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Abstract: As studies and developments of nano-material increase, the release of the nano-sized material to
water environment increase. Especially, silver nanoparticles have been found as dissolved and particulate
state since nano-silver particle have been intensively used in industrial and our living environment due to
the anti-bacterial effect of the nano-particles. The silver nano-particles and silver ion gives adverse effect
on ecology and US-EPA set a secondary drinking water standards as 0.1 mg/L. Current study focused on
the analysis of silver in groundwater, small scale water supply systems in Gyeongbook area. The results
have been compared with the secondary drinking water standards and discussed at the point of
characteristics of the local area and purpose of use of the water sample. Among the total of 298 samples,
2 samples exceed the secondary drinking water standards of EPA, 0.64% rate. Community drinking water
and simplified water service showed relatively high detection rate and groundwater gave relatively higher
concentration of silver indicating anthropogenic source and natural source could contribute simultaneously
on groundwater.

Keywords: silver, drinking water, community drinking water, simplified water service
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A2 200) W LB AL olg e Lhe B
T, b 2181 B0] 98, B8, AR, A7) S ok
oA S B ol FolH O LhedAE A1l
AR AMgIE 5 BE A3E ) Bt e
A A% B0 §98 5 9om B4 QP
egidtel glshgel geEls Ageln thegrt
#70] mIRE Yol B A7} o FAEIL 9
th e Ao guid glom A % Al

A Ful, A% 5 Tl Bolel 283 Atk 5
3 erheAls GEAgo] ¥ 0= Ui 9
op] Tl Sube AEe] AT gle] Srhed]

2 gl Lolo] 3 =29 7s/do] v =T

H 2GRl Beh A= T AAS A
2= A 3 oolFo #gk At v £
ol AJTHLi et al, 2012; Tan et al, 2019
Odzak et al., 2017; Jiménez-Lamana et al., 2016;
Neukum et al., 2014). 2YJ2= Y=gz e 2}
AZA FEEHE A Bou B gs)=] Q)
= 2o]o] AASA A =QiAE AT A
o] WEHAUTE 2= YA TN o)A
o A A1EEE g gt 28 £
Feko] |9 Ay BHIEHI dTH(Jiménez-
Lamana et al., 2016).

2R oM RE AE & don okt
ez Feje] 22 73 =E3Ho] 2028
4238 4 SQJtiLi, 2012; Dobias and Bernier-
Latmani, 2013; Odzak et al., 2017). Dobias and
Bernier-Latmani (2013)2 2 =YA2HE 29| &
sl 2§50 walel ATSAACR 5 m olslel 2
o b YRk 93] Balvk TPl Bas
ek web #8739 2ol wek ekl A
% g7t Thsshtie AL @ 4 Ak ol A7
A ol A% FoIA JAst @ g4 4 3
o Y F AAAe] IFL WA F YL F
Helgon, W pH B v oja} sie] Lo &
32 ZF&ty R 53 YTHLi and Lenhart,
2012; Odzak et al., 2017).
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B ohfeh Aol Y B wEE & Qow,
ol EAske U4 B 29 BEE Hels

o

2 TP YEETE £ 53 U

o 9 dor

o

N

rlo

2, o5 5ol tigted A3Ith(Hu and Cao, 2019).
2R AL Askret $EEAA AEE F e
W AAA A o] dvkal RAEth(Hu
and Cao, 2019). Zvjola F3} 2ol B Yy}
3 s 2ol W 2FFol=rt 85E F UL
29| F=7t 45-57ppb AEIF E 5 ATk B
31 THMyagkaya et al., 2016). &9 Aefolr &
YAte] A F gl 7hssAITE ARl A 29
=Asle] Hash Al BA] et SollA
EoA] nRIAE FAskE ATl 2
S48t RAEATH(Xiao et al., 2019).
oA vimeo] AT AR
v X JIF Ao 1ppm A= thE
HE)] gldoz =2 FhoME =2
B3I tH(Tugulea er al., 2013). o] H]
EE TR o] AT 53], Heael
A7 7rsslthe AlE BojFETh

2] fEE She A= AEiso] ofd s
@ lom flEido]l & ¢ AUtke thke B
27F AtHHong et al, 2016; Tosco and Sethi,
2018; Dong et al., 2020; Ouyang et al.; 2018).
2peiRte] IREFDS Ui AR E wEF 29
S0l mX= Gl TEA BT S AT
M= FFEIF, BHS, /)0 FAAE g 2>
WedAke] PR Z719(50, 100, 150 nm), FEE
(YA, A8), 28l IYEZ F7F (PVP, citrate)
of tigk Ael =4 H7E &g A3 =9iAte
A7 AFE aga APolA H5Ao] vwE =
Al VERtta B vskdthHong et al., 2016). ©l&
29072k A 2 gsllef sl AAgE s} A7lA
X A7t Zedithe s & 7 Aok Al
FEE e A4E 2U=Ede AAd 552
nom FAEA otFEs vE 4 Utk(Jung er
al., 2012). & 24427t skeE] 34 2 7
W ojFel 2 A FAoE FIFE v
ATH= Zo] BEY Uh(Lee, 2015; Jeong, 2010)
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7% Aol o

A gttt 29 AS Hews HAYgELE AEsiL
UA o} u=e] 744 secondary drinking water
standards® 72, B4, oA, WA 59 =53} A
e Aok mSFeA 29 HeEo] uid
secondary MCL-2 0.1 mg/Lo]t}. Secondary MCL
o Fellr otk HFHA, £o Sxte] AN} F
o] EPAdI oall A= Sl

Aot g A=

2 dFole & B4S fstd ekl felsw
&8 2 Tud 4 & ARSIIY S
& R3PS Multi-Element Calibration Standard
(20 pg/mL, 500 ml, PE-CALI-ASL-5)7} AF&-E|1.0m
Manufactured under ISO 9001 Quality Assurance
System F%=E 0.1 mg/Lo]At}.

T, AR, AT, BT, FYE, B4,

T FA T 150 Al
FO BRE O AY 2R AFHSIAoH WA
%= (Community drinking water), =4 & (drinkable
spring water), H]’d55~(Emergency feedwater), "3~
(Water works), 27F5-3<=(Simplified water), 537
S-4(Pool water), 7] E(Water purifier), A3
(Ground water), 3F<4*(Stream water), 3 4 E<F
(Deep sea water) 52 ZHE] AF 3 Flolt}. w24t
T, BT, B, AEETAA, AskE 59
AEe 25 593 378004 Ak AL opm 7t
Mg AFH A 54 2 ARE B3 59 Aol
7} o AASHA FEshes 2 ofHth

A9 AAE o 24
7t A xS Sl EE(ICP-MSE
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Table 1. Optimized analytical conditions of ICP-MS

ICP-MS analytical conditions

Model PerkinElmer ELAN DRC-e
Detector Mode Dual Mode
Scanning Mode Peak Hopping

Sample Introduction Cross-flow with

System Scott spray chamber
Nebulizer gas flow 0.725~0.775L/min
ICP RF power 1045 watts
Pump rate 1.5 mL/min
Carrier gas Ar

120 pgmL)? Fallea58 HAH68~70%, S+
AREle] EEEN (0.1 mgLyS ZAEAT EABE
WhatmanA+] 0.45 um®] PTFE Syrige FilterE ©]
g3t oAzet ¥ feleasE AR A
(0.5 VIV %= LA eE))ete] fedgtEet=vl daht
2] 7](ICP-MS  Spectrometer, Perkin Elmer, ELAN
DRC-e)5 ARS8t A#HEA] SFATH(Table 1). ICP-
MS #4¢] 79 BFEA(1 mgLye SHTZ 34
sle] 2, 5, 10, 20, 30 pg/L 5pointe] 2(Ag)s =
AFAS A AEE B899 ICP-MS =4
WHAEIAe FRAR7IES] BEEA olstE
0.00007-0.0002 mg/Le]th. ICP-MS AR I A7
AGR2) 0.9993 o, AL JHEFHA 19%
ollf, A== ICP-MS 84-115% o2 =AYt}

Table 2= A5 70 WE 5L
Ao ke AEE % 298M0lH A ge FRE
T2, 1S AFE 4470, HEANE P, HAAES
3370, A4 857, AFRES svl, 9 5 1,
A7) B N, X3 420, S DN, slREs
R Solth 74 v&2 Z4zt 14.8, 1.0, 11.1, 285,
282, 03, 13, 14.1, 03, 03% ©°|tt. AFIAS
0.5 ng/L= 39S 79 BFAE o3k Al59
Nae 16170018 HIE-L 54.0%]th B4 A FolA
AZH 29 FEE A¥RY A ¥Ha sEe
5.1 pglel™, EFHa= 1782 AR 7F Hxpr) v
oA A= A & F Aok A9 50%0] Haake
9.4 ug/L, A= 23401t} 239 25%el tisk 3
a4 EEHaRE 22 175 pg/l, 31.0 A=olt)
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Table 2. Mean silver concentration in drinking water of each sample type in Gyeongbook area

As detected samples

Total Samples
P (>0.5 pg/l) Detection rate
Types of sample o
Average  standard ~ Numberof  Average standard  Number of (%)
(ng/l) deviation samples (ng/l) deviation samples
Community drinking water 52 15.8 44 74 18.5 31 70.5
drinkable spring water 16.8 29.0 3 50.3 0 1 333
Emergency feedwater 5.8 12.8 33 16.1 17.3 11 333
Water works 42 15.3 85 10.2 22.7 35 412
Simplified water 4.1 11.6 84 53 13.1 64 76.2
Pool water 132 - 1 13.2 - 1 100
Water purifier nd - 4 - - 0 0.0
Ground water 8.0 33.0 42 18.7 49.1 18 429
Stream water nd - 1 - - 0 0
Deep sea water nd - 1 - - 0 0
Total 5.1 17.8 298 9.4 23.4 161 54.0
10.0
~ 80 A
~
=)
&
.5 6.0 -
®
c
S 40 1
c
o
v
=)
< 20
00 . . . . . . .
Community Emergency Water Simplified Water Ground Stream Deep sea
drinking feedwater works water purifier water water water
water
Fig. 1. Average Ag concentrations with type of water sample.
U Heg 7edle 290 A o vl g 42 ng/L, 2FEFS 4.1 pgl, 79 £ 132 pg/l,
728 33 2] secondary drinking water standards©] 7] & BAE, A8 8.0 pglLselH, sd4<}
0.1 mg/LE 7150l HalA Qo] o] 7|&s thide=w ANFHST= BAZE HAKFig. ). AlE 57} 370
dxE Frlsha F 29370 AlE 7hedl 2719 A oldel - 11.6-33.0 o EFHAE FHEH AR
87} 712 25 9o} 3} vgo] BA Wk 8 FE Aok vl 2 A % 5 Aok

u)= 7]59] 50%2) 50 pg/Le Z2IEHE A2E 671
ol H|&2 23%E "lx 7Eg 24T 7FsA0]
Ue AlFO] HIEE 4] &

BE A g3l 29| Hd sEE v A=
52 ug/L, HEAE 168 ng/l, BIPFST 5.8 pgll, 85

o] AZHE NE(0.5 pglol e v A 31
AN, d=dE VN, 9355 100, B 3570, &R
=5 6471,

1871, apzl=ret s
76.2%0)3L AA| A

FST 0l o= HEWE2 0-

F Ui¥] 54.0%°|thFig. 2). &
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100.0
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Fig. 2. Detection rate of type of water sample (detection limit :0.5 pg/t).
20.0
~16.0 A
~
o
2
c 4
5 12.0
=}
©
=
3
g 80 -
<
[=]
1%
o
< 40 -
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Community Emergency Water Simplified Water Ground Stream Deep sea
drinking feedwater works water purifier water water water
water
Fig. 3. Average Ag concentrations with type of water sample over detection limit of 0.5 pg/t.
HEAIAL] o] 29 HEHEC] 76.2%E 7MY = F2 FHL ¢ Jom Ak B el 29

Rk

I kS ArEst Askre] 29 HIEE 20] A&
Ak o] HAEE A8 Ui it FrE v
T 74pgll, BEAE 503 pg/l, BIES 16.1 py
L, A% 102 pgl, 2FEFS 53 pgl, 9% &
T 132pgL, A5 & BAE, A8 187 uglls
olm, e} sFATTE BHE HAUTHFig. 3).

M e FEAkS Yehle B A9 AR
7h 1lol7] WEd BEAS ZHE Fae Aow
AR}, A Ao Aol FET B AL
Q19142 7193 AAHS 7)9le] Al 2 A
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AZdthe 2L oM e Bard vp glom, S5
NNE FEES] 29 Tt Ho 26 pg/LE HEH
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et al., 2019).
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AR, &, AT, HEL,
2 FE3IUCE Table 3& X9 AR 3k
S Yepd Aot zF AltelA AHS AlE=

A5 VN,

oﬂ, oxl o
R ojo

g 17, 93

AAl 210, &5 8571,

A 0N, 34 1077H§ X
AFAT A57F 7P Bk AFS AR T AFE e

= 671,
FAJel A

A o, AFA SN, ZBE N, FEA 20, Q) 05pgl oo o dEd Aue) uge %
S S, AR 19, A I ATE VI, PR AR A
Table 3. Silver concentration in drinking water of each city area in Gyeongbook area
As detected samples
Total Samples
Cities P (>0.5 g/l Detection rate
Average standard ~ Numberof  Average standard Number of (%)
(ng/l) deviation samples (ng/l) deviation samples
Gyeongsan 9.3 17.7 9 20.9 22.6 4 444
Gyeonju 3.0 44 8 7.9 3.1 3 375
Goryeong 22.4 62.5 11 82.1 110.6 3 273
Gumi 1.8 22 22 23 22 17 77.3
Gunwi 9.8 19.4 5 16.3 243 3 60.0
Gimcheon 1.4 32 18 83 0.3 3 16.7
Sangju 16.8 0.03 3 50.3 0 1 333
Seongju 0.6 0.1 2 0.6 0.1 2 100
Yeongdeok 29 0 1 2.9 0 1 100
Yeongcheon 24 52 21 55 7.0 9 429
Ulleung 3.8 15.5 85 10.4 245 31 36.5
Cheongdo 6.8 8.8 6 134 7.9 3 50.0
Chengsong 0.2 0 1 0.2 0 0 0.0
Chilgok 0 0 2 0 0 0 0.0
Pohang 5.6 14.9 104 7.2 16.6 81 77.9
Total 5.1 17.8 298 9.4 23.4 161 54.0
100.0
80.0 -
g
@ 60.0 -
2
Y
c
.2
T 400 -
3
o
o
20.0 -
0.0 -
GS GJ] GR GM GW GC SJ SE YD YC UL CD CS CG PH Tatal

Fig. 4. Detection rate of city of water sample(detection limit: 0.5 ng/t). (GS: Gyeongsan, GJ: Gyeonju, GR: Goryeong,
GU: Gumi, GW: Gunwi, GC: Gimcheon: SJ: Sangju, SE: Seongju, YD: Yeongdeok, YC: Yeongcheon, UL:

Ulleung, CD: Cheongdo, CS: Chengsong, CG: Chilgok, PH: Pohang)
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AE Y He o] & HE E4 239

>SRFI>HA] oln olm iAol B ¥ A AF F HE AL 0.5 pgl oo E 7
Ao} FHAZE BF Aol BlE] WA w2 H]ER 9 AR B4 Aol ofshd A 209 pg/L,
o] AEH ZoZ YEtHFig. 4). ol AIAA AFA 1.9 pg/lL, IHT 82.1 pg/L, FUAl 2.3 pg/L,
I AADE o 2] HEEA Pl AE F T 163 pg/L, FAHA 83 ug/L, 454 50.3 pg/L,
UeS BHAFT AA| 4] AN v 7FoR AAFT 06 pg/L, FET 29 ng/l, FHAA] 5.5 ug/L,
NS ¥wshE T o] 224 ng/LE 7P ¥ A S5 104 pg/l, 3= 134 pgl, 3] 7.2 pg/L

FA 168 pg/L, %1 9.8 ng/ll, 74t 93 pg/l 5ol SolthFig. 6).
o 29 g2 Al AF 0-68ug/Le] HAE B AA B AN FEE 7|Fo R ¥wshd
o3 AUTHFig. 5). AHTFY AF & T ZTH B LA ST Y ESAAN > EZSF A >S 2>
A% 62552 54 A AlmoA diHeR iE 735 o, AE A 05 gl oS Ve
Lo 2ol AFHATE AS &+ AUtk 2 i FEE PWEIH IR ITFAEAA >
25.0
—~ 20.0 -
=
()]
2
-g 15.0 -
5
<
[
2 100 -
S
()]
<
50 -
0.0 -

GS GJ GR GM GW GC SsJ SE YD YC UL CD CS CG PH

Fig. 5. Average Ag concentrations with sampling site.
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Fig. 6. Average Ag concentrations over detection limit of 0.5 pg/f with sampling site.
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Table 4. Ag concentration of water and rock type of sampling site

Ag concentration

Types of water sample Site Rock type
yp p (el typ
. Lo Pohang 97.2 Andesite
Community drinking water .
Pohang 455 Sedimentary rock
Drinkable spring water Sangju 50.3 Granite
Gyeongsan 46.7 Andesite
Gunwi 44.4 Sedimentary rock
Emergency feed water .
Gyeongsan 332 Sedimentary rock
Yeongcheon 21.2 Sedimentary rock
Ulleung 118.0 Basalt
Pohang 42.0 Sedimentary rock
Water works )
Pohang 20.0 Andesite
Ulleung 65.5 Basalt
Pohang 90.5 Sedimentary rock
Simplified water service Pohang 49.6 Granite
Pohang 252 Basalt
Goryeong 208.0 Sedimentary rock
Groundwater Ulleung 479 Basalt
Goryeong 379 Gneiss

N> B> T TN TASEGA] 5o2
oF7ke] zpolE e

AlE ANFH AR AAFe] ARAEE dolrr] 9]
slod W= SPETA] 71U 100 pg/Le] 20%0
PR 20 pg/Lolde] F=E Yehlls 17719 Al
Foll sl A1 A3 AF ] Aol sl ZAFskAT

Table 4= 9] =7} 20 ug/L oldE= A= A
Al theh 29] Tk ¢ e] THS UERl Zlo]
o AR AFH A9 5] A "E shrket
= 64‘3“9} ZH%OP_& TREEARE TR e
o] ¥ty 9t L= oA 25 A]E—‘; M=
AH A AR Adielar B whek Aske 1R
olE} 3 Dl AlGEe] 29| F=7F 118.0 pg/l

n= R EH] 7] 100 pg/Le 2Hsh=
&LE LRt £35S Ale the A9 A
=2 73]/&74] ] é}@].‘:_ oMqo =2 %qu.] Huol—7] Q;GOL

3 S 113 °)8 YW HPUFES] RE
gtk mefo] QRGIel A AAT AR TP
o) TSt B, AN MARER 2]
FEE 747} 972 pg/l, 20.0 pg/l, 46.7 pg/Lolth.
), G, 2912, T AAA H el

‘

ARG g w1

PN PN PN
A, BT, A, atR

=
o 1=

HEAIA, Aslr So® theFsim 29 21.2-
208.0 pg/LOE Fwgke] zho]7} o} Atk B8] 1
Bt Xlék’?ﬂ 208.0 pg/Le] FEE B|S SAHTH
o] 711 100 pg/Le 28] ZFsh= Fholth. Hwiet
A QelA AFT AlEe AEFEY] AR 373 py
Lol 3Pt A2 Aol He A Aot X
GAlo] AR FFAEE 22 5032 49.6 ng/Le
2 WSS e UEpdith ] BRe] e &
Bt shv HAHS>ETFURes o> miet
olm E5te] ARty aEite] EH QoA A3
3 A B v ARG 7FS A A
O 2 YEPsltHFig. 7). flolM AT ohFgt Wt
THH o aFEolof sht AFe] F7F %—-Eré}
2ol 29] 7]9do] AAAQ] A3} A91AQ1 Flo] FA
o JepER o]g X R wdslr] offrt ®
g Aol 24 AErde) weEt vEee 4
A 55 dEAR X}i ukdsl] ol A
AFA TN & ml=7)Ee] vlFe] =A
A AMFS HEA L 217 7190
ofeff =R HAEE A9 olol tigk A o]
298 Aoz

_4
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Fig. 7. Ag concentration of water with rock type of sampling site.
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AEA G g AFAEES AQg vhs s,
IS, A9 A9, AEFTAA, Aske 59 &
AEE OO R 29 T8 ARINSH Al59
T, AR A AR, AR AFH A9 AF T
aEste] 545 A

= 293709 A& 5 54%2) 161702] AlE7} 0.5 ng/
L olAte] oo ¥38kaly glom nj= EPA-4 371
S 233 e 20E F 067%S] 2HEES B
AT AR 5 oM s rkRE RSt &

HAEOIM AEE0] dtHeR o v 71L
o2E AsgolM JHOR £ FEE B <l
A1 o497 A s1gdo] FAlel A&
HEHAT AE AF @
v 5 AR e Aol w)as]
o ASELE J|FOoBE FHFO A A
w0 20| HAEHUT AR AF A9 w
}—EOH Wt ool S Aol ek, ol 3
o = E] 3] o]—>aﬂ =] o]->o}/\].o]—>§]_7]-ol—>_q u}
o7 20 FIoky)l o] EF oA x)F
AN TIF BRRSHS J1EE AT 2
o g3 Lo 011}/\4 coz WIle 4 Yv AR}

louz Bl pH % Ak,

=

o rSL' H>
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