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AR T LA 1 A S R SCRITT RE LRI, 75 e Ak S R 2 AR 252 Z RN R 8 BT U TT 4 T 28 A9 S,
A EHBUSH R BRI R

X@i| RENMY HPBE ELREEY AHGRY

ROOT EXUDATES AND THEIR ROLES IN PHYTOREMEDIATION
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Abstract Environmental pollution has become more and more serious in recent years, and much attention has
been paid 1o its effects in soil-plant systems. Phytoremediation, a technique using plants to remove contami-
nants from soil and water, has become a hot topic in the last decade due to its environmental safety and poten-
tial cheapness. It can clean up heavy metals and organic contaminants in the environment in four major ways:
phytoextraction, rthizofiltration, phytostabilization and phytovolatilization. Numerous studies and several reviews
have been made on phytoremediation of contaminated environments, but reviews on the role and the mechanism
of root exudates in phytoremediation of contaminants are few. Here we sum up the varieties of root exudates and
discuss the internal and exteral factors influencing the exudation of plant roots. These factors include plant
species, nutrient and heavy metal stresses, rhizosphere, soil microbes and others. The roles of root exudates in
phytoremediation of heavy metals and organic pollutants are also reviewed and illustrated by some case-study
examples.

In general, root exudates can affect metal absorption by plants through changing the physical and chemi-
cal characters of rhizospheres. The modes of root exudates in removing heavy metals vary in a broad range, for
example, by modifying the pH of the rhizosphere, chelating, complexting and depositing with heavy metals,
altering the numbers and the activity of rhizospheric microbes. Through these ways, root exudates can change
the chemical existence of heavy metals, increase their bio-availability, activate soil microbes and reduce the
environmental dangers. While removing organic contaminants in the soil, the ecotoenzymes in the root exudates
may degrade pollutants directly, or degrade them indirectly by stimulating the activity of rhizospheric microbes
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(which is considered to be the dominant process). Root exudates do play a key role in phytoremediation on
contaminated sites. Future research should focus on seeking and screening certain specific plants with high bio-
production and excellent efficacy, especially developing hyper-accumulators, and testing their efficiency in re-
moving heavy metals or organic pollutants by lab and/or field trials. Emphasis should also be laid on process-
oriented correlations between contaminants and root exudates of these plants. If so, more effective approaches
to ecological restoration of polluted soils can be developed and put into practice. For instance, we can attempt
to plant various kinds of plants, especially already-known hyper-accumulators on a large scale on contaminated
sites, and supplement treatment with additional forestry practices such as coppicing, to enhance the efficiency
of phytoremediation by speeding up the processes of bioremediation. The important ecological contribution and
wide perspectives in field application of root exudates provides an entirely new research area. A combined and
integrated study of pollution ecology and chemical ecology, and new findings and breakthroughs, are to be ex-

pected.

Key words Root exudates, Phytoremediation, Heavy metal contaminants, Organic pollutants

TR E A B A VLTS R X sh Y A B
KB EREURBTGRIARENEGSIREC B
BERKEMES . HYBEC R RESTEM
RAERFAREHRS, BTFHRENRMERNES
8 OMHEBEBEX-AREYGE HHASFER-BHHR,
41 Anderson 55(1993) , RAE 9 F| R W& & A R
T EYLEY YR S5 R K15 5 A L
FEANRNERA Y TG, S5E N 1 1
K bR B2 & R FAa LS R S AR EAT]
A9EEE (Raskin et ol ., 1994) ;G AR HHEYBEE
RAAE e SR L3 oK 0 E 48 i
BRI EIGHEB A, g 8 1EF I A5
3 25: 1) A 4 TR UK ( Phytoextraction ) , BV 38 1 A8 #7
W R TS R AR, SR 5 WA 9 1
KB BRI e 5 2) MR IE4E I (Rhizofitration ) , B £ B4
PR R A A S TS Bk R iR ik B AR TR
FH R LBRESBEAIIGT LY, BKEFE RS
BRI Y54 7 25 3) ML A% 8 6 i ( Phytostabi-
lization) , BV i 8 & SR AH 40 sl 8 4 J L 400 A PR AC
RARESNECE S B 1S i, 3 A Y W FA
YR 2 A A 2 B E e P B 1k 384 8 it A KA
BN B 1 (Salt et ol ., 1995), WT4ER, MY
% (Phytovolatilization ) t. 4% 9 45 #E F Y1 16 B £ R
(Bruce, 2001) , H 5 ¥ 2 ) FI A 148 22 IR T e 9
HiESEYER BRI P A ES RS,
B e 2 KA R Hg ¥ & $2 (Bizily et ol .,
1999) , 5 T A M HAR A £ A P TTE Se
HIF R L (Terry & de Souza, 2000), ik F| ok
HIH B W, AT HEGE s A LT E
Z—REMNEDPEEAESRECE, I e
PILHZ o s B 7 A PR SR B R S 8 T A WL RO B 5 3¢

AR B J8) LB R A AL 2= ) BB A AR K
(Black, 1995; Shann, 1995). HN/ME XHPBR
HI%5 AR £ (Black, 1995; Bruce, 2001; RH%E%%,
1999; MRS, 2000; FHAE, 2001) ,HA XK
RO YR SR M E YR T
FIERFAPLE AR, BT, ASUAMMET
FYIR R 53 I B Fh 28 A B B L AE i 18 B A
FREN, BAEF TN E BRI 1Y b
IR FIHE R RN R R, R T A BN
HANR M,

1 RESBYREFAR

R R LY AT YR R A s shid #2 ) 41
RIAE ISR BN ER. | XHRES
WA (Rovira et al ., 1979) 435 4 MR, DB LY,
BP 4 ff b F 3h 4 B R B — KK S FE ML A
2)73 454 , BP0 B 7E A R g s B SR B
s 3) KRGS , AL FEAR T4 L A TE AR A e 0 35 g
AR W AR BRI B 4) BEY R, B R
PR B R R AR A= R AR S R B
MAMIFE R 45, B SUMR R 2 W4 (iti TLRA, 1993)
A A8 i IR A BB TR AN . 4R
fhit R R W H VAL A — e 200 A DL |
(Elroy & Truelove, 1986) , %43 F &K /Na] 4 J {43
TR DT K53 F0Y EEGHIR.,
W RS M ERER, BA Ty B
A SN , ARG B 2508 F1 4 B R (Marschner,
1995), —AEOLT , MEMAEBRRAAIBRE S
FYEE EBRERN 1% ~40%, P h 4% ~ 7% 8
53 IE R 38 (Lynch & Whipps, 1990), B %
SRR ILE 1.
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Table 1 Types of root exudates

AL Type L4 Examples
b 2B HIEHE Glucose SRBH Fructose  BEMH Cane sugar  EZ3FHH Maltose  FL¥F Lactose  F8 T4 Melitose  4%B% Ribose  ABH
Sugars Xylose BIIAMKE Arabinose ELZE%E Rhamnose ZEHH Oligose
LEB Leucine FEEM Isoleucine -2 3 TR r-Amino-butyric acid A EME Glutamine - Z M o-Alanine K
ZAHM R E Asparagine TLZE PR Tryptophan #+E B8 Glutamic acid K& # B8 Asparagic acid BEEBR Cystine ¥ A
Amino acids Cysteine T # Glycine M E M Phenylalanine  #7& # Threonine #ZPL Lysine AR Proline  H{4( MR Methio-
nine  Z2%MR Serine FFHE MR Arginine
P A AR Tadaric acid  BLFE Oxalic acid  SEHER Malic acid  #7E B Citric acid &3k B8 Achilleic acid & Acetic acid
Organic acids NEARSE Acetone T B2 Butyric acid  JB& Propyl-acetic acid JEIAAR Butanedioic acid HEWH B Allomaleic acid 1§
’ & Malonic acid ZEEAR Glycolic acid  Z.BEBR Glyoxalic acid ¥£%:Z.BR Glycolic acid ¥4 T B Hydroxy-butyric acid
it A M Palmic acid  JHMR Oleic acid  {E4: B8 Arachidic acid SEJKBE Linolenic acid B4 VUMM Arachidonic acid fH
Fatty acids [EIBE Cholesterol X4 ] B Stigmasterol 2 £} H§ 8% Ergocryptine
HRETF Y E Biotin  BiMEH Thiamine JE7EME Niacin  1ZBR Pantothennic acid ~ JU# Choline  HLAX Inose ML T ¥ Pir-
Grow factors buterol - IR B o-Benzaminic acid
SEE HALEE Invertase  F F1MF Pankrin - 3€¥) 8 Diastase RNA B Ribonuclease DNA B Deoxyribonuclease W3] 2, B2 i 1n-
Ecotoenzymes doleacetic acid enzyme  JEBHHEY Saccharase PR Urease
HE BAF Nucleoside  HEEIZSAL &%) Flavone matters  AH 47 4= K & Phytohormone 4= K VAT Y Growthregulator L 1 4
Others Quillaja sapinin ¥ H Glucoside HFLHIF Allelochemicals FEYIHI T & Phytoantitoxin K-S/ Iron chelate

1 Elroy & Truelove (1986 ) FIXIHE T 25 (2002) 5 & i3 After Elroy & Truelove (1986) and Liu et al. (2002)

2 IRRESWMIEEWIEE DI LSRR

2.1 B R AT Bk S

B TR NS E R BN
% (Bruce, 2001), R FR4r W %T L33 M AL, 4
PHER AR A/ pH (B FH B F 38 4 & (CEC) KW f i
WHRRBRELW, #REH, RET B RS
i Aot 4 S PR B A e L PRRAACR N A ) B
PEFG A 5 E 50 (Morel e al., 1991), FiMEHE &
( Pisum sativum ) \ K ( Zea mays ) F1 3 2 ( Secale ce-
reale) 1] 45, KT 9.5 mm B BRI B>, W
0.25 ~ 9.5 mm B 4401 I 14 1 Materchera et al .,
1992), HYIZF AP R LB A RIR S A VLR AE
fif + 3 pH {E PR, Ik 3 AR AL (Marschner et al .,
1987) K5I I LI BRIE 20 1 B0, BT IR AF IR
ML B HY X L et ] SRR A AE AL, AR B
PHBS F At 8 B 28 SR R 2t TR 2T i
R ARERASA KBRE, ERRENHE T
37 (Oades, 1987) 0
2.2 B LR P B AT PR S

RBR B T H A AL A 1 R B R AR R 2y 1)
FFETE A LR R R T JE AR B RO A ) B B T
Ve YRR RE YEXHE B 1B SR ST AR
K (Bruce, 2001), HI TR RSP EH RR WK
KSR IR Y R, o R RCE R T K
VB8 - S 0 B 0 R A e R AR B (RS
1993) , 7t o 2 40 B O KR I 3R (R H 3T 4%,
2000), BREERI, MY E Y B RBUKE TR &

A3 W) 1 B B ( Darrah, 1991), KUK 3 ( Eichhornia
crassipes ) FRIR 7K {4 s 57 37 40 1 000 s 155 1 o MR Bk
RORIR S, 1987) , AR 1 ~2 mm L34
BE ZIERBRR 10 ~ 100 75 (KB4, 1992)
WEBAEDEEN A EE SR AT WA X (R
TE1%,1998) . AS[RIAE Y HIAR 3R 73 WA W i 52 e 5 AR
FRpsi Ay Rl 26 R B L A P LA B E AT A BRI
(W BHTEE,2000) , QA ) 73 I A 4 2 A HILER I #E T
ERIZ R 1A (XN IEF 4, 1997) , K 2 ( Glycine
maz )RR 4TI AT LA . 25 4 AR s 4 7 Y AR S, T 4
BRI AE W] LA BEAR 2R 89 43 WA (Saeki et al .,
1996) .

3 HWRESBYTHPEAER

3.1 YR

TR YR R ER K, EAAARRER
W RS F RIS YHR NS E TIECHITE
R, BIRE AR KBRS ) B i
A% (Takagi et al ., 1984), m/hERE4S WY £
BLR Uy N B PR, Z R FI TN R ¥ (Cieslinski et al .,
1997) , T KAR R M1 N R L SRR RIS SRR SE
(Tyler & Strom, 1995). XF 10 &R .10 N E5HY)
R4S I B A HLBR b 6 A B B AT LIS, B
BABAH Y A I IR A SRR B A T B R
Y, R HERSDESEERAY - BER
(Tyler & Strom, 1995), L5 W, 4 & J& ( Nico-
tiana ) FEL YRR LT RE S (R T 68 Cd ROTE %, T
T ARAT W W A (Mench & Martin, 1991),
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3.2 Eibha

M PR B B A A R RS N PR A
AI—RhABE SN, & Fh 98 77 1Y Bk Z B < AR
RIAMETRBEREF IS . 6k PIME%
{88913 ( Brassica campestris ) 7 3 52 B2 i 4330 B 3 fin
60 % (Zhang et al ., 1997), L KFAEAKME L EHY
F1P1 88 Z ( Lupinus albus ) 71 BT K B 4 47 68 B DK 1%
6 P LA 2 B B4 K3 P 75 Z (Dinkelaker et al.
1989) , B %& ( Medicago sativa ) {EHR P AT, #1401
MIFFBERR R IE # fit P B B9 2 £% (Lipton et al.,
1987) . TEEFFMHA KM T HE YR R 53 W A HLER
HAEA L EMBE TR NER A BIHHEE (e
%, 1996) AEIER Zn B, 4R R WA K B EHL B TR
T H VL& Y E 5 1R WK AL A 4 i B 26
(Jones & Darrah, 1994),
3.3 &REME

WEMREI, MY7EZ B &R FFF &8
WA B, KRR T NEE
Cd Bpa T AR iy e SR A& 8 A A B ARk, %
YREE(0.5 mg- L™ ) AbTH , ELR /i e hn , 5 T4
JO7 e BE R, A B 43 W6 B ALK A R I R s 2
H* B B 55 (3K 3% %, 2002). 5% ( Cassia
tora ) TE Al ZE/HMERT , iR R W43 K B B FR AT AP+
BEWRERBAAY  FRERT AR ANE
F(Ma et ol ., 1997), WHh, Al BB REF S /PER
FOr W 3E R B (Pellet er al., 19965 Ryan et al.,
1995)c KIFIRBFA , 3% & ( Phaseolus vulgaris )TE Al
FMET AR R WA BRI BBE AP o B R
[T A BA BRI, S AP+ ] <50 pmol - L™ B, 7k
BT W RERE[AP TR T 38 0, 1824 [ AP+ 17 50
~ 80 pmol - L™ B , P BR B L AP * 138 KM (Sh %
4,2002)
3.4 WRERFEMILMER

MR GEE S R pH . + 3R /N A+
et R AR R R AN ORISR . Bl
Brassica napus TE/K 53 Ml F 240 W E £ 94 PR
(Huang et al ., 1996), 338 %% B B hn vy L AR
RO WY B LR R AT EHEE Y (Grolrau et al .,
1998) , IR O S8 485 B 436 o0 4 R A - 2 B, 4 4 38
RV B TR, LKy BRI R S T
BRERTS
3.5 LHEERUEY

TR YT ABUEAR AN B, SR
WY E A RBAH RS YR TR

A Mn.Fe #l Zn FHEE, B4 LEMAEYTIRA
SHBPIH K BIEFES TR W EEF IR, H
T W B 2 Wb b R R A M R AR
RIBYRI A HREE NSO RS WY&’ . FRE
RI/NERBRBAEY T LA/ NE AR W) 5%
AY), FISAR 53 1 9 9 43 W (Prikryl & Vantura,
1990) o A K 1 ZEHUAE Wy X 4R 43 W 9 R AR R B AR R
EH2H R, AN A o] 8 R R bR &
RO PSR & Bk BUS A ik iy A 28 4: fk
R TR AR 43 W ) B9 F1E (Graham, 1988), &
IR AR YRR I R £ 2
RITE 345 H - AR 40 B B e FAR B9 5 o
AE , X AR 43 WA v I R b B 0 7P A R, IO AR B
BEFRSTEYIA L E %, 2000),
3.6 HERBEHEF

JG AR B R T A VR RIS B DL RO A YRy
By \ﬁﬁﬁjfﬁgﬁm%ﬁﬁiﬁﬂﬁ(mmy & Truelove,
1986), CO, RO T BEHKBREA S WY B & .
CBMBFBRYBERERA SN (R HE,
1999) , [F]B 12 BE AT pH K A B BOkL o Rt & % R
43I = HE B2 WA (Svenningsson, 1990), 7E CO, 44
S TRV WE ISR, 2 W P R R R
NBEEEGTHEEEM . BRI PHar R £
BT R PR B B B IE K &4 (Elroy & Truelove,
1986) .

4 RESWDEEWIEEPAIER

H TR WY BT Y 2 6] ALY 5 13U
FAEY SHMAEMZ BN AE A AR E il
ATLUPI AR R S R B R+ 38, L7635 4 + 4
MR AR R E B,

4.1 REFWYISESRIBFRNEE

MERSWYLMESBEENRRRESF I
. AHEESEEBHYR, CBEBIEL, LA
SHEN LI, BN Y AT RORIR S . R R
BERRNBBRREESEEBOGAEESAE X
(E¥H%,1997), HHl, @HEESBIFIEH SRS
RS E, MBS KRS ES B A s S
B AVYEEBRES . BRESH, EAEE
H R AT B Y SRR, A E RS
RIS 1,

R 4 W0 RE R 5 AR BR pH E (E Bk %,
1991) . AOAR AR 3% AN SB A HY 4000, B A HLIR 1Y
STURER . AR B RS R R L
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Fig.1  Routes of heavy metal activation by root exudates

WAL, AT PR R 2 30 58 TP BB 1Y
SO, — R, A pH AR, L R B
KTV, IR Z W2 5 B, IG M, 25
HpH M 7.0 TRES 4.55 i, A e 45 Cd 1o, e
T Cd B, RUB R FH YIRS K pH 4 —
SERRBE LR BN TSR B9 (Xian, 1989),
WA WHIAHLER AT EERR T8 R BEIIRG
REBMRAMBERRATLIIEL Pb.Zn BE KBS
RH|PWESE Pb.Zn.Cd.Cu, KR A HLEERT Cd
BT RE I B8R, M XF Pb AITE AL AE ST B 59, by
BRIR 0 A R L BR A TG AL BE ) B8, B AL BB B Y
EmEMEEBORERE SR BIRE,
2000). HHIE £MBERBRIAY Fe #44 (PS) AT LY
A CuZn FI Ni T2 BUE A9, %h kv 3% 9 FOMIG 254 F) 7
# (Avena sativa ) FHFFSLB0 B0 PS BEMH &5 3 e 3%
A FARERE Zn Cd A1 Ni K- THES , (A ik b 3%
S ES R SR EFH(Mench & Fargues,1994), f &4+
Wy b LTS AR T R B R BEMLBE (R S 14
1996)F AR JUAJ7 1 : 1) 48 A VAR A, 7E VR it
FERBARTEREGE S B HE TR aEm
BEY NHVRAEEZ MR N5 5K
A 13 OIM e 3 2) BRIARAE AT, il THEIY 23 1)
AHLER, (R ER pH B B FEAS, M2 a8 T e Ve
VIS, 18 5 & R U R B 3 3) iF RS Ak
AR A AR Y S 3 B TR R bR
13, SRR 5 Ak R S 7 B B T IR R BR
38, i F AR AL TR H 3 A 4 Fe Mn
BN &R, BE T

FMC RERHEARTEAT M-+ Fm Tl £
HUNER R I B BT A 5, IS Co % Zn Al
Mn, 6 G EXRIR 3 HESBNESESIIN
31%,16% ,6% ,/NE#] 3 8K 31%  15% F 1%,
T B UK 6.1%,1.99% R 0.2% , B4R
ST MEIYRERE S B R 4% A 1EH (Mer-

ckx et al.,1986) THBII R, KIEHE/N T4
Y15 Cd RIS ITRER, B R F od AR R
s, NERBRAKBEEA Y S Cd 9% 47154 128
pmol- 100 g~ ' (R/FH,1993) . AL M & 4143 5
Cd.Cu Zn FI Pb B K2 & BAIRRE B H(F 2)
itk e b e DICE oy Y L ey i

2 ESRSRRSBMASHBASSE(MBA)

IR (logK)

Table 2 Maximum binding amount (MBA) and its stability constant (logK)
between heavy metals and components of root system secretes

éﬁfﬂ me{‘fer P() () Cd(l) za(l)
bl MBA 23.7 15.2 9.90
Mucilage logK 4.17 4.14 4.17
BT

High-molecular weight MBA 160 190 198 206

logK 3.65 3.40 3.35 3.15

o

Low-molecular weight

A GG H Mench % (19875 1988) #l Morel 25 (1986) After
Mench et al. (198751988) and Morel et al. (1986)

Tt &8 B F AR 5 B e IR R B S
AR BBV WA YR ERER ZK BN R
SN IR BT IR AR, MRS . RS W
155 T BAVIBRTE - 48 4 /8 25 70 ol M Al 2
J7 W43 E BB A {5 (Mench & Martin, 1991), B[R
WP B &R B F MR A WEIR PR S Y R
MERBESYEAE, EERER, 15 HES
YT L L RS B, (AR ARSI
TR MAS WK RRY RS P, |
CE SR EFRBMAEE, BT ISR ERI,
RERCR YR 3 0 2 B, & SR TE MG B v T 1A
B Ca* M@ S F VN R R B , th
APULE OBE ERORERERR 4 TR E A . KR aTER
RIVE, Y &R AR RN TR, P2t
Cu’* 856 J8 B T FE R I P I 3% 3 R 4% & 1 P T 22
Mo B (Azolla filiculoides ) %t Pb {8 Wi b K
T Hg, BL B2 BRI B8 B 4k 5h , IR R 2> iy i
I AF F AL FT AR AR S ™ A R (R E 2 %,
1996) ,

FRER 0 WA W] LA 5 - 48 v A ) B0 3
(Fernandez et al . ,1999), HH3E K BFERBNAY
— D] LB R FA AWM FILE Y,
XY E G B B IS B — o
I i W ] LA G0 R F BB, 3 A AR
RESBITRMNIEEE S . AEIRE Ry REfE =
W-BE( Trifolium repens ) ¥t Zn . Cd BN , FLR e oA

fogK 3.80 4.10 3.40
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YIS R TR Zn N 8.1% ~22.4%,Cd A
13.6% ~ 63.6% (MR£IREZ%, 1998), LA BR X
B, AR RE R A X A B ST B R R CuZn B
W(EZ%,2000)

K 2B A Y 40 T R A R T R R R A
JuEE ol BB S &R B TE A (B, 1992),
WH5E % R PR e i B B B TE B BB B X G CdP
NP2 #A AFRRE TG (EHHS,1998),
ok M BB R A B R S A TR SO, AR A B
" H,S 548 BN A BRAL YT TTIE o

g FRTR R E RIS MY B R
RS, XS AR FEYIR R
WYE A B E SR eI TR AL T LSRR RN
FHRR
4.2 WARSWYTERAE VISR IER

R ZR 43 0 ] A AT R OR AR ORI BR A LTS B
Y. B RGH) EE R ALE A A BB E R
SHIE N A, B — MR T B — ST
W, A FA VDS ERERT 2w REY
J 75 (Newman et al ., 1997), #REABHI L HEHH
Wit R 45 ] HL MR A PLYS B9, I TNT, TCE %5, BF
FTRIITEER $5 1 R B R B B BB AR TNT 5% R
28, B0 K B AE SRS Q1 RIS H N TCE, A= €1
H,0 FI CO,(Schnoor et al ., 1995) . BFFTIELH VLB
ML EEMYAR RS R R E
B AR O BR TR B P W B R L LA B A P AR R B
BERREE (R THT5,2000)

R R i S AR R P A R
WHHORTHAE ISR YMERE 2 EERRE, RESD
WTRE R AR PR WA K B OV IR, bRt
A YRR L AEAR B L3 & 10 ~ 100 £% (Lynch
& Whipps, 1990) , AR b 7 BB R fR A WIS Je 40 i 40 B4
MEEBERFFHE K (Crowley et ol ., 1997), & T
WEFREE AR SR REEEYNEY
B EYAEYEFRESWYERA M, 2T 11k
A LTS e U PR AR (G B 25 %, 2000), 5541
BRI pE R AT R R B A ST B AR
BR300 3 BH B (Anderson et al . ,1993) , X £ 1 Y
TR AT LA 50 5% vp R 25 5 A5 DLT5 o 0 B R
A5+ A YA B B VLS O N R KB SR
LAFIA  (HAR R 2 W WD 7EUAE W R A8 ML TS e Y it
EALRWE B FEE R HAF IS R BRA 5 FN
CO, H,0. N, CL, S5 S LY, 0 R4 ( Morus
rubra ) 53V ) Y 2K ) R g BB RIEE PCB R AR B 1) 3 ]

28t VE Fl (Donnelly et al., 1984). R B Y
( Malus fusca) FIH 1% JB ALY ( Maclura pomifera ) R 5
BE7= A B w5 KOF BB AL 4 WA VR, FLVR B L RE AR
it PCB BEAR B A9 42 K (Fletcher & Hedge, 1995), 1E
BTG YD B, B4 0 AR 4 WA W RE AR HE TR W
fi% PAHs (Olson & Fleicher, 1999), HHFR KB, A
A TS Y KRS B 5 e A3 B I O AR A K
FEAR R WAFEE I LT A BETE AR B Y A
K, X RHKRER AR SR T R A YH
GATHPIFREY (Reilley er al., 1996), B AR E
HERAREERERMS T4 48 h L2 H k8%,
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