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A Study on the Drinking Water Quality for
Primary Lunch School in Seoul

Won Myo Lee, Yong Wook Lee and Hyeong Ae Pang
Graduate School of Public Health, Seoul National University

ABSTRACT

The aims of this study are to enhance the students’ knowledge of the drinking water and its
reliability by investigating drinking water situation on the drinking water. The resuits are as

following;

1. Status and drinking behavior about school drinking water

(1) 97.82% of the schools are using the tap water as the resource of drinking water.

(2) 46 schools are in possession of water tank and 18 schools of them are using the water
tank as the resource of drinking water. The clearing and sanitization of the tank are carried out
once in a year with hypochloronatrium by the low-level officials.

(3) 51.28% of the schools are providing the students with drinking water and 75% of them
with boiled water. The drinking water supply managers are low-level officials, nurse teachers,

and dietitian.
2. Analysis of the drinking water quality

(1) Most of the drinking water provided by the school are tap water 35.8%, barely tea 5.85%,
filtered water 6.3%, ground water 1.1% and all turned out to be suitable for drinking.

(2) The drinking water carried from home turned out to be unsuitable for drinking except
pH criterion, especially the test of APC(Aerobic Plate Count) and Coliform group showed worse
degree. These results were caused by the hygiene problem and maltreatment in water container.

Keywords : Drinking water, clearing and sanitization, APC(Aerobic Plate Count) and coliform group,
boiled water, tap water, ground water, barely tea, mineral water, spring water.
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Table 1. The composition of raw material for this study

Pedagogue No. of I No. of school supplied with food Sample school

district school National Public Private Total Percent |Frequency| Percent
Tong bu 68 - 13 8 21 30.9 14 20.6
Seo bu 61 - 13 4 17 279 14 23.0
Nam bu 53 : 12 - 12 22.6 12 226
Puok bu 85 - 16 8 24 28.2 17 20.0
Chung bu 42 1 14 4 19 45.2 15 35.7
kangdong 52 9 - 9 17.3 9 17.3
Kang seo 46 . 8 1 9 19.6 9 19.6
Kang nam 47 1 7 8 17.0 8 17.0
Tong jack 38 9 1 10 26.3 10 26.3
Total 492 2 101 26 129 26.2 108 22.0
e A e Rl kel el SE Mabe sk, oY, A%, A9, sht
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Pedagogue Total | Collect Percent of 2l Bog 283t glglem 3yl BRlaE
district collection AMgEE gl 674%% Wi v} BHas
Tong bu 14 14 100.0 AF-8-3hedch
Seo bu 14 9 64.3 EEFE 2183l o] f= ALpol fglo] okaj4]
Nam bu 12 1 917 (774%)eke 7o ebgrh 29ar fey 4
Puok bu 17 13 76.5
Chung bu 15 15 100.0
Kang dong 9 7 78 Table 4. Kinds of tank at the primary school
Kang seo 9 7 77.8
Kang nam 8 8 100.0 Type Incidence (%)
Tong jack 10 10 1000 Underground tank 15 (32.6)
Total 108 94 87.6 Elevated tank 31 (67.4)
Table 3. Water supply system on the primary school according to the pedagogue district
Kinds of Pedagogue district
water | Tong bu| Seo bu |[Nam bu| Puok bu {Chung bulKang donglKang seo/Kang nam Tong jak | Total
Tapwater 13 5 7 10 9 3 6 2 6 61
92.86 7143 87.50 76.92 69.23 60.00 85.71 28.57 85.71 75.31
Tanks 1 1 1 3 4 2 1 4 1 18
7.14 14.29 12.50 23.08 30.77 40.00 14.29 57.14 14.29 22.22
Ground 1 1
water 14.29 1.23
Filtrated 1 1
water 14.29 1.23
Total 14 7 8 13 13 5 7 7 7 81
*(freq/percentage)
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Table 5. Hygienic management of intramural water
tanks at primary school

—
Interval

Every 3
years

123)
0

Every 1
year

25 (568.2)
22 (68.7)

Every 6
months

17 (39.5)
10 (31.3)

Division

Tank cleaning interval
Chlorination interval

() %

Table 6. Sanitation methods used in intramural wa-
ter tanks at primary school

Sanitation methods Incidence (%)

Sodium hypochloride solution 23 (76.6)
High pressure filter 5 (16.7)
Others 2 (67

Table 7. Sanitation manager in intramural water

tanks at primary school
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method Ion;, bu‘ Seo bu !Ndm bu‘ Puok bu Lhung bu‘Kdng dong Kang seo{Kang nam| Tong jak | Total
Tapwater 3 { 1 ‘ ( 1 1 | 8

L3333 1280 [ ‘ 18 18 50.00 1429 11333
Boiled 3 ‘ 4 I 9 | 4 2 4 41

water | 3333 | 8000 | 8750 81.82 72.73 i 100.0 66.67 57.14 68.33
Boiled | 2 1 { Lo 4

water | 2222 9.09 ‘ ! 14.29 6.67
(only w mter)i |
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Table 9. Water supply style at the school which have not any water supply system according to the pedagogue

districts
= e S e
Method “ ) ] . ) leddgogut dlstrlct S o -
Tong hu! Seo bu (Nam buk Puok bu Lhum,, bu Kmlg dong Kang seolK;mg nJTong jak | Total
Carrying 6 1 | 3 ‘ 4 | 5 4 2 4 i 2 | 31
from home | 75.00 ‘ 50.00 ‘ 60.00 i 5714 | 7143 \ 80.00 33.33 \ 66.67 | 50.00 \ 62.00
No o2 ’ 1 ‘ 2 3 \ 1 |1 4 2 |2 18
alternative | 25.00 50.00 4000 | 4286 14.29 20.00 66.67 33.33 ‘ 50.00 36.00
Others | ! \ ‘ 1 | 1
| : \ l 14.29 | - 200
Total | 8 | 2 s 7 7 5 6 6 7 50

*(freq/percentage)
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Table 10. Water supply manager at primary school

Supply manager Incidence (%)

Official in general affairs section 7 (14.29)
Public official in technical post 18 (36.73)
Nurse-teacher 13 (26.53)
Dietitian 11 (22.45)

Table 11. Frequency of eduction at water supply san-

itation

Freq/year Incidence (%)
[~2 15 (60.00)
3~6 7 (28.00)
7~9 1 ( 4.00)
10~12 1 ( 4.00)
Others 1 ( 4.00)

Table 12. Educational manager of water supply at
primary schoel

Educational manager Incidence (%)

Teacher 3 (15.00)
Nurse-teacher 9 (45.00)
Dietitian 8 (40.00)

gleiTable 12 #x).
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Table 13. Type of carrying water reservior for water
quality evaluation

Type Intramural | Extramular
sample sample

Reservoir with straw - 13 ( 6.7
Double skin 23 (29.5)
PL box - 29 (37.2)
PE box - 13 (16.6)
Sterilized sample 95 (100.0)

bottle
Total 95 (100.0) | 78 (100.0)
*(freq/percentage)

Table 14. Type of carrying water for water guality

evaluation
Type Intramural | Extramular

sample sample

Barley tea 34 (35.8) 56 (71.8)

Tap water 54 (56.8) -

Commercial water - 14 (18.0)

Filtrated water 6 (6.3) 5(64)

Spring water 3 (3.8

Ground water 1 (1 1)

Total

5 (100.0)

78 (100.0)

*(treq/pc rcentage)

Table 15. Condition of water for water quality eva-

{uation

l‘rozen water
Warm water

Cooled water
Water as 1t is

Intramural | Extramular
sample sample
5 (5.26)

29 {30.53)
61 (64.21)

56 (71.79)
22 (28.21)

95 (100.0)

78 (100.0)

*(m g/percentage)
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Table 16. Result of water examination about extramural sample

—

T
‘ APC Coliform group ’\IOrN NH,-N pH
PR — —— e —— —_— — S B E— —
Standard 100 more 100 lcss‘No [mdj Pmd 10 m;.,/l les'le mg/l mor 05 less ‘05 morc“}i8~8.5j[Unsuitable
Idp water 51 3 52 2 ! 54 - 53 1 54 | —
% ‘ 9444 = 556 96.30 3.70 ! 100.0 - 98.15 1.85 100.0 -
Barley tea 20 | 14 22 12 ¢ 34 - 11 23 33 1
% 58.82 41.18 | 64.71 ' 3529 100.0 - 32.35 67.65 97.06 294
Filtrated 5 1 5 1 6 - 5 1 6 ! -
water % | 8333 16.67 \ 83.33 | 16671 100.0 - 83.33 \ 1667 | 1000 | -
Ground | 1 | ) 1o - 1 1 -
water % | 100.0 ‘ - 11000 = 1000 - 100.0 - 100.0 -
Subtotal 77 18 I 79 I16 95 - 70 25 94 1
% 81.05 J 1895 = 83.16 ‘ 1684 100.0 - | 7368 @ 2632 98.95 1.05
JE S [ S e ),4 ——— ,*T, [ S
“otal 95 ‘ 95 ’ 95 | 95
wa o o» | s [ o= & | = _
*APC: olHbAl#(CFU/mf), MPN: o) th NO; 24k *3 Ak A(mg/l), NHy-N: °. LIOP“ A Ax(mg/D, pH: “01-?_-
e
Table 17. Result of water examination about intramural sample
Cohform group NO.-N NH‘ ] pH
btanddrd %100 morejL()() les< No fmd Pmdgtlo mg/l ]essﬁmg/l mort‘l 05 less ‘05 m()rePS SSESUItdble
—— - S - ,% —
F ap water - \ ! i - ﬁ -
Barley tea 4 5203 53 53 3 } 16 40 40 16
Ve 7.14 9286 | 536 !94.64 ‘ 94.64 \ 5.36 ’ 28.57 7143 71.43 } 28.57
Filtrated 1 4 2 3 5 | - 4 1 4 | 1
water % 2000 | 8000 | 4000 6000 1000 - 8000 . 2000 8000 2000
Commercial 1 (KN S S & 14 - 13 S S U
water % 7.14 9286 769 19231 100.0 ‘\ 92.86 714 1000 -
Spring water] ~ ;3 1| 2 3 - L3 \ - 3 \ -
To - \ 100.0 33.33 ‘ 66.67 | 100.0 | - \ 100.0 y‘\ 1000
Sub total | 6 72 | 7 7 i’ 75 \ 3 36 42 61 \ 17
% ‘ 7.69 9231 | 897 9103 96.15 3.85 46,15 | 53.85 78.21 21.79
R S G U S S - L e - . —
Total 78 }b 78 78 78 78
dle] Ha ks AL oF & AUrk CFU/mie]| B2 o] & 7]Fo® sto] #Astals
welge A By Z}Zﬂﬂ T2 o429 w-Aggke] el AskeE A olstwl vt 94.44
ojofsle] Hog e wat 9 AAL AFo] G P Sstelon] welgsh 457 B3
Af 2 ol Folal7] wrake A% AFwAlEol ol 7} 77 58.82%, 8333% vk ot FiE wel¥
A 4 ol fe® Yz o el AEREE SduEg Foliz wygel Aol
@ % B2E AR s 4 heR shah gho) A el la) sgef 3
T EFATF B|Ee] 26%l Wt F3sbA] vk 7w
s T stdEe) ARES Apeted £ ma LEAV ¥AE 3 durlE olga4
AF4g #A3 dnpE Table 18] et T B9 Bkl ofs zEe 3 F
stad FFFE A BReE, A7) e B o7 100CE %"] #olx 2] obe VIAE AHEH
Asiee gelel $A0 A A7AE ww 4 A%el ool el olE AT Felzioclel
Sol 2odol A M Ao vehdeh Selde  gzuEch
$85 BAANEA FATF S ETEE 100 ShgEel AREe A% weE 3471ER
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Table 18. Distribution of mean and range of APC

(unit; CFU/m{)

Division No. of sample Meant SD Range
Intramural water Tap water 54 42+ 181.9 0~1,120
Barley tea 34 5,519t 16,394 0~91,200
Filtrated water 16,223+ 27,758 65~64,300
Ground water 1 34
Extramural water Barley tea 56 119,000+ 215.3 10~2,827,000
Filtrated water 5 18,800+ 21,628 13~56,800
Commerical water 14 49,057+ 67,881 15~224,000
Spring water 3 163,400+ 169,786 30,000~403,000
Table 19. Distribution of mean and range of Coliform group (unmit: MPN/100 m/)
Division No. of sample Meant SD Range
Intramural water Tap water 51 0.2+ 1.05 0~7
Barley tea 31 305+ 737 0~2,400
Filtrated water 5 9+ 17.2 0~43
Ground water 1 7~
Extramural water Barlev tea 44 1,673% 1,031 0~2,400
Filtrated water 4 30+ 36.9 0~93
Commercial water | 17 900+ 1,025 0~2400
Spring water . 3 1,600+ 1,131 0~2,400
? _
; |
. |
i l
i
|
| |
|
%:1

tap  barley {1ltrate coomercial spring minaral tap barley  filtrate commercial spring minersl]
water taa watar mtar ater vater water tea ter water vater wator
[ persona schoel ] personal VB  school

Fig. 1. Comparison between intramural sample and
extramural sample about APC.

A gl ofpo] B A} gl G o
F7F 7 wota] 2.9j0] A%t 7o viepdon
HelE, A, Y57 Eaase] 42 2990] 4
slodel. Hubzel 3 ATolA gwy FFTHEC)

290) Wol B & o 5 Uk 25
g2l71 gl thak Hgs-g vy ope Hert 2
Aolg i, Hel 7.14%, BT 7.14%, H57] 35
20.00% M A FHo) Al 4] Bl A

Fig. 2. Comparison between intramural sample and
extramural sample about coliform group.

vh 5 1,081.3% 3983, o] T4 o] 10¥el| =&}
ol 4] Helgk UuklF 7,312.3+ 2,335.83) Bl
3led-g u SR AE PFede Astedor
3] Re|EB5o 298 vig Algsle] E4ldgeol
o #HY L 8T FAYE ez ehgde}
2 AT
Table 19+= o Aol Nt E 4475 Jepy

stk S FFEE 4 HelE U 457§
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Table 20. Distribution of mean and range of NO.-N

Won Myo Lee et al.

(unit: mg/!)

Division No. of sample Meant SD Range
Intramural water Tap water 58 2.3* 0.86 0.9~5.6
Barley tea 31 3.7+ 238 1.0~9.7
Filtrated water 5 1.8+ 0.28 15~2.2
Ground water 1 4.8
Barley tea 43 2.8+ 2.26 0.0~10.9
Extramural water Filtrated water 4 39+ 246 12~78
Commercial water 16 2.3+ 1.35 0.2~48
Spring water 3 4.7+ 3.04 1.9~89
ol gt SAEE 7h 02, 305, 9 MPN/100 o
mmi FEEe) 9.9)0] s vk sl g vhelytel, N
Sejviebe] S84 At & 8-ghs: 50 ml Fof 7
SAow 5ol glory olf T|Eow Hrtste] & -
w] s 96.30%2] H§HE-e Hojxf vta okssl 0
AE Below, A5 gl 83.33%, Meleel o
64.71% 3 7}y vhe HgheS melch Nt
R N R R E R S e
16730.% 7h4 2gle] *‘16}319-‘4 ob R, A A o -
ol skel dolalch Sl gt pad) o wetey flte comeeiel vy sine
5 v &5 z Foi= -
i Yol el 9464‘/( Hol 71y o 4 ] oo T
Zhr vhEbl ek ol 2.qfn ]’ AR Zé FEA A Fig. 3. Comparison between intramural sample and
hHYe] e8] Heka] Aalolu) & I o) extramural sample about NOs-N.
Al el 2] el gk o bt 908*208°] Tt
IS oS B A I T S e & B e AT 23mg/lE PR Sk pRE Helw
o8k bk wolonh st aHeL dHAatate] o b b 47 mg/lR H B ARE Baidt
el alsle] F-&72a FA ey eploh e ’]~Z-°ﬂ ek Hige A5 Bk
3 A ARAL A P, eF7E L 1000% HEHEe Rolow kel
AAbAL 2 4ds gl ob A A o) H - AbshE-R 4] o] 94. 64%0'% A etrel Mgk AlgbAlaee] Al
Apelq=gellle R vlgF gHiEe gloh 8-l AHd 2 4 0014+ 0,003, o] G0l Hagh #]&k4 10
Qarefo) whshAl Eabulo] qloml fotel A fal  Re] A4 AL 0534023, A o) Mg Al
stof o4z tarslel A obAAINON O A N obpe] 204021, 3 0] wE Y=
78l x) o methemoglobmemla ] %!‘:, ¥ 7] ufyo ] 4=e] 1529+ 0.876x} wlaisted ¥ uf sl ¥
ch &84 Sleheb @ RElel ale A4S olf Al 4ol e maw WA A4 g waou,
Wi - 0}°] methemoglohin-Z .°', ?r”,}é’}v\} AR A x)abRlo] 422l 24| Rl HFEE 7o
oredal altka) slaze) HoAlAsbd Table 2000 o} ovhepybont alabAd Aa dekel & Ao
ehideh gt gapaeael Al Ak dlae] g vhebydet
e A7 Baber) 18mg/l‘r I = S S ¢ obuujola] A
wrowelend welwol oAl 37mgleA b stivolbyd Aty pAe] edxizA f71%
& s walvh S87e b Ala HE- el Aa slghEel paels FalEle] AAE
ghevb 10 mg/le)PLg o] 7|E o dghdh of 3} AukAlel o &Rk ¥ Ao B4AFE Table
Sl g MY Rk e sl eyt §HA 21ef vhehdiede) st 7o) A4S TR o
A3beel A Bele e Bk AT W of wufopal g gheke} 0.02mg/l A T et
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Table 21. Distribution of mean and range of NH;-N
(unit: mg/)

Division No. of sample Mean+ SD Range

Intraraural water Tap water 57 0.02+ 0.033 0.00~0.18
Barley tea 32 135+ 2.654 0.01~15.25
Filtrated water 5 0.24+ 0.294 0.00~-0.60
Ground water 1 0.01

Extramural water Barley tea 43 0.10% 1.025 0.05~5.23
Filtrated water 5 0.051 0.008 0.00~0.06
Commercial water 16 0.21+ 0.285 0.00~0.70
Spring water 3 0.06+ 0.041 0.02~0.12

Table 22. Distribution of mean and range of pH

Division No. of sample Mean+ SD Range
Intramural water Tap water 57 7.29+ 1.463 6.99~7.57
Barley tea 31 6.75+ 0.581 6.09~7.89
Filtrated water 5 7.22+(.345 6.59~7.65
Ground water 1 6.71
Extramural water Barley tea 43 6.12+ 0.680 4.55~7.21
Filtrated water 5 6.671 0.846 5.14~7.62
Commercial water 16 7.19+ (.449 6.40~8.09
Spring water 3 6.97 1 0.313 6.54~7.28
(%) (%)
-t 1™ |
90{' | mT !
0} ‘ 80-f) i
70—:H J 70-
ol | :{
! |
40 40
N N
20.1 20!
104 o
/- . ol E—
tap barley filtrate commercial gpeing mineral tap barley filtrate commsrcial SPring  mineral
vater tan water mtier nter atec wator tem watar water water water
{1 persond T schod "] personal W school
Fig. 4. Comparison between intramural sample and Fig. 5. Comparison between intramural sample and
extramural sample about NHi-N. extramural sample about pH.
BElgo] 135 mg/l2 A 7H F2& §RES Bt A& L1I0mgd R 7 B dfeks volw &
80 duoly HEREE 05mglel  F7] F abirh 005mgARA b e AnE
Z o] 7)ol ulFe] W Abps 98.15%°] M Hojck &4 A& prl 1000%24 7H
5 Hgevt A7)l Biee 8333%, HelF EFotouh A4 HejEe 2857%9) of9- vhe M
32.36%9) A& wof 44 WEE 25le] 7 &9 naleh H L] el gEel ghu]
@ Ao g vepwcl sl A AEe ¥ HelEol obAd A ek 23791 0.192, A F'e] Tl 4

Korean Journal of Environmental Health Society, Vol. 21(1)



18 Won Myo Lee et al.

Z2%F 0411021, o] F¥o] 71&of &S B
Mgk 0531023, A 5] Al@Agela] B
0.014+ 0.0032] Az}l vl & o) sy F5F
Aol ofmufelyd A ek pEe v)g- gIF
S&edl sl Aolded, AAE FolMde
Ay 257 b sk He® vepdnh 1
eiut gt 3 A A FAEe] BHeES S47EA
HAgg Awe ekrvjely ArE @i 9l

0

Aol Fre B4 @»}*‘ Table 2201 vtehY
o] 67524 7}A
zzt 7.299} 7.22
FAbstgdnh S8l Frol2EE AR
58~8524 ©]& 71F o g gl o stany
Fre 25 AR Aoz vepyr) x| 3
o] g BelEe) FielEert 61224 MY
ok, MEtedlMxe 7143%2 7H e =3
Balrk A7) Bk B ol vRE
o 200%2) 8L moich
Al o] Aol of o] fael s ¥ AT
7tzb 694+ 0.12, 6.19% 033, o F¥o] By =
at72) 6,98+ 0.11, 3 0] B3 FE 72 65+
04, & 540] ATl 4] A% 6.881+ 0.1002)
751}54 2w Agdsts nlashede o e

2ol Lo ol e fu s 22

_?‘_', mlo

=2 AaE Rl

°l*bl A A B oo shatel M FgEhs £
T T I E N P B
o) FATF L AR 2sjel HFE 4 5
alov, 2y Lagd W gruory die)
Yo Eobd YA Eol itk oleld A
S A RES Aol Rtk shrjeke g
2%, w191 H Q) WAk w3kl s} ofjlo] ] P A
zab Eowiy] slala ool A8l ol A
2Tk, 90 o) 2ol 4w A7)0} 22) 7] FFol
Wi A PO el WA Gol gz
Hog ulxl= ofske] L 7o B s gk
A0 58l Rl Mol FAE Y o
Aol A&l Fob 8R4 A R 2
shg el B ATl AR st FEF
SR HES] FR Foldw nele] 497} ¥4
ol 7 A vhebdte s o]l EH?’SJ zha g

Fol7}p ambsich
Iv. 22 9 A=

B ool 19939 109 99U F-E 109 2490744

HESHA 950 hE oo Algshed s
e85 B B FASA FEHL At S8
So A% mgel A serstu ey 3
Foha Qe $85 AT el A ALt
Zol) i $ARAE Aol thest e ARE
St

o

1.2 8850 2t HElnt S2HEWZAL

1) 2459 74 455 AHske vt
HA e 97.82%(AFrAS 7531%, HIA LIS
22.22%) 2 714 B2 vlEE 2RI gle Ao
vepstcl

2) FaelA ARl ol =32 A zAb
oA HaesE 284 A8l e 1870
2222%9] o, el d §3tw 46702 (A) k2 17
M, 17tz 317 a)sdch.

(3) gz Y4r 3 4254 Fajdd A
2o} A=) 1AL zb7t 1\de] 58.14%, 68.75%,
670" o] 39.53%, 31.25%itt Eei=e] B i
Ar o A5s gfE 7leE FF-9(65.71%)
o3 AHAl=om offel] e FH= 3143%
deom  AHi4we F2 o xolgiihtEFEY
(76.67%)% *H&-3ka slslch

4) el &85 stAEdA HAHo R
Fashs gtae A 51.28%9 2, BS TEHE 7
+ 75%7F BAES T dglen, 454E L

2 gk sl 13.33%, A7 ARS-stav)
116779}y BS #Eolv WL 7153 &5
olsll 70%7F ==A7E FaE st el ol

< ©
23kl slslovt dA 26%9] stawv) W) V|5
ol &8 & el Uit

(5) sharell 4 =& AF3t2] & AT FAE
&7 S k] AellA] A HH e wE A
st stue MAQ 62%E AAFPon, 36%=
7}z otola] A5y )

6) gwg5de D‘th— 71714 &5 J, ookzs:ﬂ
Ab, o oAl A F-Aqlate] g
HrHAIs-e A 60%7} W 1- 29—] 2454 ﬂ%%
AAlsaL lelem, aSededabe of3anAl, o oFA,
2 Stwgrite] ¥ agguse] 4k

AR
_OA -
stz A7 el Bl mgol o Feixx ek 9

2. 8849 SAEA

SuTEET SAYE) S85 Aged ol
WE SRR e ok
WEo| T FARMe i F AR 957

Korean Journal of Environmental Health Society, Vol. 21(1)



A Study on the Drinking Water Quality for Primary Lunch School in Seoul 19

282 A(RASTHS 254, BelE 44, A
7] B35 67, Aty 148 BAF A A
Aol i MG Fol A 47| Fol BF A3
AL Aot daERpod s dubalFe] 34,
g Afdte] 2710] & s S8 Fd HAYI
Az} vgen, st HejEol A JukAdF 41.18%,
AT 35.29%7F AT B 1667%, =5}
Tl iz 16%71 &85 7|5 BHgsldn)

(2) 3 FYE2] Ao W FHEM A=
F AR 787 welE 567, 457 3 54,
A 147, <k 3718 4% Ao pH &
52 A9d Ao 2E FEAX L85 7)Fel
A5 A =g velick

(3) el d FFshe o AR 4o
pAell HEE ZIRal e A FAE FALSF
At 2o AlRHE o 4 olgled, AARA
Axgtel 2 gbeolA] Ao ke Fopr| ¥
Hgtgo] Fodrh FA40)E FEv SnES HelE
172¢ Aelsln 25 Ao s A&
Sl Helg 164, A5 53 145 A8t
5 &85 % ﬁ?lfola*lu} @) stad FF5
st AEo] £R/F HelEe HFeolA £A-%
o] 71 A viebydel
B d3E Fi st Eo] ATE LR gay
Eol ot BAle] Estot 3 #AMEAN A
A3e] Aatsl o= E¥o) e3|e gateA F
F3tE e Eol tf Mg RNy vehyrh
e} shar 8-l A& slets) 2 Ha) e
715l n| A ‘%L%‘_rol o2] Feopoll A et
gl 28jEE Fw &4
% AgHel fel g 7Fslsle] gPEe] nfgF i
otdE B8 vl 4 9= E st (FE ) H ol
7t e 2 o] Fefo} Zlrh

o w@ ki ol

rf,’L

2 o
N

ol gk o F A A o]

V. &nE2#

1) W& FwEA odH, 1990.

2) A eejvel st Brle] Hwh stm w7
&t3] 2] Vol. 4, No. 2, 1991.

3) Az, A o] st B fe] AA ¥
] # od-f sl B 3 A Vold, No2,
1991.

4) et A, il B7H, 1992,

5) 7EhE gw EAI 7ks, FFAE 1992

6) AN ATE dx F fA g A, 1992

7) Mg WA w8H 0 stw 27 e 71E, 1993

8) % 18t : 63hd g F4 & zpE,

o
o
ol
o
rn

9) g7 [ n o I FulefA zAlL 1982
10) ¢4 #7ARA B g A4 24 A

T, 379l 4EkE =), 129 1%, 1986.

11) YMCA © 45812} 58 B3 A|miga x4
Azt B3d, YMCA 903371y 2wl &% 7
2+g.3, 1993.

12) Aude, P8, 4, 243, o9y | 849

Mg zaAl 2R AT E, 1991

003t EA] £%18, B o]t o)Az}

A-gE5w A ey »a‘ﬂ ZAME e A A

4K, 1969.

14) ubokgl, olwzh, N, wigod I g 2wy 4t
o g ofol %k °4? ool g} s)=), 54 1%,
1972.

15) &%, A4 Mg T SAR S8l gigt
geA mabedt, FF AY A, 109 2%,
1973.

16) A&, A, kg D A2Ad 1000 9
s e dol FHaF AT, ARpelsts x|, 109 1%,
1977.

17) o)l 2], Hadd, WE, A% x| sp5of o)z)st
2 MEEal Mg A o7, 1989.

18) o u), 257, ubAdul | AERY #)slre 2.9
reb A AR AE #3A4E3]A], 154
1%, 1989.

19) o3, H¥A & Ay ¥ AESF FAd
ol xah A Fobelsh 224 6%, 1972

20) AEA, ol FE o8-S AY A HI
ek AN AT, FFEAEA.
1972.

21) 14AHE, AHEA, o)ER I YR AT AlxAd
o] F% Haol g lAEA 2AL FEFE AR,
9 23, 1972

22) =3, whed o, HpkA, AW w3t FAaw
ok AW FAle B B2 zap A,
g7 9l 8ks] =], 139 1%, 1987.

23) Q43 1%“1 HarA el AbAlsle 2E o
Bl 7, FFAR 2], 18 6%, 1985,

24) 7183 u&ﬂﬂ DEARAI of-e] slEbE ml A
g o) #F o7, FFpAREGS R, 199

13

=

25) 4T 1 FAAN A oFE o

=] 154 T
SAbEd e =F3, 123, 1989.
26) 7} sl A X of W X3l FEARA
TR, B9 AE s =], 189 135, 1992,
£33 LAy S8 AdEd 54, 3tA

27) 3
2] Aehs] %], 199 23, 1993

28) Mo, e, wbAdwl LAl Ao el e
74}, 3:}7‘3.,4*35}35] 2], 159 1%, 1989.

29) %918, o]F, PAx  FUY BE IS

Korean Journal of Environmental Health Society, Vol. 21(1)



20

30) =

31

32)

33)

34) 2

35)

36)
37
38)

39)

40)

Won Myo Lee et al.

5k 73 9| 4 8h3) %], 16 25, 1990.

Aeod g Al gl ek Bo) AE za}, A%
RB7A%7 A8y, 1983

HE a9 oA, stw F4, Vol. 4, No. 2,
1989,

HeA s stw 27 3k, stw B ghs|a|, Vol

1, No 1, 1988.
AL FA gk wd s}, 1993.

2 2134, 1991
SR
L s k't 633%, 1993.

dall s o 2APHE, HEAL 1993

ekl e T Al Eoh), 1982,
RSP D e 2lgr A, R b
A RA AL S B I i 1 o =
ZAAE) -8, A 7443

APHA-AWWA-WPCF : Standard Methods for the
Examination of Water and Waste Water, 15th
edition, 1981.

wbaded, Alwged, il whab e L g2
FoAgel s ael e

’ﬂ ) Al

41)

42

-

43)

44)

45)

46)

THEFZ, YHEET G35 FA0R), HeEdA
BAZAAT AR, 203, 1984

kAl s Fdul, 23], due e g2y
EFe AAFe) Be AL MeEHEA] HAs
AT 4R, H27H, 1991,

A A 9T FAY A cdARRA A
AN PEE AR g A °JzﬂtﬂfzhL 4
chEhd HAb she=E 1990

HodF, A E, Al 257, whde A s

o) el e wa, 44 mARAQTAY
24, 195-199, 1988.
of50l, el 254, olelal 1 e xs)s

o eiwsl Qad foly HE,
7olTfln, 24, 200-208,1988.
R oq_’,:u], o]gﬂu UJLT -8z 143_’%
o) glystH kel A4 MARAATUR,
23, 125-131, 1987.

el 2god, mryd, ol gzl Hwal,
ubAdel i Abebabel 914 Abellof] T w)apE-sha
Ak A2 EA B sl 4194, 1983

A& Bt

ERR

Korean Journal of Environmental Health Society, Vol. 21(1)



