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Abstract

Central and eastern China is a densely populated area with very scarce water resources. The resi-
dents’ daily water consumption mainly depends on tap water. The water quality difference in dif-
ferent areas is obvious. The difference of water quality parameters of tap water directly leads to
the extremely short life of water heaters in some areas. This paper collects tap water in high-density
population as the research object. By analyzing the metal ion types and contents in tap water, the
paper tries to explore its impact on water heater’s life. The contents of 8 kinds of metal ions such
as Cu, Co, Cr, Cd, Ni, Mn, Pb and Zn in 155 tap waters of 31 urban areas in 9 provinces were deter-
mined by ICP-AES. The results show that the concentration of metal ions in the water samples is in
line with the GB5749-2006 standard, and the concentration distribution has no obvious law. Prin-
cipal component analysis found that most of the metal ions in tap water are derived from industrial
wastewater, fertilizers and pesticides, as well as the combustion products of gasoline in ships in riv-
ers. There is no significant correlation between the metal ions in the tap water and the damage rate
of the water heater, but the damage to the inner stainless steel cannot be ignored.
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1. 5I8

TE IR R 5 (/NI | 2 R s 2% % SR RIS IR R B4k 75 AVCS 3 5%,
2018 4F 4 —ZFE UK SR (R EH0H 180 1278, TR STk SR b Ui [1], (B /M
FI T 7 SR K SRR L B[2] . KR K SR TR A T A RYE IRV AT IS AT 0 ER, TER i
AT REZ 3], KRR IR B A . L RETFS. URERSEE . PRAR IR IR I g
s B A [4]. Hrh, PR UK BB, SRS dr T T I B T
(7 R EIE T2, MR RBIRR RO ot . BT I B R ok 2e i, HE R
DAY FEL 2 T 1l 4 S A28 T /K 5 A P LB 4, LB 1 A4, 8 53 AR 355 b 4 R 7 ot 0 5
PRAERT I, KT CITZE I B Tt 2 S 4 P IR AL G I 35 e [5], 3 6  fn fry 2 80 3 1T A S8
P 2 IR 6]

P2 P 1 B B AN A A T TEAR ) SO 6B B X SR i e A 3 B R A
R4 N A5 AR . LSS L BRI R TR S X R AN S R 7). SRR SN R, RSl
HOIX KA T PR T B A 2 4 R 03, AR SRS SR K, T R K AR A 8 I il 7 7k 358
(975 et 8] [9] [10]. PRIULATH ST R T rh B MoK B4R R R B IX. KK v 80 4 R 07k B 43 A 5 00
ME T EKAH Cus Cow Cra Cdv Niv Mn. Pby Zn EVFHHLX (O, 4047 T B RO P 04 @3 T
1 (A AR R % G5 4K 48 P BB 22 1 5 R
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2. SCUGER4Sy
2.1 HRERESHLE

fili AR IR A T2 B AT T BN 1 3 R IR AL R IX - DRLRCASAIT T8 v A o AR N 1
DAY 9 ANy, JEBCE 1 31 ASREER T, WHE: BRIGEEXSm. Erh, SRS, [, L7
EHVE LT PHRT, BT AN, WARE G HYIT . SSRW. Sro, i s e R,
P Py 1B WM, TR AR, =Tk, R9EE. ISP 2B AR INL FIOL VRE . SR,
MALERIGRE . HEEE, TR R ER X ETE. PR AWl BNRTTBE 5 KRR, EEEIZIN
K, R, AEPEREERIRE R RS AT B R ACOK T, BARE & 1 s,

Figure 1. City station site of water samples
B 1. kAR E R AL
2.2. FEMURSHHF

H RS & 45 B TR R T R 96 HE{: Themo ICAP-6300 %, 2£[E Themo Fisher A &) X 2% 57 FH HI4K
SIS 99.999%

SIS AR R AR A AR AEE N 1ICP Z ot H b iEid v 4, HH E REEHE AR, #k A 1000 ug/L;
SR AR AR . AR IR R Al SIS KON 2B 1K

2.3 (UB/RTIEFH

FHThE . 1150 W A HIS &, 12 Limin #iB <&, 0.5 L/min ZLS0E, 0.5 L/min A5 I
8], %63 15s, KW 5s; BICRRIDVHK ILE 1.

Table 1. Analysis wavelength of elemental

F 1L LESRK

TR AT /m TTHR A3 HTiE A /m
Cu 224.7 Pb 220.3
Co 228.6 Zn 213.8
Cr 267.7 Ni 231.6
Cd 228.8 Mn 260.5
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2.4. T{ephZLaH)

B 5 AR + 1)IEWIE M 24 h /1) 100 mL & &3, FAIHER(5 + 85)EWi# &4 Cu. Co. Cr. Cd.
Ni. Mn. Pb. Zn HIVRARIEM A BRSO AR TIARES R, RS TAESRME R, X2 A
FRUEFRRANFE S AT 52 .

25. ERS DL

TR I HTITER H 2 AR 2 R AR A D B R A FaAm (B 7)), Fe P R4S 2 e oy #R RES
SR G A B A E B, BT EE BAE R AW FP E Br  TiE i B AL 8 M BT &,
BN DI AR R, BTt T

3. &R5118
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A S R TR, BT T A EROK b e S B AT A [ SR E(GB5749-2006), {EANF] X1 6
WA AEW] R Z 5. BARBIREE A S DL 2 ffrs. &8 Cu. Co. Cr A BB -, d23 i
ZRHTT . P E AR Cu KA s SRR BT MR AR TR Co IREEEL R, RS
WA E s IWAREH Cr AR BAR, HAL A m A # LA f. ©J& Pb. Zn. Ni. Cd. Mn 1
AR BN . RAETH . P WSFHT . VFE TN P IR R, EE AN RS SHALE;:
VHA 3 T A Zn R LA T E X, WRPERGs, HARM . G iTH Ni R A B, Wk livh e
SR AG: 7 2R EE KPR ) Cd BB T At X, IR H A H LT Mn
WL, MR oAb, WREH

HEER HH LA
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Figure 2. The distribution of metal concentration
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AR K P G SRR Ay A L, T, WIPEE R Cu, Co, Zn, Ni AT HAE AR . v
ZH5RITRMIA B3 Wl B 0. BRME ST S RE AR RIS, HIE By R 8 r)K
PR . BEE AL AR, ARAAE B K& TV R KAA & 15 K I HEBOA S A A= A 2 Ak
NEEIREAL A, XK IE B 7™ B A5 Ye[11] o /K ATS BBt K, thamat K. BAE SRRk
SRIKAG], Bl5 R R BB Bt AR K, N K2 BS54 [12]. T34k, i i ) 32 2K
L RTAPR, TR ROEIER . R AR IRER. BERSE AN E, SRR SEE R 1 —
SEREFEMISEN, B SEOL THRDRTE R, KBZENS Y, AKAEEE R ERNA[13]. sk 51k H
AR K RAN L . B R/KIE BT R KBRS G ™ 5 KA TREREIEAT . DASOK BRUETR 9™ H 4 )
Al BT ST AKAN B B Ve, S B S Yy,  DAAUKIRKGFBON A, IEHHL AT 300 AR S
TAKIERIETE, IR BN Tk, ARolk, YOKSEHEAOKIERIME . tEah, KM TRE . 7K Pt
Bk IR IZAT[14], Bt b B G JRIR R BUK BT FE[15]. BN T th R R AR RIS G ™ B,
IR E[16]. Z8 A, XATRER L PEA IRIK b s & s T At a0 i £ 2R A

3.2. BXRKFPERBEFHIFRIESTH

3.2.1. HXMIH
FR T E B2 F > R R TR R 2 AR AR EE IR 2 M R R o £E M i
BN AR R AT A ORI AT, K 2 Ty 8 N AR AR R IR AAH K R EOERE[17].

Table 2. Correlation matrix of heavy inter-metal

F 2. E€RBEMEXMIER

JLE Mn Cu Ni Pb Zn Cr Co Cd
Mn 1.000 0.029 0.233 0.010 -0.060 0.122 0.152 0.096
Cu 1.000 0.167 -0.181 0.159 -0.119 -0.304 0.157
Ni 1.000 -0.254 0.415" 0.759" 0.608" 0.545
Pb 1.000 0.117 -0.061 -0.410° -0.442"
Zn 1.000 0.038 0.081 0.051
Cr 1.000 0.544" 0.317"
Co 1.000 0.498"
Cd 1.000

H17 2 /[ Cd 5 Co. Cr fl Ni e & R M RN B E A, RIINUE W RAMFEKIE. Coly
Niv Cr, Zn 5 Ni joa & B WAL EARKIOCR, FFEUH, eNTr 8B R A MR, i Cd 5 Pb,
Co 5 Cu. Pb LR & ERR AN, XERWIE A ARKF ISR E TIRERAT € riEdil.

322 XSO

MFEREA AT R IR 4 NMERERTF, FFR e 3, &4 fos, B+ 1 EZH Niv Co.
Cd. Cr VURtuHEMI R, H7ZEo0mk 505 21 36.4%, MR A KAET ) Cd FERIET Tk K, Hik
SEHEN KRS Cd BV s T /K ) Cd 32 BERIE TR FI AR 25[18]. Co EZ iz M T& 4. Bkl
AT LT S LA A BB VR ZE S T 24 [19] [20]. Cr A1 Ni ¥R H4E kK FEE K E S BRZS, B
e — i F P B D) AR T AR EE T 2201, IR 7 1 ARER ol R K BA K AR Mb 5 G BT SR 75 i s
K7 2 BRI T 2N Cu, 7 22 50HR b5 8 7 2510 16.8%, /KA (4 B 1 - BRI T4N ek . Bk it %
Tl K, PR 2 AR AUk i 2 00 Tk R K B s Sk 5 Ge i [21] [22].
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Table 3. Component score coefficient matrix

= 3. BRSO REIER

By
Bl
1 2 3 4
Mn 0.086 —0.080 0.066 0.907
Cu 0.011 0.667 —0.065 0.230
Ni 0.312 0.113 0.239 0.033
Pb —0.163 —0.168 0.565 0.130
Zn 0.079 0.339 0.536 -0.277
Cr 0.256 —-0.213 0.221 0.008
Co 0.280 —0.261 —0.081 —0.145
Cd 0.249 0.152 —0.257 —0.035
Table 4. Total variance of interpretation
=4 BRNEBEE
HIGHRHIEE SR FEAN
R
it J7 Z 1% FH% A1t 77 ZH1% FH%
1 2.913 36.412 36.412 2.913 36.412 36.412
2 1.344 16.806 53.218 1.344 16.806 53.218
3 1.260 15.756 68.974 1.260 15.756 68.974
4 1.008 12.606 81.581 1.008 12.606 81.581
5 0.699 8.740 90.321
6 0.484 6.048 96.368
7 0.220 2.754 99.123
8 0.070 0.877 100.000

K7~ 3 EEA4E Phy Zn PiFPE)m, HO7ZvTmkib 807 21 15.8%, AGERE, Zliskmarm AR
&JEI5 Y, Pb EEE TG E I IIRE[23] [24]. TEIRGEC IR B P~ 2R Rk 4y, TERE IO I L4 o,
TSHYILL Ph, Zn, Cd JyE[25], BRI 3 AR ASE S i R fT5 4R K1 4 TEAEFEESE Mn,
FI7 22 50k 5 B 07 21 12.6%, Mn FZORIE R TAVIEK[26], Ef HIK S, Bom & BRIl R i,
NG RECR, R SEREIER27], Bk, BT 4 RFWET TR RIS RE. & Bk, 48
SRAKRE T RIS, HL < 32 BRI T B WU 16 488 1) Al BRI HETR LR R R R e »
74T 7K B 2 < R 2 ORI T E AN AR 25 (K 5 A
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R B A TR R, 5RE B RKFESEI T XAHZ SRR R, PCL Z &P ELTY
B, BORTLEEAMN, HMIES . A, TR, AR, XAarsed TR T 1 TR R,
B 7A S WA A SR ET S8 PC2 REERELTE SR, WM, TEF, L8,
SIAREYT, XA RE A S S BT AR PC3 EEAEHAE LT IR Yy, TR M, TR, X
FIRE T =M 52 BRI ST IS KB AN A S R R I, P EUK RIS Tk RK B HE
BARIEARHER[28] [29] [30]; PCA FEAEFAET MR AL, X322 TS 2Ry Tt 48 10 2 3k it (B4

RZE RTINS Z KA B B0, 3 B0K B R IR Sh HE SR b i [31]

3.3. BRKPHERETSRKBHMIFRXRIRR
AR I i SR HOR S I BA R G ar St & S 5P 9 ME MK R GBI 3 fror.

B (%)

LT HAE BREEE BRI IRE LFEE W mikd TR
Bh
Figure 3. The water heater damage rate in the province

3. ERE PR IIRERE

Figure 4. The distribution of factor score
4. AFETHHE
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Bl R, T AR i e ARE 1] 4 13 9 AR E TN, PCL AT PC2 # K B T4,
Pl & 14 8o & & Ni, Co, Cd, CrflCu. HILFATLAE H, PCL 5 PC2 & 148 & 1A nl fe < hnid
POKAIIIR, i HOKBR I F . HARERIA B RAK R &8 BTN HOK S WSR3 R X
FERERNAKAKS, BEREE T, BAE CI, SO, Ca¥', MgP %S T23, FrlAHuk a3
T AR B B T I . Ak, [F A0 AN FEIR T oK SSIRIA R, ZEREOC, BrEL, JLAM
TR HOKBRIR R IR RS AR — BB IR Z, W& 5 fR.

I 5

PEPATH REM FHR™ EOm
W

Figure 5. The city’s water heater damage rate of Liaoning Province

B 5. I TE S 5 ITHR T HOK SRR R

R, R M mRE, ARUIHHOVEIROR SR G a I EERR, HE, RIIRARE
WK E AR, SR BOK S AR . TRET, RIDESRH, A8 AUKIBRER & BT
SR R AR, TSN R R A AR, SRR R AR, TR AR, BRAR S Y 2 il B4R
JZ, M RR, RESEMREIERB2]). AR, EMFEMSERFET, S, S
PIRGUER BTR G VI ASBEAN AR T AE R SR 59 N SR IR ) > &SR > SULEI[7]. L bPTid, KT
T B 7 = 5K P I HAR K B 2 M (DS 5 O )R 2 R PR, SR RDIsE AN A A R J ik, 30
VNI ENE 7 NP R R e e

4, &Eig

AR A B3R T E SRR P B E S B A T O, T DA AL, Bl sk BTG ZKRE i) B e Tk B3 1
A EZArE GB5749-2006. Bb4h, 1LPEE I Cu, Co, Zn, Ni M THAWE MHE LS. X 51LTEE K
P OB R . R AR HEEERIA R TS sh A %,

HRFE R Mt AT 4, 24 BRI T bRk, K P R B 4 8 10 32 Bk UE T s g . WL
TSR T PR K FIHERSC A B i R RRLIRI R JGe , 1T /K52 R 7K, L H 4 8 R BRI T AR RR 25 A A

T ERAKHIFE CIT, SO, Ca®*, MgP & LA R n] Zmg s R &, ik, BUA Bl A e B 1%
HEBA SRR R &R B 5 HOK SR I ERIR R 2 [BAAAE B B A G OC R, HE SRR ISR & 7 H s #4
KPR T REME, X — S VE R B RKPFEN SRS Tl Re i, SR, sE5H
R TR EER, SHRERZAEL, P EER R AN o, 3 S BOR oK AR R
PR, ek oK 2% 0075
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