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Application of Common Groundwater Quality Evaluation Methods in the Lower Reaches of Futuan River in Rizhao City
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Abstract Based on the monitoring data of groundwater quality in the lower reaches of Futuan River in Rizhao City for many years, a total of
17 indices including total dissolved solids, total hardness, nitrate and nitrite were selected as water quality evaluation factors. In the evaluation
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process , single factor evaluation method, traditional and improved Nemerow index method, fuzzy mathematics method and improved fuzzy math-
ematics method were used for water quality evaluation respectively. The calculation process and calculation results of several methods were
compared. The research results showed that several commonly used evaluation methods were suitable for groundwater quality evaluation, but
each method had its advantages and disadvantages. The calculation process of single factor evaluation method was the simplest. Its evaluation
results could identify pollutants that had great impacts on water quality and analyze the general situation of effluent environmental quality. Nem-
erow index method took into account the most serious pollution factors and the average value, and the improved Nemerow index method was
suitable for understanding the whole pollution situation of water quality. Through fuzzy mathematics method, water quality evaluation was made
by calculating weight and membership degree, which reflected its non-linear relationship. The calculation process of the improved fuzzy mathe-
matics method was the most complicated, and its evaluation result could determine the water quality index. According to the pollution situation
in the study area, the fuzzy mathematics evaluation results were more consistent with the actual situation.
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Table 1 Water quality monitoring results mg/L
%t Mon{i)L(J)ring Tfj?a]g ﬁif?urb%e l(lila?i Na* Cl” S0, NO,~ NO,” NH,* éﬁ{%%
No. sites hardness solids Fluoride
002 ZE1 392.21 656.69 51.16 86.25 108.90 113.36 0 0.04 0.111
004 Mok B Bl 236.54 408.24 47.16 29.19 134.20 30.04 0 0.04 0.210
012 s 355.41 595.22 36.23 29.10 87.04 221.59 0 0.04 0.389
014 PeAlibA| 496.63 732.99 69.88 163.41 112.30 59.39 0 0.04 0.001
016 Kty 425.13 655.17 49.75 73.89 87.72 154.19 3.02 0.04 0.053
017 A sk 355.87 537.15 38.96 74.27 158.10 72.11 0 0.04 0.137
018 BRINE 223.68 316.74 27.41 40.87 74.22 5.49 0 0.04 0.117
019 i ] 245.44 389.97 30.19 43.57 67.98 54.64 0 0.04 0.094
020 J& ] 315.34 486.75 34.61 38.08 138.70 62.17 0 0.04 0.203
021 i 493.59 851.06 98.36 254.16 109.60 108.97 5.7 0.04 0.339
023 LY 339.71 617.09 75.24 97.10 78.16 115.85 7.66 0 0.100
025 FEEK 9.76 392.49 139.30 72.18 50.72 17.60 0 0 0.437
026 e 246.67 600.87 69.47 101.52 112.20 151.01 4.83 0.08 0.510
027 R 422.67 844.82 135.60 210.40 84.33 72.39 0 0.04 0.111
028 TR 213.12 324.80 29.40 43.67 73.08 20.39 0 0.04 0.281
029 =B VA 242.58 454.32 37.48 35.34 95.38 88.28 0 0 0.638
030 1EFH 262.36 449.09 48.22 76.67 62.04 68.01 0 0.04 0.212
Jl:[él:‘\lll )ﬁ > PR IE B A RT E
;ﬁ% Mon{i)t(J)ring Fe COD I Mn Zn As }ng)ﬁiﬁﬁij\ %MJ(}% 7&?:3??&3;{?
o sites phenols Cyanide control standard
002 S 0.006 2.13 0.018 0.002 0.003 0.001 0 0.001 0.001 m
004 Mol RHEE 0.005 1.47 0.007 0.059 0.003 0.000 5 0.001 0.001 m
012 sV 0.019 2.30 0.003 0.115 0.076 0.001 0 0.001 0.002 m
014 ealliipal 0.003 1.86 0.040 0.005 0.003 0.001 0 0.001 0.001 Il|
016 PN 0.005 2.23 0.012 0.057 0.037 0.000 5 0.001 0.001 |
017 A — sk 0.002 1.62 0.003 0.005 0.003 0.001 0 0.001 0.001 il|
018 RFRNE 0.012 1.76 0.006 0.003 0.003 0.000 5 0.001 0.001 I
019 i 7] R 0.005 1.84 0.005 0.004 0.003 0 0.001 0.002 jil|
020 J5 W] 0.006 2.13 0.008 0.024 0.003 0.001 0 0.003 0.001 I
021 Hi 0.001 2.13 0.005 0.038 0.008 0.001 0 0.001 0.001 |
023 Uy 0.010 3.66 0.005 0.002 0.008 0.001 0 <0.001 0.001 |
025 FEFK 0.011 1.54 0.009 0 0.003 0.004 0 0.003 <0.001 m
026 et 0.001 3.07 0.011 0.049 0.005 0.001 0 0.002 0.002 |
027 RO 0 2.63 0.012 0.008 0.003 0.001 0 0.001 0.001 m
028 Eaph 0.011 2.60 0.010 0.009 0.013 0.000 5 0.001 0.001 I
029 % 0.004 2.40 0.008 0.011 0.022 0.000 5 0.001 0.002 il|
030 fEFHT 0 2.00 0.013 0.009 0.019 0.000 5 0.001 0.001 1
F2 HITKKBRIFENERICA
Table 2 Summary of groundwater quality evaluation results
e M i?i‘?ffﬁiﬁ WP HEEGL SO Rk BEBIECAE RelRillisi C2eN
No. Mon.ltorlng Slng.le factor ) Nemerow Improved Nemerow Fuzzy mathematics ImpI"Ofod fuzzy
sites evaluation method index method index method method mathematics method
002 Zl v I\ 1l il 2.401 686 00
004 Mol Il I 1 Il 1.552 662 00
012 AN \Y v I} \% 3.328 185 61
014 K ihie % v I Il 2.247 630 00
016 PN ET) \% v I \ 3.107 944 89
017 =3k m I I II 2.035 236 00
018 RGNE | I | I 1.276 352 00
019 i Il| 1 1 I 1.650 890 65
020 J& P v \% v 1 2.139 993 00
021 i A% \4 I} m 2.688 769 00
023 Kt \ \Y I} | 2.636 430 36
025 IR AR I\ \Y I\ I 1.803 546 80
026 Jetx \4 v v v 2.944 525 53
027 B ME 1 I I 1 2.372 596 37
028 R | I I I 1.495 140 00
029 2% JIl| I I I 1.928 429 00
030 BEFRS 1 1l 1 I 1.739 595 23
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Fig.1 Traffic and location of monitoring sites in the lower reaches of Futuan River

IV 2K o KB AL T8 RKF-, et i A 2 45 £
LV 45 R 2 WK 2 0 B 4R b A T 2R R I 260K, o
76.47% ARV 2RI o WHEE SRR ST 5
SERRWIR R — S W i 5 58.9% , AN —EiY il i
i 41.1% , HoK RGO S EASE o HednZe h il £ NO; &
JERERR , IV, R 2 075 BN 45 0™ L 150, A
BHRQEIFN AR VIS, Tk i) A2 FR BGL PP 45 2R
o 2K FAE A R P55 1 e R B R2 M), DR I 4G
ES LIS

BB At Ba R Bos, 1O VI,V 280K a1 2251
AN, T AR 5 R K B e A v e T 2R AN 2., o
Pt 88.24% , PN RARLURE vy , EL Rt (R iy 3 T LA
205 VRS 3 20, 1O T ] — 2Rl ) 7K S a mT LAS vt
HATXS

M2 M 2.3 AT LA LS Bk AN 5 3 BE S e
KA WIS K B, BB LRI T i —E R LY
AT U R KK BOREA  (H LA kA

(1) BT PO E S 22 MR B — A K B T e i o
ik, RIVEAT — AR A V Ihnife, AR bR IR, 7K
BN AR VIS, IR B A ik T 5 T 2
TG, VAN T EEAR X R B B BT P, (A BE S i HE
IKIGRR AR o

(2) WP R BOE LR 55 I8 T BRI N T T A A
THRE P, AR5 A AR T BOACEE ), 7 S A DA
TR O , DRHTAN 25 R S D

(3) MR N FER0E o IR A8 N AR PR B0k A A A
DI IERE E5 1 TP R RO (E, 7 — e R L
55 1 SRR SRR , (AP 45 R 2

() BERIRCEA k. BRIkl g 45 T = Al A AR 2k
KA BUHAIE , 18 5 S5 i AN O ZR R T K B

B, A RAUE T 25 I E T K-F, i B T 44
7 Z A AR SC 2R [ 4 38 15 2, (2 R R 1
&R NS E VNS S A TR i N U A B e e
B —E R

60 m] u] I =V =V

50
40+
30F

20+

&t Proportion /%

D N GN M GM

P47 % Evaluation methods
TE: D IRR T PP s N A2 5 B0 s ONL ik iy A g 2 5 50 5
MASSHARAE s 5 GML B A BRI R 1
Note : D. Single factor evaluation method ; N. Nemerow index method;
GN. Improved Nemerow index method; M. Fuzzy mathematics

method ; GM.Improved fuzzy mathematics method

2 5 AR T EXT R A K BT R A EE LR
Fig.2 Comparison of the proportions of water quality categories

among five evaluation methods

(5) kRO BERI R 71 o CEASTR Bl vk (il SRl b, X s
JER R F AT TG, Mt S PR A AR BEMERR 45 T KA
ISR EL, AT LI [A]— 28 0 W K B2 A T HET

LA VL EIURHN 7 i, WH R RS , S Tk
AT TR R R AT B TR BN, T G ) RO i 2 1SR
FRiRSE A% THRREOR . BRSO AR Fk AT Rl — 2
AR T ARARRER T 0T LE, (B8 5 R T [X S 2 , A5 KH)
Ber b M e R S S A i R P TS Qe DU — 2L
4 #ig

L H JE T (e g 4T 90 e X 2% s s K B S 7]



49 A 18

EAE FEILRTARKFENF ke B BT T bR o) 5 A 199

=% F FiF4 % Single factor evaluation method

4= M A% T 4540% Nemerow index method

e PR U0 M A T $5455% Improved Nemerow index method
_“'#i";*éﬂifié?—"}% Fuzzy mathematics method

PRt e S % Improved fuzzy mathematics method

KR B A
Water quality level

S

e A aME RO E R A&

W EE | L RE A KRR TR
TLoEKL Rl K W
i “- B

W& Monitoring sites

3 S FKBRIFEM A ETMLE RS
Fig.3 Comparison of the evaluation results among five water

quality evaluation methods
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