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F2 FHERMKREANREE (L LZTQ—1 KESAH)
Table 2 Degree of membership to water quality grade(A case of LZTQ—1 )
KEERFRE
W AR SEWE
1% % % N V&
R (NHD) 0. 040 0. 000 1. 000 0. 000 0. 000 0. 000
Wmih (L N 16. 000 0. 000 0. 267 0.733 0. 000 0. 000
WHRRE (X N 0.008 0.222 0.778 0. 000 0. 000 0. 000
REEE (L CaCO3i) 300. 400 0.003 0. 997 0. 000 0. 000 0. 000
7 o B B (TDS) 370. 270 0. 649 0.351 0. 000 0. 000 0. 000
FER B IE B (CODm) 0. 380 1. 000 0. 000 0. 000 0. 000 0. 000
BB (SO% ) 106. 000 0. 440 0. 560 0. 000 0. 000 0. 000
et 10. 380 1. 000 0. 000 0. 000 0. 000 0. 000
FALW(F) 0. 400 0.333 0. 667 0. 000 0. 000 0. 000
#(Pb) 0. 005 0. 000 1. 000 0. 000 0. 000 0. 000
H|(CD 0.001 0. 000 1. 000 0. 000 0. 000 0. 000
KB HE 3. 000 0. 000 0. 000 1. 000 0. 000 0. 000
2.5.1 #MFAXS H, > 1.502.5) fE R & = 8 T B K B bs HEFE 9

W HE > (&) F B 5T X K S5 #E 47 B 45 & TR A
H G 5 T8 BUE S GEEORITE U 2k, Xt B0 B
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VA $6 b7 8 o T K BT & A I b o L (5 P A 25 SR AT
R TR K, SKBEREHE ARG, 0l 5E
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R EARdE, 36 0 B T2, oA [ RV, HiF
Wk BARMEZ AT 1. 624, RUIIEM 45 R 5 Z 2547
FEENEZW, 2 L BRENKEFEE. KEE
SR KEESORE, I LZTQ—8 S /K BT FH ¥ %
MEEREBA I K AmHE, B8 F HRRK, TN EF
R, B, H T R ASRE E R fLE 418
BIEME NS RER P RAEEORE F AR
PIRREE T EM SR AT REBGE, R\ H A B
KIEHH M H, KTFHEPREREEAT %5,
RZ WA F— 2300 5 W) 347 %518 B0 B

BIARAE JF LA H, ER/IME o B %O K Bk &5 HE P /Y
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SAKEHTHEREA SEENFAYSEE FELNZ
I BRARAE  BORE 2413 R IV 28 7K 5 3 Hr 8% 3 R 1E 8 /Y
PRUEZAUH 0. 267, AMUFM SR TR ES A, A
BT &5 RAR X,
2.5.2 ERAEAREFEEFIESH

RIER 4 SRR EENERSES T T LAES,
BB EKEBKEE pH U R &G E /& E W E R
BERMEESS T (RB R 0, EE R DHHFER
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Table 3 The comparison of water quality evaluation results and the major factors which over the standard
& G M 23 & VAR SGaiRgeE BHSEAIEMEE
WRERS FEE =R BREFETIE
BAREE F4 o s9 RBEEE SR
LZTQ—1 SERRPHEREATER 0.512 I 2.176 I 1.921 i x
LZTQ—2 CERTFHATHAR B 0. 448 il 4. 280 i 2. 006 il NO37
LZTQ—3 ZBRPHERHAT R 0. 281 I 4,370 il 2,272 J\l NHf .TDS.F~
LZTQ—4 ZEBRTHEFOH 0.371 i 2. 140 I 1.627 I &
LZTQ—5 ZERTHATHAS & 0.421 1 4.370 i 2.139 il NH{ .TDS.F~
LZTQ—6 “BRATHKAYA 0. 470 1 4,274 I 1. 842 i NOj KB #FHE
LZTQ—7 ZEFTHRATHAY B 0.343 I 2.160 I 2.004 i CODM,
LZTQ—8 ZERTHEATHAE B 0.329 I 6.190 I\ 2.385 il TDS.F~
LZTQ—9 SERRPEXBHE & 0. 499 I 4.275 Il 2.087 I NOF
LZTQ—10 SBETHATHES B 0.524 I 2.154 Il 1. 868 1 Kt
LZTQ—11 —ERIGREA 0.423 I 4. 300 i} 2.074 II NHi .CODu,
LZTQ—12 SBRPHERGADE 0. 629 1 0.711 1 1. 500 1 T
LZTQ—13 ZERTHATHAR "B 0. 386 I 4.238 I 2.394 Il NH7 .CODma
LZTQ—14 “EBFTHATHAR B 0.296 I 2.418 I 1.720 I x
T o 2 0. 099 0. 650 1,624 0.756 0. 267 0. 745
*4 BREARNAFHBHESIT
Table 4 Statistic feature of tested factor data
e B B/ME BR{E 1 PR E BREH 1R B2 W B
pH 7.100 7.500 7.286 0.129 0.017 0. 305 —0.703
AKX (NH) 0. 000 * 0. 240 0. 060 0.068 0. 005 1.486 2.723
MERER (ML NID 0. 000 * 28. 000 9.257 9,231 85. 202 1. 030 0.025
T REEEER (LA N it 0. 000 * 0. 050 0.011 0.014 0.000 % * 2.213 5. 035
BEE L CaCOsih 231. 490 564. 160 349. 374 96, 652 9 341, 680 1. 057 0. 483
B R E K (TDS) 264, 810 980. 190 417,144 183. 904 33 820. 824 2.519 7.122
A R 3R B (CODM) 0. 090 5.510 0. 654 1.421 2.018 3.544 12. 888
HER L (SOT) 4,720 232. 000 82. 694 65. 536 4 294,958 1. 259 1. 203
iyl 0. 460 10. 380 5.086 2. 874 8.262 0.413 —0.235
FALY(F) 0. 000 * 1. 400 0.524 0.542 0. 294 0.753 —1.153
#H(Pb) 0. 000 * 0. 009 0. 002 0. 003 0.000 * * 1.233 0. 049
®Cd 0. 000 * 0. 002 0.000 * * 0.001 0.000 % * 2.249 4.783
KIpHFE 2.000 5. 000 3.214 0. 699 0. 489 1. 253 2.876

¥,0. 000 * AL FIZIGFRME AR M I, 3TE A LL 0. 000 1 ;0. 000 » * fRRZME/NT 0,001,
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An improved fuzzy comprehensive evaluation of water quality in

karst aquifer based on level characteristic values

YANG Zhen-hua’, SU Wei-ci*, WU Ke-hua’, ZHANG Feng-tai’*, WANG Wet'
(1. Institute o f South China Karst s Guizhou Normal University s Guiyang,Guizhou 550001.China;
2. Institute o f Mountain Resources , Guizhou Academy of Sciences , Guiyang ,Guizhou 550001,China;
3. Institute of Environment . Resources and Disaster » Guizhou Normal College , Guiyang ,Guizhou 550018,China;

4. Guizhou Institute of Geological Engineering Survey and Design s Guiyang ,Guizhou 550008, China)

Abstract The aim of this study is to improve traditional fuzzy logic approach to water quality evalvation, due to
some drawbacks such as unrepresentative evaluation indexes for water pollution assessment, indeterminate evaluation
results and obscure grade boundaries for fuzzy evaluation. The first layer of karst groundwater in Liuzhi special dis-
trict Weining— Langdai {olding area was selected as the modelling object. Based on the karst water quality analysis,
factors for the fuzzy logic process were selected from those analysed constituents which were in excess of relevant wa-
ter quality regulations, from which establishing the evaluation index system which includes physical, chemical, and
microbiological factors, and modifying the method of traditional fuzzy comprehensive evaluation. Consequently, re-
sults of the new model were assessed and compared with those from the methods of both comprehensive pollution in-
dex and traditional fuzzy comprehensive evaluation, Results of the fuzzy comprehensive evaluation show that water
quality reaches class [l in light of national drinking water standard in Liuzhi special district. However, there are still
71% sampling points where the concentrations of ammonia nitrogen (NH; ), fluoride (F™ ), permanganate index
(CODy,) and total dissolved solids (TDS) exceed the water class; and these points mostly occur in the strata of the
middle and the late Triassic. On the other hand, the groundwater of 57. 1% sampling points falls in class I, resulted
from previous method of fuzzy comprehensive evaluation, which is not in accord with the reality. In addition,
through the fuzzy comprehensive evaluation calibrated with level characteristic values, the water guality of 57. 1%
and 28. 6% points fall within class Il and class [, respectively, of which the standard deviation is 0. 011 lower than
that from the comprehensive index method which stresses much on weight factor for the element with highest con-
centration, Therefore, current method for comprehensive evaluation of karst water quality can effectively reflect over-
all water quality level, water chemical anomalies and quantitative quality classification. It is trusted that the evalua-
tion results are reliable,

Key words level characteristic values, fuzzy comprehensive evaluation, karst, water quality
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