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A Comparative Study on Drinking Water Quality of Simple Piped Water
Supply Systems and Water Pumps According to Seasons
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School of Public Health, Seoul National University

ABSTRACT

The purpose of this study was to find out more effective schemes on safe water supply in
rural area. Then, this study was carried out to investigate drinking water qualities of 20 simple
piped water supply systems and 20 water pumps in Chun Sung County, Kang Won Province from
12th Diecember to 24th December, 1983 and was compared this results with the previous results
that had been carried out at the same sample sites from 1st July to 30th August, 1981.

1. This results of water quality in winter are better than the previous results in summer because
this results are identified as safe 20%, unsafe 35% in simple piped water supply
systems, safe 50%, unsafe 20% in water pumps and the previous results are identified as safe
1.8%, unsafe 78.6% in simple piped water supply systems, safe 5.5%, unsafe 73.6% in water
pumps.

2. Water qualities of water pumps are better than that of simple piped water supply systems
because the former is identified as safe 50%, unsafe 20% and the latter is identified as safe
20%, unsafe 35%.

3. Drinking waters that are in need of chlorination in winter as well as summer are 45% of simple
piped water supply systems and 30% of water pumps.
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BEZ BHEY KHKE Htss Ao 9%
EE Ee MEE U metA, #E5E o
o] 19817 o &(1981. 7. 1~1981. 8. 30) ol @
S EABe R FRHENY & Y EA
pump ] A'H W FEREBE L& HFEat
Utk olg® A PEE xdd HEEHE L+
®2 5o FHio Wibol BE 53 ALY
KERES ik fRsines FRAA RE
o] fREK HE48oll U Btk o HEMA HE
& ERseT A HEY BHe F2 Ytk

n. EMAE

1. HRME I sample R

19834 128 1284 ¢ 19834 128 248
7R LEE FERE FRE, HicmiRe M
5 EAES pumpikel Wl KXHMEE W

Table 1. Distribution on Sampling Sites

Estlch ARBEYRS specimen sampling
2 2 19814Y SAFEHEE M B3
Mo 2 HrEE, FHibme RRAZHe B
5 LXKiE 20@fr2t @A pumpsK 20 fEA
e Eistsdch % Lk#ES pumpikel
sample B9} K2 Table 1 3 2t}

2. BAKK B

MAEHNER Bk BH LAES #RKE #K
Bl kg A ==& =" o #kgdA
Bkstgch —fir BILBE KAl specimen
sampled W& HES lliter FeME FH
sl MIESRMN REAC=E 15Lb. 121C
15 58 pressure sterilizer 2 BRET 100m/
Laborasory Ross Bottle & #fsl o
K HEe B5% KBS pump/k 33 5
SR 5% LAKES pump BN B AE B
£q %o VERE RA3H 309AE BHR
22 E#std mASA

3 WERH

(1) BB BRE LD

BBl KAERZE pH NO;-N, NO~N,
NH,-N, 8% @%, CI” B, EE HI K

Area T The number of Samples
Myun é’; - R Simple Piped Water Water
L = Supply Systems Pumps
SaAm Ri 2 2
SeenChon Ri 2
, HakGok Ri 2 2
Shindong Myun GeoDu Ri 5 2
KoEun Ri 2 1
Joung Ri 2 1
YulMoon Ri 4 3
YoPo Ri 2 2
inbuk
Shinbuk Myun CheonJeon Ri 2 3
SanCheon Ri 1 2
Total 20 20
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Table 2. Analytical Method of Water

Quality
,ﬁ Experimental methods and
Item
Apparatus

pH rCorning PH meter (Model, 10.

CUS.A)
NO,-N G.R. (Griess— Romijin) method
NG, --N G.R. (Griess —Romijin) method
NH;-N " Nesslerization method
Residual- ' O-—Tolidine method
Chlor. |
Cl ion AgNO; method
Total Hard-| EDTA (ETA) method
ness

(2) BRI &>

@O —i MY A BRE

Mk & BEEd 10452 e ¢ EES B
25 Mk 1m/E Petridish 2faddl 8& &7
X, 45°C water—bathol = °} 3+ Nutrient
Agar 15~20m/& o A 3 EHE
#® 37°C BEBANA 24+ 2hrs EF Sl R
€ Colony & MEstHd —i MHEKE HE
&hod o,

@ KEHEE BE BRRE

Table 3. Standard of Safety Water

AR A MRk £ EE mEH
(1955) 4l fkated AESIE 2% MK 10mi, 1
m/{, 01m/, 00lm/€& && 5M§2] Lactose
Broth B & ol FE A -36°C, 48 +2hrs 5
L % MEEY W B gas st BAS
e ke KBEE BHoR HRsH
I 5 MEET 1EHes B HmRde
ol KE KBEEK Bi>2 RiRsdes B
#el BME] BE FHES KHENLE &
By @EZ KK 100mlE KREBER £9
9= M B (Most Probable Number M.P.N.)
F HE S| ERACH

4 %A BF HE

A HEANA RABFHES 19814 FHER
ERYR A 2 A2 table 33 o] &
HiEl, 8H%, KANESR Bost fEsS
gichk &RAES BB ERERY GES
0 HEBRR chel Riysicta BESM K
Hol® EWMFolotd-& LBM ERERE
REFeh MESEN BR R FAEET KE
A wWEMES S KA T A BR K
wetgdoh E AL F et B{LBK, M
REN, R R o] KR KHERA

[tem I Safe Need t or' Unsafe
| Disinfection
pH 5.8~8.0 5.8~8.0 less than 5.7 or
more than 81
NO,- N less than 10ppm less than 10ppm more than
] 10ppm
NO,-N negative negative positive
NH3;~-N negative negative positive

Residual Chlor. less than 10 ppm
Cl ion i
Total Hardness less than 300ppm
General Count of fewer than 100 per
Bacteria 1ml

E. coli (M,P.N)

less than 150ppm

negative

less than 10ppm

150~200ppm
less than 300 ppm
more than 100per
1ml

positive

negative or

more than 10ppm

more than 200 ppm
more than 300ppm
more than 100Qper

im/

positive
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LM% bk MBS Y RHE

Agol ANE W5 bAE 20 4 RE 11
f, FALE OO W BABM BE Y @
BB BE & SE table 49 Tool F—i
By A-HREELE of Bo AT FRE
& Table 58 2k,

NOs-N7b 10ppm Sl ol A  NHs-N ot
NO,~N7I Fssol oz Bm=dge o
KRol 2s BRE o KRpms B
o2 4 zt=)ul Sample 204% 14205

b Ve ol 19811 oo BER
2107 %) 2t BiIFTE "ol ok

NG;-N7t 10 ppm YL E°1H A NO,-N7t B
o2 et AL KEol wEE Hfe =
o] AR ot He MEET 2 BK
gl A o224 Sample 1#:(19) 5%71 olq
48l 19814 RAEMR(TIH 9 A e
4] o]t}, Sample 3#:(8 9, 11) 15 %+ NOs
-N 7} 10ppmeo]3to]mia NO, N7 Bito g
g e == gtovt &if Hfue) Ha
U+ AL Bukstcu 19814 FHERKR(78.6
ol thatd 24l Fol& AR o HF
I AZe RREME zold o Aoz B
"k pH7F Bl LITR VvEd 2o gl
2 (19814, 36%), BEw#Es vepd X

Table 4. M5 kil BB B8 I HE2N RELR L)

Item . a}

E_pH NO&N NO&N NH-N Réi‘liura' - HZ:;‘:&S :‘: g ATET
%?g"z] 5.8~ 10ppm . . 17ppm  150ppm 300 ppm 100/1m! negative
NO. \ g0 o s "eEATVE nesae s o s o s o s /100ml

1 716 1 - — 59 133 44 %33
2 19 0.5 - - 67 152 83 X110
3 75 6 - — 163 228 50 %20
@ 69 0.2 - - 89 323 36 -
5 71 0.1 - - 45 19 2,400 %230

6§ 6.9 0.1 - - 131 304 46 %20

® 1.0 4 - - 559 836 13 -

8 68 02 X+ - 704 1235  %1,400 X790

9 7.0 6 %+ - 227 418 32 -
® 10 1 - - 187 494 25 -

11 7.0 1 X+ - 153 342  X1,500 %330

12 65 % 40 - X+ 67.0 817 53 %23

13 68 3 - X+ 82 171 %890 %170

14 67 %10 - - 82 399 %250 -

® 7.0 8 - - 104 437 25 -

16 6.7 45 = - 148 513 27 %18

17 68 8 - - 522  129.2 45 X 8

18 7.0 8 - = 96 437 %1600 X230

19 70 %14 %+ - 156 228 % 210 %70

20 70 %12 %+ e+ 156 361 23 -

¥ 71EA ol AT A, O AL
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Table 5. 5 Ekiiol BBy BE 3 MEEN BE FR(E )

\Item
§ pH NOs;-N NO,~N NHz;—-N

Residual

"]

_ «d
\ Chior. Cl Hardness PEP o A
2] — [ i
%?ENO. 5':'0 iIOpprr;} negative negative :]Opprr;} 150ppm 300ppm l/olenl]ﬂ ;‘gg?:;’e
1 65 60 X+ = = 8.2 47 5400 33
2 6.4 8.0 X + -~ - 9.3 5.7 5,900 33
3 7.3. %200 ¥ + ¥+ - 30.1 107.7 4,400 17
4 7.0 % 250 ¥ + X+ - 321 150.7 5,300 31
5 7.4 5.5 X + ~ - 6.8 27.4 2,500 23
6 7.5 7.0 * + - - 7.9 30.0 32,000 790
7 7.0 6.5 ¥ + - - 48 29.4 98,000 3,300
8 6.8 5.0 ¥ + - - 7.4 4.7 4,100 17
9 6.4 6.0 * + - - 306 87.1 1,200 490
10 6.7 ¥ 25.0 X +  + - 11.6 19.63 29,000 700
11 6.7 5.0 ¥ + - - 184 68.6 24,000 1,300
12 5.8 5.5 - - - 8.5 478 36,000 1,600
13 7.2 1.5 - - - 3.5 87.1 27,000 1,100
i4 59 5.5 ¥+ - - 24.1 64.5 25 -
15 173 1.5 - - - 5.5 31.5 1 -
16 6.2 7.0 ¥ + - - 15.2 60.5 79 13
17 5.6 5.5 X + - - 24.2 66.5 1,400 23
18 6.0 4.0 ¥ + - - 8.9 46.5 920 23
19 6.1 5.0 - - - 13.1 76.8 220 -
20 6.1 3.0 - - - © 152 60.8 68,000 540
21 5.6 6.0 X + - - 17.6 105.7 75 4.5
22 59 5.0 * + — - 236 66.5 4,600 33
23 58 %300 x +  + - 104.8 243.7 14,000 700
24 58 %250 X + o+ - 80.4 171.6 - -
25 6.4 1.5 X+ - - 6.7 35.6 260 -
26 6.5 1.0 X + - - 6.7 233 6, 900 370
27 6.1 ¥ 15.0 X + - - 28.4 1139 10 2
28 6.0 1.0 ¥+ - - 30.0 109.8 900 49
29 6.4 0.5 - - 0.1 4.9 45.9 500 2
30 6.5 0.3 - - - 34 21.2 4,700 33
31 6.5 0.3 -~ - - 209 21.2 3,000 130
32 6.2 6.0 X+ - - 349 70.6 300 -
33 5.8 %400 ¥+ *+ - 73.4 8.8 350 23
34 6.0 5.5 ¥ + - 0.05 55.9 159.2 410 23
35 6.0 5.5 ¥ + - - 16.9 78.8 240 7.8
36 58 %350 X + -~ - 48.9 118.0 35 45
37 6.0 5.5 %+ - - 41.9 70.6 40 —
38 59 6.0 *+ - - 14.9 25.3 45 4.5
39 59 5.0 %+ - - 29.0 68.6 15 2
40 62 5.5 %+ ~ - 6.7 0.6 22,000 1,300
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41 6.7 1.2 X+ - - 27.4 50.1 2,700 70
42 6.0 6.0 m+ - - 27.3 95.4 18 2
43 6.7 0.1 - - — 3.5 15.0 270 7.8
44 6.6 0.1 ¥+ - - 2.8 19.1 690 23
45 59 15 ¥+ - - 8.4 57.7 330 7.8
46 6.3 4.0 ®+ - - 20.9 62.4 3,600 17
47 623 X200 %+ - - 36.4 153.0 1,700 49
48 62 X150 ¥+ - - 41.3 1489 42,000 920
49 6.0 45 A+ -~ - 14.7 52.1 590 33
50 6.1 35 X+ - - 12.6 645 39,000 170
51 65 02 K+ - - 2.8 233 300 49
52 6.6 0.2 - - - 3.8 10.9 200 49
53 6.7 0.2 - - - 3.5 27.4 2,400 110
54 64 40 ¥+ - — 9.8 50.0 57,000 540
55 6.3 0.3 - - - 6.9 15.0 90 4.5
56 6.3 5.0 %+ - - 16.1 748 32,000 170

M AAEA o4E FAR AY. O A

= A Egle] (19814 36%) &3 @5 LK
He BEASL &% ¥t sleg veych
MR BE &4 Sample 744, 7,9 10,
14,15, 20) 35%7} Escherichia coli 7} E&#E o
2 vebgbsd 19814 BEMAR 125% =20t
BT sloz etk 7% Sample 14:(20)
5% BEtBmor 22 HLxgz Sample
1H(14) 5%+ —i M7 Bl 100m/
m/ 2ot ®A ettt £ Sample 14£(9)5
%= MERH BEANME BIFSY NO~-N7L
e 2 Jehvrl s ok ol4olA me vt
o} zbol M5 LKl 204t EESS 44
(4,7,10,15 20%, £H%F 94,2 3. 5,6, 14,
16,17,18) 45%, KM Ri#go) 7#:(8 9 11,12
13,19.200 35%=2 e 1981 46K S5 @
BEFHEH(KAES 1.8%, EMF 196%, KA
RiE 786 %) ol H3ld BIFS o2 ety
ol ol ¥ 19814 o359 AEATHECE 1983
AL KHEAE KE] R ez ¢
bt 22 AL WK 5, RES] KT, &
KEe B, EMmY HMiEEA g Aoz
BRES o 2 19814 o8 Ha #
& ¥ Aol MIT HIEE s o] o}
Uz ABEREN FET = A& gk

HKAEST A

Y, AL KEo BT M & 65
%o &l & 3= 13fArol A Escherichia coli
b A A 40 ol M sl EATAA —i
WEEE /T EEE DESE 9 ong AgH
= EEMAEL wesitta B o T (Table
6 M)

2. Pampskel m#&E R 2 R

A€H pump/K 20 #:GE Eif 104, H 4k
1046 HI #E2y BE 4 BREEHN B
AR Table 73 2o fl—#iR o fa—
HREH. 2 o5 4% HRERE table
83 zr}

NO;— N7} 10 ppm L Eol™l NO,~ N2 NH;
-N7} [l B e 2 Jebd oA Y8 B
gue)l 3 oty BEw glrkar Y EE Sa-
mple & 3hups gl 19814F¢] 27 g2t o
Al etgt o= NO;-N7F 10ppm &l Eola NO,
-N7} Bt AL Bo) EEs HHEAs
oot Aol #ET T Agg Yehi+e
g 19814E® 2] 54%0l the $HE gldon
pH&E #Eam LT v kel 22 3 #s ¢
Atk NO-N7F Btk o= vhefut G Fguol
WMEsn Jd= Aow Y L 19814



Table 6. Comparison the results, 1981 with the results, 1983 on water quality'in

simple piped water supply systems.

Year The number of samples (%) The number of samples (%)
Safety of the results, 1981 of the results, 1983
Safe 1 (1.8) 4 (20.00
Need for 11 (19.8) 9 (450)
disinfection
Unsafe 44 (786) 7 (35.0)
Total 56 (1000 20 (100}
Table 7. Pump /ke] B(LBr BE 2 HEPEN BE #K2 G
g -
\%;ba NOs~N NO,-N NHgN Re:}‘l‘:(‘:f.' ClI”~  Hardness f] &ji o yEE
553;”‘-"(] 58~ 10ppm . . 10ppm 150ppm 300ppm 100/ negative
PO\ B0 o g "ERNVE PEBAVE g4 o s ol s imlolsh /100m!
1 6.8 8 - - - 35.5 47.5 %110 -
2 6.6 4 - - - 156 4175 % 1,500 -~
3 6.8 3 - - - 8.2 19 % 3,500 -
4 6.7 8 - -~ - 53.6 66.5 %230 B3}
5 6.8 ¥ 15 - X+ - 31.3 58.9 16 %5
® 170 8 - - ~ 37.2 64.6 20 -
@ 6.7 4 - ~ - - 58.8 58.9 25 -
8 6.7 ¥ 10 - 4+ ~ 186 36.1 % 1,400 3%€330
9 6.7 8 - - - 20.1 24.7 15 -
10 7.0 6 - - - 8.9 24.7 %200 13
11 71 % 40 - %+ - 27.5 38 150 %130
12 7.0 6 ¥+ - - 11.2 24.7 71 -
® 6.5 6 - - - 186 26.6 72 -
@ 6.6 4 - - - 70.7 93.1 20 -
® 65 8 - - - 55.4 51.3 12 -
16 6.3 6 - - - 4.5 1.7.8 31 %23
® 15 1 - — - 273 55.1 39 -
® 69 6 - - - 62.2 66.5 32 -
® 6.9 8 - - - 63.1 83.6 49 -
@ 7.1 4 - - - 8.9 24.7 36 -

¥ 718 ol 4e AL AW, O A KA #HEY AY.

75.7 %) 8l & Sample 14(12) 5 %= B
g zpolE Holxm o™ Cl” iond & S

B ERsI e o] A ERAA ke
K igE HY ZEREF UH 5 ERch

Be EEEE Aol A Hou AEMES 2
S Htros Jehtu A& £ ohis e

MERN QA As

Escherichia coli 7}

Sample 6#(4, 5,810, 11,16) & RS 1444,



Table 8. Pump k¢ FE{LEBE) BE U WESEN BE #£RGEH)

Item i -
\ié pH NOs;—N NO,~N NH,;-N R::ﬁ‘:’l Cl~  Hardness ;‘:—i‘: WA #7
Sam- % . ;
113118. ils'g.o lo?ppms} negative negative ol]Oppn;} 150ppm 300ppm 11?3;] ot/ r;zgoar:;e/

1 58 8.0 ¥+ - - 24.2 69.6 7,200 350
2 5.7 8.0, X+ - - 30.4 210.5 230 13
3 58 5.0 - - - 186 62.4 9,800 540
4 57 %45.0 o+ ~ - 3 349.2 3% 490.2 4,300 33
5 5. 6.0 - - - 17.9 789 170,000 5400
6 59 30 ¥+ - - 9.7 42.7 200 -
7 59 7.5 ¥+ - - 34.5 2189 13,000 540
8 59 7.0 - - - 13.1 70.7 3,100 79
9 ¥44 %500 ¥+ ¥+ - ¥ 2655 3% 468.2 400 -

10 %55 9.5 %+ - - 50.5 2541 110,000 3,500

11 ¥54 %105 ¥+ - - 34.5 298.7 140,000 3,500

12 6.2 6.0 ¥+ - - 34.9 70.6 21 1.8

13 15 0.5 ¥+ - - 3.7 309 520 -

14 80 1.5 ¥+ - - 3.4 38.0 2,600 130

15 7.8 0.9 - - - 16.3 46.2 360 -

® 58 2.5 - - - 80.4 171.6 62 -
17 64 15 ¥+ - - 6.7 35.6 98 -

18 5.8 6.0 - - - 17.9 789 170,000 5,400

19 65 45 o+ - - 14.7 52.1 5,400 33

20 7.0 6.5 %+ - - 4.8 29.4 83,000 2400

21 10 1.5 o+ - - 2.7 30.5 490 -

@ 60 5.5 - - - 41.9 70.6 8 -

23 59 75, ¥+ ~ - 345 2189 13,000 540

24 6.7 5.5 o+ - - 30.5 1274 2,500 130

25 6.2 45 ¥+ - - 20.9 57.2 2,000 23

26 6.0 6.0 Mo+ - - 27.3 95.4 4 2

27 59 70 - - ~ 13.1 70.7 3,100 70

28 75 0.5 ¥+ - - 2.7 29.7 470 +

29 1.7 0.9 ¥+ - - 3.4 23.5 140 +

30 78 1.0 ¥+ - - 10.2 56.6 230 +

31 8.0 1.5 * + - - 3.4 38.0 1,700 +

32 80 0.6 M+ - - 10.8 50.4 260 +

33 78 0.9 ¥+ - - 16.3 46.2 360 +

34 6.7 1.5 - - - 4.1 27.6 270 +

35 6.9 2.0 ¥+ - - 2.7 44.2 270 +

3 7.0 1.5 o+ - - 48 122.1 430 +

37 6.8 2.0 %+ - - 48 338 230 +

K A1EA o 4E AR AY. O AL KA HEYL 2.



V%7t Btow et 19814F BE BR
216 9| Rt Hsld Aws RIFT 4
o] o] —i MBIt EasE 100/mi L Lk
o2 M9 A Sample 3#(1,2,3) 15%
o s1wal™ Sample 14:(12) 5%+ MES
o2 HIFsIU NO,~N7t Bo2 iebit
i},

ol 4 zo] ML pumpK 204 KEE
&o] 104(6,7,9,13, 14,15,17, 18,19, 20) 50
%, BEF 611,23, 4,10,16) 30%, A
B 44(5811,12) 208 el 1981
4 A5 HEKREY 54%, 189%, 75.7%
o atd W BiFT Ao ol gyttt
o #o] FHIMIQ ERWILo) 4% How &
olftH(Table 9 ZR). &, pumpk HA
30 (6 AT 7t Escherichia Coli Group®) kg
ez veldz 35%(7THEM 71 —8 MEK
7 Bl DEog Jept mEigEe SES
gt

Table 9. Comparison the results, 1981 with

3. 5 LKEe pumpke MAPE S
o o3l FHAY KK

Hggiel B5% Eoki#Ee pumpke KK
BE MRE KK PEXME st EHI
2 t# sk Table 103 Fch

Heuige M5 EAESY pumpkel XE
+ FHHNZ LEstd ASH Y KBES) B
5 LXE 4#(200 %), pump K 10#(50.0
B)o2 vEr Ao A AEdE BH L
KiE 1#(1.8%), pump /K 24 (5.5%) 02 1§
% LAK#E 9 pumpikK 33 AL kKol B
HE Aoz vetron M5 LA % pump
K 33 EEENA AANAE ALl ARKE
&ol i 5L K& 20 EAh 6 A2 30%,pu-
mpKE 20@A g 11EFARE 55%0° o9&
Holl = B HLAKIEBE 56@HP 4@F= 7.1%,
pump K& 37MEATP @A 81%=4 ALA
o] KHel BIFs Bk BBL Fh LE
3 Aoz vetxtth MRS HRIAM AL

the results, 1983 on water quality

in pumps,
Year The number of samples (%)  The number of samples (%)
Safety of the results, 1981 of the results, 1983

Safe 2 (5.4) 10 (50.0)
Need for 7 (189) 6 (30.0)
disinfection
Unsafe 28 (75.7) 4 (20.0)

Total 37 (100.0) 20 (100.0)

Table 10. Comparison simple piped water supply systems with pumps on safety

water,

Seasons Safety Simple piped water Pump No, (%)

j No. (#) *
% Safe 4 (2000 10 (50.0)
Winter | Need for disinfestion 9 (45.0) 6 (30.0)
Unsafe 7 (35.0) 4 (20.0)
Safe 1 (1.8 2 (5.5)
Summer Need for disinfestion 11 (19.6) 7 (18.9)
Unsafe 44 (786) 28 (73.6)
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A pumpke KEOl M5 EKige KE2
RIFE 2e 81F A& KR SYstsict
ek A KR KBe oWy daAE B
% EKE Y pumpKel & HES BA3
oW o™ 3l MBS L@ AS FRS
HgERe s 3 ¢ FEEL ) Eod
}

19834 128 128&8% ¢ [B4E 128 248
7hA ILEGE FEER #rEE, il ssie] 6
% E/KE 208, pumpsk 20 AT o ¥ Kk
B AESEEE 19814 7TH 1859 B4 88
30 874 F—it WESRS S HEE HR
BEe o g3 2,

1. BFEMER

1) 19834F A€ KB BERE ®KAES
ol % LKE 20%, pump K 50 %olm &M
R@&ol 5 EXAE 35%, pumpk 2082
vERY 19814 of-Eol] AA [H #ise KE
BE ER RKRBG % kK& 1.8%, pu-
mp K 55%% KRARBS MY I AE 786
%, pump 7K 736 %o thaled A& KHol
H4 BiFstg ok

2 5 EAEY KRAESC 4 20%,
BRAREEC THEA 35 %ol 818t pump 7k
ol (RMBES 111 55%, &KHRES 4 @k
20 %2 pumpK>t 5 LAKERTT RIFsIY
124

3) MHRN HES Tie KEAks Y5
K 9 45%, pump Kk 64 30 BE o E
ol = B8 ALolE ko #iFo] LESITh

2828 &
RILRE whot o] Aiohg F¥eo —Bow
Wfrs 5 EAE ke (RS AEMAK

FIAC %2 EFE T2 A2 REUT 7
B EE, fER TH #a%o= Nl ot 3
£ pump /K2t ARE KEE HEH = (1981
F 7T~8H KHKES F— #HHP) KR &
RN ARy RN BRRel ke ¢z Uk A
&2 KH 9459 KEEY ¥4 Rifsicz
st MR BE KR ASNSE WEAR
o] HET o2 EHEAU 2R BN
ke M5 LAE R HE ®EY &
HEA BAKEE B REBHKF ) BUFH X
Al A Bt @ffrgel 1 Hlgoes o Foix
of & Zew Azsirh

2 & X ®

L BXHE, ReH : —8 S shEe 65
EXKiES pumprkel KEN MY i
FRAE. BEHESEE 9 (1) p.77~84,
1983.

2 A5 o 5AcmATE JA BAA”
chapter 4p.213~228, Al A& 34 1980

3 BAEBE  “qYAEY" p.56~93 ¢
Atwt 153 BB 30 9.

4 NN2A% AFY s “23 s x4
"A” p.125~131, &st4}, 1981

5. #3424 $Bo oggta FagT”
ol &, Vol. 9 No. p. 253, 1968,

6. BCHE S 2A:“ BIRER Hihe] ISk,
# HR WY K" RRBRCE Vol.
4 No.?2 p.168~201, 1977.

TOFLE, K MR AER B LB foplk
of M3 HAEBN BEHE, AR IRE%E
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