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This study aims to assess the water quality of 343 groundwater samples used for drinking in emergency situations
in the Busan region, focusing on physicochemical and biological contaminants, as well as radon and uranium. The
proportion of groundwater facilities exceeding the Korean drinking water quality standard was 18.4% (63 sites).
Microbial indicators such as total coliforms, total colony counts, and fecal coliforms, were detected at a high rate
of 90%. To reduce microbial contamination, the management of the groundwater facilities should focus on dis-
infection and cleaning. The concentrations of radon and uranium were found to range from ND to 138 Bg/L and
ND to 22 pg/L, respectively, with little correlation between these natural radioactive materials (r = 0.105). Hardness
showed the highest positive correlation with chloride and sulfate ions, and this is considered to be an effect of
topography rather than external water pollution. Monitoring data on hardness, chloride ion, nitrate as nitrogen,
radon and uranium from groundwater were visualized on the Busan map to illustrate the distribution of major con-
taminants. These findings provide valuable information for developing groundwater monitoring policies.

Key words: groundwater for drinking, water quality exceeding rate, total coliforms, radon, visualization
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Fig. 1. A map of the study area showing the location of 343 sampling sites (red circles) in the Busan area. Blue outlines
indicate the district boundaries in Busan. This map is based on GoogleMaps and is used with authorization.
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Table 1. Analytical methods and instruments used for drinking water quality parameters based on the Korean standard method

for drinking water quality examination

Parameters

Standard method and analytical instrument for drinking water quality

Hardness EDTA Titrimetric method

Consumption of KMnO, Consumption of KMnO,-Acid

Odor, Taste - _
Color Visual comparison method -0.45 um filtration
pH pH-electrometric method ‘Model: TOA HM-42X
Turbidity - ‘Model: HACH TL2350
Anionic surfactants, Phenol, Continuous flow analvsis ‘Model: Alliance FUTURA3
Cyanide Yy -0.45 um filtration
‘Model: Dionex ICS-3000
NH;-N Ion Chromatography ‘Eluent: 30mM Methansulfonic acid

‘Flow rate: 1.0 mL/min

‘Model: Thermo US/ICS-6000

F, NO5y-N, CI, SO43' Ion Chromatography

‘Eluent: ImM NaHCO;+3.5mM Na,CO,

‘Flow rate: 1.2 ml/min

Cu, Pb, Mn, B, As, Se, Hg,

Zn. Al Fe, Cd. Cr. U ICP-MS

‘Model: Agilent 7900a
-Carrier gas: 0.7 L/mim
‘Nebulizer pump: 0.1 rps

SPME

‘Model: COMBIPAL

Diazinon, Parathion,

Fenitrothion SPME-GC

GC/NPD

‘Model: Agilent 7890A

-Column: Ulltra-2 (25 m % 0.32 mm X 0.17 pm)
-Carrier gas: N,(1.0 mL/min)

‘Oven Temp: 150°C(5min)—10°C/min—
250°C(2min)

-Split ratio: 10:1

Carbaryl HPLC

Model: WATERS UPLC
Eluent: 40% Acetonitrile
Flow rate: 0.25mL/min

P&T

‘Model: Tekmar Lumin

1,2-dibromo-3-chloropropane,
TCE, PCE, 1,1,1-TCE,
benzene, Dichloromethane,
Toluene, 1,1-dichloroethylene,
Ethylbenzene, Xylene, Carbon
tetrachloride

P&T-GC/MS

GC/MS

‘Model: Agilent GC/MSD 5977/7890B

-GC Column: HP-VOC (60 m x 0.32 mm x 1.8 um)
-Carrier gas: He(1.0mL/min)

-lonization mode: EI Positive

‘Oven Temp: 35°C(7min)—5°C/min—
50°C(0min)—10°C/min—150°C(6min)—60°C/
min—220°C(5min)—80°C/min—>250°C(1min)
-Split ratio: 20:1

P&T

‘Model: Teledyne Tekmar AquaTek

1,4-Dioxane P&T-GC/MS

GC/MS

‘Model: Agilent GC7890A

‘GC Column: DB-624(60 m x 0.25 mm x 1.4 um)
-Carrier gas: N,(1.0mL/min)

-lonization mode: EI Positive

‘Oven Temp: 35°C(7min)—5°C/min—
50°C(0min

—10°C/min—150°C(6min)
—60°C/min—220°C(5min)
—80°C/min—250°C(1min)

-Split ratio: 20:1

Total coliforms

Ist: (35.040.5)°C, (48+3)h
2nd: (35.040.5)°C, (48+3)h

Multiple tube fermentation method-
Fecal coliforms

Ist: (35.0£0.5)°C, (48+3)h

2nd: (44.540.2)°C, (24+2)h

Total colony count in 35°C Pour plate method

<(35.0£0.5)°C, (48+2)h

‘Model: Quantulus GCT 6220

Radon LSC

-Counting times: 3600s
-Coincidence times: 18ns

-Activity type: Alpha (250~750)
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Fig. 2. (A) Standard excess ratio (%) of drinking water quality and the number of groundwater facilities for emergency use
across 16 districts in Busan. (B) Assessment of water quality standards for groundwater facilities supported by the

government, local government, and public institutions.



30 o8 - vk - XISt - Akl -
A 1914, 5§ 4o 338 Ak Al

TA7NE 23 A7 Bokou A Alskr AlAde]

Z3} H1E0] 22.0%% AR O] A2 AeEAlE R &

& Askralde] FAAR7E JeEoloF & Ao®

= A tHFig. 2(B)).

3.2. WBSE U BAASSN X5t 2T TA Z2

A R|5le] nAESkE W 2] 31Ek S

-l

FARSIAL A|okE 2 AS W7 A3, Fig 39 o] &
W, S Ak, S g, e, A
A gl grloleo] HEw 7S sl o) %
FOgTE, T Qi 2 294 e 5 52
S A#AlEe] 90%E 2pAste] At thu] ek <
BE TE 29o] 2 Ul o BE A% A
alell thall 2ARSE ¥F 5(2016), & F(2019), & &
(2020)2] DA} frALRE A o= AlskrE dubE o

= UV@E _4_1:1 ] ‘é}“ 0101\/}11] X]o]——'— _,‘7\1‘;,]—“‘” =
AR 0o a7} 293k Aoz sl 2= QIQTiI416).
H} 52012, 2014, 2015)°] A8 ME3E A|o Ask
o) 8 $RVE 23 Ave FUgEE 7800,
= 2657, $R0E 1747, Qe 1317, 2Ad A

_4

047 FOF FNATZE AT FA/NFE 2AYE
o] trEA) AR ol2ld Role Al A2 &
3, Askege] Zol, ABkr A % 5AA, HAL A
ek 2 78 5w ogisle] wst 0dEd £
A 5 B3 2900 o8] YL W Ao W
ATk, FAR AL it A ARARA], A
turbidity
nitrate-ntrogen  (5-9%)
(23%), fecal coliforms
(10.3%)
physico-chemical
(10%)
total colony counts at 3SoC
(24.1%)
ltems
microbials
(90%) total coliforms

(55.3%)

Fig. 3. Items exceeding the drinking water quality standards
for groundwater used in emergencies.

Aaf - AR - s3] - A
AR Ao 2 BEXo| Y7} AR BR, F7HA
Aol o3k o 1B U7 Al ] A3k A
< 20 o ARSEIAEA # FA) AR Y
Alde] =93} Bl AP W] Fo ] AEE G
Holl =Zw]o] nAE 29 ts FHok 7
2 AMRESII

Al AldoM TS
7F = OFEE To] By ooy
U B3 BoF 5 Aol sl wEe Al
TR Klebsiella%:, Citrobacterd;: 5°] X832 7FeA=
A7Vel FFe] AEVOR Askre] nAdE o9
] T EHedd Sl FEdE AT & A
o7 J}EPEP*D} 24.1%2 72T S Al

AZEEE QA= & d3de] glom QiZtely &3
& W _?_Odﬂr HAgle] & &oll EAlete AldtS
g v o]gEe EgECF 100 CFUMLS %3}
she 749 Wedito]l SAE 7Fs R8s vkl Bl 9}
o). QIzbolu TR EH5E, 2R B EAl5H
HEiHog EOQE]Z] %o Folu Eox= A LA
A = B2 H ool A A A

o
mi <
o fo ofn wma A

hasd
tlo

}5te] o1
AoE FeIA Qo

55.3%7} K23

H~l

Eo .

171 qu—Eroﬂl"’ HEE £271% 23249 103% 7
J 5=

r_l
.(
i
: =
2 oX
32
i
f
ET

& davt siokar AetEich

E]—l:’ AXA 7\15\_’ Falo] L0 2a 7 o
10%= 2HAsk3iem vt %(2016)0] A5 A 2o
Feh fARISATHY. e, A
IR v el Aabg Aol Fo 09
221 WA A (2003)0] 7% o
BAESE X g A2 3 =
A B0z X5 09Y9S A3 Axtw 833
RES w20 kAo B PreAle] Aizel X3l v
A w2 st SolA sk oot AlweAle &
FAANA §EHE= A St AR §EH BEY
I} F3IFS AX A FAE RS 29X
FZE AT

2 5 e Ao

3.3. Kot W XAUAEEE B2
Fig. 4= A&l U A Ed & gh=o] dhakat
HENE, 92he] HE w9t AN t% ZAVS A
O

oIok A ) £ A3 o

ugL'r

=
~138 Bq/L (83f 21.8 Bg/L)eIler °f %— Heg 52
NS 23 EOﬂ A3k wAo) e HeE FARA
)

71% 148 Bq/LZ



$A9 A o] S8 Askesl 49 54 B 31

160 Drinkingwater quality monitoring standard : 148 Bq/L
140 L]
: ‘ (A-1)
120 ® o
L ]
100 8. L ‘ - .
- Ll L]
§ 80 o ® ‘ ¢ . oo °
< ° . .. .‘ ° r °
< e ® ° e o °
60 PS . . e @
ee o . * . . . °
40 0® . :. = e o . . o “ e
e . . ° o ¢ ° e ® o °©
. o . o %o - o P °
20 o o % % eo® ° ° & owg
e . .. ...... '-o”o. - .'0 . ,. ® o L ,.. .QQ
L] Ll L] L]
- K T RPRR Y i FRASRAN ERPRE W 20 PP AT W 4 MDY
250
200
(A-2)
> 150
=
©
100
50 47
32
- 12 18 17 5 3 2 0
o -—_—
0 15 30 45 60 75 90 105 120 135
150
Rn (Ba/L)
35
Drinkingwater quality standard : 30 pg/L
30
B-1
. (B-1)
L4 °
= 20
3
= ° °
o 15 ° °
L]
L]
10 ° o ©° °
° - F] * 1°
e °
5 '. = © m ® "o ) L4
e L0 qn . ¥ o %,3° oe,°
ove, L]
0 cminaaSate o ‘“')W&‘M“
300
269
250
200 (B-2)
2
T 150
i
100
50
b 14 7 5 4 1 3 1 3 1 1 2
" [ [
0.0 1.5 3.0 4.5 60 75 90 105 120 135 150 165 180 195 21.0 225
U (ug/L)

Fig. 4. Concentration of natural radioactive materials (scatter dot) in groundwater for emergency use and their frequency (bar
graph). (A) Radon concentration and frequency and (B) Uranium concentration and frequency.
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Fig. 5. Radon-Uranium scatter plot showing the correlation coefficient (r=0.105) between the two natural radioactive

materials.
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Table 2. Correlation coefficients (r) of groundwater water quality parameters in this study

Zn  Cl Fe  Mn Turbidity SO, Al

F  NO;-N B  Phenols Ha;;ine KMnO, Cu
F 1.00
NOs-N -0.05 1.00
B 119" 001 1.00

Phenols -0.04 -0.08 —274™ 1.00
Hardness —0.05 .174™ 0.09 —-0.07 1.00
KMnO, —.145" —0.09 .175™ 0.08 0.02 1.00

5

Cu -0.05 0.01 0.00 -001 -0.08 .137
Zn  —0.04 .107° -0.07 -0.08 0.00 —0.01
Cl 004 .164™ 1777 —118" 641" .113"
Fe 132" —194™ 0.09 .112" -.150" 313"
Mn 005 —-179" 0.04 -0.01 .161"

Turbidity —0.03 -0.04 0.08 -0.05 003 .170"
SO~ 0.09 -0.03 289" -0.07 .650" 0.10

*x

Al —0.06 —150" 0.09 0.00 -254" 463

K

1.00

-0.05 0.00 1.00

—-0.04 -.152" 1.00

0.02 -0.03 0.01 0.09 009 1.00
-0.01 0.06 0.01 .139
-0.03

5

0.10  1.00
003 1.00
266" —125" 1.00

—-0.03 349" 0.03 235
—0.08 —.154" 446" —0.05
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Fig. 6. Visualization of monitoring data for five drinking water quality parameters on a map of Busan (1 km x 1 km grid,
domain 4). (A) Hardness, (B) Chloride ion, (C) Nitrate as Nitrogen, (D) Radon and (E) Uranium.
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