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A universal Weber exponential formula on eutrophic state based on Weber-Fischna law

LI Zuoyong, WANG lJiayang & ZOU Changwu
( Chengdu University of Information Technology, Chengdu 610041, P. R. China)

Abstract: By selting up ‘ benchmarks value’ C;, of eutrophic state indexes, the ‘normalized value’ x; of index value correspond-
ing to * benchmarks value’ C;, was taken as the contamination stimulus amounts in the eutrophic state exponential formula based on
W-F law. The Weber exponential formula of each index was regarded as equivalence to a Weber exponential pollutant formula with
common suited Weber’ s constant o , because no differences of ‘ normalized value’ x; were found on the same class standard of eu-
trophic state for all indexes. Intellectual Solution Space Search Algorithm(ISSS) was used for optimizing Weber constant « in the
formula. The optimized universal formula was suited to 14 items of eutrophic indexes. Compared with the results of other methods,
it can be used for eutrophic evaluations of dozens of lakes. It showed that the universal Weber exponential formula on eutrophic
state had not only solid theoretical basis, but also simple, practical characteristics.
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Tab. 1 Classified standards values C; and corresponding normalized values x, on lake eutrophic states

W3T FOESR E TR WE HEET W E TR
HIRRIT

C/U *p le Xt Cﬂ *p Cﬂ 3 Cj4 T C/5 s
Chl. a( pg/L) 0.4 1.0 1.60 4.0 10 25 64 160 160 400 1000 2500
TP(pg/L) 1.0 1.0 4.6 4.6 23.0 23.0 110 110 250 250 1250 1250
TN(mg/L) 0.02 1.0 0.08 4.0 0.31 15.5 1.20 60 2.30 115 9.10 455
CODy,, (mg/L) 0.12 1.0 0.48 4.0 1.80 15.0 7.10 59.17 14.0 116.7 54.0 450
BOD; (mg/L) 0.1 1.0 1.2 12 2.8 28 6.6 66 12 120 30 300
NH;-N(mg/L) 0.01 1.0 0.055 5.5 0.20 20 0.65 65 1.50 150 5.0 500
BIO(10*4~/L) 2.0 1.0 20 10 60 30 200 100 500 250 1000 500
SD(m) 40 1.0 8 5.0 2.40 16.68 0.73 54.8 0.40 100 0.10 400
DO(mg/L) 40 1.0 16.5 5.88 10.0 16.0 4.0 100 3.0 177.8 1.0 1600
ppro( g/ (m>d)) 0.7 1.0 1.18  4.79 2.0 23.32 3.25 100 4.20 216 7.0 1000
NO;-N(mg/L) 0.10 1.0 0.50 5.0 3.00 30 10.0 100 20.0 200 35.0 350
NO,-N(mg/L) 0.01 1.0 0.05 5.0 0.15 15.0 0.50 50 2.00 200 5.00 500
PO,-P(mg/L) 0.001 1.0 0.005 5.0 0.01 10.0 0.05 50 0.20 200 1.00 1000
TOC(mg/L) 0.02 1.0 0.10 5.0  0.50 25 1.50 75 7.0 350 30 1500

El, 0 0.20 0.35 0.50 0.65 0.80

Ely 0 0.2032 0.3613 0.5249 0.6316 0.7923
El, 0 (0,20.32]  (20.32,36.13] (36.13,52.49] (52.49,63.16] (63.16,100]
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) W-F GE 0 B
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Tab. 2 Eutrophic indexes values and evaluation results of eutrophication based on

W-F Law and TSI of Beijing urban lakes in 2006

W. =

J

(9)

= =)

e wm mm O weas e W R

- Wth B A N2 B [21]
FE o Mmank K C ¢ SKC.C(m) - e
(we/L) (/L) mg/L gy gg TSI, g TSI, S EL B e

1 11 35k 380 8.21 40 1.08 3.19 1.30 42.02 & 58.46 & 44.69 FH 34.24 H i
2 B 15.75 60 1.06 4.91 0.87 46.54 B 63.47 & 51.35 & 38.03 &H RH
3 [l 67.78 110 1.56 6.40 0.52 54.34 &E 71.82 HEH 61.50 § 45.79 & HE
4 =t 51.63 80 1.35 6.31 0.51 52.58 ®E 70.02 B 59.35 B 44.02 B &y
5 i 56.76 90 1.38 6.09 0.61 52.63 ®E 69.88 B 59.07 B 43.72 B i%H
6 Jbis 51.36 90 1.19 6.19 0.50 52.55 @E 69.94 & 59.24 B 43.89 © Ky
7 it 46.55 70 1.12 7.22 0.57 51.61 & 68.94 & 58.25 & 42.89 = Igr®
8 ki 58.15 60 1.26 7.63 0.67 51.80 & 69.01 & 58.28 & 42.96 H IBEH
9  [MARE®  19.86 70 0.92 8.49 0.84 48.54 & 65.68 B 54.89 H 40.08 = gy
10 FEME®  102.29 160 1.47 7.80 0.66 56.00 THEE; 73.27 TEE 63.44 e 47.31 TE PE
11 A—#  60.13 140 2.11 7.84 0.77 54.90 FEF 72.34 EEH 62.56 F 46.50 TEH HE
12 Sk 61.93 130 1.50 7.35 0.53 54.72 TEE 72.27 EEH 62.36 B 46.24 FEH HE
13 RS 38.00 90 1.47 5.19 0.87 50.57 B 67.53 B 56.08 § 41.46 B &g
14 Pgsk=si 128.41 120 7.98 15.96 0.52 62.64 T 80.95 TEE 74.07 EE 59.03 E EE
15 JpiEl] 147.33 340 6.17 16.01 0.31 65.72 #E 84.84 M 79.01 W& 62.96 ey HE
16 FHAEW] 89.59 140 2.21 10.90 0.46 58.02 HE 76.05 HEE 67.53 EF 50.61 FEH g
17 £r4ihi 133.46 810 4.73 18.46 0.18 68.59 HiE 88.26 HiE 83.69 ME 68.58 MhE HE
18 MIRAAEM 78.06 110 1.83 8.99 0.44 56.29 TE 74.16 EE 64.92 FEH 48.46 F=EH HE
19 T W 33.03 80 1.18 6.17 0.45 51.42 B 69.00 B 58.30 B 43.27 B KE
20 MM 111.39 120 2.58 12.80 0.26 60.31 #EE 78.97 EE 71.35 EE 54.66 ®E EHE
21 HIBHARMW 103.98 320 3.32 16.02 0.19 64.42 #E 83.74 #hE 77.84 ME 61.15 My #HE

# SCHR[ 21 ] PR PEOr SF QLRI 5 B LM ONER BRI R A N R E MY TR, A TEE WS,
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(1) 297 WA, 2 2 Al g R ARG AR R A TSI, CEFRIRAESE R 2 TSI, e ok B0 A AL % o 4
B e RO AR SCIR(21 ] PR Ae B9 & TR o R FUE SR IR RIE S ESR P EE IR
L EESR, AR W-F 58U B0E 3R R BRI R E IR R SR ) WAE 25U
4 U AT ARG ET {8 52. 58 \52. 55 11 52. 63 (XM T T & & 92 0" T FR{E 52. 49, T i b«
AT E SRR AT LAY BT LABRIATI ST Xt H A 20 ASEIA ] W-F BE R AU I AR S
FHEAURTM 7 A R E TR PP GRS AR— B

(2) BEH] 1SSS Sk Al th 9 W-F S8R0 SRS Y B8 PR I Fbm 1 [ A 1 22 405 23 R
9GPt 123 3CRT 32 A 3 WA AR P PR SRS

(3) BIERRARIERAX TSI, L5525 T Chl. a TP TN SD [ CODy,, F1 SS 6 Wi 4R TSI, 572
A5 TR E R E FRRSTERAX TSI WAL 5451 T Chl a TP TN SD ,COD,, il BOD; 6 Hifs 5K TSI,
WA W21 AR HAR 8 BUEAR, TSI, A TSI #AATHFAR, BTG . WA SOR LA AL
AT H ) W-F 2520(6) WS — Xt 14 T4 b 9 38 B0 38 FRR A 202 3 IR — A i 0T S 166
AE

(4) HFR(6) — A% 14 THAEFR AR TS 52807 I8 B0 2K, T, 53 n AR A28 & PEAR
i, R T — T A5 AR Y n USRI 25 SR RSP B D — feni &, #6 (T ) SR &5 & W-F 54K
fof, R S AR PR R A T

(5) BEFA(6) FI(T) BEAT 5B FRATEA IS, AT B, AT, BT AR 3. R,
AMEZEL it FL TS R il 5 fi.

(6) BR 1K W-F Zh 23K (6) A1 (7) TSI/ 21 A E SR oL, Fl TR 3 (6) F(7) Xt
A PR 65 AW IEAT T FRARAEPHT (3R 3) 5 A IR A9 PP A SR AT 10 L, ORI 3
], B SO A

% 3 FRE 65 NHNA K TR b 22 M7 0 45 2R
Tab. 3 Eutrophic index values and evaluation results of eutrophication based
on Weber-Fischna law and TSI of 65 lakes in China

W-F % PP S
- Chl. a TP TN COoD SD [
(pg/L)  (pg/L)  (mg/L)  (mg/L)  (m) EI, P Ay E%f;ﬁ TSI AT TSI AR
ANS=
1 32.80 168 2.9390  7.55 0.53 0.5549 HwE FE HE HE
2 24.08 150 2.4410  6.83 0.43 0.5429 HwE - £ et
3 57.62 292 2.8270  7.29 0.51 0.5811 EwE HEE £ HEE
4 6.98 88 0.7530  5.52 1.13 0.4432 HE & = =1
5 77.02 230 3.5320  8.58 0.51 0.5916 e FE i HE
6 72.05 290 3.5420  8.76 0.43 0. 6002 GV e T HE
7 17.45 172 2.6540  7.99 0.51 0.5401 w EE £ et
8 7.89 108 1.7710  5.12 0.58 0.4861 =1 w5 w o
9 6.27 59 1.0510  5.95 1.06 0.4424 o = =1 =1
10 25.77 116 2.2750 6 0.54 0.5280 B -FHE et EwE =3
11 11.32 73 0.8850  3.79 1.38 0.4404 = =1 =1 =)
12 9.83 86 2.3390  5.45 0.84 0.4852 =1 = 51 =)
13 4.29 48 0.6170  4.12 2.75 0.3835 =1 =1 = =
14 4.83 51 0.6110  3.83 1.56 0.3995 = = 5 w
15 77.02 189.8  2.0973  8.155 0.44 0.5767 HE B HE Ciy=1
16 71.78  515.4  3.2364 9.6 0.42 0.6146 Gy FE R HE
17 15.67 192.5  3.0350 5.6 0.36 0.5433 HwE - e et
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g R
W-F % TRE S5
W Chl. a TP TN COD SD e
(/L) (u/l) (/L) (m/L)(m) By R TSLAR TSI
PANS=
18 10. 40 71.1 1.0030 4.9 0.47 0.4729 =1 o =1 =
19 13.81 93.5  0.6711 3.5 0.65 0.4608 =1 =1 =1 =1
20 7.15 65.1 0.5234 4.1 0.75 0.4305 o =1 =1 =1
21 4.37 47.5  0.4166 3.3 1.74 0.3799 h— - =1 rf
22 2.26 49.3  0.7366 3.6 0.95 0.3954 =1 =1 =1 =1
23 4.05 56.3  0.7414 3.6 0.81 0.4167 =1 o =1 B
24 3.45 66.8  0.5980  3.06 0.76 0.4093 o =1 =1 =1
25 7.52 36 0.3174 2.4 3.72 0.3537 eE rh i rh
26 3.71 51 0.7743 4.1 0.84 0.4155 " o o "
27 2.65 47 0.6170 1.3 1.53 0.3577 rhEr i = rh
28 24.64  548.9  2.8649 5.6 0.36 0.5781 i EE EE EE
29 11.66 113.6  1.2096 3.6 0.53 0.4812 w =1 =1 =1
30 4.72 125.5  1.4293 4.6 0.37 0.4804 =1 =1 = =1
31 35.80  207.4  2.3598 8.3 0.41 0.5653 wE HE HE HE
32 16.72 68 0.7640 3.7 0.63 0.4629 =1 =1 =1 w
33 3.19 38 0.9970 3.2 0.94 0.4021 =1 =1 =1 =
34 59.36 141 1.8720 4.3 0.49 0.5424 T B HE =
35 7.22 72 1.7050 2.7 0.59 0.4574 = =1 =1 =
36 5.58 36 0.3480 2.2 1.54 0.3679 =1 e B th
37 5.53 38 0.4910 2.4 1.36 0.3824 =1 B =1 e
38 48.98 172 1.8650 5.1 0.86 0.5330 e W WE (=1
39 5.95 43 1.4520 2.2 0.88 0.4218 = =1 =1 =1
40 9.89 51 0. 6000 2.3 0.82 0.4196 o =1 =1 =1
41 4.27 35 0.5320 2.7 0.97 0.3872 o = o W
42 2.14 30 0.4390 1.7 1.53 0.3399 eE rh i rh
43 14.60 50 1.1390 4.5 0.69 0. 4644 W o = =
44 31.02 62 1.2950 4.6 1.19 0.4782 o =1 =1 =1
45 3.90 44 1.0870 2.1 0.53 0.4163 o =1 =1 =1
46 0.88 130 0.4100 1.43 2.98 0.3320 i TE HE FwE
47 4.33 21 0. 1800 3.38 2.40 0.3326 h EE HE Y
48 4.91 50 0.9690  5.42 1.46 0.4206 =1 iVt FE wE
49 16.20 26 1.0200 5.16 1.16 0.4392 o =1 =1 =1
50 82.40 332 2.6600  14.60 0.49 0. 6090 HE wE HE HE
51 95.94 136 2.2300  10.18 0.37 0.5850 ¥y EE HE wE
52 262.40 500 16.050  13.60 0.15 0.7171 W HE HE Y
53 185.10 670 7.200  14.80 0.26 0.6852 e =1 =1 =1
54 14. 60 20 0.2200 1.40 4.50 0.3291 e o =1 =1
55 11.60 80 0.1300  8.29 0.50 0.4403 o wt T =1
56 11.50 100 0. 4600 5.5 0.30 0.4784 o =1 =1 =1
57 189.30 20 0.2300 10.13 0.50 0.4929 " o o "
58 19.00 20 0.2100 1.6l 7.03 0.3269 i = = w
59 7060 177 2.8600  51.00 0.41 0.7375 M a = =1 w
60 945 56 1.0800  3.37 0.87 0.5539 g EE EE TE
61 916 40 0.8700  3.53 0.92 0.5396 HE HE HE HE
62 1011 42 0.9600  3.68 0.90 0.5471 HE HE Civ=1 W
63 8.90 49 0.5200  2.05 1.50 0.3953 W o = w
64 7.32 45 0.3180  1.28 3.50 0.3448 i =1 =1 =1
65 51.63 23 0.6200  4.05 1.20 0.4455 = =1 =1 =
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2000 47 10 J1 25 2003 4F 4 FI 527 BEAHK UL b FWEHEIX 65 A 2 LI 00K JR g 5 76 Fl fi b L o
SR AT ) A WL W-F S EL R 5 F0IRAS 7T TR H, KT o IR R A T A
TR FRA SN H AR R SO DA T 57 B TR B FA KT (% 3).

Ry T A SCII T Y VA 0 5 U Dy v 5 A LB, e D 91 T S T A
3 TS, U ST 90 A B 5 TR A A 2 TSI, HFE AR 03 65 A-HE 025 R A5 8 1
H 4 S AE R A 2 1.

4 &ig

(1) ZEF W-F B, IRl Y U0E 2 08 SRR bR S A R R BOC R 3 KR BRI (B A A s BOE R U
e gl RO 5, B T T LA M 2R 1 14 AR B FRRE TR A X, 2 AR U2 — 4
LA WTNERE (o8 S TS i i

(2) SRR e A 2R B L AT B A8 FRRAS T3 A8 202 3 U0 T R 4 22 100 19 8 SR RS 0 i
P, I HE ZFE RSN TR O PR 45 R HCARE AR — B0, MR IR SR 1935 FR RS T AR 4 KL
AR BB FI AT Y.

(3) BFRREF AL AT A 8, 2520 B0, VLR PR, FHI 7 (3, S 3 I 09 a8 SR A F
WPt T — AR S R T A S

5 &% ik
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