4 R
.31 No.24

e B~
i

%£31% H24% Vol



% £ 75 %R

" (SHENGTAI XUEBAO)
immmeomes 31 E £ 248 2011F 12 R (FATF)
B X
AT H IR R BRAL N A 2 A BRE LS M0 S AT PR e XL HEF AN, % (7325)
NS T AN AR R R R AR T A PR S weeeemmmnereee e Foa,E O NBE,F (7343)
5 KT 5 2 G AR LB A AT AR evvvrreeensnnnrreee e, ik B F A NS & (7351)
AT ALK RAIBRS Wb By O RARD AR RALK -verevereeermeeneneens HoOMGHREE K OB % (7357)
HIEH X AR iETi%b#%%i"}]ﬁkﬁl\fﬁﬂ'@' VAR A ) eeeeenes eRA N %5 K, % (7370)
B BRI T AR AGIR L A AL T A GE AR e veeerneeremmeennnneenineennns HFREE A OB % E % (7379)
T db 4 b TR 3 R LA B x%&ﬁ-ﬁi%@i@éﬁf?ﬁ“ ---------------------- FTE, R fH R,%F (7388)
ATEBRBEEEORESRZARY SREST—— AR EBIR A ooeeerrens
....................................................................................... K%%,?%X,?&%ﬁ? %" (7397)

R B EE G AR RRBIG I S o B, Ew)R,E N, % (7408)
Bk LB R HE BRI FEG RGBT EBEIBRERRACH T eeerereereeeeeennnnens K OA,K OB (7418)
AT GIS 89 F i i RAIT AR A SHEAETEM coovreerrrrerneene WAF M B AL (7428)
BT 2R B AL T A AR e 51 %%,Eﬂﬁﬁi Z T — % (7441)
BRI R A B IR A eeeeeeeesnnnrnnrreeeeeee e e Sk F B (7450)
S T A 4 BOAR 5 B BB BRI B oo WORE R R RE, % (7458)
R T @ oA ARSI R 7 WA TR ARG o RGBT E B REXE (T464)
a2 ) - A D P PR PIPRPE A E, HEF (7471)
AP 4 ﬁ%k;;:%i*ﬁ%%@ﬁ%ﬁk INFFR,  ceeereeneeeiieeinens 7k, WANG Baode, ¥# £ 4 (7479)
FNEFRETAWEBIBEIIE F oo % u& FIANE,E E, 5% (7486)
AT RHEAET 5 E0D 0 RALR IR LA EIRI R B OR,GAM, A% (7492)
W 4RI 0 IR S B AR BRI A R B e KM, HEFE,F %, % (7500)
AR E R R ARG BT S AR AE v vererereee Efﬁ%ﬁ,?fd{f@,—% é’% (7511)
UV-B 2644 Wit st AR 4 i A K B A LG BHoh) cevvvneemmnnneernnnnnnens iﬁﬁg,ﬂ B EHD L (7516)
,]xg:;lcgij](u«}—):" FAAGEIE H TALFBAHUIL e R e E;rkﬂ E}%% & (7526)
FABERARIEE LT TR G R KRR FELE oo, I}LIHH WO BEE (7533)
2010 44 FEAR A E LD 3 HLBHI G Yoy oeereerenees EERE A LR E (7542)
ABRLF G A REFAIABE e 1%%9@,%’%#@,/\716% & (7551)
WAt E A B R JUFE F B AU L GG TG everererenrene -ﬁfﬂ&)ﬁﬁ )* . % (7564)
HAHAT FARE £ op Bt B 5 B BRI RS e KW, Ham, & % (7571)
Xﬂu{hﬁig@xi%ﬁ%?m/fsﬁh%ﬁﬂiiﬂm‘yﬁ S/ TE R /21 RELRREREE T ARA, BT E (7579)
I‘*%iﬁ%%tﬁﬁ AT AT IR RAGHFE wooveemererens B W% B R (7591)
Eit5ER
ag,rgjjgm,_14;’g;};};ﬁ?ﬁiX{ggj—mb&jij(%gﬁwu ..................................... %@F\,ﬂﬁ%,ffﬁ@%@ (7601)
T F R R HRAAAL S R 45 By B I B 1 R AR R e WS R,BRXE,E K (7609)
FUR R A ) S AP S AE B AT E M woeeerererereremremrei B R MEL, KRB E (7617)
HF?T.IEHEFE

/é}]u_i&aii‘?%i%&ﬁ#ﬁ@’i&ﬁ/\/\é%& ................................. AR R B SUE, % (7625)
%Lzhéﬂ ﬁaf"ﬁcz&;ﬂ ﬁaﬁ'ﬂa—{b/ﬁf i i;ﬁéﬁ%}uﬁ .............................. gﬁg— ﬁg’xlj Ejﬂ , %T’%E ’% (7632)
FREREHE
SCOPE-ZHONGYU 3R¥t#3x (2011) BIRILAL F 5 TTH LA B FRABURTA A I covverrrrreeeeeennnnes (7639)
<<i7krl-;}]3\>>3 5(31)\@2010@:‘:-5%}%& ;"I"‘J.V‘]'ﬁ—*‘ﬂﬁi %—‘ .................................... ( 1 )

HAFIEARSHECN 11-2031/Q * 1981 * m # 16 316 * zh * P * ¥70.00 * 1510 * 36 *2011-12

ECEE€EEEECEECEECEEECEEECEEE

HEEW . RREERZERIELZK TSR EFRNAS, WA DI RA B/ NEAR WA K 7R H (BRI AT R 2 U8 ok &%
Y, VREEREYIEMRIT IS B RO B Rk . Ze3d 2 TAR AR RIS TR B T R R e i BT, X R HL
7 PRIRIAUE R BRER A B FLE i O BEHCROK AR R AR A I B 25 R i L T B 45 MBS — A S T H

HEEME. FEEHE EFMW)E  E-mail. cites. chenjw@ 163. com



o531 B 24 W H N 2 Eie Vol.31,No. 24
2011 4E 12 A ACTA ECOLOGICA SINICA Dec. ,2011

AT, BIE, A BEXT AR BRI URMIR S 5 A DL 52 0. A2 255441 ,2011,31(24 ) :7564-7570.
Xie X M, Liao M, Yang J. Effects of pyrene on low molecule weight organic compounds in the root exudates of ryegrass ( Lolium perenne L. ). Acta

Ecologica Sinica,2011,31(24) :7564-7570.

ENMEBZERRILMES FEBVS WP HI R

N L1 2,3, = 2,3
woeE B K M
TR2EBESEERHCF L UM 31005852, WIiTLK2EAE 5 %R BE st IR~ &R B 310058 ;
3. WA W e SRS SR E ST R, B 310058)

(1. T R385 5%
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KR 8 BA K RADWY)

Effects of pyrene on low molecule weight organic compounds in the root exudates

of ryegrass ( Lolium perenne L. )
XIE Xiaomei', LIAO Min>>* | YANG Jing""
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3 Zhejiang Provincial Key Laboratory of Subtropic Soil and Plant Nutrition, Hangzhou 310029

Abstract: Polycyclic aromatic hydrocarbons ( PAHs) is one kind of persistent organic pollutants in environment, some
previous researches have indicated plant could facilitate the dissipation of PAHs in contaminated soil. Phytoremediation is
an important measure to remove organic pollutants from contaminated soil, and the root secretion of plant is considered to be
closely related to the mechanisms of phytoremediation to organic pollutants. It is in favor of revealing the mechanisms of
remediation by studying the characteristics of root exudates of plant with phytoremediation potential under the stress of
pollutant. In the present research, pyrene and ryegrass ( Lolium perenne 1.. ) which has been testified to be tolerant to PAHs
dtress were selected as studied objects. A solution culture experiment with series of pyrene concentration was conducted to
investigate the effects of pyrene on low molecule weight organic compounds in the root exudates of ryegrass ( Lolium perenne
L. ). The series concentration of pyrene in culture solution were designed as 0 mg/L, 3 mg/L, 6 mg/L and 9 mg/L. The
results showed that, ryegrass had stronger tolerance to pyrene stress and grew well in culture solution spiked with 9 mg/L
pyrene. Despite the biomass raised appreciably at relative low pyrene concentrations treatment ( <3 mg/L) and reduced at

relative high pyrene concentrations treatments (>3 mg/L), no significant changes of ryegrass biomass were found in all
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pyrene stress treatment ( P<0.05). At the pyrene spiked levels of 3 mg/L, 6 mg/L and 9 mg/L pyrene stress, the organic
acids, including oxlic acid, lactic acid and malic acid, were found in the root exudates of ryegrass, such component of
organic acid in root exudates of ryegrass was stabilization in all pyrene stress treatment, but oxlic acid was the main
composition of organic acid in root exudates of ryegrass, with a percentage greater than 97% , and its content increased
significantly with the increase of pyrene spiked level (P<0.05). Compared with control treatment (0 mg/L) , oxlic acid
content in root exudates of ryegrass increased from 24.6 mg/kg to 53.7 mg/kg in 9 mg/L pyrene treatment. The content of
carbohydrate in root exudates of ryegrass raised appreciably at relative low pyrene spiked level (<3 mg/L) and reduced at
relative high pyrene spiked level (>3 mg/L), the highest carbohydrate content in root exudates took on 3 mg/L pyrene
treatment, but the differences of carbohydrate content in root exudates were insignificant in all pyrene treatments ( P<
0.05). Total amount of amino acids secreted increased significantly with the pyrene concentration increase, which were
1.37, 2.02 and 2. 65 times than that of control treatment (0 mg/L) under 3 mg/L, 6 mg/L and 9 mg/L pyrene treatment,
respectively. Data also indicated that 19 types of familiar amino acids were found in root exudates of ryegrass and the
component of amino acids in root exudates of ryegrass was stabilization under all pyrene stress treatments, but the each
content of 19 types of amino acids examined was different in those root exudates under the stress of different pyrene
concentration. The contents of all amino acid in those root exudates was increased with the pyrene concentration increase,
especially, the contents secreted of threonine, serine, proline, glycine, alanine, histidine and ornithine increased
significantly among 19 types of amino acids and the differences were significantly among different treatments with different

pyrene concentration ( P<0.05).

Key Words: pyrene; ryegrass; root exudates

LI F5IE (polyeyclic aromatic hydrocarbons , PAHs ) J& — 2RI 15 o1 3k £7 75 1) HL B (R 35 A BT 429,
PAHs £ 5 25 B30 SR AS RN, ™ 52 M) NS Ad BN A= A8 AT | 32 BAk 231912 &3, 16 i PAHs #5355 [E [E
RIMEEIN AT hilE Y A B0 K22 SR Ie R A0S 0 BT B0k I + i i 3R
B ZA TR A E R AR G5 R IEIREE T PAHs AOIE RS RLAE AR AL | T5 YL A8 B I6 AR Bk T Y
H BT TR R

LA BT R R A7 7E RERS NP - 8 vh PAHs (9 250 A 918 & B Wl PAHSs V5 Y - HEIA LAY &
BFBZ —, (FUEMT PAHs sk M, 9 B4 OBORIRR 24 FHTE PAHS V5 4 i 2 P FIEA KDY
AR ZR YRR T B RIERT AR 2270 W B 8 18 R AR s SUs R B 2 A7 LTS e A v s A LA
THI R BRI AR PR IR b R B AR 2 A KT S B AR 2R AW A AR B st 2 A B At
BRI G YT A R e W 2R (R UERR PR P X PAHs AOREMR S 2 I A AR 2R
YIRETION PAHSs JHp38 0 37 9 A BRAE ZSAFAE , X5 T BIFFE R 08 52 b AR B 2E W i R 0 A1 22 Ak S A2 i#E PAHs
R AL L X, HATXHAR I I PAHs [ 5T 45 o AR R 40 i W 4 v e A= i 1k
TR AR BRI VIR PAHSs J7TE, ABXTIT A D¢ PAHs W38 A AR 32 53 M9 20 18 S 80 ie: 1 iy A AR 5 2R 4k
HIRFF G ENHE D

EEJE PAHs 4 DRI EARY) R 2 AR 7E A PAHs 1530948 7- ), PRI A BIFFE e B EE AR
9 PAHs FURCERY), UL PAHs B 0PS8R TR 22 5O P RHIFSE T PAHSs 38 AR R AR 75 A HL7r
YIAEACRRAE , Rtk — R AT PAHs BOAEIARPRIE SZ HLBEER (LA 3
1 ##F7TE
1.1 Ak

PR 2 5 EE (Pyrene , 2l >98% ) , oA Aldrich /A 6] =i, At K Z24F- 42 B 22 55 ( Lolium perenne 1. )
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FH 3% 33 S8 A0 BV RO B 22 BORR I R 20 min, ZEAE/K sh UL T4 5 TR PR I AK 24 b, 55 AR 35 1L
T ZE S R AR E TP B, UG IR 1S d A4 SRR B80S ABR B0 5 MR R ST
FHZEMKE 2 d, FFIE A& SRI5 B2 Hogland B 3770, 5595 3 d Ji B R IR Bl 5 R 50k
FEEER) Y1t Hogland B 52, AT EE MBI, RYVREEERY i Hogland 5 FR VR BC B 40 F « B0K E6 55 FH I i
VAR R | SR J5 W BRI L) I A BC 1 2 i Hogland 25353 rP 5 5 W T EE 0 TR 20 900 0.3 16 .9
mgy/ L[] -85 35 ¥ v PR A A S o 7 05000 1) 0. 19% LUK pH (E AT 2 5.5, JFAE R I Ve AL BE 2
(IR ARAS B 783 TR AT AL BRI R K S TR AR T 40 °C o g HERS: By i 0 PR G 0 60 s i3 a3 v 3 458
HEH 0. 1% PITR 35 TR0 RN 2635 F2 00 BB IR0 v R IS 0. 1% PRI 9 35 95 W A B W B 22 R A
KAz, A FUKRRRIGHER I BE%E 300 mL $55500 , Bapr B 400 5 R LA B ke Gk, B kb 28
TR AR I 5
1.3 RS WPE

R WK AR FR ke ) B 4 2t kb B 6 d ), FR O R RS Y R Atk e 2R R
T2 B ER A B, RDEE /N RBRREL AN B AR, SR 5 W AR SR THT 7K A B AR IR A 64T 5 mL B4tk A8
FREIC10 R, B A0 2008 SRR TR TR B R &, TR PR R 50,2 h ) B
FERE, B ZE 5 mL, it 0.45 pm BUSRAE TR HRZE I, F T8 AR 2R 50 W v i L AR A3 S AT LR L S
FIERRAL S YR SE A I R R A R ALK P ki, 2 AR A B354, 40 B T AR E
1.4 2 AW LA R R 53 I A 43 s

LY A A A AR A R A3, A I R SR R TR

W B AR R AP I 0. 45 um B , AT AR OG04, AR 3R 40 W IR o0 i A DILIRR 43 B R
HPLC #7400 038K Agilent 1100 51X, XB-C18 (Al , 48 S G2, K I K 4 210 nm, 3 SAH K
0.025 mol/L 1 H,PO,-KH,PO, &M1& (pH 2.3) , it K 0.7 mL/min, #EFEE N 20 wL, 4 30 C, R 53
Wy v O R PO LL 275 AR R A Hh A S R 4 R T H ST 1-8900 B AR F 3h 4 T AT
et
1. 5 HdukbH

R 3 AR LA FEA AL FER F Microsoft Excel 2003, Ab¥A [H] (%22 5 i 2 MR A LSD &
FHBAEAL PR 4 SPSS 11,5 #EA7 7 2500 HT

2 HZRE5HH
2.1 RSB A A R 005

S Wi A ST A AR I M0 B oo |
(0.0257+0.0023) g/#k,#R 4 (0.0051+0.0012) g/#k, 32%.0030»
1R A 6 d R R Ab 2 o0 |
ORI, SO TERTALL 6 d BREIKKR S B ooss |
UL SRATHE R ) RS , s R 8 0 [
THE 40% (ZE MR (0. 0361 £0. 0033) g/Bk, R A 0 SR -
(O- 0083+0.0011 ) g/)fffi) o ﬂ%ﬁlﬁgﬁFPX%%?ki%, i Concentration of pyrene/(mg/L)

BRI TR A R LT BR T AR Wy s A A2 Ak, e H A i R o B
- — . - I8 3 B & A Y B RS
S AR, 5 BRI T2 Sy, I AT, Al EDADREREM |
L . Fig. 1 Effects of pyrene stress on the biomass of Lolium perenne
MR L3055 A R B T R T A B RS 3 |
RN EEEAE <3 mg/L IF ARFIMD LRI LR et R0 P<0.05 AT 253K 3 s R EEZ Db iS22
EEMRA AR BE TR TR | 225 AR B AR AL b5 o34 )
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o B P PO VR B T R TS A D FE 3 mg/ L PEAR BT, B ORI b R4 1 T 44 B ik, (HR
AR R R A i 0 BROR L SR T B 25 R (P<0.05) | BT FE e s eE B IR B 9 mg/L T,
2.2 EEMME TR RO R o WM A LR 15 )

R T R B R W A DR AL AL, A5 R FHAR 2R 20 W h A AILIR B % I s HPLC ¥, SR HI LA
TR AR SRR FLIR (LR T I R AR T I R 8 Mok E A /N BLAEAE AR 2R sy v
WL A HLERVE N BREE S Xt FRZE ROAR R I P R F A HLRR AT 4 o e v . 2o St e, & Bt
BB R WIS A VLR 7 T2t iR | FLIR NS SR R A, Hor, R H FEZ A4y, FER )
Fi A o S T RA PR 97 % I BAEAS R EE A AL IR AR R S WM T i A LR B B A AR
A% S AR ST AR IRAE AR R AT IR 1 A HLRR AR, s f 43 AT 1 AN [R EE VR B2 JPh 8 T B2 43 Wb 12 1Y
Ak R ULIE 2, PR 2 AH B AR TS 0 U B ARG I, R R AR 43 A Y R e A, AR AR B 3 (P<
0.05) , FIRIT MMM 0 mg/L EEMMHE AL IR 1) 24. 6 mg/kg FHiEi 22 9 mg/L EEHHA AL IR (1 53.7 mg/kg, 25 5%
B#(P<0.05),

2.3 B X R A AR FR A3 A O 5 e

Kl 3 J2 e A 0 BE 2 B 2R SO I e R R 3 R Y EEENA R | BRSO R S i v SO B i
EEMME MR AR A S R I S A VLR AN [ AR a3 (0 5 B A Y s A i s — 2, RIS 3 W 7R EE
JERIE VR B <3 g/ L, S J Db Sk I v PR A A R P v T S SR R 2 R L 1) OB D e PR A A R T v

B, 78 3 mg/L PEAL PRI | R A2 FOAR F SR I IR B AR R (ER RS AR AT, S IR R A R AR
F I AR E A W B TE 3 mg/L .6 mg/L A9 me/L I MR R EBE AW i 25 5 R 25 (P>0.05) .
6.0 -
2 : a a
g e o B
B 60 d 2 R s e
o] c 8 451 |
55 | e 528 i Iyt i iy
>3 - E £S ¢
ESe 4f o <£%
<35 g 30
58 s 2 S g
5 E 5 3
= 3 €O
23 2 g} 15+
>
%D 10 [ o
& e
fuy e AR ~
5 9 0 i | i | i | i |
Concentration of pyrene/(mg/L) 0 3 . 6 9
Concentration of pyrene/(mg/L)
2 EMEXMBEEERSBHIZIE E3 IERmENEEERES WA
Fig. 2 Effect of pyrene stress on the amount of oxalic acid Fig. 3 Effect of pyrene stress on the amount of carbohydrate
excreted by Lolium perenne L. root excreted by Lolium perenne L. root
AFRFHRCER P<0.05 KV 253 03 FIELIY R EL AR FRERER P<0.05 KTV 22 5 2 5 RIAE R DR i 22 2

2.4 BEFRRINWHEIER

A1 1 AT LUK AEAN R B B v A B | JR A2 ROAR AR B R 1Y) ol Je a5 1 0 i i Y R A 36
1L, RIVE TR 730 S5 B A 8 30 R 38 (R N T A 258 22 (P<0. 05 ) , BEWHB R BEAE 3 .6 mg/L F19 mg/L B,
R AR AR 1) 310 R A B2 () (TCEEAR B ) (19 1. 37 2. 02 51 2. 65 f5 (2 1), 1T UL EE oy a6 b B v 3 348 Jin
et T MR AR R SRR 73U o AR ULRY 19 FhEFERR A1 70 M 4 R 7 | BE I Ak B e R A Al o) S A e
HRZR 73 WA (4 B HERR L BTG M) , ER BAAR Y AN ) G R B 14 73 A S T W A, EL X AN [R) G/ B R 2 7 o0 W i
AN A AR (2 1) o IR 3R 1 al 0, 9K 22 2R 2R H 2R N &R Se AR A &R A % &R
4730 ek E S R B AL A RE A O RIS 2 IR 4 AP A 22 5 2 (P<0. 05) o At 11 FhE
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FETR 1) 43 Wb BB 16 DI ALk L 38 178 o v B AR B I, (A7 A U By, A () A B 27 ] 3 i 1) 28 S MR AP e
F1(P>0.05) ,(H5 XA L, u:ﬂj}n_mw&ﬁjw mg/L A, B ROAR ZR0X 11 PP R 43 b 1 R, HL 43
W RFIE 22 5 0 (P<0.05) (£ 1), 48 , Ui HF B 2 ROAR 2R 4 WA B R 193 Bl i A2 2 EE Wi
OBz pEATT N

x1 EMNEZERRSWDIERIZME

Table 1 Effect of pyrene stress on amino acid excreted by Lolium perenne L. root/( mg/kg)

AR EEMIA AL Pyrene stress treatment

Amino acid 0 3 6 9
KRINAHAR 15.37+1.12b 15.47+1.34b 24.31+1.78a 30.95+2.53¢
TNER 7.36+0.43a 19.76+1.77¢ 31.05+2.34b 39.52+3.74d
2R 34.84+2.89¢ 70.91+5.32a 111.448.31d 141.83£9.23b
BAR 12.24+1.03a 13.38+0. 89a 21.02+1.85¢ 26.75+1.51b
IR 11.53+1.19a 14.81+0.77b 23.28+1.43¢ 29.63+1.37d
HaEmR 3.40+0. 14¢ 6.70+0.23a 10.53+0.45d 13.41+0.79b
AR 4.10+0.21d 18.15+0.94b 28.51+1.65¢ 36.29+1.85a
R 13.98+0.97¢ 5.97+0.21a 8.26+0.53a 11.93+1.32b
BTN 14.03+1.17a 15.76+1.21a 21.82+0.79¢ 31.51+1.77d
LRETRAY 5.47+0.63a 4.1120.37¢ 5.68+0.43a 8.21+0.46h
SRR 7.60+0.67d 6.82+0.51d 9.45+0.78¢ 13.64+1. 14a
SERIR 4.45+0.46a 5.88+0.42b 8.15+0.61c 11.77+0.73d
Ji% R 3.32+0.29a 3.46+0.25a 4.27+0.31d 6.05+0.27¢
RNER 10.8+0.87h 9.60+0. 36h 11.86=0.88a 16.81+1.34c
IR 3.59+0.27a 3.02+0.17¢ 3.74%0.13a 5.29+0.33b
HAER 2.78+0.33d 3.2+0.15¢ 3.95+0.29a 5.59+0.65h
KRR 4.07+0.51¢ 3.69+0.21b 3.93+0.41b 5.42+0.47a
y-ERT R 12.51£1.02a 15.001. 03¢ 15.831.17¢ 21.92+2.21b
55 1.440.11d 1.5320.13b 1.6120. 16a 2.23+0.23¢
JERy 172.87+14.31a 237.22£16.28b 348.66+24.31c 458.73+31.94d

P
[ —4T AR FRARER P<0.05 KV-26 53 3 +FRmbrififi 2

3 g

TR R 53 ) A o B A DL M) (A48 A LR IS LA S AR ) 2 L E S A R 4, ik 21853+
A BT I R A A AR PRI AR AL T IR 25 2 R R A ML , A8 R Tk 0 1 A RO ORI 1 X
F K —FRAEAE AL AR 22 40040 T B s (A AR BRI R 55 45 R A BILY5 e A DR T o

VIR I TR 2 B — 8 A F W T 8E F I, iR 0 W 2H U o0 ok B 25 e A 7 ﬂ: B IIAR 2 53 0
Wy R A 0 7 A R AR S TR R A XA ) T B S 1) I IR 8 AR 2R 43 WA R AR B
TR ST, (A AR PR O RS R T F W T 0 o ) ARIRSE B, B A WL 2 T A B R Py v,
EEMR WY APIIR EIERR A -2 AR (2,3 1), HrP R W N 0 mg/L 26 AL B /Y
24.6 mg/kg FHET & 9 mg/L tEALFRAT Y 53.7 me/kg( K 2) , 225 .35 (P<0.05) ; EEMHAHRELE 3 .6 mg/L F19
mg/L B} | M3 2R R HEIR 10 /00 B A )2 1 (JCEEAR B ) 19 1. 37 2. 02 ff5 A1 2. 65 fi5(F 1) , X AT REZ:, B
BT YR A BT M A3 N 8 AR R A0 A DL RN 2 R A I N B e I EE 0 A WA R A
A F T35 B AR BRI P EERTE BR o X —45 R 5 108 AN AU U 55 2 X T K AR 28 J3 A R 5% T 114 235 2R
— B RIS AT RIS T Z A LIE Y i R R (B SRR T) MR AR 4 W i A8 4k DA B
SKF T AMAG S TARIA R /N AR ZR AW AR A 5 i A BE S 22 [ A8 — 2 BE a6 Ak 3 i 3
A, B A T DA O i R 22 AR AR50 A A M 2R 1 43 0 (BT 3) o BRIV EOHE 43 Db 7 v M VA B <3
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mg/ L I, SR 73 W B i A P30 0 32 g TS FR0c o, 2 AR L ) 0 8 A Jlh 3 9 JBE T T 228 >
AL A RAETT KIRAF NG T 2 SACAHLIS YWy ihin A (GRAE BRI B ) AR R 70 W) iR AL RO B T i
FIESE ) HARAL 32 B T 5 Yo ihaa xR bk A K S i

HEANE A BT R AR R P e AR PR AL TS BT PR 0 i A2 204 . (1) RA I EHE 25
A PLE YRR (2) IR IWPIRE AR PRI W B 50 2 78 5 AR PR E o i i 42 5 B v
g AT A T REARARBR G HLTS 0 5 (3) AR R MR, F55 R AR 2R S I 1 LR IA vT LA ks -+ e
M B G BTG G 0 A A R AT R T 5 AR PR W X A BILTS e T 27 R, AR F 5 4
RE NI 0 FEZLH MR 7T DU A 2 R R B A AL v T Ak B8 2 g i vy v S 25 8 mn oy
LT LRI | 8 A2 REAR AR 3 P2 0 2 ) ) A2 A AN AN AT RS AR B ol A 0 7 A BB S i, iy EL ] A7 BIL TS e e
A S8 ) A O - i A B 7 7 A T R R DT R T S B BT BR
4 it

(1) RAE R EEHA BRI 32 B8 7, IR IRH e W B TR 2 9 mg/ L MG AR I R4, A= Wi o i 3 81k

(2) A FAR AR5 A HURR B 7010 s B B BE T A P J88 7 g i L7, (B HILRR I T ) 7
b, TS 2T, RIEE A e E 3 16 mg/L A9 me/L B, 43 58 BWE 4310 f5t B 25 26 Il 260 A 3V J32 1 v T 422
BAEH R TR PR S Bl 22 R A B

(3) PRAL MR AR A R IR 1 b S et B A A8 Tl 3 A L e 38 P 384 i 2 22, EE B W AE 3.6 mg/L 19
mg/L B AR ZR SRR Y Z 6 B A B 25 Y 1. 37 2,02 fi5 1 2. 65 i, (HAR ZR 405 1) B S5 IR 41 A T FA Bk 78
A, 19 FhB RERR T Bk A2 A DO AN AN A ], -0 i 5 AR B4 [ T T30 Ak B8R 2 A i v i e, G b o
MR 2228 AR  H 2R NERR SRR HE RS &R e B F W 2, 2253+ 3% (P<0.05) ,
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