| 11.10

A RE MR

Jry IR B T rh M se AR W R AR ) R R A T K R R SRR R R B ((crenogenic

meromixis ) .

AW AT LRGBS

SHIRBE AP XA SE TR A I TE ISR BE AR 21 PR S VAR T, A3 30 (4 52 i st A2 15
BRFE, FERRE W (L] ) 600 AF TUREDIR AR #EAT 0T 58 )5, Frey (1955) A4 B i)
TEZNTEHT 2000 PARTAEC £ R w4 AR . XA IIATE S8 2 IR SRS ) B iR
HREFAZ RS R, DU I i — B 2, B A e b DLROR FURVEY I
ZREIIAERT o Frey NI N AT REZ NN T 40l w5 B AR Ll B R Ak, DT 3 8008 + 3
JJHL e/ INBURLE T RS DR R A vh, 5 DK A B R, S BUR IR AR
BRED,

VFZASE AR WA JE N AE BUR K™ AR Y, T2 8 T AN R B IR & (ectogenic
meromixis , HANERPI R G ) o 1N, oK a3 3 4R AT T O e 75 30 o oo 3 B8 JRl /K
UL, Bk A A R R AR AR OK B 5 . TR N e T K R S R A BT
fifp , 02 UK ARAL G5 T AE — 28 KL BR DX, 238 AR TR ) 31 o 4 8 B 1l T 7K i
=RA

NI (SRR R4S ) AR A5 AR S R i il A T B, & 8 B O 1 Rl Ty
(LT A = RK 1 € N W T NS/ £ = B Ol ) W N W T = el = S € B TR 2 W RPN
(Smol 45,1983) o AMIEMEA T 4R ) LU N TR A 58 AR 5 ) O A IR B /MR £ (HH
ZIT AT IR RECR 5 R R IR A IR A, Ji PR IR AK S FHRIK 2 22 9] 14 8 88 22 Sl {0, A2
PARH (IR AT (B 3 -2) o

AT L) R 0K SCRESE AT ™ A oy TR A RAS B (X MR AT % o it i
— ANl 5 IR A R N ) S, A TR 160 km? , ST 3 9 B R IR B J2: 45 m,
7E 20 fHE2D, S A A TSI N 230, S BOITA TR EEREAR 14 m, EREEANAY . TIAE D S
IR DR S R T 44 R T TR AR T R R ARy AN 5E AR B ) 21
HAm B e — A TR R (YRS AL SR 0 7 ORFF SR ] AL R 56 5
FHORIPIRET , B A 1994 AFEAE 11 T [ IS AZ LS K 09 TR, PRUEMATH REZE SRS & 18 19 IR
JE,JF FLIJ B PR K 2 32 BRI, AN 2 (WA TR B # TR o S A BRI 285 SR P e 4F
BRI IC R SRR, B RGN TR AW W T A AR R s
AR A AR Jellison 55 A\ (1998 ) B 55345 14 Jay R 15 AR A e P S 14
A2, KIFH TC AW T JER T A LE YR R ARANE B o 1075 2 09 Ak 27 23 TR AR I SO R
Wy AR IR AR A (IS 12 55) o X RhEs AN LA AR 2 5 Gl B ite v B0 A
(L5 22 ) ORI 1T MGRKIETE B LR 00 21 M8 SRR3R, DT 200 70 Ay A 7

@ BEEXREY R0 8. 8 m KA TIBU R I 25 B BT SR Frey (AR BEIF AR SE A0 1E M, B AR
IR Jr R TR A RS AR A TR T 15 000 4EATE K T (Lottler,1997)
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BEESHES BRARKS |

ENE

J1 R % (Jellison 45,1998 ) 55—~ AR 58 4R A W2 KI5 3T (S5 1 Py Aak M), 1905
FEZHIEZE—DE e SERRA NN, BTN S 2 i a p g, 15 781%
WER R FRK)Z LTS T — 2R, T BRI A (Kimmel 55 ,1978) . iy JR IR &
A58 A TR G BRI By SR 5] ¥R AR (RN, 9 HL) o BRI — A m I, B
IR 58 AR A R Z T 2 2R RE T 300 A 1Yy JR HIE A RS (Stiller Fl Chung,
1984) . M\ 1960 4EFFUR , Tt A B 29 HLINR K B JR A0 b o 17A 2 2 9 78 &, AL
SEOKF R, 10 LIS )2 0 SR A R i 7K AT )% i 22 S 2 i 4 /N, (3% 5930
TE 1979 4 f ARS8 2R A W A8 8 TR A AU

T L DX TS e R PN TR 1 R 5 TR A R SR B BN o 94, A5 AL ( Organic
Lake ) J&— MK CHITATRIFRZ) 0. 05 km® e REIE 7.5 m) , i T32 XU 200, HARXHE
FE(Z) R RIZ R ACHT B2 E AR R R (29 1. 15 kg/L) o PRITEDKEHY , 1208 2 /D 2 iy
34 AR A RAS . i HL HRZ KA (3 BE R K Y 6 £, SR & Eh & Rl fb Ty
K Z 11 % 3 22 SR K, BB A% BHL LR 93 B TR A 1 ( Franzmannn , 1987 ; Burke 1 Bur-
ton,1988) . AHEE T fif B A7 R SE TR A WY A1 7] 2 7 Hutchinson (1957 ) LA & Walker
Al Likens (1975) AR

11.11 #BEBWX

AF PRI L REAE S i A ik DR 99T TR A5 BEL T B 2 JRORR AR . 20 Bir e W, T
A BLUCTR B A R R R A P S AR B B R — B2 0. Pl 2
TS A IR ALK WA BE S G A 21 U 2 Ak . I91TH EL ORI A BE ) AL BE
FHCAS I (R, o REIZE JA i il o 72 IR 2R L AR Al . 5 RS HOKIITA AR LE , /Y
TRARIAIAAERK I AR PR, BT AR B ZE KB AR (] 11 - 1) o A, X L8R e 5
SRR, AR R BRI AR R 2 )=

AU AT R R A R R 1T RE i 22 A T DL BT RE 38 B Y e e i FE 1Y)
RN ER o BB K WA S TE R e 2k 1 R PIr LA AT A, DR, 3 R 2 B 0 R —
A IERY BRI 38, 2 Uil G RLHIA t 5 BRI PR ) e i gl G A0 2 2K
WA — AR R R (RN e KRR i, R EUR G2 R 2 e
BB 1L T 35) o B2, FERCR, AT ARG I 1A 38 5 26 K UK T 78 F R A A i 45 R
R R (20 “C 7K ZE RIS BT =2 454 /) , SR 1517 2 11 SO BH B8 55 v il 1 A
[l AR o 28 AV AR IR R AN 22 T AR W B T 52 R o A 8 X A 0 R W
AR E 502 R ZE AR H AR (I 117 35) |, X R 22l R 2 2L )1 00 25 58, fu 4%
BR A P T BAT R ORAF A A DR (] 1L - 13) g A B 2235 PR AR A B/ AR AR Y
YR RGSE LS o AETHR A vKiNA P A I , w2575 18 vKAE B A A 7 o
AR R PRI (S5 UK S TR LRI =334 J/g; Welch 25 ,1987)
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|11 11| s |

RERER X
1A 27 30k P 22 5 R FARAA 27 A Y5 (annual Birgean heat budgets, ABHB) , X ffi 73
PRI T IR HT B AL Birge B985 7R 44, 2 XT Birge £E 1914 5 1915 4-JF JEIX WUT

A1 AU AR KR T i B AR e KL 5 O PV . 78 ABHB 3SR R op 3l 2
N5 DK TG B (4 o R A A BN T I 1) BV TR 45 TR 22 R TR A5 AR ok
BAIFTCAN 2 3 0 FAT R VK 2 5 SR R 5 LIRS Bt AL SR — /N LR (E X T
A V& UK 3 A AL, vKERAL I s B AR AR R 2, ik S L, 75 2= Wl A B AT
FHARMALVRIZ T TEFE 1T 1K FT A 4 °C T i 21 5 KK B8 3 Pt i an , A 180 70
o, R 1T m S VKT 279 MU/m” (4R, FUAR AR I (36 11 - 3) Z8 R B 11
AR P BRBR ZRARZ (20 “CHYIK 28 A BT =2 454 )/ g, 1258005 T RERBIELIE 2 10)
3, B ) B A AR A EE U (R 11 - 3) It R 20% (AR JC vk AL
STk, SEAREY ABHB A, HIC vk i 7K R B AR, DR 28 e 2% g i i it A — 28
LRI UL, g 2 B b DX AR TATE BUARR 26 2 3 DX F) I8 T 6 B AT A0 AU SRR ol , R38) (e
) (11 =3) ThEEAR g, DN I I WA 6 F ™ JE (9 & K B AN S vk, FE bl & v, B 1 i
R L RERE R — 17 °C, RAUETZ M) 76 LR IR I 28 26 0 AR 19 P ol T Mol ABHB 15
2 BEAR AP X URE (A4 ISR

F11-3 ARESBEHNEHEFHREUIRENLEE
(FEERLKERRE) (1 cal =4.1868 ])

i MEE 7N AFREWZ/ (M) - m™ - a™) K/ m

R4 b X

JEPEEEMI(5T1ik) 45" 16
BT SR TN k8 (3R ZE 4K LU E ) 130 18
LAY ( Z5 N3 HL) 126 ~251 19
PLHG (FEHEEE) 188 ~ 304 60
Y Z R (5 R JHSEEW T ik) 377 ~ 461 40
PR e I T8 ( R A0 5 510 135
R (LR BT ) 628 13
FP A L X

AR (SE ) 176 2
JeMEE I (252 228 ~333% 11
AT IS ) (B 805 39
AR (S5 ) 502 ~ 1181 33
A B (FH42) 716 12
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BEBH AN BEMARW

ENE

G MEEAN MEFRBFWE/ (M) - m ™ - a™)  SEEKE/m

B2 (SEE) 934 ~1089 12
FHEEW) (A 1340 153
5 i R (i ) 1340 39
TnFIFNE(LLES) 28 1403 24
95 (S ) 1557 133
ORI (S ) 2 194 77
DU R (AR ) 2742 730
R Eh L IX

BRAR (L) 241% 14
TR (R ) 1023 20

@ TR B R AN KT, RS (SR AR TEAR WA W I K 47,0 ~2 m P-4 7K i 23.3 £0.7 °C,
@ Je I AR W) 2304 £ T 50% F 79 % HIEEPRAE A TRl K, PR R KRR 717 A e 2

AR 75 W 0 00 SR R R I A LA AR T TR A A1 73 A IS S B TR 8 2
ORI ( 2 ) R T 4 TR 030 DA 8 CHR 0 307 ) (3 11 —=3) . FLJBLIA T A
TFIUAH T : DT K AT K s @4 AR KRB 0 °C 2% it F I, ARSI Ba%
LR D I BE 75 , R ZR I AR08 43 A B BE TR 1A /K 2 , 43 J2 T 4 1 s i1 42 /5 ( UL 10. 8
) T L E R R R T @IRUR AR, T R A 12, ek 00 31 A 3
T 375 [ 25 R ARE 2 T B R A

AR HHHE AT 7K SRS AR ARL /N , U768 00 B 48 76 7 39, 16 ABHB AR (3 11 -3)
SO AR S PR S R TR T AR AR BB 1, 35 R L TG 7 4t
2 AT M . ISt TR A TR NS KT RARE T 1 . T ARE ) A A Ao
TR 2 M X SR M 075 XM, 32 0 P VR A S AR AL/ ) (L J P 5 B 31 R T 9% T
W32 11 =3) o T2 KU B 0 2 2R T 3 , DA MG 2 U RE A R, B30
RS WIAR T ELIR AV FRE R AE AR AR TR MK 2 5 55 AME S 21, AT T 1 2 AR

DA B Y 2 1 X203 VS 25 B 3 3 DK 2 T s MR S Py PR, BT itk T
Yo TSI TAIREE (AR HBN, THER B R S s, 4 eh /INEAT €8 sl o
(MFREZ IR ARP ST AENS SR 2R A IO B . R 75 KU B I b T
IR AR T T B R & 5 AR 5 2 (e (LR MG ) 33— B AL 4030 1 4
BT ——IRAS R (Z =2 m) A ZHE W (Z =12 m) th BRI B (36 11 -3) . A
KA A AL AS S AR, DL, WA AR (V) R FHIIRBE ( Z) S ABHB fype i 61 % {0
TEIXSEH X, V-V A AN ALAR K (Gorham,1964) . ABHB 5 28 17594 BE (1) 36
ERN PP

ABHB =18.8 log,, (V) -29.7 7 =0.67;SE =6.4;n =71 #11-3

ABHB =18.4 log,,(Z) -2.52  r*=0.59;SE =7.2;n =71 A 11 -4
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| 1112 | SREATAL £ RS

11.12 SETUMAKEESRES

Uk, V22 S AR AL AR O JL R B 2R 2 T H A K o el i SR
B, WA T BE S A A LR R - OWR BE 25 T — 28 s QKB 44 @ B F= 43 2 21 @4y
SR s @R A i s ©7K Hi B B ) 3G 0 5 COZKAL T R 5 @I L LT it AT EE 4 114 0
AR R . Q@RI A TR FH R A 2 R 7K e 1 7K ) & H a5 A0 It 35 1
ZE SR ARIGNN , AT U F) 25 1R B B iy VT A B S BT M Y VA 3 AL kg 2 O Y
A ZK G 14 980 2% 1 1 — 2538 AR it il /b, (A ML R TE AL o0 I I 45 1 T [
(WL 8.5 7)) , it FBOF AR A= Wy i ol D FFP R S50 & A8 A (ULER 21 3) s IF IR &
QWA S E R E Y R TR

TEIMEE K2 KM VG AL ERA — > L IR WA X (experimnet lakes area, ELA ) , Schindler
£5(1990,1996 ) % Horh 239 SlIVAEAT 1 HF4E 20 AR UM K SORIAE ZS WL, 3X 2 — T L
HAT AR, 20 451 A KA RAUKIR & 1T 2 °C 7R TS 10 id 72
H AL TS IR T R — B AR A A AT TS B AR BERE i  —2E (fHOR
eI ) B i S0 P e T R AR AL (T SR SR IR S i, 1990) o BNk B3, TR A2
ARSE 2%, BRI Ry 2252 B S AL RN ARAR IS5 200, WA A8 AR AN 2 S i .
SRTI L T BN B B AT IS A U7 PR X4 K Rl 2 B3 5 AN 3k R KON AR X Y
SN IFIR BT R . 239 S IH B VARSUAE T e X AN 2 A S50, 10 B
I RESETRILA], B — A PRI A 7 (TR B2 ) (A8 A 2 i A I B i 45 2R, BRARTE I & 2 5
FEAKETEON , {H AR L4 T 0 202 AN T RERY o

239 SR A T (L 1L = 18a) FIZR IR BE R E J5 I P S 28 B 34 (181 11 -
18b) A K K it s/ b , JL ) S 80T i W TC vk P S T 20 (& 11 - 18d) , Bk i
A8 FEOTA S 228 (18] 11 - 18¢) , H R ZIKE R LA T .

TIBARAR I A AR XU A ] 240 1 s , 390900 26 1T A9 XL o, b g K 1
TR, B FEARBRZ RN (11 - 18e) o JIAIREK B UNR T K 25% , TizE & i
S REEGIN AR T Ok BN (11 - 18F) | e 2825 B0 AR ] IAE £ 52 2728 Jll e ) P Tl it
TERFEE 20 AR T b, /NI (—Z00) T F i R & DT 10 d 55 hn #4240 d
(Schindler 55,1996 ) , H Al 24 i 3547 BIF 52 v T X {00 3t 21 A P 532 Wi LA B 3L e 9 2 Xof A T8I 9]
DL P S e R A T 1 2 A R b SEE T K R B B T BRI T K ) (]

@ BFFEEEA I AL, AR R G T8 S 7R W) (4 B S v AL S A 2R R B EUT 5 (mesocosm ) B,
/K W (limnocorral ) (KRR (> 1 m’) , BERZEX 246 B 15 tH S5 5 5L PR BUAR 22 BEdt o AR, 7E X 3%
A TORF Y R T, B0 T SR ELIE A B, PR, A5 K 58 R e T B0 AR I Y A k. X2 T
PRARK A B HEATHISE , B9 L RO LB TR (A3 B RSO JR AR/ NN , 2 R AR BB, W15 1 i)
SORTEMEMET ) AR WA T o TCIR AT 50X RO AN R S AR/ IMR £ 19 BB A 25 AR S BT (micro-
cosms ) , #RIELEA [ 28 [B) RN [A] RO B #EATHIESY , MR 38 4 A R B (R A R S
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| &1 % | mEEB e RIREKE
6- s 80
I
: Neo bttt g .
© h o J{&" k TN Z0f 71
2 b ANE IR 2= 13
24 I\V.Jf |Iu = 5 | - == 2104 | [ I!I Ilr\‘
. . v
ﬂ 1 1 1 ) ':I ) i ] ) ) n 1 1 1 1
1969 1973 1977 1981 1985 1969 1973 1977 1981 1985 1969 1973 1977 1981 1985
Fiy i i
(@) (b) (c)
220 400 -T—rorpr————————-30
1 T
\ ,I'II e ' \,\ 300 \
3 AW & lala W uR% J\ o
'|.K E .'. =
=200 \ II % 6 /\ \ gzm— \/\// — | =
¥ , \ | 5 \ = Y AT
W fll || I| = \‘II 1004 | St R
|. | "ol
180 T T T T 3 T —T T 0 T T T T 0
1969 1973 1977 1981 1985 1969 1973 1977 1981 1985 1969 1973 1977 1981 1985
T { iE i i
(d} (e} )
_ e B N EA B R
£ ¥ £ &o] 5 p R i
P Hy = A O 0.8
40 ___,."\.-"‘ = 34 H A ) i
gy P e L 2] \/I' { E ol i
E 24 Ca I| l E '-:l:l' L .
= I, = AVl ST
. 0 T T T T 3 T T J T © o200 T T Y T 0.7
1969 1973 1977 1981 1985 1969 1973 1977 1981 1985 1969 1973 1977 1981 1985
A A HEfi
@ (h) (i)
#1118  1969—1988 4 Al PG IL AR S2 I W X 239 S0 AUy BN A= 1 S 505 Ak [ 1/ R (a) s

PRI 2 2RSS A P X AR s (b) BV P Bk IR ( 2K A B SR ) | B AN (R TE vk
/KR ] A2, 2K M LS B TC K Y- 2K s (¢) 3 IR RN B AR IR 3 5 () ek Y
BHIET 5 Ce) TEPKEH AR IR 2 - BR BE 5 () W N AF AR T (@) SilllK K A (O ) ;5 (g) 5B
ARS8 8 i s (h) TEVK IS 3538 B B 5 (3) T VKU L )2 i v A A i ( @) o i R 2 AR M3
$(O).] (A Schindler %5,1990)

11— 18f) o AU Ak ) BRI/ T B T ] ARSI A~ A B 4 (141 11 - 18g) , U
AR 2 A U (TDN) B & BN R & SR AR (4 B 224/ MR ) 93
iR A ML (DOM) fig AR TR, ALY (18] 11 - 18h) KA Rl AR W A ad 7 ( LS 22 %)
T AT HLER (DOC) SR AL A IR TRIE 4 (LA 10 5 WP ILSTOCRAE A iy T8 fk i
TG H BT B (DLER 20 55) o TEANEERSLEGIITH X, 20 4 WIVA FIER I b 0 9 25 1A
TR T B AR AE T e, S AR AT BB J2: 1R T K I (] B A i B AR P 2R W) B B AR
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| 1.12 | S aRkL SRS |

IR |, TR ER)E DRSS (UL 11— 18e) , 1% UV-B 5 5 %% 358 i) TRt = 3¢, 451
UNAE TR A AR B ) 239 SHIA , UV-B AR SF 28 B IO TR EE 24 0.3 m I HNE 29 0.6 m, 7%
TR ) A e R 2 R TR T (P L1 - 181) X T RESE R T8 SR K T 55
IO R FE S S R VR TR 2528

SEEN SIS
XKL R DX A IS AR L0 A 1 T8 38 I x  26 9 2y, i 95 1 0 A il 2

B HA A= Py e (BTSSR C 22 o B T 2 S A A P — S R AN T
SR o MRE T o v K H IS G i MY [ A A LR — S 3 R RO ) (2R AR (ELS
T2 0 AT s AR B 50 ARAT A1) ( Regier 25,1990 5 Rahel 45,1996) o /K T+ AL 2
P76 T RV K W ) AL T A%, T EL IR A 2K A B EE FDIG A SR B2 A3 0, 7453l
BRJZ A TR BE AN T o PR LR Z TR IEE B3, B 2 K W I JEG 1) ¥ 7K bopg 2 ik
AT AEAL o BRI T ZATIIRAT AL, W0 AR i LB I [ 2 2 i e 38 i 18
JEE R AR LR AR, R S BRI EAE T (WA 15 5

HEESANEES S 8y p s NIl pN R 7 L R AR R A S\ A i R S SR/ R U 3
EARF R Z A A S AR (& 11 - 19) W], AR AR 2 Gl T i 3 °C, F 52 28 8 i i
SN s SFHIHEI T RR ) 23R SR AR LT AR R I ) RUE b e JRR Ak SR 1, i L
DAL 2 1) 14 S S (A SR SR Rk 2 72 ol ) B 3 B 2 Ak ) S A A5 K AR A
P AR IR Tl 1A, BRARENTTRPAIET [

e
2

KR C
P11 =19 dESe/NMg A 2 5 P Fh 4= 5 B AP ARGl 2 ] 59 5¢ & (2 France,1991)

TR ke F AL A A AT LA s /D , ELWITE PN A 0 T A A B B9 2 R
TP TN, e 28 S BUR MR S 10 2 RS W & 0 (181 10 - 7) o 3B b Uk - 20fy
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BEESHES BRARKS |

ENE

TP LR A LK 52 /M S 2 37 TR S 4G, 3 6 AR A 0 2B W) X R 52 ) LE IR
SAURZ B (LA 10 75) BRI Z .

A8 It 2 R AL HE A B AN D 1K AR S  TiT ELIEAR T AR K B R B in
ZKIR T i (Peah) TR, K i B ) S, BRI, 40 T S n i, A= R
AART S (BOD) B i U TR 0 22 e 722 J8 ) P , b T 7K e B 2L , W b 4 R
T FRI/ N

AR AT AR I B P HI WK B 7 200 - 500 mmy/a ) By K 4 45 R 5 B 0
R, A3 S X el 2% iR B, 0 HT A v A b T AR D) R K B ) (fE ROk 8 2 1
NED) A R, AR B9800 RN 2R I 28 A 13 I, 23k — 20 S PR A
R EREE T i o

1 T S YR 27K B A TEC ) T I B A A0 3, SR 2™ 8RR, X —
AR 28 Ja 380 5 FIAER 20 2 b DX %) 308 R 7K RIR A R 4 3522 Wiz 2 (o 08 7 1o AR AR
AN EREERGRECT 5 FhEERYIG I M R 20 ik A AR A (B 13 = 9) AR Y b, X
SO A 2 S A AEER M P AR B A5 (31911 (0. 3 ~ 10 /L) (Williams, 1993 ) , %
TR A A 5 G B T L S SRS 20 T4 10 McKnight %5 (1996)
F1 Schindler(1997)

AEER

o RIEBRARDS, MBET oA ZLEAAMB(BEZIRE— KT ZLBELM
(BEXTALRE)

e TABRAAYMRELBEMENph 6 AR, AFARAF BT NAE L
BERWIKEERERBENQE, HRANEHEAY(EZFMHNE), Bk X HNE
MERARBE, BRBAAEBBLTREGEHRRE , EAXEE HEREFNFRE
AFEH-NBRAEM. RAHHEERLETTA,

o SRAMILR KA A XA E B KRR R A X RAR AR KT
K AEBEENURRE KGR ENTREMEBAREEN TR, T AXETLH
W B R0 A P ) B Al S A e AN R G T R AR A E

e NARMEBEERGFRTRAMBEA, YHEBEEHKNEEZRTHRKT T
B R, TARARAB BN ERTHT . Sk ERRMERKERNEE KKK
B ER/NE I A 42 B ko

o R HMEEFY ERRLBFHNHAEGHE, P EWNRERLER, 5ZFF
e A R R AL

o HE - BEMNAGEY BRKENAEXRFNERSGENEETEZHHEZAY
R ER(XBETHENKERBENER) .

o LTIHAMAELRAHMNEKERENRIUFEREARMEEKZEF 4 FE
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=7, T B s 3O A& A 5 IR A T R o

o MERANABA NE HIENBS W BRREBEREW AL ENEE, WR
30 2 &, 25 8 R 3 AR A R R BR R B9 IR A B AR

o MEABEEMMAGTM, AT MELBFHEE LR kEMEE, 2 BREF
YT E R B E K, R B A AR SRR D, BB R R ) R A £ K
ARERM NHTRAERD UK EHRFEHEG T U2 ELR TR L MRAL
R, XM TARTAKESRGEH - £ G EH W

(%kizHk i)
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E12E Kk B iE 3

12.1 5|F

IS RAEIZ B 22 5 XA TR AR iy 3 A B SR A AL Y
oA BA I B2

TEHATA PR IIE 2 B (waves) , B M, AR D BOR TS ; Ui (currents ) |, Bt =
JES I AR B B Sl o RO S WA TP A ) BRI L B 3 A1 ) AR R, 2T
7 AR EER R TR RN A AR, N ZE IR A s e B TR AR (K
GRIEHK AR ) o LRI BLIITA A LE K A rh 8 TR 70 Sl BE 32 5 ph /K 5 S 5 i 7 H:
MBI T, 3 KO 1) A 17 ) TR P A B e AR oK — AR5 T A KUK
R HIR (R JE R B . fER T, KBz SR TE I ER (B Tk )
B RIAAAE) TS B Z5 R

WAL K T R 1 iple AN, 7 HLBE 51 A2 DRV Rl 3 IR BR 2 72 5 1 PN I B0 732 i
(seiches) ,7EM) T IZ IR L. BR T P, S0 AF 1 J 91 20 JLAS /NI B8 L IR 4 7K T I
(BPRER S ) o /K I LAY 1) 5 Bl J 7k, AT AR Fg JLARD 313k 2 1, PR AF R K
T 52 2y I AT 3B DR R R T 25 5 w20 o WITE Th /K 3z Bl Ol 52 2%, AS UKL R
DA FE A T RO P AL ) A I BE T AR KT MBI IR & AR AR R AR A, 7K
TR 00 5 SR T AL P IR (T s, 390 vl 32 5 R0 3890 V25 5 RE Rl AR /K A I 3 . i Tk AR I Bl ok
AL 8 TN B9V A4 3 A, G PRI S AN A T 0 VA 9 5 ROUL I S 2 i 191 76 K/ i el ok
R TBE TR A L, T 3 AR T i A 5 R ZE AT I T S R (BT 12 = 1) X A2z i
Y255 5 i ( Imberger , 1985 ; Boyce , 1974) @

@  Boyce(1974) {E R &4 BRI TH 2% A BUAN [R] i 23 RUBE B /K Rz 2y 9 il R [l B g g 11y 2 BRORIX
Sl R A AEAE TR T AR T AN AT IR R BT VI, BT B A 11 B 0 22 R ) BRBEIR ) B RS2 R A
PIkE”
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|12.2| BRSER

] I.'ﬂ‘:’ﬁﬁ!!h
i o dh

HLEEE A

T3 A e

S, S
S il o

st
N i

HAAR || e

ﬁ:ﬁ“ iy

Bl12 -1 3R h T 2R K0 A A ) — L m] BE R TR S L] (B 73 e ) 7R R

12.2 EBR5Z%ER

TEV BB IS K BB 2 LA K 2 DO YA 5 (AR, laminar ) 1977 207 30,
IR PR R A T I B A 2 S . SRR B G R A VAT ST 4 5 ) B AR S T
FEHAHSE , T NI TR o5 R R R G R 8l . 3T R B4, B2 I /K i o o, %
BaT0Zs S 3 10 1 B, 3 PR 3 45 0 10 TS 4 kA AR Ak, BT 4 25 B R0 IR
(Smith,1975) . XA~ A28 A LE R K B /N I8 B 4% R 2%, B 28 9 4% 14 i o i v R
FIIFh B S T T o SRR (28 R 708 2 i) M B P 6 2 T LU TC R R s
BOR, L

Re=—L A12-1

K12 -1, U R F3 3k (em/s) 5 L KRB 2 R E (em) 5v NI EE (em/s)
(W33,

BRI, 2 R, <500 B, A8 T4 E W 24 R, >2 000 B, AR
L EAETC KT A BL 3R A (R MK TR AB S K. J0 I8 = 78 T 3l sl 78
ARZSTF & LA 2 2 W BOK N 2 2 DU h i # SR, 8 =9 RUBURL )
IR A -

oA o K IR T LA R I S, 2 2 W GO X LZE N L B AERERE BT
JEH K AR S 4Ny 1) X IRT A JES , 33 o 2 3 AR UE T 3 81 35 000 0 R R (R 12 - 2)
b Tk XU 3h K R T A AT DL A 259 86 8 (turbulent Kinetic energy, TKE) | 3%
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Tl 25 0 3 BE 2 4T W AT 52 /K T B 3 g i e 5 o KU A 7 2R 45 22 [ 1) 9 KA, H oK
SN P 2 7 8 2 e A NN T 4 5 = B L D S e AT BB > G LA K /S P
(shear) , A A — MUK AR BEK I R Gt is s B BERE B o BT J0 ANEL TR E 7K I R/ il i
TR T A B 2 U R B8R B, L R 1 I AR I RS A LR R R IR B G SR Y
JERE(IL24.7 75) o

TEWITA RO X, PR 8 BE R KAz B AN U — bR, T LA S 3 bR 1 18 2 i 74 J=
Wio TE(SEE AR ) WO 22 58 00 BT 77 5256 E I BT E At n] AT 2 TR UL 3R

0 R TR RN g I I T y )

. y L Eaii i
py /‘ ¥- = =
3 | / i
3 i 2 | ———
I i {
- f Fig i
B | |
& 6 | { o —
& ;I ]
| | |
( | {
9 | |
| i —
A B A B A B
12— | P T | T TR TR T

24 26 2824 rzlﬁ ,23 30 0 3030 0 30107 10° 10 1041079 10% 107 107
dhErc ‘i/—fa'[t-m' ) £ (m757)
P12 -2 SEREFIE T /KA ROCAIE) 76 11:27 (A) F1 13217 (B) Byl B (°C) ¥4 T il B B 8 1
T (°C/m) ABARARIIAR (Ly =2.2) F—KIRERFERL £, (m*/s™) (FE: 5 11 -6 (¥ 5 H]
i, ZAREKE TR R RIZR TCIR 3h L IR AR LA R S AE AL B /R 2R A TARIKIR.)
(24 1 Imberger 1 Patterson,1990)

12.3 REEHKEK

FE F19 (surface gravity waves ) 2 WP FIE 7% 26 1 7T LA DL A SR . 2 12 £
IXUHE R (1) Bl o LR SR UG 3, IS FAAF B K v 301 A% (Pl 12 —
3a) . I D P 5 £ I WA 7 o — [ T O R 3 TR D 9 R A
AEARTC , ISP 7380 T 06 L FO 0 e S0 B0 KA 5 ~ 10 m (TR, 750580 XA T 40380
HIPE A 1 m Do KRR IZEAR KRR BE L B B KRR (maximum fetch) (8 12 -
4) , WIVXUR 3 E TT LS 41 T A 55 K BE B () o 53 40, 340 B TG AR (e ) AT LA g 85 KL
DX KB (B (AR AR A WK X 30 K 240 A5 (H) 1 20 435

L~20H A 12-2
B KU 5 (H,y ,m) AR R UK BE (F, km ) (285656 52 (Wetzel , 1983) £
H,.0.332F +12-3
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|12.3| ®EE LR

J’i]h]

B R,
b4 R AR
MEBTHH 0. (D KD VUL
i f iz - FhAKIH 1 < R
] -
SRR
i I (DDB) ib)

K12 =3 (a) KI5 sz s AELII R F) 25 b e e s SR (K 5 A S T8 7 8l s LA A1 7 1) A 222 Bk
/N3 B A B Y I L 18] B9 s Sl K TR S RO L:‘?Iy'ZK;H:?Jx"%;a:?K'FE,a=%HO KI5
R RIE BN AR O R B9 0 ) (b) 7K B MG 153 S0 B0 3 B2 b i e /A 39 32 5 o Rz il ol N DT AR
YR RE 1 (7R Tl 2 38 B (AR OB R B DURR W, 73k HLIE JRE AR BE U , DURRWI A nl RE B 1%
BB )

BOR G ERE SRR XA E 5 KGR
$h F1 Sinclair,1972)

A E ) IR 5 S5 2 DI B AR 3, R e R AR R B oKk Pz 3 (1 12 -
3a) o WUAZ i Y RE 32 2R A R B 3 B 5 10 R DR iz s FE AL, XA IR IE a2
AR G TR A3 IItU o o 25 T S fk S I [ Sl iz sl gl b T 1o K el D fh
JIG B D8 R AT A GRAR TP —21 B T, il i 38 1T 1) 117 2l 30 0k 5 30 W1+ 2 )
JIREHE o WA SRR IR 473 (0 (Smith,1979) o KU 4 ~5 m/s B
P I, R B A PR R /N A o 3 — K ST B 3K 8l (R IE) A 2R, TR
FEPHR T PR/ (Smith,1979) .

A 5127 512, 8 VPR BEHE B T EZOKFFIE BLIE S L, i T E ) s Y
KB B NRIAR 2R Z SRR A K (K 12 - 4) o SRR R BLWIA b, 58 XU fiE
0l A FUARE O AR ) DR R B2 540 7K S B R DR, 3 A TR JBE 8 DR T ¥4 2 B TR B R Ak ) T
(12 =3b) o 7EXA T RS R, 8 B A28 B0 e i LR 3% 8 22/ T (Rowan 4%,
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1992a) . FE/K BT i 13 Sl A0 B R T R, B e ok g T AR s 3 -t ik (UK Pz
gl)) BNEIR HZRMABD R T5 o FEHE— K TRAL , BRAY RO RE I AL LA 40 /N LR A Uk ™ A
FEETE o X AIRGFR MV FRE (depositional boundary depth, DBD) o £ T Bl 1 Tt
BRI PR AR ) 2R/ INORE) 22 /K A DURRR R (LI 12 =3b) o P pse 1 20 JHHUBURL A
ANPURLDTAR P B K TR (ISR 20 B5) SR EEQBRE T A7 A T IUER ) 2 11 A1 HL T A LAY
OMA EREFIZERY (U5 22 24 25 B) o PR ERGE TR i B Bt A R FL B
DRI A S R

A 124 FREHEBEERMNE

B TR A K2 B e SRR )2 (mixed layer ) 5{3R )2 (surface layer) . 25
T AT S AEAE TR B2 VA SR 73 2 G T AE AR BB T AT (9 ZE A0 TR 5 0 B R e A5 B 1Y)
TRERJZ % FERR B . IR BR)Z A I I XHR AR R AR R ), R X SR i g i T g R
o3 E TS LS Iax FE 77, 2Z 65 R A ZE s AR PRI

AEXT T B B RE SR 5, 5 IR 25 B 66 32 0 5 2y |9 R/ IN AT A 66 32 2 A 2R 4 ( gradient
Richardson number,R,) /K :

g(dl)
4z i \
o(az)
du 2 2 S
Ri(ﬂ) =N K 12-5

LR g I IE (em/s®) 5 pe 445 VR IE K B RO KCT B B (g/em’ ) 5 22K R
(em) ju: K (em/s) s N A 4E — 4EFEHT 17 J1 455 ( Brunt-Viisild buoyancy frequen-
cy,s 1) NI I K AL R E MU BE 4 R R . A BRI 3 1 SRUE TR 1 L
RAEME Lo FERTI D ZHEAWI T, 24 R, >0.25 B} RA BB ERAR /N, K2 2 A7 7E
WIS AN FKIZ AR B Shin A2 AR 258, ] R RSB A SR MBI T2, &
Z LR, <0.25 If, A R SR SIRE e F J1 , THRK ARG AEEE , B A R YK Z (R4 5l 4%
I, LI ONER . 24 R, <0.25 WF, R, Bl ] )AL AR 1 R — IR FK IR IR G RR
FORFIAL . 5F = RERALIR A R L Y SRR A8 S R (Schmid) g PR R (X 11 -2)

To A A5 1A R (Wedderburn number, W) 15 H 38 AH 5 ) #9177 %% ( lake number,
Ly) J& 73 AN IR R IR S AR RO e br o X R BB R EME U GRS JE R L
REYFLRZEG M — DS EL, 7T L Tl E IR BRZ (thermolcline ) B ALER)Z ( chemocline)
(AR E LA K b T S Ak i 7 A= 1) S BOK AR S AR & 09 b T

A TCRNFEARECEICE N R, ARG R (H) 5 ERZE RS (L) [
f3fe L (Imberger 1 Patterson, 1990) . J& & 49 5 FE(A BAAGERUEE A GR SR K9 1L
AU B 5 R B — S B (W)
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wop o H _gl _ TS
LT 2L TR RENRS
O R, A RO AR R SR A R R P 1 R 5 B AR L s H R SR
(m) s’ SEBRIE S K 25 RO 7 2 1 T 9 I 5 L SR BR VAT 1 036 K () 5
w2 < VT H BE R (m/s ; Spigel il Tmberger ,1980)
SBT3 (. ) 7T B M KL i R

P
w :(P—“)C,)UZW HA12-7

H12-6

)

P
Horp 5 =123 x 107 2 2 U (1. 23 keg/m™) BREAOK 3 BE (1,000 kg/m”) 7551

f5C, A2 1.3 x 107 F12 1.0 x 107, 435I KU A T30 i 4 (91 01) 288G Uy X
H(m/s)

Spigel I Imberger (1980 4F-) (R IE /K A S 345 AR W], AR 43 J2 58 B, 7 e 5 840
RE (1 ~100) B IRURE 2 HL A /N o BRLE , TR BRZ AR /0N, i A 77 1) P g i s /), ELAR
DARA (W12, 11 75) o {024 W Ly (it % FeA2 e F8 500 2 NS (i) LR B3 1 ~5
i, IR A ARG S50 51 ( Maclntyre %5 ,1999) o 783 IRUIX, YLK 2 A 5B A0 35 25 1) 7 4
Rk AR AX, B ok 4% 2 (metalimnetic ) FHH R 2 197K 1 LI, IRIC ARG 2, I
IR A 2 ) AR, AR ) BRI 2 S AT, R )2 0 T [ A 2 e, 33 o ] % Ak
RIRAESS o7 (B 11 =7) WA 5 3K WA, fht™ 28 09 B FHm i o | IR & 2 9% 03
TR A 7= 14 o

FEANTRI RUXZ T, B EBAE 2K PR A 3 o3 J2 0 10 19 =5 A SRR /N, R B 43 12
Fedgss. (0 Wik 231 (212 - 1) , B /KRR i 2710 M TRLER 2 T Jo AR G 19 37 it A
YRR S A AR R A2 AL MG ] ( Allanson 45,1990 ) o 7K FEAR 8 PETER & I e A= P b 25
A R EAT FE B ) — A0, A SRR A G I L 24 Ly 50 ~ 100 R < 10
B, 22K SRR AR W R DTk R R (12 - 5) o Sah—Ail+ (&1 12 - 6) Bl 17K
FERGE X RIY 22 A ZERR IR 5h W) ( Daphniasp. ) 3B 1) A, 7EIRAEAR K] (S )
KR R I 2 & FH B SR/ D BU N T B R3S, il Tk e B B A AR K
S BTN IR AR LR B W, BT LAZEAL K PE V¥ 3l (North Atlantic
Oscillation, NOA ) fE7E (AEA L KRR ERE S BURIF SR K A KR BA (WL 5.4 719) .

F12-1 ARRETILAmEAEBIEH K EFBAN FEEARE (NEBHAHE)
[H BRAETRRIE (m) s L KRR (km) o RS ARG IRAITENE. ]

K/ A LSRR

7 #/(m-s™') H/L/10°m w
o MERER g OO
FHE AT KR 28.5/22 1.4 20/102 21.1
KHEE BEAAT KR 28.5/22 11 20/102 0.3
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oy e [E[S 23/19 3.5 5/3 3.7
[liiyay;is E[S 27.5/27 5.5 18/8 0.5
W LT Ak 22.5/20.5 2.5 6/2 8.0
e i Ak 20/14 2.2 20/2. 4 231
2 HIR BB A 20.8/16.5 3.5 6/15.7 1.0

PR IE « Allanson 45,1990

Gl
150 B
——
ath | §
n 1 e
- i | E
g
20 | g
= 5 -
_ =
| =
| . : B
| A 20 =
jﬂ i I. |: I. .I m
) bt "
il ._. s Y ;. \ I’ ! -\'. s -_____- o !
LY L N 3
0 - &, ’
1989 19%0 1

F12 =5 ARHI AR B AF ALK % 0. 5 m AbBIAEAY4E ARk (——)
F H KA G BT I A ) LR ) B 5Tk 43t (——) (51 B Boland F Griffitbs, 1995 )

JAE F AR R sl A B0 B T80 2 MR R )2 X IXURY S5 7, (L HEAS R fife 8 33 0 7 A {o]
FEE I RIS B MRS 2 TR EE  BURR S R R BE (H) R 2= i R M ZR G 45 3L, 25 it W 2%
TR RS [R] 52 00 ( Davies-Colley , 1988) o BIAE AN , 5 =R & 2 1 4 5 4 i1k
SR T 3 o JRUDR A R AT e B SR T ( 3R 11 -2 (&1 11 - 14)

TEEEE 1 m DL ERRE 43 )2 I IR B2 A 5 A 3 2R A AR A, R WTIRLER 2 N i
FZE o BT, KA 5 R, BHLE 51 2 R0 1 )2 = ) i 30 AR RN S5 9 o i
HACH . SR, XN ERIZ AT 240 4 i), 23 2 BIIRLER 23 P A AE — S A LI B 4 AR AN [R] 1)
GRIZ (B 12 -2) o A7 FRAGIESE 2 IR BRZ N A9 3 28 45 1 )2 ( < 10 em) ELAT AHXTH 5 1Y
SYPIERE HARIR A7 7E 25 (Kullenerg 45,1974 ) o >4 il R 2 28 72 1 718 BE AN B2 i Dby 284
I, X SE AR R I S5 23 B AT, oh 5 [ N R PR PR A Kelvin-Helmholtz A&
SEPE (UL 12, 11 95) o RU™ A= 8 PR (i 2 BB B e 25 7 A6 A5, Fh s s A N R 1 S IR
TR JZ A TH0HR , 3 A I B 23 PN 1 ST V2 085 T (R R IR0 ) ol A5 B 22 1 0 T 7 2 s R BB
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| A12.5 | BERSYT AL

0.6

Bt

. . (€
T | T T
1955 1960 1965 1970
P12 -6 B Re ) (S E) A AR S3J2 58 B2 (a) IR 22 3 (Aphanizomenon ) BEVR 22 (b) Fli& W1 %
(Daphnia hyalina var. lacustris) B0 BRAE A (¢ ) [ FHIRT 20 107 2355 22 540 A 7 10 17 B2 e A
SR B FRAR AL A X T 22 1375 W S ) s 81 5030 R S e B AT TB IE o 1 BUK AR E MR 1
AR AR B WSRO S BE A w5 BE AR DG, T AR MEAR A A 03 s T 80 (TR PR AR ) ) 2 D L
AR P, HGEINES FEMEE R, R, e RER T 1 A8 E
2R A AR BEEE ] (51 A George 45,1990 )

JZ o SRR BR R ECIE BA AR AR (IR ZE00) Rt (UL 12011 799) , S ECRERZ R4 FE
T b AR S A8 B IR T I 1 L 2 0 s 28 IR W B AR X ' Y 3
IO 6 A A TRV RS TR BT P (AL 12, 13 95) ¢

A 12.5 EHRINYHEY
TR 25 Sh AL B ] LU 3R B IR sh 3 B &R 2 coefficient of vertical eddy diffusion, K ) 3
JE S A RBURRNE AU — A, BAURAE TEWNA L T2 Z SR FE R
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Yy i 2 4, 17 ELAR R AE T 3 & I (9 28 4 (Hutchinson, 19575 Spigel A1 Imberger,
1987) o EEIA KLU, AT Ry B F 5T 19 4% 5 388002 — R0, T LLE AR 25 5 4k
Ao AR (AR 3 B A X Mk LA S 1 AR AN B SR o () T B T AR B (AR,
Quay % (1980) FtAT/K (H' ) 1 A A IATE AT R 2, TESE T 8641070 ¥ B o 7 28 5 TRLR 2
H' 1) K SRS, 3R T A 4, WK 2 % e (9 A 2 — S R e
Ky FLL R RN 2 Z 8] B — AR A U R e R B R R, XU
A DR EEX AN KB R SR SCE S 0 3 e, K ZERS[RI RIS (8] B A 28R AR, A3
IYJERHIRE 10 7° m’/s (T 7980 V21 B2 550 2 2 107 m’/s(Imberger
1 Patterson,1990) , TEIT X, IERZ S#IEAcHE X Y K, TUEI R XK1 ~4 MR, T
BT BT FIE FUEER N (Maclntyre 55,1999) , 4 K, #3d 1077 ~107° m*/s (3t [
B AR RZE SR IG5 AR, 2R BT s ) R £ 5 T R 22 R AL

KHIRY #

Py BRI 7 20 R 3 HICR B D00 i, BE IR (R4 RS )R J= AR R N AT K E 2
(AL TR A, LA SO LB AN S BUATLBE A R AT AR R B 4R . A= W -~ 5 (it
PSR X e B I ) PR AL P47 2R A Yl , DR G 5 7 ] — i i) R B 98 A 9 A B )
PEA 5, R/ s LR sl LR S [ ]OBE A B (-2 ) B8RO ool 2t DA S e o 1 MR
T R BN & VF 22 3R Ui LIS R A RUBE A 2R . O 1 3l S A 01 R S K
I D R BORIE —— X IR LE AT R GE 2 18] LA (WL 2.6 7)) iy X l——HIAT 5
E, FoR K R 8 (Spigel Ml Imberger, 1987) IRz A ANES B IR ER 22 O £, T LM IH)
X AL (A 12 -7) .

S/ IITA HARERZ /Y E, 385 FCEVN, rTA — D 0808 =807 1y Bt
X ERE R PREE TE R R A WX R M B LA IS (DL 119 739) o ZKIRAg AR
SR FCVFBTIA 2 W 32 e 4 P 2 BT V2 80 T T AR ) L B8O 5 2 R AR i AR M (L
22.10 95) o FERELHNARYMOK X, H IR P AT LU T 20 BOm 20 B0 BR)Z , Sk A= M)
A R ARAESR Y o (SRR A XS S0 (ORI, M), — A R BR & IR BF I B, T
AR ERZ 123 R EU I G M 3 ARG ) o I HRGHE 2 BB E IR0l Al
BRJZ , AR AN INAGOK Z B SRR Bl ok . FEILERZ 1 ARG U R A X TR EERY
Ky PR R R R BE KR B Ky K 2 ~ 4 i (Maclntyre 55,1999 ) o UL, Ostrovsky 25
(1996 ) SEIMAHNE (LAEF , 249 B) 35 7K I8l 2 2% #8723 i DA JRLBRZ T 1
T KR G RIS 4R

© KPR T R 107 m/s,
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| A12.6 | KTRapY HEH

10
L]
.
-~ 1= IETEDE
T (LLEF) o -1 384
e ¢ - O (MME, B, )
= 1)
5 ﬂ"—'ﬁrﬁf o
) Iz
e I A L3t 2l 1
i o (i E A
= LRHAIE 2245
g 0 1 awn
] E,=0041 LA™
0.001 e
0l 1 10 100 1 000

i B e
K12 =7 432 EFRENAH) T2 V53 5 BRI XA R EOC R [ iz Uk
NS 728 Ak 30 B ; 520 B el A0 3% C. H. Mortimer (1994 ) S Z5H) IH RIS . 1 (51 H Mass 45,1994

R TR B 1) — o AR IS 1 ) 7 2 (A 222) VY4 133 , Imboden il Em-
erson (1978 ) 15 Fi - & H IR WIHAIF W (IR 8. 6 km” , P35 7K I 18 m, fi KK VR 32 m) 1Y
W R K, BIEH (5 ~15) x107° m?/s JRERZE Ky BN (1 ~4) x107° m*/s, XA H
FAALHIAE T 2SR AR R . ST HE R AR IRERZ 1 Ky FIEREE] T R S 4
SAURG TR Z 8] BBV BEAR BE VTS M Ot AR S R Ry i

dx

M=K A12-8

b, MO Z B B (kg/d B mg/m®) Ky ATEFH IR ST HRE(em’/s) 54 K
WRER)Z Z b i) X TR (m® ) ;%ﬁ@iﬂ@?ﬁfﬁﬁﬁ(mg/m“ )o THRRM, M E K AR

P18 A AFX /N R T o A AL DA T e [ )38 2 T2 A i LR 1 R SN A
Z o [AIRE 0 T 5C RO B2 M 1) 8 IR A (B 2850 16 TR 1 2= 00 JZ 00 1), iR
T V2 1o A2 126 P i e e P A LA Y 10 A%, (E 5 IR ZE 1 S A 5
(Sornno 45,1997 o INERFNSNARABE (AR ESE 17 FihE .

O FUE—FRE R 3.3 d /9 B ARBUR B 58S T 0 S ) — A B AR A R . B DL 20. 6

e

@ SEITIEEM E, , drris) b2 o0 Rl (R 7Y 2R IR Y 8 5 S0 36 ) Ses il s 30, (H2, W B)Z M
W LA 2 Bl B2 e L A1 9 ZE 30/ ( Bloesch 45,1988 4F) .
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A 12.6 KERT BREE

TR E RSP BURE, KEIR3h B R 51 ( coefficients of horizontal diffusivities , Ky, )
A BB KT BGR BT LA 117K 1) 9 $Rt R o o 58 8 o A SR A TR
RN, W R0 K R ROR s T B T 2 T ) BOR R K X K IR TR E
B () U824, 3X— 5 T g Schaller 25 (1997 ) 3iFBH ., 6l 4n, A A 00 T 20 45 4& 50 ( B
1) UK X T JZ 8 Ky 002, HEiZll e B HUREOR 4 ~5 DMEUES, T2 g i)
(iR, L) 19 TAE (Murthy ,1976) W5/ B 209 K, Feil E2K 1 ~2 M.

T ABOE AN SRR BOR 3T, Ak 27 4 Jo 0 i A ) 2H R K P o0 A s LU 2
TEXFE LT W TR RT3 A HOK DB B — A SRR BITT . RS20, B w4
AR BRI i T XU | RS AR 950 30 M) v B 00 ) 2 S AR N TR) R 25 18] B A7 A AH 2R Y
Ak TS BOME LA 58 56 0 TR U AR 0 BB, DL R R A RIS DX 2 T 49 JB 1) ke B A B
(K22-7,K23-2),

B 17 2R TE K S M A R T4 K S SIAR 0 049 7K P AT 3t BT A1 , 78 At K A4 o ) o
BN B R B XIS R R R Is shiv g a4 Rk . By 8T 0) 2 EAR D
SERAI , RIHOK AR DG B ZE BN S o /NS 5 JRy 3 32 U2 e /)N , T KL
THY BOR B KRNz & 1 25 RS AR AL, T2 iU 2Rk iz gl (12 - 1)

12.7 KER
T A (3780 H7) Ve HIAE A TR , A il K iz shAR A A 75 Ao BE &L, I8 /K 3 7 18] A
Tt AR AL 5 B0 TR AR KA TP AV A, DB FH Al 1 A KR K TS (B
12 -8) . FZWPEFNIRKMIRFFE N B T ) 245 (wind factor) , B 1A W 1T it o SL N
BifL i [ 728 A A XU ) 2040 TR IR W (9 ) R sl A TP S XGH 1. 5% ~3.5%
(12 -9) , Bl G LU E 4 LS 08, 76 XK T2 6 m/'s B3 gl il — A8 8. #E R —
T L, S 24 R - 349 00 T 9 5 1) — MR A A 35 45 ( George, 1981)
0.5(m) x#F (em/s) =0.76 +0. 013 x K j&
P =0.94;n =13 #£12-9

KRR 5t deflection) BEUKVRAHEAN (L SRILIE A7, HH BRI 72 ) JiF LB
O (Coriols effect) B2, K MLIRTELEREFE ML i IR B0 . KRR 0
W ERHLRATIT AL AR o I, AEE A PG AU K TN, WA KT 0
A LRI A 2 UL 1.6 ) o MUBRHERER TR0 A VRIE BT e
BBELIIVRIE depth of frietional resistance ) , K BEf 7161 5 WA 1) EAF 52 MU o AEICA™ 45
L BT SR R ARG 1/23 o U2 K TS DR RS MBI T AE 51
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B2 -8 DUBIZRI (RS M7 , 90 IX AR =31 500 km® , B KVRJE =1 741 m) B Z2 5Bk 36 22 /K I 1 St
R [ WYt 2 S BUE AR T = I T S T (km/d) o FF Rl 7K Sul B A A0 3 3 119 4R 1LE .
(5] H Verbolov 43,1989)

PEEAREBI TR PR Dy 35 i MR 2 (Ekman spival) o i e ) /K SRLBOPR DA 358 2 2 ( Ekman
drift) o EATAUEARYE A BUE R TS (1905) i 44 19 HH BRI, 25 A9 35 g 2 J8 0 114 /1Nl DX T
FURTF2Y 1 km” HIREEK T2 4 m( George, 1981) o SR, A 24 KUZEFE AR AT (R HUIX)
KEE > 295 km) N—>T7 [0 WA 24 (AR AL, 8 5g & L A A 2L

TR AER R (B ) A9 v 2 MR S 1T 2 DL R , (ELIE QA A — A, IX Fhds v 2 MR 2k
ARBIFASESE, B IR I e S TR A5 PF T B TR AR R 1w 3t LA K JLBR 2= 1) A A i 2
B )t A e R = TUREAS 7 2], 5% = Bl i ol RLZE W) R 2= B 500 2 45 il (D)
i, — AN — A RE K7 1) (9 T 2R 2, i Hae A — R (K 12 - 11) ¢

P DR S ) T 3 PP A5 R/ N AT HR S E D 2 m/s AR SR A A v U g 1%
30 m/s, TIAE S S T R BE SN L2 45 BT I (181 12 - 10) o HR MU 2R, fEAEAT IR
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2.25 -
JAEEF=2.086-0.001 4= L
r=0.58; n=13
1.75—
-
*
H
4
1.25—
.
. ® ™ .
.
0.75 - - - . :
0 2 4 6 8 10
Hi%Ams ")

B12 -9 U T (G5 XG0 ) 1956 &
CUNTER A A AR 390 11 XS 25 326 I SR 24 500 em/s JIFHE 1Y) (31 H George,1981)

JEE T P B R T S A
U=Ue™" #12-10
b, U AR e =2. 7185 Z TR EE sk KWt i “ IR A (BT 10 -3
FOTE BTG R B o KU A T U 2R 5P a5 B 43 ) ) A 990 % T RN AR e — TR B (IR T i
TR mT LA 2208 ) 97K O 28 B (Smith, 1979) - 33 S6 308 I {0380 2 ot i - sl o FH 35022
UK bR (R 7R ) T2 5%

0.5m

ﬁ | cms H
s 12 10 PR 3 WA Y A K /R
v o WS K W T =
15.0m 12 m 6.7 km® /K% = 18 m) 7E 1974
A1 H 29 H(T4)Z) (a) #1973
o 5 0m 7 A 27 HORERZ N 13 m) (b)
25.0m 9% 19 T 1140 4 (31 B George

" (b) 1981)
KRR

HRIETHIATE KR FR I P A AR (George, 1981) , 18 H JXUAE 2 H V7 I8 2
B3R [ YA, T A SE RS 3 2 B W WU A T T T B R . 55 Ah— Rl ERIRT A L B
IYZIIA o AERPEARIRI (DL ) | BRI Bl Sy — Z5 AL ik i 7 Uih oz 47 AL a8l ™, Wi
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[12.7 | x¥m

AEAE R Z ARV AR i 22 90° st (18] 12 - 12) o il ™ AR A R BR300 s R

T i
1] 10 0 et L4 5 RS E
0 ——s 1 . I
3 f——————— —
[ . .
5".- —
i — _—
g B 1 RTRA{ir 0 1cm's 0 1em's
R b R
B | -] -
154 ] .-
200

B 12 -11  HEPARAEK R (DEE) 7F 1994 4F 8 H 23 HEaE XS E 4R IH T R
T8 P [ FH R A B AR BH ( RTR ) 2 m Ta R HI R (UL 11 -8) o 1 (1 H George,1981)

b £

. ————

’///y///f/é/ ,M'//f/y//

F12-12 Sy R RE) (L E ;B E8K ) PRI LS B R (R A+ — A FREE
SR RN T DR 1] A i A 194 2 T 3 L ot 6 ol RN e YRR 2 b 0 T XU Il 22 A % 90° 32 Bl Y S Il 9 o )
(5] H George,1981)

TG R S SR YA A S R B IR o A R DU R (H 2 ), ~F- 323 1 ] )
FA AR 2 52 J , TR T K DX e 90 SR A it (161 12 - 8)

F7AE KM I, S ) B IR Sh O B AT 7 150l A 2R W S R A 4L ot g i
R, R T WA SO A R S A N A HRAERE M IR AMET %
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AL AR ATIITE B ) 5 5 v i B AT 2 K 8 (Boyee, 1974 ) o ARXE T 2K S 1A A 17
B2 R 5 0T 5, 32K ARt 2 T /K AR AR Ml A2 0 LA B 1 i B I T 4R D 2R
) — o, 30T UL 10 94 i 0 74 T+ 907 SR W R RE W R I R LA IR XA 3 R
HEHR(K 12 -8)

TERSHAERE

FEATE T AT KU AR A XS B2 o %5 B2 3 ( density BY, convection currents ) 7E/K FR i
Hh s 3V (I ) B A 6, EA S XU AR K R SR B A e (R 12 -2) . LA
ZINIRF A AN B85 B AR 202 LATT A 7K M AT e i 226 21 /N BT TE 0 s, B0 DA v
BT KR, DA S S B BCR K PR 19 7K VS 22 32 /K A 22 ] 132 f3i ( Tmberger F1 Patterson,
19905 (129 =3 ) o IR, B & 1 R0 7K T2 %) 980 Y2 TR0 2 Y25 8 Jom A e X 30 T K P 1) A
PR INARE PR X BRI HAR 7K (B ) J5) 5078 16 5K DX, T i8] b 2= A 58 st ) 2 ) e
IR . B RUL, TV R, 1T /N KV ARG, v A K B b )
TR T 3 7 1) 3t sy, L 106 30 R A 8 B 1R K, 22 J (3 7 A0k B R 1 I KPR AT (intru-
sion current; [ 12 — 1) 5 {5 /77 451 2 B K FIE 3740 h 0K XM SE ( Monismith 45,1990 ; James
il Barko,1991) o AAAEIK SN A9 7K 3L , BT (thermal siphon ) , RO g 1 5 17 4l Al K
X Z [R5 TR 5 G A DL Y 5846

FERG K, 38 XU 9 3K XU AR el 28 v A /b 7 B IXUDCRIIR 2 TR & 1R KUIX
TE B P i —— AR 9 77 F1 3K B (buoyancy driven flows) o KP4 JBE 30 XoH BT B BEAC
AAREERYE S BN, 2 i i (56 [ B 2835 28N ) BT 32 75 G YT — Yt
RGE, SR A KR i R T8 v o S TR R K A8 B N 3 K % 0 v 40 (IR O
FEIEBARIR B (3 R K ) AR PR A B R B KA TIRERZE . SR A
KAESE R ESE W I AR TS & SR AN TS Gy e A ITE , RE X M T KT 5, A2 U Tk 2 B 4
R 2R 3B IR 2, T SO 3 R 2 3 b ) M AR U A LU KA, TR A
WY 2T AR P N R 2K 55 A E R 2 i 1) 75 e ) IR A A 7 T b R
THZ M), R A 0 b 7K 2 TR ol i P SRR R 2 0 88 o 1 WV, 3 3 2 TR K ) 28
(Nepf 1 Oldham ,1997)

T 22 T TR A R RUIURL A, 8 3t o R AT A K A B O B 2
FEKE SRR (W 24. 2 945) o SR, A TR B 2K b AR K IR = BRI (ther-
mal mediation) , S0 5Z AR AR B 1l B o 7822 s RARHI (L, B2 7R3k ) s
BRI XA R R A S & BRI TR A B IEA R WA T7E 2 2=
JKIBE, PR A B v ) /K S TR A% 17 FR Mty 1E T W1 4% )2 ( Amdradottir #1 Nepg,2000)
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| at2.9| memn

F12-2 SEERRH(ZE) BURPEBBERRRKIZE)
RETHRELE (EERHRNRNREBAFLETESHRE,)

S0 BB FHF (B R 5 P/ (em - s7")
FIH PRI 5 3 Y/ ATRE S g =R 0.1~0.2
PR PR 2 Bl P R P ORI 5 A5 38 ARAE R TP i 3k 30 em/s 0.5~3.0
W - BRI HIREE T B AR R B SR TR 1.0~15.0
Wy AN T eh S0 3t 3 R XU A ) 2.0~15.0

PRI : George , 1981 ; Nepf il Oldham 1997 ,

A 12.8 KHEARERERIER

Emery Fl Csanady (1973) 45 t , 9 19 5 2 38 2 it B CHE AL A AT L 2 2R 3 P4 1
B 30 AIKARH A 29 AR AT s — BN LT AT LUE 2 R R (BT 12 -8) o Xt
ORI ) Vi 336 A AT 3t A AR 2 A I SR L BRI A K R A — S, TR B (1 R 2K 1932 B
B SR TEAL BRI T KU e A I (1 12 = 12) o G551, R 2K 5 R IR 2 164 i+
DECZEM 2 DX /N o XA INB IR 22 R B L A0 12/ INB KU, I HE B R 2K, TR 22 e i, 2
I I 2D AR AN IR EE 25 ol s R AR It s A X b~ RO 08 I T 1Y, 7E e
BRI (Emery Fl Csanady ,1973) o b2 BR A0 I EF R 05 2000 #E AR 0 8 97
YR B4 oA S BR B TR0 A S 2 A S o — 4R ol T S ) 461 2 42 g (i
R, ) U B KR FET (Mirex) A8 HURE 0 N EHZ S, & RS I TG H 5 A&
W& ( Pickett 1 Dossett, 1979 ; Thomas,1983)

A 12.9 BABRIR

WIZ2/K L ( Langmuir currents ) (47782 i B 22 /K (1938 ) 75— WS MO VU P L 17 I 41
IR OR A oAb T 2 2V S A IRAE /K S 5 A 5 AR, I P AT RO K SRR R 5% Bl
W IRTETT IR I (SEE 212y ) i — 2D WS 1 L TR 2 B AR I A R 49y o i S R, B FR h 2%
SraURE, A BTG W B AR S0 KU RO R (112 - 13) . BLEWE R, IR e R8s
FESRBE WL A A I, ARIG LA K S (P12 = 14) o 738 T sl e i 1w, 5 LR 5 R
T 5] AE YRR ANPE I 54 ( George I Edwards, 1973 ) , 7 25 8022 [A] i X 3 AT §7 1L
KA ETHE ISR

O X R AL E B SR S a6 2 /N0 5 B — MRS 4 180, (EL R X B3R 14 e R 2 32 3 8 B
B SEHC I PR R o iR B0 A R L SRR B4 A VR

@ PRI 2 GO G W B R AR IR R T LA , T 77 30 2 1 2 25 2 S U 5 WA ML 3 A1
BT AU K 12 Bl T E AT
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P12 =13 i 22 W) Ok, 6 =) 120/ S5 1 i /R 2 80 (B H ). Kalff f@fit)

5~50m

P12 - 14 P QTR ELRIKSF-2E 70 (9 BT8R -5 W e 14 7 7o P ) R A i e Xt ) e K )

BB IR WL IR 7 8 X BB T B R IRerE . MR — ETHRA T
B TR AR BB A LA B3R 5 2 R U 2R W 3 L B PR B SRR . 7 22 KU
W1, R TR /INETLAS S R R TR AR B 8. IR ROIE LB IS A S8 i 4 L E
SEBATVHIE EA TR (B ) A& 5 PR B AR 455 (Leibovich, 1983)

TEWMIAFER T RPN AE B ARG 3 ~4 m/s I TFIR A, 5 EA#E 3 ~ 6 m
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|12 10 | ®ERER

BRI R BN SR i XU (5 ~ 15 m/s) 48 4l BB AL, ek K
T, B R R4S Z AR E 25 K 2055 TR A )2 IR (Harris A1 Lott, 1973 ; Boyce ,1974)
FEAE SR KUE IR S50, 22 KM (g K, SE D) A IR it AT KGR 100 m 52 BT 7R (Assaf
1971) o AJEWI R B TIRERZ WBEIR . JEGE R 2 ~4 em/s 1Y T B
(FE 12 - 14) 584 1 DLBH IRTR A2 13506 B d X388 PN 19 7 T AL 400 8 07 i sh 0 1) 3R 4
HF BRI ARTE , SEOR A2 T ER Sh I BOR Bk, A I 1 o3 Re 26 15130 v ke
HIRA( Boyce,1974) ,

BAZR AR B I A1, (AR PRI AR W TR IR B 2 6 IR0 RS 2 22 (8] X 3 8%
B, FERXA R T PRI OGRS AR R A HA TE AR X S S I B A R
HAN] AR5 B AN AR AR — R A R B B R S ) G R AN TR B R A
FEEEEME A PR OL T, £ K2 10 m (IR G 2 T, TR AR ) 04 T 15 90 3 A [ OHE DA/
B BB N AN

12.10 REEREK

T3 ) (standing surface waves) , R| S [ @ R JE (surface seiches) , /& H HIEsN, 769
TH— i 7K 1] b TR, Sk A —ANJ7 0] B0 8% S 5 25 1 XU i 7, 22 JXUIR Dl /NP TS )
K TAH S 7 18] o AR NSO e HERR R A [T, [e) A S T o) sloted P-4, R SR R [l i
BIHERE . R PRIAR A by FH 2 B AW 0 — i K AL R I E .

S IR U A (87 B S A2 B (uninodal ) g 4R (& 12 = 15) o H R T b0 i R,
B T 3 12 R T B PRI IS M SR 2 (R VR T, PT TR OB, ( binodal ) € Hi i 5 %2

LN

| TS FF et
) e RE I

fLE R ENE

A A

P12 =15 FERR W 00 R R AU R IR PR [P iRz sh 0L T BB, T 0o 2 i ol 15
PR 201 (X)) BRI, A T K i TERE L% A 3hBE . ] GB2351 A Smith,1979)
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4 (multinodal ) 22 4RI , W 7K 76 B0 2 Pl 5% 22 a5 e BRI 2 (B R sl 4458 o L 5 1 s i
W, ERIE S DEPIK B S N 4% 8 5= Z R 7K FEA3IR 2 Bl s (1980 55 , S8 J5 P R —
YR XU A
A FSRAEIRDE 1895 4FHy F. Forel 55— AF H WL (I, W2 ) B3, EHEM
AN MR A AEAE e R T B 2%, T 6 U0 1 AV A i a6, (E 2 0 A K P ik e ok, LA 3%
TR A I U0 W P PR, AE TP AR R R T, o AR U0 ) B RUR IR kg JLJREK 3 A PR U
XHEIE AR AL 2 i R R A 52 i . RO H R s AR, FURA — /K B AT 2 R 4%
BYUIRAE R o B BRI A S IR AN [], DA/IN T A 500 1) o8 Bl ¥ ) K 2 4 h, i
BAE VUK (M) AR (n$E K, 3818 ; Hutchinson, 1957 ) o 7 4 % B[] °] AR 1
INFAT L5
2L
Ve Z
A FGE T A KR AL FHIR I . AUE, T @ PRI E (s) 5L bl
B E (m) 3 Z AT IR TV (m) s o T S I RE (9. 81 m/s?) ., WS EL I 3R
T 1) ST DDA AT A XA — S, IR F AR A0 K I A~ R
o
P er
B, R — AN K ABEE SO T HR e R0, At W R PR ( Z) , R
AR o Stewart (1964) 7E 10 NHTA &I BIFF 545 1 FPEEK R — 2.

T= £12-11

A12-12

12. 11 AAERSURKEER

PNRE % (internal seiches) IR TAE R E LG L, WY EA KRG L ARG, 4
PHRE R AZBEMIAGSE (P 12 - 16) , sl JE Al 2K A sl iy 5t e 480 T
JZH AR H BB B AIZE Bl ( Davis-Colley , 1988 ) o AR MW JZ 2 _EIR & J2A KR
ELIT [ AR FE SRR (B 12 - 17) , LR W R AE A AT T 2 208 IR B R A
T 228 W B K RE SR B, DU AT BE A AR R I AR 24 R B2 7% (Ostrovsky 2,1996) o i
[ A EAZBh, ARk (entrainment ) , AHEACRNE FR P07 o B, UL i A
P A TR A B T U T JZ AR AL (8 12 = 1) R AR AT i K FTE F-4)
NS I I TR B SRRl BE N FOLJZ X PR A 2R 7 0 SR, B ROR
A BT E IR A B R AR 2 TR AT SR AR R OEIR, 7T DL4ERr i R A I 2 3R
Fa(12.575),

2T THE _J2  ARRE AR T  4)  IRUX — i, 5 A TR 2 VB R I B0 R R
(B2 -17) e R At 2 o KOs e G BR Z R 3h L 78 12.3 WA 4. 58
TRNE R K A — SN (E R S G , BRI RE L R K SR S s AT
(18— 55 18] 75 — S M HE MY ( Gloor 25,1994
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1211 | mmeRAERERE

E e a .

.EE_EE.-FA-F&*}A

i

(a) (b) (<) (d)

12 -16 TR UIATR E MR i N AR CELER)Z ) B A B IR 78 B [ (a) BB 2 i 84k
&5 (b) WHERBIE W (o) WA A5 I B THAR AN [ K 25 (d) R3] B2 A b 55 % B K. ] (51 A
Thorpe ,1971)

DAY IS 4 0 B R T T A P A 8 R R B, P 57 48 R ORI (&= K, 6 ) W A
K30 em/s (3R 12 =2) o s B2 7 A= 15 I BRZ 09 BT U 07 5 A 1 25 2 1 B R )2 A
FRZ K RSB TR S (B 12 = 17500 12,4 75) o G2 KRB AR IR 5 Ryl
T, TR BEFIR B, i HAE 12°C iR Zefi s A D2y 15 m i8Rz (&
12 -18) , BAARR)Z AR A SR, MR BIR IR A FZ i X TR A pR R, A2 WA R /N o
o ER/MERIR A T, T R SRR R E MR R R R R (R AR E P
K NHRME RGN o LA, BRI AR 5553 2 1 FL RS 40 J2 I R o X AE /N FLES 40 2 A BT
i (P BT, SE I IX AR = 1.5 km®, e KK IR =22 m) S5t I B v LA
XN B KA A AR BRI . 76 3 m JRIRERIZ AR IEA 1.5 m B4R IE 3
FERY IR PR IEZE A T 238 % 76 3 m H 2 51k 6 m( Maclntyre , FAGEI) o« =T NIK M AHSE
EIE/ NP R SOR KRR E 8 432, 3SR RMEE B T B0 2 5, AT
TEARSE b H O K T RS 23 )2 /N (DL 4.4 795)

A KA (D =#50.001 g/em®) MIFZKFRE (D =1.00 g/cm’ ) 245 1000 15924
S0 EJEOK (LA 20 °C R ) 25 BE A T 2K (10 °C) %5 B2 B9 i/ 22 1 2 S BUA R 7= T
FRMERERBZH AN o 7EES b i 2R e = PR 0E R s 128 1 )2 1 T % I B 2 X A

M$EM%ME=£ﬂgg§ﬁgf§§% #1213
R T T AL 5 5 e 1 RS 2 T 0 P 00 A ) R K 623 )
o P R E T L em B0 A T LB F A 6 m( E B0 R . 4
7, 14 IR TR F RS A1 2 UL 0 0 0 5 ) R W30 K e ok T Mo 5k
R 2 1 2O A T P, 2 B O O 5 Bk 12 — 13 73 PR 0 2 S
INEZ .
te PRI G, TR A A R B T U i et 12 — 14
ST (Hutehinson , 1957) A FE % R 3L 1 A8 AR SOUEAR H0 S0
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12 -17  RAERERIZ OR6IX) T R 30 R B4 ) [ ) E 2 FE T 2K 50 Jr 1) (i 3k B
) R ERZ FI I ZE 3 L R 2K AR B SR A B2 T E I (200 o ] (A Beadle,
1981 ; Mortimer, 1974 )

Y EF¥  FE EF  FW EF R EF PR EF YR

§A22H 8A230 82481 sH250 8A26H sA27E
V12~ 18 2 KM OB, S5 ) ol A 72 A BB 20 30 KA oh O 7E L 2 10 K 4bff)
el BRI RS 5, A H 2 1972 48 8 ) 22—27 H ., % B s R L W i i 254k, ] (31 B
Boyce,1974)
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[12.11 | B RS REREE

BB R g
PRI

12 -14

T, TR AR I (h) L L R HEIB WK (m) g I (m/s?)
D, J W FIRABEE (g/em®) 3 Z, H R R FHRE (m) 2, HiHIERZEFHIRE (m) .

PO L 2 T KA 2, T EL SR 15 2 . $hishe il () (WX R =5. 2 km?
SEHPFEIKTE =34 m, B AKIR =66 m3 [ 6 — 1) BRI 2 % 1E # 4% i3t — & (Imboden
45 1983) , TELDAEHS TS HC A HL 9 Ay X2 TR B A — R P 2, e 11 5 2
2 P L VR PR 8 S 5 IR P PR P45 SR I A0 P 90130 b 550 A XA 48 P 2
{1/ INHR B O A 2 = A LS T D T DA 1 1A B T IR R 2 1 AR s
FIZE BTV AR, 76 85 12 DRI 2 ol RS ™ A0 X R A

TE R 26 BE AR XU AR > 2 ~ 3 k), 3K 1% 5 (R4 HEBRR0R ) 090 5
SR A2 R SR 2 T LA 7R L O 850 07 % 5 2 4 B85 ) 2 5 04 T D 14 I 2
T B WA IUR SO (Kelvin waves ) , B 2 )R 550 24124 10 5 7 s, 7616 2k Pl
S P T U R B R A 7 A K BB B, I B A R T T Y A
Wi (coast jets) AURTETT . 755718 2 KW X (4K, 26 18 , BLAR SOk A L IR J2 I
K, T SRR J2 9K R 2 W B I BRI 2 72 0 B X (T 12 = 19) 4]

HJta_lfL__;_'I___,, - -

- Oze

3. B
-

SER

K12 - 19 SR 20T e (BUR S BORE R R I LR SCIEm— A A 1
(FZHOR ; BB oA Shp W, ik s 00 ) (2 A Mortimer, 1974)
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IR SC A b B I IR 2278 A3 AN AR FVRRERAE , 1B G HAR AR 30T % IX 25 3 30 ( Maclntye 55,
1999) o K, BURSCIE 2SO T5 1, 5 B8 P e W) XA T Ze My A LR T DIAR PR RS
BRI X (Boyce,1977) o 75— P55 ) 43 NUZEAH 24 1) PN 24 AT i ( Poincaré ) 3, (214K 3C
P — A AR IR R R R T iR e, 9 ] B A B B E AT TR R2 M e MOK X B W, 76
AR HL I 7 A ) R T 0 TR S T A B A X0 28 TR A BRI . X R O 2L
B TR —RERY K A Y L S F0T B B S8 B, ) T T2 KA ™ A R E XML ( Mortimer,
1974) o 2YPILUR SRR o B {5 A 0 SRS ARBBOH AR PO, P A i A A8 fk . ol T
ASTE AN 5 AR E PEFIR &, S 3807 e R A9 U 5 g B, 76 Wi ™ A= 2R s i A2
(Saggio il Imberger, 1998 WL 12. 12 4) o i 5o i) (SE[E) AP 45 R KW, RN Z 5
R ERJZ S FR AT 1 SR & S EUICHIR Y™ A o XK IR A8 = i A P i 1 2
B, (A BN IITA AR5 iR R 0] 9427 11 (Maclntyre 45,1999

12.12 NEHEE B TERMNRYBRZE

AR N AR B RS R ZE Sl R, (8 224 P4 ik AR A5 AU FTRE S g T i 2R sh e i
EATREAR IR ERZ , 72350 T 2 FP I BRI, BT R 17 R 6 LA S H At 4y 5 4 5
. MUK RE R BIZE BhRe it M A0 T LU H I — sl — DORRMIAR ELVE R A BORBS U1 ( ANAR
EMGE(E 12 -16)

214 DAY AT LR S ARG T it U6 30 Ao W 320 SR PR DX, DA B K X i A )
A LA 30 52 % A0k DA T 5 0 PR D0 A R s R RS, st 25 A2 0 )2 ep = AR KO R 25 8l (&
12 -16) . HUILGIERKZEZNE IR ISR T 55 8RR 2 A48, X PR A Kelvin-Helmhboltz &
A (8 K-H ANRGEdE) e TR A ) bl {2 24818 2 LIAN, BOmiR A 2 8B e T~
JRAEE S . FE R MO IR (FRMIATR , bores ) JE BUJR , 23 7 285 B HLAT Tl /IN 22 3 1 iR
BRIZ WKz 5, 77 4 2K 5 (Imberger, 1985 ) , I Hiff — 3 i K-H B FRE . 2ZE D)
PR DA I8 18 S U T 7 A 0 PR 38 S A

HWTER

A R AE AR NEETE PR v 0 A RE I 31 B fre /)N U 38 S AR T 98 U2 mT )
(L , T AT J22 A0 30 3 0 BRI 5 o 4 0 7 2 A I 0 S B (BN R
9, Fi s WK = 5. 2 km® P BRROKIR =66 m) o &S i il SR BRAK , BRI
3 7 1) B P e i ok G BT BB AGPLAE 3 s RS POk . SR B IXII E F A LW
IR RATE 1.5 m/s, FEE FERTF 2.5 m/s 1933 I A% W (Imboden 45,
1983 ) o KK S 85t BLSTT 1i) , (7R 2 K EI A LATE MR )2 7= A g 2K 7K - 1 3 L
A BRI IMHRLE K R RL At AT i BR)Z 52 5 5 1R, OF H B S 7E I HEK 2K
WRE(F12-2),
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1213 | mRRASEHR R

MR B

TEVE 2243 )2 3 (R I 8 TR K DU 380 Fr) 0 R A 8 3 el S PRI L T AR 1Y
IR I R, X RRK I R AR A I HAT 38 7 w/s B3 (Gloor 45,1994) o 4l BR)Z
LT HIE b7 AN 8 i T AR ) 8 7 14 1] BE 4 B K (Pierson I Weyhenmeyer,1994) . 7K
PR TURRY) (AR 2 ~8 wm) B2 % R BUKIE 1 #H)Z (benthic boundary layer, BBL) &,
JKJEZAR)Z (benthic nepheloid layer, BNL) I i XA/ A Z AN AL W FIIEEFEAT
7E (Eadie 45,1984 ) , M EL7EH /NESIITH WL AFAE ( Bloesch A1 Uehlinger,1986) . 7%= 1 B
IR 5 (X1 AR = 4. 8 km® SR FOKIR =34 m) IRFRIZ 0 F B E2 ~T m,
KA A WAL , ok B K IR 55 R)Z H DK E) 2 ~4 4% (Gloor 45,1994) o £ IX T
FRRAT 22 1) 45 BRI AR AL R 200, K I 2R Z S =W TR L7 S ~ 30 m, 714
BRI AT LABNIAHT T 2 M TR, Y B 07 0 40 JURL IR A 7 2 7R 0 shel 55 ) URE Tk
EATFIE SR IR T ok BA HUBOR — 7RI EIE S — 12 5 mm JEAY A" Z , BAK
MUY 1 52 (sediment boundary layer,SBL)

IKIEZEIRIZE AT LAAE AN NS B T I8 B : OIRERZ (1912 3 s @ AR YDA 5 DR B TR )
RV AT I A AR s DT 77 5 (O A5 TR 18] ph R A A 1 R 5 OV A= 1 30 e
B, TCIRMRFALE] , ARG K TR WO 2% v Y P87 TR W) 23 36 L I R 38 50
51 (Imboden #1 Wiiest,1995)

12.13 ZEMBEEE5EYRZR

UGS BTN KIS B 45 7 TS T AP , (EL2 ol TR oA | o e AR G
[y ZEBh AR B 2%, I RESE A e A PR RT3 R A (e 25 1) b R[], J2- 80 4 35
Fy BRAIC, T3 LY A ) e 8 A AR R0 728 A 0 2 7 LA e F 22 7 S5 02 0 W 0 52 7t AR T
02 2 MR B ' 78 JE A I 2 IO LA 2 1 2 S (R A 08 0 L R KRR, T 2 1o
TR K -7 ) AR AL (85 BE RS BE R . AR X 2 0 i 5 JR A AR R LA B
S S 1 75 A R AR A B S, 5 SR 22 T K 0 2 K SRS A, SR S A B AR 1k
FR RS A ERK —BE I LG A X 2R R/ NI # 25 J A8 Ak

A EYIX ZR A8 E R E A0 R

— SO RR (DL 12 — 1) FE AT IR AE s el (g s ] RUBE (81 12 - 20) AEAEXAE R AR AL
0 F  FCE PO S P Y R T AR SRS XSG S VR I B 52, L R B 2k 21/ INE BN
[ EDBZ R A R KOG & E I # R[ P,,, ,mg C + (mg chla) ™" -t ] 9725 (Cullen F0

O FEHHHBIVRE 100 m TR AP EHRIF T EE 75 g C - m™ » 2™ ZEBHARMH R
PO RAR I B B FOR R A QSR 1 ) BRI 10 45 TR E O E VR ™ A2 B ASURL A 1) i A
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Lewis, 1988) , P, JEREEBUN PRI H A7 ) (mg C - m ™ - d7") (Y RAFHEAR. N
TR H SR (LA 11 58) HoK GEFRPIRA (WA 8 55) (O ARG MIBEK (R ) X8k
TR B0 R A o A RS (LS 21 55) |, 7 BRI BRI B 2 0 H A ],
SRR A KA BRI HE S Y AL R 2 7 A e (L3S 21 RIS 23 55)

LA B4 Sy i 1) ROBE A9 B R 2 52 o 21 W0 )22 B0 2 B2 PE AN AR Bl B2 A2 AL, i 2 o3
JE R A A A 20 RE S I B K AR B SR BT o 3ok e R i A i) JUBE L AR U I A
SR A fi JEL T (LSS 25 55) (DUKAEPI R B I ( ULER 24 55 ) LUK TG A 2l g Al £ 26 b
THEAGAL AL AN LG £ B TR CHARFRRE ) SEOR AY IR 5 R Mo ( L5 26 28) = —HEmg . DIt
A T 20 D N 1) NBE A W B o A A A0 | i AN T R Al Sk BB PN R A
PR v ZEL R A= 77 7 39 e R T JRURE P 728 A i e P o 09 2 D7 i R PPA (LR 20 55)
TR S5 R RIS RE A4 T LA % 5 35 RS ADL 7 3k b ZBUAR AR T 5 4 B T R JRE ) b 28 i il 72 (L
2.6 1Y) o IR, TETICIN AR W AR NI YA T D T TR B 2 R 5 0 BT 2 ) kS DD SRR

S

112 h~1/d 1i2 h~1d B E-EK
A i

HEE

IR ﬁ[wz h

T
|
|

RS

iH 10m

l
jﬂl

EI R

CWTE
B

m

A R0 km
B 12 -20 (A7ERRIEIT 200 8 /N 58 4R A 0 TR A B TR A £ 5

AEER

o IR WA R ok B MR R KT i R 4B 2h B9 e T B R B M R 1 BT 2E 3 Y
T3 AR B, T R T AR R

o RN, M AREER, ERAAETRE TR PR R B IFR A BURA R

o WRTEE N &I MM, b R B0 K A R T A A P A I A AR G AT
: e

o SIAEHMWKREE N HFRA AR, EREMHMRD K230 8t E A
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| Az

KB WK Ak I B 7 AR B B B R kO MR R R o
o FRMBAWMMBEEMEAIMFEAERREIMTEFANEEMNE, RE
WEHFEERAMY, —HRERABEDBELE R T RS AEFNT %,

° A EHRNTBMAR(K)FAFRDT HAB(K) S ZHATHERGEE,
MEOCRETHANERERSCEEER LR TRAEKTRA, Ky T w AR KM
B AR I E R T TR ﬁ/#]ié%ﬂ?“é}]TFifﬁléﬁfi‘%ﬁ

o RN EEATHREAN(HMA) A TAE , NTitk#EELKEFEKZH; X E
T T 2 R o 2

o B B 5 BOR R 4 B KR B 3 e T e, XA A B i —— TR R
B R B SO R R —— A R AR 7 5 R 7 1 E AR o

e YAHMEELHMA B TR MR, CNENTEFERMEHHEFTA(M
HPOPF)NHTEEHE M EE, IO TEREARERI AT E.

o T AH KU R 3 A7 Ak, & A A R R AR B IR A R B R AL, T ELRE R
WA T A A, HEAET R N

o A YERABNBEAREMCNMENR ZH B HENL 2L, £ 4 fEMm
BEEAT N W TN 5 4 32 041 8 2 00 9 R BT K BR

(FRAL #F)
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13.1 5|7/

TR FE H Ca®* Mg** Na® K*HIHCO; .COZ™ SO2™ C1™3:8 Fh 3w 74
B BT ERYRT L mg/L, BRI &&RIE T NEKEMERRE ., FIRMITE
FEVARAR AP IR B TR (U0REAT ) B S ERAS (U0 Fe,N, P, Co, Mo %) 77-7E , 3% HL ikt
AR A4S <1 mg/L sl d5ilfE (<1 peg/L 8% 1 pg/L) , BRI XT K AR £ BE 1) BT ik T LAk
IR, ZENEIR A4l XA Tl X R W3 i HL, A (NOy - N) i A I AR i, DASL
FRBPGA N FEE T,

13.2 HEREFKE

TR AR IKAA R B R ZE Bl B ) 85 5 5 2 Fh T B ) - B Bl A R % A6 A O T e
TER o A AR IR S B R AR 8 Bt A %) e P i Rl B A 2 = il R R (3R 13 - 1) &
AR P R AR A B IR 1R A (A0 KA AT =) B A 2A A (AR b s A
) R (N Z AR e e B S S a A (R 13-2), ET R
DX P AR AN 2 A S RN 9l A w7 55 19 25 A 3R TR D9V (fb 2 XUk i BLS E 48 AR XUk
. ZEMEGIEITE S A Y S (ERRAL) o TEAEEE KA R,
B sh RSB, B BRI AR AT VLY i (2R = €O, 5
TKAE DY BB R (H, CO, ) T2 (ILEF 14 35) o 53 4h, e AR B P FE Y AR FR Bl 21 +
AR TE T XL,

TR Eh A A A P L 5 ] DAVA R A

CaCO, +H,0 +CO,—Ca>* +2HCO; £13-1a
(AKA)
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132 | g msRR |

X13-1 REAFAEARIUMXMERKKKEFEBOEETEIE[ L FRMANL

S nS/em(F55 NI EALZ peq/L) , SiO, 7E4E5 H Y HLALE pmol/L,ND S AR & . |

5% pH  BTMM Ca®*  Mg* Na® K* ClI° SO;” HCO; SiO,

Vi b= 35 6.6 35 0.8 04 20 03 0 15 7.8 90
(166) (39) (31) (88) (8) (31) (128) (150)

F R 35 6.6 41 1.2 07 1.8 04 0 2.7 83 18
(207) (60) (57) (80) (10) (56) (136) (130)

KA B 50 7.2 80 3.1 20 .24 0.5 0 0.5 259 12.0
Pt (435) (154) (161) (105) (14) (10) (425) (200)
W 60 6.8 46 1.8 0.8 1.2 08 0 46 76 9.0
(223) (88) (63) (51) (21) (95) (125) (150)

T ND ND 142 81 29 24 08 07 69 354 90
(770) (404) (240) (105) (20) (20) (143) (580) (150)

i 400 7.9  60.4 51.3 7.8 0.8 0.5 0 41 1949 6.0
kTR R (3247) (2560) (640) (34) (13) (85) (3195) (100)

PRI TE . 5] H Meybeck 45,1989,

R13-2 KBREMFEMNAREXE - LSERSNFHLE/ (pg-27')

% S seatn® o . ik
(Tt
Si 285 000 359 000 260 000 34
Al 79 500 32 100 80 100 8970
Fe 42 200 18 600 38 800 8 190
Ca 36 200 22 400 22 500 272 000
Na 28 100 3870 4 850 393
K 25700 13 200 24 900 2390
Mg 17 600 8 100 16 400 45 300
Mn 937 392 575 842
P 1100 539 733 281
C 320 13 800 15 300 113 500
FE €03 )

S 410 945 1 850 4 550
Cl 305 15 170 305
Cu 97 15 45 4
Ni 94 3 29 13
Zn 80 16 130 16
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F13%

R A R A E B AN

. o VU

L e Sem® G HikE©
N© 46 580 600 150
Pb 16 14 80 16
As 2 1 9 2
Hg 0.33 0.06 0.27 0.05
Cd 0.19 0.02 0.18 0.05

O PIEY DA TBE G Y AT o RSV H I P2 A HE o S 50 2 B 485 ot 12 A DR 0 0 7= 2R A X
WA A.

@ A ST ORI ISR LS B 45 V8 FAE KOS B RV LRI,

@ FEMRIRENBRRT WA E A AR B BB KA RS () o

@ FEFAAXT R T P IIRR B A A (TUA) &

® Hi3k H KRBT 5T (BRIRER) FL A DTREIE BN 5 A o

© +IP A E A B S T TR A S

BERISRIE . 5] A Hem,1985 ; Meybeck 1982

CaMg(CO,), +2H,0 +2C0,—Ca’" + Mg>" +4HCO; A 13 -1b
(H=%h)
AR Ca’t Mg®* F HCO; | 1l HL R A 1A AT D o 7E B2l KOlcA (& A
B VB BCER A AR R R ZE A B R RRS ) AR P b DX, AR AR BT L AN T K, I
M BUB AN ) 5T
TES AT ) CAngmA A ) A R A= 0 (s A ) R e 78 v, O 19 Ak R 485 B R i
ok
2NaAlSi, 0, +2H,CO, +9H,0—ALSi,0,(OH), +2Na* +2HCO, +H,SiO0,
(BKA) ()
A 13 -2
IS 7= A AT ) (Bt ) Do HEK M R0 5 26 3 - S s A Ak 24 e R, 7
HEC R W T - HERUK AR R AT, AT 08 1 £ F iy Xof D i 2 22 BH 25— R T AL 468 9 F i A
Ho AR E Y (LA 27 35) o AF AR Bt DL PR 2ok g - O BRI ;
QA M (IRLEE RK MZE R ) s @A WA (@ 1 eI B i i ()4 B 5 B K A P B, X 2%
X B TR = AR R 5 @3k F NI Bl 28 h KAUG 3 R A s IR it 4 J@ Ay HLis 4
Yy s @REALFIAE i 25 3 b DX 38 % B 465 vk FH i ko
KU R R R S s AR IR (3R 13 = 2) o FE KO T P Rl K AR A HCO, i
CO™ KoK A KA COFFHKEE AT HyCOu (I 14.2 747) o SRR A H ALY

O TEAERAGER BT HLIX , i WAL T 22k 25 T AR OB 1, B AT 25 A A A (3 e #4823 LA Y
B W T , T EL R R R AR T Al L AT LA A B R R Al B AT (K SR B AL K B TR
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|13.3 | parEm ez |

SEA RN A A0 BRI A a0 9 A 20K o R, S 30 A R e i)
BT EE i HCO; /COy 4l (13 ~1a F113 - 1b)

TERFE S X, 285 — a2 B R) =2 05, AR I A RS A R IR 2 S ) 1
B R R ) HE R A 2570 (Hem , 1985 ) 447 Fl 4 5 28 FU X 50 R 1k A PN i 2K A4 RO
W B KRN ( Schlesinger, 1997 )

FE IR 1B TT R (29 10 000 4F) |, =5 (14 R W9 74 26 7 I 1 R 4 b DX rh e e AUk
B9 b P TR S B TR (B S = 17) , SRR K B UORUE T Sl i
J(F 13 1,38 13 =2) 1 K BSUA B KRB 7 St AN o [FRE 78 DL IR BN 1Y 5 ik
FARED AT N BRI 13 -2) 7 T IEIEA M 5 T 5o fil 9 7H 5, LA
FAEATEAR A 155 B XA R IR 26 B A VR = i X, IS 2 i K A 8 LAY . PR k= A
(R S DR AL ( LR 27 3) o 50 v B o 1 e S L, kT R T M 174 5 3 B S R e
KAFEWE TR K FEBIEER .

13.3 EBHEFXKHMNE

SR R AR T KA 8 TR RN (BT e mg/L B meq/L) V8T LU o 0 52 45
EEE TR AR RSN I — &4, XMk et BT iR 22, 5 Fh 5
T T A S A ) SR T e, DT A 8 SR A PR R B R R AR ) o X Rl
I ARG Gy HRAE I 5 A K P (A BB 2 AL s PRI AT 3 SRk A e R R
R R B ) P S AR B R, v S R R 25 SC I S BAOPE T ] 5 (wS) em 7R, TTEER K
A2 ] (mS/em) 371 (1000 uS em =1 mS/em) [ FEI6 5 W AR pQ o 5
125 CHF, 1 pS=1pQ ] FIMIRERTE 1 CHb, NaCl KL 2% , it LU ZEAE bR i
T RE I R A I B O R B A B 2 0 o BF = b 5 ¥ S K
PR S [ 1 (total dissolved solids, TDS) i & &k, 1 Seid U — R 28 5 (K, SR 5 e B2
<100 CHfXf i dEYHE T, M 32 208 7 A Si0, BT, i T3 R AR 7B C
B, AT TDS 1 £ 5 I 5E 14 75 — Al AL ( Bierhuizen il Prepas,1985) . H fif, TDS
FE T AR 2 O GHR ) — BEAN ] SR A 27 e XA G (18] 13 — 1) o X Tk
V70 A 1 A b X, YR U R I 74 A S AR U L AL A A b R /N (km® ) £ 25

O  YoP eI (G0 HERARE, T T AL E e E RN ELT AR . X TR
AR TR (N Si) AR AR PR AN BE AT, S 2% L mol/L( 3 mmol/L) B mg/L KR, WIRH AL
Z IRV s DL R 5 2.

@ WK LU S S=~0.75 C A5, Hor € gL 3 (pS/em) S L EEE T (mg/L) BAN
N HERL ) B3R ( Golterman 47,1988 ) o R J1 22 7 X1t 7RI, S~0. 01 C( Golterman, 1975 ) , Bk 1 BRYE A58 19
AR EA YR B 2 SR X TR AR, Williams (1986 ) FHAL R} 27 F0x By S 38 15 Eh B2 2 6] () 96 %
BT HAAIE . 2853 7E 5 500 ~ 100 000 wS/cm W, £hEH S(mg/L) =0.6 ~0.7 C, FEREREERS, “H K
FoEdEL M,
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TRAERERN T ER A |

213%

1 ( Duarte #11 Kaiff,1989) , 4N~ Fr7
InC=3.6-0.24In(#2%) +0. 1 In( W) +1.0 x HbJF 27
R* =0.76 x frifefi 22 &A1 =0. 63 ®13-3
13 -3 1, C K25 CHHAHL R (S /em) s B3N 1 m?/a; WA (km® ) 5 b Jfi 2
R B K KA s Bl R 1, A R DURRA i BUEE o 2, B A KA K
L/ % 3 S AN 1 [ g i Bk (R 3

Q
(i)
o
KT ) o
. 10 WATCAR. B od $°
z EFALAERN)~_ 00 o %9 A
" MRl < o 8% Se FAA
§ _ ~o %08 o 3 o (H)
£ g o o TETLIME(EE)
fé Q s a® -
% 104 0 RIMFEELPF) —g ®
4 .
= :
. . . 21]1’.&535'
5 A
. e it S L
1 e T ] 1 T
| 10 100
FE R ema")

P13 -1 5 b S B RN AL IR, 25 A 28 TR V2 ik [ 445 ( TDS ) fir 1y R 8 (b 42
PRIt - km ™ - a”) /RN AR TR CREE AR T em/a) IS IR (I 1 94T T IRVAE 26 A 04 b X
VAGb 00 i SR 8 A v B e 3 p R ARk ) TR A, IR 0 T 3 2 IR R 1) oK B T e ) (U Py
HErl, 51 B Meybeck,1980 ; Berner £l Berner,1987)

313 -3 R, i AR (R — e BEAR AT A4 3 i T e, e A ] ) 3 5 DX B, i 56
W L S T RS KT L7, 3] B S PR DA /N el Ak 7 v ot L e g s DX 22, 3o 88 i DX Y
TAHBZH KN o BRI T 5 T KA TR S sl TR PR A X . 56—
Fof it B R I B B BRI A (P 8 — 12) , IR AT 1 2% 1 | 2% 2 15 1] AR
S FERER i s ik i AT I O T 2 5 e (VA R A N A R A A S SN B
ZI B A 25 S T I R AR ORI ER o DA [RIATLER AN [R]85 18] T ] R
JET R AR 278, A5 — LB el A 8 S R 4 R i i — SRR A R RE A
X = FALBEAE DR £ (5 i T RESL [T T, A BT AR B2 B AN

A eI DK, W AL G AR AR I 2 [ AR 4, 2R R 2 (>5.7 12
AT ) AL ] A SRS 2 M X, S T2 b S5 M it T80 4 6 8 (O 8 ) 4 52 w4 1) P A
(LB S B) o SXANHIE LAMEZ A KO (R BB R A ) FIOBCA A B 28 B (i ik
HRAER R ) BRI o 7RI M R I e SR A 22 R B (AR L XA
DN HAR DO A o b AR T3 AR e Eh (3 13 - 2) R m R 5E (RE K ) 928
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RERIES +=2:74

FEH X A BE ST, R S R BT HE A0 2 ELA R B I i B, DR A T R BRI AR A K (4K
KV,

— A IX IR AR ROE T ERFEREE . N BN 7R SE 2 A AR S TR
BT ANENN , HoP- By SR oy T3 3 XU ™ AR A B 42232 0 k)2 1
T ERIIAES 1. 6 4% (Jones A1 Bachmann ,1978) . v T i A A HAth L X LK 5 - 17,

13.4 FEBEFAM
JAEERFE AR AR [ 1A (TDS) i 1 BB i, (H K 0 5 A R4 s 25 il
TR AR | T 3K 4 8~ b S RN A AN [ 9 BT B ™ 2 TR R 3 (R 13 -3)
bS5 RE U A ) P U SR 3 T 3R B35 B R YA P A R S L R AN R (R 13 1) AR
M7, Z8/0 B RGFAE IR AT L FE R AT 7K U5 70 i b DX %) AR X L 4612 T b 25 DX Y (3R
13 =3) Xl XA P Bl A IARINAT S — MR L Ca® I CO3™ i 15, el WA F & &
MR
Ca’* >Mg’* >Na® >K* HCO, >S0; >Cl~ # 13-4
SR, BREAAE H AR K AR A AE 26 A i 31 8 2 (0 B M 0, (A5 54 B8 5 5 i A
A RE YRR HELL BUE (2 (Rodhe ,1949)
(1) TEVH A & b DX, Qg 78 ==, H g Bl ZK AR Na ™ 1 CL™ 5 s 450l v ( 21 IR AR
VR AOREIA ), T30 Na ™ A Rt Mg™ "
(2) 7T oK UG FE A A S /INIAL R /N8 7 v LL R 0 AT Y, HG v ) 2 4 s
F T Y b R R 1 A2 2L, 52 AL A R B A 22 AR K
(3) AEACSEZRER A 8 B S A0 ) AR A b DX, st Y e (s s s 13 ) P9 O
FOR Ui/ INRLAE B S 2 SO 32 S IR 1 S e, BH B IR Dy
H'> Y (A'") >Ca’" >Mg"" ®13 -5
(4) T i K A HE IO i 20 B8 1 DX A R AE B TR 2 2 S e kAR 28 2, K
S0l G AU il 6 B S 2, Rt i 1K Mk SOZT (CL™ A NOy 5 BB %
i 7R R REAIR T HCO, A AR X 5 2% ( Prochazkova F1 Bla? ka,1989)
(5) FaEmS JRLEE (ZE08 25K ) FIARIA M A2 Ak 30 Pk VA B 2 T I [ g 2 B
BRI AR AR BRSNS AR A F IR G T O 1 MR R (135 799 R DR
(L5 27 35) WY B

@ PRI SZ R TR S M) 14 T TR A 98 433t DA AR IR L S R Mk (pH = 6) o A2 3 HA 1 5 1 O TR A
AR R R O TE R 2 M B B AR T AR ( < 100 m) , HEZR 285 32 BHL, BT ABE SR A 98 S L i bl
IR TR AMAT HL BT TR AR T (WA 9 7)o

@ A IS B o TE— R ISR 2 IO R SO A R o SR T, B SO0 IR ol )™ T
FREFN R I B 38 IR A— B . FEWNR TS, 250 50 BRIE T LOTII — 0 DX B U X R i 19, 28
SR AAE A X SR TG o AT 2 00 B C R B IR R R B 2 B AU A E 20
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F13E TR AREMEEZ AN

FR13-3 FESKEXBABXTNEESTFHFHEE (mg/L) AR5 HZH HE T8
FE i EROFT P XCEREE T @ il Na™ A CL A 5 BEVESR i s O TR AU i
BB Bt O A AR

X Ca’" Mg’ * Na* K* HCO;  S0;~ cl- g Sio,
FERFE AR 17.7 4.7 7.0 0.8 62.3 13.6 8.9 115 3.7
GH QPN

JeE e P8 (55.4) (24.2) (19.1) (1~3) (65.7) (18.2) (16.1)
TR

WA (b E 248 4.4 5.2 L5 790 182 6.4 140 6.0
RN eI
ERE) (66.4) (19.4) (12.1) (2~1) (69.8) (20.4) (9.7)

o REMX 383 135 645 55 1530 549  63.4 393 15.4
(4 ER RE 7Y L

WORAHT, (32.0) (18.6) (47.0) (2.4) (46.1) (21.0) (32.9)

EENEN RN

AEMATHE)

O Mo 8.2 3.5 4.9 1.7 45. 4 4.0 4.2 72 1.4
(a. WAEM

WOEDREARES . (42.9) (30.2) (22.3) (4.6) (78.7) (8.8) (12.5)

AR FE B 5

b. 4 5 #h

o oW, | 3.2 1.0 1.8 0.6 11.2 3.1 3.1 24 11.4

7)) (47.6) (24.5) (23.3) (4.6) (54.7) (19.2) (26.1)

5| H Meybeck,1979,

JUEAFAEZ BB SN, ol T AR5 1 4% i 04 B 1, T 5025 b /K I 7 i s IX ) O
TR AV i 9] 30 P 2 22 2 A e 0 R M DX D PAY i O ) T R 2 A W
DX

Gibbs(1970,1992) B A5KEHE 117 2 5C T K MR 32 22 8 7 4L i ML - (D2 1GIR 7K oK
PRER B T 2 0 A A KL =4, B L Ca’ R HCO; S £, H B A KA Na ™ X
(Na™ +Ca’ ) (R (B 13 =2) o )2 WA i A2 0L dk 1 R A 254 it IX LA W 114 52 T o
EF, FEOX LM B AR (TDS <10 mg/L) |, HER R A 3T ¥ ol 15 1) NaCl( &
13 -2) o OFE 78 A FMIRAR Ut b DX, 28 2 S o B2 9 2 IR, 78 V0 530 3 A2 T 5
Hu DX A P LAV R Na ™ FCL i 2R (13 -2, 13 -3) 0 KT R UK
Ml JERFAE S A7 AN TR e A 014 P i K AR AL~ B B9 2 ), 3§ 2% Gorham 45 (1983)
UpoE 8
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|13.4 | x=HTEA

=]
it K i
10 000 o it B 1
M.
"My &&f
1 000 ¢/ i
B e HE
P2 A ) 'E
1 S AT M
F WE 2
E = Im fJ NiES -II-H ﬁ
= _ m,ulimm :
& 00 ?‘“’ &
i ""%Wmm Ed
@ [
% W
5
g
H TiL
A AL L E."e_ﬁ. —_—
10 A 2 i
Y
E
[E
1 s 5 ] S by
%w""fm.-. "“'“T"m“IIu.IIIImIIm"m"""lrl'l-llumum.lulw‘g {P
£
1 T T T T T T T T T T
CaHCO, NaCl

B 13 -2 it S oKt e B i HLBE R B (A Gibbs,1992)

A SPTA R (BAY) — 8¢, f1 Gibbs & i B LA T B fk, HUE T 2Bk RUE

LA

EIEAN RE T AE M BT SR AN ] H A
AN KRR B B T TN, 2 7K 22 B AR 0 Ui | AT e A A i AR AR AR /D

S TA]RUEE /N PR 5 A8 0 2 e A R
izl

JEHL T AL AR H O, WA R 00 2 R U I X Y Ao (R R IR 22 AL ER R LN,

13 =209 b T3 s e i) I AN 2 A% Ik ) s 20
Fe4 E L (Gibson 45,1995 ; Gibbs ,1992)

I R T - DN i 3t b6 2 T LT B R AR

BN TS B S5 Rl R O 5T R B B T
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TR BREMETEZEE THM

A (L 2.6 35) .

A 5% V15 1 DX T R 1) 27 35 R A1) S T T TR AV AR I B2 ) o Al A7) a0 20 P A% DX 4 e
AR SO SR T, B SOF ™ & VR Ty 8 2 U T8 W0 RA R R b, LA 0 52 1% 190
FSZIR (UL 27 55) o AT IO B v 8 B K AR TR ZK g BT A CL I8 Tk, HLI i i IX
o W 7 At = 5 2 - 1) L A9 S5 v K A AR TR] o 3, DA A 0 1 v ol 25 95 T K ) S
T BRI R AR A (R 13 -1, 13 -4 & 13 -3) , DA Al DAkt iy A28 7™ A2 1Y

FR AL W) B AT 5 0 A TERR B SE v, AR VR 0 T 20 R B I R 5 3R R
(tncCa™),

R13-4 LWMEFARMRAZTREZBERZMERKKEEEEFHREAR KPR
Rodhe (#5455 Livingstone (1963 ) FYRIAYA 11t S-S (E AT LB, B IERT(A) MMEIE)S (B) 1Y
A B K ERAR S B T 20 L o TS B IE XS B 5 A 52 . | (Rodhe ,1949)

A B
44y
Rodhe Livingstone Rodhe Livingstone
Ca™* +Mg** 84.2 76.5 88.6 87.9
Na® +K* 15.8 23.5 11.4 12.1
cl- 9.5 15.6 - -
HCO; 74.3 67.9 83.0 82.0
S0;” 16.2 16.5 17.0 18.0
PR  Henriksen , 1980,
A L o BT oL
00 PIET 0 HET 100 0 1 000 2 000
et e e L_i
USSRl F s e B |
s N .
srmuEmcen) TN
CDIEESISIEICIY s s I
FEEN BN B
SEEE B e e
gy T THN N
sl S
TR D e B |
wmemgdues) [ NI
sk adney) |
ey N =
WL i

SO HCO;, Ca® Mg Na' K’
113 =3 FEdbliss AL 25 A0 48 2 v 45 sl AR AR 351 CRE X 1 8- 34 ¥R 7K AR 44 B8 R X6 B8 7 2 ok

(TSI T AL 1 b DXAF X AN 32 BRUTRE A 5 00, P B3 © X TR AR DR AT T8 1E ) (MK Hen-
riksen, 1980)
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|13.5 | Aximm) S@AETEM

13.5 ANZEBE KEMBFAHAK
T SR ZE PRI T H U i X B30 12 90T £ 5 5 B -2 B R B S i AR (1 13 —
4), M 1875 20 tH42 70 AR, Bl S E N T 2 45, FR R Na ™ BB T 15 £, C1 34

TOo14 -

- Mg

2 12

& 104 N— \/_\J_J

[=F]

= 3

= 100 o

L Ca

E; 80— W
= 60 ,/—”—JH

& '““‘u.-—-._\

o 40

— 200

" Cl

g 100

o

= 140 =

=1 503

il W
E

r"-":r 60 =

& S

2 2 T T

I 1 T
I8T0 1890 1910 1930 1950 1970 1990

20 :

E}]S__ND1.

& 10

g 59

0

=4

s 3_Nlﬁ

=

€ 24

|£ I'-

< 0

= 120 -

=1 Na

£ s /J\-L/f\f\/
b

“ 40
= 180

= HCO,

oy

< 160 /_\lr\.fW‘
=

= 140 T T T

1920 1940 1960 1980 200¢

i
113 -4 L TAEE - fif 22 300 S 04 3 0 vl vh 2 8 A b D e sk (E RS B T e
AN ) (# Van der Weijden F1 Middelhurg, 1989 ; UL Az {4 37 B £ 48 7% 36 K ] | bR 2% b1 25 16
M. Braun $2 L5045 )
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213%

Y 18 A%, RIS PR T3 [l A4 S 7 O AT R O T5 KRR Rl , X e B T A B L T
R NH, A NO; ) |, 15 Tl 835 i ik 25 42 i FS AR B 6. AR 1T, 4 Na ™ (CL”
FI SO, Fridk O W i T B (R LS BRI 7E 1875 4RI 1928 ARK T2 o FEHH LM
B AU Mg™ " F1 HCO, i AR R, BB 17 U8 Jal A b XA o R 1 5 Wi o A S0
SRS o (R WA XA o R B A DT A A G Y T e A ) K A B
AR AL SE TR T i 1 B0 W el ) T3l

B2 19 28 80 ARAR, ph Tl Al SRS SR KA | 22 R T ) S R
TESGIN (P13 = 5) , B 7K A Y514 1) I 3 43t L3001 ( Weiler, 1981) @ 8K,
1980 4FRij Je 149 R /K HE I i 430, 88 5 35 B T 4t BN R R BE B9 1 e XM G e, 7
—E AR R IE AR AN S8 A S WIS R N5 SR Z A Y SC &R o L A T A 2R AL IR TR
PR X SR AR 2200 ( Kilham , 1982) fin 14230 A A48 fk Je 28 S, b3 30 o T
JK A B IS TR T S IR I 30k 46 it DR ol A g BP0 50 R R SR 2

fFitimg L™

(a]

6 —
55
50 it
45

A 100 m’ 5™

(R ) FEVCITY P VY [ R [ (VRN B (R N R S |
1850 1904 1950 2000

fE
13 -5 (a) L RIEHIERT WS 8 (mg/L, fh8 213 B IUE 1) 5 (b) JE MBI it A % K
WHERCR 1 6 AER B ME (10° m® -+ 5™ R T KA 30 4EIFE3R) [ (a) 51 H Weiler fil Chawla,
1969 ; L K NEE RAA RIS A S R G ARFAL A V. G. Ricbardson, (b) 5| A AWK I HMAZ: & A
IK ¥4, 1900—1998 )

©  SAEAEA A, A4S Y P Na ™ (L™ i1 SOT ™ Ffi HE 34 1 T 30% (Meybeck 1979) , i Fh
Ho ) th S SR TR A AR A N R P BN 2 AT LI SR /I T (R 2 B Y A ARV TR T 10 ~ 50 %
(Meybeck ,1982; L5 18 #%)
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|13.5 | AxcEm SwAETA |

A P NS SR E R AL 51T 3 B T AR A5 M e PR HE G %o B e I 48 0 A
ARV A TAS RIS ) RUBE (I 5 T DAGIERH 3 — 5 (6 13 = 5) o 1934—1974, 3L R 5 1)
EREERINT 45% ,CL SR T 2 45,505 RS N T 3 £ CHHIR] IR0 P9 8 42 K
WX PRGN T 92% A1 76% ) o 4781 A 8] )R AT 0 IR A, X S 8 - 5 i
A8 AT TR AT 1 < R AR M B T 2k A w5 28 ST s S %) IR o 98 1 7 8 S s 1
C1™ 1 O3~ $#m, 8L A A=A 1 H, S0, UTREE I, £F:Bf HCO; Al H™ A A% CO, Al H,0, Z 5%
Wi ) PN B 7K A HCO, it N R (3K 14 - 10) o [R— B3R B I 217 mg/L B4 %) 314 mg/L
(213 -5) AT LA A S XA R I, T RE = i TR e RS B fsin . ixXfp H
A7 AR I T AR AR Ry Ca® ™ i Mg ™ IR 00RO I, B A A 1 L A
Ca® I Mg®* BEALE KA (I 27. 6 ) o 763 AT 725 000 21 A SOF ™ &5 fat Ay 18 ol mT 1A
JA R T SO; ™ Ph H,S0, 1 SO, B IR

FR13-5 WmADRRHHIATEENEES FHMRBERERZL

. TNt/ % BT/ (mg - L)
1934 1964 1974 1984 1934 1964 1974 1984
Ca’" 64.3 65.1 64.0 64.6 37.1 47.3 57.3 41.9
Mg 20.8 15.9 16.5 15.4 7.3 7.0 9.0 6.1
Na* 12.5 16.0 17.1 17.5 8.3 13.4 17.6 13.1
K* 2.4 3.0 2.4 2.4 2.7 4.1 4.3 3.1
HCO;,  71.7 64.1 43.5 57.9 126 140 117 108
S0%- 19.0 23.4 41.9 26.3 26.3 40.2 88.7 38.8
cl- 9.3 12.5 14.6 15.8 9.5 15.8 20.3 17.2
e 217.2 267.8 314.2  228.2

BORBR IR AR AL, 1980 ; LR A TEFIR & R EUR .

SRR 1984 AF (Y5030 P MR AT TR [ R X 530 i B A 244k . 1984 4, 24 HCO,4
P TR, Ca™ " A iR AR B (R Na™ (K™ (CL™ 1 SO;™ 9 {5 &) SEBR L 3] T 1934
ARRYIRAF o 1984 ARSI 2 ) A8 A K AR vl ARSI (T AL FANGETR) ARG 3 9 2
ARG AR, A 5 T R HE A AF B 0 30 48 A AN AR o 3 2 B 1 2H R R R
(T. Ahl FANGHETR,1980) , 17 EL7E AR s in Tl HERCZ J5 , % H TSRS A B35 i PR
S SR AR TR EL AN T REAY (ML 27 %) .

B Z 9 BB X R R PR T T R R RS T e R (BE T AR =
) Do XFALRRAS E (AL, 1980 ) 55 %2 A 1 28 W], 50 Rf i 3 T84~ B8 R R
[ F), B2 38 T AV A HEK B3 i, Ca® " H HCO, (1 BTk K, 240 Ath - 22 710 & i

O RS (m’/a) 3N FBOEFFCR M40 & (mg/L) BRAC, AR B Tt (g - m ™ -
a” ) HIEIN T BRI A AR T AT R S A i = M x ) MSE S (LA 8 FE) .
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|13 | TRmERENEEET A |

BT Ko VAl NS B 5 0 5 AR — ZR 51 00 ~F/ A 7 A A0 Bt W B 1~ K SO Bidle
ANSERY R IR A RV RO AN A 1Y, 300 (075 4 0BT A 286 A9 52 i A A DRI XGE, AR MEA 1Y 1E 7
MEsiE . Aad, SR (B 13 - 4) SHE 5 89 17 47 B2 K % Bk b ( Prochazkova il Blazka,
1989) ——7E 3k FLAZERYSEI R I 1 1B # B 2= AR PRAR AL . Sy 1M i ol 2
IRt , A28 % TEAR L B0 2R e IR HEA T X b —— P — A 32 52 i B F— S AT REAS
SERM TR SR, JCIE 2R G WA A AR, HOIR 2578 52 B R i (PR LI ) Z A2 A
TR NTE R, TR A WS A BEJE (ULER 20 25 ) fif FU A AR 1 A J85E U e 2 AT
R ANt A T2 e A T SR T RE

13.6 HMREST

0 b X A 2 T P 4ERERT L 20 ~50 em) B F-F4(2. 5 ~20 em) HbIX, KHR4>
BEF TR (B 5 = 17) o 5 ELAA b3, b W90 R0 14 4 30004 9 2% 1k 25 ot g T o ( 1)
13 -6) . WA AR e T MR B TR O ER , S B IERN AR (WL 5.6 ) Eh

R

T34

ﬂﬁmmm g& X
g mmmmmm e o e B
&l B
= y P
f‘_ -lbﬂj@k[ﬂl
L] _.S"?
B T L
(&) 4
39 ERpuGkEDe S ipmmu-ﬁm
RIEHICRR)® & vhn L e SHLEOM
N - FHIREM 0 4y xue S qiw) AR
BRI e (75 B) B e B, HH)
(W T i) BRI o ¢ :
n_‘ =
T T | !

EH@MIC
BI13 -6 SPGB EIIA 40 A0 2 AR B R TR 5 JRLEE A 28 & 1Y eR B[ T 52 T 52 b DX 1 3 2
FERIEIN N F/INTT 228 R A TR 0, RS S0 K T T 10 T ARUR R B B R R R AR ARG . 9 L,
Wi o )RR A A R S A T o AN, K B 0 P ) (35 JE ) R 2 7K i 1 SR (RO
FIE) o 1 (5] H Cole,1968 ; Hammer, 1986 )
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|13.7 | wms AR B TR |

(&120 = 12) FOeFPETT0E 04 B, Rl K BT T 2 2 R R 0 p il (181 13 -7, 181 5 -
20) . —AFEARGITIEE SR A ERIK I ——28 PR & ], B LR B Kk Z S ) FELG T
45 o LAY SR TE 9 444 ~ 183 315 uS/em WYTEHIAEfL , H R 2 BUE TR HiAE
22 ( Vareschi, 1982)

B 13 =7 T g4 4 300 m ()22 5530 L bk L A R ER IR0 i e 7Kk A0 R AR 301 ) s B R TR
(M8 F 1 F. Gobier 143, 1 Photo Researchers Inc. &)

DR R A A R B 1) 5 ZEHAT AT 51K, S B0 T2 R DX AR 1 363t 1 =4 3t ]
DRI Bl 2 i oS felt A 5 K AR AS K A AR T 2k, O AR 1 R
AR (LS. 7 545) o ARG AL i T AR ERAR B M AR S . A R E DAY
SECEIEZOK, T H S R AT R T AR Bk Bl A BROK I AR A A9 R I, AR T
UL KA A R A B A A oK 52 B GOMERE (99T 1 (Lemly 25,2000) ¢

13.7 N BhER A0 ) B F 4H AR

TRy (2 13 = 6) B8N [ 3 2 AR X AR Aty L T T 0 L2 B i kM 114
BRAES AU $R197 M 55 28 K TR I F) 8 1 2 U MR 45 T AN [R) D 3 AR AL [R] 4 HY
55 (Eligster Al Hardie, 1978) o L3R 1E 28 KW A1 HE AE 25 1 () B9 BZ AR (solubility
product ) # H AR AN 7 AR A o SR, 75 22 50 A BT B, S8 h S A AT . X 3L H
YR FEBUR A AT WA T EES T b FEI , (U M DUBE A ER TR M o 73 — Rl Y
TR FS P 73l A PR 2 B A 25 U, TUTE T R A9 R B K A 3t LA 52 IXUAR ik A AR
Lo B =P R R ER A KU P IR BB T 3R BXIGE , e B AR W ik ( deflation ) , B
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%13 % | WRMERERNTERTAM |

DU ER B K A GRS E | PR S BE 5 I AR K 2 il OB AR RS SR AE RO (1
B ST, 5 2% 50 TR ) B AR XA E RN AR R A FH I (85 -20)

AR RN M 1) 8 5 2R TT DRI AR TR W 46 S 1 LU BN R R AR AT T 7[R —
<105 S R O =T e L N R S | BTS2 R ) il 12 M R I S 2 9 e
CaCO, (JrfifAn ) SH B JCUUE , B 5 fE 78 R Wk 4 o 25 AT AT KR HL Na ™ Mg™" |
CL™ 1 SOL™ My & ARG N, #3576 Ca® " Rl Mg™ " & i AR i (K 7K B, MgCO, LTE TE 1k
FI A1 CaMg(CO, ), 125k, ik —2B 28 & , M AE7E — SE R AR 7 i Ca’* |, CaSO,
R BE AR URE AR AT, O LA B (CaSO, - 2H,0) BT ADTHE . 28Ry, oAb P e e f:
K AR L (R 13 -6, 18 13 -8) . RAIGURRW PR Jy 75 K& (evaporites ) , A
BEAf R E AT RO IT R A E (Williams ,1998) o FEFR A #h2RVIEZ G, — BT , TR YK
PRARRS FAb B2 TR UEE & C17, 24 COT™ ) ba &t e 1 e 431 Sb o ] AR o JH Al 8 4%
HY BB Fok it , Na* B S it m (R 13 -6)

PRt £ 8 22 LA AR EM (Nacl) 2y 28053 o 3X & Nacl FHX my i VA fiff B2 Fi A2 I 90 4 4
B ZE SR . LA Nacl Sy 32 0 7K ARAE BRI | e 58 AT Ra A AR 2 30 1Y o AR AR A5 M IX 1)
WA BRI EN (Na, CO, ) HORH, T I A MR K & & BkIR 2R (HCO; ) L 1fif Ca®* i1 Mg
ARXFED 3k SEATH DN PR IR AT (3 13 —6) o SR, 15530 Rl A B 22 ALl 56 T8 Y 32
BIPHESFJ2 Na© o BRI, 2Rl 5 2 DL R EMRCE B 1 R e ny . BRI, SR R R
ANEIE T 4 84 A A RV AE, 4140, NaCO, CL (A1 &F ) I3 ) . NaCICO; ( L)) 5§
NaMgCL( L7 ) #17A ( 36 13 - 6 ; Eugster #11 Hardie ,1978)

R13-6 HME—LHAMPEE (L) MEEEFIE(LESHEGERYE)WERE(E

B RENSANEENMSFARNKCERE., ATAXF BEMEZRENTH, LB
EAREAARE,)

RS AT N

SF (e L) Na* K* Ca* Mg * Cl- SO;~  HCO; Cco”
21 18 18 1.9 0.2 0.1 2.3 0.2 12.5 0.6 0.1
(EK)

(29.2)  (1.7)  (1.8) (67.4) (2.2) (93.1) (3.2)  (1.5)
JLIA 23 8.1 0.4 0.0 0.1 5.9 2.4 2.4 3.5
(+HIH)

(94.8) (2.8) (0.1) (2.4) (44.06) (13.6) (10.7) (31.1)
K 35 10. 8 0.4 0.4 1.3 19.4 2.7 0.1 0.0
(77.0)  (2.0) (4.0) (18.0) (90.0) (9.3) (0.4) (0.0)

MEFFLERE 36 14. 4 0.3 0.0 0.0 3.4 0.2 17.7
(BRW)
(98.6) (1.2) (0.2) (0.0) (14.1) (0.6) (85.3)
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i RS VAT E S N5 74 - B )

at * Ca** 2 cl- S0; HCO, (o0
S (g-L7h . e
BT 89 29.5 1.5 0.0 0.0 17.6 10.3 11.2 18.9
(£H)
WIS 40 7.9 0.2 0.3 3.4 18.1 9.7 0.0 0.1
(WEPEZF)

(53.1) (1.0) (2.6) (43.3) (71.3) (28.3) (0.0)  (0.3)
IETH 82 20.0 1.5 0.6 3.4 4.1 50. 4 1.5 0.8
(£H)

(71.4)  (3.2) (2.6) (22.7) (9.5) (86.2) (2.0)  (2.3)

(96.9) (2.9) (0.0) (0.2) (32.6) (14.1) (12.0) (41.3)
R 116 45.8 0.0 0.9 0.3 68.0 2.9 0.0 0.0
(PRRFIIE )

(96.4) (0.0) (2.3) (1.3) (95.9) (4.1) (0.0)  (0.0)
B 295 38.5 6.5 16.4  36.1  196.9 20.6 0.2 0.0
(B, 29H)

(29.7) (2.9) (14.5) (52.8) (98.7)  (0.2) (0.1)  (0.0)
KR 332 105.4 6.7 0.3 1.1  181.0 27.0 0.5 0.3
(£H)

(80.6) (3.0) (0.3) (16.0) (89.8)  (9.9) (0.2)  (0.2)
R 1) 339 11.5 0.2 114.0 1.2 212.0 0.0 0.0 0.0
(FEHRI)

(7.9) (0.7) (90.4) (1.6) (100.0)  (0.0) (0.0)  (0.0)

PR E . Hammer 1986,

-

K13 -8 —HBXERTESLHE (LAES), 29 H) B T 6 MR 5 HRmW
B T —JZ2 A 6 em BPIRRER (MR A H1 A. Hecht $241L)
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F13%

R A R A E B AN

13.8 EREIEFEMEE

AU AL 2E B IR A2 5 00 5V 2 G0 0 B TR i HL 326 W 2 i 5 1 18
A2 GEA SRR, DR Ry 6 X6 A 0 o B Lo A A 25

WA G SREERREE 73 A o 98 & BRI i sk Y B IRER E K202 1.5 wS/em, IR LAY
TET AR/ INFI B 118 KO i sl Ot BT L = 9T T AR = 1. 2) —— i e 5 8 9 20 - P
SEETER R Y AT (Eilers 45,1990) o 75 36 [ B2 22 8 B 30 11 IV 2 ] i S ) — 26 382 3
FHIAIC R B R (3 wS/em) HA RGN (Reiss, 1973 ; Day F1 Davies,1986) , &
A P ) DO SRR s e B T TR A R GR  k T A R It e P I A B T R 4
BTt (AT FER A ) BB By v Ak (IR 08 it 2 3k s AR A 3 A 3 K Bl L2 0
FAEARD, BN LLBLN T A i) KT (Gorham 45,1983 ) o i Kb 78 4R L 57
DX 1 TA AR Y L 5 3 F- 10 12 wS/em (Lachance 45, 1985) , il & R A i1 2
RITIHNA AT S5 5 nS/em PRIHCAS Hb R /K LG L 3052 T B f8 e 190 %) 32 B2 N 5 -4
(B3 -2),

TEAR PRI A b DX 4 Eh AR T 55 — il 9 g, 2 30/ 80 3%, Hod S &3k
270 000 wS/cm( Living stone A1 Melack , 1984 ; Golterman F1 Kouwe ,1980) , 7ERA%IC 2] AY
e LS R A 790 000 pS/em( Hammer, 1986 ) , oA i & e phy 2 & s R e 5 , il ELARL AR K
T BUHER BOHEZE (R i) h A3 Bkb5E . JCIRA 1T 27 2 T AR 0 LAY 1) PN Bl R K 1 P,
AR T3 LU S BEAN iR ER AU ITH L 9 20 ~ 600 wS/cm X i LAY DX Y K fb 27, A1
Ui FH R AHRSE , 1Ry 52 28 AR o R0 B30 43 W 9 3 1 AL Bt 7K A B A o i) ) vl S 38 R
JE 3 3 2 KRN S 2 s AR BT e (& 13 -2)

PR B BN AR AR L, WE 22 5B B 0 3 BE AR R BRI (I 6 N8
) —— MSEBR b A 2 1 K 30 AR i e A 1) BRI TR (R K ) o T VA AH Y M A Y R AR
1k, B 33 000 ~ 35 000 mg/L(33%o0 ~35%0) , 5[l 1 5 3 254 50 000 pS/cm.,

DXHRRANE R FIER KA R AVFZ Tk, Williams (1967) 5 1 #hilI7E 25 °C i HA7 (194R
JE(TDS) 27 3 000 mg/L (%) 5 500 pS/cm 52y 5.5 mS/cm) , ¥R 7K i Y71 F10E Hb 1y 6 B2 Ry
500 mg/L( #4670 wS/cm) , Mg &R I3 KA T ZEHHUBZ (6] . #RBEZ7K 3 000 me/L I 7K
HA I, Hammer (1986 ) #2673 24 3 Fh 28 AL IR ER B2, 3 000 ~ 20 000 mg/L (5 500 ~
30 000 wS/em) ; 125 ;20 000 ~ 50 000 mg/L (30 000 ~ 70 000 pS/em) ; &5 £ FF , 2
50 000 mg/L( %) 70 000 pS/cm) o FEARIN , FF U A B B e 1) A Sl 99901 =22 1) 1) ik
P X BB A 1Y ER BE K290 600 mg/L( #1000 pS/cm) ( Talling 1 Talling,1965) .

O TR — AR (B B 77K BA R R E D0 10 pS/em, BTl iE i 1 3 R ZHORIR T
KA CO, WEARAE KM A Y HCO, A HT (WA 14 %) .
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|13.8 | shgimina e

AR

R ETHE] 1000 mg/L(Zy 1600 wS/cm ) W , 17 A ) 4L ISR 36 24 AR Wy e (s PRLAO
M) A i MR K S B B 7 B 7K 26 7 ( Bierhuizen Hl Prepas, 1985 ) o &AL Jdl K 19
W B g KA AE I 05 T HARER S, BIER BEAE 2 000 ~ 3 000 mg/L i 15 UOULIN 2 i AE )
LR A4 (Niemi, 1982) o WIANMIFSE Al 4R BE 9 22 531 PT RE 2 b 3 00 A o AT B AR
BRI B o — RGO BT BIIETE L — AN B — A E T AU RR S A BIF 5 S fiE
BRI . A 2SR ARAERR 2 1000 ~2 000 me/L TR 7, PR A BFTE R I m
—BRER T DR KK A R 7K S RK KR B4 77 AL A B A 2 A 8 SR A~ K T8
1 K EZEFF s Y FEE 1 0 1 800 mg/L(1. 8%o) if tH BA, 1fii £ 3 000 ~ 4 000 mg/L i i 2%
(Moss, 1994) . XTI, JLRR A [E AT 0 7K S S ) A 8™ 9 $h & BT L, 48 7R 1
ROK AR i AR 2R 8 S Al £ (Jeppesen 25,1994

R 2 000 mg/L iF, RBGR KA Y RO A A8 A . 23R i 4 000 mg/L
i, B 2 A ROKAPZE T AAE G ROk (Hart, 1991) o 5 I, WROKOM Y. (4 IG5 HE 3l 4 i
ARSI P R R e RO A Y LR I 1 000 mg/L TR [ IROK M AR R R T
2200 mg/L 2K (Hart, 1991) o kAP BLR BEHLAE 95 185 1 5588 5 0 35 RIYE RO 45 28, (EE:
1 ER AP AT AEIX AN ), Beadle (1981) B2 = A-Eh EEATIIR R 27 25 000 me/L Y& /R
R (e S 4 RIRK ARy G L3 . ORI T oK RS A AT s A 2R
FRAE T, 17 LG B3 I (E] P 7853 R VA I AR U R R B S5 R R Y D

TEER AR T 10 000 mg/L(10%0) i AR ER BE 7K A4, - X £ B2 AN Sl AHA) Feh & 2 B8 22 [) 11y
KAERFHI LAY . (AR R T 50 000 mg/L(50%0) LT A A2 L (18] 13 - 9;

HikRETDSY gL
13 -9 g KBRS FEE g iR 18 A K i B 0 R BRI s P Ah 28 0 F B fn
FECLLR R SRR ) Z M X EOC R G, P2 AR AR 3 000 ~ 10 000 mg/L B T R LK,
Bt 10 000 me/L A T FEZEME ) (K Hammer 55,1990)

©  TEFA YR/ JE KT L BRI G B A = B AR A, 8 Ok A TR AT A R ) A 3 B T, SR
SE TR 3E A BE I A TR BRI R WAl A I AN BT A 2 X BE ) (AR ) o
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TRAERERN T ER A |

Hammer,1986) . 4> NA50ET A , £ BE AR AR RN v 252 52 i R BE A MR A R RS AL 47
T YCEA T 2 K A LR A R K KA . SR, 7R FELATS B A AN (S 200 A e £
JEE AT L A6 200 N7 AR it S ) F VA JEE R v Al AR 4 ) E— 2P I (26 15 = 3) , P _E g i 4
AR 1A S R A T REE

AEER

e MHMAAMS HEEFF(MWET Ca°" Mg’" \Na” A K*, A & F HCO; ,CO; ™,
SO; ™ #n Cl™) B, T AT 4L Ak 1 AR v 26

o MEETREM(EE) NKMIIRL B ¥ RA L& LTI A, 28 08 (R
1) B EAAEKRE(BT4E) B,

o LML MK AAKKESE KA 4, Ca’  Fn HCO; (8 3 5 T B o A% %
WEERTF(Na " A C )X RFBRTESTHRELERE, KL EWETLE L
BWEE YL TEMT ZH K A EEE,

o AEEH(EA EE A FEH—KPAEEMATESTFNARTLE A
BAY W, B X 0 R B A A BETE A R

o A BAKKWUFEARECRNWHSETFARMETELF L ENER, AXK
K, BF MBS R BRI, AN EAREEAKEEEERS,

o A WIEARMKEETWE K, NG E AKX B8 KK E 2o R AR, K 6 A
BB,

o A UM AL MK AKE| KB AIK B F R K A 1000 ~2 000 mg/L
W, MEREWm, o MYHEEETHE, K, AN TEEEAHESEEE (KT
10 000 mg/L) 4 T, #b 2 3 & 48 3 & 4 50 000 mg/L iy 3 B 45 AACHR T 3% A & b

(FARME AP iF)
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F£14E FHlEF pH

14.1 5|F
VB TCHLK ( dissolved inorganic carbon,DIC) F & HEAE/KEE T RGP EEWN WEE

PR . PO EORZ MR, KR pH B AR, @ THITOLEERIEITE
HLBRIY L, @ BRIR EARES T (HCO; ) FIBRIRAR B 7 (CO3 ™) LSRRI I 456 1.
(@A 1Bk 1 35 & i K A b BT 8 Y A R . Ol I T (An
CaCO; TG AT AR A A T ALAs LA B2 W B /K A v ey o (L3 19 55 o

14.2 KB ZRULBR

KA AR R BR2  kh 0.037% O, HCAE K Hh iR ¥ B B B . 0 °C
ik, Sl K P AR B R 2 110 mg/L 15 CC i, R4 0. 65 mg/L;25 C iy
0. 48 mg/L( Hutchinson,1957) o LARTAM]— Ak —SARBRAE K RIS 2 18] 14 58 62 {15
ARAEAEZS R GE P A R 2k T N s R 2 A AR A . A BF S 0 5
I 5 E R4 0 T A — SR AR R A T SRR 2, A R R A AP 3
(Cole 45,1994 ; 75 £ 1 J1 E5 (/K e, TEHLAR AL 2 B #E5R R (Maberly , 1996 ) , M i B #i
T IR NG B R

T 49 52 R K T T ML F 38 3 0 5

CO, (=)==C0, (k) A14-1
B CO, 5K kA RO A iR (H, €Oy )
CO, + H,0 ==H,C0, {14 -2

H,CO, Z—Fhase , AR 5 B fif =15 HCO;  {H B A2 38 Bl B 1 & ik (B 1ol ) Al

O BT AZEEE, KA AR & R DAL LARTAY 0. 027% B i 87% .
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%143 | EALBR pH |

pH I BEAR TN
H,CO, ==H" + HCO; =14 -3
B IR L B 27— 20 1 S i B s A5 P B (K ) 3 12X 14 = 3 1 iP5 O 45 S R
INEFPES 1Y & i (mol/L)
_[HCOy J[H"]
"7 [H,CO0,]

YRS A KR UTE B R 5Ll R, LA S P A= A i — S Ak & = s B, S
R Az HY (2014 - 3) RERS VA fft AR A «
CaCO, + H,0 + CO, ==Ca’* +2HCO; H 14 -4
AL R Ca® R K P ME— R BHES T 7E & BRBR S MK IR, K —2F
HCO, ST B (i f ph sl WA L SR, 78 JOBCE B & e s (Candle i) i sl
BRI & AR F K. JLP A R HCO, # 2 H PP AR A iUy CO, ™ 4 (14 -3) .
FEAE I HCO, Ktk — 2L B fi .
HCO; =—=H" +C0}" =14 -5
MERBE A R Y HCOS R pH i (pH > 8.5) B CO, & IR, Ca®”
I CO3™ Gl A BUAH X TR T 7K A B R F5 UL E «
Ca’* +CO;~ ==CaCO, ([{£) | £ 14 -6
B AL T S B AR R K, FR
[H'][CO; ]

=4.41 x 1077 (JELJE =25 °C)

K, :W:4'7 x 107" (JREE =25 °C)
HCO; A1 CO;™ 7K A=Az OH ™ .
HCO; +H,0 ==H,CO, + OH" =14 -7
CO:” +H,0 ==HCO; +O0H" 14 -8

A R R B T AR T, B0, CO, F -tk i TV P hn s i 3 e
VRS 22306 /K TRTR DI 52 I8 2 1) AR [ 64 5 T B 3l T e e o 0 . 2K A2
ZGEHI CO, F TR, H, CO, i & i btz T (38 14 -2) JH (95 i H,CO, f it
TR TR (2 14 -3) . [EE, RGEHh i COTIHE H 72/ HCO, (X 14 -4) . M¥A
CO3 i, OH ™ (X 14 -7) &P An(ZEnh) A H”

OH™ + H"==H,0 w14 -9

b R B 55 S U TE G b AR TR I R G A B I KRB pH H &%
HERR IS AL o A, 25 CO, B AR W M B by T /0 I T 2 (o 9 8 R AR T 7 A ) 2
AR K CO, B AR, ROBDKE R ZE RS B (R 14 -2 014 - 3) , HT ERFEAL, T
CO3™ (X 14 -5) M OH™ (X 14 -8) i HoA R T+, i By 1k pH APk Tt 6
HLBR PR T RE Y G O 043 HCO; $575 2 COY™ a3 & IR, ToHLIR R 48 LUER &
25 -
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CO, HEA (FEAE pH)
!

| 14.3 | ke R Gt pH B AT

L Ca’t |

CO, +H,0 ==H,C0, ==H" +HCO; ==2H" + {CO}"|

!
CO, 7t B (pH JHi)

CaCoO,

14 -10

ANF B FIEZS DIC /Y )32 pH 45261 (K 14 - 1) . ZEORKRGEH pH 2y 6 ~8, 71X
oKk TEHLBR VX pH PR T = 9 2% v AR LT A HCO, $ ik, Ry B 7E 3% 4> pH
WEN G RATER pH(9 ~10.5) REEN , A07E & 7 (1975 7K S A0 I i 3 2% 48 HL ey
PRI R IX HA 28 vh BE ) L 5 SR AR T 1K R, COST A R K AR 2 i
FH EZ S

FEAK pH( <5.7) B9IIA T, K354 DIC L CO, (F34F H,CO5) JEAAFE (K 14 - 1),
BEE, Ay 59 DIC Zenb A ¥k th HCO; $&ftt . 4 pH 24 4.5 ~5 mf, HCO, f iy 22 i/
ATLAZ AT (B 14 = 1), i 7 3K o el A AILIR AR 4 it /0 5 09 22 o A 0 (L2627
) o AHEIRAN 1A DG 2L (EEHIEIA ALK & 5 F pH) BT 5 %R, 15 2 ] Hem
(1985) DA & Stumm F1 Morgan (1996 ) i3 .

P PE A EA B L Pk

HCO,

0.6 %

R T HLRR S B

pH
B 14 -1 KR pH 44 W AsA s RIS DIC 94345 [ pH o~ 6 ~ 8 B ,HCO; fix &, CO, M
H, CO,7E pH {8 B 7K 7 Hh 5 41 B, i 22 B8 K K 1k LA & 19 pHL, DLBS R SAR (HCO; ) FRR R AR
(CO2™ ) HefFHHRAE . ] (B [ Schmitt,1955; 8| H Golterman,1978)

14.3 KEEFR%GH pH RETHTEE
KR (B EE SR B2 P pHL B Aok 365, pH AR R A T A i, T 078 16 3 BT 1A
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%143 | EALBR pH |

H S i 8RO 1~ 140 AT U mg/L B mol/ LY RFIRA RN H & ik (HER
TR (pH < 3) B9 ] s ek Z o, Fefbok s B i & AR k. HY iy & i
P B R i A pH AR HT Bk (mol/L) L 10 Jy FEJR A SR 2 fEL
A FEERB(Ky)JE Bl ES OH i PER B M. KB T HUE— 18—k, 25 C
I, K B AU O 107 IR B R A Ky = ~ 14,00,
L
KRR, [H AL OH™ J 2%, ghif pH =7.00, Z WK H &4 HAUE A 1 x
107" mol/LA H™ o TERE: HIXTEHIR pH REBRAE | AL pH AR (3 10 A5 H S iR k.

=1.00 x107"*® £ 14-11

14. 4 RNBEKEHRIREE

BHE (alkalinity ) #8 7K AR SHR A H A1 EE /7 (acid neutralization capacity , ANC) , J2& /K& A 55
PRI TR B A, LEWNHAIRRALITSE T , S B8)3 (negative alkalinity ) #§— > RGEHIIRIE .

WROK BB S A5 /K T A SO, T DL A 38R R T S FP R KR PR A 7 10 T A5 2 4k ik
PRER BRI ER B T35 (20 14 — 10, WA R RN o BT L, B HE LA K TR TE
149 7] 7% 7 BB  titratable base ) 1 265, HoA A 1 34 B2 1) R TR AT« BRUE L GURRRE A
(B BRPAIRE ST . Wil ANC BERAE X —FP R LIt AKARI, HAES R pH A5
/AR, DRI A 7K (A B A B 5 14 2 g

0 5 B TR S ~F w IIVE 9 ANC I, 38 5 BT B0 R KRR JROR 1 pH A2k 4.5, I pirfy
() HCO; #RBAE LI 1 HyCOy o SAFER B9 52 vh R A REE A 5 7 1T U I, B e P Al
RIEAY 2 i (meq B peq/L) TIAJE CaCO; (mg/L) KBTI . A5 H 92, 2
ATV R AR B K A 1 2 wivig D02 e O™ $48E, [ B2is Ca® " JEME—FFAE M BH S ¥
WBFIRZK ALK Y pH o] LIl ANC il (% 14 -1)

F14-1 pH SBHMEES (ANC) ZEHERX R/ (peq - L)

Ay E 3y Bt P
5 [ T ekt B335 o L ik pH =10. 8 +0. 86 log( ANC) 94 0. 84
2 EH 2 BLK pH =9. 61 +0. 79 log( ANC) 9 0. 86
o [ 9 3 1L ik pH =11.25 +0. 86 log( ANC) 29 0.83
g Rprfahi £ pH =9.75 +0.79 log( ANC) 167 0.73
v N3 ] pH =10. 83 + 1. 04 log( ANC) 378 0.85
953 pH =9.57 +0.77 log( ANC) 834 0. 86
HE S50 B P 1% Sk i pH =7.30 +1. 12 log( ANC) 58 0.81

PRI IR : Wright , 1983 ; Hammer, 1986

@ &Y HFARA T LR R 2
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|14.5 | pH B TSt FTE |

A Y4 HCO; & SARMKEY KRR 2 vh e 1 th A WLER R4t . LRt pH =4.5 [
T 2 i T B, T LA B T R BOR [l 2 B T e e s Ll pH =5 ~ 6, 4R
M7, Z2 858 LR T 00 /K AR g BA 8 1 pH(6 ~8.5) ,HCO, & f iy 2 AL I 7E S ~
180 mg/L(HCO; +CO3™ ), [AAF thist A oL S 2R A A8 Ak Fl#E 15 ~ 500 S/em

HARRY—BEETBREE ( > 100 000 eq/L 5 >6 000 mg/L HCO; + CO2™ ) ki Wi pH
$79.5 ~10( Talling F1 Talling, 1965 ; Wood 25,1984 ) , 125 3 5 8 F2 K A v i) i 8 K Jor 2 1t
MIZZ ofRe 1 LA 1E pH & AR LR B AR Ak R, 1 B 8 R A0 1 B SR T HiL i) (3%
FEMR L) (1 pH H AE {6 7E 10.2 ~10. 6, A8 fL IR H o4 0.4 4~ pH Bfi (Wood 55,1984 ) ,
A, P2 AR HEE 21 v s A e 328 (THER R 2 30 ~ 50 g/ L) SR B T/K AR Y A8 (] ) 114
RGO KA 5 IR 1 pH 224 (1 A pH B ECE £2) o X FPIIA A R B
S E R A TR A, R KR Ay CO, il HCOS |, i 45 Kk R pH 53k 10 LA I+ ( Maberly,
1996) . XFRLL G AR E FREF B /KA R & UL, a5 K Sk 5 it AT i) # 37 sl H
bR R K AR AAR LA B ELA %85 A R R /K AR ) R P 10 ol i b, AR, DA K A A
YA e M REAE B E SRR R G A VE R CO, B & AT CO, BT R4 A 22 w1 FH 3 i)
AN X BEIIA R pH FEBLH HL A/ NG Z T Ml H ARk

14.5 pH RImINE FHF T F E

TEAZ B S ) A 27 B B A S MR AR K AR AR AR R GE AR, Wk 2 BRI, (EX AN BE A
TR T TERR ALK b B ULEE 3 (4 14 R = B2 SRS RE ) B4t U A TR A
pHo Bl H e pH Sk & i H BA TR SR Y I JEUR P 0 skl R o
A SR 75 7K BRI P s 3 R A B e i < R L R PS5 SR (L3 27 55) o MR,
BB FRIBOK WA R R pH 22T LA T 852 - OB e i 8 788 & 5 @ A b i
O 7 i HHAWAEREVE R O I3 5 @6 B BT 7 A B S R R 22 o i B2 WP WA
PTG A4 4, 2SI A S0 10 i SR P ) SR 3 5 T A K AR v AR S i 2 L B4
FFIE 4 TR ISR T, AT 7 AR A I it S PR 5 (AL 13. 8 YRS 15 &) o ARAuf e, 244
ANl 2 PR 2R A [ 52 e gy el = B AR RE /NI, RIS T LA S 1 3 AT 4 AR A gk 2
PIE, ARSI A 2K UL 20 A =2 B2 03 DR 2 A = S IR (L) —— R Bk D i3 1A
(stressor) (ULEG 1S 52) o FRARFFA Z00) o] 51 MR IE 0 JBOGR , (HLET DI AR LR
BN HAb 7 W A PR AR R,

P BEAMUAEAR pH KA 5 T REAR, i BAE ol pH(6 ~8.5) JE I Z S K (A e
WA AT RERRAC (18] 14 — 1) o ZEARAR R &8 SR A BUK A T (pH 7E 9.5 ~10.5) 3@ # (L h

© EAZ UL, BRAZUROAZ A R TR, XA IR 5/ % & Bertrand Russell £2 11}
THRHEER I EATETHRAGR R, MR E TR M B0 (5550 i — 4518 RIMERE, R M5 2R 7 i B 7E IR
FE F AR AR B R b R 4% T AR
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— P 2R BB ( Oscillatoria platensis) L% B AE L BeA B K 4L 194703
AR AR B A ARAE BRI P AR MKW B e £ ( Kalf T
Watson,1986) . FEilFsh 5 M ZAEMETEAR W W 0 pH KR hd AR XSl /b, 78 & i
e HoE e B JE A KA pH 297 10. 5, S BCR D ) K BLE ( Phoeniconaias
minor ) & BHE ( Oscillatoria) ) EEAHEH (& 14 - 2) 5 1% b A BRI 2 Fe A5 kY
A RS X EEFP S L 3252 1 AT 9 104 A8 W 2 R 91 35 22 18] (1% e 5 Ui 311 ( Vareschi
F1 Jacobs,1985)

14 -2 SBUR 20 K A8, ( Phoeniconaias minor) TEAEANHEEHMN (45 J2.1E ) ool fr 22 15
(M8 F 1 Visuals Unlimited f) J. McDonald $24)

e JEE TR 9 L 1T 381 St SRR P DR HR TS 8 3 B B 0 PR AL, 8 AT I I Y
pHo Mori 55 (1984 ) 7 SCHk H 42 21|, Satake 1 Saijo (1974) Ml #5 H A —A> J il 1 i#l——
Katanuma #1119 pH A~ 1.8~2.0 L XN TETAGE o M R R OS2 R RS (RTA B9 iRk
A(H,S) . ERLEMHEMNS ST, HA AR IRR H,S B 8L iR (H,S0,) (WA 19
TEORISE 27 7)), PEA M SO5” A 1000 mg/ Lo Ei%1 & B0 3 P A —Fh gl B R 1 ISR
Bt ( Chironomus dorsalis ) , 3= 5 WA= 1) 53 fifk 45 2 FL TR S TS J2 40 187 ( Mori 45, 1984) .
HVE 2B FER LI pH O 2. 1, T8 AR A ORE , 517 b TR MRS, 75 2 K AR
B (Euglena ) /KA SRR 43R a 5535 500 /L, [F] i H AR & B 4078 A 4 i (Vincent Fil
Forsyth,1987) , & 2Ly S 1 ey ) BE IRl A/ B S e SR

H A )9 42 WL T2 BT L 101 380 v R 1 e ik ) 909 o 1950 48,3119 pH 2 0.6,
BRER FNEL R B9 & =40~ 3 800 mg/L F1 4 700 mg/L( Mori %£,1984) ., Green Fi1 Kramadi-
brata (1988 ) 5[ B2 J& PG I —A> JC L TSI pH Oy 2.5, 3 AN 9 SO5 ™ # CL7) 5 4k 43
i1k 560 mg/L F1 540 mg/ L, WA IR W2 i H,S0, F1 HCL A, K pH B = 1Y
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TR T 2R A B R ifp 4 5 (2 000 g/L) XN RUMEL HE A G i RE 0 5 FLHE 32 o 5 TR
PEGTRE) A AT R A KR v B AS0 281 ) 2 K P i 2 i J LB 2 (27. 8 1Y) o ENJEJE
VPRI 2 LR ok B AR RZ K TR BE LA B B S i o e BRIV A EIDRE J VG IV ) 1 g
B A 20 5 I A — SRR B R AL, A RE S 2B o B — B S R AR X MK AR
AR VLA RE AR ECA 1.5 mo 7ESRPRTEWNA A9 H* & & (mol/L) [t pH 24 6.0
~7.5 BYBRIKK AR B HT 54 2y 1000 1,

14.6 WEgEh: e 5iafE

ZRRIKAKIRIRA W T HEAE & BRI o B8 775 pH Ol 6 ~ 93 4R —3 43 DIC LA CO3”
WASFAE(E 14 - 1) o KFTE B CaCO, % ERIAEH IR (8.7 x 10 mol/L; (25 °C) , It
SELE 40 T T — 26 B AT AE R BRI (PH > 8..5) MUK BT AR CaCOLTEHE . 1Tk
Ty CO, AR (& 14 - 1), UZE TOLAEM SR CO, & & 1Y 1& BT Mg e 170k
CO,—H,CO,—HCO; —CO;™ iy P (X 14 - 10) , 3 A& LUBE 3k T fif £1 1 5 2 BTG 78 1
CaCO, VTTE :

Ca(HCO,), —CaCO, | +H,0 +CO, #1412
(Irfisa)

TER R MK Mg: Ca FEJR L ( <2) 7KK, D7 fiffa (CaCOy ) J& FZ M e L. JE
SO R IR HE R KR 2T 1 CaMgCO, fb AR, 70T i (9 BE R L (> 12) B, U3 T8 JlioAS [ 254
AIBRIRES f AR () o XS8R B ERT % Tk EANTEE DU h e ik — 20 Y
2B AL I LS Rl & FE BB A1 (Kelts F1 Hsii, 1978) o

T A AE R, R /KA 4 CO, A w5 Ak T i ARES . 240109 CO, 7T L)
TH 155 BT SR ( calcareous springs ) FIAHIE MM 7K. CO, & &= FFEIRAI LS RIZTE L CaCO,
UUGE (214 - 12) e B EE AR D, X AP A Sk STTAR Y R TR B 8,45 A i 5¢ (whitish
crystalline encrustations) IR+ o3I . 55 2RI, ZE D — S msi i A R b Hh 1Y
RAGFOKAEY P 2R, 30 A — R ERER TS UIE , X S T R &/E ik €O,
PREIEHELS OH™ 5[ CaCO, & &t Fnmiibr i , LA i A B X00E (<X 14 - 12) , {BAE
Bt RIRA I T RIS, Bl DL AN 7858 o XD A BT i 9 55— kb
R < H T ORI TTAKAFE ) AR5 8 T v LA R A PR A K 0% T P 0 Tl PR 605 17 e B
% CHLF S0 BN ZBESE IS5 5 ( Dale F11 Gillespie, 1997 ; Sand-Jensen,1984)®

TEFGVEIR AR S 55 B IR R 0 B 8, 22080 b 207 A AT IR A w0 (&
14 =3) . XMIGFR R L (whiting ) BEZET5HEERATR M (seasonal clouding of lakes) , Hifk
FRAG SRS R " IR LA G 14 -3) . KRS IARRIE AU E R T AMAGEIARE

@ iRk A T EEEE, (ARSI T8, WA iR Sl R i LA B
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RN

7H29H 7H30H 8H3H 8H7H 8H14H
Bl 14 -3 SEENAEIRIN A9 4 I WITE 1978 AR R A 5 e L7 (BRIRES TTLVE ) L4
(BRI 1) T S IR R IR i AT H BT K ) (A Galat 11 Jacobsen , 1985)

A R BRI LS R AN B b B A S AR B R S , 1T LI AR A
TN B B B R IORPR U AE ), <2 o) B30 HAth /N RYBORE ) AT LA Ry e B2 55 10 €
T U A%0> (Kelts 1 Hsii, 1978 ; Thompson 45 ,1997) o SR i, i & (1 Mg™ ™ ] 75 16
% (SRP) VA LA WD VE S di A% 2 T 40 1 501, BB A IR Y b AR 108 1 5 T v o
Y S A SR S S8 AR AT R 2 AU s B AR T R AR 1 T A
o LA, AR SR ULEE B 1] SR .

SR AR B UETEF T 1A G T SR R 32 B P70 A R T S5 AR B 2 ) 1T 7
A PIREE S5 SO EFRIRA R RO R . TR & EFRINA T, X hl & P R AL
sl e it B R B, SO PR IR A KOS, DT A T s AR 0 B T i A DR i s
B EACECAVE (THFE CO, ) 4R LA B0 257 ( Andersson 45,1978 ) o M, TE I A A=
P Scgi b RERTRIE SN & M £ 2 AR S K 1Az W B, DT R R4 /= e e M IR e 20
(U Daphniaspp; W, 23.7 7)) A YR . KEQIEE TSP T SR A Y8 XY
Rk R AT REM: A EATTRRAR T KRR 7 i ( Hanson 45,1990) .

FEWFFT 3 30 0 ) B D5 BRI , 7 7 2R ek i /K AR B (] — 0 R e R 95 UL TE , 1t
iR G A VE R IEAL T it CO, & &, 2E 7K B A [RI B pH FH &7, DA AIR T
CO, IR (14 —4) o OB AR IR AR 5 R 3 ~ 15 m AN [RIHTA 2 18] 5 4 A K/ )N
ARARE N, T AETTRE T BT 46 J5 X A AR A B /N (] 14 -5) @

BAR AL LT BB AR R B AR KT 2 IS, (0B 5 202 i 380 2
5G| R R AR AL R AR A E5 2R . PRt , 7R BRIR A A a E IE R A Ak IS
PHEB 1 375 B AR 2, 00 R R K (AR 0 ) VR, B R "0 7 5 00 o R Bl iR ki A
Wb BEER e TR0 A 7 SO T R Y B A i s %) EE B Rk ( Lotter A1 Birks,
1997) . WFFEEsie bt A RO AR TR A2 (UL 2.6 747) o

TR b R AE 8 35 AR AU ML G P8 i B v 43 AE AT, DR R B AT T AR IS0 fire A L
Yy AN# ( Otsuki Fl Wetzel , 1972 ; Jiiger Fl Rohrs ,1990) |, [RI0f 7= A: 78 B A H) , X SR AWy af

@ 7RI PRI (1 1L D R38R T AN 2 B A5 B ) 3@ TAP K, B LR (8] 14 - 4) 15 5]
BRPRAS A A B (Kelts A Hsu, 1978)
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i —

o R s s ;
§
2 T
= .. o
220~ st
10

<
[-®
= B 45 MU i B
010
gn_m_—”/’_‘\ __._,,__--—ﬂit'.fﬁ

g—-
T g \/\f\p}l

T

20+
& 10

p— i3

(1=

10— G
_— i
1%_" = A t

e it

[ T I T T T T T I ] ] 1
1 2 3 4 5 6 7 8 9 10 1 12

A
14 -4 1974 4R Fi LR BRI KR (5 m) 7 f#£1 (CaCO; ) UM
RIS H 152846 (A Kelts 1 Hsii, 1978 )

HinE

— T —
[ 2 4 6 & 10 20 30 40 60 1K)

B um
Bl 14 =5 SCEEHORWI AT R/ (um £ SD) J7 400K A6 S (Vanderploeg 25, 1987)
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DATERUR ) TR A, S SR R EOL 2 1 8 32 W) B AN AL I3 A 844 ( L2 20 52) , Bl
JE AR AE DU b s ik, SR I ) B2 . AR R IUAE Bk T A OB ) (B2 45 2
Fe B W BfE s 3 2R i iR ( [l 14 — 6; Koschel 25,1983 ; Hodell £l Schelske,1998) , K 1,
“ LT RV 2 H AT R B AR YR A = AR R b R AR, B i S R A
TE R ARG A FIR B AN A1 IR s, T LR R DU 5 OB R AR AR (LR 20 #)

TE

£

g

1950

IR EER

1940

FTTr T TTrerToeran

- 1930

TTE:FTToHnnd

1920

1918

1911

14 -6 SR [ AR 0K 134 m 4b i & J1 TR
L[ 5% ke (gravity core) 404 B B2 s J7 A o Ik 8 5
s RS RA P i R 7E 1897—1900 LAY

VUM Bk [ R /N UUR Y ) (B Kelis Fl
E91887  Hsii, 1978 ;18 i H. Simola 37133)
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AEER

o EMENK(DIC) & EFFERL, A LUE N Z FIMIA K pH 8y Pt B A,
H K A 1R 3 BE b F B TALERIR ; £ ik CaCO, BT A2 o, o7 2 R AR o B9 AL 33 A
R AR g A T

o [ #FHAMK DIC(H,CO;,HCO; ,COT™ ) tefil, R A2 k% 3 pH ty 54, &
AR T L ot pH R TN & B T RS bl

o Fhthy ¥ Audt 7 (ANC) 24 M AT pH oy £ B Z B T MBI E T

o A ANC 8y & b B A AR % R s (o B ) R BRI Bl R T A s
By /1N R 2R R M 2 b ) A SRR B KL O (B ER ) o

° ELBAKRZITLRMANIE AW Y, Yk £ ik E pH Wy 6 ~8.5; Ak F B A M
pH & [ B it T M, B s pH B9 R fb A R BT ARE o+ o

o LKfRH CaCOth 2 EA KRBT EWEERE (LA EARERNA Z A E K
EWEEAR), T A ®EER K,

° A "B (whitings) & 8 # F By CaCO, T 7% I 5, 31X A ILF 4k 4 M R K 1R 3% W
3T & BRI B R LA AR R TT R R 3 Ak A B 4 Al (R HE R HL UK A b
T,

(T#&,MNEL #F)
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F15F & M =

15.1 5|§

HHABSEALL , # A 4E (DO) BERE R WK ARG R BRI B 00 o 1 A SV
JEE B ke ¥ RS ARG B PSR et o R A ) 2 A P R S e 2 1 ) P16
BAKAY DO ACEAU MR 2 (ULHS 26 55) FIJCH HESh ) (ULER 25 #5) Y20 A 5 2R K, T
HLid 2338 1 5 Wi S A B L A7 (redox potentials ) JETSE M B AL ABTCHLE IR 88 A SR &
SR VAL (L3S 17 18 (19 F1 28 &5) o A, 1ok Mk Bl 22 /) B 5E R T DO BB 1%
PR SR HE A S R GERRT AR 7 (R 8 = 5) o MDUE VRIS REVR IR I B L%

(P:R)/INT 1, A= 25 R G MCEESMIRAT HLA) B9 57 9% B A= 25 ZR 58 (et heterotrophic) 5 2
Z,UPiR>1TIN AESRG AN AFRBES RS

Hutchinson (1957 ) $ 1} H A AT AT £ 2 2 K, o ¥ figk 408500 B9 23 B S BB L1
R T HEWINA CBGERTR ) AR, PG & JERTAR (Secchi disc ) 7 W BE K (8 S H AR (AT 25
FHEESCHE , XTSI (BRI B T AR SR AT 3X — 1B Wi TE 50 2485 194 RAGRIER,
ME— R[] SEBLA DO R BN fa SEFRS A . DO I 5E A AR DT V402 100 Z24F 1ijiid 5o
#)(Winkler, 1888 ) & W 1 LA 0 JiLii 22 B A, 31X — B S5 e S BtE VLA BEAR T4 B 1
SN o T HE R ARk 5 TR A LR U 7, IR 55 15 B2 — I [A] BOK AR DO (Y
e E IR AR A B A A 4k BE RS X TP A 5 AN 78 ) R U R B A B
Y AELIEL 5w B T SR S B Ry s R I S T 3k, 8 T AR R 0 10 i v ik —— Al
T A 2 RS ) B sl e —— AR R R AR

@ ) (Winkler) J7 AR PP 3R B B 1 KRR FOINA Mn2 + 353k, 76 HAR AL A Mnd + 5 7 o ids it
DO, BHA AL 5T Mod + 5 9857 TG A IR 5 7 8 (11 78 4 A ) LA, ) P 3k 0 pHL 00 5 1 2 158 Ao
R 1 SR 31 v U 4 A SR S 0 R 3 o 380 o 1 PR S 038 DO 252 B 29 i) T4
P Ao P AR 1 2 AN 125 9 7 3 I E
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15.2 SIE/KhHIREE

DO 7EMRAK P A B 1 R e T K . FEARUE SR R, 4k 0 CHf DO 245K
14. 62 mg/L,10 CHFFEF] 11. 39 mg/L,25 CHFH 8.26 mg/L( 3 15 1), Xk &5 s
WIATE 25 °C 2 H B, HAEL I 19391 F J2 (hypolimnia ) (1) DO 46 He i BR L JE 25 40 0L 3
HEWIIEAE 10 CIMRIE 173 B s X A 4 REVS (00 I Wi % o 25 DR I /4R
DX LT A5 A I o 3 2 5 3 R TR K WA A1) 9380 F 2, T8 S SR 25 Ay , 0 22 IR
SUIRAS (Thornton, 1987 ) I 25 J3 4l [X. 1 VGt RIS S 08 (V0T 37, UL B0 5% % A JB 8L

AT A AR RS T £ 7 A B 5 HE 7 A B0 J2 52 B9 ( Henry ” s Taw) 3%
BL DO /K23 B AR BN T W TSR 2B % (altitude ) B ETH( 36 15 -2)
BRR K WD T R R A S 1 R (9 BN T W AT A5 DO FEAIE

#15-1 EFHE(1 atm =760 mmHg =101. 324 Pa) RERERA/KEFABREASE
R/ C DO/(mg - L™") R/ C DO/(mg - L") R/ C DO/ (mg - L")
0 14. 621 14 10. 306 28 7.827
1 14.216 15 10. 084 29 7. 691
2 13. 829 16 9.870 30 7.558
3 13. 460 17 9. 665 31 7.430
4 13. 107 18 9. 467 32 7.305
5 12.77 19 9.276 33 7.183
6 12. 447 20 9.092 34 7. 065
7 12. 138 21 8.914 35 6. 949
8 11.843 22 8.743 36 6. 837
9 11.559 23 8.578 37 6.727
10 11.288 24 8.418 38 6. 620
11 11. 027 25 8.263 39 6. 515
12 10.777 26 8.113 40 6.412
13 10. 537 27 7. 968
PRI : Benson Fl Krause, 1980,
F15-2 FEBENDEBGERS(P)M DO BRERH(S)
¥4/ m J£ 77/ mmHg P S
0 760 1. 000 1. 00
100 750 0.988 1.01
200 741 0.976 1.02
300 732 0. 965 1. 04

267




%15%

BRE |

gk

g/ m Jt73/mmHg P S

400 723 0.953 1.05
500 714 0. 942 1.06
1000 671 0. 887 1.13
2000 594 0.785 1.28
2500 560 0.735 1.36
3000 526 0. 692 1. 44

YRR  Mortimer, 1981 ,

T3 AW DO 7 A BE 0 PR IR K R B Fh BE o VK R ER 1 04 R BE S8 WA 35%0
(35000 mg/L) , A FLIRIRBE T A9 4LK , H DO 2R84 1 20% (3R 15 -3) o 7EER AR & 1)
T R IR A A (oxygen-holding capacity) IEH K. 140, 5EiE (LGS, 20 H) i)
B Ik 345g/ L, 77K 25 °C Hik 2 S FIET K H DO A 1. 45 mg/L( Nishri il Ben-Yaak-
ov,1990) ; 1M 7E SR AR K T, DO 1l 3k 8. 26 mg/L,

#*15-3 H NaCl EEiITENABERSE

NaCl &5/ R/ C
(g-L7h) 0 5 10 15 20 25 30

0 14. 60 12.79 10. 34 10. 13 9.10 8.22 7.49
2 14. 40 12. 63 11.20 10. 01 9. 00 8. 13 7.42
5 14. 12 12.39 11.00 9.84 8.85 8. 00 7.30
10 13.65 11.99 10. 66 9.55 8. 60 7.79 7.12
15 13.20 11.61 10. 34 9.27 8.36 7.58 6.93
25 12.33 10. 88 9.72 8.74 7.90 7.18 6.58
50 10. 37 9.22 8.29 7.50 6.82 6.24 5.75
100 7.24 6.53 5.95 5.46 5.03 4.65 4.33
150 4.96 4.54 4.20 3.90 3.64 3.40 3.21
200 3.34 3.10 2.91 2.74 2.58 2.45 2.33
260 2.03 1.92 1.83 1.75 1.67 1.61 1.55

PEREK A : Sherwood 45,1992,

DO F 7 ik B BEAE A AR B ML B TR e, RO R J2 A W i 3 H 3k
B HAFEAK KR PRI REARZS (hypoxic, [0, ] =2 ~3 mg/L s8R , =N IRA
R (anoxic) o ERAEME (global warming) 23 [#AIk DO F ¥ HE LUK HE AR50, DT
FANAK T GBI (g8 T R Ek A AR A HLY ) B BUREARS

FE—E M RAEFNERE SR T, oK AR S KA 1 S b T - i, AR A e iy
DO ¥ B FR Ry S8 i AN J al 48 - i3 & (saturation BY, equilibrium concentration ) , 3@ % FH 7K
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|15.3 | smmamscERLiE |

i DO W5 (8 5 40K B UG FE A B 4 e 227 o B, PR K K3 4 20 °C I A 48
W IV FE 4 9. 09 mg/L( % 15 — 1), TTERHE A& RIS DO 7. 02 me/L, %K i)
DO T 75 9 77% 1 FIUE 43 2, WIS 56 42 M 1 (subsaturated ) . JZ 22, 01 52 0 72 (K
10. 31 mg/L, W) DO 353 113% HAIE 532, Ji MU (supersaturated ) o7 .

15.3 ARERREMER

YRR R RN T AR BE | B S AR, oS i SR 2l ol BOVE v A K
H R, 7R L AP T 1 0 2 38 B, B0 K e % ffe 420 0 R BE ARG, 43 T4 B0 DO
A TTRLARL/IN o IV RN A r XRS5 5 2 22 i 5 3, AT G e AR 3
JHOBAEE L3302 DO PR 75 (BUEE ) (10 R BEHL L 1T VA FR A 8 15 b A A 2 1T 7 2 1 K
VR AU AR B T F KA E AT T DO (9 B 15 - 1) o XA
BT AR R & A B S (12, 1145, MRS BRI 12,5 945) $5 i/, i 2
FERE R DO AR,

15 -1 B e WA FCEIT R i K AR R A )
(Salvinia molesta) BAT B WBIVE ] (1 dy J. Kalff $243t)

TEKPAE) B3 DX, AR R DG A AR R T i i, X — X O HOL R (eu-
photic 8 photic zone) ; ) Z , 73 AAF H i L HY X BN TEOE)Z (aphotic zone) o FOLJZHITF
PR RIS AN TR 8 5 ' B VR 1) 2K R 4

6CO, +6H,0 =C,H,0, +60,

JeZ 2 ST ) HEA T I AR Sh ) AR R v S P A T AE DO

R & B | IR A A LR N R RK RGNS 0 B SRR AT R B
TRFH DO BEpE . B, REZBOER HFOCE M ER DO K BETEFR /3 IR BLH
AERFIRAE AR R (K 8 —6) , INIA 15 -2 R B A Y DO HUA FE I A 2P Je ik B
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W E Ax e TUL,P: R B{ES Prk R E BOC RV A HBUNT L PR BER T 1
JLAT B4 S IR R IR A O RIEIA AR A A DO AU BB R B R AL, i 4
BEZT IS . A& OB 22 e B VR RAR , L= L REH i P I A AT FE 72
VP DO(<100% {703 ) o B 2= BT b X B2 A b M0 405 400 00 248 ) 38 A Bt
IR AR R B SR A R IR A AR F 5 I LA S — SR, 7R )2 8 2 R R
AR T E DO FER AN (18T 15 -3) X —BURAE & E IR IRAS YA L
BOE 15 -4)O, FRE, R AR I0KAE Y 7E IS R R A AR R, B 25 DO
TE A FE B 1 G, T2 B I A P B 2 S 2 8 DO B AN SE LAl
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10 T T T T T
L] 4 ] 12 16 20 24

B [l b
B15 -2 20 AT N ZRARIE TR FOAR 3230 62 m T BEAE 1992 4E 4 10 H A (DO) 77 2L Fi
FERY AL BAIGRE 7 J) (gross primary production, GPP) ph il sl ALY U = A1 X 3%
7o FETE T R (community respiration, CR,, ) FH 24 h AR [E] IR IR 4k (9P 34 (L5 o I8k 4 19 ™ 26
RHAREHEFEAUL A AETE 10 ~ 17 h i, 53X — 1] H] GPP: CRy, 4y 0. 44, FUHABME —FE, 58 HHh4 (> 1)
MBEA (< <1) BER RUEAEAY . (B0 Marzolf 45 ,1998)

© DO BEAIFAEEBR TSR, Y R AR R 2 TRV SR 0E DB iR s, A4 Tk
B THRAR, DO B [ I 5 2 i = AR D, BT i & 2 DO BRI, 53 SMEE 218 IR i sbibnin , 75
UOZTE G R HE B R T DOCAIERZS) |, Rtk DO A fE B A
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| 15.

3| mmamsRRERE |

W R R A ALY IR oy 2 DU B R 2 o i 2 8 W R IR 2 K A DO
R,k — T R AETRK A BT 2 IR R BROK A | URL 4 A DLRR
ZHIATH 22 B I TR0 A o K AT I B Ok LS, DO A A A T AR K R A AR
BT R R A R PRI B 1 A U HOR A 0 H,S B g (R 1S - 45 0L

19 E)

R 2 BB AR B A THFE R R (B 15 = 3) , FROMIARBUN R J2 S0 #E 3 % (volu-
metric hypolimnetic oxygen depletion rate, VHOD) , 238 7/~ JE & 58 TR 1 1A T 2K & FR ik T
i AR A 1 A R AR (UL 15,5 95) .

15 160
I ™ ey Uk -
49 -H‘; '-— B
[ ] [ ]
|3-‘ . B F" o NE
e 12 oy fl- - 130 o
8 o . - L i
-+ o L
B 114 o 120 2
% i T W H
% 04 _ e . -0 &
AW mE o 2 L o s
sr—g o &W g GO ‘3%& — 100
B T T T T T T T T T 71 90 (@)
1 2 3 4 5 6 7 8 9% 10 1 12
Ht
15—
[ ]
14— ha ® o . )
- S S R
e - "“-'-;"' 1 pgl '
1 L] )
£ e, :
B * "0
3 t"
® 2 . ot
11—
T o o i Y e ®)
1 2 3 4 5 6 7 9 W0 1 12
H i}
E 15 -3 (a) LXMW OISR, 6 E) B R X (FRE =100 m) TR 2 (<10 m) A & (L0 E)

RV AT 51 (40 CECHR 41 196 461 1981 4F 124 YUY ; (b) KIRAE T4 C it
VIR X R Vs A S 1 R B AR B SIS #E 33 R (volumetric oxygen depletion rate, VHOD) ( Dobson,1985)
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A HSimg-55 LY

K15 -4 EEEFKE JRA IS ZERWI (i, AL =0.48 km® , SEHKEE =9 m) 1969—1970 (1%
it ik (mg O,/L) FIBRALEUK - (mg 8™ /L T 14 m 4b) (W17 3 A Oy 2= 8—9 H i & A ek
CORAE” RN E 350 150% o BHRIXEAR T 6 A BT R Z A RERREE . DX o 1) S0 i AR
LEMNATRZREATESR, FETFREIREA 14 m 4R ) (Stadelmann, 1971)

15.4 SLEER . .MERIERAMBBENY

Xt F 55 52 IR S 0 B3R K I IA A 1, HoK A4 b i DO (B 7E 5 3 300 A R AR R, SR
PR BE ARG A AR AT (R 15 -1, 15 -2) o 72402 W], 208 S WA Mok X
W21 DO BEE AN, d TRl B AR D DR A E AR & DO 78 R Bl
TRLR 5 (ELAE T /K W M B 25 355 2 o5 00 0 3 7K 99 90 0 3 33 v, DO 7 11K fiE 1K 21058 1 A
(WLEE 24 F5) | A1 P K A0 R 6 A V6 FH SR I b A 7 I IR 1 R fifi 753 28 7K & of DO
(R AR AL AR B 2 (Wylie 11 Jones, 1987 ) o 1 36 254 W AR 5 19 & 8 3R IR K 91T Fn
W, DO 7E G K HLRE I8 2 5 BB A A (R 15 - 5) i, Hi A 345 10 44 PR 5 080 (5 e
W), HFKJZE 20 em (9 DO 5 & 535 20 mg/L, B T3 TR A, 2T 8L TR 2 <l
(Melack A1 Kilham ,1974) O, i 7648 & & 3% 00 #5870 10 ANE Mo, 78 R K AR I A= 9
TR R T8 ) A 0 vy 7R 38K 3R T IR R, 5 30 K AE T2 ( Barica, 1975 ) 53T 5 ( Miranda I
Hodges ,2000)

@ PRSI S B TR R B INTT S O, PR e 4 A R T 2 L R 2 IR 0 DO B £, KR K
WLAR, DO £5 M T 2 E SRR T SR B K DO, (44 R 2K (b DO i iy Fin, 7 A= K& DO Al
HA SR o 20T K K R )Z K AR, HL i 3 Fp IR R — MLBE = A AR 20, S m 2 R
BT, XSS UK (gas bubble disease)
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|15.4 | statem FREBIERENY

g ey [
\:\zc}e«a;}um \Iﬁ»ﬂ“x}h 13::%%2 ZW{ﬂ
o 2208,

E
% 1
*
100r%%
£ LR TEE T
2 %
T T T T T T T T T T T
08:00 12:00 16:00

i i)k

15 -5 HEEFCTHEAKTRIRW (1A, 0 =250 km® PRI =2. 4 m) BE# A
R (K9 -3) (AR 73 R ELZ MR AR 20% o) (BH Ganf I Horne,1975)

TEWIA 5 230 A KR S I8 2 F0ET 2, LAY DO (1) 3 B A A K
S — B 22 LT R 26 B M XU TR B R AL AR RA T, B O A A
FV S A 0 A DL B S AR, AR DTRE BN R 200, A ALY 23 ff T I E 1) S0 AR 20 (R ik
ANl DO W BE B E FRAR, fH, DO Y 25 1 T B B AR /N, 80 R ZAE A4 )2
HOE I DO LRI AR o 8 42 1) T8I &] (orthograde oxygen profile ) H 3 ] ¥ 2 4 B2 it
L M HE AR Y 3R )2, DO TERCY 1Y T J2 3 7T Vi B2 5 ey (A S b ) ) SRR
Kl 15-6),

AR Z W T E E R INO AR B XA, R B2 T )2 A
HIA MR 2, B T ai i 7 VR FHAE A5 350 R 2 09 DO W BE KR T B, 2 (I8 T 1 )= Y
DO ¥, X — 2 T A &k B 5 1 A (clinograde oxygen profile) 7~ , I H il [ )2
() DO ¥ B Bl T8 B 385 T 4 25 e ARG (38 1 ) 79 IR JR R T8, 6T 15 - 6) , A B R 2 AR
2E,

R 2 DO H AR KRR BE , AU F 2 A8 N 2 0 0] S i A AL i, 6
557 2B G R (PeE 1 X B0y i Al R TR DO) KoK 6

DO 13 53 A5 AR o3 A B A B 23 PR AR i 2 o5 R Bl e/ DO i i M el 28 . 748
M2 5K DO I, DO 1% 3 [m] 43 2 1E 5 9% 5] 11 4345 ( positive heterograde profile )
(U B R A IR IR R 5 16 15 - 6) o ARIRJZ B K DO 17748 38 2 i TSR 2 Rt
HEAAEH (L 22. 10 75 ) , 508 9% B It K 30 i A 0K AEL ) 43 A \DO 100 TR 30 2 27 174 7K
) B A VT R P ) AR Y2 ( Dubay A1 Simmons, 1979) , Z8¥R 24 /) DO #yiHyA, DO
1492 [6] A D) 2 B 972 57 491 T 2 A ( negative heterograde profile ) ( 411 H& 3y 1] (4 BA 7y SV
W15 —6) o X —4p A #5532 2 5 KA KA IF Ui 50 ) 14 O WA F A7 G ( Cornett I
Rigler,1987) ,tt AT g A& f1 T~ BE Y SR AR 43 A1 7 (AN A DO 7K ] K Al o Birge
Judy (1911) W58 GR B, 7 HAd e , 28 W2 S SR B0k A A /K B8 TR F 7
WAL Ve, 30T AR IR Z AR DO /K
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%15%

e

20—

Bk i B

30

K /m

fﬁ'ﬁffﬂn

40—

50+

6l

|
0 2 4 6 8 10 12
HE gL

K15 -6 5 > B I A A ik SR 0 2 B3 ThT P (i A Findenegg, 1967 )

B TR FA BN b PR i e 20 L 7 AR (HH: DO T B0 A kb 2k KR
SNIRA HL IS N L8 FR R A B B A R A, AT 1 3R A AR, TR )
TV NP8 (CR) AR, ANUE BV BT AR S ) LR (GPP: CR) /NT 1,38 3L
RJZ DO BN L] T2 PEECIRAS (B 29 - 11) o Hil/K RGEAR b i BE A [R) A 14 I
PR S BN AR SR 2 PR AR A o

EMESENHEIER
TEFR R GEH, KA AR ZE AL BRA 75 KR 7 HEHEY) A5 A, 23 ROCHE o R S8 A P i i

R, NN A ¥/ A4 Ak 7 48 = ( biological/biochemical oxygen demand, BOD) , fifif5 7K {4 5
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|15. 4 | statem PRiEmiERENY |

PR R ACIRAS o B w ER/KAETE 20 C Y BRI TR 35 95 5 d, M H DO JHAEHA,
HEMIHH BOD 3 —J7 i KW LR SO TR 5 i A L) ( EZHER IR BUE %) 1
i (ULER 22 55) . BOD filsE Jr s T AR HOW T, el o 1 50 /K A4 A5 B s
e A AN REIE BOH 5 15 K RO 18] A0 T HE TS 1T AT 2= 18] B 5 %, LAB 133 &
AEPRAE( 15 =7) R —AS W 45 R A Sh AR R 7 T 100 4F i, BOD A3 It ] T 3FA
WA IR R TEA SR A AT HLTS 5™ A EOK R G, R4S DO 5 HES LR
B2z, N5 ST 2K (oxygen sag curve) (&1 15 = 7) o S —~i5 /KA 3T 2
YRS A, H B 2R R BRA LTS S, FEIROK T5 Qe G (e L) 2 % il fig
e DA DRARURR I 7™ A 18 AR, TR0 95 e T S 0

E_
A
A
El_
= \
W
= g
E
=
i
2~ B
ﬂ /

¥ ¥ km
BI15 =7 opdilesz v iy (A) Rl 7 (B) SMIRTS 7K B W0 400 I A9 4 2 1T 2 (I 2 A SRoR A RS
PITE R B R T 20 B8 23 Ak 35 Qe ) R B IR DI o ik B SRR A WL 43 A 6 S BU I8
W RS AR S R . R NH 1 NOy (9% fid 5 2240 11 1 AL, T3 S 2 0 %) DO 19
FEINZE T HIKE )

(BT i A Tf 3t 04 B 480VE FH AR 55 NS00 3 A3 G, Ok Dt s ety T . B G T 3 4 b >k
Ui, HEA A KA WL RLA JEAL A4 (i Fe®*  CH, \NH, ) fIK S K IR i S A, o 2 iff
HR AR KA ZRIE T 5515 DL (Hamilton 55 ,1997) o A ML AL IS AL S ¥ (0 1 A=
PRk 2E E Ak B AR R KRR DO ZKSF (LA 16 ) , A4 Mk 4 mol 1§ Fe* (0. 6 mol 1
CH, A1 0. 3 mol () NH, -N #8F2IHFE 1 mol (1) DO, b AEARIK A7 I A K T IR 2 Bili 2E
T R ALK A R ) RV E SIS 78 2 S5 B v 7K A s 38, sl 24 40 R 0 4 i o e A A R >k
U5 T I LE R W A HL T AE DO A7 T A6 38 AR # 25 G W L, 78 R S 0 Bl 3
AL DO([ 0, ] <2 mg/L) , 7E W DO T AR (Hamilton £5,1995) . i A% Hb o] Jii 9 1K
A LE SR A N AR R TGS Y, Wt S BRI A R T R R 2 —, T
T A 7 A R R a CO, 1 — 25 TR 1 #0288 RN 50 ) TG 5 4 3l 4 1) B S0 ( Cal-
heiros #1 Hamilton,1998)
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%15%

e

15.5 ARENERESHRESN

P I DO fy 2 1] 43 A #4187 18] B 0% 45 7 8 58 B v K A B A= 7 1 (115 - 6)
LR T R A4 DO 8] 43 A5 #) T EIPEA T 40 A, 36T DIAS B B R R Ry 2
AL (15 -3) o A LA DO T 1) 434 51 T BE 0% 46 75 18 77 2 07 fr AN A 7 i
WL (B 1S -8, & 15 -9) o (B2 DO [y [m) 43 Aii ik 23 52 911A 2 25 19 52 1 , Thienemann
TR 19 HiE20 20 AEAURLEE )« A R T 2R B 3 2 AT HILAY , DR AN BB FH B LA FR W)
T JZ S M FEHE 2R (volumetric hypolimnetic oxygen depletion rate, VHOD ) 3¢ Fv 358 A [R] T 7%
TH Z IA] I8 J2 0 A S0 1) T8 AR o LA B il e A B30 0 3R 2 KR D 9 A= 7 3 o Stepm (1931) Al
Hutchinson (1938 ) 4 st #2 th — M HE A, BIEA7 T AR T )2 4018 #8323 % (areal hypolim-
netic oxygen depletion rate, AHOD; Bifij .2 O, - m > « d™")  AR[REH T 2R E L A
PRI M BEAE IR 20 — 48 b5 A 52 (15 - 10)

M T 2452 VHOD By S EI75 3] AHOD, Hutchinson (1938) Xt 4 N7 Y
AHOD FIAIZAE: 7 A TRRE , I 8 A ARG A Se e, A8 88 B2 A R , {H Hutchinson
AIBFFEREN N R LIIER] AHOD XS040 A2 7 3 R4 7V L 455 ) 2400 48 A= 7™ T v LA T e )
B, X —BFE 4 R AR A (WL 2.4 7)o AR E B4 H 255 , T DO

FELmg-L ™)

2

2 | T |
1920 1940 1964 1980 20T

i
P15 -8 FIAREEESWI (IR =674 ki’ FHKVE =41 m) JLHMI .0 F 2 (60—80 m) Bk xd it
U2 BB/ IR ST E R AL 5 R IE A 5 28 25 A O 2 1 8 DR PR AR ), 43 20
W2 55189 DO (50 P RER ] U 41 s @A I E G350 U242 WAL 4225 5 KA 90 T J2 10 .
QR Z 6] B SRR U B S A B AR o LRI J2 69 8 S0 ] — e Bt B
AL R (LR 25 AFIX L BRI R T A IO A A8 . ] (R FT Mori 45,1984 2%
BB R RAR)
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|15.5 | smmamsEsHBs )

TFR

SR

50

0 T T

1900 1925 1950 1975 2000

i i
F15-9 PR ZETIHST (AR, AL = 17. 3 km® e KK =22 m, HEK X AR = 90 X1 LAY Lh R
CA: LA =3.4) 53 E IR IREIRZAS (DO <0. 2 mg 0,/L) Y TE il % 4E $2 Hif ( Sand-Jensen FI Pedersen,,
1997)

SR

15 -10  #HAEAXHS T 2 DO Fefiisgmg (FRZ R RZWG A J1 91 F 22 1w U R ]
TR, Bre sz it DU A ILY B A, H ik DO FEHR AR ,) (2 A Thienemann,
1928 ; Jonasson ,1993)

FFE /MR SR DDA B R A F SR PR 2R (LR 17 35) , AHOD RSz 2T G,
BN FHZRI] AHOD FERREAR S MR 2K A9 AR 7 RSt ey (] 15 - 11)
Cornett il Rigler(1980) XF b7 65 WA A MFFE R B, (L H AHOD H fg fift B A 2]
50% W1 A J1 AR AR, 2l i A, B4 25 AN THITA A BOHE BE A A R 95% 1Y AR b
(Charlton, 1980) . 3X— i F2EUEIA T B A FE 2Lk o Qi ST I, L B R % 52 i A=
P I K R R R AR TR AR BRI 2, (AR A ML AE DR I
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—r ]
1 2 § 10 20 300 100 200

LT B 1 (g Pm a ™)
15 =11 37 AR WA BE 0407 5 5 AU T 2 R IHFEBUR A 56 & [ 5 51407 A 7K 280407 (water load-
ing,q. ,BAN7 :m/a) FIK I B3 I E] (water residence time, WRT, B4 :a) AL EL{E . ] (Lee #1 Jones,1984)

HA 5 g SR KR B 3 A R ) S, AT 48 AL S SE 2y, THAE A9 DO L BT % ( Comnett Al Rigler,
1987) o FEBGRIGII T JZ , UKL b BRI R DU A9 — 70 LA B 2B i A I g 2
B 1211745 ) oy IR AR A A ARG, PRI AH LU TR BE R I S 2 i O N )2, ALk
PIHEIX R B BL T AR DO B (WA 16 #) o KARTUREIE AT A HLBRL ) , {2 2E
TR R R v B AR R A (L5 22 ) o

X JZ R 5 FEE AR ol 3 5 (A 0 JORE ) B 25 B R ) T B ) R R, il
A I 2 A A 7 1 AN PR SR ORI 1 T RE (LS 17 ) o Al =
A I RERS BN s , ELD7 ik SO ] B AN REE (B AR AHOD J73% o ek AR A2
ARGV A A I E VHOD S F0 7K M2 75 23 LA AT I RT B 2 A= AR A UK 4R
(F15 =3) o fn b SCHR RS20 JOAAE s A i D63 e, TR i IR S0RE = EU LF-
FITAT IS8 E DT O, TR R i 2 By R 454 (DL 15. 7 749) o BeAbh, 705 8 3R K-F- 19 )
IR DU R R BB BE A T =, H il W 8l LA i B i AR A LR,
et L RS KA (R K A SR AR LR URE ) 58 0 I ey SR 17 B2 KA B i R
PERICULER 17 TS 21 #) o

15.6 IKEFKEFABEREFTE
VKT 2 B B TR IR AN BRI 2R A BN T VK b i s
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15.7 | mmeEskesnRE |

(9 KA LA, T S8 DO 35 R e, 7E vk B 35507 B, 5 ML 9 BCR  32 T DO
Bets AL RO, S AC T HE 304 (9 PEAEAE T (winter kill) SR %0 D, 30 F B2 W
TR SR KR A R P A ARG, i P W PR i — 4 7E 4548 . Babin i1 Prepas
(1985) L5 45 40 BT T I KA1 9 DO Ko, % LUK T 4 22 4001 #E 38 % (winter oxygen
depletion rate, WODR ) %37 5 % M ( TP, ,mg/m’) FIF-HI K (Z,m) 1 40
WODR = —0. 101 =0. 024 7 TPy, +0. 0123 Z(r, =0. 64;P <0. 001 ;0 =33)
atrh, TPy, 36775 5 B HRE IS 4 1 PR I R i, T 4 K T A WL 40k
WKL KT, Fe WK R R BB A, BT B 221 DO IR AL I R4 A ok T E (L
15.5 9115 - 1), JRAF IR IE S IF IR ) (FE 4G ) M P (0K B AR 2
[ 2 AR/ , PRI BE S DO (%M AT AR . BAh,2. 6 5 B e T WA 25 rh 5T 95 1
(BB RO BB

15.7 BMESKELEYXE

HESRIIE T W JE DO BFERT, AIMTFEAR T W1 T JZ 0 DO B (] 15 -8, &1 15 -
9) , AEFHAT AR DO {128 A B W 25, F0ie 18 3 443 B 19 A DB 0 o BRI SE0IR 2
A LEITA T R BRI AR AR AR W, LU T DO X 2ok Z A st i A5 R
(1S —4) o DR AR Bl R SRR A B9 3 R 2 R Ml i 2 L R A 0 A R R I M sl A £
K15 -12),

B 15 -12  (LEZEHNM AR (R
F i De Sazo-Rapbo 1 #%; i Photo Re-
search, Inc. $ZALfH )

®  Vasiguan Jii R i A B4 18 S5 FIHCAB Ak 45 0 9 S A0 b o 90T DA A K B S0, AR
FEl SR EE T B R R R R B T 3 ~ 4 AT IR SRR A 2R e 30T XAMF LU AR ER 2 R A, HLARSEIY
RVAERS I, DR £ S BT HLSTR 1A B A3 07 [ Brown, 19755 B Whitton (1975) RAE A9 N. A. Mossevich 7 ik
BHEIOEIE” 1o
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%15%

e

R TR K AR S R BE T AU A2 K TR , AEAN RIS G 8 28 ) — X RAE AN [ A=
i T B A ) ZESRARANTRD , DR AR M) E G — A A bR afie o 9 4, i AR A 3 s 114
73 G AN A £ B RSB PR3 B D SRR T DG ME S O A SRR I T i . e Ah , Bk
PAL B DO 9 B2t 2 00 e 14 A 1R B85 ™ A K S5

XA FREE A TR W, O T 4R — A (ST B B, 0 TR 4R 52 BE ) Hh 27 9
JERPREARL, DO WAZHAE 2 ~ 5 mg/L BY7KFal DAL 5 1003 0% K PE AR e (nfee fa Rtk ) LKA
% CO, M5 RNG 5 A B R TR PE AR U, DO WA ZBI7E 5 ~ 9 mg/L iy 7KF- i LA
_E(Alabaster 1 Lloyd,1982) . SZBR_E, I 228U 228 R JC A #E 3l ¥ 47  BEAZ 16 17 DO
KT i (B AR 22 A PREE R 7 e 26 B 3 X, 3k T2 02 fhy TR IR R AR 1 3 4 7 AR ok
AR (ML 26.6 45) o H DO K T I idi (B I, B 22 (047 BR, 2 = A IRV, il 4, 24
DO TRER 3 ~4 mg/L i}, IR PR HE R H 85 ( Micropterus salmoides ) i) B Y15 (L8R iR
S AR B A AR AR 2 SRR [, T 24 DO IR T 5 mg/L s, IR 1 6 1 ik o JEE A A8 48 1
(Dahlberg 45 ; Miranda il Hodges,2000) . t4h, SARAR 22 J0AHE S nl LA i PR AR AR I
WA , AT 2 At DAL B B (LR 23 BN 25 &58)  (HAFER 4 (1.5 ~2. 0 mg O,/
g SR ) X K 2 Bl (I T X AT e A 35 107 i 7 BRI 2R D) (75 BOERLR

TRZ 0 JE R BT ME S W e FE AL i v, 30 2 22 D A Wi 4 A AR S/ R AECIR B, A
MR T 87 gk e A et JUAS B UIEE 2 JLAS A AR AL AT B 9 4 sl ol AR G
IR PR B, PRI 94 A i 7% 8l ey LS00 B B 5 e R S P i L DR 46T AR 1 7 5
Fo (R —id 72 P A RE i 12 18 RCR B, S W3 A AN RE B IR MR, S ™ i &
R LRI ABRIE o T LR HIR AN BB LS 5 SR 1 14 i S R, 4910, 0 80 ) 3800k
FE K SIVE 28 T 2 R BRI A I B AL S B AW L2 SOl
W bR AEZ G TR AR T AR ARER BE T S K R RES 445 LR =LA R
R PR AR RS (Robarts 25,1982 ) , T R S8 AR SEUIR S AR 2L I [ AT REEE I

B T LA BT 4 B A AT AR AR IR IR S IE 2 IR 2 e AR WU R o ol an, W R )=
FITCRRY ) 4 PRAECRAS 2 A5 1 2 DX s BE P DA IRL T 40 3l ) et i 47l £ 19 373 o
U AR S AN IR SR ZS A A4 R B S WP TE 5 M Sh ) TE 125 A A, 1 2 S BOR T TR
Prep g e R AL IR m o8 i H 2 N — 10, AR NI BRI R . PRACIRZS
XUV S IR Y RS54 X — s LA H B UAR A BB B ok  (EF 5 3
TR T I — L, WARD AL . oAk, DU I PR EECIR Sk 2 e dE W Bk AT 2 OB
S AR HABAL S P BB (U5 16 .17 A1 19 55, il esni A= W) 1

g5 L pnids | PRAE/ R AAUIRAS S XK AR AR 25 R G877 L2 — AR B B0 BLHE AN [R50 ), A 14

@ 1977411 A 29 HE 12 ] 6 A, FLEVE I (Z M EHL) 19 @ FIRIE s Y R A8 T, Z BZ i 4 7
TR —Bebf (] i 43 2R W 2R TR E IR IEMEY) BT, JF H 2 REURE . R ZEAR B R AL TR (R 58 4
XU, B AR A AR B A 0 R TSIV A R 6 ok B AR A AR i, e & R BUR M S HIR 2 90% WY 17 i 5 )
BEYEHET (Infante 25 ,1979)
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| Az |

X R R A B8 K T~ (stressors ) o W38 Y2551 SRR [R) IR RD LR SE RO AS R R 31
A5 T B 3 o A S R ST RS AR TR (U 11 12 79) o Xl S A X AR ST BE
HIEAAS My il ki Ak 2 S R8O S SRR (DL 17. 8 ) BOXE A, DR g A6 700 3 o JE AR A2 12 B
BB DR AR AT ST Y o A, AR 25 () A A0 v BE AR T BIF 2 4538 T 1
PR T 2 ] JUEE (O 2.6 97) o

rEER

o KFEME(DO)REZLZ AL ZA T WA RENK P A F N A1 B
FA(P) [ PR AR LR (R) By i -F .

* DO iy i A M o R B A 2k B A 3 An T T R, AR 46 B X3k B 941 9B 38 3t A (R L T R
5G4 E KRN AEMHL, KT ERERARRENTREE KR, KELZHNHT

E®a K EREHKE.
* # T & DO ik B Rk 9 38 7 A LA B R IR , a0 & B N (IR £ 77 ) A3k
BRARNCNEEF)

e MANBHY WFAANK(KABEE M Wi X)) WAHFEEN, REAN 22K
HAERT ., BP0 PR R L 9% 38 ST 2 A 4 R B R RO A/ B PR OR P RO R
RELBELREHH

(RBeZ X EX #F)

281




%16 % AUERBA

16.1 5|F

1= 'ﬁ,ﬁ\ﬂEi%fﬁ”fﬁZI‘EﬁﬁT%'?%‘Bﬁﬁi%o T 7K AR A AT LRI K A 5 4
JCREFAT A EOCAIEN, IR CO, , %4k H, 0,38 51y LA ML OB A A7, IF LR
Sl A LA AS T kD FE A KA, 8504 A BETE K BRBE A TE o 7E A2 97 RE VT IR vh ik
JEL7= W A A, DT A 35 2K A A S8 A D A o o0 A 5 e (0 Btk % 78 3R ) A5 LA 26 A1)
F L R I Ty B SR 4R AL R VB B A B B BB S R 3R, DL R AR AR B AR
b 55 TR R i VF 22 HAW AR B ad B o 4UAR A 5 37 (oxidation-reduction potential &Y
redox potential ) J&—A> R G¢ A AL FIIE I BE T 9 25 B 8 b , 2 B A6 15 8 Tt aod 78 ) °F- £y
I

AR SRR R RAE Y R TCALE FRER (18 16 - 1) o TR VEIFIF A Y 37 o
FOP B (D Redfield FofH ) #9 B il B ( Redfield 55, 1963) , & 57 41 F 3 58 % 11y
R

106CO, +16HNO, + H,PO, +122H,0 +18H " + fi{if 7t & +

JEEH
P
j(lzﬁ Ha(—ﬂﬂzﬂﬁf’ﬁkﬂ

K16 -1 FR M2 I A BT L, H 5 H E 2o R M L (BEK 1) 106C: 16N
1P Sk B 7, T 524 (3215 7 1 1 106C . 16N 1P % 0. 01 ( Fe . Zn Mn) : 4 0. 001
(Cu Mo Co %) o KR IEEAEH 5 AR F 2Z 18] 1) 1 467 BB 5 A 2= 45 28 4k, X Fh
SABAYE T N BRI S R TORY 0 A AR A, KR EDSERE R OEA
I WA, TR TE O )Z S DO v 2 R WA o5 D 3, 1508 W I A AR A o] — Ak 1
DAREAE T o 32 o AR IR S XA 5 IR (N BUAE W 31 4028 ) 1y 40 A LA & %
AT

(CH,0) 5 16NH, H, PO, + 1330, X 16-1
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(CH.O),
#EiCo, i 4 B Co ¥k
FiLH,0 o, H,OGL i
i L -
il IR fER
(a)

_ (CH.0), (CH.0O),
ECo, 4 co, It
FLIEH,0 a, X HX X

(fmsod) {1IH,5) (S0l
48 BES,
o1EM iR A et

(b)

K16 -1 Skl R B (a) AR T RGP ;
(D) HASRERE RN T8Ik #m (17 Kortmann Al Rich,1994)

16.2 |UREFERNSEFEBER

H1 TSI i L X0 1 22 T0 3R A vk 2 AR X BAT B B, (45 AT BILBR ( DL5F 8 ) |
VAR (LS 15 B) R(ULES 18 55) i (ULAFS 19 BEANSH 27 &) BRSHR (LA 19 &) , X
IR G B B R R B AR OR (L3R 19 BERNER 28 50, P XK AR AR A5 R e vh AR WAk
AT T TR 25 SR A AR R . ok A Bl AR AR JFOC R i A S e T
ENPERRERE TK, SONE TARBCITURRY) . IXALERAE T — Bl iE FR U RET HOK LR
ML, T 7K AR AR RE A O HoAt B R R AL RE ORI, TR, AR IS R E 1A TR &
JE AN AR ) B A W R R o TERLBE B b A — R b2 (PO ), IR B A —
FEALIEIFTCE AR EAE AR AP I AFPEAR R L 1 52 8k A0 A AL 25 15 BR s 1 TR P B2 T
(DLER 1719 127 &),

40 pH FR b H A& —FE (UL 14,3 95, kIR L 0 R AE T BR8] T
TR T AR FRAL(E,) Tl i — BT 2RI RERY pH I HL i
KAttt TES ORI (AR, SR BEZ LA 275 ) FIBA L AR 22 1) 00 i WL UL, 2, B BT
MZAR (mV) BUAR (V) FoR o BAginit, B AR T BLIEIR S 2 AR Z 8] B 73 3 BT s
AR . E, B bE pH YRR TR AL, MO B pH =7 IR AR KR . 2, KA
s U A A JES T AR L7 (pE ) 3R, EARER WL 15 3 S I -1, O RS 4R
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R SR S B T — R, IE R LR IR R G TARXT S AL A, S0 s SR Ak T A
TELEEE W, IR IS T R X A2 3 SR i 3, 38 D) (R - () 86 e v 3
AL, ST (R 732 ) $e A2 T Tl o iZad i n] AT R A3
ORI 1+ S AR 2 ==%L5 1 + ik 500 2 {16 -2
B0, —ANTE QAR AE T 3 S IR R I O I P e A OB v B A 4 T e P R
S PEAEY) (facultative anaerobes ) , i i 4 76 A HLY) T A AL B 47 80T 0 R A RS LT
SE AT el Y A SR A R AR (8 16 =2, 38 16 — 1 1 3a Al 3b) , NO; nl Sy 14 fik
AP AR AR A AN AR K RO RE R
F SRR RIGLAR ) (9 )8 2352 23 , A AN [a] ) A HILAIJCAIL Y A P i S 7 7 K v ] s
AT HAEB P RO E RS, AR I AP AR 2 RO AN e R n] 3t RIVE A AL id
Ji R (S 2 AR B BUE B8P 2% PRI, S Bt B A SR B AL, FE AR AT IR e, B —
(4 E, 5% pE F7m KR s URR DI A I i G , I 5 45 SR SRR g 2 W A3 S L A

L (pE)
10 5 Elf +|5 +1lﬂ +[I5 +20
|
A
NOHE fi
ﬁ FelFUHE~Fe( [1)| E
: ERAHLN |F
A
50; R |G
H
N,~NH, |J
ER K IL
L[ FAEA LR
M [FEREH =507 >
22 | N[EWRm >
= -
I o[ NH,—~NO;,
: ‘ P REFLIECID)
| | Q[ N,—=NO,
T I L T
-500 0 +500 1 000
P B (B VY m W

K16 -2 AP AL (A—K FIL) [FE T ML) A EEM TR ET R i e (M—Q) i A
WA S T (F2 pH =7 W5 O AERRERE ] TLRE S IRGE b CO, MYik)it, E, Hl pE M E S
R AR I R G RN 2 ) (5 Stumm FI Baceini, 1978)
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®16-1 FABENENTREREREF=EH B RERKE(AG) , AT ANEERRES %
[AG IR 1 mol 5215 4 ( I 55 A A bl B AR ) P35 S A S A LA %) B A 1 mol =40 BT 75 14
b A R RE (ZAF R 25 °C L1 MBS, pH =7) o 1 kI/mol =4. 187 keal., |

L. FEME S A Y A I (LA A iR A B T2 1) SO TR B 28 U
(CH,0) , (NH;) ,, (H,PO,) +1380, ——106CO, + 16HNO, + H,PO, + 122H,0
AGy = =3 190 kJ/mol
2. TEHMEDR AT A AL T AL B A RO PE Mn (V) 3B JECA g EM (1) o
(CH,0) s (NH,) , (H,PO, ) +236Mn0, +472H* ——236Mn’" +106CO, +8N, +H,PO, +366H,0
AGy = =3 050 kJ/mol
3. TR EE YA S A DL AL, PERE RS AR A )5 (S s A PE D) , 745 NH, (NH,)
FAAN,) , BASHRBIRAH
a. (CH,0),,, (NH, ), (H,PO,) +94. 4HNO, ——106CO0, +55. 2N, + H,PO, +177,H,0
AGy = =3 030 kJ/mol
b. (CH,0) . (NH;) ,, (H,PO, ) +84. 8HNO, ——106CO0, +42. 4N, + 16NH, + H,PO, +148. 4H,0
AGy = =2 750 kJ/mol
4. TEAMEDR A A DAL ™ A DL R AL FEBEE T PE Fe (D) I8 S R T HEFe (1) o
(CH,0) 0 (HN,) ,, (H;PO, ) +212Fe,0, (5% 424FeO0H) + 848H " ——424Fe** + 106CO, +
16NH, + H,PO, +530H,0( % 72H,0)
AGy = —1410 kJ/mol(Fe,0;)
AGy = — 1330 kJ/mol(FeOOH)
5. AR VPR E YL T A DL AL, PERERR AR R AI0 5L, 7 AR 30 i 25
(CH,0) 4 (NH,) ,, (H,PO,) +5380;" ——106CO, + 16NH, +53S*" + H,PO, + 106H,0
AG, = =380 kJ/mol

6. R MHEIAME YL T B YL A/, r= 2 ke
(CH,0) 0 (NH, ) ,, (H,PO, ) ——53CO0, +53CH, + 16NH, + H, PO,

AG, = =350 kJ/mol
7. HESM MBS R AR I RS TS
a. CH, +20, —CO, +2H,0
AG, = —810 kJ/mol
b. HS™ +202 ——S0;” +H"

AGy = =797 kJ/mol
¢.2NH, +30, —2NO, +4H" +2H,0
AGy = =275 kJ/mol
d. 2NO; +0, —2NO;
AGy = —75.8 kJ/mol
e. 4Fe’" + 0, +4H'——4Fe’ " +2H,0
AGy = =4 kJ/mol

GRSk IE 7 Froelich 45,1979 ; Fenchel #1 Blackburn,1979 ,
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(apparent redox potential ) , 5l &) HL AR A “ LA HL (V" (electrode potentials) , ifif AN N2 4
PR JEHLAL” (redox potentials ) (Mortimer, 1971) o 53 5, 481 AR AN 1T WL (945 AL B IC AL
AR S 6F , T2 S A L AN A B 22 2 AR Y (Hayes 257, 1958) o RV K AR Pl 2 Y
HLE R TOUR P IS DT B B Lz, AR E, B DTRRA t mT R 1) L B KRS GA RS TE R
A IX BN RIAR I 3 T FH A ik SR A 5 7 A HHE B K A o 3R A SR AR A S SO
AR JFOTER B R AL ORI o AR A Mortimer(1941,1942) i3 IE , /K 48 i & 5k
4.0 mg/Li, Al AL 3 22 FF 4 AR 92 BR [ Fe'* 38 5k Fe B 7K o 400 7 1 S A (2
0.1 mg/L) . H#ff#ARTHARSE 200 mV 1 E A K.

SR AN GRS, PR P e T M 10 P 37 2 T AR R TR ) R
&R IR, IFREF TR W) o0 58 U MR A7 S0 S A AR ) 3
AR BN a] FFETURRY) SRR A DU 2 35 1 5 X S (B4R Ui O A 5
WIHEAFE ). AU T A MR IR A LY, I R G AEYN T shi it 79845, 77K
SUEELAE G AL AEAL AR T 2 T FE R (AHOD ) DA CSRAT AR T 2 STH FE
HPR(VHOD) (UL 15.5 37) 82 T B SRR AR A R G AR R CHPR DL o

W85 ( Hexagenia limbata)) J& 8¢ 8 FAF Wi Rk, S A0 J7 1A W9 T 1 4t R W 52 417 T A
— IR E R B R S R A AR A . 5 By - 120 mV (FETLRR Y R 2
5 em RALINGE ) R, S0 28 B BUAE R Z VU 5 25 BT — 190 mV ISR I 2K (
25 -3) ;4 EyfE - 170 ~ =140 mV BfH A (AP i0) SR (16 - 3) 5ol X — B fH

10
; L]
: -~
a® ® @
by .y ]
- L .
o o
E . l‘
El e’® .
= J .
F 1 . -
l'_'-= L
- :
E .
:
'l
[ ]
HI--P-—— &> T ]
=300 =200 =100 0 104
EMEVmY

B 16 -3 nE KA 7 12 AR BT 7 AN 5 10 81 A4 s Hp, R 7R B MR IR i 174 A ) i
STEFURY 5 em Zh 2 i E AR R S R (VR FE A 0 8E Lm0 1 H 23k 0 nf LA
TEXEUR FARTE ) (f)f Rasmussen, 1988)
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16,2 | A ERR RS ERAET |

T BRUTBR AR A, I A HA A 7S e e 8 ) 8 . WA A 8 SR S BUR LY
DU R ACR ) W58 Ak S R 00 0, 0000 5 A ek JRE IR AR, 4 e e S H b A g 0 JE A ME B
YIRS RO 2k o S TR I S B ARE P SR AR TURR Y S em IRBENE /Y E, (5,
MHRAL T A sh¥ A A TR R ZLER N R E (5, PRI HGE R E, f 21k AR
I Bl BE AR SR AR B DUARI R A7 (181 16 = 2) o AEDTR by, i i S LA ) U 4 4 1 B o i
TS SR BRI 3, [T DK IE AR 7 LA N4 (Eriksen, 1963 ) , H 44 F & #)
B TR

WE . ANYINEFEFER

AR B S A I S O i (A W A A A 1) Tl SO Y 34 Bl A= 0 2R 114
AT EAT (TR 16 =2, 16 = 1) o X SBflo A Py A D B 0 (8 S 30 8 IN BT 5T i, 4
EATTE A SR T P AR I R HAEA R A A S A A2 R I AR FRATT b A 1 Ao SR
TER FMET KA RGHA w BB AL, X2 T A L3 5 7 A A A Bl
PIRA A AL P AR A S o R 2 R (P 16 - 1) o i T RAE IR IR A HLY) B A
g CO, MR (L) Vit b= AR (16 -1 X 1) .

A BUEYIERAGE I B R RO e R — B0 (1% ~50% ) REA T A i 4
K, HAR B RE B o WP IR A AR AR v (UL 22 32) o oAb, A=) HURESE UIR 46
Il 7 RE BB BORE, T AE B Hh 78 25 AR IR B HEARTR) (6 16 — 1,/ 16 -2) ¢

A AR AL SR S8 B T + 350 mV {ES P SR LT BRE I, Al — L8 4
TEAE AL F W (Mn® ™ (NO; (Fe' ™ I SO ) AR M LA 25 A7 ML b 3K AT H 11 4534 J5E
(K16 =2) o flhn, BRERERIE ISR I8 I A TR A ™ A2 (18 16 -2,58 16 = 1 Hi5) s 24id
JESBRAFAERT A AR AL 8K (FeS) TLVE (UL 19.3 45) @ Al BRUTTE i Bk 5 i 24
RIS , AR AT e P BTS2 Rt — B S R AR RO

— AL, AL AL BRI S A AL AR 1 mol AT L™ AR FT Fh BE M i 2
RAAEARBERE Y (32 16 — 1), Rk, N Gl E = A R T R R RE R . X — i F EL 3
A BRI A E A S A LR PR R A A . e Jm B RO th T YRR A A W)
(obligate anaerobes ) AL 1K) A W et , 804 Lo T4 LT HEA, o5 — o0 1 S8 AL
FEEHE T ZRBIER . A LTS B (i ALk AL 2 IR ) BB A i, UE D)
{5 16) T R Ap A L 7 A AR S S g R A D v (IR R AR S v 2 AR TS e )
KA A LTS QIR B o0 IOk T A A AR TS A W0 L T2 ARt L 1 (A B 75 e

O SEBr b, AR E B A 3 10 o SR T AR T, B BEE T . HORRERR R, Bt AL
YEFIFERERS H ™ 32 e 2 1 B

@ BN TR SR, S0 MTRIE K IHAETTRWY I LA FeS mA HUBR Y 2U77A% 24 1 #E SV it 72
AR (H,) TR GE BB H 53X — i B 7 IR /A MR B HC T AR gy e ) 5 2 1) B AR T, (K A
UL PR TR TR LE UM A 2248 — L (LER 27 55) .
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AR B, LG S AL BE (DL 28 %) o AR SRAL S v, B2 2% B9 A LA & W B 1 D Tl
R R (H,) R AR, 7 SO AN 58 4, 4% A o FEA A AL o Y Joe 20 ol M) P I TR
(CH;COOH) Al H, 4 CO, ik J50 H e (CH, ), i SRAERAK DU Al F )2 CHY B9 7KF-
fem (18 —11) o LA bid el an F a3 .

CH,COOH ——CO, + CH, 16 -3

CO, +4H, ——CH, +2H,0 16 -4
1t CH AFAE AT BT Al 7Ry

CH, + H,0 —2H, + CO, 16 -5

XIS, AP B EAREREA T REAIA I, BT AR R A4 el S M 27 ) A T BT SR AR
ST ARERAC AR (R 16 1 Y Ta~e, 3222 1),

UBEE R E

HoAth—2e AL RE5 A (LRETTHLE TR ) 7R3 A A 1F T 17 BB RN ik 5L 4 7 ), 4
i NH; \8*" [Fe’* |H, .CO, .CH, B /D JFMEA Loy T X SERERL AR CO, 5516 A AL
Yy (HE A BT AR I A o A s i B A S (BT 16 -2, 816 - 1)

UG AR RHREA [, ALRE & U IR IS VEAL G W h 3R 15 RE i, 7RI 25 AF T
BN o T A AR I RN, A WA AR K BT I BE £, A B ) I (microbi-
al food web ) v J5UAE Sl )AL 7 W Sh D R AL R ORI (UL 22.9 7)) o SR, IR A
REMEAL AT AT AIE L TR S , B8 53 TCHL S AV it S AP AE I i A 5 S A, AR L8 1
DU XA RRA R E (WS 19 7).

A LY A AN (] L 32 A 00 R 0 i PR B T R G R AR R AT 9 AR A
YR B . 5T )2 A BB N K A AR b, BACR A B R 2 WA TE K I 6
3 J2 I VS ik AR i K T I i S BB AR R T S A H - 2 AR T LT DA 4R T K Y I )
(FE 15 -10) . FALRIEICE (] 3R PE R B 2 ] 4, SOL ™ 78 ¥ 7 RS 11 (14 7K {4
ATCARY o 18 R B2 L YR AR AR TN T AR Wy b v B B AR 2 0 ALY, 76 A ALY 1 4R
A, B TR 14 38 D 7 Vi 55 3 A ol B2 1)V T 3E LU A R K Hh ) SR, DR IR TR UK v 4R
3 ISR 2R 50 B AR DRl K e 177 A= W g ( CHL ) B9 R e ad #2 (3R 16 = 2) o F3 4k, 1E
AR B (Fe® ) iR 500 e (0 b J7 , Aol 2 04 0K 205 B i [X 3k /K 0 b g 3 XAk 1 £
e R E AN IR A E S B R E AR T Z AR (F 16 -1 1304, Roden il
Wetzei, 1996)

VIZWITH A ZEBETE T IR rh 8 1, 52 R (ARG 3 28, b A I I AIE Y
Rty 7 A E AR 32K, AR D BU LB 58 Rk A T AR A 45 2R R, B4R
(A 2 A LT I 1) B i 2 S A B Y e, SR G SOL™ (16 -2) . Hoh ALk IR
ARSI T P /N A 22 B R B AT R R AR (G NOS AT SO ™), I8 AT 6 2
A EATTE KRR h BV M 0RLZS (10 Fe’* 1 Mn® ™) o SV 030 DU FE b
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f CH, 1 Fe®* R HAthiR S A Ak A0 (A48 NH, ) A48 30T 12232 3 S 1) i (4 2 S 10 7
5T A R R A EEAR IR (DL 15. 4 795) o

£16-2 SNHAHESKSERH TERERT LRENEMNEEYE
(NS=FEZ;ND=3&NE)

HE BT L ES I %
= I: N = / SHA S 's"'_.‘?: N
R S e *Eﬁ,ﬁﬂlzlz *Eﬁ,ﬁﬂflz :&L,ﬁﬂflz
() (£E) 226N 2 27 23 =
B (Ingx) (IngEX) (IngxX)

Mn** 3% E ND NS 0.6 0.2 0.6
NO; FE ND NS 5 0.1 0. 05
Fe* it /& ND NS 2.9 1.6 5.3
SO} iEJE ND 13 16 16 20

CH, = 70 87 75 82 74

PR E  Kelly 45,1988 ; Capone Fi1 Kiene 1988,

PSS RUBE B R/ 4 5 R B A58 BT BE M2 (DL 2.6 75) o it , 728 3R
CEFRERACE) AR (B2 T BRI BE (WA T ) 22 53 B/ N A R A o, SC AR )
B IRER AU B AR A SR W R e (S €O, ) 7 i B B AR T Fi A (161 16 —4) o A
B, AR B SRR ZE A RN AR AL PAR R AW T, 255 8 A AL fig rh CHL (I
| CO,) B i AL BTNFE b7 (den Heyer 711 Kaiff,1998) .

so-] M=37+0388 EFFREE)
| #=0.95; P=0,01
’; 40
g B E N EE) 0
'g 30
E
:'fii 20
E
e A 4 WA (3 1)
B 0 LR TE 22T SR
& = G{oE#R M)
0 T 1 T T
0 30 0 a0 120

1T R % immel C-m 2d )
B 16 -4 Jb35 5 AMIRAK WSS T 2 0 H B iE 50 PR DTRGE R 0 R EOE R [ X S8R FE M
AP JTRIAR R AT R AR IR KR A, i EE IR RbrR CO, i (X 16 -3,416 -5,3% 16 -1
1 6) . ] (2§ Kelly 71 Chynmeth,1981)

289




%16 8% | SUARBH

AEER

° HARFTWAMNTIER N ALt £ WA,

e ANERERMAKXSBANMAN ERMRET L ENMAENEEEHEGT N
ERRT M| AR ERER .

o SABEHEHIMAL, AR FHIFLAMTER R NET EL0F T, A
TR oA s T R AR

s EAARRPWEMEA(DO) R EHWE T K, T EMILARY + LR E
LA RRA (R 2 S REBRERERIK, ALEDO#HRZ G Lk T2
H (4 NO; SO;” AWMME) SWRALR, T EWARANEDELBAREAR
WAE N B TR, b A e RBERE

° A XA b AL E ] A A A S TR, FTE o AL T B
AMA VKB E A b 3oy e X BRI R, BT A TR IR WIE
REEEFRALE R WM AR

(5%, FAR0E  iF)
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F17E BHREMEIR

17.1 5|§

ARG NN I E TR ER R JE R FORBE AR, RERE BT 1L KR 5 5 57
PRt o AR A BE X, 508 TR A 0 U LU o (AL 8.1 745) , SRR B, A 2
KA R I EERYBRBI 1o I, RZRCE IR ERR 0 B ARG TE R A ] . 15 5, PR A=
KAEER A U LUAEIL T Redfield HEfE (3% 8 —2) 5 JOMR B2 [ IRl r0 (R 07, fof S0l LL o T
BEIA KT 0 LU, E M AR 28 A i o O, MR R A [ == RO P U, B 1
IR H R T M, S R A2 B S Y 55— U (L5 18 &) o dim, AW FIfL
SFTT (18] 8 = 14) KRR PRI ST AT, HASAR TR R0 Bk

PEAFK R BIBIR A B AT BT (X 8 9,388 -10) . — i , KAk
i 2K T, BRARF AN AR SRR (L 9. 1972 9.3 7)o 7Rl
Ay 1 XK A bR ELAR BT i R PR AL, P T O R R TS R, AT B R
WA AR T K A i B A HOE S DL RS i A BLBE O 32, i A0 45 58 732k A Bl IR
TR AT LR LB ok 1R AR gt 25l o TR /0 B W, B A AR I R IX, 1
R BT AR - Ok B Rl B R WK R XA BT R TR UL (0L 8.5 77) .

17.2 ZHFBHEINEDR

FF AT W. Einsele I W. Ohle 7 7%= L) &% C. H. Mortimer 73 [ it i/F17 4k
HEEHIY , L MBI IS I DB AR (PO; ™) At B WL 2k iy R A e v, e
AL T A O 19 FePO, ULHE . PO~ HE AWIIAJS | i 13 W Bt T Xk % ) Fe(OOH) £
BEORSA HLORL (AN 284 ) Bk 5Bk, X SR G W 7E A LS UURY) 2R 2 4k 22 A0 b
W BE B SR BRI AR A BB . B ATTAN IR S W BT A b A B o i R
Sk BB, B I B AR A PO PR R BELLE PR DTR h G PORT AR [ E K (W
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%519 #) . Mortmer (1941) L 200 mV 1 >y o 348 {5 Rl 43 U 1) S8 AL 25 (Fe A fff
B PO~ s ULTE) Mk i Zs (Fe’* Fl POS ™ ;%) (K17 -1)

40 - :
> | 30
B!
0 3 i o
T B ol
=1 A =20
o uf o]
E 20 1 =l
e S 50; ' - 35
LS i . 2
? . i »: -0 —10
10
B . [
[ g Wt Chaee—0 ; L-“-u--m-‘J-—I:.
260 [ o
195 — I r.'I -2 4
A i . =
ol : ; -6 2
130 — : =
E"' [ P =
= ; e . -4 o
n Br g z
65 NH, - ! L,
= SRP
Wommnoea- G,
oy B T Fy s e e e R i I R (R e
0 10 20 30 40 50 &0 70 B0 90 100 110 120 130 140 150
A

17 -1 JRAER R (TR TTR K A=< B A8 1k (33 . SRP Vs TG il . TR AN Pk
ATTRE AR, SR A 150 d, U5 AR B FEL 3R 200 mV 72 47 5 M A R B F A 1 2 i
( 2k B Mortimer ,1941)

R A & B SRR HLTS G IR, iU R R 9T 248 HLY 431,200 mV (1 H
P RSB LR R DURRYINER)Z . YUY RZ L T B4R, Fe (OOH) PO,
AV, Bk PO 5 Fe " &P {EI N2, i FUlE Y RIBK S PO~ Y&
TSt FAEKH S ~ 20 £5 (Bostrom 47,1982 ) , K 13X 48 PO;™ 47 il REH U H LA K,
DU R A KA A3 SR ER AR U 1447 (internal loading ) . H R iX 4~ 44 A 7E i1 1H
AR BNz 5 A R R ANE Y, O B 3 FR R O SR KR ) — 4. 1
DK &R R, VOB PR R TR (Fe* ™ NH, NO, (S (1 PR 67 ff ] A ik
WA E A L I FE A (L5 16 18 R 19 %)

ZHAEANRRE

A TEER - R IME AL ) JLAF i , Hasler 711 Einsele (1948) 421 1 54 570
Bk - BRRRERA Y o BT NBR Tk ES T2 A0, B RS Tt RERE R M R A DU AR R i (R R
MAEYIRRYE SOL™ (316 -1, 8116 —2) 5 AL 8*7, ™ 5B X UMV (1) FeS 1 FeS,
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17,2

ZIRPBERET |

(UL 19.3 45, Sk B TR0 8 — i FLRE IS, B 23 i W B ok . A% Hasle il Einsele ( 4]
17 -2;Caraco % ,1993) U PR BT HL IR (1 T 3000835 , (EL 7R B 2 2 125 (0 R R 52 2
B KBS T AR K Fe: P FUABB/INIRRE . ZEBRBRAS 1A SO% ™ & & i T
Fe'* | Bt i S B R L A0 5 0 5 R R B0 K, 0T KR TR 30 31 R 4 e W R 4 5 )
JIN 3G T A0 B A /0 B B DRI Fe s PG LA (LA 19 25)

1 000
.
1o * ’ . % lﬁh
\.t L -'
0] Lo e M
% " we T .
o ] o .
I= & .";"x\__hhi
|
0.1 \
. L]
0.01
1 D0
. : N
b . -
% : ._* .i' [ N ]
= . .
2 - ™
1- ¢ Y *
L] . ™ —
ol - - - |
10 1040 1 DOC

B{pmol LY
B 17 -2 EEIBEIAICZE K PS8 T & A R DL & IR AR XS Fe : P Y HLIE Y
70 THT 52 M) (S Rpas S BOHE ) (B U - FE B ARSI T BRI AR % A BB B T, B S 5 Bk B TR LB A Bk
ULVE , Fe: P [y HU(E AR, AL BR R B 100/ S B0 B W M == 199820 . ) (51 Caraco 55,1993)

20 AR, 2 MR RIS B 50K 4 g (Bostrom 25,1982 ) , JE HJ2 U. Tessenow ( £
F) 258 T EE AL E T A X AT T8 IE . Bt 76 5 22 Bk A RO A 55 o &
B YR 2V Fe: P A HIE KT 15 ~ 20 15, 47 S PRI RERCE 7T A2 T, (H
S Fe: P [ HLE/NT 10 B B AR 3 K, 3 T B i T 1 2 005 22 110 K 8 —F W Bf
B, PRGBS B BEY B3 K (Jensen 25 ,1992) , HAMAF ST 2 W, B IR 4k % A
THUUFR Y P2 PR BE A% (2 1 W (1) BE i ( Hamilton 71 Mitchell ,1998)

Hasle FiI Einsele (1948) X i (4 55 % W, PO, IR TR TH 5% 7454 1,
B2 Fe: P BYBUEMRIR (5 £ b7 (Bostrom 55,1982 ) , 7E 20 H22 (145 30 4, 223511
X HAMIIA O BER RIS T T RFST , R B 2 USRI R8T rA WA . X — R Al

293




%17 5% | BEOREAER |

X AT FF P RE I o A [B]BASE Y f) D 4 50 6, B 1 AR 22 25 49 220 W 14 [
T, — I RRE BRI T O,

17.3 BREBINIF SR

SRR Sy, DUAR M W R T2 Ak 2 i B . AR W R T i 4 (DO) (NO; |
SO;™ Fe'* I Mn"* {5 k47 ML SAUAK 1) HL T2 4, BRI B 6% i) 22 1t 582 ) 5o 42 ) I 1) 7 e
(£16 -1,18116 -2) . {HJ&, Jr4FEK BOR B2 (AT R B, G0AE 0 9 e 300 25 50 i 1l )
R B RCE T AR 2R Wik B AN 2 C. H. Mortimer 25 A 447 £ 1 (4 46 2% 3 #2 ( Prai-
rie 55,2001 ) 2R B 6% FLHEIE o 240 i A3 i RZE SRR R T BEIOCEE AT S8 2% T 7 AR i ]
VAV SR W TR Eh UKL AL A A1 £ % (soluable reactive phosphorus,SRP) . JESE{] i
10% ~75 % 11 AT i PR IS J2 W B AE DURR Y T2 At A7 78 T ) 4t B v ( Bostrom 55,
1988 ; Giichter 1 Meyer ,1993) . [Kit, JCie Bk ) BEHOR (TR AL , A= PR HIO A A o )
TEHEAA A IR, AN Fe( 1) R 58 2R K DO BIRE . A 2L
T2 Fe( ) #%75 Fe( 1) ,#R43VAK T Fe () R A IRSMIETE — 2 A WL, BT HLE
FoE o Bl S A A Fe (X)) A HL G785 i i v 32 4, & Fe (I ) IR 1 5t [
(Lovley,1991;3 16 -1 J7:04; L5519 &)

FRAE 2 BURCRUEE  Fe () Ak & WA 10 % 25 5 1 Fe (10) A PO~ 1 [ 46 BRI
{H Gichter %5 A (1988) 1L IX P ES 1 RS & [F 20 R AL, ABTiE K& hid &
KR 5 TR AN AT R0 R B 5 e ot o SR %) 2 B R il o 4 Al e sl W o A
W22 KA FR PG M H X Mortimer (1942 ) 7707 ke 1) (9 ) W4 i B4 =
FoHT, KB PO Fl Fe’* (Bt AR 4, Prairie 25 A (2001) th % P28 M FRG77 76 R
S AT R m — S I RIS 2 W S U2 rh ORI Y R TR A R DG . AT Y
IR, EARAR 2 208 SR WA BRI TE B IR, (H 2 A Hh S R, 100 A Wi T
AGEAZW T )2 DO WRBEFE o FRATRHTTERSUR ) R 5 AR W Ak 2= VR FH 5 R Y
i B Z (A A AT AR R 2 b SEBR b B A TR0 H T B AL G W i R i A
TERA Wy h AN B2, SC B2 AR W B 2 AN i A7 1, 3 A SO IF 5 Wik A7 i) ML BRAR A 2
SC T HLAT A T4 S0 A A P AR R

A FHNRA S Z T DL E 2 A LU LA R

1. IS BB A TATA 15 1R 7R HOCHE R REME UL W] — 35 Z B A A R S
BT — B BEAE S i LT AR 5 2

2. ¥z M A EHIA R T 5 — IR BOR R LE A B S R R A S kA
WEARE( Caraco 55 ,1991) , BEAS Ry — LR T3 FH 28 MUY (0TI R A B e i R s 3

O WIUREAGE T B. S. Haldane (1963 ) Ay — PRl BARRE S B 2 0 W T B A1 4 M B O= T
(AR O B RMEA T ; OIEHH HA E 2 @B F R XA
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RIS ERB, |

3. Fe(OOH) PO, fil Al OOH) PO, fb. &) "I B BB S TCHL PO; ™, T A B )
WA HLBR B R A R R R . (EJE bR vE AR RR SR L (g il 2 PO~ B, BT A e s A
BLBE K i 1 PO o A 1% ~ 10% [¥) PO 5k [ T 76 4k 24 43 7 33 72 h A5 WL 1) 43 it
(Rigler,1973) , 41 F 2 S LIRS I DURY) BT RS B 2 POY ™, 5 4 iR — 3,
BT TR BB, A — 8502 ok B T YR i A MLek. PRt o0 i Jr ik iy
Jirt DR BB AT ML DR DA A 2 A 0 T o

4. 2 AR HIE HIT R 2 A28 A B 6 35 . AR 2 80K A RE A 2E 17 58
OISR A, S SRR BE A RETE SN 7107 B IR A0 17 0 1 3 LA AT R R p 5 v 1 2 7
73, AW REARREAETS 0 A FLIR I AT iy B 3 3 2 32 DUAR W) — 7K 7 T gl %) e A 2
)52 ( Bostrom %5 ,1982)

T RBERE AL

TRZALHIPE T 4F A Wi B ik (aerobic phosphorus release ) 2, X LEH/L ] 73 Py 3
FVE YW 5 T, (LR TS 1) RN 235 () B AS () ARG S B AN ] SRR UERA , — 2 7= %
o ELTUR) 2 20 AR AS IR v A AT, JH P Y 67 £ B 5 L2 1) 7 o= T 3% 1 ( Sondeergaard
1989) , 7EIXLEI I v A= Aok B ] RE AR EAE . BRI A A 2 BOKR pH F 5 (
17 -3) 7655 pH 5508, OH ™ 22 U FeOOH 22 BE{A BT B i i, 2 SO B 2K b o 1k
A= A R AN 3 AR FH BE RS T Ol A At T 22 BRI BK b, R 78 R AR 2 9 1
FHHEA BN B o A Bl %o Ul Wl Ao Tt B A 38 PR B FH o 2 W B A5 A 47 0T
TR ELA s e 1) AL A D e A 400 ) i sl D DT R R B (R B, B I TR L SR
RPN BT A2 B TR BK H NOy AT SOL ™ 55 5t AT I B O Bl (6 16 - 1)

500 10

SRP{mg-L ")

A
17 -3 FEEEFRMEKCATE) W0 — 462 Te AR (G ) %05 455 (SRP) fil pH A9 ZEy
AL 2 (3 . SRP A pH (A XM I ANGEUEEH pH FHE B T VIR Y BHE & kA, ) (M H
Ryding #I1 Forsberg,1977 ; Bostrom 45,1982 5| )
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VI KR TCEMESI A DAY — K B2 W42 ok 08 Fe & RS St i i
HE N AE AL S DU W B BRI o 30k S AR IR A T 15 HE 3h 4 1 335 B FK R £ 99 48 3 ( bioturba-
tion) , (HUZSCIGHI1S 2] 5 IS AH A Z5 AL, KA ICH HESh 1915 S e 05 15 hn i i Al A
DU 38 £, Dl D TR . SR, DOB R IR 2T i — )25 Fh 3 2 A 17 4 % 1
AR T R Tt ) 0 8 i R T S 2RI 400 AT ) A R o

THh BRI S KR A5 R s R A DG, SRS T DR IR 2 64U X )
PR K DS B, TR Ok 1 B e 28 R P A AL S DT R B A AL
YE 4 05 e ( Kawai 45,1985 ) o A= Wy ™ A () S 5 S TR (430, st 1
VA FR I PERSE B9 B4 ( Ryding F11 Forsberg,1976 ; Ahlgren,1988)

Z AR LI RE S X 43 A AL — S AL A i R A E M H R S SE B R g e AL AE A AR
SR ERAS BT A ARG R X B M, AN, ZEXTBE RS B T B A A SR R R R R TR
K X PRI R A 0] 256 %, SR 5 M i B i 9 HOR . BV R AE 5200 25040 A A 9K
A Z BN TIEIGOK X TURP Y BeR AR L, (0T 24 BOR A R 2 2 TP koK
I HBeRD,

F 4 T8 5 A A A A3 A R AT A e 7K DX s B Ao T Bl ) R T 38 S A A AR
65 25 WA ] — WA DR K XU RR ) B il RE TSR (19 5 ~ 10 4% (Enell 1 Lofgren,1988)
RV AT G I B AR 2 3 A SR B AR Sh A Wi 5 22 AP IR R 15
FERAFEBE A REHCR -5 K X TR P B J6 3 19 4 T8 I P A A R R e 30, A T4
XF TR R B2 (Enell 71 Lofgren, 1988 ) , 7R A PLUELLT , B K IX TR
] ZKAA 1) 3 By 32 B 3d 2ok o B E

REAL RN PSR O BLALL, BT AR B AR T 2 2 i A e sl b, T 3 i i A5 280 i 8 ok
531 H 2 AE S 9K 5 . Einsele-Ohle-Mortimer % — 2558t A1) 1, & 4k 22 B
PRI EAF SRS B A HE SR, If H R 5B AHIE R (R B IAE T 4410 60 45
HIIR 2568 T o (IR REZ AN TR SE M35 52 BRI 45 5L

A 17.4 FREFEFREMBEIR

IK R G ST — DA AR T O R 4. (e M BT A 2 5 4k, 1 B M
Y A LRI e AKX B FE RSO SO ARIRE R B A R R & = A
M W i B 22 ] 4 56 22 ] LA AR fiy B o B AR A s

AM ‘
A =m0 (50 =R) #£17 -1

17 =1 AM/Ae 53 MW JBTAE ¢ S T A8 o sl A f) 6 1 O SNIR G e 5 O A i i

@ E A MR PR — R X S BR  J7 V6 6 X R DX ] R E 5 FRMERI & 5. 4324
TERR A ROBE QA WITE PRI Rl I, A ] 38 6 22 7 A X AR iR X (Fisher,1994)
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| A17.4| FETHRABIER

35S o HUURESR s R IR GAAT 5 S, — R BEHIER (S,0) o
P i 7K A1 7 RN S A P 4 R X o 2 P i 2 3 R A 8 4 28 A T A2 1k, ] 0
AU —FEAN T RETE — B ] N AR R R3S o (HUR 21 Sk AR al A A KR AN Iy
A, R 1A PR A T R A T R AR BRIR] (4 B A, TS i sl B
IRZ KRBT R BT A - i B RS B, B R WA LR R R B 2
TORRAR AR o B (R0 B P A S SR R ARG I A T B2 18 1), AR L T
DU g W IR A0 2 20, et 1A S B FR SRR A SR P T S IS

2EHTERMA

FETRA M DX, 5 4R 2 AR S AR e SR T R WA TR BOR 22 5 AT I
SR EL 5 S SR AREE 1K XA IS REAS AR AN R B R A (DL 15,5 719) o BN
NEIHRAR L, S AW EBIA AR R B (CA LA 5 CA V) FRFE/IN, K2 (m/a)
b Rk i B IR (WRT) A JbdE R R o/ (R 17 - 1; DA 8 &) .

i o - AT T A B, 5 SR JZ WA Y SR G e 2 B R A AR DR
AT B Rl 2 , FCAE A7 ) S e i S R 2 TR A 2 % (18117 - 1) o HiF R A
VLRI P B ) 670y e B 7K 8T (m/a) A WRT (™) ORI (B9 =7)

1 .
R=7(1+/W) 17 -2
MRIEA 17 =2 FEBUE Prae = Pouno, BIRTHR T, PR P88 5 5 (A2 35 UL R0 i1 0 458 2 #)
) Bt AR

P. .
P, fl 717 -3

MIXASAFRT LU AR B e R S et A i Bl 35 4, T AN S B B4

F17-1 EHRENENERE B (R, ) MIMERATE (L, ,mg - n’ - ™) LRIEARBFE
R TR (L, mg - m® - 2" ) FUSR B URRAD R OS5 B ARV E 8% ) [ 15X
S N KB B ] (WRT ) PRIV (7, m) SECURI 0 L S SR SR R B
LA B S A R S 0P BN HKH R T EL R R B RS

i REE S L., Ly, P i R, WRT Z
TRMTR
RIun# (SR 550 58 10 0.51 9 55
O R () 160 -16 0 0.73 9 49
P (B 1) 300 -22 0 0. 69 2 14

© AR L2 AL B R IR 2k 3 P PR AR I B2 R i e : A R R GIR A AL T
SPAPIRAS o TIARE 2 ZATE A F AR R GEAN T RS 28 X0 19 P4 , — 4F sl B A 90l 8 (BoE R T
PR o BE BB AR SE R S, UL AR A B P P BRI N SN R A
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W 2 i L, L, P i R, WRT Z
SRR Nk, SE ) 30 -4 0 0.93 189 148
TR (&) 100 -11 0 0.83 31 84
PRAEHA gk, 36 1) 70 -11 0 0.93 48 59
YN UG-V NS 680 -53 0 0.59 8 89
IR (B L) 1320 -288 0 0.75 5 50
AR (5L ) 460 -6 0 0.55 3 33
AT (B, =R 3390 -1353 0 0. 64 4 177
BFERM k) 40 1 2 0.73 8 13
B (EE) 42 -4 0 0. 90 714 303
B R 2
UFE e IO (6 ) 340 164 33 0.17 1.4 7
BERLFT N (&) 1 600 -205 0 0.53 0.4 8
Aol (£ ) 220 26 11 0. 63 4.2 9
TS PLII (2 H) 653 58 8 0. 49 0.7 6
M FELREI (6D 710 355 33 0.01 0.8 9
W IR YERI (B ) 550 69 11 0. 47 4 28
ELRAHE ) (F 1) 1750 485 22 0.31 4.5 34
A e (F1) 600 78 12 0. 67 17 12
AR P25 (i ) 1973 8810 2954 25 0. 40 1 2

1974V 2110 3239 61 -0.80 1 2
19757 410 1281 76 -2.39 1 2
19767 240 1746 88 -6.54 1 2

@ BKFABIAED
FERLRUR 5] Niirnberg,1984

GOK WA B K H B IR (R T 10 4F) | BEAEHE B 70% ~90% I A BBk, BEE K
BRI 8] B 246 8, 0 A\ OO B A AR DTAR ) T ) B 2 TR (T 9 = 7) o Kl B I T e ) 2R
GAEAER BN 2 A e R uUR AR BIRE AL, IR A BB BRI L2 7R K o
T ZHT 2R R YR T o Kl B IR R | 7K vb 8 SR R i B AR B
BRI (9 -3,38 17 - 1) HUE IR Eh & o8 eSS o B R 4077 g 249 8 T I i B i (]
KA TR

IY WA RSN IR (R D, PR B2 AR 7 ) AT R AR AR AL, n 2R X st
WATEAN T AR A VR A ALY, IR AT T JZIEAE BN, DU R 2 AT IR A T35
SRS WIS A IR G 1500 sl B (R 17 = 1) o pl Tty B i i) 5 S50 70 S U
e B LR 42 MR B X eI A D WA 7 AN IR o B X 283
FEAE N TR S0 L AT, RV B AR R
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& TR AR IR

BREH TR #B

RAE JZ WA T AR KIITE (CFEIK TR <10 m) |, oK B IR A B ( <2 a)
NI G A MRS LR M R R e (3R 17 - 1) I LI R T B B B K A, S IR L e
N B B A T2 o W T RV RZ & SRR, — R 4IRS, AR I
RS, P DA 2 RO S B N IR o FEAR IR B TR v, v B K 280 (g, ) R
BRI A, F T oK B I ), R LA MR 7 O 9 JR SRR AN B
R TURRURIE B o DRIk, oF s oA 9057 g R0 R 7K i B I T A AT 0 5, APt P 7 i R
SER G MR/ —FRIF (1T - 1),

Jo A AR R AN BE 230! 5 R WA SR S ORI R 1) AR S Ay R 2l 35 SR DA Y
BRI o PRI , 5 200 5 S A 0 2 PRI ORISR BI R AT FE (9 R BAR B BECHLER . SR,
Fi PR AT DI SR AR S IR A R BB CR — B 10 ~30 mg P -
m™ - dTN(FKNT -2) o WX EEE E IR (P2 SRR I, E R REE
(100 ~200 mg P+ m™* - d ") GYIFEF (100 ~ 150 mg P - m ™ - d ") KA E 2P, X 18
WIARE IR X TULRE AR AL (AR B PRI I T 2 BT RARAR, th T SR
WA Z BN RO AR B 100 ~ 150 mg P+ m™* « d ™' (Spndergaard,1993)

®17-2 MRARETFERMHERSHBRETAYEESTERBRN TSR HE

W44 FR BEREACE/ (mgP - m ™ - d™")
BT /RFEDS - A Bl (S ) 20
ELRARA (B 1) 10
AAR P2 (it ) 25
FRFI O, 6 18) 7
wCH (F1E) 12
I EH (EH) 11
AR W (i ) 9
B (H ) 28
DA% LI (S ) 12
15 AN3A (L35 L - WA3E) 1 F- 244 14

PR UR . B A Niirnberg, 1985,

SEEHRANEAT

E R R TRALIIA T, B R R R A B 2 YRR 2 B e AT IRK 2 , Tk S AT
TR BB LA AWK Z o BRI, 5 ST 80 50 0 S BB X 43 13X 3 o e
B . RAKWIA AR BT B2 , BRI A AN A A BRI T LASA R 2 5 SRR s B
Ze it KIIEE , JCI3 20 58 FRAL I P B (J68 7R 2%, 92 [E ; Stevens 1 Gibson, 1976) 1)
R BERCR 14 ~38 mg P - m 7 - d 7 TR EIRLIOEAK(Z =1 m) RS0 ()
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) BN 8 ~30 mg P - m ™ - d~" FRWTE EFRALWIA AW T2 S ERHCR S AR
JECRAE Rl — BRI E N (R 17 -2) .

Jo AL R 3 5 R ITCRR ) S 3000 S B BB O 2 () A A W 2 2
B, BT PR INERHR I EE WS AR (R 17 -3) o FESCI S 2E AT [ & AR IR TR
WIRE RSB ARAS 1 BEREAL, AT REA LA P - OIS RE & BRUCRY) 5 1 B /K ST 95 i
B, A S P kX b B AR AL Sl , D AR DURR Y 5 1 B K 2 AR J8 s B i)™ HORR %2
QOB S BA SRS R WIIESL U . DS I AT RERAG T LE WL S xR Y 5
R T SEE B ORI S BT R 30 . S50 BT TR LA DU AN R AU 2
IR . GTE LRI ] AR IGIT R I A F B R % 5 i P A R 3 Ay 225
W IRAFAER I o @1k /D 7K SCRH A% 52 i Wl A I 1) PR 38 S LA SR P B A o
B, DA R AR 0 P P B SR ) B R 2 AR R . T SRR AT S A
SRFP R O LB AL AR AR 2R T-Be . (EJR AR SR S BN B AR DL 2 R A,
DU AESE B R P AETE T4 A AR AR ELSE A2 AR B0 o 2 48 S 00 08 2 7 R P ) RUBE A1/
23 (8] RO REAT Y, AN RERS 2240 AIE Wi I E T o ARRC, e Y- R R RE 6 o) 41T TH &
GEHEATORGT (O BEAR DRV AR O AL IR I A 5 6 PR 1) A 2 (8] RRE B AT T2 T4 9, (EAf
FEAE—SE IR BRIED

£17-3 RAREFEEETEHNEEFRLRARKX S ETRYNBERE
PUR Sk AR ([RAL) SR E BRI/ (mgP - m™? - d7")
o S AR Y SEE AR TR
WA £
o g B,
%2 JE AR (i) 47 2 18
TN (H L) 13 0.3 20
T AN (i) 9 0.7 20

BRI 5] H Ryding 1 Forsberg,1976

A 17.5 TRYBEHINZHFENE~H

TEREHC R RE SRR RIS B0 L 3901 J2 DR B B 4 Bl L B S0 T )2 AR 0 ek e o
ST PEWEARI AL 7 00 7 A g S o T (LS 21 28) o RS R S 3 A 2R
BT IR ORI P 5 1 5 3 R B R A TE G0 W) R 2, Zeid b Bl XU 5 R (38 7k
B, TR O BEA HE AW L2 (17 -4, 11 -9, 12 -8) .

@© BRI A — D WA AR A SR X 56 [ VA% B BEAT i S7 WA ST
P LR ESIE AN SE 2 AN R AR WL PR S5 1 R T RERRIE G o Xl 22 S P A SE 00 R 22 , A 5 5 I [ 11 25 (1]
SR AT A A5 V8 B Ao - T ) RS 2R RS A
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