|27.9 | maxrkesmagm

thibBlit=12.7643.08 XpH .
g8 =092 n=20; .. * .
SE,ope=0.22; « " '- .,
P=0,000 1 . - ®
6 . .
=
£
:._._?
B
3]
i B27 -12 I K4 Kmg ) v £
4 5 6 7 8 IV PIFECT pH 2 A1 5 5
pH (Matuszek F1 Beggs,1988)

A EHKY WL (Gavia immer) FIFKIPTE ( Mergus merganser) , B A0 B 58 i 2h 2
FEEAER R pH VIR BE R A 450 T 238 (B2 A SR T DATE pH AR 4. 5 /9MIA ik
D B o 52 28 00 EE A T 5 pH SCRAN K, T R IR (Al HE2 00, iX 2 i1 T4 pH
T8 DX AT AR 1 F S AR 04 92D 8T 2% 3 B ( Doka 55,1997 ; Jeffries , 1997 ) . #R1f7, ik pH
AL I A A AR DX I 1 BE PR TR 3 B S Yt I 5 S 2 IR VB TR AR
L (Kerekes 55 ,1994) KA (520 7K R HLSE ) Al R & w520 ( ILER 28 &5) | iX IR E TR
MEBE ) T B0 2 B N AR I B AR SR A

Fric s i A A AR pH Al 72 AZ BREE, DX Ry AT f00 1 D 0 2= A L,
FEBX AL 2R o Fh = BB BR & 2 I I Ak B 2l AR B T3 350 B R IS #a 2K
PR R AR B LR R o ASSERY IR, % T 2 it [ st 53 5 e A B 4 FH AR #4014 £ )
SR SR ARAME A A S 0 S B R W B 1 o DRt , 2T — SRR (9 e FH AR £ A7
FERINAE J73 , SR AN REMERA Al B K AR R 2 AR B E 2 AL e . Wb AR I8 43 A Ui
MR, 2 pH FIEREE S5 Pl ) 1 0 28 i) B0 FEBR i 00, — S it SR B b
(nfyrifa) AB15 HREAPLIL pH Bk 2, BAR IO 4324, (H e — el iy 2k K
FRELFANGR T, X ] BE S B G R S TR B IS (Ryan T Harvey ,1980)

X IR O Y R IA 232 B K i pH BRI, &5 pH RIWIBR T R AL S i A HAB R R
SFHEOX AL G 0 KA . SR, 2w R FE R AR R A i 5 | ke 1 B WAk, sl
R HIPER KR 20 pH B LG 0wk 20 1 (18127 = 7) o B—IRTER T Rl Ae b ]
F R EETE pH BURUY 251 T S (E IR Al d i B E H T 308 8 0 MR VR EE T X A
ST R EREEAR D %A o

1% pH 7Kk AR AT = M B B4 (1 27 — 6) , HG M R i B s o RSB A 40
e H T B, S AR K A DU AR . PR, YR A R A T IR Ak Y SE 6 ] H, SO, K
pH WE] 4 7o A7, IXFE R Y SRR RN /K p (Henriksen 55,1988 ) {H &/ S50 2 WL 2 4R
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A TEMEAR I (Parkhurts 25,1990) , S5t 5 HAl N 5 1R B2 W AR TR G , X LE N R 4515
H* BYAHSGHE B B BEZS IO L K — B85 TR HE AR B A BRI, RIVBTIN By 325 A A 40 35
THIE R, VA AR ST 2 LU AL A 2 BARE UAFFE R R AR DOC BB E RS

A 27.10 BRUULERRHER

TR B PR 28 AT 3 52 R ) B 5 , 22 P SLAUI R AL 1 R AR L T e HE oA, S it
R 8T A B AR ORI e . ANC 94k . Lo iy i R AR AL A 3 3
THFFEAG LEBGE BRI AR A2 2R G, I N VF 2245 BT L3RS (Reuss 45,1986) .

HLHIFETa 1 EY

H AT, d5cA 520 g BTk B Y 23 B ASE A 2 i Sl T 7K IR AU AR A (MAGIC) o XA 1]
PR FDUBIRY A BOCHE A P SR ANAL 22 1 AR 3 0 sk AR 45 - SRR v S S i
RS B 28525 1 )P4

55 RBRAE LG SRS B SR IE P iy MAGIC BRI 25 ) | {55 25 2200 g ik s
S AR ADUSIRY AT L O T 25 2 7K S5 B R AR K A R mie 1 INFTR] . RS —$2 1Y
& Coshy 25 (1985 ) By PN AY , 33X A RS [ T R Ak I i I 18] R 78 5 e i i S8 A []
S SETY R S P I ], AU R 20 AR 5 Foulil iy 45 REEIT

SRR AR AEAEAR 22 [, PRI A 45 i R R Tt a8 3l AR5 AN BT, ol D)0 18 000 A 7
JEH1 Henriksen (1980) JF /& 4 2 28 B BEAY , &2 M F T~ 00 £ 7K £k LA A B2 A2 A, T A5
MAGIC FiJHAth T FRARIEY , 33 6452 AU i) 5 T 3t R T AR v 7= A6 W] I S 5 P2 . Heenr-
iksen AU A5 3] T 2E ( Wright, 1983a ; Henriksen 1 Brakke , 1988 ) , {H &, [F 4 74 faj B4 49
JE B RRAS v SRS F B A UL 50 RN AR ERAR VA , 7E AT BRI IR

Henriksen (1980 ) T AH 1 — 4> AT GUEE /K (TR A 1) 3 7 , 120 B FH S 3 THT 119 588 i
(H,80,) #EATIR & B ITEM A . Al ANC A AR A sl B TR /s F8 b , ik 265 /4 )
fE R 2 B AKIR I ZE phRE T . FHIRTEZE A KA RS TI A , HovE Bt (o= 7E bet 5L
Ca(HCO, ), MR E —HF , AR P R E N A BRE (127 - 135 0 14. 4 75) .

TERFEFEEE |, Henriksen A8Y rp (R Ak AT 8 2 B2 (ANC) BBV R R0

PRALTRIE = BRALATHIE (ANC, ) — HATHHHE (ANC)

PR AR T80 A B AR D, IBE AR B 7 P A, X AR T AL 1 B BHS 7P A6 v A DR 40 B
oy A AT REAS I 4518

2[(Ca’" 1" +2[Mg’* ] =[HCO; ] -[H"] #£27-12
R 27 - 12 AR peq/L, 85 () FoRABEFERIEMMREL . itk
ANC, =[Ca*" +Mg’ " ]* 27 -13

{HJE, Ca® " R4 A IE I B RS -, JFBUE 15 Mg™ " FHAL 3 A [ 5 1 D6 3%, 0y
Fen] LAt — ik .

602




\ A27.10 \ R (b it F2 O AR

801 mmmauns ot 4 Rk,

S04 <HCO; S50} =HCO; S04 =HCO;
K27 13 febetfor Oz #i s hn i
7.0 & SRR A B A Bt (100 peq/LL)
PO 2 S 095 1 30 o 2
[y o P S B et D B 2
% a1 55 (R Mk pH S5 ~6) i)
X KR 0 R
FOWE K81 pH BRI 1 A8 FH DAt 2
FB, B AL O, REHERY R
5.0~ Tl BB A K B A8 L T e
BK R 20K I U R At
HEAET A pH 1) B R BB F
A HOE T o PR K (R

& 60

4.0
0 slu 100 150 200 BT Bz 2k H pH FaE iR K
H i (peq L") 1, ) (Henriksen,1980)
ANC, =[Ca** " 27 - 14
BRI ANC & F R (HIRESEANZ 520, G B = 27 - 12 B3 27 - 14

JEIERA I I8 AR K A AEAT A4S E pH 25 FROZ LRI R G A EZ M Ca® ],
I HIX AP 42 B 24 B0 2 (Overrein 45,1980), B8k pH: [Ca®" |7 o[ Ca®" +
Mg®* ] "« HCO, b A s i FRAUE K B 75 B AL R 105 T FH G4, (BB A 15 A BE FH R Tt
H* 8 [SO3 ] AR LB R USRS o A 1 il X B 3500 Bk 7T i, Hensiksen 542 T W19A
FR AL 3 AP Bt ([RIFEE F T K A L R 48 ) -

o U5 1 BBt : LB B AR X R UK AR HEA T 8 B R AR R — e & R, {H 2 pH g
TR FE, } 5.5 ~6.0(1& 27 - 13) \HCO; ZZph RGIEA ERIRTEUF ToHt, X R AU ) 2
GMTE N IRIR AR RS

o 52 BB :HCO,  ZZnp RG T EEAM A, pH 7P sh 8, X Fh R AR 2ok
WRG (K27 - 13) , B2 RPN pH ByFas il , 3 Fh 5 PR R I 55 22 vh g 1 9 AR I Rl ik
o A2 ) R KU B LK 5 3R ik BRAL AT B9 HCO; ( <50 peq ' B 50 wS/cm)
pH 3 5.0 ~6. 0( & 27 - 13) /K IRIR 25 2 B R Ak, L v R e B b 25 JE 0T e 3 v, 5 e )
B, A4 R A A . — TR TR S A 24 TR 0 2o 0 R I R, O R 2% A R AL Y i
T HAbA FAZ M XX RS, WA H RS A7 2 ae &, — izt X I
RARAF IR R FEIK | J5 B R i A T A B — ok B

o 553 BB ARBY B KON TR TE R SE, RGN K ZERE pH <5 Rk E IR A2kY)
P D (18127 - 13) , s e,

h T 5E 3 T - 4 A5 Y, Henriksen (1980) 1 o7 R4 [ SO;™ 1" A [ Ca®* +
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Mg 1" ZIR M2 R, RGH) pH /0 5.2 ~5.4(FFH45.3) 4.6 ~4.8(F144.7)
pH JE[EITE 4. 7 ~5. 3 W LKA R R 113 (585 1 BB R0 (5 2 BB 5 LA
XA A (27 - 14) o Mkdk pH =5.3 ff, Hi[ Ca® + Mg®" ] " AI[SO; ™ | " EHEA A
Mo 4 pH <5.3 B}, HCO; 32, pH Bl Ry 98 R FNER MR B2 1 eR AR, 5= T 20 i 2 T 78
TR ANCs 4 P4 i 7 38k P B2 P 4 i A S 2800, 40 335 A 52 B K P [SO% ™ 17 Ak R
[SO3™ 1" MM ESC R, AR KB [HT 1 58057 1" E R, X W25 58 3% T 0 pH
AT (E127 -14)

250
125
300 —
200
BRI - 100
SOI<HCD;
= — i uF- el
i N 15“ J-lﬁ!‘-_ —
T 7 sof=HCO; ) 75 T,
3 £l il F3
= = 2
E I
%" 'S 100 . g
F - s 2
E 100 =
50 - 25
0- 0 s 0
0 50) 100 150 200 250
A M50} T (meg-L™")
| I I | I | | | 1
70 50 47 45 44 43 4.2 4.1 4.0
E K HpH

27 - 14 BN pH LI, A A R [Ca®" 17 + (Mg )7 (R [Ca’" )7 ) A
[HCO; 1", AR K R PEPE SOF ™ ] " MK B AE I3 pHL 7 510 9 XL {1y 40 8 3 7
WA B ] (15 Henriksen,1980)

7K#9 pH

FT/NWA R WA, LR RS T T BRI (B 27 - 14) o IR R AR A 5
A WAREK R pH BE— 2 BRI 2 S BOEZ NIRRT F 2K pH =4.7
¥ Ik, [ Ca® 17 2 50 e/ L (VA A 2 BRI AR 10T, (ELRR K b pH B2 4.5 1,
ERSAE Rad PRI, MK pH FE 2 4.3 B, IR SR AR PRI . AR AT T
4 HCOy e A U BLZ R, pH <4. 3 (IIAF 204/ pH 4.6 ~4.7 fREK

FAb BT WAESE , Bk v pH AR ARFRANAL 4. 7 1952 — A i FUE, AR T X A EAE
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USRI 14 3t 5 £ JEE At Xt 2 HH B 6800 ( Wrightt, 1983b) o 7R BBURE R I /N B9 3
DX, FEK AR ANALF- 2 pH O 4.0 ~ 4.5 b2 H SRR AL 1R, ELJE:, X 26 3 J7 1) /K b pH
AIHE A H/RIAE] 3.0,

Iifs 5% fa fer

Henriksen B 260 T (1 4k 5 P £ 76 B R b 35 1 H At 3 )5 75 3] 1 3IE 92 ( Wrright %5,
1980) . [K i A A TR0 2 TR A P, HJR) B A T 3k 67 5 Henriksen 65780 - S i) B 76 [ 7K
(R E kA8 I | K AR BREIK A2 I 5 (RN ) K B2 o T F) Henriksen BRI B A5 % 141 A1
AR ER TR 22 Wi 0 Rl pHL BRI , B 425 ViR 5 O 8 A WL ( DOC) X pHL 3 BH 85 7
AR

TESTHL AN AE T > 5, IR P g [ H 1AL SO ] S B i i 6f R ke SO, Bt
SRR R (PR 27 - 14) o FEALSEM , AR [ by e 25 22 % T B Rk Th [ SO2 ™ 1 i 7 7
Xk pH BISENR . BRI, SE [ - NG R A bl T — T E AR, BIFE 2010 4ERESE
R SO, [yt HbR 7 40 keq SO3™ - km ™« a™' (20 kg - ha™' = a™"), A&, Gorham 4§
(1984) 45t , 3 BARBTE AR A MoK FpoF-2 pH AU 4. 4 MBfiTIA 9, [SO% ™ T FAR EI R
15 kg SO; ™« ha '« ™' BIFEKPOF3 pH 4.6 ~ 4.7 I, A R 5% SRR 13 A 53
Sl B B AT FBR o 3030 56 T Bl it B8 5 ( 3 ) R AR I A ot T TH A BE ST R L £E 1900
AESEAT AT RS AE 5 ~ 10 kg - ha ™! - a !B, X — HB X A 9A JF 4G 2 Ak ( Cumming
45,1994 ) | REIR 35 75 52 B M IX., 5 B R B AR [ SO% ™ 1 A BB A7 4 3t 1y 93 (e A1
20 kg - ha™' - a AR S0% L E) o AUATRYSEIEIE T[S0, ] <8 kg s hat - a W
i R 77 100 O A5, 726 T A AR X336 A S5 97 767 £ iR 44 ( Dickson, 1985)

Il 58 S o B

20 T2 90 AEFR, I 5L 67 Fa7 A A 2 W 0 7, BNV R 190 17 e 3 5% i 6 7K A 4
JEAE TS , LA R ARAPK AR AR pH 20T 6.0, X ANMES B 20 Bk il 5 BOR Fids 3
SEPH AR, I SRTRE SON B R ER IR R (B, B R A 1 A R
17/ 95% FEHT 82 b pH > 6.0 By, 6 R 23 4 B AL T s A pH < 6.0, #i A3t i
SRIRIA 1.2 T7 ~2.3 TFASWIIA BAH XI5 0K 23 4k S 18 5 I 4005, a3 2010 47
SO; ™ HUBl /bt A RE IR B — 5 bl (Jeffries, 1997 )

I A7 A B AR & R REE NOs SRS R 2 B, TR B AR AT 20 4F SR8 (U AR K. 78
ACER AR AR X SR F B = R, TR NOS 2 AR R S i B (R A7 75 - S HL 3T ks 49y
W (EL , 24 NO; (A s T R Ak R Gk G b AR M S, x4
PG 020 5 A A R o 3 52 5 ) 77 5 X388 LA 5 o 2 K 2 958 1 3 4 X (Jeffries 45,
1998) . A NOyHE AN A HE T B0 TR BR AL , 33 9 —Se e 0B I 30 ¢ 9 NO, i
BN B G BAE T T BE AR (L 181 5) .
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A 27. 11 #EAEE.BLKEHES

S Ak BT A6 S R K T2 3 K AR A R AR A R 3 2 1 T
WiN% SIS (P 27 —15) o WORIEUN AR A VR, LA 78K P i e
i v R . K2 S o/ L BB ATV VE ORI AT 10 o/ L ORISR A MEAIG 00 77 00 A4 A
2eff pH N 4.5 THE B 6.5, 24 B HELE WA sl M h U 04 AT R AR, A T RIRR , O
ESRUTTE (B 27 - 6) 3 3XAS PR oK [ RS a0 AR IR B W . W (4 i
[ AR R EE LIk T4 AL A g o s ] (589 -3 ANk 9 —4)

B T BRI B B AR Ak BB AR R 0 AR D L 1976—1982, B L K4
6.5 JEASWIAA 6 J5 km [T GEH T A BADFR S VT L 4R AEAR LI 20 T 1 A7 K
B ARSI 2 500 T30, BARAERSE K, (E S er , o HAe p e e i g 38 1
X, A B B ARARE 2 P B Lt 4R B L K b i pH 23R 1Tk, 4R R
DA T HoA 4 B 0 5 k23 R R ST BE A FH I W (SMA,1982)

[&27 -15  7Ezs h i A KA
AR AR AL B & A (R A
 W. Keller $2t)

ARSI ZNEY R

P AT IO HE PR v A A AN L R FERU R T AR W R AR R AN ] e
— AU LI 8], P BE X 5 428 A A DR S 5 T DR 25 3 i 80 ) ) A R T
BILAS BITEE 28— AR B T 2 1 5 Bt DX A I B iy, —4F A — b, SRS B 7
AVRIINE T BESEP IO S AR X DRI S 3900, - TS T 11 R 0 A Dy < 6 0 6 L
V&, X STEARRRAL AT E R WA T A A B G — B (18] 21 - 10; Eriksson 45,1983 ) , XM
BEIE R ARAG R ENBAT T ROAR A0, 3 V2 e AT R R A B 32 8 R 90 TH v i WL )
R IR BRI BT p S 1 o EAh , T RAR S T pH A ANC, 8 T H At o 2 b ) B3, R
1, BORATIRIFAS REAR K A S B A IR 2

AR e O BT K PR3 S I 2 T L it 2 S AL DR g b QR ) 11385 77 26 7 i
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1, 3 DR B I R W 9 i LA PR DR 3R A8 A 3 6 AR 3 8 23 BRI K 1 32 B
JE (W 27. 8 ), NI P EOR SR BEEW/D (UL 11,7 35) , BEDOGJR IR RS /N, M 28 A4 7 i
Wb ah b N E AR N, B YIS kA AR, s fa i 5 QB ek ) B2
52 e 219 Uit 20 0 AR AR A 4 ( Gunn T Mills, 1998)

TEA AL BB R R LA, VA2 A R B R T R R 1 1 AR ) P B m SR s . DA —
A EFEEIN (<1 a) VE R Fn e, SR MBS S i, LU B2 i sl ) R R 40 v TG
HESHY) . Yan %5(1996) 5 i, 78 pH A 5.7 (A K BLSIIA o, 58 VK & 17 iF sh 1 75 2 10
AR e — L E R fb (pH<4. 5) FIEE &8 15 YL i TG 22 15 4, X RIK AP fp
(anfrikshp s ) , BB 5 5 WA T R A, B Al DA JAE s HC 7 S % dok A B3 J 4%
Jite K, AEYE B mimis s TAHE R . e E R IE IR 0 — AR BER L
SR A R R DO A B0 T A S A 5 24 B ] (Henrikson 1 Brodin, 1995) .

— SIS A T T LAJCHLARAE A a8 in 350 LBt A K i i, S SR TR A
PERIR S =38 m T CO, 19 25k, T 1 pH( UL 14. 2 755) il ANC,, Davison 45 (1995 ) £l
T 3t > A P RC AR T AN St P Ay DR 2 i B, 3R X6 £ i 1) 52 i 2 J32 /D, T
HLREIE BB I BE BB RN R T

27.12 RE=2

TR T Al 1)K B i 2 s /D SO, L NO, FHERK , SO, 4 K 38 HE 7T L Henriksen
BEAR S (1 27 -14)

T S PN i 7R AR B LI OGS TR A 1 S I =2 S 2 B, T TG AR 14 Dl HE T A 2 e £
W e AR B 558 ik D AN E SR B HE R R R S S R —FE (L 17.6 ) o FE
IR B0 B, 238 A5 2 1 R XT 190 52 e i BRSNS . A T8 BLAY AT
TR TR R R R SO, HEHOE, 3T 10 452, B AYHEICR I/ 5] 5 x 107 £ SO,/a, i
T Y 80% o S HEIHIIA KA A HE B A% A5 B E (Keller AT Gunn, 1995) il 4,
1E 10 4F 22 RIS pH M 1997 41 4.0 ETH5 5.6, 5 00 R, WA /K ) 385 B BE HIRRAIK T,
WK B AR VR o ARE AR DT A O rh 0 4 3 T AR (&1 27 - 16) , 17K pH &%
IRFNAERRALIS 1 6.0, WL s Bk ( Salvelinus namaycush) , — A& 75 B b BE BT IR 1 19 ) b
(pH>5.1) 7 pH - F+5 5.4 ~5. 6 BHEA] L2 258 ( Gunn 1 Mills,1998)

2 AR ERRGR LI R AETEWCN HER, 1989 4R LU, BE & — R 51 BUA ML
PR, B0 29 30% B AUARIRHEZ 40% , B2 ik SO; - NO; |, LA K NH, JEFEfY
R B = LUV B A2 AR AR FEAS 2 10 4R N & A T W 7% (Kopacek 45,1998)

PRZ PR AV DX IR 275 3 TR 2 J5 T IR I 1 — 1> /NP i, AR 90 S 55 H W, 78 H ™ 17 £
WD G R IAR RIWK R o XA I SR OO I 55, 232 [ Sk B B T mE s R R
PEK (Wright %5 ,1998) , 5 2@ AE 23 S P AT BB R GUAH Lb , 124 T 4k v 5 R 7 B 8 7 SO; ™ Al
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NO; B B PR AR, pH /N BT

SO It(10° 107

0 - 1987

* * L 1983
- 1977
- 1968

3 L 1960
= 1947

- 1929

i

- 1902

Wi fL R fom

127 -16  ZEfIS ki, ok

20 P ARG SO, HERINE . (%

TR D% KA pH 75 1 Y 5 0

(pH AR 2 0 P IR R (4 )

3.5 45 ! 55 ; 6.5 ROLL R HE W+ Rm K U a2
IR 0 8 O ApH fi pH..) ( Dixit % ,1989)

R £ BIIE TR

B HETA 1k, X2 A Ak B A5 3 5 B AR 25 R B e b 58 A A T8 X
T N LEE 1 (Stoddard 25,1999 ) o 7K LT St HERCE M P2 I EOR B 5, — 5%k
BT RIEE /K (30% ~50% ; Hedin 45,1987 ; Rodhe 1 Rood , 1986 ) , {H ) - I 3%
SEOURY PR AR SR T I M RE ) K SO AR PR AN R S8 E] Y A8 A
(Webster 45,1990) | rithl 2 3 LA K LR Fh i 4 P A 45 5 T S [a] , (AR 32 AR 2 1Y
AR TR A— 137 W A i A2 5, INO, 0 (9 38 M 2 =l B2 P4 300 A A g - 4
JRUA AR DG - J88 A A1 FH LA B SO~ Il JCRIIL I 1 3ty DX 22 S5 405 £ 522 0 81 o v A8 =X
(Sommaruga-Wograth 55,1997 ) o FHURK 4 38 v BH S 145 FE A0 25 57 8 JICPR P R K2l oK 2 e
AN R, SRR S Z RRUTFE AN R R 2 IR S AN T RERY

HRJe, AR AT SE AT H X, R =2 %ot H e e i/ A e 7, 3o ¥ 231 DR - i B
B UK 2 3 b A £ (R s /0, iRl 2 S EOR AR 0h ANC BB, xRk
PEAT A T A 38 Dok 2 S rp ) B 1 97 £, £ A S 2R SR R P 30k 2 ko B T
WARBE AT IATRATS) SKVRHE =T AT DRI s LA S 5 A0 K (e b

XINEERARHR 111 AW Al 4 4 1Al (1983—1991) W1, 47 60 A~WITH BLA UL,
17 ANWRAAREEIR AL, JA 34 AN WA S I IEAEYK AR, SRV R 7 4y R MR J3E T o ( Clair 55,
1995) o 1 20 ftt22 90 AFAQ, BRUHWIIA MK AL B HLEIH 1o BORMRAL IR IL R IK 2
HA AR 22 (R BT LA AR M figp R, = S5O0 L B0, (E2 BUA B9 BORHRE AR T, KA AP
S5 TR A HE s B LU Y o BRI R, A 8 B RIS SRS LA R S IRA AR O
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T 58 28 B ™ FE /D, A I A U BRI 53 45 K5 8 19 F 5 A5 B Ak A ot (LR
28 &) W NSRRI,

AEER

o i IT B BR BB BT 7R (SO, NO; NO, ) ¥ ik oy FR L BR Ab 2 DLBR o A0 ik 7 B9 1ROk &
SCHY TR LA AL 3 N R b3 A5 KL BR O Ak e B DL RO — 26 R R AN R
M FERAKEERRATHAENBEEHE KN,

© 20 H4 , BR M AL E M By Tk B KK H A A pH BAK T 10 ~30 fF, %K
AR KAy Bk i pH B 5 ~6 R1K2 4.1 ~4.7 (€2 Harm T SO, Bk & oD, i
A H By pH IE & 18 3 Ju,

o BRATARABEMREKRK B, T LK I B,

o XA B b R URE By 9 I AR B 1K ANC( <50 peq/L) 8y 8 M, B3 Bk R T
IR FREHE, XBRBEA OB EFERNERUEKRE B —RE R E B IR
Q@ TR B H QWK B FH F BB 3% T F R AR A

o FLFHERFARMAL RZG oA — L TURHE &I, X 87 & FAEF T URTH
RAPAKE RG H TR K W

° XIHMME - NI RKENBRAMEERAKBERE SN LEBEH AR T
3 A0 HH T B

o W% pH BEWRTS5.5 0, LERIRY P EIKELE NS MM b2 A 3
A, [ B Ao R A A Al B R B AR

e AMABLMBN M HETHE L EAGNHMEELH, Y pH THE6.0 LT,
WHEEERSHRBME T, P RBRANAENEBEARETRMEFN R LXK
R34 DA R — B Bk By & K Ay b

o Wit A KA T E (R An CaCO, ) fE /3B L] 305 2 % it th ik & , 32 % ANC F2 pH, K
Bk A Bk TR AT R H R E kD, B aT AR Fedb 2 BRAT R W i B EA WD

o KMKEERBUTKHHAER LA MM , EEXNNEFEFEL, CIRLHE
ZWF W, AERBTE R LB R B B AR KX F R E LR P
A Al B B R B AR Al e R B D) DR Al B e R B

o B,k MARME AT IEAR T B — B B, LB R S R 8 R A X
R B R A T #E

(FR3EW %)

O “FRFHX K BT M BT SEAF 7 PR - 1 SE S B 2 it O B, DA T o0 A ) < 8 25 3R A T £ 19
B s AT B (B A [0 A5 ZARAC I ] (KR ) +-4F) 7 ( Cosby 4, 1985) o
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FE28FE T F W

28.1 5|F

19 122 60 2 70 AFAX, S0 BRXT K PR A4 775 S A U 30N B2 i Bl L8 o S B, 3K v Rl o
ER TS RIS RS 1A A TN )2 SGHE (ILER 16 FEMIEH 17 #5) o 20 fib42 80 4R, 2
FCA T 55— E B R PREE (AR, B 322k AR A SE 2R B0 S R B8 R 701X, 2 i Y 1R
TEFEMBR E IR Z 0], EEE I 4 Mis Qo sfe 59 (H' SO, (NO,FI AL WL 27 %)
AFEA A BT A5 ot 2R R SR IR, HR R O MR AR B W e 2] X
FEER(E28-1),

FAEE  feiE
A /

A8 | T4 7
i | tkse //
KA | #
MiE | HoF 2= E
elE | ] e
;s £|8| | |88
= % oo o e
E e 3 = |24
L = b *_
1850 1950 1960 1970 1980 1990 2000

P28 — 1 K JBUHT [A] R i ) S8 B R BE (0 Somlyady , 1995)

AT e R E IR SR T B A2 2 DT B A R SR A ] e i St T K Ak
PR A SBT3 ] 5 e Ao b PR ke F i B AR )R R AT H T BT 51k
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PR T B AR R B/ o AR e N T B R 38 R 5 v ) A 25 5 A = 0 o ) b 2 A
BOEAAR B R——4 3w 80 000 Ffr, A0 45 /N 23 H i 4 AT 7R A8 1 A9 A 25 19 8 J& (Stumm
4%,1983)

VFZT5 QMR AE Tl A7 i i e R A2 77 Hh R B, A0 35 T LA RL K 2B JC A5 HE A A
SN RGR TIY)  A — SR R Y o i D0 T AL A W AR Y, SO0 B R AR
AL S YR LS R P T R

e KRR AP B AT VE 2 202 TR AR FCRR R A% HUR) BR 550 B AR P A% K
FRE EATE 2 AR S KA DTS (B A = AR 7 R 2 T B B AR (H
FAf A X Yy Fh A0 v 0 LA L AR B ™ A 1 B SR I . 4R 500 ~
1 000 3 MUAA HLAL S P 7E BEA AT REPERON AR BT O F , SO A S TRl H
AP b e C A AP R AR 79% HA T RO A5 B (Postel ,1987) o BI# 4
REBANDICE ARARA TR Y RE AR K UM E PR 2= 52 (1C)
TEFFAE Z TR 4 ) 362 RO Y s G A AE N B TR 7E 6 k=24 i (1JC,
1987) , H A7 11 Al sl Al 2 B 2 B h Ol 2 OGBS e )™, 2001 4RI 5 [ ) 5
AR 1 3 g B R 5 T B9 12 B A AT HIL TS e W) (persistent organic pollutants, POPs ) Z&
Ah DI N A E WL T 22K 28 - 1) o XLECH TG QMY 450 22 AR % K, ]I
(AL IRAR D —FB I3 XS WV 7 kA A Ul AR ME 52 B, 7T L2251 114 3 B b Al 2 ) Jo /Y
LEBOEIUE . —LEAEAE T ROK AT A ™ A A A 2 W i CAn R R 7™ il ARG 151
UKD ) 08 B A S A N IR RIS EA TR IR
ML A AT RERY o X SEY) R RERS UL A S (£ 540 55 ) S K CHS AR g ZR ST
RIERGE, A TRE S HEBURY) . A5 TR /N A ML 2 W i s /D B LR 6 )
BT o IS S I L) Jo S H At A A T A W ) 2 P — B L B~ 45 M
Ko PRI, X e A0~y 5T LA RIS L TE 7 1 Ml JFH 3 1) A 2 0 T3t B4 T RE ) 2 P i LI o
MWENTIEH T if—28 . SRR SSRIDIREZ (8] 158 R A B I EH 2R A . (L2 YR
B PR S K R i 2 AR T — B — R A LR i — AR R SR A

JIF R ST R B AR AR b i A A3l 3 A Ik 4r 2 —FE (1077 /L,
i ppt) , QG AR & I AR JE B A AT DUy, B3R T &Y Bt e Abh, BFAMRAE
ARG A SRR R BT P 2 AR DL R i 2 Bi5 G o 73 Ahe A — AN R Y R AL,
AR 21X L8 A~ ) S5 ) 35 AR K AR N 28 SR AR R B I 25 22

SHT—FEAR L, X — R TS B TS USO8 R A LRI e, XA
JE R R HA b 7 A S RIS, TR PR A TR X 1 — R BIIFTE AR B O R4 LU R T
FLAE GRS A X, P [ A WFTE SR T b7 i, ORI BUR AR S 3t 1 b 22
AR 3 SR, SBHER M A W T T 2SS 1R

F3 18 2 TR 75 R BUAT AR K22 57, i 8 P9 73 o R TR Iy, 9 ) 2 R 3
RS /5 R R < D[ 2 | E VAT v B < T DA 20 1€ AT &S < 0K A A1 R 1= B S R ) |
PIT e B DK g e v il A AL T kb, 2 155 VF 2 A 2 ) B o5, Herh
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66 R RABE] B 12 120 T3 MiAl- 25 3Ly, IX S84k 275 Y v B AR 24 98 0 s ) R
WS 15 s A7 A TR T R U

F28-1 2001 EXITHEEEANHREIKRE I REHR 12 MiFAEFTLEH( « ) Fde
ERKRHMERKEZERS(UC) EFHRRIRHETEFIHM 11 FgiTiw (A) (GF: UAELE
BEM M R ERANMENSE EEYENNEEHEERESEMNIE,)
[ia=27/)n He 7 R * W
TE () E(*A) RN ZHEB IR 0 (PCDDs, 75 Fi [ U4 ) 12 S B 2K vk iR
(PCDFs, 135 Fh [5] U547 ) 2 il 5 FH T4 b AN BRARAE B Hh A B e
FE A =, R A S A A AR A SR R SO R
R ( + A) TCER W, BRI AR A B 8 59 A 1 &R B (PCP) BRBe it 7= A
BRI = B, DA B AR ARk A = el R Hp R 0T B R 7=
— LR JR Y R AR R (B 28 - 2) (H 2 HE A KwtE
RIF(a)mt(A) TEW LB IR AR T8 50 SR Ba B 10 7= 4, AN AR AROR kL B %
FYRALE R L2 (PAHs) KEIEK— b
DDT R HMAY), A5G AR #0hy M X R T4l id 2% 5], 78 IR H XA 2 DR 3T R
SAFAZE(DDE, * A) 10 ~15 4E
AMARMZE(+A)  AER TSRS, CH TR R A G ; 7
B2l 0 5 AR AR 2R RE I R A R AR S P AR

NAK( = A) TR HCB & ARG 5 SR F AL S A= i B ™ 2R
8 SR i s EEVE AR HGRE (A2R 000 3 ~ 6 4F)
Bt (A) AR EZUMERRAS G R S LA A R ;
LR EHYIORE S KRR A A LR A T R R
Eynp Rt {s 4
KR+ A) AER AR A AR b HE 22 750 0 2% SRR 78 O BT 23 Ak i R

TEPERDCRKICR Y AT R IR E 2 T 3R 3B T KBk
AbBR R E RO 10 4R

AK(A) AEN  EEHATHRETL

TR R DX S BRIl AR e v L R A

I BRI 7 £ 4 B 7 i

ZRPIE( = A) AER PCBs AR U SRS 1 28 Z VR BT AL 1 4 771 |
T AR BRRAS I R S A HPRE, At 85 HT T 23 )
IS 105200 BRI 00 B PR A AR , 2F 2 ML 2108

ERAE
TER  EREBIRE G LS B KAk R R B
INEIS(* A) AER R HER LR HUR], AR KR SR S o

L AE R 1 ~ 14 45 fr SR [ IR 5 16
A W DDT, MM AR E , Bk i
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S
a2/ A7 KB ko
LH( =) EEp -V R Rl R £ NS NS ROV F L (27/E i
—FR RN () AER BB TS A e i Iy 1 AR
SR (=) AER IVERRAE AT TR B 3% HUR AR SRR 7 8 v A o

Wik 12 47

$i7 % 5 % cl cl cl cl
¥ 6 JE cl ci i

I SEER £ E M 3,34, 4, 5= JIHHPCB) 3,344, 5 52 JIBHP.CB)

Cl Cl Cl 1
| Cl
C Cl 0 Cl

2,3, 7, 8- U 3300 — i 35(T,CDD) LA IR (P, CDF)
a._ci
| cl
cl ' cl £ _ cl
DDT {15 tH

K28 -2 (a)—£E PCBs PHRIEIREEAIAL-2 AL (b) P DR DG Al 5
ZRA AT KR ; (¢) DDT KRG ( % 28 - 1)

B2 KEMNTEY

AERYE N 52 B2 R A Y BV 2 2 W S W A AL BUITIR I A B
(organochlorines, OCs) X 2647 LS HARF A WAL A W) BT — B HFRAE " 35 AMEA BLIS
Je¥y” (POPs) o MGE SORFE  Fp AMEA DTS YWy f8 IR AE K AR B+ rp 2 g R T 8
FR9975 G , A 30 U A 0 ) LT P s D BN T ISR TR Y 172, 3k S8 B B A £ Fif
ZRERAL G5, T B R 2 BOK MBI, AR Wi h 2 AR R, BARXERE A (B FasE ) .
T2 R AR P ) A 2 W R B R N AT R B A W 2% R0 (g ORI sl B 9] )
SETE TP A Pl B R S R AR P R R . e — 1)1 22 S 2K (polychlori-
nated biphenyls,PCBs) , & —# FZH T T HEMEZE IR (£ 28 -1) . ZEPRIEA
Wity o3 Ky B R AR R B TR SRR 45 & R A IR (8128 -2) o &
I3 T RO R AR B B B TR R A2 E YR Bl ERT IR S bl
EA LR DL S SRR AR 0 1) 2 AR - P - AR S B AR — P - KR
(PCDDs,PCDFs)

F AR A — 5 32 5CTE ) POPs 1 B F A HAT 2P, (H2 B ATTHE AR A (O 9

613




£28%

s |

FACZE SR M 2 B s 58 (L 28.2 1Y) o — 28 POPs 78 KB /K I (1 75
LBz AT A XCRR X 2 Sb o SR At SR sl T35 iy LA By 7 4%
HAFRPIRBE s BRI A5 1 BER Sl  R S 0% (PVC) (RRIE MR (HCL) | — S Ak AT (4
THE ) B8O TR A = i e P ) SRR R b o HCL 53R A HL B 4
By 2 ARV 1 A AR i DL R A AT FE ) 5T ( Piasechi 45, 1998) o HAlh
POPs , 4 A=y 3% I, sl A< B R BOKAE A 7= iR A L, BA (e 23 ) iz o0 A 1Y
nfgtk. 2 POPs B Rtk (HA S | B LI sk (R ARSI R P IR AR
PRI S AR BB TR WG R Ok Lo A A PE AT BILTS e 4% — SRk g , vl
RETE BT AR I Bl Tl A 7 i A A L ) A FE R , A BE TR BT 3l i 5 38 1 Py
JEFEYITEUR AR T 1200 CHsEfid ferh . WIRHL ARl ™ A=A B A LTS Y, ik s i5 e
PRI el ae R s BT 359I DL St

28.2 HEWR
HRIR IR AL 0 HAT IR0 A B b P AR P (11 28 —3) o Mot
e (REVE SBOET) 19t AR AL .

KA PR Y RE S BON IEH BT /R SR BN IEH AT O, 7 B A3l i — Le 4 o
— BNl E D EE R R o e R R R A S IR IR S R A T D R Bk U AE
ERAR D SARREIED, S PIRN SR D) £ 2R B, AR SE TR 2 s
AN Z Ak FUR IR R

—SERFER AR PETE YN BAE (LR 1) R RAR /N L AT R, TS AR B AR 50
SEMRAMEREESE . SCPn b 18P BE n] LU ARA Y RE sl BRI R A5 LIRSS, 3215
eIty e L PR AR £0.208 , RS R Wb S M H A 3 1) s IR SE B0A I sh s i A2 75
I AR PRV A AL 2 MR — AR ) 2 B (B A R B TR o LB B SIS Sl 1) S o
968 = UV 1) 1R ) I RE SR FT X PR S Y SR R B ORI SR 18 R

© BT, @R IR E AU 72 TR (L FR AN S MR S 1 BT, DNA 50K 7
AR LA BCEBUR I Z AR SC A2 T U T R/ OB 20 B (4 SCUHT R ™) o HUAd SR 9 HL 6 53 S 0
(SOS ML AR ) Jr it F 38t A% PEBTE I T (BRI B AT I 5 DNA 535 o 33 Fh 77 ik i R 8 2 o A T Tl Al
A K P AL B R AR ( White 1 Rasmussen, 1996 ), HoAGHT 25 52 7] 5% A 38 1 407 EC 336 175728 00
PRI 45 R o —

@ AER—ITRbE B A TR G B SO ARSI J7 T (925 s W TR s R A & T
—E MR R AR AT T BEAY o 2/ B 2 g TR SR 3 P R T SR A2 gy TR £ AN DG M S Y 2 P S
W K AERERREAAG LUK S o 3 2509 10 4R, 52003 v i 8 M M SRS TAROR i, U 2 P AN A2 1 M
iy RXSERLA K AR AN TAR AMHE F O PR R M 5 B A A R MR R, B
Ps B A LR AR A R AR R G RE B A R
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SIURRIIRRIG , R A op ) 2 Iy — BEH ST 2o 28 77 7 3R 3K H A X AR MEAR 5 — eI
W RE BRI — A2 R PTG R o T L, S R 1) 5 M A AR X 1 A
LR M) o 5 VR 22 A PAE DR X MR sl v B X TR B, ik e b
Py IEAE AR R AR E AT T AR TSR, 308 AP T S O B0 ) 7™ A S RO IR B

o REHIE

1 PETS R e A MR N B E A (R s 4R ) J i MK AR o B i lon i B ) s
SR (UL 28. 8 45 , L g 4R (A7) AR R TR BRAC (PR o AW R SR A 75
Wy o) e JEE 2 S ) M8 T, e P S P 30 2 7 i1 AT AL MR A I B AR A 3 P i ok 2
MR o FEAMIEF 2 A R ISR R (28 =3) o mfFATER A LTS 5L, W
DDT mf—2£ PCBs, B H4F- 2 Jn A — E RE WM. w A YR AAISIE R (H L
P L ST LAE i RO A 7 DX S B BRI Y 55— X (S - 13) o Ui 5 i) PCB
[R) IR PIE N A TR RS REAEAR L A AF T 43 K o DI XA T ) B (TR R 4% R PR i S
NFERH) B B S A A 6 E AR

i 25 B RAC AN 4 Kk 22 B T MU sl S LR A% G R SRS 2 BN S 5 A
(128 —4) o HAty i 2%l A ) 2R 40 3% KGRI S 8L T 45 A PR OCs , (B H R g — 2B 5 n]
PSRRI, X L38O0 I RCR: nT B B 5 3, (ELRH O T LA M 73 e, AT A7 AE
] LS, PR A PR . P IR R il RE S A — e R A B AR 46 (B
TREARATIEC R , DR BIR o sl adte 6 1 7 0 ) B TOUs (90 4 B 7 10 g o FUBURRB ) 2 IR 28 A
BURAR AT FLIE 0] £ A= v e 4R ) e e 4 (181 28 - 3) D REAE — SE T3 dn B K i A
WIPR MR B Rk BE o S R Al B IR K P PR AR (DL 28. 6 1) /K TS Y 7 5y W I 7
S AT LA R B A AL RS B ) 2 18T, 9 FL— ELRWSORE 25 AN L 91 3t i B, 3L
SSIEE Y [IDNINENE TR 7/ Ry K S e A SR O A 1 DL e S 7/ 1D ST S N
(DT A0 A Yid B A K AT LIS RS AATE . T 15 Y Wiy BEAL 45 4 S Ak AR
ARG PR R TR TE L 28. 6 4,

« JEdE
« flur i
« ¥tk
« PR
it B
« Atk Hnl ¥
« FEEA o o 31 i of ek
« drmiE . -
B S M D—— ] W]
kg
« HEA franbERtEEh
B /28 -3 AT EHIR A MR S A
R PERHE MR TR & X (8K [ Kaiser,
« Bhar i M e E T M 1984)

615




#2835 | 5% |
L B THER  BAn
T X
#HLE G = A
1 HL6% = ? 2
fiHL x ? ?
PRFHT x * 7
i 5 7 2 28 -4 FLA R AR
SR ? 5 5 BEE 2 0 A1 R EE 0 5 05 e
FHKLH ? ? ? [ o1 I 30 (U i
AET * x X TA BTG G AR A2 7 i i i 7
GEES. X ? X P HEAL B SR T RERE ) . ]

A VFZAERREETT G R OCTE R AMEAR =2 i, 4n DDT A1 PCBs, 7EP4 77 A B 2 A
PRAE PRI, 6 A BRI Bl A AL 28 A0 T DR Bl A BR ], (ELHG i 13 AP (4 DDT F e ™
W) FAS K A A AR N A AT B Ak e ) B, AR R AR AR A T e A
ok iy PCBs A3 7Efd ] A A7 sl b 2 DI2 T i 1 25 D7 R i i DAz 35 S b 306 36k 1 R
AR 22 55 XA i [ sl X A PCBs ol FH FR ) B Ak 7 B2 T THIARAR 58 L B0 o

FUAD, % TAEA S R G0 W TCTE MaE PR NG RV & A Bl S 2 B0 %)
HELE A~ ) Jo B At IR T 7 A A R B 2 /D, S A 6 T R B ) SRR T
fifF A2, ISR PR T Tl DRI TT (44 o 1o 25 SRR St A KA T8 R B 3 . i
Jev MR EE Tl A~ o sl A g IR0 A 7 i 8 P D0 TR A B R R A T
Yy RE R AR WA 1o DA, BT Tl A s T A D7 i AN ] i LA
MR R A ]

28.3 TR

STTT TR L 25 VR FEE A ARG 0 7 Y A0 5 T Tl IX R T A U
Y U AR R 0 Sl TS 2 (04, Bl 2 P P P B A A R,
3 2 A o A HE AR o R P A B I DB Y AR ) K A R B T
“RE LI (BTS2 32 3P 73 S0 e 14 S i i KRB TS e

REERETSRSH

FUAT , 2Bk Fl AR R U Y —F DAL AR B (R ZBON AR As .Cd Hg |
Ph 25) Bl N TAE (28 =2) o AEE BRIV T o5 AR 4 AR 3, PR R rh iR
IR R R, AT IEF BR s X A TR i S5 K AR R T A s & T
5, I L T SR A P — 12 B R AR 2 R UER R (Nriagu, 1990) o A7 SEAEBL T, R 2 AR 2 i
376 b DX PR I T T e e SR TS e (D 28. 9 1), A BRI L 9 ST sl T 7 A SR Y
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\ 28.3 | 5

Foftfie B IR I3 TSR DAABE ML SEA , A A IR A3 5 G 1 Toll 2B 7= i 7 574
BEAl B IR AT AN UL BRI 5 o 23 SR I dR 3R R PR 4 R R
ARHRER , e A, S5 IR A8 B LA e 01X 4 3% 58 J68 2 e LAt IR 4 T A B Ok U
(Nriagu #1 Pacyna,1988) ,

R28-2 VB ELHCEENETAXBNSEATBRRNMAANKRSHRESEILE
(3 R (5 BRI B 5 P GRS R A A 51

e €S2 19k ait NS
it/
As 19 (12 ~26) 12 (0.9 ~23) 31 (13 ~49) 61
Cd 7.6 (3.1~12) 1.3(0.2~2.6) 8.9 (3.2~15) 85
Cr 30 (7.3 ~54) 44 (4.5~83) 74 (12 ~134) 41
Cu 35 (20~51) 28 (2.3 ~54) 63 (22 ~105) 56
Hg 3.6 (0.9~6.2) 2.5(0.1~4.9) 6.1 (1.0~11) 59
Mn 38 (11~66) 317 (52 ~582) 355 (63 ~648) 1
Mo 3.3 (0.8~5.4) 3.0 (0.1~5.8) 6.3 (0.93 ~11) 52
Ni 56 (24 ~87) 30 (3.0~57) 86 (27 ~144) 65
Pb 3325(289 ~376) 12 (1.0~23) 344 (290 ~399) 96
Sh 3.5 (1.5~5.5) 2.4(0.1~4.7) 5.9(1.6~10) 59
Se 6.3 (3.0~9.7) 9.3 (0.7 ~18) 16 (2.5~24) 42
A 86 (30 ~142) 28 (1.6~54) 114 (32 ~220) 75
Zn 132 (70 ~194) 45 (4.0~86) 177 (74 ~280) 66

O Tz TR R AR e,
@ AZEIE SRR BTRRAEAS ] X SR AAR K, 2 32 75 YL AR A T XU R A
PRk U8 : Nriagu, 1989,

POPs &R 5%

POPs #5255 0 R IR 45 i A b R ARAR T HL AR 3% SR, LU 2 A gk b i vp ™ A
AR 7 ot S SRS AR IR MBS I = AR Y S A ke o 7 B Tl A=Y B A 209 FhAS ]
LA Z @A (=) ZR(PCBs) MR R I 2R 7 (9 PCBs 18 % %A 70 ~ 100 Ff [7] J54)
(BARFERIE L, 40 PsCB Hl PoCB; 5] 28 - 2) , X 88 [a] Y 4 HAT 1 3% A [ ) AL 1k
o, Hor 13 AR (S) ErFE. REZEIHEMEZRN MBS M —HEEA
Ak in Qe R 2 30 (PAHs ) AP 2O T PR i o PAHs 2 A il P A BLER AR Sk
(BRI ANFEITRRBEIT 7= LR 1 o EAT , ARBA AR A7 i 2R AR i R ¢ o R R R
T AR R R LSRR PR 2 A

RKS45H
NZETH IS KA T5 Y o0 A R 52 MR 7 18T, i SHL AR 114 U 30 2 A% 192 =2 % oK e v LA S
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BT AE RN B A 5 5 (28 = 5) o Tl iy Z Bif, SRR B N 35 2l (7446 B
2 B BORTE RIE A T, 1945 AR 2R, S AT A R BRI (R T R BT, A
% I B o T R AT A T R TP T O A T (P 28 - 5) o 49 B R SR AR Tl itk
— B E ] R BRI 15 s Tl A 7 HE G i ) A 2807 ( Boutron 45,1991)

370 420 o
300 =
L]
]
Tan 200
=
&
4
=
B 1004
g B ..
0 o | I | | i | | il
5500 2500 1750 1 850 1950 1970 1 980 1 94
BP BP

B 2 A i DK Y S A
128 -5 5500 4F§ij ( BP) EAARAERRE 2215 4 DRI A S RS i A28 40 [ 1220 42 60 4%
ARSI A A U R (290 JL T4 AT 200 %) M Tk ar iy It an . A 20 (22 70 4R(CTTdh i
U AR T P A SR A R T B BT R A U Y T AR, 249 ROk Y 1/
10 PRIF6 UL I 050 35 f5 COR S5 1) g 110 2 552, S 19 ) 58 900 30 i 14 s ) v (2 500 43 )
FI% By [ i 9] (Hong 45,1996) . ] (5] A Boutorn 4%,1991)

RATESRAAT HLTS YW A 5 T PR, #2551 R LRI (& |, & ) 15 31 T 1R
GFIBRTE AT o Sk B b R X0 328 114 75 2 1 ZR 18 ( Superior ) 19 85085 B by AT A R, PR
TSR e AN AR R AR RS o FE 25 Y iy (%) HE 67 far ARG B AIR, T 8232 1) 60% 1K
66% A (UL 18. 1 75) 90% L) - (447 T 1 002l axf KA ELHE VTR 21 95 0 F JR 18 ( Superi-
or; %28 = 3) o RIME KI5 Y PRl s AR A LUR A — 08 (/N T BRI 10% ) Y
B KI5 Y 2 KA TR BRI 7E I B8, 28 B KA AT K A v 3 e 75 e iy (1) 1 2k
V5o AR, AP B PR B — V5 e — KA AR T A R R T R s Y AR
KA R G 1A R AR T T B2

X TS i3zt i 7K AR AR S R G UL, KA R e e e A PR A LTS G ) R B it 4
JB A BRI, HEY e AR R AR BGR T S K AR A e R b . A BT TRIARE A 3
IR (mg - m ™ - a™) BRI R, AT R 5 7K AR T AR e A 93T R 37, VA 48045 7K
PRI TR /N0 (NIRRT, CA - LA = 1. 6) 552 KA UIREAIX B 2 1K it
W LA BTG Y o A TS Y i ) W B 3 A 4 L, L AR RO X A a0 o g
P52 07K AR R B 4315 G ) 2 i 2ok KA TR T AR AR 1

F2 28 -3 PR X T 5 WL B 4 POPs, e 224 JLAS T 43 Ui 3t 3 0 AR
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EEZLIEIEN

A A TR LMK o R Z2ROR 4 B R 5 AR R B2 b i B e AR R A HL A Bl 14
DI, 0 R AR A OB i AT i AT (35 28 —4) o MR A B T R
o A A A R, AT o A5 2 4 K MR B i i S A T (DL 27. 8 5 Tessier 4%,
1985) ,

R28-3 AEAXRBUFVROABATREIASAEIKENSSASHES

Fb IR S5 BRI PRAE T R IR LR

iy M pg - pg pg pg
m? . % m? - % m? . % m? - % m? - %

-1 -1 -1 -1 -1

a a a a a

PCBs 7.4 90 11.8 58 10. 6 63 96.9 7 127 6
t—DDT 1.1 97 1.1 98 1.5 71 12.3 10 5.6 23
RIFE 0.9 96 3.6 86 4.8 63 4.7 66 7.8 40
ot 2939 97 9362 99.5 7167 94 21808 40 21300 51

TR R A TE SR, b U A Y Hb SR DR R AR TR AR i e A2 R B TR
YRS IE . 2t A Strachan 1 Ersenreich, 1988

®28-4 ${(Cd).$@(Cu) 55 (Pb) ERBAFENHE

Hir B A 4/ %

Cd Cu Pb
BT M () — — 95 ~98
AR (SE ) — — 96
H YA PE M (SEH) 67 ~ 100 72 ~100 97 ~99
BrEFEPEM (3B — 51 88
TE 69 61 95
LRMEE T (InEER) >51 ~ >91 85 ~90 95 ~99

BRI . Schut F1 Evans, 1986 ; Blais F1 Kalff,1993 ,

28.4 SYIRYIAFE

— BV TR A Ak VS Y 3R AT RS T LA K R (R S 4 K R R A
g K AT B o B I, KA T B8 (3 A Bt A R (LA 8 ) o TR 5 i B 4 A2
W) AW 5 TR T 00 R o 17 135 K A DR AR B K 3725

KEEES 5
REBATHLATA LR (H R ) HAT L8 w5 128 U, D Bl M Ak A o 9 — 32
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s |

Fe A5 e 2ol 5 R BUR BRI 25 0 SIS TE B 2+ ORUK AR TR B s
B AN AAEI A R 6 T 3 DX T R e R O L, LT
7 04 L A P (VOCs ) 1] BB LA 3l W B S50k 47 1 D X 6 380 9 8 e i
AULE km £LF 1T km Z A6, BATTRL B B % 5 G R — UK Sh i i — U R —
R—iaf (W 5. 4 7)) Bk B R sl A B s S i oy (815 - 13) o e ek
IR B g Ll X, Y R HE AT 1) POPs (RIS IOIE 3K ) 14 B BE S5 1 B B, OB 23 ik
PRI, 35K 2 DX A LU P-4 K (AR A ) Ao R o LA 8 AU 2 1 DX D) TE A o I 2
— W55 VOC [HREAR R W IE K T )5 5 B AFFErS ], SRAEFE RS MY ok 1 6362
() POPs AJ RER AR | P44 K sl Bl Rl =5 1 A KA, 7 S Ja — PR 00 T A 1K i 2 P IO
TEHARE (I 28.8 7).

AR AKARTTRR D) A VK2 DL B A= WA o8 e 5 1 45 POPs SR LA B il F I 73 1A 50 |
A% 608 = SR A TR A R 1 B i ¥ © 55 (Lockhart 55 ,1992)  fE4-2% b0k
HiLIX A 235 A5 8 BB A A IR K ki LA b 55 v 8 40 A M AT 1 B 5 3 SR A AR Bl
TR ERER) AP AR, HeAE, BRI A R S5 rh o UL ) T ke 17 I Y 2 R R
( <1 pm;Lockhart % ,1992) , i fin &= R AUAR b IX () “ B R 5 w5 5 U 1 75 17 RS A
Hh ] Y Ak X A B T POPs (1% %86 - R K UKL (Welch 45 ,1991) , SR, Bl 4 25 JL A R
BRI, A6 T ZRARIEII R B AR B Tl A X 5 Y AN B i (& 5 - 12)

POPs 7E/K (A 2 14 ) A B0 A2 B A () 161 2 it B 2 2 B 1 R B8 2 1 Ay
SEALZEY T A BRI (L 28,7 ) ¢

5K B R AR 2L

BT W BP0 fe o UL PCB. R[] P AT B i 1 T 5 R Y, S R T G e T3
FIJR M (Superior) i RS BAFERKZE S . X T 54K 1) PCBs U it RARH T2
(92% ) o #EATRFN /K (Superior) 1Y) PCBs HA 13% (170 kg/a) Bk ASLRAETTARY
G I KU A0 2, AR P G &R, Tl 4 K TR 2k 1) PCBs (5 31 87% , 24 1 900 kg/a
(Strachan A/l Eisenreich,1988) . 7& 1980—1992 , K| /S 4 A 75 o H JR 9 ( Superior ) At PCBs
/b, A PCBs & i BAELIREAR 20% o 44, TR0 R ZK I ( Superior) B ik PCBs (1
A2 (Jeremiason 55,1994 ), AHSZ, 15 BWURL ) W B HAS 5) 4% % (Strachan F1 Eisen-
reich,1988) , PRI LTI 2 DA HE K<

Jb R R 1 (Superior) & ML Z (1) PCBs [R] J5 4 v B 1) A1, o 78 b 56 T A 5T 4L i)
111 (Schmitt 55,1985 ) (1 #1 ZE FITTARY) POPs ¥R B2 (KA A5 B9 E (& 28 -6) o I, X
Sl S 5 R AT T 1842 TR 5 3805 e W v B A ARG 3 — a5 ek 43 A A [] s ) R B

© PRI ~3 DT ) MU R, 1E 5 P St A B MR . Rk, g i
(BA) e Z EABR (4 ~ 10 SURT) FIRYAER 2 , 2 @I R SAS T AR A B, TR0 B A LA B 5
MG R IR TR S Bl LR .
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|28.4 | s azs |

4 A AN DN AR A BTAR L AT RS, (R 5 ek B B AR AR AL BB R A AR MR A 25 A0k 3, X
PRI AN o T TR] — A~ LI i DR LA 7 A 16 5 e e 52 F) AF PAL R4 i) A2 Al AR
Ko HITI5GYIHR 2 ((EIFARE I Y ) BETS S U5 00 18 I i A%, 73 A R Y
15 e B D] 5 B ARG CRE A A A 0 FIR B 20 ) 70 AR A /A8 00 2, AT T ) T8 3 3
DU LA B 73 i A B 408 BB 3 (i =) A D T3 Be i A2 AL I 48 s . Dt
FRM) B2 A B P A I 5 AT AT A A T AR B 28 2 4R W AR AKX H K AR Bl DR A
i B QeI B2 e 145 22, T LIRS B 5 i 25 L+ 4R R AR 4

JLEF I @ Ving-em a™)

0 20 30 40 5 10 15 20 5 w15
1 1 1 1 | ! 1 1 | | |
1980 PCBs LDDT Q---0 HCB
Q.. o a
1970 - 9
b, P
1960 Ca T o
a} c"
1950 -
o
1940 &
5. | | I 1 1 1 1 I 1 |
0 20 30 40 20 40 60 80 100 200 300
PCBMM (o) (Ex10%a")  DDTAt(o)/(gx10"a™h) EHFRo) (g=10"a"

K128 -6 Z RBGHITTARY AR SR WoR TR rh AR & 7 5 R E AR KT Y™ &
FE Y FR [ 1 PCB 5 &5t SR ZH BB TR T B2 19 728 A 5 Bt T B 498 o 5 S0 o 0 A 0 e e 1) 5
PR B B BRI, I B 7 G 457 A S g A 5 3 R 2 1 I g 184 1 ( Olliver 45,1989) , Bl 1972 4F
R 40 S0, DU R 1E S DDT (AN I i — i S sl RS ) 1 & = I 0 R . il
URENY PCBs T A8 — Bl A 16 A2 15 Yo B R P (W IR DU h S B 2R T SR S R L2 ]
(5] A Eisenreich %,1989)

SR E

33 BAFE RS B BB A5 75 G W B A DU BR WY E— 20 AR, EL S 2 M 1 fie
BURE R RAE AEAF T R A AT REZ BTG g . ISR [R] K A 23 P S e ik
JEE BRI 25 AR A — T8, 0 E LSRR AREE i A5 20 fiE20 70 4RARZ 90 ARAUTLR
WP TS Y 2 RR A TS5 . A BT iR RE UL [R] A : Coale F11 Flegal (1989) 5%
P T RE b S AT R AR A I e AT BOR B %E 19 Cu \Zn \Cd A1 Pb /98548 L
R R B AL B BOR TR R i (9 S 30 2 P (ERE AR 5 A 15 S AN RARTE 28 ) Pl 22 /9
{E/IN 2 B R T T A0t 2 N EDRAR DRI S A (Erie ) W 7K o i A5 5
AN AE 2528, 1965 AF B E 4555 < 15 000 ng/L, 1988 A% {H WU F# I <30 ng/L, M
PR R RA . SRR 1,20 11208 80 ARAUS AR T LA TR A E Kl

1988 4 LAR, o T4 3 POPs 755718 5 LM S HABHE X 8 7343, JL-F- B4 AT {5 1 5E
T, PR ST R R A 0 AR IMARRRE L (1 ~2 L) L A 35 Qe & BEARTE 24 i)
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AR DN R AT o L i8R A A 281 94 % R A 8 DR ) RO T /K A 75 e L K
A AEDURR ) v B35 S 3 B sy, AR A B R B

28.5 ARWicFE

K AAEIRTTER IR il ORI BEAR 47 10 S 45 A BUXET T /K B9 A MLAR 7 ) Jo R A TR
R R A KA (WL 20. 6 7)) o T IRRR 1R YIS e ki), ORI e i
e R T 0 v T ARG R, R R R e e, R B B e, ELRE TR R AR AR AR AN T
AR UFAZ TG Y2 (DL 28. 4 75) o i TR 7K A Hh BN 1) 11 25 ] ) A2 AR AR N AR
R RES AL S RV M A I TR 5%, (18128 -6)

FERAERERS L 75 YL Wy ik HE B I (] 22 A 2 (18] 28 —6) o il i U AR i %
R k45 Ja R LU AT IR AR SR i) T AR T A0k B2 R 1522, D g LA TOAR W b R 1 42 )
FEORIET LI Jl KORAE A SR8 B LA SO R RS Sh g s . TR
(R TG B 5 TV AL R A 8 S 22 LEAR 0 & A7 (enrichment fac-
tor, EF) .

SR RRME =T

A7 TP R S Tl DX AR 97 B O AR A v, JL AR il R Gy e R R AR I TR T
2.5 ~9(328 -5) o XAMES PURKAIL S0 X il 7 (4 427 PAHs 1 POPs (145 4 A 141
FCE/ M2 (3R 28 -6) , R R th A=A ™ A= 9 POPs A AL HT A ZE T 3 BT 7 A 1Y
T EH(ES 1800 4F (&1 28 = 7) i) AR LA K 50 4F 5 211 240 M 638 K HUASEIRE AR R 1) 8 il
FALE, ATE AR Feamik P Xk PAHs f) T [ W55 8O i MERIR AR A LA 5, TR g g
TRHRBETREL Y PAHs T /1> ( Charles 1 Norton, 1986) , 33X — B AIG th J2 Xt A4 1l  RAR S LA L HE
BE BV R N XA L il S P A3 e, AR IE St 2 WY, B+ TURR W) v 095
Yy FEAFAEBR BAF PR A (P 28 = 7)1 — 72 A M J3E AR a0 REASA U1 S IBRAT- s ) B kP AN
7], {E 5 A S TR ST A 5% LR S e A R B 18 FLR RIS AR BE

TEAEIE Tl X B AR S QeI b, DU B s S T T RE R e (K 28 - 5) , ek
HH M Ak 75 G Y5 IX B4 P s s MR 75 e DR s o 8 T RS B BT R T L&
U AT WU X HUAE R 41 0 el 3t X B WA DO o, IR Rt
Wep A5 9 e ik J3E A 75 e P 88 1149 4 KT AR, 491141, Windsor 11 Hiters (1979) £ tH 3L
PRy s PAH AU RE /e B 7 100 100 km FOSEE A (S M000EE, 5C1E) , BHrREAR T 3 4K
Y, 100 km Z 41245205 10 77 53— B 2 T 0 2 23 Y YRAR T 1 VA R LR A
M TG G2k . SR, XK PCB [P ORISR BT, R0 R 280
R R CRZZ2AE TR AR A& R AP B (R Tk B 5
R T F) ) B T e TR B S A T 3T R 7 B D DX 5 3 7 S S A B AR A PCBs [
ey, DR RSP A B I T B A RS
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PEIE fem

i

1 1

|28.5

TARPIC T

P28 -7 I R RS L Ul
I Bl T LA (LA E L
FRYI 7R 19 75 e ) 35 B 1 U
TEANWT B8 T DU RR 0 o s e, A R A
JEE 55428 AL 1 74 1 B O A 4 o 3
B G, fE— BB AR £y HL 483 F
DR BT 1474 P W L 2 28 A

0 1 2 3 4 5 7 VR ORI R 1 28 Al MR R TR )
FIHEme-kg DW ) (45 Hilgers %5 ,1993)
*28-5 EEFEBIDLAEXHEEFBRERERTLEIH
EERMESRENEERY . E2EREAE
THF (mg - kg™')
HERK GRS oRME

Zn 7.3 22.8 167. 6
Cd 9.0 0.17 1.5

Pb 7.5 13.4 100. 2
Cu 3.5 8.0 28.0

Cr 2.5 21.1 53.6

Fl >520 <0.005 2. 60
BbF > 676 <0.005 3.38
BKF >1320 <0.005 6.53
BaP >1396 <0. 005 6.98
BghiPer > 1900 <0. 005 9.50
IndP > 334 <0.005 1.67

FL: 5¢ 10 BbF S 9¢ B (b) s BKF . F38 1 (k) s BaP: 418 BghiPer: AIFEE (ghi) ;IndP: i Jf:(1,2,3 —ed) .
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®28-6 EFEEAFMMESEA(MEXBILTE) BN UERATFA(MEXNEET
ELLIE) A T BB R ERZFHAY LHERESENRE YR EHE S8 HE
(a) G EEIR ]

Tk o R SR ik T/ ) R SR ik T/ i)
SN E 5 L/ % RNIFIERI R P
FRIAHE 86 23
TeH b2 A 7= 85 43
FEKE 84 92
A O B 72 55
£ 58 92
B H (CRFER) 54 77
V5K b3 21 22
YA T i 4% 29 50

YRR IE - A White 45,1996,

28.6 SHYRNEBNSFMEREEEARARNS K

TE SR T FFAR 0 0, 5 S e K A VA B A AR AR S , 5 8 TR I 15 e e ok 3
K5 SR ) 1558, WA K Py BE AR BRIV (B ) V5 e, 5 3% 5 o
AR 8 A A LA I B 5 S 8 K A o 0 8 0 A A M A THE K o (94T, T
I SE T AT TR A5 B VR o (2803 2, A 75 R R B RSP S O 5 R I
B AT L T e 1 7 2 R , 3 o 5 v e ik rh IR 9 7 s TR (I 27,2 )

KiEtE

HEA KA AR RGP 1975 Y A5 ) R P 1 A 2 S e A K A e )
A= WA BE AR AN R T AR R b 1 R o 2 0 A R )RR B T X R B AR )
WA AR ISR o 5 S I B g A 8 R SR 4 fn T AL B LA A Ak (209 B
VKI5 YL ) 5 15 T /K 075 Y0 AH B, B A 2 KA v B Wi i 5 5 368 el D R
J5 A W B AT MoK MR Bk

SRR AR SR 20 R 11 A2 0 O U 40 W R I AN 2 e K b BT A
S RECEFRIR (K, 5 K,)

LY L
e

RV T 7K A BILAL 20 I3 AR A — Al 2 W 5, 02 43 A B ST E IR 2 327 Cs AL AT
AR s (1 T R B R B (K 9107 ~107) o K 385 XTIk 278 (I logK 3 — logK,7) , &
FZ VLT IR B2 : OW T A7) A0 e JEE 5 QMR FRHIURE 497 1) e B2 K /N (A k3 T
) s @RI 2 A WL S 21 BA R T A A HLR 2 s @I

728 -1
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A BEARPHSERE

HIT Ky AL IR T L8 AT AR A K A A= W00 15 B WS R e W 2 7 -
RETHIDBERE . A REEIE AT I S FEOR S . a0, 760 W ( Erie ) 122 K%
i) (Ontario ) 2Z [A] ) JE AT ( Niagara ) , W B 7 8 J0RE 41 )48 H i 29 5% (logK, 2
N 3) BT ANEE (logK, 2978 7) W4k 56 4 (100% ) W fff ( Allan, 1986 ) o TR LE IR Fff 75 kL)
AR IS B U BT o B4 A 2x BEORE ) RO R R TS 0 . R OL R M T K S
BRI % BT P A~ 9 T v 325 PR ) TR RT3 P 8 e G 091 L AR ek A AR PP B g

PRTE AT T S 2 C (R ) B9 BE AL RRAE 32 2047 WORE B4R VB 1A R SR 1
FL A — A 5t o A R B F T B9 B ) (Forster #I Wittmann, 1979 ; Stumm,
1987) , T HLI B2 , O AR 0VA e 2 A LA . P BRARAE IR E 1 S 4 J i POP i i it
KPR BT K A ME 2 e 2 (1] 28 —8) (FE KR rb s B I 18] g TORR W o 4 ) i A
JFE VLR M £ 18 v B ORI L ORI R A AT REE . 5 E U B, DU BOARAE il
JE \pH #RAERCAE Pt I T A (K, ), Herh pH RS2 kel I de (181 27 - 8) o ALK
R B LS NIRRT BIL S 5805 B W) HAT AR i 9 K IRl 2 [ R i
P RN A OB ) SR N R R A A W O IR XA (K 28 -6) ¢

)
50
-\E\‘?‘
= 40
4
£
|.r_
.:';E 30
2
2
E 20
EI.
10 €28 -8 7E20 d MRS RS S
- B R R 4 A S i 0. 45 um
i Ba o 1 UL PP bR A R B 4 R
LT T L i & % % N g 52 (rF =0.85;0.02 < P <
o £ 0.05) ({}j Jackson 4 ,1980)

28.7 HHERETM

UG ML A5 Y RIS T 2 R A S50 R OHIE P (AT 0) B RG22, N i 75 %
FotE AT A B AR R A AR 35 P O T AR T B, IR 452 6T, [IRE, TR rh AT
164 Wi A 3 M R T
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s |

EMEEMENXR

AHULE Py 0 BRACRFIE B 45 0 55 L T (BB REME AN 0 A ) 22 18] A9 58 R 5RO 7 T
G5ty — IR PEAISC (QSARSs) o RTINS M UKL 1A= 1 (4 K2 BT RS AR I5F 5 132 I A )
BURFAEEIE VR K BE R B [ log (K., ) ], ERAEAKHIE R (57 B ) 2 18] B~ i B2, i HLIE
WA A 53 B AR A Wi Big B ZE BGR) (&1 28 = 9) o W L, K, Al A an R {5 8 DA HL
PRAGIR SIS 77 s @QFEK i A= 1 e B2 s 7 (151 28 = 10) s QTE B W) I v iy A= i K s 735
@F AMEA LTS YW 7E BRIE (4 B2 1]

A R R B R B AL P TS G e BE G LU K, KRR R AR ) B 119
1, X R WIAE FAR S, T Y W i 32 B A 07 OB W i AR B A Fr e (L 28. 8
) o HARMR (T RILEREE LK K, ) R0 K, S R, SVERE S 40w |5 /R )
Wy B K& JNIF R A LAY log (K, ) Z A A 5 58 R eI OE (Nendza il Klein,
1990) o @RS K, A 5%, (075 Pk 1 b S EREVE TS Qe My BEAR 1 A Bk 2 (Me-
Carty 1 MacKay,1993) o e {haE ki H i AR SRS AR SE TR AN SE

IR P i AR i 2 R T A R 2 0 1 s BE SR IR ME TR R [ Log (K, ) AR T 5 ], Hiag
PERN K, Z AR SC AR S5 R R K AL S PR sE HOH K PRt Ay 22/, — 281111k
EYIRENRTE (S IR ) JoE 1T XS HLTS B o TR Mofom il Ae ik N . —
SEXEVE TOK B RIRVEA SRR B Y R ILR IR, & R 2, AU 5 45 4, B HL iR
X SB[ YR AN Ty it A (Niimi, 1986) o Rk, 5 3% S I L [/l IR AN (U4 5 i A 1

1077  2,4,5,2, 4,5 PCB
mﬁzﬁ# 52, PCB — A#H*E
10 PP Ne—a 3k
DDE
10°
E
e 10 It -
_—— %
— R
10° i
— IR
P e
10° o ktAMR
logl K, J=5.0-0.6Tlog($) A = ﬁﬂ:
i #=0.97; F=1 030; P=0,005 LM —e B
T T T T T T T T 1
wr o ! 1 10 10° iy 10 iy 10°

Ao R (pumol L)
28 -9 —SF P B A K AR T s A R S 0 (OK S n - R BE) Z I E R (0 R B
H K., , FALFE TR K TR RS AR RS 0 8] SCIA) o B i 4 B R B B TR AT b Bk
JTE,) (B A Chiou %,1977)
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|28.7 | Htem sz

,E_.
log(BCF)=0.85log(K,_,)-0.72
=0.90; n=66 o
' DDT A
5 PP R
. \x:; .
ot | SR - %-
Fi- B ICHIM) X .{ e
4 : ! G !
i 3 . L i
g 5‘;.- .
3 : T
o A -, 2,4,2,4-PCH
# 37 N eele
& - ey
# cel, o - FHERM
Bl et
.ir iar G
r.‘ . .‘rl 0
So.
1 ® . 2.5 6-TCP
L ] -r_'__,_-o-""'-':f
ade® . ©
0 T Y T T T T T |
0 1 2 3 4 5 6 7 8

logi k)
K128 —10 BT 1A 9SS0t , b Sk fik £ (FMD) i A B 80 e 0 R o £y (M) 25 R g2 AR
HICAAE Y T BE K R FNSE R K (10 1) 3 EL R ALK, A ) 8 SR IR 7 (BCFs) , [ i iR BCF 1y
95% EAFRE . FIHRECRSE 3 M REHE(O) , JFBHERE K, Re, s £ W FHRIE, &
R IX B BCFs [YEE B I TRLAR X X W A S 3, AR SR B LE H AR Z6 A T AR K B e, 534
BRI W) — R BT (AR5 2K IRGR)) , AR ST 38 g I8 R BT 22 5 ) (ML A Veith 5§,
1979 ; Stumm %,1983)

AR WA TG BT (B AR ) s U E IR . W T OL T, AN EFEATAT Mo X, S
R R s R S B SRR TR = (R 28 BIEH B k2 R AEFEEY
I () JES 3B ( Oliver £5,1989)

QSAR HY /& BR 4

5 A M AR (AL 535 44 1 S — AR a CRARAL 18] 8 — 161) —Ff, QSAR F6%!
WAFAE T Z R ERYE . K., T30 BE T B 10 W0 2 18] B B4 4 J 0 228 20 [ AIC, T QSAR 44
AN TR R (IR ) o HINE Y K, BT BRI | AR 20, K, 1935 Pl A RE
K, J500 (P28 =9) o PRI AE /)N ROBE [A] s 9 1R B, M At el 5 52300 14 72 /A A 1 Oy o
(UL2.6717) o QSARs B 55— Ja FRUZ BT AT HARY Bl , AN [R] A AL RS 3L 6405 1 22 1 4
PEAZE 3 M ECR S, I MEALEAARAMEAR G 32 42 25 1 T B — D s L 9 52 3R 45

@ XN QSARD 560G F Y 0 S8 B 2 i B AT ST AE ) B FEAIL ) AR Y SR A b ] R AR P
VAR AFEARARA IR AL . FA MARAS - 2R 2 TRAIL ) 7 8 B 1E [0 220 30477 fr 388 3] Ay — b 2 2 1)
R, BRI, S A FRAT G — 2 . S b QSAR R ZEREBT S 45 & ok WA 2k Bl P H 97 (Blum
F1 Speece,1990)
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#2835 | 50 |

B E R —TE WU RETR BRI o X — 22 E— 2D SR S0 2 1 AT AL AT % S A B A1
AT A LA R R SR IR MSCRIT I B3R F) 30 g 2 S5 T BE S I AT LA 25 ) O BB
SR BA JRIRYE, K, Al QSARs AR AL FTIN A A\ TR 5 A BILAL & M i 2k
i VR — 1B ) T OCHEAAE o NI, K, S8 AE 5 MR 22 i PR — > AN BT B 11
AW P 2 A B AL A Y BRACARAIE 7 p i R K BE S At
B AR ) SO EE MM AT PR, 1 FAt AT RE 9 BT K AR PP g g 2 AR
EhR (28 —9) K, REAS LI LE4 22 ) o W B T DLRBUBURE ) (K, ) IR FNRE TS, L &
X BEAF AT e D B AR AR P A 2 BB URE W e T i A DU B R L

EERSESHRNE

— L BRI IR INPEE BT, (A3 A TICIE X & W 00 A B R BTV AT A
(Kaiser,1984) o 7E5250 % Z5 4 T IR LA Bl R5 E A 25 40 B0 ELA SR, LK B
AR E GBI TEIE SR, #RAN REAR 4 AU 1 SR S b R 2R R e 2 8 IR 45 1 T X
SEATEY A BN o L I R o R S o A A AR T R A P A i B PR A B
fE R PN B, HE oA e B ot R R A S IR B RV Ao LAY 2R
PRSI AT PP - AR 1 (BEAT SO Y BORRE RS ) FIRESE B4 (A7 S L A AN R A ) 1)
TEPESCH . RZHHI QSARs fd AT — Rl , 33X Fb S 58 vh 3 R R AT R BB R A0 eR R, S
SEBIBLHITEOG o AR , e B 2R 52 MR AL (A BE L A A i AR s A A7) o 4
SE R 2R R AE B (v LT 2 B AR AR %E 35 R A AR (MceCary Il MacKay,1993)
(B B B A IEAS A A A P IR L 1 Je , BV R 22 05 e e o AR 2 TR 5
Y R, (B — LR AL S BT R Y AV E R PEUIIR B 5 Gk A 3 &7 KB
[RIFP2E A HLATC LA 2535 088y, AT X 48 35 ey 2 o) Qi faf A B AR A0 —JE . H:
U, FRTATy Bk = m] LA e A8 P 1 T ) SO B AR 2 R i et TR

0 o 0 TR RGN P A e i 0 A A 1 PR O S 30 B QSARs Z A1 Oy —Fh A
B PR RE RS0k o X BWOBT T i SR PR B B S A S0 3 e 50 [] — A b el
EACHI R KA PR 50 R B SRS P A MO0 5 A AR 2P T e W vk BE 25 5 R
AT i AR GE 35 B T vk BT RS, (R G 35 B2 T ik R A SE 30 2 R TS )
WA K SRR A LA T B B A N T (4R T Yk B o, AT ) (k)
S SR B R B SN S 2R T g 7R e S 17 S R AR SR T RARAESMAER] 1 SR 5L

AR S ) 028 e A B W R R A 2 T is Ye iy b, DR IHAT a0 2800 72 35 Yy X AR W)
BRI R, 4 2 i R (toxicity equivalency factors, TEFs ) ek B3 — 75 2K i £ ¥ i &
JERSAR A . BEME M R BRI A SRS T AW N2 S LY (PCHSs ) BT 24 B 5 R
B PO T ARTER RS (TCDD) B kR AR ], R A A= 0 5 R GeAE il e e
XANTT IR AL T PCHs BEAS S BURE 2 A BN , 17 30K 265 5 T S aod >RSPl (i)
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| A28.8 | £wEaE R EmmA

AEERFTRY o B E 0 BEAR R, BN & DA A ML R 48 (mixed function oxidase sys-
tem ,MFOS) , 228 552V YRR ( Ludwig 55,1993 ) o FIF TEFs Jll € H 28 %t PCHs (9%
P, HEER LA A= WA ) PCHs G35 f I E 75 B i 45 R 22 (181 28 - 11) . fEJLETL
IR TSR 5 728 1 5 PR AHE N 41 1 TEF's Y 5 BT 45 14 235 R AT 9 ff it 00 40 1% T A= 78 O 190 15
Olo BRI, Al A 25 B2 G0 5 TN i A PN A 1) B8 7 2 52 7K F- LA I A AR St v
v B2 5 YWy i)k B (Hontela 25,1992) o feJ , & @A N (—Fh 5 S5IR & @ 45 & Ak
TS AR W A6 I L) PPk A 2 i 4 Ja % #8128 0 JC B AE 3 4 19 1B 38 ( Hamiilton F1
Mehrle ,1986)

50 -
i 40
&
¥ 30
& [B128 — 11 BT 5000 % A Uil
U FE 14 =0.067TCDD+13.1 iy 1986—1988 b3 F A TCD —
s ! | FOTPO0003 | () B S U S D
0 100 200 300 e FETTRZMM SR (ff Giesy %,
TCD - H (S a8 it (pee™ 1994)

A 28.8 AYEEREWMMK

AWy R R R AT Y W A A MR D 1 5 A LR CE Km0 i . Wl X4
FERR R (5 K, ) X 2R NE P sl A ey (A 3 48 ) IR, sl A rh Il
Xof AN AR A R U, W B D e B PR HC LA R 9 2 T AR5 AR B R v 1 AR gk
R AP AR A L AR E A B K8 5 22 (1R = 1 "7 Peters, 1983) , [H it
T E 1 TR T ) A A A A 2 I K R v B e S 1 5 e S A X A A0 T e A Sk 2 A
R A5 Y TS e i W WS e . KR AE W R AR AR R —— A R AT HE T
B—— R A MG IS R AE S I E AL ST Jhis L EA T,

TN AT B £ (A7 T K AR R G I Tots 2R £ ) AR 9 FR R i ¢
APERWIG YA 80% ~ 100% >k H &4, HA 09 B 12 KA Fr iz i (I Borgmann Fil
Whittle ,1992) . F8 E 3X FhAETEAA) 1 A 19 15 G WA IS IS, oK 26 7m sl e 15 Y 7K AR s [
K AR FIAR I RN, iR a2 B Yok AR AR A EH %, FEF— A XL &
HCUERS W 8 KSR KA B R LU BT R AR LTS B (L EE A HLR)
S T (IR B e B % K, {5 (5 % ; Thomann , 1989 ; Oliver 1 Niimi,1988) .

O FT5 R TR, AR E AR B BT Hh e, S ARSI 0 ek — S 52 36 2 S (0 71 2 M 2
SN H R MO PO ME— B AR R IO 3, B I X R A LA IE
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s |

£28%

EYHKFEYESE

TR TS Y00 1 T £ 0 0 o 3 R AR B g 1 R RGP Sl A= TBCR” ((biomag-
nification ) , A] f 4l £ & SR MR LM LUIEA 2], AR W) & &R I (BAF) RoR WA
BUARTP R A5 QR 2 SR EER B R LU B (8 28 - 12) , Btk e xs PCBs 1 A4: Y)W 4
— B 10° £ 0 A Y (VR B 24K 10 A5 (107) | 1 J5 4% A Fr) i B PCBs U725 34 10° ( Lud-
wig 5F,1993) o LR & fa Pk s (fik £ ) XF PCBs WAEY) & 461 AT ) K, 38 2 40~ o7
VAT ( Oliver A1 Niimi, 1988) .

log( BAF) =1.07log(K,,) —-0.21
»=0.86;n=18 28 -2

G SRR AR LR CGBH S5IR2E &) Vi 137 (7 Cs, SRS &
DA Se, 8 Sk P A AR o 3 1 bl I A6 3 R A T 3 A R A iU
BRI SRR

7

ﬂ PCBs
6 5.6

i~ 5

Tep =5 ng/L{ppt)
2 44

B

i

&7

3

1.7 1.7
(~11) . (~3) =3 (=) (-~
14 | : i 032 i :
i i -
o | - : . . mm U_.!:H

fRE WIEr M ML B0l N ERT O Rirdt

0.54 &

| » o K28 — 12 4S9 PCBs
016 : USRI 755 9 1 F- BAF 4351
i F107 F12.7 x10° R F TI5YL
o0 012 K=20 ng/Lippt) WK (LA I ) B 4 R T
B 0.9 SRR (59 [V« T 11 K 2640
S 008 0.07 B M 74050 P, BAF 267
% A HEH 5 A PCBs ¥ i
0] MO e 5 D Y Ho. BMF( S5 766 53 ) H fi
oo LI M I I m O 00m R R R WK R

HEY ARELoith MMM HAZM  HE PEAF PR 2.1 (2 H Anon,1991)

AR SR AR

HEWTROR REAS i A A T3 S 0 0 e 52 DAy g 0y IR0 T 5 vy, {ELAS B A R v o 119 22
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| a28.8 | AwEs R sk |

WA W i 14 A Y PCBs 35 3 (0. 015 ~ 3 wg/g) A7 (0. 03 ~3. 96 wg/g) i 2340 2% 2
ANECEE 2 ( Rasmussen 55,1990 ; Cabana 55,1994 ) | AL AN GE fff 1% 0 1) 44 248 37 3t [X 9 7 v AR
AR N B 7R B B A AT B TR R AR MR 3 o DA% W ) A7 D PR BE AT 5 i DRAE
XFNRF A B ARSI S H 0 FEIS YL U5 DA IR RS 1 B 70 v £ D
P LR N 15 G B B 08 R 2 728 A i AN (] g e e, G o e o S 1 D PR W T P 7
REIATE (BEYEERNKEAR) .

TEE W) BE B B I v, WA 21 s e 1 V5 G %, P i/ D A A A I, S £ — R LA K
RAPE WS4 (AR Y B R A 3ek ) FRRC A TS HE S ) o B, X R WAFR S 55 1 280 (&
28 —13) o TEAT K DX A0 (AN I A0 R0 £00) 55 A8 SR AR AR I, T 21 0t 1 35 e agh
ARXS R S WITAPR 20 2 2R . ILLRUBETE SR 3 2RINA rh 1T G ds y Fo L 4 3 26
WIAER T KB sh W) AR A ) PR 2 LAA oA B R AR (—Fh AN A B M 52
KIFlEshP; 28 - 13500 23.8 745) . I FHRARKIEYEE, 5 3 KA 4 T HR
AEWTBORAVERT o RIS E A7 28 1 L (T LA G2 A W) A B 1 B e o, g 2R e
AT I E A FRECE B BN & R ) AR5 18 IR AL SR . R [ R
ST, A A Sh W 1 B MO AR IR AR DA A T 2 B 22 4t 3R B0y 2% £ 1
(Vander Zanden #1 Rasmussen,1996) .

F 10 D

. A log(PCB)=2.11TP-6.07
i fe i 'hﬁxﬂuﬁt 5 s
5 : ; -
T 1000-
=
i-i— -!5'1"'3-( s =t )
ﬁ AL sk  MEMEAE | @
o S et i pee ey o
o s
§ -q,-f.-:-(.,_'_?{ ..... e .
MNPl BhaF
kL ¥ 3K
T T T — P}
ﬁlﬂ?rﬂ‘ﬁl Tizhty iTiEshty | (a) 10 (b]
350 375 400 425 450 475

ik
128213 () PRI BE G0 3 A RIRIEF64: () B FRE R 2 BT NN
fid £ )75 FR G B S HAR P PCB /K956 £ ({5 Vander Zanden F1 Rasmussen, 1996)

© KAk, B 3Y— BRI 55 9 ek (EX R 7 AR, IF (RS HLBR ] ) 1 25 58 (BR
FRLFEEIE) o BUFEBITHE GO 2 MR AR E A0 R AR B W b2 B IR M L B e i
BYAE(E R B R Z AR E R CUN) MR RL(ON) SER (D C) MR (7 C) B HR, AL R R AR T
R R I BRI IR AT TR B, R 3R (B 0% ) 1) T 5380, 84 & s o T 1 8N i 4
JUESE WA R T HEMINY 1.7 ~3.4( = 1%0) , BT AHE AL WAL Y W (9 5 SR G . 87 C e
BT B B S AL AR OB ( ~ 1%0) , LI 55 6" N — 24 FHI oA DX 4[] 7 2% (L AT A J 22 55 g A A L ( a7 e
FY) OB E SM R
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#2835 | 50 |

AU SR A PCB A Hg 3 4 5 HAMAR/INT 5 (Cabana 45,1994) ¥R 2 A
PEfa 29 PCB 1 DDT & B 15 MAJK /M K (Rowan il Rasmussen, 1992) ik 2 B A A 5
VSEES7/ENER TP R7/ICE SOLEet7) ON i S2vs

28.9 REKIEIA

WV RTS e L IR D K 5 A . ZER LAY 83 000 M3 ( >0. 01 km?) 1, 47 40 000
WA TR AR S T 0.5 mg/kg, HR 2047 10 000 NI PR T (R A IR 5 4t
e (> 1 me/ke) , LAZETF X2 £ 35 R £ 09 A0 8 HE I 1 T VA UM ( Lindqist 25,
1991) , RIS 438 4 S L 3ok 21 Ay £ 1) 55 2 B 0 A S5 1 B W BB K, PRFG R TT 1A
MUE TR AT A, FEEE , R g I R A BAR 7 L AR T 26 AN (1 — 2L BURF AL R 15
AR A I, AR AT RE M 300 ZAMRI I, A5 30% M £ 2R A i M B
JRFUSAE 22 A 2% (0. 5 g/ kg Fitzgerald il Watras,1989) . 114 3 4 B 228 % K 24 90%
TEFMEHL IS I 90% [ ARAL BT JE S5k P 3T LA B2 10 000 />3 BOR M I & 1 84, 7K
AP R TS B DX A BR T 35 B A 5 2 2 T s I o R bl X 331, 1
2 L — 28 i RE G (MK pH) K A A £ R 15 e (4R (Lange %5,1993) .

KHhE

KILIR , AT BB B A By BOR A 7= T R P8 i K. Had 25 50
AP PR R RS R B S e 0. 28 5 R 9 R rh B2 500 ( B A R 5 ) 384 T AT I R 15
PR 56T . 7E 20 42 60 ~70 AEAR, B MAE R (9 BREE 5 Yy 7 T T J& 1 R iF o8 TAE,
PRI A 7 i A BILRAE A AR W) 28 GRIB T 2 A8, 2 T oR e SIS (dt B T ) 52 i) oA 745 3] 56
o BB R RIR 2 G, — S B 2 D R — S DU 35 28 B B R B N £ A0 1 28
A5 AT X — B 5 AR R KA S R %Y. Z 5 20 42 60 45:4E,
AT BRARZE i ARk fa 2SR N SR S it T 1o A, 7E b 38 RN BRI 1) — 2 g izt
WA, — e K bt 2R N AR S EAR (> 1.5 mg/kg) , DLE T LK
DL 0 B AE S AR N R OR B R B T A NG 1 KF . AR E Scheuhammer il
Blancher( 1994 ) (R4 8. , 22 & L X 2945 30% [ R PE 151361 Hh 1 £ 2R A o R 6 R S R 7
0 2 — M8 5 ( Gavia immer ) 1) Z5H

BRRETREEBNXR

WA T AR BRI b T A AR P A 7 5 L PR JFORANRE RGN 13 9 0. 05 ~ 0. 3 mg/kg
AT SCEIGNE] 0.5 ~ 1 mg/kg, X—H e (3 ~5 £%) HALEENAHRHG DI (151 28 - 14,
Lindqvist 55,1991 ) AHX 35 StE A& (&£ R 7 EF) MR (W, 28.5 45) , a2 LiIiH
Yvs e pg I T . QRS FHE T 1000 ~2 000 km LLAN Tk b X 5 132 56 (00 AS T8 i 5
@6 > 3] 2 AEK A I BRI ] 5 @ T A T U] A 25 i B R R A (L
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|28.9

KK RAEIA

527 7).

BEA 5 75 YL IREE B3 A 1GNT5 G BRAIR , 3K TR A 15 e W) i DT R AR b it 4 5575 L IR
FE S BT R . 952 1, pg ST A0 0 4R T 15 G ) B TR 23 L s ML AL v 1R O T A
(Johansson, 1985 ) , SK 1] , 3L 4F- e BB 7E 178 £ 75 15 G U5 (4 AL AR AR AR K e v fe A P 18 0 5 2
RPN, BDTEK PEA RS 10 AR5 bE . At sy i oK & 5 22 /38 43 3 R 1k 25 LA i
20 FHAth 7 75 (AR TR 100 8 388 P K A PR A8 T B R I BT ( Bodaly 45,1984) o J34h, A A
H ORI R IAAR B2, 7R AR AR DX L 5o 4s i K b, JE AR £ ( Esox Tucius ) {4
PWRR B 42978 3 mg/ kg, 7K Hb X A5 G ifiin v iy (iR N B oK 5 5 2978 0. 4 mg/
kg ( Chevalier %5 ,1997)

35

30
28 — 14 AE TR N AN

FhE M (EED) ML F, 2
TR v TR I A S R R T R
MRS X AL H (CA: LA) iy
PREL, [ AR HE T & 10 4R
(1982—1992) ,“ Tl AL 46 K4y
TE 1850 4E AT . 7EAH R 1Y
LT, BIE LA T RAGRAE B

25+

20

B I (pgm ta ")

10
e VT 4 5 o 5 B
gl e AR e M AL o WL A 11
[R50 9T A UL TR v B 24
o T BT 3 i BRI AR
0 1 2 3 4 5 6 7 (i B R AR T -
FMEE : B EBYCALA) 54K (5] A Swain 45,1992)
REME

HEAR A S TR PR R A i 5 S KA P AR AR A o 5 LI B IS e R A A
SREES R A B Wi R A5 4 (UL 28. 4 745) Wihs 1T AT TR R (14 A 4y 4R i R L 3o 4 3
FIHLHIAIAR . BT NSRRI a8 A BRI A A7k, 4l SRR R X
TR/ N B D7 YR AT B8R A BEL SR AR AR A — 77 6 B 21 B i Y 1/100 ~ 1/
20( Fitzgerald il Watras,1989) o RUE AR BAT 22 fif B ok (MeHg) 75 f2 (9 20, (H 78
JUFBATEEBIGAFAER T OLT L1989 40 283145 1 X Fhap IR % R AE Y & RIE AW
ALK (Bloom,1989) o A, H RN AT M BE TEA Lok B B4 A2 B AL AR 5 vk

IR A 2GR R R BE SR ) BORE 1 1 AT LUK B (log K, S) =5 ~7 (Watras 5%,1994) ,
ORI K S e, SRAR PRI AR D e A s, DT B8 5 i AR ) = 4R o Ak T 2 00 R T 114
WA AN R R FEAS AT (95% ) LA BE5R YR 2547 75 (Westoo , 1996 ; Grieb 4 ,1990) .
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£28%

s |

NEEFRITHR

X IR e A A P R 5 e S S PR R TR 5 O AR AT A B, Al e DX i K A4 £
PRI R & B 7K 0 (K @2 DOC A ) AR BRI A, I EL7E pH /N T 6 55 L0 T, Bl
A R L R HE T i ( Hakanson 25,1990 Grieb 25,1990) o £ R Z 8L EAR (9K A, iR
JE 57K O BEAH G, I AR AN 45— P SR AR X S Z M O T RE . (H i Tk A b
R T RO/ IR E (X8 = 2) , IR DAy DR 43 Jek 7i 1 R 66 5 B 1 B 78 Ak 25 B9 A5 BL )
(DOM) I, (Kt , JE L B AN S ML T B 2250 I sk ) R, 3R 30 T HE i /K I TR i
TN B 22 A H K

HY S 5628 AN S 4 AT 7R 25 1) TP A A 25 TR SRR, LRI A R /R R AL AR )
AR 13 BRI ML P (1] 28 —15) o R F (Hg™ ") R H i ERR TR, BEIR
AL AR E M E G . R EAE R A A S5, HR R A Y ek 27
PR, DI i, WO R A Y E SR RLs i AR S . BUEY S S5Ok
e, R BT A TR 7 A S 2 iR (T 1R ) REDCAR Pyl 1 8 rp A8 I B >R i
HoR(CHyHg ™) | [l bid 1K CH, #4200 CHyHg ™, 7 A4 B 22 AN (E T % 5 19 — FH e ok
[(CHy),Hg" ] BUEYK He' " B JF AU 545 K 1 He' (428 ) JEZS ORI EERIER 3 4
fETERLE (Wood , 1987) o oK R4 DA TTT L A =2 RIS < v i B ARk 18], PRt T AAE
DRI o B, W, S TERIGR K AR B I 77 HE AR B 5 B9 5 [ (CH; ), He ], HAY I LA
AR ARTEPE HeS VTR (15128 -15) .

Hg* (inHgCl, +C,
,,?}“E}”, 8 (AMHgCl,) CH#C.H,
P kmmy X g4

g T (T PR ST (CH,),Hg

i ——-  fa
i .
o &
= CHHg™ 2CH,Hg' +H,8
' i
RS -4 |
HS Lo
it H,0 \ 78 ZE
CHyl + Hg" = Hg' £ CH,Hg" —= (CH,),Hg
A0 A o
i \ U
[:" | HL’Q + Hg:' %

28 —15 KA RS RGO R 2 B [ = f S 7 i AR 35 A0 B A e Ak H, S Ay fb=AiB 5 A MUK
AP A N o T B PR BRI Y (B 4509 JEAILIR DL K Mt 38k afE A K iy CH, Hg ™ . ]
(e H Wood,1987)
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28.10 AESYR.IMEBEMKEREER

THIBREE oA B Al ST 25 (R ME— A 280 VR A BHL L L ] R RKAR RS, A1 8
A o RS AR ) 5 RS i B 5, TR R AT T B 0 I A e s A 1A AR W K
KAYER o NFEXT BTG Y (RN Y A AR W 018 3% B ok — A 7™ 2 [n) R, AR 1) 2 v B S IR s A
HTE R HL X HAZSE LR B2 /N, A ATETS YRS 58 SR 450 2 (8] 3
SKOVA . TN B2 R DA B A S (NS S A RS KSR K AN
U AR B B, DI XU B K

T R M £ 28 R H B8 B e RN G S s i ™ B R B CL 5 R A S 2 1 e,
{HIEA RS HIEE R 5718 R R — e P A A R R /DR 5 e X 37 31 T %
Mo 7K % F TR 0 S SR A0 3 B 5, L5 IR IG (A7 1 ( Glesy 48,1994) , 555G EWF5Y
P UL 2] (%) %% % F PCBs A1 POPs [ A [R] Ff 28 5l B2 A0 9 b 19 45 SR 25 ) ( Ludwig 45,
1993) @,

rEER

e HEh¥FNWRFRZXEMNTANALS T, RAANK, €N EF X EH (B
fR)FREE MRS R X FE XM ANLIT R (POPs) £ — & A2 & b 5 8 K KR
TEAFNEFNLE, TAREEHELBELE LT km 24 RTH K,

s FERLAAMMBRM ARSI RARERAT, ERMEFH(ZRAN) EF
W, EZmERERTEE BN, REFBESEGHFENRER ALK,

o ARTEABKIAIFTHRESLE(LHEAFN As Cd Hg Pb) —F Ll L2 &
A2 TE B R

* KAEAKEESRAT POPs A ZRESBENEER, KA EEEZ IR
BERS KERUGENRAEH,

o 5 VR T AKHITE R MRy AU T B, T AR AR R AR T AR AR T S A e AR O
MW" JBAERAEZ R T HOR A £ A AR L, WA RACE #3755 7T DA AR
WEBEA A, TR E 5 LM 7 K S A ALK R R T B T AR

e WAMANFRYMAEHELBENER(EFLEE RR BENENEE) AR
AT Z BB R G R R BB E R A N BTN A A 092 B4 - A X (QSARs) .

° A RITRKBARKMFMLERB(TEFs) FR AN UM B4R+ 5 F 7 500
B BT LB

O XIBTF R, TP A AW TR He B BT AR O B 3 TN B2 B0 A G, 10 ik 45 1 5 A s i e
PRAP AN B LA ) S5 A 337
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#2835 | 50 |

° A R IK MK, R B M B K AT Y (4 PCBs R 07 B 7 & B0 B £ A
—RBRELAGRMECRM ) WA RA K, AT B R E DR

° HMAELESRETHEFN R % —H KT & MBI m KKK AP BB
L0

(R1S%E 3F)
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E295FE K

i

29.1 5|F

A R ZBOKFE (reservoirs ) IAFARBRIXT A/ (29/h T 100 J5 m® ) ——FE R E B4
KA, 7K PEBERR A & 7K it (impoundments ) 5882 7K1 ( dams ; WL 6. 8 1) , /NRL /K 218 76 FH T
DRARTE K R HIZK GEBREE VAR o SR, F 1994 4R LR, RZAAT 948 JE R BK AR
e, HIE A 15 m $R I OUA R, 5] 2000 A2 AR 25524 50 000 R

P T B A A KA A A e o ) e DX 8 i, AR 2 R B 2
TRAEFIZEAIEK . i T AR /N, OF ELK AR A W8 % 04 73 i RE 68 DR IE 247
K, L AR APERIK IR R D o A5 R TR X, 7K % BT K A A R B =
FIAREPRIE) A 2250 o AT RRE R 2 F) s DX A8 e DR OK 28 2 2 T 1 T T8 917 98 A B O Ik
BRI, A I T s 25 F CAR 2S5 I 5. 8 %) (FR s ki, Tk
HL AR DR IR K 2 S A R N A 7 B89 T i B S L s T 2 P R O U B e VP48
ORI, IF HA T s aT (29 - 1)

F129 -1 B EER 200 km (28385 K 2
[ = 1347 ke, FHWREE =22 m, Bk
TRIE =115 m P B K @ i fa] =35 d, (7
F K 257 T BV R ERL = i 5 Y B IR
b A (O AR HEEE ) B 1k A TR R 0
10, | (M8 R B 2338511 Binacional $241L)
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%20 % | A% |

AR A% i 4 A AT R R T 0.5 k' (3% Z K PEREAT T 20% (24
8 400 km”) Pyt AR R . AKERERRRACE L FENTHR AN 7 £5( Vorosmarty
&5 1997) .

JK PR3 K AR B LA ST It i AR A AR SUURT ) AR R ANE SR SRR (UL 9. 6
A5 BN e BA] AR i A W RS A X M R AE T 2 . AT
T B KA K FEXT RS A 25 9 BTS2 ), 0SS T AR A T R ARG 52 W F A ( environmen-
tal impact assessments , EIAs ) , SCRPPPAN LG JFOR B 4%

VG5 A 24 20 7K 2 9 56 1 7 A AR AT BR , Thornton 45 A\ 1990 4E A HYRR 1268 1 AR
TOKBERIEA 220305 2 o TR PY RIS 5 0 WA B 5 Dy S 5 i) i) 4 3, B 3 IR7E gk a2
3 /NG, AR IE T LA HE B K L/ R OK K R BRI R A A 58 (Hrba? ek, 1966 ; Hrba?
ek Fl Straskraba 1973 ) , 1963 4F, A7 613 i S 2 & TAR/RK I (M2 ) b ok s &
FAb BB R T K R ( Straskraba A1 Stragkrabova)

29.2 REAEAFKE

TR 5 N TWAVE R Z AL Z AL, EATT90A JL-FAR R A P R 28 5 R0 9 24
B (AR IX) o PRI BN A8 — BB O AR PR IR A L B AT 9 X 46 TR R
(B A SETT T, A RS S WTAARL o (EAE [R)— R Rl R L, A /K 285 AR W e 2 A AR
RICHIEI (29 —1) o AL 5 3 AL EAEOC, 0140, e Se B K 2 5 1H , KR
AR AR TR 2 BB A 3l DX (78 33°S ~42°8 5 BEAT) | 1T R 28R IR vk I 4k 1 22 7K 3
DX, ELEBFEAXT 2 . CWPTE MR 2RO R B4R R A —UGR &, TR 2 BOUK R N2 2 1
A, B IR G R A2 UGR & o 185 —J7 T, Ab TARER B2 A /K e (= W)
) TR 2P T BRI R A A R B B SR, K e, B = K2 9 B i, JF Bl
TOK PSS A R 2 AR, R AR T UGR A R WIA , AR A 2 A9 T AR )
Bt #29 -1 29 -2 4511 T —F HABTT B 22501 .

®29-1 EERHIBFIKEFTEZEEH JLFF 18 ( geometric means) 1A
EEFEMXKEMPAE(ND = RHHE,)

Gy H AR (n =309) K (n =107) HFIKPE(n =113)
T A km® 222 3228 1281
WY AL km® 6 34 13
TR TET R - A TR 33 93 166

@ FKEFATHRAX I ARBTEATEA AR, EE NI AR R SR 30 B A 4 2 09 KR W0 Y
RSB0 . B b3 Seia-d aT LAIFR K
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| 20. 2 | RepspRAKE

&S
5 H AR (n =309) K (n=107) HFIKE(n =113)
e RIRE/m 11 20 30
SR EE/m 4 7 10
K I3t B I ]/ a 0.7 4 1.1
KA/ (m-a™) 6.5 19 ND
R/ (g-m>a™") 0.9 1.7 1.3
AfAf/(g-m™> -a™") 18 28 ND
x29-2 FTRAKESSEHANERLER
R FiRIE] K P

B (Haxt) 2251
R PN AT
Hu AR AR (BEHTHE) REFR( <60 4F)
EA AL TS % P (AR JLAR)
TE LA HEHL FON AT ESS
JEAR W RIECIR
FRER R IR FRAL ik =
BB SR e (7ERINAL )
i SIS W PR/
GRERRE 2 WU il S IK T
ARt FIZIKTL WIZIK T
PR (FEXT) 22 51
TR I AR 0 E AR ik (=]
7K Jy ¥ B ] IS b5l
LSRR iNE ey s 7 N
B U #4 VAl
KA AE AL, ik =
KEh 1 BE AL
S A H R 5 AT 500
KRG I, L

WP HEB TS 23 1) — Ui A WA R 2 BOR BRI, BT — EEA WG R AL (L5 7
B IR GREIEES K F o AR ISR IITH JH 1 1 45 23 o0 A 30T SRk 581K Y
PR (129 -2) o AHB, AT ORE) % 0 T, B KRB . IR /N SE
TEA TR, AT R ACIR (B 29 =35 01L7.5 95) .
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%20 % | A% |

W
A

29 -2 — A FI AT HK I B TE AR 40 DX A4 J2 ) 1 A 1, B — e BHL RS 1) oKk 1 LIRS A T 4R
IIE SR 53 2 BT S AR A K 2R K R AR B 97K 2 (K i B B ) /T 10 d) BRK G 20 A BE
%57 )2 (Straskraba 45 ,1993)

;_ i 45 km
3 X Trn Wi K
i (k) ([ .
%/ ;w_: .- -.
¢ 2ﬂ.km +4m m- + m
WA WEMAASE  EREAE A
(EA) (2 4) (i) ()

K129 -3 JKPERFRZICR] AL TIRIEESCOE I P AR R S R R SR . R JEME BT B K % (2=
RAAC T ) B K DA R, BRI 2 A, P i Sk 2 R0 8 o 3 B2 /0N 19 90 7 28 496 (i i
20) B R ICT — A R I AR AR B RCR K P K A VR 2 /N 05, 5 S 48R T K 2K TR
771 . ]

N T B KRR AT E K RE , K AT Rl o RS K i S oK T
FUE(CA:LA) FE WA R B8R 3 4%, I HAE HoAl D7 i A AR R A AR (229 - 150 9.5
W) o TEAERFEA T, KRR IR FE B R . R A SR 7K DX B T s A 3
R (&9 -3,329 - 1,3 29 -2) EIREEATS I (1] 28 - 14) B AJ%E

Y RZBN KA N — A T2 DI R St A, 3 AL A 7 A 22 580 AL e )
S K PR B AR B A B[] ) I S K A, BRI A KR (plug flow) o 1755 7K JAEAH
S AR AW PRI A, JEL T — A BRI G 528 4% (instantaneously mixed reactor) @

@ FATH R E 2 BRI A SR A PR, 356 7T (2 )9 2 2 A S i K B gl Al 7K K 7
B E RN
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| 20. 2 | RenspsRkE |

IR RS A KU AR, TR G 7K 28 B4 2R 5 O R I K O K BT
MR X R A —E R 2251

F AR5 N W0 0 Ja P g BE AR AL, (H 38 i 22 il 23 28 Hh (R 29 -2) o K%
SVRTEREE RN B BA TR E B =, TR ZEONAEAE AL BT BEA | DA
SRR o 3 Y 22 R R 2 BUK K PR HAT AR JZ R, X A OK B E TK |
TR REIT HI N 1B SRR B B I ] (229 -2, 9 -7).,

SRR L, A2 JZ I3, T 2K i % Hh S 20T R T T2k B s ] el 2, JHG
T R SR L R AN TR DD 1o HRES SR AR WY sl B AR T2 A B A Ay i X g K r
KRR Z DU S A E 2R R (e, Bod DB REE SRR T =
IR, T We K BRI 5 8 R AR o FERR IR B EE A KA SR BERD R T,
— H IR IELRZ SRR AR K Z AR5 X KA AR AR (intrusion flow ) 4k257K
BN BERAEERIKIK PR R A5 1075 SRR AN REREDER A PR T A BT AT,
TR A

R TR

BRIV AT PR A 52 98 19 T (regulated viver) , B 7R T RIS T 1 i
(T km BEES) f9520 (Hart F1 Allanson , 1984) o KILAGFRJZ K 8= KA A
IRKHIFENE o FJZ KT LUERF R BRI S AR W) 5 IR Eh AR R B A ) (TEAR 46 )
BEE K AEABIRGE R o ARG Z KA 3E , X 26y B 2 DR Z o KRR JZ KT IR
AR SAA TR HyS I, KRN T i B AR M A S ) Al 4 B T R R

PR T RHX, o TR BRSOk A AR 22 R IR B O, K % LA K
2 DU SR U s A A PR TR L o 7K 28 B ik BE A DL AR X ST A= AT BTN, AN
RFERENMRBILSE T B ROR , i 2 S EAN Y SET (Ward H1 Davies, 1984) o H JZE7K
AIBTERMI AT RORRRAR (6 9 —4) , PRIt FRAIK 17 1 P2 /K B9 B2, AITTHE AN 1 /K S A= PBE g o
(R ARG -5 TR A Y AU BT AT E RIRA SR T TR BRI, A5 R KK
PERRAR 2 T R 5 B AR I R SRR T A A= A AT e (161 29 - 4) o

TEZK P PR BR B ORI 5 Bty B B SR A T 2 2% 1 AR B B, T AL
XAV K BORRE R WRAAE DCRITR L2 BT, WRAGR MR —TER LT
TP, A A K IRi f 24 (nfiek £ 540 ) AN ] g ) B s o b S Y b s IX e £ D
(UL S. 8 719 ) AR A )/ B B [ 5 ORI AT 5 0 2 TR XA A sy Al
FAESH YR TR Y R TR 052, FeA T RE At s 1

RERTS R

ORIUXT Jif Y 1815 P Wk 88 52 T i A A PR AR — AR PR BT 52 (18 29 =5) o AT Tk
P ATTRE I K 8 e B e S T K O B A B e Bl (ER D 1 T sl B el AT R R
PG, JE B B R A /N B B LU AN 12 1 i3 20 10 23k K A R I i 20 17K
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e |

TRIF Rzt &t 1R T R W R 1
(32 p—
it by
(134 ol ] £ = it
i
ﬁﬁﬂ?:}_ﬂﬁ
e U TN e
ume < i
pid RER T
L ) k*ﬁiﬁﬁmm
R e o] Tt A
: ABIE Y3t
’ S ESE P e T B B
i ;
m;mw Wﬂ;i:k_ S R —— M
J
it A
FL 1L S ; s i
i B, 5 0 )

TR - BERRE
K129 —4  RIUT e (045 R T e A ek 7 A 25 DR 5 AR P 5 M) (k6 2 285 PR %8 T i )
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APl . ZE PRI R D SRR, 98/ 1 DR S 2 Pt T I 38 At Y U
FRF I T Ui IR A BE S MRS K A AR ) 1) o B A, DRI T K B 3l o 3 ) 02D A
T HERP2E (RLAFHEAIELR AT ) A AR AL 1T RAF 250, BA | — & S 7E = PR E 7K
TAITEOL T A K81 29 -5) o FEFULERIRIE ALK, K b WA AS AT A 2 e

FAAE P T X 0 B G A A B S ), B KPR B oA U T 8L . R BB TR
b A AR SO K R R K P2 L X AR BUAE T R BT R XA S R
THS R EEAIAT 37 A ZRAFRER /N T 500 mm B, X SETRIR AYAR N I AL
AR, it e P27 5 R AN 99% , i TH: 5753 A —LEH X Iy 20% ~30% ( Kingsford ,2000) .
AL L 28308 M 2R AR B R T o 5 — Bk AR TR TP R B B R X, 7R
1996 4FZ R 10 4F S EAFRR 70 d, JEHAE 1995 4FBRA 1 122 d BRI A 0L S 2
giS S RPN 3 N TS R Ei5i 2 M N 8 S €2 S B o 2 G ) 1 e A SR WS I RS
90% HIRHUEBVBIR . FEBRAME R 88 2 — I8 TR, 80% HYZK BRI , S0 T R MU
AR IR RTH 2R o PR BT WA 2RI DA SO KA A5 K SRl T ER
SR, B BRI SO, WER AOOR il A NI 3, LI ROK RIS e

TKEE : R T BER

TR PE R B KA R K2 (29 = 1)l H ARAERR (VT 60 4F) | 1Tl VA 24 IR
ABIFGE A 1) 20 BE W9 2 10 UK TS 3B 8T 10 000 4R i, 7K 8 b w5 A 1R Z2 A e i £
Z,ENR A LR AW o XA S A AR IFER K T R AE , BEOR AT i 1 0 2
N REAR G M 3E N K R . 5 AR, RARIIIA B AE W E I & 1 8T 0 4
A AL T T A% ( Maclean 11 Magnuson,1977)

KPR v i DL A A £ 32 B AN 2 K L iy 6 ( Micropterus salmoides ) ] 55 K BH 41
(Pomouis spp. ) Flfifi e (Ietalurus punctatus) o SR, 1E7K e B fi 387 30 19 75 | 2 e 28 Sy 120 48 fif
(Dorosoma cepedianum ) ,3XFpf 5 T 25 B A Y)Y 30% (Stein 45,1995) , AEAD SR EAE
YrE e RIS PR TR AR EE SR A IR K ME AR I Y . AP B4 AF (YOY B0 +
B0 ) 8 g D A RS 0 1) A KRR A AR T BE R S PR 5 . DR 41 £
KT 3 mm B, AT IR G 5 AE S 6 ORI S (s 4 TR e ) o 10 e fit
FHAh Z Pt SGE i 5 B IR sh ) (2 0 B R M e R B v fa 28, iR R TR
ARV  REE el B i B PR s ) 26 H & 52 BH (O Brian 1990 ) , b4 fiif A
HABMEETURR 0 A E R R IR R AR )5 SR ER R P rh ke 31 S 2R T (Vanni ,1996)

J 5 T b X ) B ) B R i T B A PR SR B i A Wt 2 R AT R T X A

©  “TEMREBREHLIX K PR ZE T RE MEX 2 AR (CBAE BEE 25 A0 LE AR, AR (Simuliidae ) 1%
W, LA TR A SR BUE A F . KR 2 R E M S BOX S E R R K . IR 28
A B F IR AN R BB A A T R F BT B SR o 3 PO 017 S8 SR U K O T 3 O T 3 2%
G B TP RT AR L AT A B B — e S5 R WL (Ward Al Davis, 1984)
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AL XE L it R E 0 B2 A K v (I 35 £ S b S il 2 FLA A R o 2R B PR £ 2,
BHAR KPR PR SR HLRE TS A S RE T % M BESS A R RE TR ™ A2 20, (ELiX
SO 15 HE— BRI, SR TS e £ AR U AR 22 57 (Vanni , 1996) .

29.3 U - R - KEREL

NT145 9K W 0 A5 A7 76— 6 JR P OB B, 0 M B 45 1 T 252 ok Ak
FIREE A 1B T VA FE B AR TR AT AR A T 5 K PR SR X A0 T ok . B )
F K R S 32 R A S MK T B ) sl R 0 T A L, K K P A T W3 5 4 37 By —
T PR,

FHEKPEA 3 FpEEAR A (129 —6) . 3% KK & ( mainstream reservoirs ) o 3 1 i
#7K i ( run-of-the-river reservoirs ) 4 5 101 i (7K Wif B2 ] SR B0R BIBUR) ) L 2K PR AR AR
FHSE . SR K B RL /N T 10 d, T3 K R (6L E R 2243 2% ( Straskraba 45,1993 ) ,
T ZE M AR AL AR A , (30 Tk P R WD A4 1) A A 52 3] TR /K TR 14 5% )
o 3 R T TR A 0 T R K B4 0 T e (BRI K P T B B K I
e ER I K PR TR ST AR 5 22 (AR AR Rk 58 37 22 )RR R B8 BUYAT ) o A8 27 /N B )
S B KK R (wributary reservoirs ) HATARK Bk v B I IR) G 1A 81 1 4R sl
K 1 M M 55055 A5 S A, S 2 3 K A K PR K L 2 A T REME R R, X
KR FRIZ K, s F R RTRIEEE , 4 hAEE R T A, T AT E 2 ) B 40
K L AR i R (UL 29. 6 5) o SR, K ik FREARIULBR TR, TR 5k TR K
WATETIZE , T 2R R M B4 U A K R 1 AR . ST B KK R
VLK BRI A2 VA2 5 ik, S DR R AT K i B I T L 5 K 9K 380 0T A
L, T3 & /KK (mainstream storage reservoirs ) 78 3 J$7K J3E &b T o ) {7 5 (7 P4
TSR JUAN ), 7 14 A T 00 LA Y37 (A, LA 201 000 22 LT

s T e i S { wa ]---

- ——————————=— L T -
it shalatatad - - -
/1 N\
PiifE FXEA
Faite K P29 -6 IR ALK A 25 1 22
KR Bk F5e 4 T U 5 090 6 o ]
K TR A R K i B B ) ) AR
PGE T A P —— WA 3 S A rh iy
¥ o] H e - KRB (AR T A P T & 7KK
Rl 7 0 (860 JBE S E KK )
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IK P25 8 KPR BRI K i B I ) B ARARL, 0 X6 A Ui 2 Ok 1 2 AR A A BURR
I 5 0 7 R R /0 DX S A A, SR 1) 97 2 A B R UK P R AR ) o B
Bk Iy R E) Ay 1A FEAR R T SR, R A IS K B I TR) Dy 12 4R AR 2 AR
THEER BsHE) R3] T 4 4~ A (Ballinger #11 Thornton,1982)

29.4 KGEMESEHFEWERKE

FEAG K 55 I 7K R L, PRI AR 1 2 REPE S AR, SR 100 & A A 4K S ok
R TR T A KR DB IR 2R W 1 A RSt PRI AR W38 R T A e o T B
32 B FEMR IR A T AR RS, B A F I 1) (DA 2 B ) 7B BRAER S5 A R KR 10 “C Ry
5 2 30 d,20 °C I 2 14 d,25 CRYIRTEZE 7.5 do FERFERIREE T, ENTMA T
I [] FU A A 2K K2 25% o TS /N HOUD R AR BRAR A T 25 C YR 22 1.5 d (Al
lan,1976) . XHUMERE T R ATEHK SRR AN BE K PR, 58 BURA R ARG 5 A4 3
Y %R F (Basu Fl Pick ,1996) o 784 KA VR WEAB ) 5 S5 A6 3 32 /K Bk 5% i 2 1T, B
WK , AR B I 0 Sh A 00 0 5% 2o WP I e AE A 5 D A sh A (v 5 40 7™ A 5 i o
TSR R AP 3 ) ) BRAE S K 38 B KA b BATT— 2ok F B H AR i B I ) 1 122
B E R (B 29 -7) o MK RRRAR , RALIFIEE ) i BRI 2N B o
e AT IHEAR S A AS A 2 (DL 23.3 7)o 1, MK ity B i AR 3 18 d, — b R B 38
(Daphnia) Fp2 AR J5A% 22 9 — VKN L . 47KV BE B IRL R Ao 4 A B0, AR Bt
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29 -7 ZURA WML R K PE(FRIAHE, ISR LA =4.6 km®, Z =6. 1 m) (¥ 7K i B 16F ) 9 3
T AT 7 e s (9 LR ek LA R a2 W BE (9 2 R AR Al [l PRI R R 7 e K SRR, R TR 9 9 5 49 1
L ORI s T A R AR A R IR I (2., > Z,,) AR BROBCK R (5 K9 %5 S 00467 R 26 0 2K
) W PR A Yk B R ] (51 A Watson 25 ,1996)
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Bk R 2 [l A WA 56 22 T (Brook Hl Woodward ,1956) , 33 2 A 76 5 1 fi4 isf [1] X8
b BT K B I ) 2 A A e PR R A A (R R ECE ') .

TRIFAE ) B 2% B TR Bl i R 2R A A B KK PR R 7K i B D, 7 X L R
AR B SR A QiR i FEE AR TR OK RS . BEE R G rh al 2R e 2 18] 9 7K i B I 1] o
G, 7K A2 W b 3 2 BORD 2R i A A 30, A= W e 9 o5 AN PR 1 /0 B0 7E A= K 30 i A
Je o AR X T i WA FIK R R AWFSE , AT TR B & O IR R VE SR AT,
REAS T IR A W A 2R 31 A e fie R /K i P I ) R 292 7 d ([8T 29 — 7 5 Stragkraba il
Javornicky , 1973 ; Soballe #1 Threlkeld) .

S AL W, PR A, 24K P I 8] 331 60 ~ 100 d B BRI, K 300 2F
TR AL v 2H A 5 R 23 W] A2 ( Kimmel 55,1990) o 400G 38 4 7 B IRF 1) 22 14 90 Rl 2 ey
FHEIRE KRB E RAENEEUK Z, > 2, AW 10, 11 755) FEE S AN [
TR, X S8 PR AL [ PR TR AR (UL 21 11 ) G R TR] 1 T 4 ) 2
eI EF AR,

29.5 KEMHX: —MEEEME

TR S BT G164 , 33— A5 59 T S 2 0 v K RS2 KU ) 194 25 A K P, I
N 54 AT A T . L K B (LS AR A A SR KK R, AR A
ISR PEMIRI 04N X o A 43 3 (EVE ) 0T 970 250 7K e 7 ok o 50 i) B TR0
FEHE G FER R A A 7 1557 T BT ) S N R A . FIARLAL 1 T BB K 4
3 AR I0 JATE IX s KR X (11 29 - 8) .

AR X

TEET R X AWER A KX, i T s B D o, Bl B R i) TEATLI B il i A
TATTE , (A KR DX D e g O ST TRy RO XA TE ML SR K de s, (ELTE e

IR IR A AN B, SO IR R IX A S A SRR S5 AT 2 o
TEX

TERETR A E DX, ORI AT JAE (s ) 5 B2 I , 38 1Y 38 1K s B IF TR 38 i, AT o
ORI o T R RCER AN T 73 15 SR Eh A6, (30 2 JZ A MR v 7 i R ) 2 24
7R FETR R T R DK AE i S J1 (mg - €+ m® - d 7T SRBRR ., WAK
TR IR AT B I 1) 518, T KR Z o 025 i B X I R J= 2 ARl A Sy R,
R T A P A AR K XL K e 8 DX R BEOR A AL B LR ( Cole AN
Hannan,1990) , AARGACRA S AR R, Bl B PR 208 B, IR A AR R 1 B
AR A 7 g Al LA R R U B P77 i 3 ) ( Pirozhnikov ,1961)

FEARTR I (47K 28 F, JCAILA) ORGSR 3 Ui sl 00 1) 5 5 Sl S IR 82 W), 3 30 3 49y i
XSRS RS AL XS RE ), DRE T EATRIR R L (18129 -9) B 5 e Rl 4RS84
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il
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EHEWR, AR AR,
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FP e I R L el R,
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i R
YRR RN D, EER
RHERER

T B R R P> < R,
SR LAY A ). N
i

mRREER, BTEMD. EAE
HBEERRE

— A BRAE A 7K P T R DY T I N A G SEFREE N 7 P VB SRR BRI T

BA Y AU A HERI RS TR o TR KIS, 3908 DX S A P 5 , T AL DX 2 8 4 P O 5 7 K R AR
e IS 39T e 8 DX 1 o B G TR L ) (Kimmel 11 Groeger, 1984)

" &
: 5 | i
= 40
¢
=
=
?ES' B =
| EEC
400 EI | b
5hih
g AR il e
; . =i kY T %
Sl ]
=h
E
g 200
& 100 24%
L 22%
4%
=
19771978 1979—1980 1981 —1982 1983 —1984
1978 —1979  1980—1981 1982 —1983

K29 -9 1977—1984 #f4 /K %
FH R 37 Sl 0 11 249 A W A
TP 247125 B8 =2 ] B R 56 56 2
(T LA Hh A w5 JO AL I 3 3 35
L KR ZE IR 2 ORI
%) (Hart,1988)
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‘0 AR BT ) £ SO0 Y 7 0 Sl ) i ) 45 AR A DR > (Marzolf, 1990) o B AR 73 7R TEHL
TRE 5 A W 2 ) A HR AR B A B DR NS DR TC A HE 20 ) R 8 288 7 e ) 7 T2 ) 7 T
ST T REA I AIPTFE (Allanson 25,1990)

i =] P

AR I XA 75 ] R 10 L R DX B (EE SRR MR B AR A e, KA
FRIAE I AT 91 (mg €+ m® + d71) ATRE SR w (IR b 2o 0 DAL ), S W
KA FAH R AT Z,,/ 2, I HAE (10 - 6518 10 - 12) o =i B BEA A1 TR
DUKAEMI R AR (] 24 =5) o BUBAERIRIBIA Fh KT T R38R B AR, KA Y U
(K124 -6) , JEHEAEZ AR ABLRZ WA KAGWIA X

DA A AL SRR NI B 2 BGRA FIVERER B2 0 SO B B . X SRR, A2 i
SUARIRTAL AT XA s K 3R Bl SR s b BE S 2 I S B — N R [ P O e T e
RIMZAYTBL, T2, Pk TR DX A2 B R TR K AR AR ) S AR L A AR A S 2 1) 1
(ULER 24 FEFIER 25 B0) IXI /K AN BAT B A JEIX . oK SRR SO AR S [N DX
AR A AR AT WD . BPRRIRAY SRR R I AT B K 2R3 XS AR 3
FJOKPERIEE LRI J3)Z JK i B I E] LA S AE IR 725 SO B A TR R 2251

29.6 KL TEE

R FEL IR ) 7 K R AR A A 2 PR AT S BB AKOK R AR 28 ) S8 B (1 KA
FEHA . X TRkl BE /N K e HoK Al s 2 T2 ~4 m, BT 2 X ffif5 K Erh K
T3 B R AR 5

ANEE SR RIS N TR AR, 7K A7 0% Bl #0 2 XoF R BUK A A IS AE IRV, | £
0 Bl I R AR R B sE . RS b WFSE N B3 RS 2 e SE 1 KB I H as
AR A IR 72 XK A A ) (W5 24 35 Cooke 55,1993 ) o FE T HB X, BT —4F 7K o7 F
RFFLE RS TP E T F —4F RADK A M 9 AR W AR 2 A A, X SRR K A A A2
TEIRAEFEAIA 8] 0] LLRAE B AT TIAR IR AR B Fb -t 1T A& 2 ( Nilsson F1 Keddy,1988)

ST BE VAR 3 AT BEL ™ B /K 67 T AR Ak, PR 7K e rh /T Z2 0 2R A AT B 7 2
TR =00 B RS (YOY) o 784 B (7K KA T F% 50 em B2 5 [ K EBI
TR R HA 1 O™ BRI 25T 5, 1O 23 BRIEAAF i BE A A ( Duncan A1
Kube¢ka,1995) . 3¢ E/K R F7E R ZERE K AR in R 0 e i AR K K07 R R E B
Y g0 7o B T AR B M £ 288 R A AR 1 B R TR A=A X ( O'Brian , 1990)

RG24 15 1 IX 3 AK AR P 8 N R AL REAT , DL K TR SR 10 1A R e v o3 28 i 25 R R R Bk
AT B R B B TR %) 2 I 2 8 T, DA T HH B WL A RN SRS A A v 28 3
X S VKRB A AR . SR S TR AR i (B, pH VB FRER) AR
TEN NGB . KEMICHLE FREE AP 338 B 09 40 B 7E UKz i 2 I BRI, T
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| 20.7 | KEfZUTEFRAT LB

X — I, VAR AR B TCHLE FRER A HL AR A B 1 iR, 7SRRI AR,
AR B FE 5K OLRAEAR G SR 1 BRI (Kuznetsov 45,1966 ; Prochazkova 45,1973) .

29.7 IJKEMIZUMEFKFELE

AT KPR A LIS — B 2, HETH e B AR R A U, MR R
T DIRES Y AL e S AR R MRS A OG0 AR B A G 15 i M AR R
B - A ALY A A A AR 3R, 055 7 P32 DATRT I AR 2 A S DR 285 300 i) A W 2K 1 4
AN AR 5

TEAK K S JUAE B R P g FRER IR BE RN AN B TR A ™ A 4, i — B
GO PR B E SR K- 1l (trophic upsurge) o B 197 9% (JK-F) F [ (trophic depres-
sion ) XL JLAR B LH4F (B2 AR RO AR E B LE MR T AN LE 7 ) R WIS SR SR AL
R 38 G SR OC R IIE I

1952—1955, 5e LS FLKFE (B 58 ) JT A & K5 OB IR KF LIl BR8] 1 PRA0 )1 R
(#1129 ~10) , 1993 4F, Straskraba 55 AT A TR ) B ZEPEF R RS 1k st feist. M
A B S ) £ 200 TR B e s W B84 B T AR, B0/ K R 6 & /K R 2
VRIS AR G | RNV s ) SR X PR R St in A £ 7, DTSR T i
WA L3 o FEIX—ITE] KR R SR R RN RE T B2 A e R S L R, ™ e B O
RAGKA: SN B R AR, IX A Dl — B2 BIWIAER R AR BT Bk, 7RI 2
RRK I AR AR ) — B BIE N AR G A S AR AP 2R 5 LA (UL 26,6 735) o

Rl i
1.00 =T
. ¥ 4 e
& L i
.f-'- I'.
0.75 Y \ |
7y i A
ik de= e mE -
= : e
= " § i ot
=2 050 i L
= . L
= £- N
-~ -7
/ 8 : S
025 7 & Dk M
0 I | I ] [ I | T ] ! 1
1952 1954 1956 1958 1960 1962
iEf

29 -10 1958 4FJ5 , s HL ¥ FLAK R (HE 50 ) i 2 Ak 72 [ R B B R M2 - 2 (13 mg/L) 5
W (25 ne/L) R (10°4/L) 3045 (7 kg N/ha) Fifytifa (15000 £&/ha) ] (2  Stragkraba 45,
1993)
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WK E

758 HL FLK P8 37 KF LI 1), )T J= A A e U BB B (IR (EL S mg/L, T
P J DR P 22 WG AR A (TR AR ) 35 LR 3 A (RIS 2 B B i R S 2
WK P i 5 DR M B )L R SR EUE T X e e — e o LA R 4 i Pty
W DX, TR K IS, AR L) AR AT AR B (18] 29 — 11 Tundisi 25,1993 ¢

1G4 1965 1966 1967
0 ; 34 ‘1 ‘ o
4
A 2 = 4L
2 1 = Qq \ .13 J\
oaoo =} oo 2 )
-+ a o & U—“\. : \\ il
o I
B 6 c%e
= L= T Pa
= o © =
w8 2 ol o
&
10 - -

FI29 - 11 J5 LR A B RHE 2K BE (LA =362 km®, 7, =19 m) [ £ 55 1 A~ 4 AFEKZ )5, s i
& (mg/L) TETREE I ] 34 o 250 B R BORIZ BRI , BUG R I TR R BCS W il 0 1%
&G ]

A 7K PR 3k i AU P T R 2 BOK R SRR A Re e BT e i (8129 -3) R S
JRUTRL B /0 o ok B 4 PR AP A 8 S A 3 A A DX Sl P R R 25 A1 174 XL 48 O ([
5-11) o BERBRAETF G TR R Z,O6A T LA A FH R 2 T 5k 5 i ik
JEPERRIE I — )2 o 3K B0 A D 1 A2 A ) R T o A B e I R R 1Y
(I, 22. 10 45 ; Dumester 5¢,1999) , £ 2 EAEP A IR AEGE R Z )5 91 T 2R B

REBFARAGIE ™ T A= D 4 4GS K 2 30 5 AR v, PR 2 IR A I (L 11,2
W) o FEIMIRA SEOCRAIEMIET:, el T T2 UK IR A, FEHEZE b K&
AT TR HyS R i b S Wik ABIKRZ . 8 R BT TR A, i K S 400 1]
TAPIREE AL S R TIREA KR A RIE R o V5228 2 el 538 T 7K AN
KAWL Bl AR, I ol i 56 7 R BEF ALY (UK 7 Eichhornia crassipes Fl
K Bk T L Salvinia molesta , ] 24 — 1), 3X LAy ] LLNE FR/KF_ Bl RIS E R4

R/R hmiay 7K EE

XHRZR T (e ) LR RBIHEOK (Z =T m) BEPOK I BIRT 5 LA T 51 o X 2K %
EKZIA I AT BRI K R 2 B ik L 21 PR T DR A T 0 (1 il
ALY B BE, I bR K R RMEK IR A N R o X SEK PETTRMI B A e 1, TR IR
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|29.8 | xmAER RS |

FRIKF BRI IE], SRR A MR v O RO 0 T 28277 ) o AR RS F A WA X
Wb IX., KK BT I T R T AR 3 R ALK A A ) ly ( Straskraba 45,1993 ) , HIF A 3
AL THARER B 7K P el i 1 B K T 7 S TR ARL ) I KRB A Jie o KT, IR 1Y L 38 A
PG EN 2B T FIRMIS R G E SRS (E R Zg = -1.5m, TN = -1 mg/L,
TP = — 110 pg/L;Litvinov 1 Mineeva,1994) ,

JeFHKE

R e — AR IY P K I i i K 2, 3 S 7K 28 S 30T JLATE 7 58 [ b T 0 BRI Kl 2R K
B RAR M LB R R M B R A o IR B SEBTRT T LR SR K F LT AG 2 E]
No FERRK, T RIERIAIR G, KR AR 5, (HUR L KRB IX KE T
2 BBRE IR, oK XA E A HLB 5 T

PR RIS S - TLAF 8], 7K R 7 i A 4 A £ A A A oA ey e J3E DR R, o .
i Sy 055 O — LT OB A ST o AR A Xk — L8 I 52 ROK R A I TS R W, 7R 7K
PO BE 7 25 BRI ER YRR N R SRR 1, ALK 5 73 i B 1 B
FRliFsh iy de——rth. MPAORS AR T ok SR n e (RN ek
AN R B i AR OR B AT i ( Chevalier 25,1997 ) o RIMEfIIEG, KARBITA T UL LR &
A TR D T K R TR ok S B HRARAR e, UL RETE £ W) i i 1) Y B PR SR R R 2R

29.8 KREUKEREZM

R IK FEARAS BRI 5+ 0B, U HOR ARt 5 B AR A PF A L AR . K
2R B4 LA o3 T I R TR 1) KT i B R DX SR ) TRt i AR
H 2. 71 AL ha, HH1 30% ~40% #RUEEK EBLA, 1T 0 i DX T SO B S ) 1 E
TR (E O X L6 0] £ 2 AR A BRSE A A QT B, T LI T8 0 R85 S
BRI o XL A ELAR IR AR , b T 20 PR K 2 Il o A o 1 M A AR Wy e
VR BRI R, ol TR R R S A IR I S O R AR, R T R A A K
BHESH Y IE T BITAE , BT AW AR R AR, [T, AT ) 7L f /D 3 BT I R
M AR . HA 2 B R A BR300 25 i R —— A AR A 0T 38l
BEO L HRATAE Al f AP SRR R FIREZE SCA . DRI, Dy R H SR G 2 i, BRI
SEMAPEAN S AN AT B VA A 2 SO A w) AT LR AR SR S8 o K IR - BEAT 1
SRS TREREK P ) FSAS B BT M52 21 0T G000 R AN RS, AU TR A S T X PR AR Y BE A
(Straskraba 25,1993 ) o fE[EPrit 22T, i 0 22 R0/ R B8/ NI 7K R 75
A5 PR st 25 B A Bl 7 X IR T M BRI . N B AR AR R
PA PR RTHEVE AT 2 5 ORI TRE S 23 2 R A& 0 TR G A, e
X LEIRBE R
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AEES

o KEBHEEAFEME M EB. LB Bt 3w ek R E S A K
KB BERFHPIANE S,

e ERWER(RHFAREM) MK, F LR T REEN NEKERH T#
4

o KEEXKHMBEAMRSER K, FLAEAME KNG HEHMKXEEN, KE KX
SR RN I K o 7 4b, AKBE = BT R KR, R R 3t 7 T AL,

o RAWKERIHEA, THAEAKESHAREKEZENTAE, LFAGHF
Py kE ROSFRHALE BAACLER ERENABE TR/, R
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R2 EXAIRRASE
TR AW R E R
(B3/Ft xF, =BXR LR/,
E%/Ft x F, = BER/F)

TR MHAE S F F,
Aluminum (AI’*) FB(APY) 0.11119 0.037 15
Ammonium( NH;" ) £ (NH, ) 0. 055 44 0. 055 44
Arsenic( As) i1 (As) — 0.013 34
Barium(Ba’*) Hi(Ba’") 0.014 56 0. 007 28
Bicarbonate (HCO; ) IR EME (HCO; ) 0.016 39 0.016 39
Boron(B) (B) — 0.092 50
Cadmium( Cd**) med™) 0.017 79 0. 008 90
Calcium(Ca’") FE(Ca’") 0. 049 90 0.024 95
Carbonate( CO2 ™) TRIRHR (CO37) 0.03333 0.016 66
Cesium(Cs ™) Hi(Cs™) 0.007 52 0. 007 52
Chloride(C1™) () 0.028 21 0. 028 21
Chromium( Cr) #(Cr) — 0.01923
Cobalt(Co™*) g (Co™) 0.033 94 0.016 97
Copper( Cu**) Hl(Cu®t) 0.031 47 0.015 74
Fluoride(F ™) H(F) 0. 052 64 0. 052 64
Hydrogen(H" ) S (HY) 0.992 16 0.992 16
Hydroxide (OH ™) SEM(OH) 0. 058 80 0. 058 80
Iron(Fe’*) :(Fe’") 0. 035 81 0.01791
Iron(Fe**) B (Fe’t) 0.05372 0.01791
Lead(Pb’*) L (Pb™Y) 0. 009 65 0. 004 83
Magnesium( Mg” ") BE(Mg ) 0. 082 29 0.041 14
Manganese( Mn®* ) 5 (Mn®*) 0. 036 40 0.018 20
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‘ By 3% 2 ‘ EXPRREABETEMUSDRERL( Br/It xF, =R L8/T, Bn/Jt xF, =ZER/T)

TR MHAES F, F,
Mercury( Hg) Ik (Hg) — 0. 004 99
Molybdenum( Mo) #(Mo) — 0.010 42
Nickel ( Ni) BL(Ni) — 0.017 04
Nitrate (NO; ) iR ER (NO; ) 0.016 13 0.016 13
Nitrite(NO, ) TR R ER (NO, ) 0.021 74 0.021 74
Phosphate( PO} ) BEIRER (PO} ™) 0.03159 0.010 53
Potassium (K *) HA(K") 0.025 58 0. 025 58
Selenium ( Se) fili (Se) — 0.012 66
Silica(Si0,) — & bRk (Si0,) — 0. 016 64
Sodium(Na ") H(Na™) 0. 043 50 0. 043 50
Strontium( Sr** ) F(ST) 0.022 83 0.011 41
Sulfate(SO; ™) MmEEh (S0 ) 0. 043 50 0. 043 50
Sulfide(S$*™) B(S) 0. 062 38 0.03119
Zinc(Zn* ") BE(Zn™t) 0. 030 59 0.015 30
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