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ABSTRACT

In Korea, previous certification of water supply infrastructure was mainly focused on economical and physical aspects. Recently,
hygienic safety of water supply service has become a sensitive and important issue to our people for evaluating the water quality with
growth of economy and education system. According on water quality in 497 Korean water supply facilities, pH values in the supplied
water have ranged between 5.8-8.5. However, little is known about metal leachability at the pH conditions observed in the real water
supply systems because a fixed pH condition (pH 7.0) has been used in the current standard method, ‘Hygienic Safety Testing Method’,
in water supply. In this work, we examined the effects on heavy metal leachability with pH differences in the water supply pipes which
are typically used in Korea. As a result, the amounts of metal leachability were tended to increase when pH levels were decreased.
Especially at pH 5.8, Cu leachability from Cu pipes was found to exceed the public health standard level even after applying a
normalization factor (NF) given by the current Korea standard method. The Cr and Cu leached from stainless steel pipes, Cd, Pb, Cu,
and Zn from Cu-based pipe fittings, and Zn from Zn-based pipe fittings were exceeded the Korean hygienic safety standards while, after
applying the NF, concentrations of the leached metals were satisfied with the current Korean standard. The findings from this work
provide implications on the needs of reforming the current hygienic safety standard methodology.
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AARAZIFH(WHO)| oJahd Eelle ¢F 20004 F<f &4
ofel} e 7Fs/do] Ao, 11 F ok 7500] T AR HEHAL
UTHWHO, 2011). ool w} Z=2 9= & 27155 g8t
He B2 S Wkl ok Ik e B olRke e
ol ek k= Hekd vt itk Ve vl sk
7AYol ARgR= ) A QB AR, AL, dueiet
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ARgElo] Skt e A aEo] s Adaredl] disk 914,
B3, ¥7g, de] Al thgt mRlo)2o] dFtww A HEk
ZA8R o] Q7% JtiMinistry of Environment, 2007).

3Re] 2013 R BlelA E B85 B HIRE el

3P RS AR 88k HIEe 1.0~4.1%= vepkor,
T =Y F882 A3 kL e & o ItK(Water
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AFE AREAS W] FA8le] AlES 7R Rk
AT 2h2te] 57300 Agsh AlRES 7idsto] 288l =
ni=at g pefuele] Ak e dessi A= 3714
2 5gste] 283t JtiMinistry of Environment, 2015).
MEHolzlo| B Hlo[elol] waE MEAlY] e Fd 5
vl o] S, wia(HERIFEE, PEW), 5
(OFA=dd, ZEIQlEIS A B T o ® o FoRRl Aew
I glonf;, A Tl AlBElE g vl AlEl dik AAE
1 s Apm o] HoIIA] &R AdEjol, ] 54 we
AA A7l ek 71 92 wRIRk Adejeltt HEgk W= NSF/
ANSI619] 79 27 A|=Flol] ARG gfo]x Bl Bl Al
A& Al pH 5, pH 6.5, pH 8, pH 1002 tjelsl 270 &S
L Q) OLHNSF, 2015) f-2juiete] Sk IEalx= pH
7.0 £ 0.19] Ak 2 AIdS ZlsslaL itk feuele] He

= ANE F pHel 71Ee 58-8.500W, A4 5 94

e fo

74 Journal of the Korean Society of Civil Engineers

pH7} 2] 712 B4 a0 2 WS 4 el= Bkl pH
7.0 £ 0.12 ©kesfsiei71el pH ¥sle] we griede] TS558
TR TEo] BF o= B KA ERle| FaAReltk
SR ool thgk 71 2AkgE= k- vIFsith b B el
B3t pH 7R wRe Z2oMe] aoles it g el
Tad 829 MAe GRS dPH e Ayshe Al ols
STaA A St S 49770 age] R B AsE EYR
FrHo R AN EHE w5 T oRIEdH, B, ZHRlged
55 ol83le] =g ARl tigh < &
pH7}driete] S5 8200 MiAe 93t 8248 kst
o] B} Qbdel e delg fJgh 7

2.

2.1 EMA A=
B PO

U SasE

T8 H Aol AR ERE Zle= 2]

Table 1. The Types of Water Supply Pipes Tested in This Study

No. Materials Types Remarks
. . A Compan;
STS-P1 Stainless 25A pipe (Korea Certl':ﬁc;/tion)
. . B Compan
STS-P2|  Stainless 25A pipe (Korea Certri) ﬁczlltion)
. . C Compan
STS P3| Stainless 25A pipe (Korea Cenri)ﬁc;/tion)
STS-P4|  Stainless 25A bellows pipe D Company
. E Company
CU-PI Copper 25A pipe (Korea Certification)
. F Company
-P2 25A
cu Copper SApipe (Korea Certification)
. G Company
CU-P3 Copper 25A pipe (Korea Certification)
. 90Elbow 25A pipe H Company
STS-EI|  Stainless fitting (Korea Certification)
STS-E2|  Stainless 90Elbow .25A pipe I Company
fitting
. 90Elbow 25A pipe J Company
STS-E3|  Stainless fitting (Korea Certification)
90Elbow 25A pipe K Company
CU-El Copper fitting (Korea Certification)
90Elbow 25A pipe L Company
CU-E2 Copper fitting (Korea Certification)
90Elbow 25A pipe
CU-E3 Copper fitting M Company
90Elbow 25A D Company
-E4 . . e
cu Copper bellows pipe fitting | (Korea Certification)
ZN-El | Galvanization 90Elbow .25A pipe I Company
fitting
ZN-E2 | Galvanization 90Elbow .25A pipe N Company
fitting




Table 2. Hygienic Safety Standard and Limit of Quantification

Table 3. Procedures of Heavy Metals Leaching Test for Water
Supply Pipes and Pipe Fittings in Korea (Ministry of
Environment, 2015)

(LOQ) for Heavy Metals
Heavy metals | Hygienic safety standard [mg/L] LOQ [mg/L]
Cd <0.0005 0.0005
Hg <0.0001 0.0001
Se <0.001 0.0005
Pb <0.001 0.0005
As <0.001 0.0005
o <0.005 0.005
Zn <03 0.001
Fe <0.03 0.001
Cu <0.1 0.001

g~ A 32E 59 332 AERIgS FEH 1E2F Z Elbow
3E5, 2H]2ld2 Elbow 355, ol9%+ Elbow 225F, =3
Elbow 1575 tho 35k 7 Folis 7k $MkIKO)R)
2 we AFE T Table 1). LU 1) Th=H,
=8, 7o, b Ak okl E, oo Sehlel s A
W 1ope] SMIkITIE HEqEe R Sol) B dre] BAa
Bo] ok 71 AEIAZ Table 2] eI

2.2 Al =A|

Aol AR ARG ekl SREVIE 8 =AM
Hol| whe} 32} BARHFH2AZ 18 MQ-cm ™! oPHE A3
W BEE 557 fJal lsbda8, pHE s7] S8 it
SBRERS ARgEITE 2011 195E 20159 129714
e ) 4977 A5e] pHE 4 5.8, ) 8.5, 9 722
Uepgom AJge) AleE Al8l4=pH 5.8 + 0.1, pH 7.0 + 0.1,
pH 85 + 0.12 AR&3IITk A= $elue} S IEA 8
o] A% B0 45 + 5 mgll as CaCO, 2 38N o}ga}
Ak dHE=E vt ST dHE|EE )
Sl A ERS o83 35 + 5 mg/LE Adgalelrk sHAIE
NEZVE pHE HsA7)7] wjizol] Aol Bt ER-S
H0.04M)S 22.5 mLS Y FER9E | L2 95} IRgats
et S IEAIE ] FHREA F=R] 1.1 + 0.1 mgLE
Aotz EF(NaOC)&S o833t

23 ot ZA0ME X 85

APe Sefel Skl s A B
u] Aol afe} 21 skick Table 3). & edoln] 2Psfe
AP A5 45°C ofsel ] W] gl TSl sheka
BES AHgste] WS

Steps Times Procedures
. Starting Tap water 1 hour & Distilled water 3
Washing | (. (Mon.), 09:00 times
Starting Injecting leaching water/ Keeping 24
day(Mon.), 17:00 hours
Day 1(Tue.), (DReplacing leaching water/
17:00 Keeping 24 hours
Day 2(Wed.), (@Replacing leaching water/
17:00 Keeping 24 hours
Day 3(Thu.), (@Replacing leaching water/
17:00 Keeping 24 hours
Day 4(Fri.), @Replacing leaching water/
17:00 Keeping 24 hours
Conditioning - - -
Day 7(Mon.), (®Replacing leaching water/
17:00 Keeping 24 hours
Day 8(Tue.), ®Replacing leaching water/
17:00 Keeping 24 hours
Day 9(Wed.), (@Replacing leaching water/
17:00 Keeping 24 hours
Day 10(Thu.), (®Replacing leaching water/
17:00 Keeping 24 hours
Day 11(Fri.), (@Replacing leaching water/
17:00 Keeping 24 hours
Day 14(Mon.), Discarding & Injecting leaching
) 17:00 water/ Keeping 24 hours
Leaching Dav 15(T
i 0 9.(0 Oue,), Leaching water sampling/ Analysis

Table 4. The Analysis Conditions of ICP (iCAP 7400 Duo) Used in

This Study
Plasma Flow 14
Flow parameter (L/min)
Auxiliary Flow 0.70
Nebulizer gas (kPa) 180
Sample uptake delay (s) 40
Power (W) 1350
pump rate (rpm) 50
Instrument stabilization delay (s) 5
Rinse time (s) 30
Replicates 3
Replicate read time (s) 20

24 Z35 24

o] AEE dfsle] 1Y) JEks Tietslr] &olgh ICP-
OESE 13} 249ul0 2 AMgakick ICP-OES 349 4%, S5
9] 12821 B240 2 ThermoAle] iCAP 7400 Duos ARE-3151.0.
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Table 5. The Analysis Conditions of ICP-MS (iCAP-Q) Used in This 24
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Zg20] 2% Cﬂ 20 & Thermor}e] iCAP-QE A}83}1510
Plasma Flow 14 717]

o] EAzL Table 59 LRI

Auxiliary Flow 0.8

Flow parameter (L/min) Sheath
t -
cath a3 3. ZIHR A
Nebulizer gas 1.11

Torch alignment (mm) sampling depth 5 3.1 pHO" [[I_E AE‘I|°|E1| J_\(STS) 1}2| ogi EM A
RF Power (W) 1200 ZEIRIEINSTS) A2 Tl Cr, Cu, Feo] 2911, pH 5.8,
4
ump rate {tpr) ’ pH 7.0, pH 852] 37} 27 % pH} Sola45 Faso
Stabilization delay (sec) 5 oo Sn Aeo ) - bl
wo] 8&5= 43S HriFigs. 1~3, Table 6).
0012 0.006
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Table 6. Heavy Metals Leaching from Stainless Pipes [mg/L]

No. Leaching pH
factors 5.8 7.0 8.5
STS-P1 0.0033 0.0032 0.0000
STS-P2 0.0094 0.0073 0.0025
STS P3 Cr 0.0025 0.0021 0.0021
STS-P4 0.0084 0.0049 0.0021
Criterion (Crm) 0.005
STS-P1 0.0091 0.2769 0.2067
STS-P2 0.0247 0.0307 0.0366
STS P3 Cu 0.0043 0.0055 0.0015
STS-P4 0.0033 0.0011 0.0002
Criterion 0.1
STS-P1 0.0059 0.0020 0.0001
STS-P2 0.0285 0.0249 0.0024
STS P3 Fe 0.0079 0.0011 0.0010
STS-P4 0.0147 0.0078 0.0013
Criterion 0.03
STS-P1 N.D.* N.D. N.D.
STS-P2 N.D. N.D. N.D.
STS P3 Cd N.D. N.D. N.D.
STS-P4 N.D. N.D. N.D.
Criterion 0.0005
STS-P1 N.D. N.D. N.D.
STS-P2 N.D. N.D. N.D.
STS P3 Pb N.D. N.D. N.D.
STS-P4 N.D. N.D. N.D.
Criterion 0.001
STS-P1 0.0046 0.0028 0.0018
STS-P2 0.0054 0.0035 0.0043
STS P3 Zn 0.0039 0.0021 N.D.
STS-P4 0.0052 0.0030 0.0011
Criterion 0.3
STS-P1 N.D. N.D. N.D.
STS-P2 N.D. N.D. N.D.
STS P3 Hg N.D. N.D. N.D.
STS-P4 N.D. N.D. N.D.
Criterion 0.0001
STS-P1 N.D. N.D. N.D.
STS-P2 N.D. N.D. N.D.
STS P3 Se N.D. N.D. N.D.
STS-P4 N.D. N.D. N.D.
Criterion 0.001
STS-P1 N.D. N.D. N.D.
STS-P2 N.D. N.D. N.D.
STS P3 As N.D. N.D. N.D.
STS-P4 N.D. N.D. N.D.
Criterion 0.001
*Not detected

Cre] 79 A& STS-P29} STS-P47} pH 5.8%} pH 7.041|4]
A&HJem 325 Cro] pH AY=FE(Lee, 2000)9} B3-S
ol pH 5.8¢4] 21312kl 917 1.0 'V o) wle}, pH 7.090A4]
AFBIERIH7E 0.5 V oPdd o) B4o] A3k O 2 EAjske
Aoz dPEck 2slekd A= At ukel Walsh, A7)
1.0 V oldd wf ' o2 EA & 7FsAdo] ol Hrk o]d)
] Akslekl el gk S A Bad slo R
Ak

Cug] A9 A @A se] ti-axes HEHA LUA,
A& STS-PloA] &SItk Cu] pH H9)=3ke} Hlugls
o pH 8~10x}1eiM] Cu, 0%} Cu( OH),2] Fe= Fgeis B4
P HaL hol sy} Vs 8avhe S By
2 dPdsiont pH 5.8904% Curl AEEA] 4gkch

STS-P1<] Cuz}e] tisl] A 2714 F2¢] 7Fsstct 3,
F5Ele] gl o Qleje] Fo] ofH FHFelA defskHo R
= F2) tigh ARl 7R} idts] Avjels, AR FAk%
b =2 B e 7hsAde] EAlgic A, 2HIQlEe]
FAEL Fe, Cr, Nio|9, Fe, Cr, Ni B CuXt} 73l A3k
S HolH, /3w Afole] BAIXIRI Nernst 215 #-8-5d
Cu®] §E(AI3hy&H T} Fe, Cr, Ni¢] §&(41shRkg0] S
2189 Aoz oPFst 4= 9tk Fe, Cr, Ni, Cug] Z52131811:40¢]
#e Egs. (D~(S)ll HeERiIT:

Fe* 4+ 2¢ —Fe(ORP= —0.447V) )
Ot +e - (ORP= —0.42V) )
O*t+2¢—0Or(ORP=—0.90 V) 3)
Ni*t+2¢ —>Ni(ORP=—0.26 V) 4)
Ot +2¢ —Cu(ORP=0.34V) )

Fet= pH 9=k} ¥alghs uf Sax0] &5 =(pH)<] sl
FAglo] Akslell et Bekehd Fett E SE(AshEe AL
& g Ak EgE Faol s (pH)7 S-S 85350
g 7Fede oIk

2-HQ1@2x(STS) A& #e] AF} = Cd, Pb, Hg, Se, As:
pH 5.8, pH 7.0, pH 859 371x] Zzlex] BT HEER] Qgkon]
g A= Table 69 YERAITE Zne] 785 vl HSEUAT
A ZIEX R} B3lEkdr
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Table 7. Heavy Metals Leaching from Copper Pipes [mg/L]

i H
o Lgcil;lrrslg 5.8 I7).0 8.5
CU-P1 2.5326 0.9994 0.3665
CU-P2 4.4990 0.9895 0.3705
CU-P3 cu 3.6874 0.9970 0.5086
Criterion 0.1
CU-P1 N.D.* N.D. N.D.
CU-P2 N.D. N.D. N.D.
CU-P3 cd N.D. N.D. N.D.
Criterion 0.0005
CU-P1 N.D. N.D. N.D.
CU-P2 N.D. N.D. N.D.
CU-P3 Po N.D. N.D. N.D.
Criterion 0.001
CU-P1 N.D. N.D. N.D.
CU-P2 N.D. N.D. N.D.
CU-P3 o N.D. N.D. N.D.
Criterion (Cr*) 0.005
CU-P1 N.D. N.D. N.D.
CU-P2 0.0014 N.D. N.D.
CU-P3 Fe N.D. N.D. N.D.
Criterion 0.03
CU-P1 0.0029 0.0018 0.0010
CU-P2 0.0068 0.0027 0.0012
CU-P3 Zn 0.0034 0.0018 0.0013
Criterion 0.3
CU-P1 N.D. N.D. N.D.
CU-P2 N.D. N.D. N.D.
CU-P3 He N.D. N.D. N.D.
Criterion 0.0001
CU-P1 N.D. N.D. N.D.
CU-P2 N.D. N.D. N.D.
CU-P3 se N.D. N.D. N.D.
Criterion 0.001
CU-P1 N.D. N.D. N.D.
CU-P2 N.D. N.D. N.D.
CU-P3 As N.D. N.D. N.D.
Criterion 0.001
*Not detected

3.2 pHO|| [E F2|(Cu) &e| BEEY
Te)(Cu) A ] A7 F Cur} e A&, pH}
SoldpE FEgo] Bol &5 APS BtiTable 7).
Cu?] 7% pH 5.8, pH 7.0914 71EXE 3)sh= do=
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—e— CU-P1
51 —o— CU-P2
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= 34
j=]
E
3 24
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pH5.8 pHT7.0 pH 85
0.6
—e— CUP1
—Oo— CU-P2
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-rwm criterion
0.4 4
=
S
E 03
=
Q

' ! !
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Fig. 4. Copper (Cu) Leaching at Different pH Values from Different
Copper Pipe (left), and Their Corresponding Results After
Applying Normalization Factor (right)

om, FaoleE=pHyt SRS 82(shEe 4%
Bt pH A9=se} vl v 24025 %(pH) 8~10
AtelellAl Cu, 0% Cu(OH), Fele] F-ge7t e =
& dPdd o ST B=7h pH 5.89) 739 kel AR
0.'S Hg3tolw £ FAE UEPSITKFig. 4).
T2(Cu) A2 ] A3} = Cd, Pb, Cr, Fe, Hg, Se, Ase=
pH 5.8, pH 7.0, pH 8.5 ZZolM B5F HEER] 9gkon] Zno]
785 M HEHUANE KB 7K} shslaklth

3.3 pHO|| 2 AHQIHA(STS) 0l22e| E£EM

ZHQ1E2YSTS) A o]2xke] d3} ZF Cd, Pb, Cr, Hg, Se,
As= pH 5.8, pH 7.0, pH 8.5 TS0l 725]7] LItk Table
8). Fe, Cu, Zn2] 7% n|&F HEEAIL pH7} Solds 1
FA7} oA = S By SR 9k 7IEXH k=

EELEE

3.4 pHO|| T2 F2|(Cu) 032t BEEY
TE|(Cu) AA o]&F F A& CU-E49)4] Cd, Pb, Cu, Zno]
AEFJL, pHF GoldSs FE50] BWo| 859 43S

HIrk(Figs. 5~8, Table 9).



Table 8. Heavy Metals Leaching from Stainless Fitting Pipes [mg/L]

o
ox
e

1

a

71

Cr, Hg, Se, As¢] d%-<l= pH 5.8, pH 7.0, pH 8.501A]
AZEHR] Zkor Fed] 79 w|=F AESHIARE A8

BT} 3]

=
T
=
AL

foIsteak

i H
o LF;cct};lrzg 5.8 5.0 8.5
STS-El N.D.* N.D. N.D.
STS-E2 N.D. N.D. N.D.
STS-E3 cd N.D. N.D. N.D.
Criterion 0.0005
STS-El N.D. N.D. N.D.
STS-E2 N.D. N.D. N.D.
STS-E3 o N.D. N.D. N.D.
Criterion 0.001
STS-E1 N.D. N.D. N.D.
STS-E2 N.D. N.D. N.D.
STS-E3 c N.D. N.D. N.D.
Criterion (Cr*) 0.005
STS-E1 N.D. N.D. N.D.
STS-E2 N.D. N.D. N.D.
STS-E3 Fe 0.0010 N.D. 0.0014
Criterion 0.03
STS-E1 0.0149 0.0104 0.0073
STS-E2 0.0223 0.0152 0.0066
STS-E3 cu 0.0077 0.0051 0.0033
Criterion 0.1
STS-El 0.0113 0.0028 0.0038
STS-E2 0.0106 0.0094 0.0048
STS-E3 = 0.0101 0.0052 0.0066
Criterion 0.3
STS-El N.D. N.D. N.D.
STS-E2 N.D. N.D. N.D.
STS-E3 He N.D. N.D. N.D.
Criterion 0.0001
STS-E1 N.D. N.D. N.D.
STS-E2 N.D. N.D. N.D.
STS-E3 se N.D. N.D. N.D.
Criterion 0.001
STS-El N.D. N.D. N.D.
STS-E2 N.D. N.D. N.D.
STS-E3 As N.D. N.D. N.D.
Criterion 0.001
*Not detected
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Fig. 5. Cadmium (Cd) Leaching at Different pH Values from
Different Copper Pipe Fitting (left), and Their Corresponding
Results After Applying Normalization Factor (right)
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Table 9. Heavy Metals Leaching from Copper Fitting Pipes [mg/L]

Leachin, H
No. factorsg 5.8 F;AO 8.5
CU-El N.D.* N.D. N.D.
CU-E2 N.D. N.D. N.D.
CU-E3 Cd N.D. N.D. N.D.
CU-E4 0.0023 0.0013 N.D.
Criterion 0.0005
CU-El 0.0017 N.D. N.D.
CU-E2 N.D. N.D. N.D.
CU-E3 Pb N.D. N.D. N.D.
CU-E4 0.1138 0.0259 0.0262
Criterion 0.001
CU-El 2.7924 1.2035 0.4245
CU-E2 4.1304 1.4320 0.4174
CU-E3 Cu 47116 1.5088 0.4439
CU-E4 0.0135 0.0019 0.0027
Criterion 0.1
CU-El 0.0119 0.0040 0.0021
CU-E2 0.0113 0.0034 0.0086
CU-E3 Zn 0.0139 0.0045 0.0103
CU-E4 7.9972 0.8808 0.2197
Criterion 0.3
CU-El N.D. N.D. N.D.
CU-E2 N.D. N.D. N.D.
CU-E3 Cr N.D. N.D. N.D.
CU-E4 N.D. N.D. N.D.
Criterion (Cr*") 0.005
CU-El 0.0016 0.0012 N.D.
CU-E2 N.D. N.D. N.D.
CU-E3 Fe N.D. N.D. N.D.
CU-E4 N.D. N.D. N.D.
Criterion 0.03
CU-El N.D. N.D. N.D.
CU-E2 N.D. N.D. N.D.
CU-E3 Hg N.D. N.D. N.D.
CU-E4 N.D. N.D. N.D.
Criterion 0.0001
CU-El N.D. N.D. N.D.
CU-E2 N.D. N.D. N.D.
CU-E3 Se N.D. N.D. N.D.
CU-E4 N.D. N.D. N.D.
Criterion 0.005
CU-El N.D. N.D. N.D.
CU-E2 N.D. N.D. N.D.
CU-E3 As N.D. N.D. N.D.
CU-E4 N.D. N.D. N.D.
Criterion 0.005
*Not detected



Table 10. Heavy Metals Leaching from Zinc Fitting Pipes [mg/L]

i H
o LE:cctilrrslg 5.8 l;.o 8.5
ZN-El 5.8245 0.3028 0.2668
ZN-E2 Zn 5.4481 1.3067 0.3557
Criterion 0.3
ZN-E1 N.D.* N.D. N.D.
ZN-E2 Cd N.D. N.D. N.D.
Criterion 0.0005
ZN-E1 N.D. N.D. N.D.
ZN-E2 Pb N.D. N.D. N.D.
Criterion 0.001
ZN-El N.D. N.D. N.D.
ZN-E2 Cr N.D. N.D. N.D.
Criterion (Cr*) 0.005
ZN-El N.D. N.D. N.D.
ZN-E2 Fe N.D. N.D. N.D.
Criterion 0.03
ZN-El N.D. N.D. N.D.
ZN-E2 Cu N.D. N.D. N.D.
Criterion 0.1
ZN-El N.D. N.D. N.D.
ZN-E2 Hg N.D. N.D. N.D.
Criterion 0.0001
ZN-E1 N.D. N.D. N.D.
ZN-E2 Se N.D. N.D. N.D.
Criterion 0.001
ZN-E1 N.D. N.D. N.D.
ZN-E2 As N.D. N.D. N.D.
Criterion 0.001
*Not detected
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Fig. 9. Zinc (Zn) Leaching at Different pH Values from Different
Zinc Pipe Fitting (left), and Their Corresponding Results
After Applying Normalization Factor (right)
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