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A Study on the Water Characteristic of Small-Scale Waterworks in Busan

Kim Bong—giT, Cho Gab-je and Kim Si-young

Water Preservation Division

Abstracts

This study was carried out to evaluate water characteristics of 57 drinking water standards and 5 radionuclides of 93

small-scale waterworks in the 11 districts of Busan area.

The main items that did not meet water quality standards were as follows : TC (total coliforms)>Turbidity>TCC (total

colony counts)> FC (fecal coliforms)>NOs-N> Al, respectively. Health hazardous organic compounds such as diazinon

were not detected in all samples. Turbidity was 1.72 NTU maximum in Geumjeong-Gu and were showed in order of
0.76 NTU (Buk-Gu) and 0.48 NTU (Gangseo-Gu), respectively. The concentration of Al was the highest level with 0.203
mg/L in Geumjeong-Gu and was not found in 5 sites (Dong-Gu, etc.) The average concentraion of DBPs (disinfection

by-products) were like this :

THMs 15 ug/L, chloroform 7 ug/L, BDCM 5 ug/L and DBCM 3 ug/L, respectively. Uranium

was analysed to the low concentrations and showed 18.25 pCi/L in Sasang-Gu. Radon and gross-« concentration showed
the level of 12.1 % (483 pCi/L) and 13.9 % (2.085 pCi/L), compared to the standards of drinking water in US EPA.

Radium and cesium were not detected in all samples.

Key words : small—scale waterworks, Turbidity, DBPs
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Table 1. Characteristic in source water of small—scale waterworks
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Table 2. Analysis items and period of test for the small—scale waterworks
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Table 3. The status of small—scale waterworks in Busan (2011)
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Fig. 2. Drainage tanks and disinfection filtering facilities in small—scale waterworks.
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Fig, 3. Distribution of source water on small—scale waterworks,

od
70.0

60.0
50.0
40.0
30.0
20.0
10.0
0.0

mOooo0o0

oo
0000000

oo

oo

O00o00oooo

Fig. 4. Distribution of disinfection treatment facilities in small—scale waterworks.
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Table 4. Sampling sites of the small—scale waterworks

City No. District

Busan city S1 A=t Seo—gu
S2 & Dong—gu
S3 et Youngdo—gu
S4 A Busanjin—gu
S5 21 Buk—gu
S6 S|+ Haeundae—gu
S7 =4 Gumjung—gu
S8 AT Gangseo—gu
S9 AA - Yonje—gu

S10 AFAFE Sasang—gu

S11 7| Gijang—gun
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Fig. 5. Distribution of unfit items in water quality standard.
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Table 5. Concentration of inorganic materials in samples (mg/L)

inorganic material

Sampling site

NOs—N F B CN Cr Pb Cd Hg
S1 2.9 0.06 0.02 0.00 0.00 0.000 0.000 0.000
S2 4.4 0.23 0.00 0.00 0.00 0.000 0.000 0.000
S3 2.5 0.25 0.00 0.00 0.00 0.000 0.000 0.000
S4 2.9 0.03 0.00 0.00 0.00 0.000 0.000 0.000
S5 0.7 0.06 0.02 0.00 0.00 0.000 0.000 0.000
S6 5.1 0.04 0.01 0.00 0.00 0.000 0.000 0.000
S7 5.9 0.08 0.00 0.00 0.00 0.000 0.000 0.000
S8 3.2 0.10 0.02 0.00 0.00 0.000 0.000 0.000
S9 3.8 0.13 0.00 0.00 0.00 0.000 0.000 0.000
S10 1.3 1.08 0.01 0.00 0.00 0.000 0.000 0.000
S11 2.1 0.10 0.01 0.00 0.00 0.000 0.000 0.000
Avg(S1~S11) 3.2 0.20 0.01 0.00 0.00 0.000 0.000 0.000
Max 5.9 1.08 0.02 0.00 0.00 0.000 0.000 0.000
Min 0.7 0.03 0.00 0.00 0.00 0.000 0.000 0.000
6.0 [ - T T -
50 S e — = S
% 55 _|| g B __7_""‘- —3 - = Fluoride
2.0 _Il ] _' B B o = Nitrogen(Nitrate)
1.0 + T — o
0.0 L—--._. ___--- -n P P '-[ ) ” B
T e e e =)

Fig. 6. Distribution of the inorganic materials.

S

59 510 g



100 A7) 2A - AN

A

L7 Aol sl Aaket A Fryobdda, vl
ARt &, H, 7HEE, a2, Adle 5 e A
oA AE=A] gokal, Aidda T
AgEE dEE U

i dae S48 A3l 5.9 mg/L=2 X3t H]

0.7~2.9 mg/L YeFEoH 1
St2 2AME QT AL A AT W= A 7] 10 mg/L
Hop =4 vepd 22 ¢l

AT 5.9 mg/LE Yehg, AE =
sfof & Aoz ALREGH T8 LHYew
Aavm, e, Yot SitS, 373

Ao g

B

E
fofollA MERIRNFES do ssae] 9ot
dQuido g HAAAL EoF, B U AE Zof Al
2 25t A slgofAlls GO Rsl4o] wo| §EE o]
Qlot Ze Aol njek Zxeich A AL A
g e olemshy, oArEY 9 Ay|EAYe] 9lok
ofmuobd AL RS AAFfA BHE, Wiy
A7)% 0.5 mg/LolstE 4:47]%0] Aga Aoz e
et
EAARLS AMFEAZ 0] 1,08 mg/LER A&Fo
2 AZFIC o] ARG A T B 2HY
o] HHAER| erorm, uhehd] Bl 2l 2|Ao] FHeE
Zo] A& Aoz AR, oy Balk F2AY
22 7 WS Ao] o ao|u R RAA oA B

SE(F), FEIJESIFST S 33HE Fgz 2R 8
F8 FHLS FH(CaF), WA (NaAlF), &34
[Ca1oF2POs)s] 02 XA da] B E o] glon =

o Ehe F2 A s Y= F97F gk A
of ¢f 0.3 g/kg A== EF Tl g2 2Es17] wel
Adgom gHgEo] Qe Eaol AU T4
ojtf oo} vt o rE AAEHA gon, o
AE, LT, AR Al 5= .
ZEATFAIF A 0.02 mg/LAZES
&2 0.3 mg/Lolst o, 57§
oh, HES A5k, 23, AdsAl
O

) LI |

AU AGFRD 167 G2 F W, DA, S, AE, 4
Aol MYALFLUY, FE, 63HS 24
e, 25 B ot ol BAY §YL oJulshe g
B A AR 2AY BE HEE SU7)E
A bt S84 F BHS DUk, Al 29,
kel 4FF7E qlom, A7leh BHY Bado] glov,
£3] §712el olah g WS Buke Zlo] Wk B
Lo e AEARE 3R, ol g, a4, 9
ol A, Wk, obdl, Fe] 5 olek B HE
o o3 urell G vk, WAl AEA AR

]

fo
o

ARAE= §7159 24, 279 WAl AATtA¢l
st 9 H4=0] f-9] o= whggiet, I

FEFAA] kg UEtde gEe S8 FA-e] 1,72
NTUR =4 yebgon, A5 9 512254 0,76
NTUZ uetilth ged] 2a8o] w4 2AE =T
S AAE HeiAe BT ehgolnt ke oFE Y

-z
Jo
ol
FIF

R
Ak Folat gajo] 7bg Ao A gk EY
HEAQl of k= A A7 S7s7 A, Ut Sl 88 =

23k AAAAA L] AAS Ya-s oI (membrane
filtration) BWe] Ao uigrsic P 4lu|H e
6320l gt AAPAIES Table 6ol EASIAIL, A3d
g A= Fig, 7o) WER Sl



ARG iR SEAA FEAEA At 101
Table 6. Analytical results for the aesthetic effect materials
Aesthetic effect materials
Sampling site
Odor Taste Turbidity pH KMnOy4 E%E%lrlless
S1 st 3}t 0.76 7.4 0.4 48
S2 st sk 0.43 7.9 0.4 43
S3 Zsk Zsk 0.47 7.7 0.5 32
S4 st 5t 0.39 7.8 0.4 81
S5 st 5t 0.76 8.1 0.4 2
S6 EShly A5t 0.25 7.9 0.3 64
S7 Z5k 3t 1.72 7.3 0.3 59
38 5k 3t 0.48 7.7 0.4 4
S9 ZSkis A% 0.17 7.8 0.4 41
S10 235t g 0.19 8.1 0.3 19
Si1 gt A% 0.32 7.7 0.4 61
Avg(S1~S11) A5t A5t 0.54 7.7 0.4 41
Max st sk 1.72 8.1 0.5 81
Min st Zsk 0.17 7.3 0.3 2
AfYE g
2.00
1.80
1.60
1.40
__1.20
E 1.00
0.80
0.60
0.20
S1 S22 S3 sS4 S5 S ST S8 SS9  S10 S11 Avg Max Min
Fig. 7. Analytical results for turbidity by region.
ol by Bl QzelHE dehls SholesEe W
HEH Q7L 7.3~8.12 FA7|E 5.8~8.59] 9o H5F
=0 A AH mf% 7| APt Ao= e Fhol2, ol 5 EF
FEAALELNFE 1] A% ‘d% 0.3~0.5 mg/L AulHGFEA 1635 F 7o, 9ol o],
= UER 8715 10,0 me/Lofsie HE = A w7k, Aol ofd 5 T B PAARE
S Fee ARl 81 mg/LeR E}ZW RS Taple 7o) UEHYQOM T 2 dao]e Bpato]e A
& 7 ERAR 5471 A= 300 mg/LOlStE UB  cpenn Ame mg 8o Lepuolch
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Table 7. Analytical results for the aesthetic effect materials

Aesthetic effect materials

Sampling site

Cu Cl SOy Fe Mn Al 7n
S1 0.001 17 10 0.04 0.000 0.009 0.030
S2 0.000 12 8 0.07 0.000 0.000 0.000
S3 0.000 14 9 0.03 0.050 0.000 5.500
S4 0.000 10 11 0.00 0.000 0.000 0.007
S5 0.002 10 13 0.00 0.000 0.000 0.013
S6 0.000 27 24 0.07 0.000 0.009 0.012
S7 0.001 19 15 0.14 0.000 0.033 0.016
S8 0.000 6 24 0.07 0.000 0.203 0.008
S9 0.000 9 18 0.05 0.000 0.000 0.000
S10 0.003 38 12 0.05 0.005 0.007 0.010
S11 0.000 10 26 0.10 0.000 0.035 0.016
Avg(S1~S11) 0.001 16 15 0.06 0.001 0.027 0.510
Max 0.003 38 26 0.14 0.050 0.203 5.500
Min 0.000 6 8 0.000 0.000 0.000 0.000
mg/L Emm Cl =3S04 mmmmFe Zn
40 6
35 | 5
30
25 | 1?
20 | 3
15 h |,
10 ¢
Tkhoi )
0 L. ‘ N (L o
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10  S11
Fig. 8. Distribution of aesthetic effect materials concentration,

A Aol A G0l &S 6~38 mg/L, B[S 8~26 Pl 2L SFo] SR Ui JoHE Fo FRE o
mg/Le] W= HEHo #87E P40l 250 mg/L, a5 e, Adde] de] £x25o] ok a5 AF 4
GAkol& 200 mg/LiEth YA AR L), aidf #]d gk 2= s, AR G A He £ 52 =5 3
of sjYAIAY B2 AlstpolA HaolZo] #A e t dAES S87A" 0.14 mg/L, &, shHTAIA
g olon, fadh FEo AdE debds 5o A 0.07 mg/L, 71%A14 0.10 mg/LAZE AT A, H4A]
§oR Aok Gaolee] SErt RobrlE Fh?  HE WEHA @eton, mE HuY1ZF 0.3 ng/Lell A
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T2 EAgT SHARA AHEENS W = wiaeAlE
oA it AW FA] AR S84 ol 2T
= = ook, RS AL A A oA 0.050
mg/LEA HPAE YR APEEA - oA 0.005
mg/LEA v FEEH Ao, X2 HEEA] ge
o, B £37]E 0.3 mg/Loll Adst Ao et

R0 EAHES A3AE 5 67NN HEEAE
ol S8 A-NA 0.203 mg/LEA WS YefH =
4], o] HA| Fate] Btk 0.027 mg/Le] 10815 23}t
sto] A= QI SFaE2 Aol dE] B o
o HgEEdS AASH] ) A s olA wol Ak
|3t}
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ZRFOMEA 5 WPHBAR BRE o] glo] AFN
Mgl g BE B4 24 ATE SREY NS

getaty] ajAs oj$ Fastct”

DBPs®] #%= Trihalomethanes(THMs), chlorofor
m, bromodichloromethane(BDCM), dibromochlorom
ethne(DBCM), bromoform, Haloacetic acids(HAAs),
dichloroacetic acid(DCAA), trichloroacetic acid(TCA
A), Haloacetonitriles(HANs), dichloroacetonitrile(D
CAN), trichloroacetonitile(TCAN), dibromoacetonitr
ile(DBAN), Chloralhydrate(CH) S©°] it}

=AY AEFANES AFA, 54 FAE, &
A2k HEAIRE, A 3489 5284 5 o
A g4l aag =t gl

$-2] vzke] DBPsell tigh #eji= 19909 A= T
HMs& 44715 100 wg/LE2 A3t tAsH] Al2S
FaL, 1998Wol= 6711 &30 DBPsE HAIF=o=Z 4
Asto] A= welstr| AlEbskelnt 1999doll= &
BEREIESS 80 ug/LE AAEIg o, 20039 1¥9HEE
Z2Z3slo]= g o] E(Chloral hydrate, 30 ug/L), TjH
Z ol EY EZ(Dibromoacetonitrile, 100 ug/L), Tl
Z2 2o EYEE (Dichlo—roacetonitrile 90 ug/L),
EgZ R 2o EYEH (Trichloroacetonitrile, 4 wug/
L), = x4 (Dichloro aceticacid + Trichloroacetic
acid, 100 ug/L) & 5FHE HEE FA7|E £33t
Ak =3 AL HUEHPAIY o2 wo| Mg g
o distol= ALHH R Hi=m AV F7HE 4
Aol Ut

HE=EoA o= gdEE o] EAA HAY 1Al di4do]
1 9= E4 9 DBPs 443 THMs, HAAs,

N
—

HE=E pAv|Eo] A4 E dEolil, HANsE 495
3E0], HAAsE 685 3 9&=8 FA7|Fo] 44
AE, EZRZotAgofA]

, JEZ oA E 3gEoRA 7|2 3E

< @t s 24] 100 ug/lelth, DBPs9] 1A= A

7¥star Qe FAlO] 9l

LIZRA oA A A FH ko] ARG A3} A5RAHE o
EX+= THMs+= 15 ug/L, chloroform 7 ug/L, BDCM
5 ug/L, DBCM 3 ug/LE & 98 $2A7]|FH
A ek

THMs Alge] Hdj, ¥, Hag2 Fig. 99 YeRy
och, THMs®] HEEAL CHCLo] 43H% Fo|A 714

ofN mX [ i ofn
)
I
flo
E’ -
il
il
Fu
o
i)'-s
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Table 8. Analytical results for disinfection by—products (DBPs) in Busan (Unit : ug/L)
Items S;g;ﬁiﬁgil Average | Maximum Guideline
Chloroform CHCls 7 23 80
Bromodichloromethane CHCl2Br 5 10 30
THMs Dibromochloromethane CHCIBre 3 14 100
Bromoform CHBrs - - —
Total 100
Dichloroacetonitrile C2HCIoN 0 2 90
Trichloroacetonitrile C2CI3N - - 4
HANs
Bromochloroacetonitrile CoHBrCIN - - -
Dibromoacetonitrile CoHBraN - - 100
Monochloroaceticacid CICH,COOH - - -
Monobromooaceticacid BrCHsCOOH - - -
Dichloroaceticacid Clo:CH2COOH - - -
HAAs
Trichloroaceticacid Clachloroaceticacid - - -
Bromochloroaceticacid BrCICH2COOH - - -
Dibromoaceticcid Bro:CH,COOH - -
Chloral hydrate ClsCCH(OH)s 0 3 30
= CF
E BDCM
DBCM

Maximum

Average

Minimum

Fig. 9. Analytical results for THMs in samples.



ol A& Helen, ol 23 ug/L7F AEH 87+
80 ug/19] 29% A=A HEEL JAct T Ht
AEEEE= 27|29 8.8%21 7 ug/LE ¥|uLZ& oFAsH

RAo& Yyttt =3k CHCL ©]9] g=ofAe] s
X CHClBr& 5 ug/L, CHCIBro2 3 ug/Le A2 7
S50 A BEARY § go] A Aoz u
et o5 A Fol daiAe THMs 44 A $faiA
= moh AAH A7} gejo] et o] Wasjrim
o A X},

HANs A ¥-2 174X A4 AE= %=t HANs= 5=
QLBTEA A, BolH JhpEaEe] HFLAE
st S84 s F7| A =R A
o},

Hie AR 7ol digh A B AR AR
Al A e 9o AR Sl A4
. C.H= trichloroacetaldehyde”} &Eof| A &3} o]
Q% EARA AR oA 54538 S50
trichloroacetic acid® 4F&}=] A trichloroethanol &
HHY}, g F7o] trichloroethanol glucuronideZ H
0]'01 AHoR &E 3 4% trichloroethanolo] &

A wEEc H5E G P ATote, 5457
@2 AAE dFstaE A4S 79, FES 010711:} ?
2472 -0o] BDCMo] 10 ug/LE RS JeRf )
77 8 ug/LE ZAREQIT), AR ChloroformO]
23 ug/LeZ ZY A&, CH7} 3 ug/LZ Yelgdth, 9=
FAHL THMsO] 30 ug/L, DBCM 14 ug/LEA Zt)
A5 ey gt

A FARAIY vl EAEkE #71e9 7

S G200 whgol Qlo] A E = HAAsSF 22 o}
M EANT 554N Bt THMs¥ 22

A YOl GEIR B4 @
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ox X M
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|
A

gobE212] Chloroform, DCAA %5 f—Z._ H| 23 AEH
4}%%—3— AEH(T~99) =2 F=2 A& 2 5 W7

19 A 2R ke Fasi wek
2 ARRAE] e B 1@&1010
o2, ol ActE ST YAl e

EAsh= & 77 ] 4 Ha 9}_4 Hl—£0§ Ag/\ég% =
Hojuz vk o B EASH: 82 7180 &
o] e Ao sEmALEOl MAFo] oAt} ”
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A
AT AR Aol A Hoks F9 AAPAHYELA o

3 BAIZE R EA] et Avtel] utet 2ylo) A%
3} waAste] ralo] A EobAm et

Aok ADPAIBAL 9129

o ofiek Aaisoz Eqson 9o o Qlzko
S

Aro g2 20129 AHE7](39), 0}‘?_}7](9%:1) zt 1Q°ﬂ
ZASFe] 23] HitA] =& Table 9

¥ A O g U-a BA2 i B
1

BHE2 o Aol HIZA VAot A E T HXA
oA v HEHAEd, Hat 20~483 pCi/LHY=
Uehgon 2stpoa AgEoes =2 5k (50~483
pCi/L)2 AEFERL A:ESoAE= ALl background
g Bt olggh £A= w=olA AR 53,000
pCi/L, 7Huthell Al 2AFsE 81,000 pCi/LEth= AFg-s]
W2 S & 4 AN vl= EPA He=E A=
4,000 pCi/Lo]t},

AYute] vlat EPA HiE 47|52 15 pCi/L o8t
o], HAZAM 57AHolA HEH A= B 0.417
pCi/L & Yebgton, ZFAtx]3de] 2,085 pCi/LEA]
A E YeEbH I

22 Y7 ERS) &5k YA s el A
Zrgoll FH I sH Bt} FHU4AE Ra—223(U-2

35 series), Ra—226(U—-238 series), Ra—224%} Ra—2
28(Th series)”} 9121, BaSO4 ZXLE = ]‘lf’}o%
Aotat, 321 BE ARA HESHA olstE &

S}
2ARE A3 A EdEsee Hd HEsEE Ve

07 39S o =2 483 pCi/LLeEA] u]a: EPA Hi:
= AR 12.1% o<, A= 2.085 pCi/LEA] 1]
= EPA H&= & £47]89] 13.9% ¢+528 YElge
o, 2t 9 AleS e ARA EHEEUT. webA
ul= EPA 27|83 AlkA] Hop A e Fx s
S & 5 UStH(Table 9).
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Cesium
(pCi/L)
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Radium
(pCi/L)
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Radionuclides

Gross—a

(pCi/L)
0.260
0.000
0.200
0.610
0.000
0.000
0.000
2.085
0.000
1.435
0.000
0.417
2.085
0.000

N

- A

31
25
186
26
20
42
135
483
50
297
96
126
483
20

7]
Rn (pCi/L)

]

0.00
0.05
0.28
0.13
0.80
0.00
1.52
0.00
0.08
18.25
0.34
1.95
18.25
0.00

U (ug/L)
3

9

6‘]—7_(:}

=

Sampling site
S1
S2
S3
sS4
S5
S6
ST
S8
S9
S10
S11
Min

Max
A B 5x9F A3

[¢]

Avg(S1~S11)

H

Table 9. Average concentration of radionuclides
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Uranium

Gyunggi Chungbuk Chungnam Gyungbuk Gangwaon Jeju

Fig. 10. Comparison with other region in uranium concentration.

Gross-a

Busan

1000

800 |

500
pCifL
400

200

Gyunggi Chungbuk Chungnam Gyungbuk Gangwaon Jeju

Fig. 11. Comparison with other region in gross—a concentration.

Radon

Busan

LI

Seo Cong Youngdo Busanjin Buk Haeundae Gumjung Gangseo Yonje Sasang

Fig. 12. Distribution of radon of small water—supply facilities by region,

Gijang
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