B0 < — 7 T MRS A RE A E e AR A,
KNS Y 55 AR 0 B v A [ B BB A O i AR
TR 22 119 4 W6 40 B AR B B O 5 v, 840 AR o A 2
WG A A R 5 5 O T A R R T T A AR
B - 98 ) 2 W T M B R TR B A ) B TR
T RE ZAREE " TN 3R + 3 i A LTS YL i 2k
Yl it

] — 5 Y K VR, K 8 5% ) 1 A 35 1 26 5 7
R, R R, HET5 KR 10 mg/kg
By, DL10 4b v 4 398 25 5% B W BE AUl 1. 34 mg/kg,
LBRAIRF] 87. 16% 1M K 2 e 5% FAAF A LAY 1 18
EE TR B MR BE 43 0 Dy 1061 .2.43 mg/kg, K BR 2 43 G
7 84.59% \76.66% . [ L AT A, KGR 25 ] AR
W0 A2 E 1 A g b B Y A ) VR 2 18 R OR
O F B o 3 A I 45 0 S A R 5 S A R AR A
TRAXTIE (BT Y H B A IR A B 2
RO TR 2 5 K et 2 Tl i BF S B AN
A VR JE S Y R 18 R0, 45 T 2
58,

R2 ITEPEMNERBREREERE

Table 2 Pyrene residuals in soil and its removal rate

4k PR 47 B b EE B B MR (mg/ke) EBE(%)
10 5.31 0. 82f 49.07 £7.87f
D10 1.61 £0. 14fg 84.59 +1.34ab
L10 2.43 £0.21fg 76.66 £2.02b
DL10 1.34 0. 36g 87.16 +3.45a
50 29.04 £2.11d 43.11 £4. 13fg
D50 13.50 £ 1. 17e 73.56 £2.29¢
L50 15.50 £1. 33e 69.64 £2.6lcd
DL50 12.17 0. 79ef 76.16 £1.55bc
250 152.29 +14.38a 38.88 +5.77g
D250 89.49 +5.92¢ 64.08 +2.38d
1250 108. 86 +9. 25b 56.31 £3.71e
DL250 85.04 +11.67¢ 67.47 £4.68cd

2.3 BEAREMEAETHNAGREERRY

HIZE 3 AL A P e A R R A TS Qe ik

F T e 28 O, ELTs e e A A ) v i o0 A 1 DL 2
R ER G > By . ST YK AR T
K& (D10, D50, D250) #b T &B 70 ¥ & it 43 9l Hh
2.84 20. 50 H198. 29 me/ke , BAE S F B2 (L10 .
L50 . 1.250) #tb & & 43 B6 & & 43 4l o4 2.75.19. 46 Al
96. 04 mg/kg, [A]— 75 Y K F T AR 5L AR J 3%
MRS RIF LR E 25 (p<0.05), &5
PeIKER AE S 44 F K & (DL10 \DL50 ,DL250 ) Hf
THER & /4 2. 93 .21, 04 A1 101. 29 mg/
kg, 5B Z0E TR T B 35 25 e, U e SR TR A O R
Xof R LM AR A BE i 3 RO R, AL B KR E
Mo EER e & AR 0.76 ~9. 21 mg/kg Z[A], JeFEHY
FE 0. 74 ~7.29 mg/kg Z [i], B BAK T T 580 B9 1
R, R E AU 28 Z 8] 1 22 000 06 A 3, Ul B TR 3%
A ORAE Y B A RS A A W R, AR
FHE w0y 58,8 we/fE, X e e K BR
A DTRR R AN L 1% o 3 7 I 25 3 1 AF 5 U B o
Xf e FERE S R B M R B OF AN
I B R BR I B A -0 W 2 AR D LA
Yy AE A 2 L3R EE B R BR A0 T 2R .

W) & S & %0 (bio-concentration factors, f&] R
BCFs) et ¥tk N5 gy im R 5 H A K 33 d
15 YL WU B B A LU AE W T T AR W8 S RE 0 Ot
7%, BCFs Mk, R Y 1016 2 ik bl ™ . &35
JeKF T R ERYH T & 20 At b8 o3 1Y 5 4 R R
SrHAE 1,10 ~2.19 Z [6] F1 0. 09 ~0.61 Z[A], Jg 3%
<1 1 w7 D I S o e VR
2.03 Z[E]F10.07 ~0.58 Z i, JTitEKEiERE T
B i B T S o A N R N1 0 g D
FRBC, AT AR R RN R 2R R AR A
B B s b . AP R, R R
W s R PR Y R B s e L, BRI
GRS i 0 @R A o Al N (= N R
2 Ao S R TR
S e U R BE 5 B R KA [ S o X
PE 9 BBURRE Jy B > 0 > 25, SRS AR,
TP B 33k A W WSO Ik RTRE 2 i T EE O 2R IR B A L
Yy, HAE K b i 78 A BE AL 0. 14 mg/T(25°C ) , X
PRH 73 1 R, R 2 W T 20 AR S T A 46 Ji
(] B, X DA 1] 1 98 4 55 % o

3.5

(1) A BE Y LEE (10 mg/kg) ££— i 2 BE e it
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Table 3 Distribution of pyrene in plants and its bio-concentration factors
e K )30 B S 6 & i =R 7B I 3 e g Ty [IEE7/EAE S i’{LJ F%{S‘ﬁ? ii@J:%M/ﬁ‘
(mg/kg) (mg/kg) (pg/ %) HERE HERK
D10 KE 2.84 £0.42¢ 0.76 £0. 11d 4.66 1. 15¢ef 1.77 £0. 08b 0.47 £0.02a
L10 Jo %% 2.75 £0.35¢ 0.74 £0. 18d 2.48 £0.47f 1.13 £0.03d 0.30 £0.09b
DLI10 KE 2.93 £0. 18¢ 0.82 +0.04d 2.42 £0.76f 2.19 £0. 15a 0.61 £0.04a
DLI10 2% 2.71 £0.23¢ 0.78 +0.23d 1.94 0. 74¢ 2.03 +£0.08ab 0.58 £0. 04a
D50 Ke 20.50 +1.62b 3.46 £2.01c 21.45 +£0.38¢ 1.52 £0. 04c 0.26 +£0.03b
L50 ¥ 3E 19.46 +1. 19b 3.76 £1.28¢ 14.98 +1.86cd 1.26 +0. 10d 0.24 +0.08bc
DL50 KE 21.04 £2.11b 3.53 £0.33¢ 13.1 +1.45d 1.73 £0. 09bc 0.29 £0.08b
DL50 Iy 3% 20.15 £ 1.6b 3.43 £1.76¢ 7.18 +1.87e 1.66 0. 07bc 0.28 +£0.05b
D250 Ke 98.29 +4.44a 8.46 £1.43ab 58.8 £0.39a 1. 10 £0. 06de 0.09 £0.01d
1.250 ¥ 3E 96.04 +5.26a 7.29 £2.71ab 46.5 +0.50b 0.88 +0.08d 0.07 £0.01d
DL250 K 101.29 +£9.21a 9.21 £1.2a 44.85 +£0. 18b 1.18 £0.07d 0.11 £0.01cd
DIL.250 W 3E 98.76 +6.71a 6.75 +1.42b 21.4 £3.43¢ 1.15 £0.03d 0.08 £0.01d
TREWAE K, T 3 e BE 1Y i (250 meg/kg) 1SN (PAHs) in road dust of Ulsan, Korea. Chemosphere,
S RAIR TS RV Z B I e 2009, T49) ;124501253
F R 0 D 4 6 60 A e 3% 1 2 K3y R B i g DO XHESE, ik T, Wik, S5 ZROTE T e 1 R0 B
(230 A EX)] '?fH%E)ﬁA#"Eﬁ)Tﬁ FJE. LR, 2002, 34(5)
() 5k T, RN £

%ﬁ:kﬂ-iﬁ%&lﬁwﬁ > KRG HBAE > g 28 sfE Xl
E 5 HAR PRI BE A X

(3) 75 YL 4 26 75 K 5 g 35 v i 4 A A D0 2
R4y > Ho BBy, H B 00 E 4 A BN T
L N B NN S A T B o 3 O LB e o ]
P I 2R 0 R TR e 3% b A BE 1 i 5 B R

2 % x o
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