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Abstract: The mechanisms of the removal and accumulation of phenanthrene (PHE) and pyrene (PYR) by rock plant Pogonatherum paniceum
were studied by pot experiments. Results showed that P. paniceum might effectively remove PHE and PYR from soils at their initial
concentrations of 20 to 322 mg*kg™' . About 50.97%-86.77% of PHE or 46.45%-76.7% of PYR was removed from the soils respectively
after 70-day plantation of P. paniceum; the average removal rates of PHE or PYR from the soils by P. paniceum were 63.56% and 58.6%
higher than those of CK1 (with addition of 0.1% NaN; ), and 46.09% and 42.92% higher than those of CK, (without NaN; ). P. paniceum
did show ability to accumulate polycyclic aromatic hydrocarbons (PAHs) from the soils; the contents of PAHs in its root and shoot increased
with the increase of PAHs concentrations in the soils. The bioconcentration factors ( BCFs) for PAHs tended to decrease with increasing
concentrations of these contaminants in soil. BCFs for PYR were higher than those for PHE, and BCFs for PHE (0.12-1.63) and PYR (1.03-
5.61) in shoots were much lower than those in roots (0.21-3.08 and 1.31-10.11) at the same treatment. The mechanisms of phytoremediation
processes by P. paniceum involve both biotic and abiotic factors. Contributions of each factor to the phytoremediation processes were
estimated> which indicated that abiotic loss, plant accumulation, phytodegredation and microbial degradation accounted for 5.1% 0.32%
4.22% and 17.47% of the total removal of PHE, and 2.56%, 4.27% 2.01% and 15.68% of PYR from soils, respectively. In contrast,
41.56% removal of PHE and 36.64% of PYR were attributed to plant-microbial interactions. Thus plant-microbial interactions are the main
mechanisms for the remediation of soil PAHs pollution.
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mg*kg ™' (T, ) 39.58 mgekg ' (T,) 79.86 mg*kg '
(Ty)~ 160.64 mg*kg ' (T,)+ 321.42 mgekg ' (Ty) . A
Y5 e K F 1 8 b, or il 4 AN Ab R, S
G AR 1CCK,): GHY, N 0.1% NaN, GVl ik
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Table 1~ Growth difference of P. paniceum in soils treated with different concentrations of phenanthrene or pyrene
5 CK(Ty) e 4
ND T, T, Ts Ty Ts T, T, Ts Ty Ts

LW /g 4.97 5.12 5.05 4.91 4.82 4.63 5.11 4.9 4.82 4.74 4.57
M5 L 0.462 0.486 0.491 0.496 0.513 0.487 0.481 0.489 0.495 0.507 0.484
Pii/em 11.9 11.49 11.15 10.35 9.72 8.92 11.25 9.94 9.59 9.06 8.78
NEEHUEK 7.2 7.41 7.54 7.4 7.23 6.84 7.39 7.51 7.37 7.26 6.91
M /e 527.65 562.71 591.46 622.33 629.74 585.57 558.42 580.86 603.87 629.74 577.26

1CKCTy ) X A AR I NaNy s ND: AR (n = 5)

%2 FEABEHTHEPFENEEE /mgky !

Table 2 Residual PAHs concentrations in soils under different treatment conditions/mg* kg™

EZIV < HiH T, T, T T, Ts
AEFE 1CCK, ) 18.72 + 0.56* 38.42 +0.92% 76.84 + 1.714 154.43 +3.14™ 311.37 £4.54%
o b2 2(CK, ) 14.02 + 0.49" 30.21 +0.84" 62.40 + 1.64" 130.86 +2.92" 274.62 +3.92%
b3 3CTR;) 16.91+0.67* 35.81%0.97* 73.67+1.89™ 151.04 +2.98™ 307.32 +4.17*
AbEE 4CTR,)D 2.65+0.14% 9.25+0.41% 25.80+0.92% 64.54 +1.37% 157.92 £2.75%
A 1CCK) 19.59 +0.524 38.42 £ 0.97M 77.82 +1.98% 156.99 + 3.07* 315.57 £ 4.25%
i b3 2(CK, ) 15.34+0.48" 31.19+0.89" 65.65 +1.76" 135.42 +2.66" 281.95 +3.24"
AbEE 3CTR;) 17.28 +0.57* 35.14 +£0.94% 72.90 +1.88% 151.85+2.91% 308.11 = 3.89"
A 4CTR,) 4.72+0.21% 12.57 +0.41% 31.25+1.12% 74.63 + 1.62% 172.12 +2.61%

DR EAE AP 2 AefEZECn = 5O, ARG QKP 1 R A8 S AR KRS NS FREbR DR R 2257 535 (p < 0.05) B 2 (p < 0.01)

(MM RED I LBRE DN 4.58% ~
15.65% CFI4MEH m =9.64% ) 4.14% ~ 14.65% (m
=8.84%), CK, CICHDD 43 5l 3.32% ~ 6.65%
(m=5.1%) 1.82% ~3.21% (m =2.56%), i)
XTHEHE 2 BR IR 1 RN P 384 K 4.54% « 5.78%
TCAHYIR - 1 CCK, ~ CKO Y, CK, MIFE TE LB %
) 14.73% ~ 30.08% Cm = 22.57%)~ 12.28% ~
24.23% (m = 18.24% ) , B W03 PR A I ) CK,
IR 17.47%  15.68% » Ut B SR 0 EE
g R N EREM 4 NP, TR, B R
R B U JE S BR R ER 50.97% ~ 86.77% Cm
=68.66% ) 46.45% ~76.7% (m = 61.61%), 4} 5
Lt CK,~ CK,~ TR, “F- 3 & 63.56% 46.09% -
59.02% F1 58.6% 42.92% 52.32% . ut W A H 4
RESED RGN FAE RS S e i g B
W b AT A AR A R, IR R ik
FE i T3E, il e R0 40 B K HE B i, e+ 4%
i B B i A O
2.1.3  SRFXEEEM EEEH

BV INE) PAHs B 36 4 5% B AE L4 b 4k, A A
M—E PR AR B AR, E AR 2 D 5
YLy 0T R B DA R R B (1 A B AIE 45 DR 3R
BUIME . 70 d ) ANETG SRR, i aT$E
A1) PAHs W JE KV PAHs MRS L S H

ERFR R B NG R AN 1 o . nT U H - Bl A A
WL 3G, 3 PAHS Bk B 9 T G K, A4
WILLZ P (AR SRR B A N T 5, AR SRR B 5N
WS % IEAH OC CPHE: r, = 0.908~ r, = 0855, n = 5;
PYR:r, =0.922.r, =0.869, n = 5, Hor, rv r, AR
PAHs 78 IR B 55 R 250 AR BRI FE (WA DG R A0
BRI G N, TIPSR BN 2.65 ~
157.92 mgkg™ "', G R HAR 25 A SE RN B9 B 77 Al
H 8.16~33.86+ 4.33 ~ 18.94 mgekg™'; TEIM Bk B I
FER 4.72 ~172.12 mgokg ™', fi 25 EE AR B 2
M 47.72 ~224.8+ 26.47 ~ 175.61 mgekg ' . FI L, .
PEAEAS AL ZArh (R R R0 B A —FF, A ) 4 2 4%
PER 2 R R /N T . PAHS 7ERE ) 14 A A [F)
AL TR I 2 e R S A A G IR W R AN
KA AT 96 (4 R HEAR L 25 A AR 0 5 = 00 i) Ay
0.635%~ 0.413% ) ARSI E T, 4 K FX TR
R KT HE, X T RE 5 ) 1gK,, KA R G
FIEEI 1gK,, 5210 4.46 F1 4.88)1%

3BT R FEN g SR I AR IR 4R R L
(bioconcentration factors, BCFs, I A=) 14& P v5 Ge M #
B IE 5 LB A T b Gk B R B IR AR, &5
A, BCFs B 38 b PAHS Bk B B 14 3 XM 9k
/NS BRI BCFs K THER . B 138 B : AR AS 7] 35
RLX] PAHs 1) BCFs A —Ff, 404 & S AR
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Fig.1 Bioconcentration of phenanthrene or pyrene in Pogonatherum paniceum

2.2 BEEHUHIH
2.2.1 HEBERHE TR

PAHs [¥) B 3= 2295 25 Bl A2 ) T 3% Cabiotic
loss, WIVBUE BN SO L 48 55 ) R A ) TR 3R, ke
YA Cphytodegredation)~ & % (plant accumulation) «
AP % f% Cmicrobial degradation)~ A #)-1 A= ) AL
“HAEH (plant-microbial interactions ) 55 [ 3L R /EH . A
I, CK, ' PAHs B 25 B 32 2T AR A W41 2K
CK, " PAHs F 2 BRUE T AR LMD R 15 Tl A 40 o i
TR, "' PAHs [ & B2 dEA M0k EP RS 5 & 4
45 TR, W PAHs 25 BRI BT A2 9 AR A= W A
FILFEEHI S5 R b, fEANFE B 1~ 2 ) A2 AR
FIRINEOL T, #4021 A3 vh 3 EE R 2% R T T
PAF ARk

R, =T,

R, =T,+T,

Ry =T,+T,.+ T,
Rh=T,+T . +Tuy+T,+T,

K R VR~ Ry~ R, 7P A CK, ~ CK,~ TR, ~ TR, Ab 2
EBEEM B BRA T T Ty T T 23 N AR R
PERLICREW AR | & S T A W B R - A
A HAERIAE PAHs 18 5 75 v 1) o1 ik 48 CRI26 B A
TXF PAHs 155 B 25 B it 5 00 2 s 2 16 77 20 B D
XF LG BT 45 A B L FE VR RE R SE B =, TSRS

A PAHs B 2R P I oTek (R 3D WHEY =
£511) PAHs & 0] 3@ W€ TR, A FERLY)FE F PAHS
TR R, A 2 BRI PAHs U B CK,~ TR,
AbBE -3 PAHS Bk 25 S CRIBE R AR & B2 1)
PAHs S EDIE TR, Y & 5 PAHs f3K1F.

A T, CK, Ak BRI HE TR B R 2 0 0k
3.32% ~6.65%(m=5.1%)~ 1.82% ~3.21%(m =
2.56% ), Ui B AR AE W PR R AN FE TR BRI 32
B M EE SR ER 0.14% ~0.57% (m
=0.32%)~ 1.09% ~3.37% Cm = 2.01%); WX
WD PRAE B 1.12% ~ 8.43% (m =4.22%)
1.23% ~8.06% Cm =4.27%), Ut WAED W (35
AR & HOWAE LI PAHs BRI E 2
12 AL TR, A AR - A ) TR] R AT
HAEHIXS PAHs IR B DT BN : S A=) B A SE L T
ST 11.41% ~23.43% (m =17.47%)+ 10.46%
~21.02% Cm = 15.68%); Y- YA HAEH %
BRAEEE R 1) 34.98% ~ 47.69% (m =41.56% )~
31.81% ~41.04%(m =36.64%).
2.2.2  HIEREE R 2

- SRS P DA AE I E M AR AR R
fEiE YER B A ARG 2 i 2 5 05
TRZEACAE ) ) 73 A e Ak A0 o3 5t e e - 338 ) 4
AT SR s ORIt 35 7 W AR AIE 4 38 v 25 b AR A
FR 2N ] 5 5 v %) o 0 0 0 (s 10 d HOFE 1
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Table 3 Contributions of biotic & abiotic factors to remediation of PAHs in soils/ %

e

5l E[H 3

T, T, Ty T, Ts T, T, Ty T, Ts
EIRERYETEN 6.65 6.01 5.19 4.34 3.32 3.21 2.93 2.56 2.27 1.82
T 2B 23.43 20.09 17.82 14.60 11.41 21.02 18.26 15.23 13.43 10.46
IRV 0.57 0.42 0.26 0.19 0.14 3.37 2.58 1.72 1.28 1.09
R 8.43 5.97 3.66 1.91 1.12 8.06 5.71 4.43 1.92 1.23
MY EMAZ AR 47.69 44.89 41.24 38.98 34.98 41.04 38.76 36.93 34.64 31.85
PR 86.77 77.38 68.17 60.02 50.97 76.70 68.24 60.87 53.54 46.45

PO R BIR, B TR, 4B h PAHs V5 44 7K 1 i3
W, RS R AL, R T, ST, > T, > T, > T,
>T, BHEHC(p <0.05, n =5, K55 W 115
PRl v AT, R R S 2 R PR OB 60
ds 70 DTy T, 1] PG 22 e AN S 355 AH )
15 YKV AN [ b 3 T, - S8 VS 1 22 = 2B TR,

> CK, > TR, = CK, M2 70 d )5, T, 154
ACEI R, R - B8 2R e (TR, D T - 358 i
PR T AH R V5 Gk R HoAth 3 AN C)p <
0.05, n=5), ZFBFHE O ol W, Y- LW
TF) (AR o 2850 . 88 s T - S T ) B S (R R T
PAHs A .

®4 T, SRKFETARLEE L IEFEFEERD

Table 4  Differentiation of enzyme activities in spiked soils among four treatments

EZINY T S = | CK, CK, TR, TR,
JIRf /mge (g24 h) ~! 0.035 +0.004° 0.224+0.011% 0.107 +0.007¢ 0.401 +0.014*

ElE TR /L g ™! 0.075 +0.003° 0.124 +0.007" 0.087 +0.005° 0.185 +0.008"
Z AR /mgs (g2 h) ! 0.084 + 0.005° 0.134 £0.011" 0.095 + 0.009° 0.171 £0.011*
JIR /e (g24 h) ! 0.029 +0.002" 0.221 +0.009" 0.102 +0.006° 0.371£0.011*

I3 o L g ! 0.067 +0.004° 0.116+0.007 0.079 + 0.006° 0.175 + 0.009"
Z By E R /mgs (g2 h) ! 0.075 +0.005° 0.122+0.009" 0.092 + 0.006° 0.169+0.011°

D RHPEE AP IE « b2 Cn = 5), FAT B IS AN K /NG P RERRIC RS AN R b 20 ) FO RS A1 22 57 1235 (p < 0.0 BN 8 35 (p < 0.0D)

3 iR

R ' B BAR B ™ A 2 i - AR
YRS PAHs 2BRIIEGE 2 — KW nT LA, B
R () PAHSs, WOBCH 2 S5 R4 B 5 1) AR 31 Y
P PAHs 074 WA 2k 52 0E AR b 7 4k 38 R
A 7K e 0 555 PR A i () A R S 384 PAHS 4k h BE
AT A0 P B R B /N o RN 43 LA R B
RSB WARN ARV, 76 PAHs V5§ 3R
Bp, G R R AR B N M BT - AT YK R
MR AR AR 5 B 28 OK 1 % 415 7E PAHSs 2 BR il 2
A 4.54% 1IFE 6.28% M EERE R W) B HE = 4R
SRS AT, M) s AR BRI E AN R S R TG
52 PAHs 15 341 22 A

TRAEWIRE iR S PAHs BRI 5 — & 1%, TLIR iR
BE ) ST I Bl 5 DX 2R 45 R B L3 P R 2 %5 1)
RIS A R B R R L R B
0 RS, K, AR P T A A G
0.1% NaN,)70d J » #5410 1 1 FF CCK, ~ CK, ) JE

P Bk R 2 e CRI AR ) A0 53 ) 20 i) oy AR I sy
HI 17.47% 15.68% » £ W] T3 CHEAEY)DO R
PAHs V5 s AT — I B RE 0, (R S 36 T 8 &
R (68.66% 61.16% ) HH LL, Tk 21 P % filt th A4S &
PAHs 2 BRIV B E A

LERA) -G AE ) 3 48 T, A 00 R T8 AL o 0 T
W WA AT I BE i i AR B A AR 0 1 AR A
RPN R (0 A7 A8 A BE 385 55 2 3 P 5 AR
BB A A IX 2R B3 B S 27, 3 il i AR s 1 1
FAGYE T B i R M, (2 E PAHs 2R M
Y-k A= ) 1R A AH AR A I 30 B % A i 4 BN
PRt A ) S e A g 25 BR () PAHS 75 344, G
ik i (06 2 SRR o o — Al ) R S, AL
HAEH EBRBAE a5 s R s &Em
41.56% ~ 36.64% , 5 4 £ BRAE BB R E 1 60.53%
59.91%, {E PAHs &5 #e b, SLAE AL I R AR %
filt R B R AR SR T I LR E 2
AR WL, R A A B B AR T I SE R B
fEAE P AN TR A B4 AF T - S i G 1 o St U ) - A
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