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ARSTRACI '  

The c'ccurrence o f  iron and manganese in ground water may pose problems t o  c o ~ n m ~ t ~ r i ~ y .  i e. procluces a 

bitter taste and odor. turns whitc clothes to yello\vish ones. and st:~ins laundr) and plumbing l i x t ~ ~ r e s .  

Activated Dry Sand Filter (ADSF)  c o r ~ l d  remove hiph iron and manganese concentrations. This research aims 

to identify the effect o f t l i e  variation o f  f i l ter media and its depth towards the removal ot ' i ron and manganese 

concentrations i n  a stratitied ADSF. T w o  sand diameters (0.84 mln  and I . I 9  mm) are used i n  two different 

positions, i.e. var ia l io l~  1. 5 0  cln dcnll i  ol'O.84 tnm SL I I I~  is 13ut i lhovr 50 cm clenth ol' 1 . I 9  Inm sand: \\.licreas 

in varii11io11 I1 i t  I.< opposi~cl) p l i~cc( l ,  IINIII COII~~IIII.;III~III C,III lic I,I\\L,ILLI &I> 1 0  I I I~L, I  111c 14 ;IIL.I QLI;IIII: 

Standard (WQS) issued by Indonesian l iepublic Minis l ry o f  Healt l i  (No. 907/MENI<ESISK/VII  yrar 2002) 

(i.e. 0.3 mg/L and 0.1 mg/L for to ler i~ble iron and Inanganese concentrations i n  dr inking hater respectively). 
This is generally happened i n  20 cm depth ot' tilter wi th the el'ticienc\ 01'93% to 100%. For manganese. i t  is 

only happene? i n  100 cni depth although the etliciency is 100%. l 'he removal ot' these substances i n  

variation I is better than that o f  variation 11. The dissolved oxygen concentrations. p H  and turbidity range 

from 6.1 mg/L to 8.0 rng/L. 7.0 to 7.4 and 0.2 to 0.5 NTL I  subsequently. This A D S F  is economically viable 

due to the cost is only Rp. 460Irn3 compared to the Perusahaan Daerali A i r  M i n u ~ n  Bandung (Bandung Water 

Supply  enterprise)'^ water cost that is Rp. 88FIm3 (for the first I 0  1n3). 
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1.0 I N T R O D I J ~ T I O N  

l'he availability i f  water i n  urban area is extremely important considering its dynamic cornmunit> l i fe. To 

fulf i l l  the need af'water. the community cannot only rely on tile supply t i om the Bandung Water Enterprise ( 

Perusahaan Derah A i r  M i n u ~ n  ( P I I A M )  Bandung) due to its l imi ted service. Ground water is therefore one 01' 

the alternatives to meet the need. I l n tb r t~~na te l y .  ground water is very l imi ted i n  terms ol ' i ts quality as wel l  as 

its quantity. From the quality o f  view. it is far from the Water Quality Standard (WQS) set by Indonesian 

Republic Ministry o f  Health (No.  907/MENKES/SI</VII year 2002). I'roblems that are ~nos t l y  found in 

ground water are those o f  the high turbidity and high concentrations ot' iron and manganese. I t  is therefore 

required to find' alternatives OF y r o ~ ~ n [ l  \\*atcr Il.c;tlliicnt ;is l o  Inecl 1 1 1 ~ .  \\'QS. \c t i \a t r t l  I Ir! Filter Cnnd 

(ADFS). that had once been successti~lly researched by Budial~to.  Dedi et al. 1988. could remove hiph iron 

and manganese concentrations unt i l  the!. meet tlie WKS. As that ADFS used uni form sand ah its media. this 

rescarcli theretbrc aims to identit) the e l t k c ~  o f t l i t .  variation ot' l i l ter ~neclin and its depth towards the removal 

o f  iron and niankinese concentrations i n  a stratitied ADFS. 

2.0 STEPS O F  W O R K  

TO meet the objective o f  this research. steps o f  work are arranged as can be seen i n  Fig. 2.1. These steps are 

described below. 



M e d i a  and Ec111i 

A r r a n g c r n t - 1  

Figure 2.1. Steps of' W O I ~  

2.1 Liter:j l ture Rev iew 

Literature review shoulo be clone init ial ly order to tind some rafel.ences w i th  regard to the research. 

2.2 Med is  2nd  Equ ipmen t  Ar rangement  

2.2.1 Equipnren1 Arnm,oei;~eiit 

The filter used i n  this research is made ol '  PVC pipe \r.ith h inches diameter and 150 c m  height. There are @re-Researc 

faucets as eftluent channels (sampling valves) w i l h  20 cm rlistance hetween each channel. Operationall Muent Prepar 

tiller is equipped w i th  a watcr basin. u puiiip. a plastic hose. ail intluent tank. a valve as a d i s k 8 1 g p m r n t  Ope 

controller. as f igured i n  Fig.2.2. 

A ~ ) i ~ ~ ~ l ~ l I ' ~ ~  C~UII~I.OII~V 
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Figure 2.2. An Activated Dr) Sand Filter 
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AIISF operation i s  as ti)llu\vs: 

3. Disclia~.gecl is c o ~ . ~ t ~ o l l e ~ i  iri accol-dance u ill; tiic req~~i l 'ed o;xrat io~l.  

4. Al l  sampling valves arc opened acid let the water discharge Ibl 5 mini~tes to lirst i on~ l i t i o i l  i l  

5. Effluent t i o ~ n  each valve is storap,cd and ~neasureci t'or each paranletel- that is going to bs ;~~lal i~t:d. 

2.2.2 Merlin A rrrrngenicrlr 

Filter media that generally used in Indonesia i s  that o f  Bangka sandlkwarsa sand. From t i ~ c  previous research. 
it is k1iow11 that ths cl'lbclibc Lli;r~n~:~i-ch IO 1r,.11111.~ ~ I - O I I  ;111,l I I I , I I I ~ . I I ~ ~ , \ ~  , IN, .  ~l,,.,,. I t l ' O  S I I I ~ , , I  . 1 1 1 < 1  1 1 ' )  I I~ I I I  

dialnctres [ ! I ] .  These diamctrcs ;ire then ~lsecl in this research, llit n o t  stel1 is to pl.otlucc acrite sand as 

I'ollows: 

1 .  0.84 mln ancl 1.19 111111 (1ii11i1ct1.c~ 1ri111cl IS  \vasIiccI :,sl~il~.i~tcl! i l11~1 ~ l r l cd  ulier. 

2. It is then soalied with I < M I I ~ ,  0.01 N Ibr aboi~t 24 Iioi~l-s. to malcr it active. 

3 Next. it is dl.icd al 105 "C: In a11 ovcn li)r ahoi~t 2 !ho~~rs. 

4. The sand is readily used then. 

5. I t  i s  fillally put in [lie PVC I~ ipe  with regards to i ~ s  diumetre in ;~cco~.dance w ~ t h  111s \.;~r~;ltions helow as  

shown in Fig2.3: 

a. Variation 1. 50 cm depth 01'0.8,l Inln sand ili;l~nete~. is 1 p ~ 1 t  ;1l1ove 5 0  cm tlcpth 01'  1 .  I 0  rllni s ;~~r t l  tli:~mclcl- 

b Variat io~~ I I .  thc a h v e  pos~tion i h  cip,~ositely p!acecl 

Figiwe 2.3. Variation o f  Meclia Coml,osition 

2.3 Laboratoriurn Analysis Mctliods 

2.3.1 Pliysicol Porrrnteters 

Physical parameters that are analyzed in the research along with their methods are as f'ollo\%s [ I ] :  
W Turbidity : Turbidi~netri Method 

* PH : Elektroda Method 

2.3.2 Clremicol I 'nr~rt~ie~ers 

(:hel-nical pa~'.;"i le~crs along wit11 tl leil metliods ilsed in this 1.cscal-cI1 arc as l i ~ l l n \ t s  1 I ] :  

* Iron ancl manganese : I : C'olorimelri Method 

*- Dissolved O\yget~ (110) : ) ' i ~ r i ~ ~ i t ' l r i  Method 

2.4 Data Collecl io~i  and Cornllil;ttio~l 

All  data are collected a ~ i d  co~npi led to he eazil). :~nal)scd. 

2.5 Data Analysis 

Kcsearch rcsulki s\rcIi us iron and rnallgilllcsr concc~ltr~l l lo~ls. 00 ~~IICCII~I.;I~~~III. t~rl.L7itlil> i111c1 pl l ~ I I S & ~  Diametre 
compared with the WQS. 0,84 mm 

2.6 Conclusion, Sand Depth 
Final results are then concluded. Analysis is needed both technically and econonlically to conclude the In0 

effective filter variation. 
%O cm 

I 

Variation l 
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3.0 ltk:SI~AIt<~II ItIs:SliL.'I'S 

-1'llis 1rcseal.cl1 i s  danc \ \ i l l 1  r.cgar-c\\ lo some  \.al.i; l l ions ill l e l m s  0 1 '  i l l l l L l e i l l  concen l ra l i ons  and filter 

c u ~ ~ ~ p v s i ~ i o n s .  I n t l u c n t  c o n c e n l r ~ ! i o ~ ~ s  11ia1 are usccl arc 3 mglL. 7 rngll. ancl I O mg/L ; e s p e c ~ i v c i ~  w i t h  [hi. 

d i scha rge  01' 0 . 3 8 9  L / d t .  S a n d  d ia lnet re5 used arc  0.84 Inm a n d  1 . I9 1~11~1. The l .esul( o f  th is  research 

s l i o w n  in T a b l e  3 .1  - ' l 'ab le  3 . 6  as t i , l lo\vs. 

, .  ... .. . l 'al>lc 3 I .  I r rc i~ i  RCII.I,I\ ,I/ 1: l I i ~ i c 1 1 ~ , !  

. . .  ~ 

. 
I 

Ill)!. L 111". 
- - .  ~ - 

Nore: * )  Iron concentration complies w ~ t h  llie WQS 

" )  Warer Qualrty Slandard (WQS) set by Ind~~ncsran I lcpl ihl~c M1111sIry oI'tle;~llh (No  9ll7!Mt-:NKtS!SK:VII yunr 2002) 

Source lleseilrcli restlll 

. . 

Note 'I Manranrse concenlralicin camnlies ~VIIII Ihc W(.) 

10.00 -. 
3.Y6 - .- 
2.97 
I 'IS 

" )  water ~ i l a l i t ~  Standard (WQS) set bv Indoncsliin ~ e ~ i r h l ~ c  h l ~ r i ~ s l ~  nl.tlenlth I N o  9ll7'MITNKI'S:SKVII year 2007l 

Source: Research result 

T a b l e  3 .3 .  D i s s o l v e d  O x y g e n  ( D O )  C o n c e n r r a t i o n  -- 
Vnrii~tiorl I 

Sand Depth (crii) @schnrye: 0.38') L;dr 

7 mg/L 10 mgIL 

Source: Reseercli rcsull 

I i n v i r o n ~ n e n t a I  T c c h n o l o g j  and M a n a g e m e n t  Con fe rence  2006 
* 



Source Rcsearcl i  resull 

Tahlc 3 .5 .  pl 1 - - - - -- - - - 
V ; l r ~ o l ~ o n  I 

1 Sal~d  Depth lcml  1 

S o u r r c  Research v r s i ~ l ~  
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Table 3.6. Cost Estimation for I-iltrr I ' rod~~ct io~? 
E r - -  --=rT%T T;BT--r?iT. (Jnii PC= -..-I:- ; f 0 % ~ & ~  

The removal ot' iron is hest happened in  20 ~III hand dcpth hot11 Ibr varialion I and Ibr variat~on I1 as i t  shown 

in Fig 4.1 and Table 3.1. 11 is see1 that in that depth. iron could he reduced ~ ~ n ~ i l  helow the prevailing WQS 
i.e 0.3 nig/L,. Whereas. Inanganesc c o ~ ~ l d  he removed generally in 100 cm sand depth as i t  shown in  I'able 3.2 
and Fig 4.2. 

Source Research resull 

Figure 4 . 1 .  Sand Depth vs Iron Renioval 
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- c 3rrgIL 0 185IJdl - a-- 7 q I L  0 105Udt 10rrqIL 0 185Lldt 
3rrgIL 0 389Udl ---x-- 7 q I l  0 389Lldl ---c-- 101~glL 0 389Lldi - Standar h h  0 l m / L  

Source Research result 

4.1 I ron n n d  Mang:~l lesr 

'flieoretically. i ro r  is present in water r l l o ~ ~ c  \vi l l i  IllilllgillICSt. f l ieir co~ lccnt ra t io~ ls  can h r  remuvzd b j  

aeration andlor tiltration. 

I n  aeration. oxygen entered into the watcl. that contains iron and manganese. would he used for oxidizing 

dissolved iron and manganese to become precipitate matters. I-iltration is then required in  order to remove 

these matters. 

From the research. i ron could he remcved ~ l n t i l  i t  meets the WQS generally at 20  c m  sand depth. w i th  the 

efticiency o f  93.33% to 100.00%. Manganese could be removed IdO% at the depth of' I 0 0  cni. I t  is prevailed 

tbr al l tilter variations. 

lntluent concentratidns are no1 afi'ectsd tlie removal 01' iron: jvhereas fbr  manganese. the higher 

concentration. thc tliickcr l i l tcr is r e~ l t~ i r cd .  

'Table 3.1 and 'fahlc 3.2 sllo\r that tlic r c l l ~ o \ a l  01' Iii;ill~*,allcsc is more dil'liculn nliiln than 01' i r o~ i .  'l'his 

~lescrihes Iliat n1;inpilllcsc o \ i t l a~ ion  is pcr l i ) rn~ccl  ;11ic1 iron osidation is h c i ~ l g  run, fh is also 1pl.o~cs [hat iron 

is much easier IL) be osidized than t h a ~  ol'11iangan~se. 

From the two variations o f  filter media used in  this research. i t  can he Iound that variation I is better than that 

o f  variation II i n  remov i~ ig  i ron and manganese. I n  variation I. the depth o f  t i l ter to remove iron and 

manganese is shorter than that o f  variation 11. 

4.2 Supporting I'arnrneters 

Supporting parameter5 cliccLc~1 11, 1 1 1 ~  ~ . c \ ~ ; ~ ~ . c l i  .~rc 110.  I I I ~ ~ I C ~ I ~ !  <lliil 1 ~ 1  1 .  

4.2.1 L)bso/ved O.VJ!~E~ 

l'ahle 3.3 dcpicts that init ial 1 1 0 5  Ibr  i t l l  ini lucnt concc~ i~ l . : ~ t i o~~s  range f i om 6.1 mp/ l> to 6.8 mp./L.. It is also 

shown that tlie reduction 0 1 '  ID0 is ~ ,e l . l i~ r~ l icd  ar tllc t l c l l t l~  <it '  20 c ~ r i  and 40 cm. hon,e\,er. r l i ~ r  to the 

cont inuo~~s aera~ion process. l l ie L)O is getting Iiiglier a1 ,100 c111 cleptll to IOU ~111  depth. 

I 4.2.2 Turbidity 

Table 3.4 shows that by using ADSF. turbidity c o ~ ~ l d  he reduced to 0.2 - 0.5 NT lJ .  I t  also shows that the 

higher iron and manganese concentration. the more turbid waler. 

4.2.3 pH 
Table 3.5 describes that i ron and manganese could he reduced to meet the WQS at 7.0-7.4 pH.  This sIio\ks 

that iron and manganese could he best osidized i n  that p H  range. 

4.3 Economic Anrlisys 

Economic analysis is clone b! 11sing Uenelit C'qs~ Ratio metliod. Validation period 01' tilter is hest detined 

tirst. 

4.3.1 17ilter Vc~lidc~tiori l'eriocl 

Validation period ot' filter and pump is X \,eirl.S. \vhereas act iv i l~ed sarid should be changed e v e p  2 years [Z]. 
I t  is assumed that this filter is used for I fami ly w i th  5 persons. Daily water demand is therefore calculated 

as follows: 



User  lumbers =: 5 pel.s,)ll.; 

Water demand per capita pel. ila) = 120 I! 131 

D Water demand per day - 5 prl-so~ls x 120ltlcapitalday 

= G O O  Ititla) 

-= 0.6 mJiilat 

4.3.2 Equi-vn~ent crntl A'letlirr Co.sf Protl~tcfio~i 

4.3.2.1 Eq~!ipnient IJro(l~rctioti 

Cost for tillel. and pump p ~ . o i l ~ ~ c ~ i o n  is ;IS l i> l lo\rs:  

Kp(10hOO0 

4.3.2.2 Filter Metlitr Cost Prorluc~ioti 

Cost tor producing l i l ter  niedia is br.lo\v: 

Rp.40.548.24 
= - -- .. -. - ....-........ 

2yearsx 365daysiyrar 

= Rp.55.55 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (H I )  

4.4 O p e r a t i o ~ ~ a l  slid M a i l ~ l r n i l l ~ c e  Cost  

Sand l i l tcr  lias to bc \ \asl ic i l  c\er! .: 1iio11tI11, ;III~ 1cp1;l~c'ci cvcr! ? ! c~ I -> .  200 l i ter \+atcr is recl i~ i r rd 10 wash 

the tili.el. 121. I)enii~ncI ot' I lor  1 i 1 i  i l l  operational p e r  is then: 

2yrqrs x 12nonrh ! year - x 20011 - 160011 
3montli 

O: ' l'u'np capacity used is assumed as = 100 watt 

* A21d can deliver water as about = 23 Llrnin = 1380 L!ia~ii 

Electricity cost per k \vh  =. Rp. 275 il;\vli 

11 is aqsulned [hat washing. \vnter i s  taken t iom rat\: ivatcr so as it is li?e o f  charge. Electricit) cost for 

del i \ ,er i~ ig silcli i r i l lcr  is t11ct.efol.e: ,( . l(~"!'l- .. I . lilllW:lll j .  I h \ v h j ,  Kp?751Ku-l l  = Rp 3 1 , ~ ~  . . . . . . . . . . .  Ic) 
,., l ~8 i l l . l  1 1 0 ~ ~  I000 

4.5 Elect ic i ty (3ost 

Electricity cost for 2 years operational period can be calculateci as follo\vs: 

* T h e  used for pumping tl ic water: , o!?!!:.'.!!!!.. = 0,,13,+~,1,~, 
13801, ! ho11r 

O: Electricity power for a day operation =: 100 watt X 0.43hours 

.I3 \ \  1 )  

:: 0.043 k\vh 

Electricity cost 1'01. a d.ily ---  0.0,13k\\ I1 X ll1>.275/k\r.li 

I<p. I 1.825 

++ Elect,ricit? cost l i ) r  2 1 ears -.? Rp. I 1.825 \ 2 years s 365 dayslyear 

................................ :7 l lp .  8.03225 (D) 

* Total e lec t r ic i~y  cost used i n  a day:: 

C + D  = 
Zyearsx 365daysl year 

- ..... Rp.3 .- 1.88 . - + ..... Rp.8.632.25 .- ......-. -- 
Zyearsx 365daysl year 

4.6 Water Cost  for Using Fillcr 
'Total cost tbr a d3) i:, tl~el.eti)re. 

= A l  i B l  I. E 
= Rp.207.53 + Kp.55.55 * Kp. I I .X7 
= Rp. 274.05 

U n i t  water cost i s  then: 
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Rp.274.95 
- 

0.6117' 

= Rp.458.25 / ,I?' 

Water cost for one fa~rlily with 5 persons is therefore: Rp.  / l(~Oini'. -]'his cosr is lower tl!an the watcr cost 

produced by PDAM Bandung ( i  c. Rp 88011~1'). 

5.0 I\ECAI'ITUI,ATION ANAI,ISYS 

Recapiii~lation ~lnillysis 1i)i. il.011 ancl m;iilL),ancsc I'II~o\;I~. ilii(I \ ~ I ~ ~ P O I . I I I I ~  pal.ilinctcrs ;1101ig 1virl1 its cosi i h  

presenre~l in 'Tnhlr 5 .  I 

From Table5.1. it, is depicted rhat the removal ot' iron and manganese in  variation I is Ihstcr than rhac 01' 
I variation II. This (;an he secn li.om the dit'tkrenrinrion ot'rcmo\.:ll c l ' l i ~ i ~ n c !  a ~ ~ t l  dr'l>th [ ) I '  filt(.r I > c I \ \ ~ ~ I I  tllo.<t. 

variations. Moreover. the I10 in  variation I is Inore rhan thar ot' in variation II so iliar iron and manganese 

osidarion in variarion I is pzrlbrinecl faster [ l ia~ l  [hat ol ' in \ .ar ia t io~~ II. t lo\\cver. ti.om tliosc: variation> in liltel. 

niedia composition. i t  is slio\rn rl~ar there is no signiticunt dil ' l 'ercnt~atio~~ ill terins ot'tiirhidit>,. p l l  and wars 
cost. 

6.0 CONCLUSI~NS 
I. lron could be renioved until helo\v the WQS (0.3 ~ n g / L )  both I'or tilter variation I and variation 11. It i s  

performed for all influent co~icentratio~is at the filter depth o f  20 crn with the efficiency o f  ahout 93 % - 
I I00 %. 

2. Manganese ('the WQS: 0.1 mglL) could be removed 100% at the deptli o f  100 c i ~ i  fbr all intluent 
concenlralions in  variation I as \veil as in variation 11. 

3.  lron is oxidized faster thtln manganese. 
4. The re~noval o f  iron and lnanptinesc in  variation I is fastcr tllan thar ol ' in variation II. 
5 .  Influent concentration is not signjficantly affected the iron removsll. Whereas for manganese. tlie higher 

1 
influent concentration. the tl1ickc.r sand filter is recluired to rc":nm.e it. 

6 .  lron and Inunptinese could be removed, until the) Inet the WQS with tlie DO, turbidity. arid p H  ot'about 

6.1 to 8.0 mg/L! 0.2 -- 0.5 NTlI. and 7.0 sanipni 7.4 subsc~luently. 

7. 'The ADSF is economically viable clue to it costs only ~ ~ . ~ 1 0 0 / 1 n . '  cornpared to the I'DAM Handung's 

unit water cost (i.e. Kp.880 lm"). 
I 
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