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ABSTRACT

The dceurrence of iron and manganese in ground water may pose problems o community. 1.e. produces a
bitter taste and odor. turns white clothes to yellowish ones. and stains laundry and plumbing lixtures.
Activated Dry Sand Filter (ADSF) could remove high iron and manganese concentrations. This research aims
to identify the effect of the variation of filter media and its depth towards the removal ot iron and manganese
concentrations in a stratified ADSF. Two sand diameters (0.84 mm and 1.19 mm) are used in two ditferent
positions, i.e. variation L. 50 cm depth of 0.84 mm sand is put above 50 em depth of .19 mm sand: whereas
in variation 1 it s oppositely placed. Iron concentration can be lowered s 1o meet the Waner Quiatling
Standard (WQS) issued by Indonesian Republic Ministry of Health (No. 907/MENKES/SK/VIl year 2002)
(i.e. 0.3 mg/L and 0.1 mg/L for tolerable iron and manganese concentrations in drinking water respectively).
This is generally happened in 20 cm depth of filter with the efficiency 01 93% to 100%. For manganese. it is
only happened in 100 cm depth although the efficiency is 100%. The removal ot these substances in
variation | is better than that of variation I1. The dissolved oxygen concentrations. pH and turbidity range
from 6.1 mg/L to 8.0 mg/L. 7.0 to 7.4 and 0.2 to 0.5 NTU subsequently. This ADSF is economically viable
due 1o the cost is only Rp. 460/m3 compared to the Perusahaan Daerah Air Minum Bandung (Bandung Water
Supply Enterprise)’s water cost that is Rp. 880/m3 (for the first 10 m3).

Keywords: iron, manganese, sand diameter. sand ot filter depth
|

1.0 INTRODUTTION

The availability ot water in urban area is extremely important considering its dynamic community life, To
tulfill the need ot water. the community cannot only rely on the supply from the Bandung Water Enterprise (
Perusahaan Derah Air Minum (PDAM) Bandung) due to its limited service. Ground water is theretore one of
the alternatives to meet the need. Untortunately. ground water is very limited in terms of its quality as well as
its quantity. From the quality of view, it is far from the Water Quality Standard (WQS)} set by Indonesian
Republic Ministry of Health (No. 907/MENKES/SK/VII year 2002). Problems -that are mostly tound in
ground water are those of the high turbidity and high concentrations ot iron and manganese. It is therefore
required to find alternatives of ground water treatment as o meet *he WQS. Activated Py Filter Sand
(ADFS). that had once been successtully researched by Budianto. Dedi et al. 1988, could remove high iron
and manganese concentrations until they meet the WKS. As that ADFS used unitform sand ax its media. this
research theretore aims to identity the ettect of the variation ot {ilter media and its depth towards the removal
of iron and manganese concentrations in a stratified ADFS.

2.0 STEPS OF WORK

To meet the objective of this research. steps of work are arranged as can be seen in Fig. 2.1. These steps are
described below.,
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Figure 2.1. Steps of Work

2.1 Liter;ture Review
Literature review should be done initially .n order to find some reterences with regard to the research.

2.2 Media and Equipment Arrangement

2.2.1 Equipment Arrangement

The filter used in this research is made ol PVC pipe with 6 inches diameter and 150 cm height. There are g’re-Researc
faucets as eftluent channels {(sampling valves) with 20 cm distance between each channel. Operationall .W'rﬂ'“e'“ Prepar
filter is equipped with a water basin. a pump, a plastic hose. an influent tank. a valve as a dis gpipment Ope
controller. as figured in Fig.2.2.
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Figure 2.2. An Activated Dry Sand Filter
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ADSFE operation is as follows:

b Artficial water is putin the water busin downly placed.

2. Water is pumped to the intiucnt tank that is put in 60 ¢m height.

3. Discharged is controlled in accordance with the required operation.

4. All sampling valves are opencd and fet the water discharge for S minutes to {irst condition it

5. Effluent trom each valve is storaged and measured tor each paranieter that is going to be analized.

2.2.2 Media Arrangement

Filter media that generally used in Indonesia is that of Bangka sand/kwarsa sand. From the previous research.
it is known that the elfective dinmatres o remose iron and mangaimese are e ol 8 T e and T nan
diametres [4]. These diametres are then used in this research.  The next step is to produce active sand as
follows: ‘

1. 0.84 mm and 1.19 mm diamctres sand is washed separately and dried alter.

2. Itis then soaked with KMnO, 0.01 N for about 24 hours. to make it active.

3. Next. it is dricd at 105 °Cin an oven lor about 2 hours.

4. The sand is readily used then.

5. 1t is finally put in the PVC pipe with regards to its diametre in accordance with the variations below as
shown in Fig 2.3:

a. Variation 1. 50 cm depth ot 0.84 num sand diameter is put ahove 50 cm depth of 119 mim sand diameter

b. Variation Il the above position is appositely placed

£ ok Bt g

Figure 2.3. Variation ot Media Composition

2.3 Laboratorium Analysis Mcthods
2.3.1 Physical Parameters
Physical parameters that are analyzed in the research along with their methods are as follows [1}:
#*  Turbidity  : Turbidimetri Method
# pH : Elektroda Method
2.3.2 Chemical Parameters
Chemjcal parameters along with their methods used in this resedrch are as follows [1]:
% lron and manganese o Colorimetri Method
®  Dissolved Oxygen (DO) s Titrimetri Method

2.4 Data Collection and Compilation
All data are collected aid compiled to be easily analyscd.

2.5 Data Analysis

Research results such as iron and mangancse concentrations, DO concentration, turbidity and pil “'Sé’ﬂ'd Diametre
compared with the WQS.
0,84 mm

2.6 Conclusion , Sand Depth
Final results are then cancluded. Analysis is needed both technically and economically to conclude the mo%o cm
effective filter variation.

Variation |
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3.0 RESEARCH RESULTS
This research is done with regards o some variations i terms ol inlluent concentrations and filter
cumpositions. Influent concentrations that are used are 3 mg/l. 7 mg/L. and 10 mg/L respectiv
discharge ot 0.389 L/dt. Sand diametres used are 0.84 mm and .19 mm.

shown in Table 3.1-Table 3.6 as fcllows.

ely with the
The result of this research gre

Table 3.1 bron Removal Efficienc

| . :— . 7 L Iron Concentration, Discharge. 0 389 L-dt
Sond Varnaton | Vacrauon | i o
Depth N " ; i - h : 3 |(l. Standard
(em) y Yy y T kN Fe**)
/L iyl my. L my-| my/L
3.00 7.00 0 oo | w30 | o 1 voo | om0
i _0.10%) | 010+ | og. >7 ¥ [ 975 | v200) | 9333 10205 79% 1 03~
_ 000 | Loaosy ] e 9y [0 | 9067 Jorss s To3 ]
000%) - [ovi) ] o0~ L9 10000 1100 | 6.10%) | 9857 | 0105} 99 1703
0.00*) 0.00*) 100 100 10 0()“) 100 0.00*; 100 0.00*) 100 0.3
100 ] 000%) | 100 [ 0.00%) | 100 ] 0.00%) | 100 | 0.00%) | 100 1 0.00%) | 100 | 000%) ] 100 | 03 ]

Note: *} Iron concentration complies with the WQS

**) Water Quality Standard (WQS) set by Indonesian Republic Ministry of Health (No 907/MENKES/SK VI year 2002)
Source’ Research resuli

o ‘ Fable 3.2, Munganese Removal Liilicienc)
. M'\l Janese Cnnunlm(mn Dmh‘nrhc 0389 Ldt T T
82:3] _ _ 'V:\r!:nmn | “ ‘ . ] ) __V‘u_p\»lmr!\ I o ,, L _“__‘ﬁ ~S( dard
3 7 . 1 X 5 . 7 . 1 . andar
em) my/i. * myv k. s myl i ! my. | ! myel . L % Mn**)
o [ 3ouTlu | 7w0 | v m“z 0 | oo 3o0 oo 700 0 0 | 1000 | 0 |7 01 ]
20 0.99 67 297 5757 % 6id 1.8 34 2.97 )7 57 3.96 60.4 0.1
40 | 0.00%) | 100 | 198 [ 7171 | 297 [703 [ 099 | 67 | 198 | 397 7031 00 |
[ 60 [ 000%)] 100 | 099 | 8586 | 198 [ 802 [ 0o [ o7 o s n
380 |0 00‘) l00 0.00%) 100 099 1901 | 0oa*) | 100 ) 0.00%) nm 0.99 90.1 '8}
00 00051 | oa [ 0.00%; | a7 0000 | Tiad” [ 0005y ] Too T Dok | 100 [n(m-) Coo [T

Note: *) ManLdnese concentration «.umphes with the W}

**) Water Quality Standard (WQS) set by Indonesian Republic Munstey of Health {No. 907 MENKES-SK VI year 2002)
Source: Research result

Table 3.3. Dissolved Oxygen (DO) Concentration

I Variation |
Sand Depth (cm) Discharge: 0,389 Lidt
3 my/L 7 my/L 10 mp/L

Lo—.m | Fe } Mo | DO | Fe | Ma | DO | Fe | Mn | DO
0 3 3 6.78 7 7 6.7 10 10 6.1
20 010 | 099 | 6,77 | 010 | 297 6.6 0.25 | 3.96 6.1
A GO0 | 000 [ 739 | 0,10 | 198 7 020 297 7.3
60 000 [ 000 [ 764 | 0,00 [ 099 ) 75 [0.10 | 198 | 73
s oo | oooT 177 000 [on0 ] 75 [0.00 ] 099 | 747
100 0.00 0001799 T 000 oo | 76 000 ] 000] 73

Variaton 11
Discharge: 0,389 L.dt

Sand Depth (em) | 3wyl | 7wl | 10mgl

TTem Fe Mnm[ DO | Fe Mn—] DO Fe Mn | DO
0 B vl 073 7 IR 10 tn 670
000 T T | T ] e | 030 | 297 | 6ss 20 | 3ue | 60
A0 040 | 099 | 6.75 | 010 198 | 650 | 015 | 297 | 6,00
60 “T000T099 [ 742 [0 099 | 740 [ 000 | tes [ 738
80 000|000 | 7,56 | 000 | OO | 7,48 | 0,00 [ 099 | 740
100 000 | 000 | 780 [ 0,00 | 0,00 | 7,55 ] 0,00 [ 0,00 | 7,49

Saurce: Research result

Environmental Technology and Management Conterence 2006

- »



Rachmuawau et.ai. WR-P-08-3

Table 3.4 Turbidity

Variabon |

Sand Depth (cm) | T Discharge: 0,389 Lidt
| ETS“L B ‘ Tl ,J.__ 10 myp/L
o em e P o h e T T e T [
3 3 Joen | 7 7 10 i v
I T RS AT 025 | 306 | .57
40 F o0 o0 | o4 oda [ 1oy a0 [T 7oy
S e o o o {6 T T8 [0
g0 oo oo 034 | 000 | ogo | 04 ] oou | 0991 0.5%)
Tt 1 eo0 [Tou0 020 o0 [Tou0 [ 03%) ] 000 | 000 [05%)
R Variation [l
Discharge 0,389 L.dt
| Sand Depth_(em) 3 mp/Ll 7 mp/L. | 10 my/l
0 Fe | Mn [ K | Fe [ Mn [ K Fe | Mn [ K
20 3 3 0.6%) 7 7 0.8%) 10 10 1.0%)
| a0 030 | 198 | .55 | 030 | 297 | 0.6%) | 0.20 | 396 | 0.6%)
Te0 0007 099 054 | 00 ]T198 [0ty 1o (297 [osn
80) 000 | 09 [ o4y [ 000 | 099 | 05*) |00 | 198 [ 0.5%)
00 000 ) 600 | 03%) | o0 | noo | o4y [ 000 099 | 0.5%)
’ oo oo 025 | voo | oon | 03] oo | 000 | 05%

Note: K+ Turbidity (NTU). *) Manyan concentration comply with the WQS
Source” Researeh result

Table 3.5. pil

Varation |

Sand Depth tecmy L __Duscharpe: 0389 .dr .
J-an;.'l. T Ty mv\;‘L ) ' 1o L,

cm Fe Mn | pH Fe Mn [ pH Fe Mn | pH
0 3 3y (705 ] 7 7 2w e T
T2 T Tedo 009 [ T30 o0 297 | 73 Joas | 39 | 7.4
40 0,00 | 0,00 | 728 1 010 | 1.98 74 020 ] 297 74
T 60 lo00 000|728 000 0997 74 0o | 1881 74
80 0,00 | 0.00 | 7.29 | 0,00 | 000 | 74 ] 000 | 0.99 | 7.4
100 0,00 1 0,00 | 729 | 0,00 | 0.00 74 0.00 | 0,00 74

Vanation H
Discharpe: 0,389 L/dt

Sand Depth e |0 3l Tl b Ompll
cm Fe Mn l pH Fe | Mn pH Fe Mn | pH
0 3 v [ 7.01 7 7 722 ] 1o 10 | 7.28
20 020 | Toug [ 730 [ 020 | 297 7.3 [ 020 396 | 7,33

B 40 Jogo]ove {730 030 198 015 [ 297 ] 736
o0 oo | 099 [731 ] 010 | 099 0.10 | 1.98 | 739
g0 " {ooo | 0007377000 | 000 7735 ] 000 | 099 | 740

| 100 0,001 000 {737 1000 [ oos 1735 000 ] 000|740

Source: Research result
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No Type of Cost Unit Qty Unit Price | Total Price
| Filter Equipinent
! b 6nch PVC Pipe m 2 oom2s0 82500
2 mich PYC Pioe m i o - 22000
R 7 T I N 006 T T Thoon
1. Double hl&": weh ] e 2 30007 " 6000
5 MNozzle unit 5 1500 7500
o 6 6inch dop unit 1 27500 27500
B e S B oo | S
& Pump unit | 350000 350000
9. Glue unit 2 3250 10500
L SubTewl b e I I e 5806000
I Production Cost
- [ [ Eaborcost day |} 2 b 3wo0u T 60000
Sub Toltal it T 60000
Total Price (A) 606000
i Filter Media o .
1. 0,84 mm Banpha sand ke | 16 800 12800
2 119 mm Bangka sand ke 16 800 o 12800
3. KMnQ, i 8 150 948.24
e A Aguadest e 20 T00 14000
Total Price(B) 40548.2

Source . Calculation result

4.0 ANALYSIS

WR-P-08-6

The removal ot iron is best happened in 20 ¢m sand depth both for variation | and for variation I as it shown
in Fig 4.1 and Table 3.1. It is seen that in that depth. iron could be reduced until below the prevaiting WQS
i.e 0.3 mg/L.. Whereas. manganese could be removed generally in 100 cm sand depth as it shown in Table 3.2

and Fig 4.2.

Iron Concentration (mg/L)

— e 3/l 01851 /it
A/l L 0.3891/dt
- standar e 0.3ng/l

Source * Research result

60

80

Saad Deprh (o

e e g/l 0,180 Jdt

»

T/l 0.3891 /dt

Figure 4.1. Sand Depth vs Iron Removal

100 120

10mmey/1,0. 1851 Jdt
10mg/L 0. 388L7d!
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Figure 4.2, Sand NDepth vs Manganese Removal

4.1 fron and Manganese

Theoretically. iron is present in water along with manganese. Their concentrations can be removed by
aeration and/or filtration.

In aeration. oxygen entered into the water that contains iron and manganese. would be used for oxidizing
dissolved iron and manganese to become precipitate matters. Filtration is then required in order to remove
these matters.

From the research. iron could be remcved until it meets the WQS generally at 20 cm sand depth. with the
efticiency of 93.33% to 100.00%. Manganese could be removed 100% at the depth of 100 cm. It is prevailed
tor all filter variations.

Influent concentrations are not aftected the removal of iron: whereas for manganese. the higher
concentration. the thicker INler is required. )

Table 3.1 and Table 3.2 show that the removal of mungancse is more difficult thun that ol iron. This
describes that manganese oxidation is performed alter iron oxidation is being run. This also proves that iron
is much easier to be oxidized than that of mangancse.

From the two variations of filter media used in this research. it can be found that variation | is better than that
of variation Il in removing iron and manganese. In variation |. the depth of filter to remove iron and
manganese is shorter than that of variation 1.

4.2 Supporting Parameters

Supporting parameters checked i the research are DOL tarbidiny and it

4.2.1 Dissolved Oxygen

Table 3.3 depicts that initial DOs for all influent concentrations range from 6.1 mg/L. 10 6.8 mg/L. It is also
shown that the reduction ol DO is performed.ar the depth ot 20 cm and A0 cm. however. due to the
continuous aeration process. the DO is getting higher at 400 cm depth to 100 cm depth.

4.2.2 Turbidity

Table 3.4 shows that by using ADSF. turbidity could be reduced to 0.2 - 0.5 NTU. It also shows that the
higher iron and manganese concentration. the more turbid water.

4.2.3 pH

Table 3.5 describes that iron and manganese could be reduced to meet the WQS at 7.0-7.4 pH. This shows
that iron and manganese could be best oxidized in that pH range.

4.3 Economic Analisys

Economic analysis is done by using Benelit Cost Ratio method. Validation period of filter is best defined
Cfirst. ‘ L ‘

4.3.1 Filter Vulidation Period ‘ ;

Validation period of filter and pump is § vears. whereas activated sand should be changed every 2 years [2).

It is assumed that this filter is used for ) family with 5 persons. Daily water demand is therefore calculated

as follows:

Fnvironmental Technology and Minagement Confererce 2006
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User numbers = 5 persnns
#  Water demand per capita perday = 12011 |3]
% Water demand per day = 5 persons x 120It/capita/day

= 600 IW/day
‘ = 0.6 m*/day
" 4.3.2 Equipment and Media Cost Production

4.3.2.1 Equipment Production

Cost for filter and pump production is as follows:

Rp.606000
Byuears > 305days/ year
= Rp.207.53... .

4.3.2.2 Filter Media Cost Production

Cost for producing filter media is below:
_ Rp.40.548.24
" 2yearsx 365days/ year
S RPSSSS. B

4.4 Operational and Maintenance Cost

Sand filter has to be washed every 3 months and replaced every 2 vears. 200 liter water is required (0 wash

the  fiter |2]. Demand  of  water  for  wushing  in operational  period  is  then:
_ 2yearsx |12month / year

x 2001t = 16001t

3month

!
# ' Pu'np capacily used is assumed as = 100 watt
»* Aid can deliver water as about =23 L/min = 1380 L/jam
L Electricity cost per kwh = Rp. 275 /kwh

It is assumed that washing water is taken from raw water so as it is tree of charge. Llectricity cost for

delivering such water is theretore: _f | 16001 -] owan | ! K wh ] Rp275 ' Kwh=Rp3I88 . . .40
L PR hour ! 1N

4.5 Electicity Cost
Electricity cost for 2 years operational period can be caleulated as follows:

#  Time used for pumping the water: . 0000 oy
138017 hour
% Electricity power for a day operation = 100 watt X 0.43hours

13 wh
= ().043 kwh
#* Electricity cost for a day = 0.043kwh X Rp.275/kwh
Rp. 11.825
* Electricity cost Tor 2 years = Rp. 11,825 x 2 years x 365 days/year
SRp. 863225 e (D)
#* Total electricity cost used in u day::
B C+D ,
- 2yearsx 365days/ year
_ Rp3188+ Rp863225
B 2ycars><3.6~3days/year
= RP AT oo A ED

4.6 Water Cost for Using Filter

Total cost for a day is therefore:
=A,+B, rE
= Rp.207.53 + Rp.55.55 + Rp.11.87
=Rp. 274.95 ‘

Unit water cost is then:

Environmental Technology and Management Conference 2006
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= Rp.458.25/ m’
Water cost for one family with S persons is therefore: Rp. 460/m’. This cost is lower than the water cost
produced by PDAM Bandung (i.c. Rp. 880/m™).

SO0 RECAPITULATION ANALISYS
Recapitulation analysis Tor iron and mangancese removal. und supporting. parameters along with its cost is
presented in Table 5.1,

Table 3.1 Recapitulation Analisys

Parameter Variation | Vanation il 1

Fe 1355‘; l‘:t:: % 0 my/L % [\)&‘,’g‘é‘ l‘:’:"; : % 0 mg/l 0

Tl e T veern | Cdnem T ot T wem | Tedand 1 hen | a0
Tmy /L | 2em uREM 60 o, 2o S, S0em T,
T 10mgL 30em T o7s0m Ty ghem | 00% 0 20em Togs, | ®Oem | 100%
Depth where , N Depth where . .

Mn WgS is met b 0 ngL " W(%S is met . " 9 mgl *
St e | o | oy | e | s | oo seen T
Tmg/L 80 cm 100% | 8(cem 100% 80 cm 100% |  80em 100%
WOmyL | 100em__ | 100% | io6em | 100% | 10Gem | 100% |_ 100cm 100%

DO Initial T Eml tnitial Final

ST 678myl. [ 799myL 4 e7smgl [ 78myll
| 7mylL 67Tmyl : o 0SSmyl 7SSl
10my/L 6.1 mp/l . 620mg/ | TA9myl
Turbidity R - L dmidial Final
3mp/L . B 0.6 NTU .
w08 - O8NTU
LSo0men LONTU : _ 1 LONTU ]
_ .pH. Initral ) Final tnitial
gm0 705 7.29
T/t 7l I 71
el - . . 7«‘ - . eee 7“ B
; s Rp43835 N

Source * Research result

From Table's.1, it is depicted that the removal of iron and manganese in variation | is faster than that of
variation II. This ¢an be seen (rom the differentiation of removal efficiency and depth of filter between those
variations. Moreover, the DO in variation | is more than that of in variation |1 so that iron and manganese
oxidation in variation | is performed faster than that ol in variation 1. However, trom those variations in filter
media composition. it is shown that there is no significant difterentiation in terms ot turbidity. pld and water
; cost.

6.0 CONCLUSIONS
1. Iron could be removed until below the WQS (0.3 mg/L) both for filter variation | and variation 11, It is
performed for all intluent concentrations at the filter depth ot 20 cm with the efficiency of about 93 % -
i 100 %.
i 2. Manganese (lthe WQS: 0.1 mg/L) could be removed 100% at the depth of 100 cm for all influent
concentrations in variation | as well as in variation [1.
Iron is oxidized faster than manganese.
The removal of iron and manganesc in variation I is faster than that ol'in variation 11,
5. Influent concentration is not significantly affected the iron removal.” Whereas for manganese. the higher
: influent concentration. the thicker sand filter is required to remove it.
' 6. Iron and manganese could be removed until they met the WQS with the DO, turbidity. and pH of about
6.1 10 8.0 mg/L. 0.2 - 0.5 NTU. and 7.0 sampai 7.4 subscquently.
7. The ADSF is economically viable due to it costs only Rp.460/m" compared to the PDAM Bandung's
unit water cost (i.e. Rp.880 /m").

W

b
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