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Application of different methods for quality evaluation of groundwater drinking water sources: A case study
of Tianjin

ZHAO Xing—hua'?, LI Ze-li', JIA Bing—ying’, WANG Ya-shu'?, XIAO Chuan-ning’, GAO Kai', MEI Peng-yu', ZHANG Zhen"

(1. Tianjin Eco—Environmental Monitoring Center, Tianjin 300191, China; 2. Tianjin Tianbin Ruicheng Environmental Technology and
Engineering Co., Ltd., Tianjin 300191, China; 3. College of Environmental Science and Engineering, Nankai University, Tianjin 300071,
China, 4. Tianjin Survey Design Institute Group Co., Ltd., Tianjin 300191, China)

Abstract: In order to determine the spatial variation and main influencing factors of groundwater drinking water quality, a total of 202
sampling sites were studied across all the groundwater drinking water sources in five districts of Tianjin. Water samples were collected at
each sampling site during the low water period and high water period in 2018, and water quality parameters were analyzed. Single factor
assessment, principal component analysis, and water quality index valuation were used to identify the spatial variation and assess the water
quality. The results of different evaluation methods for groundwater drinking water quality were slightly different. There were some
differences among the regions in Tianjin. Overall, the water quality of rural groundwater drinking water sources in the Ninghe District and
Jizhou District was better than that in Wuqing District, Beichen District, and Jinghai District. There were nine main indicators of

groundwater quality in Tianjin, namely fluoride, pH, sodium, bacterial count, chroma, chlorine, oxygen consumption, nitrate nitrogen, and
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sulfate, and most were affected by geological factors. The results of the water quality index valuation could better reflect the actual situation

of rural groundwater drinking water quality. The influence of geological factors on groundwater was inevitable. Combined with the current

management of township—level drinking water sources and the characteristics of water quality, the safety of drinking water should be

improved through the installation of water purification facilities.

Keywords : groundwater; single factor assessment; principal component analysis; water quality index valuation; Tianjin
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TR, RO HETE , 4 000 Z24F Fif 72 8 Y VO E
TR RO 5, 2 S5 R ia i 2% . MRS K HE T K 55
JRGEas R, K A 205 4 R K BRI, 25
A3 A TR X B X B XTI DX X AR
et b 7K 5 TS B i M DX KU R ALK b, FE
A XK PRI IR JZ R K o R /K IR AE 4 S BUK
o3 035.8 7 t, BUIRSS AT 104.9 5, i KT
ANOHI7%(F 1),

x1 REWHTKEEAER
Table 1 Basic information of groundwater drinking

water sources in Tianjin

IRV Hb

ATHIX Quantity of water Pkt & INEE e
District so{lrces Water supply/10* t Service population/10*
T X 58 373.2 143
RIFIX 52 762.0 29.5
LRIX 41 313.0 13.9
T X 30 1425.6 2.4
HH X 24 162.0 4.8
it 205 3035.8 104.9

1.2 RERIZE

HRHE K U5 b A2 P 0, 2L 8 202 R i TR
U] B A 7K R 15 A W XA E 2 T
AR, DL Ae I BEBOK S AR A K AR g Wl o5, 45
FE s BARA B A E O UL IR 1.
1.3 M$E4R

ABFFE T 201 8 AERRAEAE (F2 7K Atz K ) X 257K I
HARHECH T K PREE W B AR ) (HI/T 164—2004)"
SRAEKHE, bR R (0 pH JE IR AL A SRR B
Rtk Sy FER R AHRRER A AR A 2 A UL
Yy EALY R BRSO R R R S BN
FIGETR DESE 2350, SARPR T AT WCETR IR K
FRUERE ) (GB/T 5750.4~12—2006)
1.4 ¥ FE
1.4.1 BHFIEME

B TR v SR AR PR A T e i S S K R
B AR A ) EEAE, SR FHBRL TR A AT 00 b
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Figure 1 Sketchmap of the sampling sites
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[ bR OUA BT 22 5, T X ROE X U R X il 2.2 ERS S

DRI H D B 45 s KR 20991 3,556 0T A 3 13 KA 202 H R AU A s I 45 2R A0 3% 4 i
(%3) o MHEBARARHARS SR IUP RO &M X AR oR B2 H A0 TR W R 3 2 B 55 2 TOU B 2 R A
T DK X R ORI R X Mo HIZe 4 TR AR FE 0 o AT B R AR, R

R2 KEEERSEEWSS

Table 2 Water quality index classification and scores

432 Classification Wit 43 Score F8H5 Index i Quality
JEAE AR 70 pH A Ak BL A R L AL AL AR 7
— R dEbR 40 [ENEFESE 2
REE S D 0 i BRI SR A R SR PR RN ERER AL IR ER R A R AU 14

®3 BEFITMERREREHAS

Table 3 The result of single factor assessment and district ranking

ATELX District HFRIEAR GEFRZ ) Indexes of exceed the standard (rate ) ikFRZEHES Rank
TIX ALY (21.4%) 5 E50(8.9%) .pH(5.4%) 2
RIFX 1.(33.3%) FEA R (17.6%) ALY (13.7%) 75 EE0(11.8%) 4H(7.8%) 3
ERIX AL (100%) pH(56.1%) $H(19.5% ) T TE MEL(7.3%) FEEHE(2.4%) 5
R IX AL (73.3%) 4(40.0%) AP (36.7%) BiliRth (6.7%) R T5 E.41(6.7%) .pH(3.3%) 4
] X THRREL A (16.7%) TRALH) (8.3%) \TH T4 LKL (8.3%) 1

F4 M FKIREKRIERG T

Table 4 Statistics of groundwater sources quality indexes

Ei=g e/ ME SEYNIEN FHE bR Kt %
Index Minimum value Maximum value Average value Standard deviation Detection rate/%
@ 5.00L 25.00 7.09 4.80 21.90
pH 7.14 8.74 8.21 0.30 100.00
S EE/ (mg- L) 2.70 407.00 75.20 75.89 100.00
Vs b AL A/ (mg - L) 25.00 969.50 401.68 171.40 100.00
iR/ (mg- L) 0.76 519.50 36.78 53.31 100.00
S/ (mg-L) 8.35 469.50 65.60 80.21 100.00
Hi/(mg- L) 0.04L, 0.05 0.02 0.02 25.25
BE/(mg- L) 0.01L 0.05 0.01 0.01 26.73
AR/ (mg- L) 0.12 5.16 1.16 0.94 100.00
A/ (mg- L) 0.025L 0.468 0.13 0.14 78.71
£/ (mg-L™) 7.09 379.50 135.13 73.63 100.00
BV B 8/(CFU-mL™) 0 290.00 36.94 49.83 90.10
WAHRER A/ (mg- L) 0.0011, 0.074 0.00 0.01 14.36
MR ER A/ (mg- L") 0.20L 24.00 1.18 3.78 32.18
AL/ (mg-17) 0.20 5.16 1.52 1.24 100.00
H/(mg-L™") 0.000 1L 0.000 8 0.00 0.00 25.25
fifi/(mg- L) 0.001L 0.010 0.01 0.00 84.65
B/ (mg- L") 0.001L 0.004 0.00 0.00 20.79
B/(mg- 1) 0.000 05L 0.000 55 0.00 0.00 20.30
AN (mg- L) 0.004L 0.007 0.00 0.00 2.97
H/(mg- 1) 0.002 5L 0.003 0 0.00 0.00 20.30

T /MBS P L ARERARAG M, HT TR R AR T A R

Note: “L” indicates not detected, and the value in front of it represents the detection limit of the method.
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pH BV B SR SR B ER R b A
AR TR RBCRI YRR R RS 11T bR, R
FHILAFE SR T 535307 -

56, X 202 4 KRB 11 I8 ARUEL T A E
B, 7E SPSS ol Js s B s A TR HEAL 15 B AR EAL Y
For A 2, Hi ISR A AH S I B A 1 (R 5) o

Y, R R 9 11 TR AR AE SPSS Hr R A 3 ik
A3 BT fef B RR AR K sk A . KMO A6 50 {E
490.679>0.6 , 156 B A HEAT T2 84 o et Ho o i 45
B 6 Fron . By 11 W48 br Bt ook R ik
80.059% , i, ] 4 A~ 32 o FEAS AL T It s Bl 4 it
e 8 B, R 6 M A (E 45 5 pH Bl
FE BN R RS R R RS S AR AR S N —
(PC1) A B AH S, V8 i P A T At Rk Fn S8 Ak
Y55 3 bR E RS — (PC2) A B m A ek, 5 &

F>=—0.026x,-0.22x, + 0.375x35 + 0.46 1 x4 + 0.48 1 x5 +
0.464x6—-0.11127+0.184x5+0.068x0+0.009:x10+0.31 714
(3)
F3=0.628x,-0.193x,+0.08x5+0.158x4—0.18 Lx5—
0.056x6+0.604x7+0.085x5+0.255200—0.244110+0.06 41,
(4)
F.=0.005x, + 0.001x, + 0.222x5 + 0.219x,-0.342x5—
0.197x6+0.167x7+0.08x5—-0.661x0+0.372x10+0.37x1;  (5)
F=0.371F,+0.276F,+0.228 F3+0.125F, (6)
i~ K 3R 5 TSI 2R 6 R -

o6 ERASHE FHIE TMEREEIT TR
Table 6 Load values, characteristic values, contribution rate and

cumulative contribution rate of principal component

F5H5 Index PC1 PC2 PC3 PC4
02 i Y 1) s A S K =¥ b S i Y O (= 7 N X S s S 0, 0.188 ~0.040 0.890 0.005
BT bR Sl A 85 T, 1 B F SR 51.793% o 0766 -0343  -0273 001
& FFE A B 2 W45 hr 5 4 = (PC3) 5 55 i Al 2 R -0.688 0.585 0.113 0.233
PR R LA B ST 18 2560, PRERNIE om0 0
e e a2 s NI RV, S N ) UTNLLEEN . E —=0. -0.
EIIJ% Eﬁf {ﬁié} PHCPCH AR ARYE, P a7 0.474 0.723 -0.079 -0.207
fRhR, HBTHREH 10.031% FEAR 0.249 -0.173 0.856 0.175
e AR R A 1 32 8 A0 far 2R AL R AE AR S A 0 0.901 0.286 0.121 0.084
WEAR 5 R WS, 75 32 A ik 20 (2) ~(5) Je %5 7 R -0.045 0.106 0.361 -0.694
BT BRI B R (6) L SRR A 45 H T ARG Wiy 0605 0014 0345 0391
IS (F) RIS (F) , W7, REh A -0.631 0.494 0.090 0.389
F=0.104x, +0.424x,-0.38 1 + 0.306x: + 0.019x5 + FIEEL 3209 28 2000 L0
TR/ % 29.722 22.071 18.236 10.031
0.262x6+0.138x74+0.498x5—0.025x9+0.335x10—0.349x, SibEiRs 29722 51703 70.029 80,059
(2)
=S5 FRENBIBNEXRE()IERE
Table 5 The correlation coefficient(r) matrix of the standardized data
Index Chroma Total hardness colids Sulfate  Chlorine consumption Sodium count Fluoride nitrogen
o 1.000  -0.074 -0.061 0.239 -0.192  0.004 0.717 0.240 0.206 -0202  -0.082
pH -0.074  1.000 -0.701 0.117 -0.125  0.094 0.037 0514 -0.097 0.547 -0.564
SR -0.061 -0.701 1.000 0.124 0.295 0.006 -0.120 -0.446 0.045 -0.280 0.779
RRE AR 0239 0.117 0.124 1.000 0.380 0.671 0.232 0.740 0.024 0.362 0.107
iRtk -0.192  -0.125 0.295 0.380 1.000  0.539 -0.321 0.137 0.139 0.007 0.149
XA 0.004  0.094 0.006 0.671 0.539 1.000 -0.141 0.620 0.034 0.093 -0.062
Fes 0.717  0.037 -0.120 0.232 -0.321  -0.141 1.000 0.269 0.163 -0.057  -0.108
2l 0240 0514 -0.446 0.740 0.137 0.620 0.269 1.000 -0.038 0.479 -0.369
WYENE 0206 —0.097 0.045 0.024 0.139  0.034 0.163 -0.038 1.000 -0.136  -0.011
AW -0.202  0.547 -0.280 0.362 0.007 0.093 -0.057 0.479 -0.136 1.000 -0.207
fMfRER A -0.082  -0.564 0.779 0.107 0.1499  -0.062 -0.108 -0.369 -0.011 -0.207 1.000
— 690 — http://www.aed.org.cn
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Table 7 The comprehensive evaluation results of groundwater

sources by principal component analysis

TTEX F4353 Factor score He4
District F, F, £ F. r Rank

THX -0.664 -1.094 -0.609 -0.406 -0.738 2
RIFX 0412 -0.106 1734 -0.021 0516
JLRIX 1657 -0390 -0.642 0764  0.457
BHEIX 1106 1585 0923  -0.741  0.544
MK -3.541 1462 -0.011  0.614 -0.837

— U W A

&8 M TKIFEKBIERBEEITMER
Table 8 The evaluation results of groundwater sources

by index valuation

FFELIX District 1343 Score HE44 Rank
T X 87.68 1
RIFIX 64.71 5
JbRX 66.10 4
X 74.00 3
B X 81.53 2

http://www.aed.org.cn
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