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W E XA AR K A R AT ) Y K O B ——— R SR 3 8 ( Microcystis aeruginosa ) BLEEMRAE K 5 S HOC
RIS IS, 15 AL B8 IR0 & A R B ER - SRSV 0. 065 mg/L, S (VK 0. 843 mg/L. | F XU 43 H7 # e
SRR B AU T %, 264307 2002 — 2004 AFRATE T /K A v Sl A R0 B2 SR 20 A A A il b, 328 73530080
JF R AN UK IR 5 0 AN S8 M Dy v Sl P RATE W  RUK R B2 A0, A5 A AR I 70 A A U e R e
VFHERCEE S 2123. 78 vVa F17018. 82 v/a, g T (fIAA £ 55 8 3740 & A= A MERAE 0. 001 LU, BB AL 075 22 43 i) ) I
3208.34 t/afll 18648.91 t/a.
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On the water environmental capacity of Lake Songhua based on eutrophication threshold
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Abstract: The water environmental capacity of phosphorus and nitrogen is an important factor to control water eu-
trophication in lakes/reservoirs. The quantitative connection between the growth of predominant species i. e. unial-
gat strain of Microcystis aeruginosa and the concentration of TP and TN in Lake Songhua was studied in the laborato-
ry using simulation method. Results indicated that TP threshold is 0. 065 mg/L, TN threshold is 0. 843 mg/L in the
Lake Songhua. Risk assessment theory and Monte Carlo method were employed to analyze the concentration distri-
bution regulation of TP and TN in the lake based on the data from 2002 to 2004. The paper developed an uncertain-
ty method to calculate water environmental capacity of TP and TN in lakes / reservoirs. Because the uncertainty
method was based on water self-purification law,and it isn’ t needed to calculate some parameters difficult to identi-
fy, such as the degradation coefficient of the pollutants. It is useful to calculate the water environmental capacity of
TP and TN in the Lake Songhua with the uncertainty methods. The result indicated that the maximum permissible
discharge amounts of TP and TN in the Lake Songhua watershed were 2123. 78 t/a and 7018. 82 t/a. In order to
control that eutrophication probability in the Lake Songhua was below 0.001, amounts of TP and TN were need to
decrease 3208. 34 t/a and 18648.91 t/a, respectively.
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B W B ELIC R E B AT E 5 S0 2 B R 25 R 40 1 e B IR R AR Y B, A 2002 - 2004 R4
AEMA AR FIIE A R AR N MR , FEAS & 25 R 25 R 8 BE 28R T 20 B, 45 Hh K 4 rp A=l 1)
FHBEAES BRI 2 BEOC AR, TR R 2L W) AR BB A S A 4 1) A,

T WA RUK ZERE RS2 98 A% A Rl A2 2% 2w I R AR 22, i AR I Sl 1) 2% T 7K B A8 s ¥k
VA AN E AR B, SR PRI LGN B A RS Ry 3 R Tl R A e B G R A B E
RIS BB S UK R BE AR ARG 30 R 22 L A G A8 AR 437 BEAE R 52 5 % LA P00
SEBEERE L, FE03 75 FEANAE W W RUIEBR R RE )RR BE 20 Ai KL, 32 7R — 2 BRAIE AR SR AR B0 %
BB R RUKPR A RS 2, LU MR R R B S0 P AR e 7 IR AL Bl i R AR A R0
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1.1 HREXEER

AL 306K 2 (43°07 - 43°50'N, 126945 - 127°38'E) , S FEHS AL VLN 3 A /K 300117 9B k) K
T W30, SR AR 43370. 8 km? , [ 7K 424 180 km, 1] 1 5 9629 5 km, 5 KK T 550 km? , -1 7K 7% 30 -
40 m AR A AR 137 x 10°m® . IATEWI I KRS AR R IAAETT L0, A1 323 40 A3 5%, HorP i K i R
R VRAT P AR W] R AT ST /N AT A T R A WA AR I R A TR b R A
T A 77 K K R AN E A 2 v BTt St J0IE U7 25 7 TR DI RE. B 26 FA 26 380 0 sk 4% i L U5
Y36 B8 7 BE AR TN, AR 35 55 Y 71 ) X T80 DX /I 3R o 7 B A S T A AR T P R
(75 Y i it 0.503 t/ (km® + a) , HirJE s YR G 77 B0 0.36 v/ (km® -+ a) 5 BB A975 YL f7 faf Bt R 0. 053 t
/(km® +a)  Hop R S E AT 0.041 v/ (km® - a). ITJLAF A6 B AT SE X2 R B o Ak R
Z LU S i 38 4 ( Microcystis aeruginosa) S P 1 559 IR K A7 Jay il X B AT A
1.2 WFEHK R BB B RIS BRI R

DA AR 5385 Akt 53 2R i 4 0P L ST U R 2 —— ] R A S R M PR TR R, 3 e =8 R S B SR T
R (LR AT AR AR ) 5 A K G 2R G R R, AL i 2 b B 30 B R fb 2k
f B e SR A RAE M-11 835987 R 25°C , B 2000 I, YGRS He Sy 120 12 F # 1k 55 55 (45 K4%
B4 ). RTBERR B M, 7 IR HA KAk T X B KA e B i R 2 TR F T/ M - 11 8%
FEAEE R 3 d, RN A TREA A DLECIR 5. AR 2002 — 2004 4FFA 1 W1 K 14 4% Rl 25 ARG 45
AAEAMHT , 45 1 7K A F A 9 T ) P A0 B A A L0 5 e O 2R, DT A5 B8 A0 7 A A i A0 2 A 42 o
Fbs. % B PR EE S0 A R0 P, 15 90 450k CIRLEE Ol R4 ) SRk 5 T 2 WA A 40 100 52 o I 100 AR 24 (i 2
25°C, MR 2000 Ix %5) | LURIE FT 7S50 i Al 20k,
1.3 LMK BB BRI R S 7 KB HI

ZHCHBUT , BB AU LA 5 201 2 B T PRI A8 40 B IE A8 M e i ) AR SRR R B
¥ Fe— K IRV AR (Kolmogorov-Smirnov Test ) B HiE SR | 4 2 M B9 /3 A5 2. 3 4h, IE 2840 A i
FETLIN £ 77 P 55 6 PR 6 T 25 4 A it 4 R e e ok 40 0T L R P UL ik g SR BRAE R PP R R AT B
E DR 7 S BR, fRE SPSSI12. 0 FifE. ASBESE R 2002 - 2004 4E (5 - 10 H ) I AFA £ 40
A SRAE T BB B R TR
1.4 MIEHMERE BEAFEREHE

HRYEIK IR BE 25 w150 T DU R JRUBS: AT T B, T 1530 8 7K I 858 288 o e PR TR AR 5 Y ik B ik b 6 ( RIZINF
KR BRI SRR #id 99. 9% L b (BEE _E RN 100% ) , BIKAA TS Y bR KU /N T 0. 1% B i A5
i AR BUR A A B K BT AR /N T 99. 9% , WA 75X 180 375 Y Wy vl 35 34 (K0 R 28 7 2 R 25 4 /N, R
PSR B BEHURT v BT B IE A0 S5 e A5 25 o, 0118 Fh S Bl S R0k BB /N T K R
EbR e 2R N 99.9% .

TR AR TS ek B 5 K RS e A s E Lt R W, =E/E - W, Hoip W R e 7K Bk B iA R
207 99. 9% SAF RSB U AL RE I P AR | M R K PR 2 0 W B K A T Bl R
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I 3B, S A K VR BE ISRy 99. 9% A fPE T 10 Bt UV E 14 {8+ B 2 BUAR K P o 5438 3 LV 24
(. WA e B G306 24 16 A5 4306 , 095 ey vl B M (8L B 268 F JCIE A5 16 B B 2 80 RO 000
Y1) DRI W, =ga, /e W AT LI H K T FE 3B g 99. 9% 4% R 10 S B JRL AL VE A RE,
KRB LA RV /T K R LB 0 SRR (5 DA % I 25 0 A5 S0 B o B3B3
SPSS12. 0 #R 4.

2 #RMiTiE

2.1 BEHEEFRURENBMERENSE

A e 3 X A S B K R B A 25 SR (&) 1) AT, PO -P ¥ 0. 005 — 0. 025 mg/L i, 4 Sl
R 5 PR SR 2 B 3 T 0 1 T A, PO ™ -P YRR 0. 025 - 0. 06 mgy/L Bt , Fie K He 6 3 it 5 ik
JEETH 5 TR A LA R 12 , BV S 3 () B K LU HE KSR AE PO, -P YR 0. 025 mg/L it H 3L T — 4453 0
G, A S B ) B R P R RAR K, 1 0. 61 d ™" 3K T e (9 o, 119 95% , BIARAE K IR AE PO -P i
Ji£0.025 mg/L LA LB, JEA G EFRALI B 76 PO -P ¥ 0.06 —0. 6 mg/L B, 28— B LUR i (9 fc K 1L
BRI A POY -P R JEIAE 0.6 mg/L LL LT, 4 R 38 8 A 1 I SRR 28 , 7 K R P U2 R R
Fe, LS AT Ak T AR R R B DRIk, S B Ak A AT 5 7 R A I S A, IR K T R ) 4 A
0.025 mg/L LAF. e[ EPA BRI EE 0. 05 mg/L FIIEBFRRER ML 0. 025 mg/L 2 WA FIK ZE B 2 1)
ERRT X S AT A S A ARG
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Fig. 1 Effect of phosphorus concentration and nitrogen concentration on the maximum specific growth rate and

the maximum growth of the Microcystis aeruginosa

DNARCHE HE X ST B B2 A 25 8 (D 1b) BT A0, NOS N W 0,03 — 0. 55 mey/L i, 5 25 i 2
[ 33K H G S B R 1 PG TR, 6 NO -N VS 0.5 — 1.2 me/L I, I L K 5Bt 2 LG
PTG TR 5 He e 0, BV B 1 K LB 1 NOS N VI 0. 55 mg/L It BT — 49 4, I
i, RO S B HH ARG, 9 0..60 d ™1 ST T 5 0 0 10 95% | BIVKAZEWI K HA 26 NOS -N e i
0.55 mg/L LA LM, 3E A B FRALBBE. NO -N W 1.2 — 6 mg/L i, 925 — 1 LA 795 9 J5 K U e G
16 NO; -N WeBE K] 6 me/L LI 5, SiZGE e 0 I o SO 7 K B P 52 R, L 2
b T AR S0 B PR, T34 UL, B L T B 7 F A0 22 e (01K o 5 AR B
HI7E 0.55 mg/L LU F.

JA 2002 ~ 2004 47 A LMK e b 45 FIE 2SI A kTR, BB TR S1. 1% Sy FTVEERERY , 35 e T i 1
Rath (PO}~ -P) (7 SABINY 18.94% , FTEHE HIATHLBE o 32. 57% . — Mok , e A5 JE AU BB A Ay S22 WK I T
SRR ST AT BT, B0 T L AN A7 HLRA , 1 R 0 9001 0300, YA 5 A
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WU A 0 7T ) PP S AT S T, e HA RS AT AU T o Bl P A T I 0 05 A s Ak 7
VFZIMATE Vi A DU e JEE S LU IR AR 1) ST v 1 A5 LA b, HErh R 24 60% 7247 A ¥ itk A AL vl
A B IR K A5, JH T B2 R KU MBI K P& Hh PO -P & 0. 014 mg/ L IR T K WK 1k s
PEBERRARAVE B, BT LA 7, A A6 I K v £ 356 218 00 40 o 0 G 78 S A 72 2 K s v 9 A L
BEAL A KA , B TEAURE , (AP b i S A A K R BB A5 LA 5. AR A AL WK AR v p PO -P A%
YA HUBE 5 B 04 LA TT A5 1 WA R I K 7 T B B 38. 46% Sy 32T | F B

FAAEWI K 1R TP TE ML 5 M B0 65. 26% , JL v, iR £k 2 o5 TEHLA MY 56. 24% , EA R S BHLA M
40.82% , AR ER R & AR, 4 0. 033 mg/L, A HLA I & 1 i MU 34. 74% . B SR BE 2t ml ) A HL
S, AERAA AL LA A 55— BRI R 720 S U A 6 L 2, BRI FE 3 K A o i T R o
U 65.26% . 454y 1T (9 25 45 TT LAAS 1 WA 46 09 5 785 92 4k S 2B 0 B 0 - S 4 1 0. 065 mg/L, MR
150. 843 mg/L.
2.2 WATEMIKAE BB B R S T4

S%E 2002 — 2004 A AL WK 1R PR BERILE S80S BEA TR R SRR R — IR R R A 5, 5 B
IR SR X505 S 1) LR 7 1 S S MR 40 31 4 0. 304 11 0. 604,328 K T 0. 05, K L FA 76 WK 1A b R
LB 23 51 AR T 2543 A 00 B IE 25404

XERA ALK P 2002 — 2004 47 14 S S EER ] SRGHBRR , TTA5 B4 A6 19 K PR B A AR A ]
(18] 2a) F1 P-P IEZS 4045 K56 1] (T 2b) , WA FR T S0 6 W0 7K P Bl 3 e B 1 SR % 2005 AR 2 1E 2543, D
B E AT A X ROE &S00 N 2a W1, HLAE SO S HE R e = - 2. 628 F5HE o =0.369. FATEIIK
1 2002 - 2004 4F B REEOITE S A B P-P IE 253 T K6 225 SR A0 B ML, WA R IE A5 40 A , HLIE 7
SIAGBBAE N = 1. 738 ARifE S o = 0. 444 (JEIWR).

o Mean=-2.6275
- SD=0.36927
2 _{ N=600
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Fig. 2 The frequency distribution and examination of P-P normal distribution of TP content in Lake Songhua

2.3 AR BREAFEREIYE
2.3 1 AEH A B AT R MAREMI AR R B SR (05 T, A BURAR 40 4
BEH I IAHR A (B 0. 065 mg/L) g 38. 33% , B A S5 A7 My 99. 9% 9 L 43, AL A5T0R/ IV A VR
S PSS BERLREIL Iy V15 80 0 206 28 v 1 X 5 40 A 2 SO RS W0 B o, = - 3. 546, 0, =
0. 2758, ATl S F A (P 3a L 3D).

1~ HAeR 5 006 A3 , WIS LB o 075 e M HE R 1595 e g A R I, B9S2 0 i
R AW S LA - Wy, =E,/E - W,.

R FXPROE A MK 58, FIME B S0 MR B R RN B =e'.
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IR, 1999 AERAE 1 Sl 0 HE i 2283. 09 vVa |, SVBEAE T34k & 0. 031 mg/L, 2002 -
2004 4E B E SR 0.0724, n] LIS H 2002 — 2004 45 A4 S HERCE 4 5332. 12 vVa, fEIRARR N 99. 9% I 4%
PER, FAEI TR B 0 B R A e R R 2123, 78 Va, AL IR HE i i R 5332, 12 Va, [H I, 4
SR BT YA I it (7 S lHE I A P el i 3 ) 3208. 34 v
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Fig.3 The frequency distribution and accumulation frequency distribution of TP content if meet water quality target

2.3.2 M B AATEAETE MR S A R BUICR TR AT, PO &4 T, 8
FURBERARA (FRifEN 0.843 mg/1) 9 2.17% ,HE3E O, ZEE L TKAR 3K 99. 9% (1) HL AR , A6 25T/ N K AR v
RS RS R P S a0, 18 0 YR AW ES M S EBE R LW F w, =0.475,0, =
0.122 p, AT 2 ML B R (1B 4a & 4b).

FRUETTE AT 01, 1999 AEAA AL 38 ZUHE Iy 21855. 37 vVa, /KA S AR He iy 1. 480 mg/LL,
2002 — 2004 4EME w S 1.7384 A3+ HY 2002 - 2004 4F A HE B 25667. 73 Va. TET AL B K B
SVEE BE IR BRI 99. 9% B ST, FATEMI R S K ARV HEUE ARy 7018. 82 v/, FATE I IR HE
A 25667. 73 Va, BKKGHBFR , 31 AR A6 B BRI K BB B BRI BE b E RN 2 —,
W, AR B R, 188 U HE B A s i 14 ) 18648. 91 V.
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Fig.4 The frequency distribution and accumulation frequency distribution of TN content if meet water quality target
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ARG A A B SR E R AL W) TR A S A A R (R R A T M K A it R PR S B A1 R ) il
B T LURUBS: 3 BT B RN SRR AR 5 vk DA B P A S 1 PR K R PR R A e T iR AR T 1
FENTAEM PEAK AR SE PR F AR LAl 2 | R T AV B 5 1T e W B i R B S8 X TR N R A
2% ANHE TR IN 3R 2 1 B UK IRBE A A THS A S A A (L. S A AE W 5 U T BLAR A A R K A
Hh AL RS LA , R BT T B RS R B R SR VRO D £ 2123. 78 v/a A1 7018. 82 v/a, g 1 fi
FAETN & B AR K AR ROMERAE 0.001 LATR , S BEALE ST 200 31 I 9l 3208. 34 1/a il 18648.91 VVa.
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