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Abstract; Objective To understand the status of total hardness of municipal water supply in Guangxi, and to provide a
scientific basis for the next research on the relationship between drinking water hardness and health. Methods Surveillance data
about urban drinking water in Guanxi Province during 2017 — 2019 were derived from the National Drinking Water Quality
Monitoring Information System. The information about water supply was obtained from data collection and on-site survey. All
drinking water samples were collected, preserved, transported and tested according to the Standard Examination Methods for
Drinking Water ( GB/T 5750-2006) , and the quality of drinking water was evaluated based on the Hygienic Standard for Drinking
Water (GB 5749-2006). Results Test results showed that the total hardness of tap water in the urban areas of Guangxi from
2017 to 2019 ranged from 0.0 mg/L to 266.8 mg/L, with a qualified rate of 100.0%. The total hardness of tap water in different
years showed statistically significant difference (P<0.001). There were statistically significant differences in the total hardness of
tap water from different regions (P<0.001), with the highest being 210.4 mg/L in Hechi City and the lowest being 9.8 mg/L in
Fangchenggang City. The hardness of tap water with different types of water sources and the hardness of tap water with same type of
water sources in different cities were statistically significantly different ( P<0.001). The hardness of tap water with groundwater
source was the highest (165.3 mg/L), followed by river water source (125.0 mg/L), and that of tap water with reservoir water
source was the lowest (93.9 mg/L). The pH value of tap water was positively correlated with the total hardness (r, =6.22, P<
0.001) , and there was a closely positive correlation between the total dissolved solid and the total hardness(r,=0.907, P<0.001).
Conclusions The total hardness of drinking water in cities of Guangxi meets the national standard, but there are differences in the
total hardness of tap water in different regions and with different types of water sources. It is necessary to conduct the research on
the impact of drinking water hardness on health of relevant population based on the surveillance results and guide the population to
reasonable diet and healthy drinking water according to the drinking water characteristics in different places.

Keywords: drinking water; hardness; pondus hydrogenii; total solvable solid; city

HELWB ) VHEZ DA TR (Z220170138)
EEB N HHR(1973-) 5 )R T AL AR, EEEIN, FENIFIRHK G5 AR TR,
ﬁ{%'ﬁf%‘:Wfﬁ%ﬁ,E—mail;zhmge@ 163. com,



186

ST EE 2 2021 42 A 5528 4 45 2] Pract Prev Med, Feb. 2021, Vol. 28, No.2

AT 45 S e IR R AR 5 50 0 A 9 R A=
RMBET R FASE ) Wasana 55t % SR H
AR BE S8 B s B A A G, (H R TR At
A3 A KR 5 R R I IR 22 VR, X il 2 5 it B 174 ¢
RIS —BoEie, Wik, K8 W R i EH
B M B A7 5 58 1 AR AR B8 A S F8 B i BRAE
{H WHO ¥ oA DA f 5 A B 4t A= 39 RO K i B 5 Tt
FREAGAENE S G0 e AR OK R BE (Y £ B8 12 o A 4
BT RA A LG S, A D ER A
A M A I R R AKOK R B SRR C R, AU W
PO T O XK FH KA BE A R S A G &R R A s
FE R KK B B 5 e A - 5 (g R o S T P4 AR}

1 #ERSHZE
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I8 79) (GB/T 5750-2006) AT, K 2% J 44 IR ( A4
TR BAERRUEY (GB 5749-2006) 47 P4, He o
O RN 450 mg/ L.,

1.3 it o4 BEEBORE L Excel 2010 #4730
AT I, R FH SPSS 23. 0 #AFHETT G124 50 1T
IEA PRI R F HAE AR Kolmogorov—Smirnov 777 (P>
0.1 fFEIESI ) . BUEAEREE pH I 1k G5 A4
PRI R A IEZS 23 A, GE T 3 >R JH d5e /IMEL (Min ) |
Poy Py P Flds KAH (Max ) F 7%, P BE AR L 52 H
Mann—Whitney U #5355 , Z 7 LA 50 & R /R -1k
FIH 46 88 ( Kruskal — Wallis test ) , #H 5 1 43 # 2% A
Spearman J7 i, P<0. 05 A ZE5H Git2¢E L,
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2.1 REVHFEBAKEREERKNL 2017—2019 4R
LT VU TTHR X ALK KR 5 918 ), £54F B /K o W
SURIX 35 2R 100. 0%, Hirr, 7K 687 iy R AHK
5231 iy, HKEBREEE 5.0~299. 0 mg/L, KHY/K
B B 0. 0~266. 8 mg/L, HA&F 4 100. 0%, ] 7K F1
AR AEE & 2R = L (Z=-0.333,P>
0.05) , 2017—2019 4F H | /K s B 5 Hp 457 55043 il Ky
115.0.110. 0 F199. 9 mg/L AEFE ] 22 F G 27 B X
(X*=3.79,P>0.05) , A 5 7K L6 BE A7 55053 51 R
122.0.113.0 1 116. 1 mg/L, 4 0] 22 54 G it 24 =
X (X*=24.03,P<0.001) , L3 1,

F 1 2017—2019 ) VG 3 7 4 Hp 2K OK B RS B (mg/ L)

)k FAHAK

AR

IKBEG R (n) Min Pos Psg Pss Max IKBE R (n) Min Ps Psy P15 Max
2017 241 8.6 63. 1 115.0  146.0  299.0 1767 1.7 61.1 122.0  145.0  248.4
2018 227 8.5 60.3 110.0  139.0  240.0 1709 0.0 53.0 113.0 137.0  244.0
2019 219 5.0 48.0 99.9  137.0  264.0 1755 2.0 48.0 116. 1 139.0  266.8
Hit 687 5.0 56.9 108.0  140.0  299.0 5231 0.0 54.0 118.0  140.1  266.8
AEPE R X%=3.79,P=0. 150 X2=24.03,P<0. 001
IRFEISHY A 7=-0.333,P=0.739
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93.9 mg/L(13.9~122.0 mg/L) ; AML T /K KK IR A
5 AT, HEk AT 4 928 340 A (35.99%) , KAk
AR E P70 165. 3 mg/L(50. 5~230.0 mg/L) , AJA

1 221.96,P<0.001) , [A]— 7K P 2 B AE AN [A] 3 1T =22 [a]
A, AR R B 22 St A e = L (P<0.001) ,
k2,

R 2 2017—2019 5] FEIATARIK PEAAY K SLAE B (mg/L)

PR, JKPEK Rk
i [ ONE I/ €=E) 5 HEANE KEEAE MK AT KR

Min  Pys Psyg Pis Max Min  Pys Psg Pys  Max Min  Pys  Psy  Ps Max

(N) (n) (N) (n) (N) (n)

T 3325000 306 59.0 133.0 140.0 146.0 201.0 630 000 133 28.0 43.5 63.1 106.5 165.0 1500 5 66.1 120.6 186.0 202.0 204.0
W T 1298680 329 1.7 86.0 94.0 106.0 198.0 8 000 12 90.0 117.3 133.5 141.8 186.0
ek 974500 360  36.0 50.0 62.0 73.0 200.0
EM T 370000 372 540 75.1 85.1 129.1 160.1
JeitTs 4000 20 174 211 23.0 243 254 2800000 336 25.0 43.0 50.5 59.0 79.4
Bkt i 200000 476 53 88 9.8 1.0 211 5000 12 8.4 10.7 13.9 16.1 27.0
BT 127 000 74 2.0 16.7 225 30.4 59.7
St 309500 349 85.0 130.0 136.0 141.0 172.0 100 000 46 94.0 101.8 118.0 126.0 147.0 688 840 23 200.0 222.0 230.0 238.0 246.0
EHT 120 000 85 9.0 100.0 123.0 141.0 175.0 500 000 370 7.0 13.0 17.0 21.0 233.0
EREN 41000 122 92,0 123.0 127.0 131.0 145.0 133 000 302 0.0 116.0 122.0 126.0 164.0
BT 180 000 8 110.6 114.5 134.6 154.2 159.6 150 000 147 91.9 99.9 114.5 137.8 159.6
T 1430000 344 119.3 194.3 210.4 222.4 266.8
P 196000 477  161.7 168.0 172.8 178.0 187.0
B 100000 523 7.8 125.0 128.0 134.0 164.0
ait 7114680 3407 1.7 71.1125.0 141.0 201.0 1649000 1104 0.0 19.0 93.9 I121.4 233.0 4928340 720 25.0 51.6 165.3 211.6 266.8
#l e X2=1915.05, P<0.001 X2=655. 51, P<0. 001 X2=554.09, P<0. 001
KR LA X2=1221.90,P<0. 001
2.4 KA pHEBERENXZ 14 DTEPRKMOKE  BEHE(P>0.05) W0 FEM s veus i ok

W7k pH FRALEUAE 6. 72 ~ 8. 05 22 [6], A A B v o7 £k 7
9.8~210.4 mg/L Z[a], pH FI LB FF AN 5] 3 1l Lb 4 2%
SR G E (A P<0.001) . 4B B F T
FEAR ACHE O BN AE T3 X R RS ZK pH 5 S B T

TS EMRET N R IEA X (r,=0.129~0. 523, P<
0.05), AT EMARE(r, =-0.221,P<0.001), A
I b A IX 14 T IXCAR i UK R A 7K K BT pH 5 R
B B S IE A& (r = 0. 622,P<0.001) , W3 3,

Fz 3 2017—2019 45 VO3 4 UK R AH/K pH -5 ERE B 1 5C &R

pH SR (mg/L) LiES Y
i i (K A
PR Rt Min Pys Ps, Py Max AFRIRL Min Pys Py, Pys Max T Py
(n) (n)

M 444 6.50 7.39 7.68 7.94 8.47 444 28.0 109.0 136.0 144.0 204.0 -0.031  0.516
W T 341 6.88 7.57 7.79 7.94 8.70 341 1.7 86. 4 95.0 107.0 198.0 0.129  0.017
FEAT 360 6.72 7.23 7.42 7.55 8.07 360 36.0 50.0 62.0 73.0 200.0 0.084 0.110
FE T 372 7.48 7.7 7.79 7.85 8.09 372 54.0 75.1 85.1 129. 1 160. 1 0.230  <0.001
Jeitr 356 6.50 6.80 7.01 7.23 7.95 356 17.4 41.9 49.3 58.1 79.4 0.000  0.994
Bkt Ti 488 6.52 6.95 7.02 7.22 8.06 488 5.3 8.8 9.8 11.0 27.0 0.464  <0.001
et 74 6.50 6.56 6.72 6.91 8. 04 74 2.0 16.7 2.5 30.4 59.7 -0.159  0.176
Sk 418 7.29 7.62 7.74 7.84 8.21 418 85.0 128.0 136.0 142.0 246.0 0.190  <0.001
Ex il 455 6.50 6.67 6.91 7.20 8.20 455 7.0 13.0 17.0 31.0 233.0 0.523  <0.001
RN 424 7.46 7.95 8.05 8.13 8.34 424 0.0 118.0 124.0 128.0 164.0 -0.221  <0.001
BT 155 7.33 7.56 7.62 7.85 7.98 155 91.9 100. 1 116. 1 137.8 159.6 0.066 0.417
LT 344 7.09 7.65 7.81 7.88 8.25 344 119.3 194.3 210. 4 222.4 266. 8 0.239  <0.001
KT 477 7.28 7.79 7.87 7.95 8.30 471 161.7 168.0 172.8 178.0 187.0 0.494  <0.001
ST 523 7.23 7.71 7.79 7.88 8.39 523 7.8 125.0 128.0 134.0 164.0 0.374  <0.001
&it 5231 6.50 7.25 7.69 7.87 8.70 5231 0.0 54.0 118.0 140. 1 266. 8 0.622  <0.001
il X2=3 395.18, P<0. 001 X2=4207.30, P<0. 001
2.5 REEMBUEZEARSEREMXZ 14 DTHE  0.001), R, 4 Xk IX A H UK R A 7K % fi

UK R A K S AP S A TE 12, 0~363. 0 mg/L Z
I‘Eﬂ SBERETE 0 ~266. 8 mg/L 22 [8], %5 fif e s [ 44 A
R 3 AN [ il T LA 22 S M A e R L (A P<

S

ulﬁzﬁf{ﬂu%ﬂzjﬁ 153.0 mg/L, ZrHr s, Sk b i
PR E R 5 R R 2 E AR OC (r, = 0.907, P<0.001),
3 4,
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R4 2017—2019 4874 14 Akt 4 b UK R R A A 1k A o 1 5 VB B2 119 ¢ 3%

PR REFL Min Pys Ps, Pis Max ARFFEH Min Pys Py, Pys Max T P
(n) (n)
RNl 444 41.0 142.0 165.5 177.0 266.0 444 28.0 109.0 136.0 144.0 204.0 0.877  <0.001
M 341 94.0 126.0 143.0 203.5 363.0 341 1.7 86.4 95.0 107.0 198.0 0.511  <0.001
Hepkiti 360 45.0 76.3 89.0 109. 0 272.0 360 36.0 50.0 62.0 73.0 200.0 0.728  <0.001
M 372 103.0 121.0 139.0 184.0 235.0 kp) 54.0 75.1 85.1 129.1 160. 1 0.928  <0.001
Jeig 356 43.0 101.0 135.0 173.0 273.0 356 17.4 41.9 49.3 58. 1 79. 4 0.826  <0.001
Bisnts i 488 15.0 22.0 25.0 29.0 98.0 488 5.3 8.8 9.8 11.0 27.0 -0.161  <0.001
B 74 58.0 72.0 92.0 124.0 172.0 74 2.0 16.7 2.5 30.4 59.7 0.303  0.009
Sl 418 100.0 151.0 160.0 169.0 292.0 418 85.0 128.0 136.0 142.0 246.0 0.955  <0.001
kit 455 12.0 22.0 28.0 54.0 296.0 455 7.0 13.0 17.0 31.0 233.0 0.931  <0.001
i o 424 116.0 148.0 156.0 166.0 211.0 424 0.0 118.0 124.0 128.0 164.0 0.58  <0.001
M 155 118.0 128.0 145.0 175.0 197.0 155 91.9 100. 1 116. 1 137.8 159.6 0.952  <0.001
T 344 186.0 239.0 253.0 266. 0 315.0 344 119.3 194.3 210. 4 222.4 266. 8 0.499  <0.001
FET 477 21.0 251.0 261.0 275.0 352.0 471 161.7 168.0 172.8 178.0 187.0 0.335  <0.001
A 523 15.0 155.0 169.0 180.0 276.0 523 7.8 125.0 128.0 134.0 164.0 0.489  <0.001
At 5231 12.0 101.0 153.0 187.0 363.0 231 0.0 54.0 118.0 140. 1 266. 8 0.907  <0.001
Al X2=3 679. 82, P<0. 001 X2=4207.30,P<0. 001
3 3 i PR AR K AT 55 3 (HP 4K 165. 3 mg/L) , HRJETL

WF 5 BRAK s B 1 1) K S A R A 4 PR R 7T
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7Y 2017—2019 AE3 T BE K K TR BE G A% 5N
100. 0%, T /K FAAEAK S B & i 25 5 RS F 0
S HRER KT B A7 i K G R R M A /N , T 4% M A
FesE MRS R SRS 56, T KR A AR
E) 25 S oGe T 2% 72 S, AR AR /K R R B 4F B 8] A I 3
225 ATRE 2 T & 4R BER WK B SR FE X A AR, T
PG 14 AT SRR 25 5 Ge it 24 X (P<0.001)
T3 T R 5 (R ALER 210. 4 mg/L) | B 3 R T R AR (R
f%59. 8 mg/L) , AH 2 20 A%, 0] L 7 7K Jo Al J3F A e
B 5512 117 0% ST o e 5 T R TV A O I B s
TR B SR, T AT RE 592 i Rk R de v A 06 AR
7 AT T A K R A KO R A, (A O
A2, 70 ST 5 e %) T b T 2 o S b R
I, TREZANKGR AR EA KR FAED A
AR 5 K T 1) 56 R A FRiE— 24T, AN TRDKIE R
R S B 22 AT Gi it . L (P<0.001) , #iF 7KK

WK KR (H A7 5L 125.0 mg/L) , Fe A% 19 2 7K 2 7K R
(FPE %L 93.9 mg/L) , 5 M 58 45 L AR — 5
M AR A BE B =, DDA AT BB M T UK i HB 3R KB A
St S R KRR CO, PrRIVERT
HERE 22 B, H /D 32 TR KR R 5 VLT AR VR AR B A1, ]
RS T 4 fl o 2 L 5 32 WK AR T A e 5 KR K
R R B AN, T B 5 B RN R K A O, R 2 T Y
b DX SR B K 8 | BV A B bR O B B K Jo A R
BRI, [A)— K IR 2 RN [R] 30k T ASAR 7K A 3 24 57
AGETTEE L (P<0.001) , Ji7 K AT BB 45 Hi bl ot 2% [ 7K
EAFA K,

pH 5 B 5L IE A (r,=0. 622, P<0.001) , 54
G AR BT — B, BRI AT R S K R A A 2 —
TR S R S E S R AT O 5 A7 SE K BT pH 5 S RE 2 T
FHSENE AT RESE: /T i% Ml X K RS 132 A P v O R R 6
SR, S R IR S D AT R Al
KAT g2 T pH YT i (o L Ath 25 75t sk 2 17 B AR
KRBT BE | AF I It A AL ) K T fi
S AR5 R R SR - S BT IEAR G (r, = 0. 907, P<
0.001) ,5 FFZe% > 08—, (H B s i /K i
T 5 o P A T A 222 £ A O, R PR AT BB 9% T K T
SHBZIRIR S AL, LR B T = pH T, Al
P A B 1 s/, PRI K I Ao 2 R T A X R
Ko #E—2 03t & IZ T AR A K pH 5% i P B T8
R GAASE (r,=-0.322,P<0.01) . DL 4R K G AE
JEA R MR | 5 H A B R R A S AR G, K
JO R A B B AH DGR AN ] i AR, TT e AN ] B



