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This study examines the Molybdenum content in the water source at bottled water manufacturing facilities
across the country and its geographical and geological distribution characteristics. This study also reviews the
need for prior risk management in assessing the risk of Molybdenum. The subject samples include 147 and
152 samples collected from intake holes in 2015 and 2016, respectively. They were analyzed with ICP-MS.
The average concentration of detected Molybdenum was 4.44 ng/L (0~31.68 pg/L) and 3.21 pg/L (0~29.76
pg/L) for the 2015 and 2016 samples, respectively. The detection rates were 98.3% and 98.7% for the two peri-
ods, respectively. The distribution in Molybdenum content was the highest during the Mesozoic era, at 5.78
pg/L, and the lowest during the Paleozoic era at, 0.96 ng/L. The average values of sedimentary, metamorphic,
and igneous rocks were 6.22 pg/L, 2.09 pg/L, and 5.02 pg/L, respectively, which indicates that it was highest
for sedimentary rocks. This study also analyzes correlations between Mo and other minerals and discovered
that Na recorded 0.47, As 0.34, SO, 0.29, confirming the correlations between Mo and other minerals. Other
elements including Ca, Mg, K, U, Sb, V, Cu, Ba, Fe etc., had little correlations with Mo. The risk assessment
results show that the average risk was 0.021 HQ and 0.015 HQ for the 2015 and 2016 samples, respectively.
These results are considerably lower than “1” and suggest that there are few possibilities of Mo consumption
risk.
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Fig. 1. Location map of the sampling sites for natural min-
eral water in Korea.

47N FHFE 2016dd= & 4670 A=A ANA
1527] #5352 tdez o 23] BA8lo] Table 13}
o] ele] FPTAOoR o] A FFEAS Y]
I AT

AR 0] A2 F=AARI AT E] 1:50,000 2
SAAEE olgsle] AdHejol 44714, ST 1070
2, A 60714, AT 147049} AlEHul*J 157
TSl T 140 FHEEs AR, 8 oA
O 2= HAY 2214, WY i, SHIY 6271a%
T 128720 FHgFolA vl 48T

2.2, 2MESs 9 oY

=Hr 9 F71d B2 US EPA Method 200.8
of we} 045 pm PWEHQ HE|Z 3k 50 mL
Polyethylene bottle]l Ho} 02% ZAke H7isk &
pH 2 oJ3l2 243l A& 42 A sl Wi
F3# 5= (Internal standard)S 20 pg/LZ 31 Jena
AF] Inductively Coupled Plasma Mass Spectrometry
(Plasma Quant MS)Z ARg-sle] #AIa819]ct.

VSR EE, UEE, Z2F, skudla)e THedE
5 71 4 9 BAVIE A @EFALA] A2014-



= AEex EER(Mo)e] 2 Sl At A+ 213

Table 1. Number of investigations in research area

Division Gyeonggi Gangwon  Chungcheong Jeolla Gyeong-sang Jeju Total
Number of 2015 13 5 11 5 11 1 46
suppliers 2016 13 7 9 5 10 2 46
Number of 2015 53 17 29 12 31 5 147
intake hole 2016 56 19 26 12 32 7 152

Table 2. Instrument operating conditions for Mo determination by ICP-MS, ICP-OES, IC

ICP-MS ICP-OES 1C
Item Conditions Item Conditions Item Conditions
Instrument ICP-MS Instrument Horiba Instrument IC Metrohm
Plasma Quant MS ActivaS 850
Plasma Flow 9.0 L/min Forward Power 1000 W Column Metrosep A
SUPP 5
.. . . 3.2 mM Na,COs,
Auxiliary Flow 1.2 L/min Plasma Flow 18.0 L/min Eluent 1.0 mM NaHCO,
Nebulizer Flow 1.0 L/min Auxiliary Flow 1.2 L/min Sample loop 20 ulL
Sheath Gas 0.14 L/min Sample Flow 1.2 mL/min Regene}”atlon 100.mM.
Rate solution sulfuric acid
Sample Injection 0.9 mL/min Nebulizer Type Meinhard Flow 0.7 mL/min

Rate

101%), o) W&} 045 pm BEHQ ZEE ojFsle] 2 R 59 Integrated Risk Information System(RIS),
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Table 3. Determined concentration of Mo in source water (Unit: pg/L)
Division Detection (%) Minimum Maximum Average Median

. 2015 144 / 147 (98.0) N.D. 29.38 3.81 1.54
First half

2016 151 / 152 (99.3) N.D. 29.76 2.56 0.82

Second half 2015 145 / 147 (98.6) N.D. 31.68 5.06 1.59

2016 149 / 152 (98.0) N.D. 29.75 3.86 0.99

*N.D.(Not Detected)

Table 4. Regional analytical results and statistical data for the samples in source water range (Unit: pg/L)

Number of

Province . . Minimum Maximum Average Median
Sampling sites

Gyeonggi 2015 106 N.D. 12.78 2.37 131
2016 112 N.D. 15.37 1.40 0.53

Gangwon 2015 34 N.D. 22.02 4.75 1.77
2016 38 0.02 24.00 3.35 0.53

Chungcheong 2015 58 N.D. 16.67 1.85 1.17
2016 52 N.D. 5.85 1.35 0.96
Jeolla 2015 24 0.76 31.23 16.26 13.55
2016 24 1.06 29.75 13.82 12.49

Gyeongsang 2015 62 0.14 31.68 6.14 2.55
2016 64 0.05 29.76 4.38 1.36

Jeiu 2015 10 0.68 1.55 1.06 1.06
2016 14 0.46 1.14 0.79 0.83

*N.D.(Not Detected)
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TE 614 pgl, 438 pgl, AF= 1.06 pgl, 0.79
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Table 5. Determined concentrations of Mo according to the geologic age (Unit: pg/L)

Division Minimum Maximum Average Median
Precambrian N.D. 17.48 2.89 1.44
Paleozoic N.D. 13.75 1.49 0.64
2015 Mesozoic N.D. 31.68 6.18 2.18
Cenozoic 0.48 31.23 5.82 1.36
Age-unknown 0.14 13.01 2.09 1.03
Precambrian N.D. 15.37 2.03 0.98
Paleozoic N.D. 1.05 0.44 0.39
2016 Mesozoic N.D. 29.76 5.37 1.45
Cenozoic 0.32 29.75 5.36 0.97
Age-unknown 0.11 5.85 1.06 0.70
*N.D.(Not Detected).
Table 6. Determined concentrations of Mo according to the rock (Unit: pg/L)
Division Minimum Maximum Average Median
Sedimentary rock N.D. 31.23 6.37 3.09
2015 Metamorphic rock N.D. 16.67 2.45 1.24
Igneous rock N.D. 31.68 5.36 1.62
Sedimentary rock N.D. 29.75 6.07 2.35
2016 Metamorphic rock N.D. 15.37 1.75 0.81
Igneous rock N.D. 29.76 4.67 1.14

*N.D.(Not Detected).
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Fig. 3. Correlation between Mo and each of As, SO, U, Sh, Ba, Fe, V and pH.
Table 7. Requisite parameters for calculating hazard quotient
BW CR LOAEL MF UF EF ED AT
64.2 15 14 30 1 350 30 25550
*BW(kg): Body Weight, CR(L/day): Contact rate, LOAEL(mg/kg/day): Lowest-Observed-Adverse-Effect Level, MF:

Modyfing factor, UF: Uncertainty factor, EF(day/year): Exposure frequency, ED(years): Exposure duration, AT(day):

Period over which exposure is averaged
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Table 8. Results of Lifetime Average Daily Dose and Life- 4. 4 =
time Health Advisories of Mo in spring water
Lifetime < =
Mo LADD  DWEL £ ApoME 2015~201640 A2 T3l
Ave. 444 1.0x107 T 48lell AA =) All=e] =2lEdl e 24 2
9015 M&'ed. 157 3.7x10° I, HEEF AEHITEE 159 E 7ol 98%,
Min.  0.00 0 . 381 pg/L(0~29.38 pgl), 3M7lol= 98.6%, 506 pg/
lffz' ?’30251?’ 22285 0214  0.0214 L(0~31.68 pgl), 169%= “$NE71= 99.3%, 2.56 ug/L
Med. 091 2.1x10% (0~29.76 ng/L), sHHY71= 98%, 3.86 ng/L(0~29.75
2018 Mo 000 0 wL)E AEEA0H, F9) £ )3 sk 535
Max. 29.76 6.9x10* oAtk
*DWEL(mg/L): Drinking Water Equivalent Level, AAAYE R Hws| Ry, B9ssrt AgEaol)
Lifetime HAs(mg/L): Lifetime Health Advisories,

LADD(mg/kg/day): Lifetime Average Daily Dose.

RfD (mg/kg/day) xBW (kg)
WIR (L/day)

— DWEL (mg/L) =

— Lifetime HAs (mg/L)
=DWEL (mg/L) xRSC (%)

Belude] 919 HHQS HEF FNTble 9
kel 2015990 HQ 0.021(0~0.143), 2016d91=
HQ 0.015(0~0.139)2 438} 28l X471 1 ©|8)
Q1 Aol FaH9F 7Psge] girks Fa gl wet
Sh el 9@ 98] 7Fsae Ao gl Roe
AR, Aol A/ fela Aol gl
& Aoz BeEh o, SR A

913 o] 0.1 oPgolR AP 7150l A3l Be)
& 3laL Stk olof sidsle 2382 oF 5%= YER:
3 o A9l w7t Bag o AR,

— LADD (mg/kg/day)

CR (L/day)x EF (d/year)
x ED (years)

BW (kg) x AT (day)

= Concentration (mg/L) x

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

~HQ=

246 pg/l(0~16.43 pg/lL), ZAN 096 pg/L(0~7.40
ug/l), =AY 5.78 ug/L(0~30.72 pg/L), A 5.59
ng/L(0.40~30.49 pg/L), Al 157 pg/L(0.13~9.43
pgLE FAtelA 71 A JeRa, sHEEE H
HoFR7}t 622 pgl (0~3049 pgl), BALHE 2.09
ng/L(0~16.02 pg/l), sPdF+= 5.02 pg/L(0~30.72

ngL)= HAGR7E vlaLz] A velsth ol B
FAL, 43 5)rIM EejHo] “}O] AEEL vt
= =9 A A8 FARE AAE B

E G FAAAE B, YEFS 0472 B350

e BN, BlAe 034, Gl 029 o8
oF7ke] S BT 1 9 Z4(0.06), BE(-0.26),
HE2dE (0212 $-2H5(0.13), FEIE(0.08), HIVE
(-0.14), T21(-0.05), vHE(-0.04), E(-0.04) 5= A<] %
ol gle o= yepdtt. Eej8ule w4 3
E2 AL dvke Aok Hlaskd Sujellx
opzte] S HIAN He Aol gle A
O 2 YER
=2|Edle] 913 HHQE =T A Batol
20151 HQ 0.021(0~0.143), 2016W3ll= HQ 0.015
(0 0.139)2 H7H), EejBdlo) 25k fjsf 71573
& 79 Qe Aoz AT F glon, dxdout A
7EEE folgk Alole e AR AL it &
o 919 el 0.1 ool AR A a4l sl

[
355

0
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Table 9. Results of Hazard Quotient(HQ) of Mo in spring water

Ave. Med. 95% Min. Max.
2015 0.021 0.007 0 0 0.143
2016 0.015 0.004 0 0 0.139

*HQ: Hazard Quotient.
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