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A Study on Efficient Simple Water Supply System in
Rural Areas

Hong Keun Lee - Nam Won Paik - Do Hyeon Paik
Graduate School of Public Health, Seoul National University

ABSTRACT

The purpose of this study was to establish acceptable criteria for the design of simple water treat-
ment plant in rural areas. To develop efficient simple water treatment methods for rural areas, wat-
er quality in the study areas was investigated and rapid and slow filtrations in pilot-scale were test-

ed under various conditions.
The main results of this study are as follows.

It was found that the water qualities of the study areas exceed the drinking water standards,
which implies that some treatments are required in rural areas.

Treatment efficiencies of both rapid sand and dual-media (sand and anthracite) filtration without
pre-treatment such as flocculation and sedimentation are very low, which were turned out to be

unadequate for the rural areas.

Treatment efficiencies of both vertical and horizontal slow filtration without chlorination are very
high for consumed KMnQO,, NH.-N, NO,-N, turbidity, and very low for coliform and bacteria.

Treatment efficiencies of both vertical and horizontal slow filtration with chlorination are very
nigh over the most pollutants. A slow filtration with chlorination is efficient for the rural areas. An

adequate depth of sand layer is over 60 cm.

A horizontal filtration is more economical than a vertical filtration. A horizontal filtration can be
operated for a relatively long periods of time without sand washing or replacement because clogging

1s removed by simple back-washing.
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Fig. 1. Schematic diagram of rapid filter pilot-plant.
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Table 2. Water quality in tab water

bamplxlng YULMUN YULMUN GINEA YONGSAN BALSAN SANCHUN
site. 1 Rl A* 1RIB 1RIB 2RI B 2RI B 1RIB
[tem (unit) (GROUND) (GROUND) (SURFACE) (SPRING) (GROUND) (GROUND)
pH 6.36 6.65 6.90 6.80 6.72 6.75
Consumed KMnO, (mg/D) 2.48 0.62 0.31 0.93 0.93 2.79
NH:-N (mg/D N.D. N.D. 0.01 0.02 N.D. 0.04
NO.-N (mg/D 4.3 37 1.3 1.8 3.2 2.7
Turbidity (NTU) 0.5 0.7 15 0.2 0.8 0.4
Residual chlorine (mg/l N.D. N.D. N.D. N.D. N.D. N.D.
Hardness (mg/D) 46 43 20 20 24 42
Cl (mg/D 3.5 10.6 35 1.8 35 1.8
SO# (mg/D 9 10 2 N.D. 1 9
F (mg/D (.69 0.52 0.36 0.07 0.18 0.08
Cu (mg/D 0.10 0.02 0.10 0.03 0.03 0.02
Fe {(mg/D N.D. N.D. 0.02 0.01 0.01 0.01
Cr" (mg/D) N.D. 0.01 0.03 0.02 0.01 N.D.
Mn (mg/D) N.D. - - - N.D. 0.01
Ph (mg/D 0.035 - - - N.D. N.D.
Zn (mg/D 0.061 - - - 0.071 -
Cd (mg/D 0.003 - - - 0.002 -
Phenol (mg/D N.D. N.D. N.D. N.D. N.D. N.D.
Coliform(count/50 m/) N.D. N.D. N.D. N.D. N.D. N.D.
Bacteria (count/1 m/) 2 3 8 11 6 24
N.D. : Non-detected
*: A = Near tap from Water Source, B = Remote tap from Water Source
** 1 Excess of water quality standard
NTU : Nephelometric Turbidity Units
Table 2. Continued
Sampling  CHUNJUN YUPO IMDANG YACHON GISUK DUKGOK
site 4 RI B 3 RIB 1RIB RI B RI B RI B
Item(unit) (GROUND) (GROUND) (GROUND) (SURFACE) (SURFACE) (SURFACE)
pH 6.33 6.38 6.71 6.76 7.15 7.33
Consumed KMnO, (mg/)  0.31 0.62 N.D. 0.32 1.26 0.95
NH:-N (mg/D N.D. 0.06 N.D. N.D. 0.04 0.02
NO.-N (mg/D 11.2%* 3.9 3.8 2.1 1.0 0.7
Turbidity (NTU) 0.2 0.2 0.5 0.7 1.0 0.6
Residual chlorine (mg/D) N.D. N.D. N.D. N.D. N.D. N.D.
Hardness (mg/D) 85 62 32 24 20 17
Cl' (mg/D ' 10.6 10.6 1.7 3.4 1.8 1.8
SO (mg/D 20) 9 9 8 N.D. 1
F (mg/D 0.40 0.26 0.30 0.24 0.01 -
Cu (mg/D 0.08 0.04 0.07 0.01 0.03 N.D.
Fe (mg/l) 0.02 N.D. 0.01 N.D. N.D. N.D.
Cr™ (mg/D 0.01 N.D. 0.01 N.D. 0.01 0.01
Mn (mg/D) - - - - - 0.06
Pb (mg/D - - - - - N.D.
Zn (mg/D - - - - - 0.059
Cd (mg/D - - - - - 0.001
Phenol (mg/) N.D. N.D. N.D. N.D. N.D. N.D.
Coliform(count/50 m/) N.D. N.D. N.D. 2%* 33** N.D.
Bacteria (count/1 mf) 3 6 5 4 148** 2
Korean Journal of Environmental Health Society, Vol. 22(3)
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Table 3. Experimental results and treatment efficiencies in vertical rapid sand filtration 70 cm and vertical rapid

dual media(sand & anthracite) filtration 70 cm

No. of VRSF70 VRSAF70
0. 0
Item (Units) Raw Water Tre: s
Samples reatment . Treatment
P Treated Water Efficiency (%) Ireated Water Efficiency(%)
Consumed 1 10.76 9.49 11.80 8.54 20.63
KMnO, (mg/l) 2 12.67 10.83 14.13 10.49 17.20
1 4.25 3.90 8.24 3.98 6.35
NH:‘N l)
N (mg/ 2 9.04 8.16 14.13 8.60 4.86
NO,-N (me/l) 1 18.20 17.40 4.40 17.60 3.29
o e 2 18.10 16.80 5.31 16.20 10.49
Coliform 1 5,400 3,500 35.70 1.800 66.17
(count/50 mi) 2 - - -
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Table 4. Experimental results and treatment efficiencies in vertical (VSSF80) and horizontal slow sand filtration

80 ¢m (HSSFR0)

VSSE&0) HSSF80
ftem (Units) O
em nits . Tre: T Treatment
Samples R Wat Treated Treatment Raw Water Treated rea
P aw vater Water Efficiency (%) aw atel Water Efficiency (%)
Consumed 1 12.67 4.74 62.59 12.47 4.90 59.60
KMnO, (mg/1) 2 14.20 4.70 66.90 13.20 5.10 61.36
1 9.04 4.40 51.32 3.40 1.20 64.71
NH.- /1) g
N (mg 2 6.50 2.50 61.54 1.50 0.35 76.67
1 18.10 8.30 56.74 14.10 4.20 70.21
NOs-N (mg/D
7N (mg 2 14.70 4.60 68.71 14.60 7.10 51.34
Coliform 1 5,400 1,600 70.37 1,600 270 83.13
(count/50 m!) 2 480 120 75.00) 1,100 223 79.93
Bacteria 1 - - - 4,120 756 81.65
(count/1 ml) 2 3,200 950 70.31 2,590 548 78.84
vhepyt}, NO+Nell thall A= 10.9%, N7l a4 60.
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Table 5. Experimental results and treatment efficiencies in vertical rapid sand filtration and chlorination 70
cm (VRSFC70) & vertical rapid dual media (sand and anthracite) filtration and chlorinatrion 70 cm

(VRSAFC70)
VRSFC70 VRSAFC70
Item (Units) No. of
nis) o Treated Treatment Treated Treatment
Samples R Wat rea R .
P aw water Water Efficiency (%) aw Water Water Efficiency(%)
1 15.83 12.88 18.63 15.83 11.03 30.32
Consumed 2 12.67 10.44 9.49 12.67 9.49 25.10
KMnO, (mg/h) 3 13.57 9.49 30.07 13.57 5.43 59.96
4 20.58 15.18 26.23 20.58 13.24 35.67
1 2.50 2.34 9.40 2.50 2.36 5.60
2 9.04 7.68 15.04 9.04 8.48 6.19
NH.N (mg/!
N (gD 2.24 2.10 10.25 2.24 2.05 8.49
4 6.44 5.64 12.42 6.44 6.08 5.59
1 13.90 12.50 10.07 13.90 13.08 5.90
2 18.10 15.60 13.26 18.10 15.40 14.80
NO:-N !
N g/l 14.00 11.70 16.43 14.00 9.80 30.00
4 23.20 17.80 23.28 23.20 19.10 21.98
1 5.50 1.50 72.73 5.50 1.60 70.91
Turbidity 2 3.50 1.70 51.43 3.50 1.60 54.29
(NTU) 3 4.70 1.50 68.09 4.70 1.50 68.09
4 9.80 2.60 73.46 9.80 2.50 74.49
1 5,400 N.D. 100.00 5,400 5 99.91
Coliform 2 5,400 24 99.56 5,400 3 99.95
(count/50 ml) 3 2,400 350 85.42 2,400 300 87.50
4 4 N.D. 100.00 4 N.D. 100.00
1 39,100 3 99.99 39,100 22 99.99
Bacteria 2 27,260 240 99.12 27,260 32 99.88
(count/1 m/) 3 38,000 5,100 86.58 38,000 4,700 87.63
4 18 2 £8.89 18 1 9.44
o)) et & 752} w]ash KMnO,4n] % AAA delz £ olzige] gl Aoz o)
of thair] 2| &8l HT 64.75%4 80.63%= b RPN oA AR o] A
1588% F71hlen), NHoNl sialie 33%, A zole) @ 34sl 27} of sk 41
NO:-Nol| dairE= HF 15.31%, gl ) Zlelct,

M B 27.31%, DubAlell thsiA= 29.63% &
71t 7l o2 ey}
T groqnle]l A9, 7 AEHE AR

KMnO4H)2kol] thallA] 66~70%, NH.-Nel| s
A 76~95%, NOsNol| taljA] 53~75%, HFxel o
A 73~79%, NATTFE 100%, LHkAFl ois)
A 99.929 ol4-& eIt FH o= 2
2 Z2] FH-Holl HoIgle A 7] (clogging) & A A
A1717] 91814 QA A (back-washing)-& A A|FHe
24 oizpge] A4AE WA = gley A F
ot &2 AlAgle] 4ol Jed Aoz widd
v} w3t mejEe) Zolr} ol malEg 3] i

o mxielut & 7499} v)wstd KMnO,AM]
of il AME|H Sl HT 60.48%0A 67.97%=
7.49% Z7Vstgl.e.m, NH.-Nell thsiAe 37 15%,
NO-Nell dhairde HF 7.7%, AATFT A4
= 4 18.47%, LubA|Fell s = 19.69% F7}
g Rog vtepd) FEeinte] Ae-MF d4ins
2 AbgAg] Aol MEITHQ 8.4 Bl ohz) 4bs)
2hgol] o8 el AL AEA Melde X8
Fe Aoz it 32 fYell4] H5a2Ye 8
o33 9ich

3) oj R efZef ol uhi

o] oA AZAYHE

Aelag

Folof £%HAE
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Table 6. Experimental results and treatment efficiencies in vertical slow sand filtration and chlorination 80
cm (VSSFC80) & horizontal slow sand filtration and chlorination 80 cm (HSSFC80)

VSSFC80 HSSFC80
: No. of
Item (Units) ¢ Tre: T .
Samples  paw Water Treated Treatment Raw Wat Treated Treatment
aw Water Water Efficiency (%) aw Tater Water Efficiency(%)

Consumed 1 12.67 2.67 79.48 12.47 4.02 66.69
KMnO(mg/D 2 15.83 2.53 34.02 15.24 4.74 68.82
3 13.57 1.81 86.66 13.20 4.50 65.90
4 20.58 5.69 72.35 15.24 4.50 70.47
1 9.04 1.72 80.97 3.40 0.80 76.47
NH-N (mg/0) Z 2.50 0.30 8??.()9 3.95 0.55 86.(')'7
3 2.24 0.08 96.43 1.50 0.22 85.33
4 6.44 0.37 94.25 3.95 0.20 94.93
1 18.10 6.90 61.80 14.10 4.00 71.63
NON (mg/D 2 13.90 3.20 84.17 21.9() F?./() 7.’3‘9/
3 14.00 2.90 79.27 14.60 6.80 53.42
4 23.20 3.04 86.90 21.90 5.50 74.90
Turbidity 1 3.50 1.00 71.43 6.50 1.70 73.84
(NTUD 2 5.50 1.20 78.18 9.40 2.50 73.40
3 4.70 1.40 75.00 4.50 .95 78.89
4 9.80 2.20 77.55 9.00 2.20 75.56
Coliform 1 5,400 N.D. 100.00 2,600 N.D. 100.00
(count/50 ml) 2 5,400 N.D. 100.00 2,000 N.D. 100.00
3 2,400 N.D. 100.00 2,600 N.D. 100.00
4 4 N.D. 100.00 2,000 N.D. 100.00
Bacteria 1 39,100 N.D. 100.00 12,000 N.D. 100.00
(count/1 ml) 2 27,260 N.D. 100.00 4,100 N.D. 100.00
3 38,000 99 99.74 12,000 10 99.92
4 18 N.D. 100.00 4,100 N.D. 100.00

Fhsle S&odpdo] ol o] Aejof e
Ro 7 ke oo tigh AAIE & of zejE F
QEE e ZEo) ol it Adl-E- HAEksic

(1) 5= ghdred 37}

A ghdol o A maflEo] FHolE wisiA|A
Ae]3t Agjge] 7t gEW g datel xelf
$-& Table 77 Zch @ AAnFA Al Qlola] A
HW3F 1, 23 AAHFAE 15802 shgdm A
HAH 3T 3, 4v AALHFAE 45802 3ok

Table 704 ¥& vie} o] 2} EH el i &
2wyl 7o)zt 60 cmY wl, KMnO, 44| 2ol
A 37~63%, NH,-Nell sl A 48~60%, NO.-
Nell thalr] 58~76%, Bl Halr 60~68%, ol
Aol el Al 100%, dukAlrell sl A 99.92%

ol ake] AAE viellldeh o] w e AR
4 5 0.26~0.29 mg/lo] et

222 Zo]7} 45 cm =, KMnO,4n] 2l of

rdlo

&A1 5~119%, NH-Nell &l 2] 21~38%, NO.~Nell
A 20~40%, Bxell el 44~57%, A
ol dlal X 99.46% oAk, alubAldol] sl 99.
426 o)Ake] A& viebdlgich o] u XE|52] A}
FAAEEE 0.22~0.26 mg/le] et

zZ=2] Z)o]7}F 80 cmol A 60 cmZ A 4E S
ol el Zgo] wEtE Ars e, KMnO,An] 2o
a4 31.42%, NH.-Noll hall4] 33.47%, NO-N
off thall A 11.67%, 5ol thalx 12.37% Z4sle
28-S e, 2ol Zelrt 60 cmellA 45
cmZ  7hA3ked-Sulolli= KMnO, v ekl tiafi4]
41.65%, NH.-Noll tHa]4 24.79%, NO,Neil thzl
A1 35.26%, gl sl 10.97% ZFisle S-S
viebfelel. websd KMnO.Z&H)8, NHy-N, NO.-
N % exof gk el 5o 7W 2 33e viz
1= olabis melEe] Zolvty EA YA, AT

3 olubdFe maFel ol 2 Jue W
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Table 7. Experimental results and treatment efficiencies in vertical slow sand filtration and chlorination 60

cm (VSSFC60) & 45 cm (VSSFC45)

VSSFC60 VSSFC45
Item (Units) No. of
Samples Raw Wat I'reated [reatment Raw Wat Treated Treatment
P aw Water Water Efficiency (%) aw Water Water Efficiency (%)
1 12.67 5.36 57.70 12.70 12.06 5.04
Consumed 2 11.40 7.17 37.10 14.50 13.93 4.34
KMnG, (mg/D 3 12.67 4.70 62.90 12.70 11.43 10.00
4 11.40 6.94 39.13 14.50 12.98 10.85
1 6.37 3.31 48.04 4.99 3.92 21.44
NH,N (mg/l) Z 63.5)7 2.43 59..‘?7 4.95 :i.()7 37.97
3 6.37 2.70 57.62 4.99 3.84 28.82
4 6.07 2.42 60.13 4.95 3.05 38.38
1 13.30 3.70 72.18 11.60 7.00 39.66
. 2 14.40 6.10 57.64 10.65 8.50 20.18
NOy-N 3/1)
' (mg 3 13.30 3.20 75.94 11.60 6.94 40.17
4 14.40 5.80 59.72 10.65 8.05 24.41
1 9.50 3.50 63.16 5.20 2.40 53.85
Turbidity 2 6.60 2.10 68.18 6.80 3.80 44.12
(NTU) 3 6.20 2.50 59.68 4.20 1.80 57.14
4 6.00 2.30 61.67 15.00 6.20 53.68
1 2,200 N.D. 100.00 1,600 8 99.50
Coliform 2 3,500 N.D. 100.00 2,400 13 99.46
(count/50 m/) 3 2,200 N.D. 100.00 1.600 2 99.88
4 3.500 N.D. 100.00 2,400 6 99.75
1 4,410 1 99.98 4,700 4 99.91
Bacteria 2 6.430 5 99.92 5,200 30 99.42
(count/1 ml) 3 4,410 N.D. 100.00 4,700 3 99.94
4 6,430 2 99,97 5,200 10 99.81
om daHeo oajA AlA= ) gkl & oo, Fzkgozle] Aol A

A A wa)Ee] Zolr} 60 emd W) 7AR|7} &
BaeAr|Ed A Hg5E A 5= ),
a2 Zolrt 45 cmd W+ A3 o g B
A=) gdch

Gecaga™ell 93l Ayl T w29
710]7]_ E e -3+ 60 (mvz}z] 241}3}.';7 2 7]7]"6“°"
BAAFRE(10~20 mm)S FAAoE A As
ol 1952k BeallEg AFAEE W47 ¢EiA
22 BEFL 100~140 cmE A EZsof kot
o Rarslgdct. Visscher?ol| ojslwd mefj&e) 34
Zol= 60 cmE 3k, A B-S majEe] Zel: ma
FH-ag A AAB] 3k 80~90 cmE £l
sok 3lcdar ¥ wstgdch wak Ellis™el o] shal ma)
9] Z7] ZolE 120 cmE 8k, 4 7174F H:
ZolE 65 cmE Rkt
ol¢} g 71EL AFHAIe} AYHEANE

>

o o

7'] 100~120 cm

m7} 5]‘”% uf =2j

N
_
of
2
rr
>,\4
o

T
z

¢

M
oo
>)L
} o
il
-
I‘:-«

4
4

Table 83 THEGA 4] wa3e] ZHolE
WA A Mgt Aelee] 24 gE AR da)
o} A EEE bl Aol ©F H4AEA A
sl =2 hgrof o} zho) AYWIF 1, 28 o
2AEFALE 15808 slody AW 3 4= o
£AHEAIZHE 45802 3hgdch

R Ee] Holofl u}E 7+ FEY Ae]a g v
Z2] Aelrt 60 em¥ ® KMnO. v ekell dis)A]
50~60%, NHs-Neoll ehs 4] 53~64%, NO,-Neoi| of
;A 52~75%, Bxoll el 66~67%, HFTF
o] thalA] 100%, LukalFell el 4 99.71% o]Ake]
AAE vhepdigdel o] wl Helee] AFds e
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Table 8. Experimental results and treatment efficiencies in horizontal slow sand filtration and chlorination 60

m (HSSFC60) & 45 cm (HSSFC45)

HSSFC60 HSSFC45
ltem (Units) 0 f
em tunits) . Treated Treatment Treated Treatment
Samples Raw Wat o Raw Wat .
P aw Water Water Efficiency (%) aw water Water Efficiency (%)
1 12.98 5.68 56.24 11.40 7.93 30.44
Consumed 2 12.67 6.30 50.04 12.70 9.53 25.04
KMnO, (mg/D 3 12.98 5.20 59.94 11.40 7.80 31.57
4 12.67 6.33 50.28 12.70 9.50 25.19
1 4.85 2.27 53.20 2.65 1.65 37.74
NH.-N (mg/l) 2 3.90 1.40 (?4.1() .%.‘:?() 1.(?4 :Z.S.db
3 4.85 1.87 61.44 2.65 1.62 38.87
4 3.90 1.34 64.27 2.14 1.50 29.90
1 14.70 3.80) 74.15 13.90 9.70 27.61
NO~N (mg/D 2 11.20 %3.4\() 51.78 14.60 12.10 1712
3 11.70 3.61 75.44 13.90 9.22 33.67
4 11.20 5.30 52.69 14.60 11.90 18.49
1 6.30 2.30 66.18 5.50 2.50 54.55
Turbidity 2 6.00 2.40 66.00 5.60 2.40 57.40
(NTW 3 5.80 2.00 65.52 4.60 2.00 56.52
4 4.80 1.60) 66.67 6.80 2.90 57.35
1 3.000 N.D. 100.00 170 N.D. 100.00
Coliform 2 80 N.D. 100.00 330 N.D. 100.00
(count/50 ml) 3 3.000 N.D. 100.00 170 N.D. 100.00
4 80 N.D. 100.00 330 N.D. 100.00
1 15.000 3 99.98 750 8 98.93
Bacteria 2 700 2 99.71 4.700 17 99.64
(count/1 ml) 3 15.000 1 99.99 750 6 99.20
4 700 1 99.861 4,700 13 99.72
= 0.22~0.24 mg/le)ich NO«-N, gxol il Ael i ol 743 & 388 v
2] Aoz 45 cm®d W KMnO, 520 el o A Ak 2gFe] Holetw wAE Ay, A
a4 25~32%, NH,-Nell thali#} 23~39%. NO,-N A7 AdubdF2 mel&o) Zoldl= Z od3ke

o thall A 17~34%, 5ol sl 55~57%, vzt
Fol tlald 100%, AukAlFel a4l 99.20% o]
Ao AAE ehl et

o] f el A4 FEE 0.23~0.35 mg/
[olodc}, malZ Holrt 80 cmellA] 60 cm® A
S o 7h S5 He]Bge] wIE A e,
KMnO 48] 2ol a4 13.84%, NH,-Neol| o34
24.95%, NO~Nol| tsx] 4.96%, gxo thal
10.83% Zrasle 7438 vhehod 1, el 7o)
7} 60 cmellA 45 cm®B ZFAsHdE uloi=
KMnO, 28] kel el A 26.07%, NHa-Nell o sl 4]
28.28%, NO+Neoil sl 39.30%, =xell s
8.13% 248l 7 3-8 vebdigdc) ahela] 2l gk
Zoxpalg el Az} vto] KMnO, 481, NH-N,

wEx] oo Aol s A7 = et

Iv. & g2

)1

Japel Al ﬂmwﬂ 8242 Sepsisich
gt 34}, hels @ A%l g ARAAE
AFale] olelzAstelael A age vz $Ms)
o] Mgk a2l A1de] FAAUAE AASc

olepre Ao} AR AT Fag Aok e
3} 2,

L Az e e s FEde] $URA
Astol o)aha o] sheba] 2l AL sl Ths)
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A= 8.3%7F ABESHA 3HEol diAdTel el A1z
16.67%7}, dHbAlll dlal A= 8.3%7F &85
71EE T8 g FalEle] el AAde 2
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N, At 2 dubdlatol dis) of ¢ G| deh
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3. daase AMES At aARFERdY

3 ‘;‘ 3 aL*OIZOMoMt EHZHE%} B aluka)
T Fantel ofsle] it ApEE gl e}
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