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As part of a risk assessment, this study assessed all the intake holes used by spring water manufacturers. The
main findings are summarized here. The detection rate of 10 elements, including boron, was approximately
60% or higher, and antimony was recorded at a rate of 45% or so. Arsenic, which is one of the contaminants
assessed in the water quality standard for drinking water, exceeded the limit at four and three sites in the former
and latter half of the year, respectively. The other contaminants were within regulatory limits. Antimony and
molybdenum, which are on the water quality watch list, were also within the appropriate range. All other haz-
ardous trace elements were recorded at a considerably lower level than the overseas standards. The non-car-
cinogenic toxicity risk value was obtained by dividing the lifetime average daily dose (LADD) by the reference
dose (RfD) of intake toxicity exposure. The hazard quotient (HQ) was below 1/10th of the WHO limit for all
elements. The risk evaluation results were below 1/10th of the WHO risk limit and therefore, raised no risk
concerns, however, there is a need perform regular examinations on the elements with high detection frequency
and assess their exposure amount. In the future, quality management or drinking water will require regular
checks and the regulation of hygiene in the manufacturing process. Furthermore, it is necessary to monitor and
manage new elements that originate in geological features.
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Fig. 1. Location map of sampling sites for natural mineral
water in Korea.
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Table 1. Number of investigated sites in research area
Item G.G K.S C.C JL GW 1] Total
Number of First half 13 13 10 5 7 2 50
suppliers Second half 13 11 9 6 5 2 46
Number of First half 56 44 29 20 12 7 168
intake hole  Second half 56 32 26 19 12 7 152

AzAA 5 F4 59 AME A7 EvFee dAE
ALg BE FHywe] YelE A2 stk AlF A
F+= 201690 5¢, 108 24X F3HP|E Uro] 2
3] AV, ARG B Fig 10 Yepda 4
Hk7)ell 507 AzZGANAM 1687 a3, sl 46
N AzJA N 1520 F=gollA] ANF 8K Table 1).

=8 #2750l %3k B, Cr, Mn Fe,
Cu, Zn, As®} vl#A] dE<l Mo, Ge, V| Ni, Se, Sb,
Ba, Co, Be, Ti, Ag, Sn 59| &= A3t £4
WS HeErdEEAIE71EW e US EPA Method
200.8%%] we} 045 um HWEHS FEHZ o3t 50
mL polyethylene bottles] Hol 02% AAkS 713k &
pH 2 o|3l2 x4dsle] WE-%=E2 (Internal standard)
< 20 L2 g 471715 Jenarle] ICP-MS
(Plasma Quant MS)E ARg-ste] Akl om #4271
2 Table 20 A5kt

2.3. 2lshM ot =z}

Qs ke spstEde] A AeiAle] mXE 2
HE gE3] 8l B = 2 54 ZRE AAF
o= AR % Frishs HPo2 2519, National
Research CouncilNRCPIME i1} Heto] 933H
Edou 48l =2HAS o] A% TS Folst
71 S8l ARgsleE Aol T, AP g

(hazard identification), & %-¥+-8-3 7}(dose-response

Table 2. ICP-MS instrument operating conditions for

metals

Item Conditions
Instrument ICP-MS Plasma Quant MS

Plasma Flow 9.0 L/min

Auxiliary Flow 1.2 L/min

Nebulizer Flow 1.0 L/min

Sheath Gas 0.14 L/min

Sample Injection Rate 0.9 mL/min
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Fig. 2. Risk assessment process.
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Table 3. Concentration and detection rate in source water (unit: pg/L)

First half Second half
Ave. Range. detection (%) Med Ave. Range detection (%) Med
B 5.44 0~105.16 92.3 3.21 6.25 0~40.99 99.3 4.21
Cr 0.22 0~1.48 88.1 0.15 0.28 0~2.28 96.1 0.19
Mn 3.14 0~117.94 64.3 0.08 2.50 0~110.61 55.9 0.07
Fe 2.10 0~110.00 85.1 1.09 0.97 0.18~7.68 100 0.66
Cu 1.28 0~130.57 99.4 2.08 0.93 0~53.52 89.5 0.38
Zn 5.50 0~348.34 99.4 2.08 6.31 0~471.33 90.8 1.56
As 1.54 0~17.27 87.5 0.65 1.71 0~17.40 84.9 0.72
Mo 3.32 0~29.76 98.2 0.99 3.14 0~29.75 94.7 0.94
Ge 0.02 0~0.93 6 0.00 0.01 0~0.43 5.9 0
\Y% 0.96 0~8.23 99.4 0.52 0.96 0~8.11 94.1 0.46
Ni 0.39 0~9.97 92.3 0.15 0.25 0~9.20 44.7 0
Se 0.17 0~2.23 26.2 0.00 0.21 0~2.50 32.2 0
Ba 12.16 0~164.56 96.4 2.51 10.64 0~169.32 974 2.43
Co 0.01 0~1.26 1.2 0.00 0.02 0~1.38 1.3 0
Be 0.01 0~0.25 24 0.00 0.01 0~0.28 2.6 0
Ti 0.02 0~2.29 1.2 0 0 0 0 0
Ag 0 0 0 0 0.01 0~0.59 1.3 0
Sn 0 0 0 0 0 0 0 0
Sh 0.21 0~3.91 44.6 0 0.21 0~2.74 46.7 0
60 20
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Fig. 3. Statistical data for the samples range in source water.
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Table 4. Classification of categorization of metals®*3?

Carcinogenesis Grade

Item RIS DWSHA TARC Potential Health Effects from Ingestion of Water
Boron E 1 - Decreased fetal weight (developmental)
Chromium - D - None reported
Manganese D D - Impairment of neurobehavioral function
Iron - - - -
Copper D D - Gastrointestinal irritation
Zine D I i Decreases in erythrocyte Cu, Zn-superoxide dismutase activity in
healthy adult male and female volunteers
Arsenic A A Group 1 Hyperpigmentation, keratosis and possible vascular complications
Molybdenum - D - Increased uric acid levels
Germanium - - - -
Vanadium - - Group 2B Decreased hair cystine
Nickel A - Group 2B -
Selenium D D Group 3 Liver damage
Antimony - D - Longevity, blood glucose, cholesterol
Barium D N - Nephropathy
Cobalt - - Group 2B -
Beryllium Bl - Group 1 Bone, Lung damage, Small intestinal lesions
Titanium - - Group 2B -
Thallium - I - Kidney, liver, Brain, Intestinal
Silver D D - Argyria
Tin - - - -
LHG RfD(mg/kg/day)
el tgk 71% S=RICS A7 =Zol gk 7] _ NOAEL(or LOAEL or BMDL)(mg/kg/day)
F $YRD)S T ol Ui et 24 oo UFxMF
F2 AMBEE B4 549 7Folh WO RDE AT w0 08 /1E SIRDIE o1e3le] ek

ol B vIAA S 7Fedol U Al B3 o] 3Eshe FEMDWEDE ofef 43| met A=)
SRI(UFye #83lo] NOAEL, LOAEL, BMDLE%H 151, DWELY AHg-se 202 Se7datstel 2]
A =zl Ug PR gojatn] ofe] A3 olg 2014485 I 50 A& AT 4 H 624
&te] Table 59 Wl kg, B8 YHFTFS 15 Liday= 2833t v

Table 5. Drinking water equivalent of non-carcinogens

RD NOAEL/LOAEL UF MF DWEL

Boron 2x1071 10.3(BMDL) 66 - 8.56
Chromium 3x10° 25/ - 300 3 0.13
Manganese 0.14 0.14 1 1 5.99
Zinc 3x101 -/ 091 3 12.84
Nikel 0.02 5/ - 300 1 0.86
Selenium 0.005 0.015 / 0.023 3 1 0.21
Antimony 4x10™* / 0.35 1000 1 0.02
Silver 51073 1.4x102 3 1 0.21

*RfD: Reference Dose, NOAEL(mg/kg/day): No-Observed-Adverse-Effect Level, LOAEL(mg/kg/day): Lowest-Observed-
Adverse-Effect Level, UF: Uncertainty factor, MF: Modyfing factor, DWEL(mg/L): Drinking Water Equivalent Level,
Lifetime
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Table 6. Requisite parameters for calculating the hazard quotient (HQ)
CR EF ED BW AT

1.5 350 30 64.2 25550

*CR(L/day): Contact rate, EF(day/year): Exposure frequency, ED(years): Exposure duration, BW(kg): Body Weight,
AT(day): Period over which exposure is averaged

0005

0.004

0.003

0.002

LADD (mgfkg/day)

0.001

Fig. 4. Results of lifetime average daily dose (LADD) of metals in spring water.
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Fig. 5. Results of hazard quotient(HQ) of metals in spring water.

Table 7. Results of lifetime average daily dose (LADD) and hazard quotient (HQ) of metals in spring water
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Ave (ng/L) 95 LADD (mgkg/day) HQ

Boron 5.82 18.72 0.0000559 0.0002795
Chromium 0.25 0.85 0.0000024 0.0007982
Manganese 2.83 16.74 0.0000272 0.0001943
Zinc 5.88 11.68 0.0000565 0.0001883
Nikel 0.18 0.87 0.0000018 0.0003544
Selenium 0.32 1.61 0.0000031 0.0001556
Antimony 0.21 1.14 0.0000020 0.0050345
Silver 0.00 0.00 0.0000000 0.0000054

o g 7% &FRMD)] 7k = 8 F=
‘dgsted A oF 320700 Wit 54 919 w2 Fig.
of VERHRAL, et 54 91F %k Table 7ol vreERA
o BEE EZA 0.0000054~0.00503452] HE=
WHO 3]-8&-¢lell72¢] 1.09] 1/102 ZshA] 233k, o]
2 QI flal 7Fe/d2 mlvld Ae® ®ojHT). Table
3 o] HEE0] B2 FES ASHcE v ¥
2% Aow AET)

o o

_ LADD(mg/kg/day)
RfD(mg/kg/day)

HQ

i e
s

T S AT

= 2 Ae] Bxlo] ste] 7Fsa)
Aejero Azsle] AFrel $5

oL, RFAEE Al

B2 AREoF vk aR7] wiEol] thi-e] AlEel

lo,
N
ofi
L
r)v
X
QL
K
o
!
e

N
=)
A
=
j)_l:
2l
o>,
H
=2
=)

sl Hw 95 52
AT FANF PR,

Agatn 9, AFSE

Feolt 98

3 e

Yo 7)1 F Rk
of e FA Bl

IEEES) 51 FEo
st gloml, AV ol TS 918 AR

1o &
7o =

X O



A A&A2] mUERe] desith. EPAY WHOS] 73-5-
18173 371 Aol w2} Hew 2715E A4t
, Rl Sl iz Qs e
A 7% Adske flstel Slsid 27t
2 fleld 7Pt ol FiX AL Al
%82 =2 ol AelM 719
=AEE AEFH R RUHYs
FEog Aol Hrt wetr & A= 93l
Aol AgE g mgol E 5 3
TR7IEe] stk 42 7]

F g Ao sy,

r
<

o ko]
-Fa 3:(_}1 o
jl: R

og;éi_l
4 #
i
J;m&

>

a

T b

o
-9

AL

kd

(e

¢

sy <k

BN fo ox mX

e
N
N
it
o
e o

B AFoMe = =
oS UPdeE FEE Al 2 AAYE = 3
£ AAsidon, A1Axs QoA ofeeh it
1) B4 9 1070 E2olA oF o] AEE
EPA T, SHEJES oF 45%9] HEES BT ¢
FANNE 5 F HATE el 414, sl 347
AN 7S 2HRIAAL o] 9 FHEEL 71Tl s
Aok FRAAIGE] SR, EgHdle) Hex BF
, 1 9] BE vERSEY 25t o= Ve

e pEolqdrh
(LADD)IA AdFH == g
§FRDYE o] HEd 5 A7k AEst
A= oM B4 A1FRMHQS Ftel 0.0000054
~0.00503452] W= WHO &-&8al32] 1/108 =
HslA] et

3) 9Ial/d 7}, WHO &-8-9l8ll4=2<] 1/108 =
FHapA] 71wl sl fHe fle AR FAE
A9, AESRET 22 EAES] A9E A& 7Y
HEgg 2ALE 58 =& 9718 Fa) ok E3t
AHolA 719E 5 = At EEERE
o] Pasitia E )

HedEw AxdAe] =

g

57 O

60%

A=s O

<

L
g

-

My &2
o
=t
(A
S
i
i
o

=
ARES

LMol 2
B ere 7o) Agon IRaATetel X
A& ol sk Ut (NIER-2016-01-01-107).

gl - ol - uEd
SnEE
1. S. T. Han, W. T. Hwang, G. R. Kim, “The development

10.

11.

12.

13.

15.
16.

and present state of water service facilities”, The
Magazine of the Society of Air-Conditioning and Refrig-
erating Engineers of Korea, 1998, 27, 435-443.

. Medical news today, https:/www.medicalnewstoday.
com/articles/313389.php, 2016.

. Ministry of Environment. Environmental Statistics
Yearbook, 2014, 27, 125.

L BAE, HEE AREA 2
129 715).

. S. Khan, M. Shahnaz, N. Jehan, S. Rehman, M. T. Shah
and L. Din, “Drinking water quality and human health
risk in Charsadda district, Pakistan”, Journal of Cleaner
Production, 2013, 60, 93-101.

. J. He and L. Charlet, “A review of arsenic presence in
China drinking water”, Journal of Hydrology, 2013, 492,
79-88.

. T. R. He, X. B. Feng, Y. N. Guo, and G. L. Qiu, “The
impact of eutrophication on the biogeochemical cycling
of mercury species in a reservoir: A case study from
Hongfeng Reservoir, Guizhou, China, Environ Pollu-
tion, 2008, 154, 56-67.

. United States Environmental Protection Agency (USA.
EPA.). “http://www.epa.gov/ground-water-and-drink-
ing-water/national-primary-drinking-water-regulations
#one”,

. J. O. Nriagu and M. J. Kim, “Trace metals in drinking

water: sources and effects”, Security of Public Water

Supplies, 2000, 115-131.

V. C. Mohod, and D. Jayashree, “Review of heavy met-

als in drinking water and their effect on human health,”

International Journal of Innovative Research in Science,

2013, 7, 2292-2296.

C. E. Housecroft and A. G. Sharpe, “The trace metal

of life” Inorganic Chemistry, Pearson, Madrid, 2005,

830-833.

W. S. Beckett, G. E Nordberg and T. W. Clarkson,

“Routes of exposure, dose, and metabolism of metals”,

Handbook on the toxicology of metals, 3"d, 2007,

39-64.

R. Cornelis and M. Nordberg, “General chemistry,

analytical methods, and speciation”, Handbook on the

toxicology of metals, 3%%d, 2007, 11-38.

RN, HeET8AE7E, 2015.

United States Environmental Protection Agency (U.S.

EPA)). “Method 200.8, Determinateion of Trace Ele-

ments in Waters and Wastes by Inductively Coupled

Plasma-Mass Spectrometry.” 1998.

TR #FLA17.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

= Asrale)e] Tus AR 8%

=g, “sleted fEdEre] A B 5
of st g” 2014, 48%.

National Research council (NRC). “Risk assessment in
the federal government: Managing the process”, 1983.
World health organization (WHO). “Principles and Me-
thods for the Risk Assessment of Chemicals in Food,
Chapter 2-Risk assessment and its role in risk anal-
ysis”, 2009.

United States Environmental Protection Agency (USA.
EPA.). “http:/www.epa.gov/risk/conduction-human-
health-risk-assessment”,

United States Environmental Protection Agency (U.S.
EPA.). “Guideline for Carcinogen Risk Assessment,
Risk Assessment Forum, Washington, DC.,” 2005.
United States Environmental Protection Agency (U.S.
EPA). “Risk Characterization Handbook, EPA 100-B-
00-002, Science Policy Council”, Environmental Pro-
tection Agency, Washington, DC 20460, United States
Environmental Protection Agency, E-8”, 2000.
World health organization (WHO). “Arsenic in drink-
ing water”, Background document for development of
WHO Guidelines for Drinking water Quality, 2011, 1-
2.

World health organization (WHO). “Guidelines for Drin-
king-water Quality”, Background document for devel-
opment of WHO Guidelines for Drinking water Qual-
ity, 2011.

Governmaent of Canada. “Guidelines for Canadian Drin-
king Water Quality”, Health Canada, 2017.
Australian Governmaent. “Australian Drinking Water

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

3 Qb

B

ol A

O - o

207

Guidelines”, National Health and Medical Research
Council, 2018.

Agency for Toxic substances and Disease Registry
(ATSDR), “Toxicological profile for Nickel”, U.S. Dep-
artment of health and human services, 2005, 5-6.
Toxicology Excellence for Risk Assessment (TERA),
“Toxicology Review of soluble Nickel salts”, 1999.
Danish Environmental Protection Agency for the Euro-
pean Union. “Nickel sulphate risk assessment”, 2004.
World health organization (WHO). “Nickel in drinking
water”, Background document for development of WHO
Guidelines for Drinking water Quality, 2005.
United States Environmental Protection Agency (USA.
EPA.). “http://www.epa.gov/iris”,

United States Environmental Protection Agency (USA.
EPA.). “2018 Edition of the Drinking Water Standards
and Health Advisories Tables”, U.S. Environmental
Protection Agency Washington, DC, 2018, 3.
International Agency for Research on Cancer (IARC).
“http://www.iarc.fr”,

World health organization (WHO). “Principles and Me-
thods for the Risk Assessment of Chemicals in Food,
Chapter 6-Dietary exposure assessment of chemicals
in food”, 2009.

W. W. Nazaroff, and Alvarez-Cohen, “Environmental
Engineering Science 01 Edition, Wiley”, 1989.
World health organization (WHO). “Principles and Me-
thods for the Risk Assessment of Chemicals in Food,
Chapter 7-Risk Characterization”, 2009.



