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WE : Z 742 (Polyeyclic aromatic hydrocarbons, PAHs ) J&—28 EA “ =HURON (HF A PEA LIS G , T3 PAHs V5 Y42 i 42 5K i i Y o 22
IRBE )2 — R 3 OSR]I ZE 8 4 - 198 (Rl R 2T HE AR ) (E AT AR R 0G , P9 1 2822 %5 (Lolium perenne L.) 5/E WK A 16 2 15 Y +
AR . 25 R, R A 1 0k P 2 W A gk 149 500 DR 30 S [ I T 28 5, (L8 B0 S8 el 1 B S0 i 1 ' SR R 3 (U A 2R
7 R BN 3 A B R BRROR B L 3K 71.29%~85.19% , A RS EE I I 35 84.25%~98.77% , {H FR A7 #0 T H2 W RON] ¢ 25 Bk 1) Tk v 22
(L4 0.007%~0.245% ) , & W + HE P EE 1 22 Bk 3 B SRAR BRI E W RO Bt BRI 2 o ) 1 - e B 0 5 0% PRI I ZE Wy b B e, 3
B e R BR N 35.54%~41.37% (XL T %] R 38.05%~56.76% ) , A RS E FE I I ARIE 14.74% FRETE 58.47% FIR 1 42.80%; A 54
I A b PR EE 22 R A ) R 55.32% A5 4T 9.54% FI1 A 1 10.42% , {H A5 A A5 TE R R 1 1035 8 TR N 2B 4 7 B Ak 31, 5K %1 70.09% ~
94.68%. TEAL AN A1) e ol A ) o 5 P22 B A B 2 DS BRI, L A= 398 rP A A0CES EE AR 650, 3K = S PR Ay 2 e T L 5 R e A1
EE R AR O WD B B A MR A L RO, B R A ) e S R B B8 2 PA s V5 Y3, 1 T B E AR (R FRAIK 43 b PAHS
RS O s Lk PAHs ) SRRk il o 18 5 g .
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Interaction mechanisms of ryegrass and biochar in pyrene-contaminated soil
remediation: Rhizospheric degradation versus adsorption competition
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3. School of Geographical Science, Fujian Normal University, Fuzhou 350007

Abstract: Polycyclic aromatic hydrocarbons (PAHs) are a class of persistent organic pollutants notorious for their teratogenic, carcinogenic, and
mutagenic effects. Soil contamination by PAHs is one of the most critical environmental issues confronting the global community. A pot experiment was
conducted using three soil types (Haplic Luvisol, Hapli-Udic Ferrosols and Phaeozems) to elucidate the interactive mechanisms of combined
remediation of pyrene-contaminated soil by ryegrass (Lolium perenne L.) and biochar. Results showed that biochar addition differentially affected
ryegrass biomass with soil properties but consistently reduced pyrene accumulation and transport in ryegrass. Only planting ryegrass treatment achieved
the highest pyrene removal efficiency (71.29%~85.19%) across all soils, accompanied by an 84.25%~98.77% decrease in available pyrene. However,
direct pyrene absorption by ryegrass contributed minimally (0.007%~0.245%) , indicating that rhizosphere microbial degradation dominated pyrene
removal. Biochar addition inhibited soil pyrene removal. In biochar-only treatments, pyrene removal rates ranged from 35.54% to 41.37% (all lower
than the control group’s 38.05%~56.76%) across soil types. The decreases in available pyrene were 14.74%, 58.47% and 42.80% for Haplic Luvisol ,
Hapli-Udic Ferrosols and Phaeozems, respectively. In combined ryegrass-biochar treatments, the removal rates of pyrene were 55.32%, 9.54% and

10.42% for Haplic Luvisol, Hapli-Udic Ferrosols and Phaeozems, respectively. However, the decreases in available pyrene were all significantly
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higher than those in biochar-only treatments, ranging from 70.09% to 94.68%. In biochar-only and combined ryegrass-biochar treatments, the removal
rate of soil pyrene was relatively low, but the decrease in soil available pyrene was relatively high. This is mainly because biochar’ s adsorption can
reduce pyrene bioavailability, which suppresses microbial degradation. Therefore, it is necessary to tailor remediation strategies for PAH-contaminated
sites based on specific objectives (such as prioritizing PAH bioavailability reduction or enhancing PAH removal) when applying biochar alone or in
combination with plants.

Keywords: polycyclic aromatic hydrocarbons ; phytoremediation; biochar; bioavailability ; antagonistic effect

1 3|5 (Introduction)

Z 55 %% (Polycyclic aromatic hydrocarbons , PAHs) J& B P4~ A~ LA _E R IR HE A 10 i — 8 R AMER
M55 (Zhao et al., 2024). B (1) PAHs 222 H A=W TORIAL A RRRH R S8 S BRI 77 A A0 FE B MR A%
RERS Tl A P2 AR AR K R4 (Liu et al., 20245 You et al., 2024) , 5 23 1ok TR UUNE 1502507 X0 4
2 -4 (Chen et al., 2015; XIPF4E, 2017). T PAHs FAT ST | S008 AR AR RN HAE % BE & W4t & 48
Xof A 75 2 G0 A A A 1 T 7 5 UM (Liao et al., 20195 Liu et al., 20235 Ai et al., 20245 Li et al., 2024).
R, SR E AL 2551 PAHSs V5 3 HIRIBE R BAG I H %

A WG S R B A B R A A3 (Gholami et al., 2024) , B HTT BH PAHs 15 YL - 5185 (1)
WFFE RS o B 2 F AR E A 0 B SR A K R B Ak Bk 1 TS ey — R A A
TG G A B A Ty v ORBEMREE | 20215 Kaur et al., 2024 ). 223 55 ( Lolium perenne L.)VE h—Fi A < Gk |
T PR SR AR ARG Y , 7E PAHs V5 4% H 38 2 TP R B T K A9 8 B 5 (Zhao et al., 20225 XIS,
2023). B AL RE S B 42 W £ 3 b 1Y) PAHS, 38 RE 3 F $2 35 PAHs 2 904G %01 AV 48 PAHs A B, 42
PAHs A M A (B %5, 20105 Guo et al., 2017; Li et al., 2019). 8K 1 , B — M 16 &2 35 AR A8 52 Friz
H AR 1T 52 BR T8 2 2R FIAE W it 3214 25 1 2 (Zhao et al., 20215 Guo et al., 2024) , % 1- 48 PAHs 4 2535
SRAEAEI AN TEAR

AW IRAE SR — i 241 1 SRS i B R DR R Y B P 5, G L SR TR R (FLBR S F
BT A I AE 7 5 FRR 25 R R A, TE IR A A AT B R (W J) (Zhang et al., 2019; 1R #R4E,
2020; Bao et al., 2022).Zhang 55 (2020) B 52 B, A= W) A Ry — i A= RSSO R, AT DR GA: poxt 1 v
S PAHSs (1 B R 42 5 3.7%~50.1%. 047 W57 3 BH AR 40 e vT LA 38 W B RAAIK PA HLs 1) B2 P 0 23 - 18 0E 0
SR K AR B 44 (Cao et al., 20165 Zhang et al., 2019). R, ¥4 4= ¥y Je 55 B2 w06 4 1% FH L siF A7
BT A PAHS B9 4= Wy a5, 2 5 BB 22 w0 398 v PAHs A 25 A5 SR T, AT S A IR 9 48 1, A= W e i
BV AR T PAHSs B A= 904 &0, AT REAS R Fi5 4 + 3 rfr PAHSs 119 22B% (Rhodes et al., 2008; Zhang et al.,
2021).Zhu %5 (2018) AU 5T 2 BT, U AE 90 2 AT LAAT 2481 7 PAHS , B /0 /K R 4T PAHs (IR IR §% iz . 48 T4E
Wy a5 ikt e b PAHSs BREE AT R 5200 A9 A B 2 M, Zhang 25 (2021) 35 HY |, 766 FH A 9 ¢ 412 i e + 3 o
PAHs 2355 Z Hi5 W S 3FAG A P ¢ A PR R XU, (LI 7 T A 5875 SR AT BR

W& S AE W AN A RO BB S A1, £ 358 h PAHSs B9 IR BEAT 38 52 + BRI, U+ e WL
i pH  TIEFTHL A2 (Zhu et al., 2019). 33X S8 DA 3R 32 BR300 120 5200 PA Hs (9 £ )4 80V 100 5 e R A
3% Huang %5 (2011) X PAHs (44 W78 85k 5 - S BRI 2 [ R4 5 AH SCME A0, 45 SR 26 I PAHs AR
e A A MU ORDRL S R SO DG 1T 5 pH S IEA DG PAHs A T35 IR T 8 5 A ML 25 A
ol iE A AT B4 5 5% B 2S5 PAHs, Wei 55 (2023) A58 2 B, 7678 MILAR & 2 AL 7 HL 3 v 1) - 4 vp
SEO TR B AS PAHS R R R . O A BIXF PAHSs ¥5 Y + 308 & A0 7% 32 B2 4 X Bk 1+ 38 0847 /4 (Sakshi er
al., 2019; M5, 2023 ; ZEMI545, 2023) , 1M % FALE A R4 + 38 004 T FL A B BIFSE ARG B2

L5 LRTIR AR SE LLEE A0S Yy, e TR R 5 5 UL A AR PR 350 A2 AR B RA SRk il 4 A6 4 < I
I G PRAZ B 3 FPAN[R) 28 78 (¥ R PAHs 15 4% 4 EATAE S W5, 8 2ok D 7 AP AR IS 498 rh PAHs S FTA
B DL R R N PAHSs 75 B AE PP AZ A AR W e SR A PR A7 A B 5 Y - 3 PAHs B 5K
RG] R A P e R B G 1B 52 PAHs 15 G - S T A7 PR B HE R A .
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2 M5 A% (Materials and methods)

2.1 ik HEMEYIR

PR 1R A LR CEEBORIE AR, R 0 O A AR+ CORFERTHE 2 IR A ORI
FJZ0~10 cm B+ 1. LR RISCR =5, Pk A P RS ER IR, X5 2 mm 0, 230 T AR

A=W (A ) SRR R A2 AR ASE , K ki B T 5 AR DI B/ T 2 em A BLIR B 45 00 (VL3R
Ak, 0-KTF1200) H, £ 2S5 T 600 CHARE 2 h. ARG 1 65 H i, T T h IR FF TR Hl & kS
L SCHR (iR BT 45, 2023).
22 TEMAEYRIBAGERNE

458 pH R FHBE I HL R 5 , K R 122,55 B HLER (OC) A4 % (TN) 2 & F T 2 40 ML (Elementar
Vario Max CN, 75 =) I 52 , 7690 % 17 0.1 mol - L 9 R 2 22 5 3 v (R Bk R 58 5 39807 42 21 R IO A 2
ST (Mastersizer 2000, H2 & )% 5 Hb 2 AR FH 4 A sl He i BURFLBR AT (Tristar 1T 3020, SE[E )
FE . RN A W e (BRI DL R G LR 1.

F1 At HiE EVIRERELER

Table 1  Basic physical and chemical properties of tested soils and biochar

gk oH oc/ TN/ . by A hip A [z B/
(g-kg™) (g-kg™) (<2 pum) (2~20 pm) (>20 pm) (pg-kg™)

s 7.81 13.35 1.23 10.85 14.77 35.46 49.77 560

FRar g 4.45 36.48 3.04 12.00 15.48 33.87 50.65 189

Bt 6.75 12.09 1.38 8.76 10.48 32.90 56.62 159

W 9.80 304.03 4.29 70.87 \ \ \ 216

23 AATHELTENHE

B 2.5 mL ¥ M 10 mg - mL™ 5916 PR BVA TR, 3B A 100 g AR, o 5t A v v 1 50 1A . Bt I 4
B XU, R IR & TR RS 5 A1 400 ¢ HAREIR AT, R EE A BRI N 50 mg - kg K 3%
EK R % 60% M AR K, FEE T 2k14H .
24 BHZIE

o FR Sz v AR A A A AR BEZE 30 CK (IR )  BCULER A= 7% ) \RG ([T BB 2 B) |
RG+BC (FhAE S 2 5 H A Yok ), JA A B B 3 AR PRS00 ¢ 75 Y + 38 T M % 404 (15 em x 12
em) , HoHt BC AT RG+BC AN A BT I A= 39 o 43 531 8 i 4 498 5 o 29% 19 25 W e IR 20, A R385 /K ol B
7K B 1 60% JICE 18] . A6 RAE DA BT, 30 BGE 45 40 B+ 49600 7 + 3 rfee 1) 7 o, 45 5 L3R 2. PAHs
HEA HHES AT REE A — RO AR Y PR R R (B A2 4E, 2022) , B R & A AR
PR S A BRI R N4

DL il TR AR R 30% R i SR S TROR ®2 ARIWHELEBLENNESE
(@ 30 min, ﬁ ﬁﬁ 245% % 7J( g {ﬁ\ {':F{JHE , Eﬁ {% ﬂﬁ Ji /%jL ’Hﬁ Table 2 Soil }.)yrene content of each treatment before planting in pot
SR AT 20 BB R TR RO E e S
S cm FFAT IV, AR 15 b RIS oo —— e
A RS SR R AR 5 R Ry pros 543 1004 - 650
Oy IRAE R B oK Mok T B VR TR AR beor 26.44 25.09 27.65 3,18
i, HA B U 5 PR Tt b R m4 15.46 21.24 15.51 15.06
25 BERRIRENE

FE B AR R ORI YRR P B R RIS IR Wei 55 (2024) 19 7 WA EAT . R 2.0 ¢ £39E 5% 0.2~
1.0 g AEWIRE S, S5 10 mL PR A7 88 75 $2 350, FEH 10 mL 0B RINER (V/ VR 1: 1) BIR SR T4
B, f5Je 10 mL 580 o6 7 52 B O UK K BT $ UV & 0, a4 PR AR I A5 R I s

HFEFIR https://www. cnki. net
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A RS R FEIL : 2 18 Gomez-Eyles 55 (2012) i J5 1%, R FH 2R FH B [51 A 25 07 (POM-SPE ) % -+ HE A 3%
BEEVATHRI . PRI 0.5 g HAETRE I A, LA 40 mL¥EJE 7 0.01 mol » L' #Y CaCl, F1 25 mg- L' i) NaN, IR & 14
W, FEIIA 110 mg POM JI5 44 A (0 & T4E 0K F (100 r-min™) , 20 ‘CHE T 28 d. 45 7 4% 05 i & — 1% , ¥ POM
FRCERCH FH 25 8 1 /K e v 9 R K 4R 7K 43, SR 2 IS SR B POML, $R B 0.22 pm 2R DU G0 205 8 K 5
SRR

K FHHE = SOROFH €6 1% 22 45 (Waters ACQUITY UPLC™ ) Bt ¢ Y A6 I 24 X5} 26 HEAT TR0, €438 44 A Waters
PAHs % FA#E (1.7 pm, 2.1 mmx50 mm) , #7845 °C, #EFE & 3 L, ZHEFI7K AR shiAH (80% LI F120% 7K , ¥t
0.3 mL-min™) , DAL 98 & P AN & S 53124 270 nm #1390 nm.

26 HESHTSLE
K H Excel XP R A TRITAL I, SPSS 26.0 K424 7581347 AT Origin 2019b 2 K144 4] .
R R R AT AR ().
C,-C

R, = Oc < x 100% (1)

K, C R T 3B AR EE (mg-kg') 5 C MRS HIEEE MR IE (mg-kg).
TRA RIS R R R AR ANELIE RE 1 RN W A R (BCF) FI%% 18 RAU(TF) Ko, THRE A0 W (2)~(3).

_ Cﬂi%
BCF = T (2)
FH, C gy M BRSE R E 340 Bl R B4 EE VR B (mg - kg) 5 € L AFIAE S T3 EE R B (mg - kg™!).
C
TF = 2L (3)
C}ﬂ

K1, €y R T PR AR BE (mg kg ) s C oy N PR FEHL R0 MR (mg-kg™).
FRA FEON L h EE E BRI ST CR TR A UL (4).
E(ij X BM)
T,
T, C gy R R FE T L3R B R BE A MR B (mg-kg") , BM Ryt Lol R 3 43 1 B 4 i (o) 5 To0 18
B S B R RO TS T R 2 22 5 T TR RSN

3 R 51718 (Results and discussion)

31 EYRNNEBZEELYEMNEI

FAR SIS AE R, R R R () AL 543 CRR) (4 2 4 AN L 1 s . i in 2 W e vk B 22 A )
(1452 M DR LSS AN W] T T 25 5 A8 3R e rp S INAE W) R A 0 35 1S 1 AR R R, B oA
(p<0.05) , T XoF 11 3508 5 9 A 4 e TG I S 52 000 5 7 s 0 4 v ) 38 2500/ 1 b b Rt R 340 AR W (p <0.05)
T 2 A rp St b R T30 ) A 0 i 2 T SR S S A W e R N ) R A AR A S ) A A%
0 A Wy o M R A S [R)AE FH D 52 (Dai et al., 2020) , Singh 25 (2022) % 2012—2021 4F & 2 14 59 W #F 58 47
meta 7307, 45 AR R W =5 (> 500 “C) il £ 1 A= 0 e X AR A 7 o B R e 2 ), HL A 9 AR AE 20 o b R
Jo M - AR S A A 7 ) T A I b - 39 e JCBH SRS ) ASHIF S R R 04 A 3 A5 R A 600 °C
L3 Ff - S92 i o 2 T ML, 33X T R SR 5 BB £ RN 2 - e B A W ik s G ) i AR AR A

BEAR  ABFFE IR E T A= 15 F PAHs & 6 FEE 42 & 1 7 1, DL 3 R 3R 4. ARG BT AR 41 HE 2 1R
P, A mc s in )iz 33 vp J5 Horp 74 B 4 J8 v BE 9 1L (Bandara et al., 2017 ), AT RF B 32 B () A2 K 77 AN
FIFZMA Xiang 55 (2021) BWFFE R B, AE W e s in 8 4585 , ol BE 38 i 38 b PAHs (4R 15 W0 5 1=
AP HIAR Y AR K, 30 AT R aE 2 I B =4 b ) N P AR B R SE AR AR KRB 28 BTk AR e x) 22
22 R R )5 ) B A ) i P B 5 AR 22 1) B AR A, 75 AR e A W e o R A AR A Y I
i, DA & 52 R ) A e P A A RS

CR = X 100% (4)

HFEFIR https://www. cnki. net
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1 AR EEhBEEM FERS M TERS B EME FOR A _EAR/NG FRERR Al — 2 R R ] ab B 2 )4 b 50 A Wk A7 7
FE2E5 (p < 0.05) s ARIRE TR F IR 7] — L eSS TR [ 4b PR 22 A1 850 A= Wi e e B35 P22 57 (p < 0.05))

Fig. 1  Biomass of aboveground and underground parts of ryegrass in different soils

#3 MIKEWRPISTHPAHSEE
Table 3 The content of 15 PAHs in the tested biochar

PAHs WL i/ (ug-ke!) PAHs AL P/ (pg-kg)
Nap 2 135 Chr 4 9
Ace 3 7 BbF 5 2
Flu 3 33 BKF 5 ND
Phe 3 114 Bap 5 ND
Ant 3 ND DBA 5 304
Fla 4 440 BghiP 6 ND
Pyr 4 216 P 6 ND
BaA 4 ND S ispane 1260
x4 HiXEMRPOHESERSE
Table 4  Contents of six heavy metals in the tested biochar
s Cr Cu Zn As cd Ph
&/ (mg-kg") 43.42 17.36 135.50 2.32 0.02 38.48

32 EYn3EFZERKEIZ TN

2 AR AL BT SR 22 b [ 3R RN R R4 0 5 e WS IR W ok SRR T 3R R R AR R
BT (p < 0.05). ZEARIE UM 1305026 5 o b B AR, B IR 93.49% 5 AEARZLERR 1 4t [ S50 F
TN EE S i 1Y T AR, b b A0 B 20 S0 R 67.55% 1 71.49% , 3t 3505 4 [ i 43 51 Mg 49.119% i1 44.18% . 3
IR RO Y B S R RO RB(FRS) A5 RS AL W e S B 2 RO EE Y AR R B FE B R
B0 2R AIS, WP TR A W e 0D T R O A WSO i

A RT3 B, U A= 1 ¢ Al A5 280 RIAE % PAHs (1A 22 WSO [ b 323 i %632 910, B350
T KAE AP INRARAT B A PR SN 3 PAHs V5 5% -3 rp ] DI 6 I ok (B8 X PAHs 19 W ic sl
) 4 b #8545 1% (Waqas et al., 2014; Brennan et al., 2014; Ni et al., 2017). 3% 2 [ hy 28 Wy s BAT phos (6 384k
PER, W E AT BT &k A FLBR 4548 LA B 35 K B4 B T AR, AT LA sl 1 67 r i 22 ] A0 i fL i 5 | L FL B4
FE KRN S [ PAHS , FAR H AR WA 50 (Valizadeh er al., 20225 3R ESSE, 2023). 4 W) 7% 1 1 45 JEOR)
VI P8 5 e JE R 6 68 00, R B A A 25 v U B A 8 A W e T B K B A AT 1Y R B B (Huang et all.,
2019) , TAWFFE I A2 AR ) 7 S A8 600 “CF i 4, HLE SR TIFRER (348.80 m*» g') ARG Oy A P
(Chen et al., 2019) , LI INA= ¥ ¢ I v] RESG 5 T 3 b - 98X 28 (R WL B, A TT IR AIE T PR 22 BAR N I 2 75
Wei 55 (2017) (RFFE R W], A0 3853 1 PAHs R840 U5 T 1 8 2R DL KR 2 1384 i 5% is  AE AT

HFEFIR https://www. cnki. net
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FEA U AR R 5 T 3 7P RS BE A IR BT, DA T /D 1 AR R T B A W AT X 1) L T (4 s L R A R M
b R A T S A O I A R R TR R R AR R S R R R IR
A (r=0.833, p < 0.01). YW K ik AR 28 A A T JR 22 Rl 308 vp (9 B8, T AR 218 v PR A el st T 902
Wy 5 T 03 AW X (AR AR LSRR B SR B T v i T e R

B2 AETERBRERM FES M TES M ESE GRRE AR/ NG TREFOR R — 2 2R RUR R B2 [l B P4 26 & A e
FVEPESR (p < 0.05) s ANFIRE FRERIR ) — L ISR R Ak B2 A1 3873 26 5 A /R 3B 1225+ (p < 0.05))

Fig. 2 Pyrene content in the aboveground and underground parts of ryegrass in different soils

RS RERZERMMHNESRZHSHIZRY
Table 5 BCF and TF of pyrene in roots and leaves of ryegrass

s FRLL 4 W
Qb7 BCF BCF BCF
TF TF TF
il n it I i i
RG 0.70(0.15)  1.52(0.77)  2.23(1.16)  4.74(0.78)  0.53(0.15)  0.11(0.03)  2.97(0.98)  3.53(0.27)  1.27(0.34)

RG+BC  0.30(0.03)  0.03(0.01)  0.10(0.02) ~ 0.65(0.04)  0.05(0.03)  0.07(0.04) 0.37(0.08)  0.24(0.07)  0.66(0.10)
T MBS A IV 39 1E 365 P I ECT IR AR IEZE s RC A8 (LRI 22 SR RN AR M B I AR B s RG+BC R AR SR A2 W5 5F U in A= 7 ¢ 19
LI

3.3 AWt TR R

Bl 3 AN TR A R 3 i A 58 v 25 1 25 BR R L AURD R B 22 X EE Y 2 BR AR B AR L PR R AA 71.29%~
85.19% , T s A= 4 3¢ U] 241 2 1) 22 B3 . 5 56 B A BB L (28 25 B3R 0 38.05%~56.76% ) , AN Il A 4 5 Yok
3PP 4 P Y 22 B B A (R R (R T ) Ry (2 22 B RN 35.54%~41.37% ) , LT HEH EE L bR A 1
RN B A B35 (p < 0.01) , KERFEREAR T 17.51%. 5{UFME M A2 R Ab 3R L, BRIERI AR SR 22 B H S A= o
FECEE ) R RBRAR T 29.87% AR AL FE T V6 1) 22 B AT i 10T B T 26 AR 2T R0 2B - v R R DR A B LR
TN 90 e R ) 22 BRI T RSO, S5 oA B S, 2B 2%  5sb T 61.75% Fl168.25% , H A BRF 0 Z LT X (p <
0.001). A, 8T T 3 Folr - 3 AN Py 2 52 e Rt 2 2 o LS N A= 4y o o e Ak B vy B e Ao xef + 38 vp
EER BRI TTIR AR, UL 3R 6. FRAZ BRSNS B8 23 B (1) DTAR ARG, h 0.007%~0.245% , 7% W] A7 B Soor + 15
TS R BR A BTk AT 2B AN T

ARHIFFE T 3 Fifr - 39 X)L v 0 2 A BT AS (R R A AR A, 3 T RS R A M v 7 A BB [ EE 1)
T, AR SR AT U 4 (Bao et al., 2020) 5 {H 37 + AL T | 5 A A AR S MBI S 5 ), AN ] +
s b R 5] 0 R ROR (2543345, 20185 Wang et al., 2022) AV B8 22 5 4b BT 3 b 398 rh 28 10 £ 1R
RO (KPR 71.29%~85.19%) , (EAH YW 5T R R 0.013%~0.126% (£ 6) , X — ik 25 F R/ ] 1
TP e i 22 B S AR AR PRI W R VR R i A A LR (= EAEAE, 2005). DAERYIFSE SR, R
FHFAR R WP UNA VLR HEIS S TE4R 55 PAHSs (125 078 S0P [R] B 148 B 00 SO B fode A 400 145 (348 Jon 400 78

HFEFIR https://www. cnki. net
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S A TR I i T T R, IO WA e e IR 6 3k ) L A U PAHs &% (Gao et al., 2017; XUAARLSE , 2023).Li %5
(2019) W HHE T 524 B Y M PRV AT UG 398 /p PAHS 1942 MR R B T 10.7%. 16 ASHBIFSE o g8 I A W e [
fIRT 3R H e e R R BR AR, 3K AT BEE: BB S A 0 i IR B PRV T - 3 v B A A A A5 (AR R A R
+ e RS AR EE AR MR 5 W s A FH EE (Rhodes e al., 20085 Xiong et al., 2017). AN , ARBFSEIE & IR
TEGS AR ) e FLMOR SR ZZ FEAb B ep AR rh e ) R SRR 0 38 8 TR R+ X rI e S+ A B Ay
O ARG I FH A RR 21048 55 28 1 B R 1 , i A= ) o S Btk | 3 AT e 80 8 pH 2 i ) 2 A
15 PE (Zhang et al., 2018) , 1 3 AT e A2 A= Wy ¢ v 6 4 X RE R, DA T ) B A2 e iy A K™ A R RS2 i
(FE2) , s mise m 2 rigs St YR i, 800 2R PRI

B3 REAAET PN ERREGRRIE EAR/NG T E0R [l — T EERAN A 2 3] B A 7R i 25122 5+ (p < 0.05))

Fig. 3 Removal rate of pyrene in soil under different treatments
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Table 6  Contribution rates of ryegrass uptake to pyrene removal in soil

X 4P e L BR A TTRAR

b3

A PRELHE Bt
RG 0.013%x0.004% 0.126%+0.018% 0.079%+0.026%
RG+BC 0.007%+x0.001% 0.245%+0.154% 0.189%+0.102%

TE BUEE 3 R AL P390 s RG I8 (R A Z2 BTSN A= 49 5 (AL B s RG+BC F8 TR S BT VR N A= ) o ) b 3L

34 MENEARAETIEGERSESENTL

] 4 Sk R BRI AT G H P A RS O PRSBSOS AR ) e A FRAN 45 AbHE R £
B A RS E e W TR (p < 0.05). 3F 1 X S AURI AR SR A7 BOAR R v A S S BRI RO AR
S RRLT MR A 43 AR T 98.77% .84.25% F196.85%. TN Ak o EL R S A2 B b R B e Bt 21 49 1 BB
A AR B R S UK TR AT R A FEAR B A3 S FEAIR T 94.68% .70.09% Fl 75.72%. AN TS il A= 4
HALFRR 3Fp AT RS EE ) B BRI AR, 23900 R 14.74% .58.47% F142.80% , B 44K T %) R .

T X 3 A - b B A ARG i 5 R BRI S AT ARG S, A5 SR R EE
HA RS e 5 R R R R0 B8 2 [R) 4 4 35 IEAH 5 (r =0.828,p < 0.01) , i POM-SPE $2H 1 EE 7 i
AT LA - 5 b 2 B A= ) A P (Tao et al., 2006).

Xf B A RS S BRI T RE 5 EE Y F AR AL UE R AR A W A S A DG B T Y R B K
PERIRE A, e [ SR 200 R A (Ping et al., 20065 T £ 5, 2022). MIEALA AW A AL BT A i AT
B PG 1) P R AR /D, 30T BB PR R i AR UYL 7 LA, TR R AR 58 55 T W Bf PAHs (Pernot et
al., 2013; Yu et al., 2018) , T2 Y%t + L0 B 7 0 STBRAL K . A6 QORI B 22 R Ab B A S B i
RS i K, K 2 B PR Ry 7 R A FEAR BRALN B2 T, 3 b (0 RS EE g U E W A . 5 22 R TR R 2 P
PR H IS I R A3 AN BE R P ) PR FREAR (B 3) AR RS & A A KRR IR (B 4) X ik —2 3%

HFEFIR https://www. cnki. net



386 o OB % ¥R 45 %

B A= ) 5 04 W BT BB AP AT R4S B8 ) 5 T AR A 2 I A= B A I 2. Zha 55 (2018) AR TE 1 A= ¥y ¢ 7 L3l
o W B RREARR 38 v PAHs 12 W0 800 Ul S A 28RBS AL A 10 70 W BRF 70 2 T R PRI P53 25 108 Ak T 43 2
A i, FERT IR AR RS EE AR R R TR A R U T B B RS S5 [ 3 B XU
(Xiang et al., 2021). WAk, 3 b (445 HILST a8 HA R SR 40 50 AT BB S5 PAHs 5 4 31 o 418 25 90 e iR W B2 25
SV AT PAHS BB (Chen et al., 2011). 25 1, UM A= 1) 1k B R 38 48 W52 56 361 5 28 08 of R AR L2
AU, (H A, FT BB 1 AR s G 2 ) 6T B8 A , S A0 S R A E AR FS U0

B4 FhiEEE T EFEISERSEFRE EARE/NG TR R R [E— 3R M R AL BTG A SN S B AR EEE R (p<
0.05))

Fig. 4 The contents of available pyrene in soil before and after planting

4 4512 (Conclusions)

1) PRSE RORRBRAN = T v R A, 8 (SR AR A 22 A B rp 28 R A 230K 71.29%~85.19% , 45 RS EE [ B i
84.25%~98.77%,Eaﬁiﬁwmﬂmfﬁaé@ﬁﬁkﬂ,ﬂ%
2) VR AR A e e R 3k I B/ P AR R A AR N R R B IR BT XU, (B B T A Sk R A,
B B 5 A IR FA G I EE ) KBRS B AP R A A B
3) ARG I 505 AT RE AR TS Z A AR K, BT 38 o W B A PAHS E@i%?ﬁ Bk, SHYE
82 Z AR HORON, , 78 & 5 b AR ELAAR B A% CUn B A% 4= 58 b PAHs AE 904 208 S22 F PAHSs K BR)

KA PR .

VU B AE F ARG T A Y e A& =AY S A RE | HE Sl R 7R B X L AR e AE ) e 3T
JESLER B IE
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