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Evaluation of water hygiene in public swimming places in Chongqing based on principal
component analysis LUO Lan', HE Zhongchen’, WANG Fuyuan®, TANG Guizhong', QIN Yi*
(1. School of Public Health and Management, Chongging Medical University, Chongging 400016,
China; 2. Chongging Sanitary Comprehensive Administrative Law Enforcement Corps, Chongging
401147, China)

Abstract:

[Background] At present, the evaluation of water quality in public swimming places mostly
adopts the single index evaluation method, ignoring the possible correlation between the
indicators, the problem of information overlap between the indicators, and the differences
between the swimming places with single or multiple unqualified water quality indicators.

[Objective] To evaluate water quality in public swimming places in Chongging objectively,
intuitively, and comprehensively.

[Methods] In 2020, a stratified random sampling method was used to investigate seven water
quality indicators of 112 public swimming places in the central urban area, the new downtown
urban area, the northeastern area, and the southeastern area of Chongging. The selected
indicators were free residual chlorine, turbidity, pH, free residual chlorine in disinfection pool of
feet, urea, total plate count, and coliform bacteria. Principal component analysis was utilized to
comprehensively evaluate water quality of swimming places by calculating principal component
characteristic values and comprehensive evaluation values.
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The qualification rates of free residual chlorine, turbidity, pH, free residual chlorine in disinfection pool of feet, urea, total plate
count, and coliform bacteria were 91.30%, 89.40%, 91.30%, 91.30%, 99.00%, 95.20%, and 86.50%, respectively, and the P, values were
0.455 mg-L™, 0.59 NTU, 7.352, 6.63 mg-L™", 0.78 mg-L™", 8 CFU-mL™, and 0 CFU-100mL™, respectively. The results of principal component
analysis showed that KM0=0.573, P<0.001; four principal components were extracted, the eigenvalues of each principal component
were 2.990, 1.624, 0.854, and 0.617, respectively, and the cumulative contribution rate was 86.928%. The comprehensive values of
Banan District, Beibei District, Bishan District, Fengdu County, Fengjie County, Jiangbei District, Nan'an District, Nanchuan District,
Pengshui County, Qianjiang District, Rongchang District, Shizhu County, Tongnan District, Wanzhou District, Yongchuan District, Yuzhong
District, Changshou District, and Zhongxian County were -0.139, 0.228, 0.587, 0.042, -3.365, 0.587, 0.597, 0.587, 0.587, 0.189, -1.127,
-0.201, -0.181, 0.587, 0.416, 0.587, 0.587, -0.098, and 0.043, respectively. The comprehensive evaluation values (Ps,) of the central
urban area, the new downtown urban area, the southeastern area, and the northeastern area of Chongging were 0.587, 0.587, -0.181,

and 0.043, respectively.

The hygienic status of water in public swimming places in Chongging is above average in China, but there are still potential
health problems in turbidity and bacterial pollution in the southeastern area and Fengjie County of Chongqing.

swimming place; water hygiene; comprehensive evaluation; principal component analysis
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Table 1 Areas of public swimming water hygiene evaluation in
Chongging in 2020
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TR EEFTIFE 859l L. HEMRE. EHE.
pH. REIEEMRA. IRE. BRRH. KPEHES
ERDH79 91.30%. 89.40%. 91.30%. 91.30%. 99.00%.
95.20%. 86.50%( 0l & 2), B IR W P, B 73 51 7
0.455 mg-L™'\ 0.59 NTU. 7.352. 6.63 mg-L"". 0.78 mg-L"\\
8 CFU-mL™. 0 CFU-100 mL™, ¥J7f GB 37488 —2019 Y
BIEER,

&2 ERTEXEQHFXAKRIESEE
Table 2 Qualification rates of water quality indicators in public
swimming places in selected Chongging districts and counties

BA{I(Unit): %

XE HEMRIUPLE pH RHEUHFEMERK RE BRSH KBEE

EEX 100.00 100.00 100.00 100.00 100.00 100.00  16.70
J¢AEX 10000 100.00 83.30 100.00 100.00 100.00  83.30
B1UX  100.00 100.00 100.00 100.00 100.00 100.00  100.00
F#H;E 6670 100.00 83.30 83.30 100.00 100.00  100.00
ZTE  100.00 0.00 50.00 100.00 100.00  0.00 0.00
STAEX  100.00  100.00 100.00 100.00 100.00 100.00  100.00
A=K 100.00  100.00 100.00 83.30 100.00 100.00  100.00
#)IIX  100.00 100.00 100.00 100.00 100.00 100.00  100.00
E/7kE  60.00 100.00 100.00 80.00 100.00 100.00  100.00
243T[X 10000  16.70 83.30 66.70 100.00 83.30  50.00
ZFEX  60.00  80.00 100.00 100.00 100.00 100.00  80.00
AFE 10000 100.00 40.00 100.00 100.00 100.00  100.00
#RFX 100.00  100.00 100.00 100.00 100.00 100.00  100.00
FME 8330 100.00 100.00 100.00 100.00 100.00  100.00
5JIIX  100.00  100.00 100.00 100.00 100.00 100.00  100.00
X 100.00  100.00 100.00 100.00 100.00 100.00  100.00
K#X 6670 100.00 100.00 66.70 83.30 100.00  100.00
HE 100.00  75.00 75.00 50.00 100.00 100.00  100.00
BIR 9130  89.40 91.30 91.30 99.00 95.20  86.50

22 FRASITRER

1 56 45 R 878 KM0=0.573, P<0.001, 1£1Z2EY H
4 NES, BERDFHEED S 2.990. 1.624. 0.854,
0.617, HR I+ REAFKIX 86.928%, Il 3. B—E M5
FERMERE. ABEHNEZIHBNESE, £
FHRAETERBZHAEEERIENRENEE,
—ERSEERFEESMERIMNZHMEREE R
HEER, ENERDEERMBFEEERIM pH B3
B, Wik 4. £ 8, BEN 18 MXEP, BFEXEE
TN ERS, K 7 0.597; EXEEUKX, ;TiLX. =/l
X, EmX. XK EPEX, K HE;, K5FX. B
X. AFE. REX. BIKX. EHE kYR HME, U
ETERIK, /9-3.365, I3 5

®3 BHERRE

Table 3 Total variance explanation

Mt E RENHE TS

o Bit AEEA/% Rit/x Bt BEES/% Rit/w
1 2.990 42.710 42710 2.990 42.710 42.710
2 1.624 23.201 65911  1.624 23.201 65.911
3 0.854 12.200 78.111  0.854 12.200 78.111
4 0.617 8.817 86.928  0.617 8.817 86.928
5 0.584 8.339 95.266 — — —
6 0.248 3.538 98.805 — — —
7 0.084 1.195 100.000  — — —
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Table 4 Initial factor loading matrix and principal component

coefficient
— TR F FRDEREK
Al A2 A3 A4 Bl B2 B3 B4
HEERE -0.366 0.597 0.476 0.442 -0.212 0.468 0.515 0.563
ERE 0.891 0.283 -0.024 -0.112  0.515 0.222 -0.026 -0.143
pH 0.686 0.064 -0.387 0.539  0.397 0.050 -0.419 0.686
SRt ESS -0.046 0.770 -0.539 -0.174 -0.027 0.604 -0.583 -0.222
RE -0.258 0.757 0.160 -0.170 -0.149 0.594 0.173 -0.216
G55 0.911 0.130 0.218 0.044 0.527 0.102 0.236 0.056
KipEsE 0.833 0.040 0.336 -0.241  0.482 0.031 0.364 -0.307

®5 EFMHEMSZAITNE

Table 5 Principal component values and comprehensive values

X& ERSE SETFNEK  HE
F1 F2 F3 Fa4

BEX -0.737 0.880  -1.025 1.202 -0.139 9
JEREX -0.044 0.900 0.172  -0.139 0.228 4
BlIX 0.601 0.964  -0.022 0.338 0.587 2
E=ma 0.826 -0772 -0.114 -1.286 0.042 7
Bt -6.234  -0472 -0982  -0.347 -3.365 13
STAEX 0.601 0.964  -0.022 0.338 0.587 2
)58 0.745 0.298 0.622 0.582 0.597 1
M)XK 0.601 0.964  -0.022 0.338 0.587 2
&kE 1323 -1.062 -0.610 -0.833 0.189 5
2T -2.173  -1.168 0.968 1.054 -1.127 12
FEKX 0.469  -0.437 -1.601  -0.821 -0.201 11
aRga -0.752 0.795 1399 -1.997 -0.181 10
EEX 0.601 0.964  -0.022 0.338 0.587 2
FME 0.830 0.451  -0.589  -0.273 0.416 3
KX 0.601 0.964  -0.022 0.338 0.587 2
SBRX 0.601 0.964  -0.022 0.338 0.587 2
KERX 2.001 -3.963  -0.611 0.567 -0.098 8
BE 0.020 -1.291 2.525 0.218 0.043 6
B 0.121 0.056  -0.022 0.045 -0.004 —

FRAOX. EWFX. AREA X aRIA
XZ&HMNE KB Py, 535179 0.587. 0.587. -0.181.
0.043, 5% 60

R 6 2020 FERHEXFAHFXIFIKRBEERKREGE
i
Table 6 Comprehensive evaluation of water hygienic status of
public swimming places in Chongging in 2020

X5 B/ ME(Koin) BRI (K o) Py,
FigAPOX -0.139 0.597 0.587
FiEFHX -0.201 0.587 0.587
ARmEAX -1.127 0.189 -0.181
EARILEX -3.365 0.416 0.043

HEMERE. ERE. pH. 2HEEERS. R
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1517, BEMNFE M REEBE R K MKPREH
BNRFEE, REKENZ2IE; HSRELE, s
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pH B K MKERTR M BV 3E TR, i3 S S (RE =T B
Bk, REBFIMIR R A ERIBEH. REBAKRS
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BENEEEN, EBIFA NS ATEERIBREE
B, EE=S58RESHERESREIFY, 1S nEeE
XU,

ZFRIEWALTS BB B PE SR
FBEN 80%~95%, L2 T IRIFRIIRAMY, fEpAM Zith
X BESIEEEENA 70%~80%, & F—RKRINEZE K
FL 2™ EHX B AEEIERTE 60% LT, IR
ms, ERT ALK EERRESELTH L
K, BHEEERPIXIE. X8, 1515 (1)FKRE
FEXZEBERRE. EXEH, AREAXEEITMN
BN P, &K, XA RER AT iZF X BE BB HIEN
WERMBESFHRTEBEA, ETEARZRE. ABZ
BRI BSEEEREMBA—NE, 25k, §
BEFREENARBRXERIE—H, LBRE
RAFMBE BB EDARNEERRY, FE1BE
BB TEFREM, SHXIAFMMERE, MR
FKF BERR. () FETEIERERY. EHE
ZETN NEHRIK(-3.365 7)), 7 TUKFEIBEIER
F3IMEEEN 0%, REAEQAHFEXIZHT BETE
EE. TBRMA: —, AMKERERERRES
BER 0%), XIEHE ALK P RERERND
% NIEYEEYIRIEHISS, R REEREZWIR, ok
KSR, ik ABERF R K ANARR BE SR,
T RERHMAEBEIERAE(EEEYR
0%) , XIR T EZMKMES T/ MRBALRKA
ESRRAIYE, HEFIRKERE. RERE, L
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B e SRR EE HNE NS,

b, EMD DIER UGG E RS MR F
BURZIE, MIRZS BB 7 D BISIRX KR S RIZE
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