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Fig. 1 Sample locations of the study area
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Table 1 The classification of groundwater evaluation

g&daﬁrﬁ%ﬁgﬁﬁ RO] \R(JZ \ROS \RO4 \RO5 *ﬂ_'ﬁiﬂjzﬁ%
Re. 4R s«

o Na+/7 /e S()i*i NOg / F/ SR/ DS/
(mg-L 1) (mg+ L1 (mg+L 1) (mg+ L1 (mg+ L™D) (mg+ L1 (mg+ LD
EF9 1 100 50 50 2 1 150 300
e/l 150 150 150 5 1 300 500
SN 200 250 250 20 1 450 1 000
RN 400 350 350 30 2 650 2 000
RNV 500 461 382 118 5. 46 1370 2 967
i £H [0,100]] i £ [100,150]]
Al [0,50] ey [50,150]
TR ER [0,50] TR ER [50,150]
Ro= |1  #ERER [0,2] Ro,= |11 #HERER [2,5]
mAe [0,1] A [0,1]
SV [0,150] ol B [150,300]
Ve E A [0,300]] L W RPERE A [300,500]]
i i [150,2007 i i [200,4007] 7
A [150,250] A [250,350]
EREh [150,250] R ER (250,350 ]
Ro:= |1l ﬁﬁ@ﬁ%%ﬂlﬁ [57201 Roy= N ﬁﬁ@ﬁ%ﬂ'ﬁ [207301
e [0.1] AL [1.2]
SRR [300,450] S (450,650
L BEEERE A [500,1000]) L BfEE SR [1000,2 000
i i [400,500] 1| [0,500] ]
Eia) [350,461] Eia) [0,461]
R Eh [350,382] MR LR [0,382]
Rys= |V #HERER (30,118 R.=1]1-V f#iRE [0,118]
mA [2,5.46] mAe [0,5. 46
SV R [650,1 370] SR (0,1 370]
L AR R A [2 000,2 967 W S E A [0,2 967

TR A B B2 AR SCIUB S Z19-1 B iy
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Table 2 The correlation calculation results of well Z19-1

DRER Na® Cl- SO% NO3 F ST (CaCO3) TDS
1 —0.015 63 0. 006 58 0.019 25 0.003 36 —0.074 79 —0.098 291 572 —0. 060 52
il 0.038 14 —0.016 91 —0.019 25 —0.003 36 —0.074 79 —0. 046 898 740 —0.027 00
Il —0.045 08 —0.021 30 —0.049 77 —0.010 60 —0.074 79 0.112 373 059 0.038 56
N —0.077 15 —0.022 18 —0.055 88 —0.014 23 0.124 59 —0.037 457 686 —0.070 82
V —0.125 26 —0.022 55 —0.058 49 —0.014 63 —0.062 29 —0.105 723 766 —0.125 50

x3 191 NERHEE
Table 3 The weight coefficients of well Z19-1

i Na*t Cl- SOT~ NO3 F- SRR (CaCO3) TDS
719-1 0.173 0. 024 0. 065 0.015 0. 284 0. 259 0. 180
x4 2191 GEEBEINSER 25 BN ARE S R A S, 719-1 e KLE 4 Rt

Table 4 The evaluation rank of integrated relating rate of well Z19-1

% I Il I v N

0. 051, B4R 0 1 4, N L Z19-1 BEfh 255

PSR E N 2%
(1B, 73 50 T 0345 SRR el B 5 SR IR BE L
IRAE IO ik i G R IR R e % SR U SR T3R5 .

719-1 —0.220 —0.150 —0.051 —0.153 —0.514

RS ZEEXBETIEER

Table 5 The evaluation grade of comprehensive correlation degree

“ KRG YT ATk
WEEE E ; i m ¥ v AR
719-1 —0.220 —0. 150 —0.051 —0.153 —0.514 1
719-2 —0.703 —0.695 —0. 659 —0.524 —0. 644 I\
719-3 —0.314 —0. 156 —0.112 —0. 233 —0. 452 I
2019 4F 719-4 —0. 370 —0. 302 —0.282 —0. 326 —0. 191 V
719-5 —0.295 —0.063 —0.122 —0.095 —0.493 1
719-6 —0.094 —0. 188 —0. 069 —0.432 —0. 657 Il
719-7 —0.262 —0.282 —0.234 —0.263 —0.291 1
719-8 —0.225 —0. 157 —0.177 —0.162 —0.528 1
708-1 —0.263 —0.226 —0.283 —0.122 —0. 322 IV
708-2 —0. 150 —0. 167 —0. 297 —0. 340 —0.595 1
708-3 —0. 440 —0.318 0.013 —0.022 —0. 451 1
708-4 —0.251 —0.163 —0.230 —0. 303 —0. 487 1
708—5 —0.276 —0.138 —0. 186 —0.047 —0. 459 N
708-6 —0.516 —0.430 —0. 285 —0.079 —0.136 I\
70-7 —0.103 —0.176 —0.158 —0. 305 —0.583 1
708-8 —0.226 —0.092 —0.162 —0.413 —0. 644 1
2008 4F 708-9 —0.243 —0.183 —0.143 —0.272 —0. 486 Il
Z708-10 —0. 331 —0.139 —0.024 —0.222 —0. 452 1
708-11 —0.641 —0.582 —0.614 —0.613 —0. 259 v
708-12 —0.429 —0.323 —0.053 —0.076 —0. 187 I\
708-13 —0. 226 —0. 300 —0. 224 0.022 —0. 399 v
708-14 —0. 240 —0. 327 —0.021 —0.210 —0.518 1
708-15 —0. 334 —0. 080 —0. 050 —0.059 —0. 467 1l
708-16 —0. 689 —0.671 —0.570 —0.392 —0. 203 V
708-17 —0. 688 —0.670 —0. 569 —0.293 0.016 V
708-18 —0.319 —0.134 —0. 157 —0.120 —0. 549 I\
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Table 6 Comparison results of each evaluation method

mpenti A ST e S0F ik
719-1 1l 2.601 N I\
719-2 I\ 3. 994 v v
719-3 il 2.645 v v
719-4 N 3.881 Y \

2019 4
719-5 1l 2. 694 IV IV
719-6 i 2. 257 Il 1]
719-7 1 2. 689
719-8 1l 2.561 I\ \l
708-1 I\ 2. 966
708-2 1 2.254 v v
708-3 1 3. 263 I \l
708-4 Il 2. 387 I\ \
708-5 I\ 2.769 \ \
708-6 I\ 3. 982 vV !
708-7 I 2.315 Il 1]
708-8 1l 2.313 Il 1]
708-9 1 2. 479 \ \

2008 4
708-10 1] 2.702 IV IV
708-11 N 4.477 v N
708-12 I\ 3.679 \ N
708-13 Al 2. 974 I\ \l
708-14 m 2.656 I\ N
208-15 1] 2.817 I\ \
708-16 v 4.359 v vV
708-17 v 4. 443 v V
708-18 v 2. 696 I\ \

TE 3 FPFE T A L5 PR A AR Bn ik 1
I8 T E RGP R BOTE S G i e » T4 T Al
LA HIE TR TR AL, U1 Z19-8 i W1
AP SO (1 G 55 PRI A MR R ik P E
SR IV G AR A Al R SR AR P Na©
Cl".SOT A 1% ,NO;s R 1%, TDS K. F
S RE S IV H AR B VTR
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Application of Matter-Element and extension method in the
comprehensive evaluation of groundwater environment
quality of Zhecheng County, Henan Province

LI Liang"**, GONG Jianshi'**, ZHOU Kaie'**, WANG Hesheng'?, XU Naizheng"?,
TAO Xiaohu'?, YE Yonghong'*
(1.Nanjing Center ,China Geological Survey ,Nanjing 210016, Jiangsu ,China ;
2.Key Laboratory of Watershed Eco-Geological Processes ,Ministry of Natural Resources,Nanjing 210016,
Jiangsu ,China)

Abstract; Considering the diversity of evaluation indexes in the water quality evaluation was incompati-
ble with the results of single index, the authors used the Matter-Element and Extension method to com-
prehensively evaluate the shallow groundwater quality in Zhecheng County of Henan Province, and then
compared its outcome with those of both the comprehensive scoring method and single index, which can
analyze further the reliability of Matter-Element and Extension method and the variation trend of water
quality. The Matter-element extension evaluations of the samples in 2008 and 2019 show that the compre-
hensive quality grade of shallow groundwater in Zhecheng County was better than those of comprehensive
score method and single index, and that the grade of most samples is better than Class [[[. The main influ-
encing factors of groundwater quality in Class [V and V are F and total hardness. Compared with the shal-
low groundwater quality of Zhecheng County in 2008 and 2019, the trend of grade was from Class | to
Class Il » from Class [V—V to Class [ —IV, which was consistent with the prediction results by Matter-
Element using samples in 2008, The Matter-Element and Extension method combines the comprehensive
correlation degree and extension index, and can not only objectively reflects the overall situation of ground-
water quality but also qualitatively analyzes the change trend of sample water quality, so its evaluation re-
sults are closer to the actual situation., This evaluation method has applicative value and research signifi-
cance in the field of water quality evaluation,

Key words: shallow groundwater; Matter-Element and Extension; extension index; quality

assessment; Zhecheng County, Henan Province



