WWAD s oF o)lods (o0l 0,98 « arme pole aclilad

vo-4.
w035 Py de el (Sagl g5l e

T Slde Golovemo o' Kb cwms & 29,0 SN

U‘)"‘ ‘ﬁ)l.a ‘ﬁ)l.a oKty su.w.‘) NP 9 6:.....]0 @L».a odSislo sw....‘) NP 05;\

Ol )5 w5 yskd 5 Slinios wpsle & )l5g 5,5l 5 amaty Cogles T

WANY 2 by o WIENF 22l o b

VO (PN Y L aase pale dalidlad . o)y ol 5 i Glool> Sogll (olw e IV . Slde . p.0 9 S & o (29
A

i ool ol ki drs 5 o o slajede § ik o 28 hge Sl o b gyl iz, 5 i (sloole 180 3 Aslus
Wlgs oo 45 009 w218 0y Gol> Joloe (23039, sl bl Ll iy o Lol walr l mle 56 ilulia sl (go 5l

Sl (g 50 ey SOl & (63955 Sl oy 2 6l gyenlil WS ey ol @lie 3l 1y (Sogll 5l 4295 b e
el 00 oolainl (g3lwJow (g, 3l i slacl>

Ol phw al ol os s § s o8 O jso ar aBly lesul SO sole la S b oletul S Jae cpl o e gigy g dlge
.A_ioolowb_.b)éoly’q’lﬁgi@la_u‘nWm.lesa;)bj)o);a\‘- LY ) od ol () &S L Juwyp)
MATLAB 5816 5 10 G 0 a3 )8 Jlai o Jlw sz Bole £ Slojy (ol b 59, YO+ B0+ ¢ jocdad Sliid gl izmen

D o5 Goe 4y s SBE Sl 4 gy jloged

25 e 00) Sl cudlage plojle o lailiwl 4 s ey o e jo Sl Soghl Jlail og YU 5l b iémy 9 g bis
Ol SYsh b Lo gie yecdas bl 0 0)90 10 Ol mhaw B iz ol S (o 0 0 alo B L slool> jo ol T gly (i o
ol 4 09,9 5l B 0l S g )] g ol S adss (SR ol o Wiy [P P U | SN L %)
RYo 4 el (San 598 sla Saly aiz ja el () Ol 4 Glasl Y588 slacly 5Dl is 09,9 el (6l S5e sla>el

Al 1yl BB dien golaidl glacgsgise g 6‘9 ‘GCLQ.I.?|

S 0,b,0 Sledlbl wilgs o Dlyis Solite Gl yacdas b 3585 sloosls b g calizie ko 10 00,508 ) 16 S AR
Qoo iolidl ] Sladl e gas gleel>  SanVl

Sl o Sogll ¢ i olr ¢ oy o ol gl sl

= Corresponding Author. E-mail Address: balaloroji@yahoo.com



g0y @1 p 2 slools (Fodll sileus

Y3 Gk gl p ohgh ool g plas zola
Sl He—iS )3 gg—dge (nl )5 eda L_ine 59>
S9en o 05 (S8l anwgi b malyz g anwgi Jl> o
Oy adlias —wgs jiaS (gloyeiS )5 1,51 5 009
Amini et al,, ) ceul a> g 5,90 SOl slaz,b
3525 b an olo,5 iS5 (2008; Aillery et al., 2005
9 Seblag 0j9> 0 S yham )0 (P BB 4, il
aihio ;o Cuodlw o) j0 Sleas &l jo ogs g i
» ok o @2l osst ks s
4S5 JolS Syso @ 05 Dzes 6N
bles Lo jed it ;o 53l slalo ;5 5 035 pg v
@ oLl g BB oz (30,55l 5 6 pslaen Sua
s 0 4 ol sl 4 pladl oG s a5 >
Cewl 05,5
SVl s o (SSE 5S o aiz e
AL 05 ol Ll el 423 S5 &0 00iiS 035)] plie
gyl il 51 (8 e slagmg e 5l (2L
ol s oy sloy3iS 4o (clabis (gl S]]
&89 i bl ol 5o (Solgi and Oroji, 2017)
NS o 5 i T L el o 55 i Y3
s Ol el >l gle an,TE o age 5 S0 oS
Oyg—e baze (ol o 2B 50 e —lSady s
el o5 (e 2l s 45 (bl 50055 0
28,5 000l Bl soi 1 Boaiy VT oyl (Sogll Jlozs|
oS Ban oyl lsieas 2 8 Syl (oo 0l 50
&8 s 51yl 5 S8 ‘_;)J&a.? A% adle
L eizmed 5 (i ol Oj5—0 4 Sl D51
ol o (liBiis) 9 (S3dlg 00 la Sy
a5 k5o of o ey LB L6 ) sl
e Gy | 090 (a5 3l S sl 0

sibe kel wledlbl g o >l lgsul S 51 o8

EVRUT)
@ ol CtnT3b s jlame 51 OO B i lage &b
ot sloacacs 5] 5l ags soliiw| g Canb a5 >
sleodlsl o (Schouw et al., 2002) el L]
by, bazee ;0 00l JyUS & g0 oS (Saio 5 0D
bog s e Oygon Ll Lawgs (Sogll jlacil 5 end
C”L‘" ‘M; )‘).9 QS)L))‘ Syg0 od_mu_w‘é).: 6&@9&.}
oY1 51 S o Lol aniS o odlel cuadly 4
3 0le ses Camdad b aS o | (g920 4 jli il glalais
3,5 slaosls 8,5 a0 Sogl p g oline
Dbl o VT wolie cpl CBlid )0 oy g GuboS
3 > ol (lah i sle o 31 ol s
Gblie 5l (F 5 (F9Samn Jilo NS 183
Jlas

I gbi—s g bt los Gozmen (Slovs
lagd M 55 (> (S Djg0 4 (b L IS
Gan b s badgs bl claJlo yo g oads Lzl a8
dlga 5l sylopene 5 T 51 Slsld e il S5
SloaS 5 5l 5,18 0 00 g Slast @ pladl ()] Lo
]'2.055 o&; Lb).@‘_w C_la_..u B Ui c\...o_.a.: 9 ‘5)5—‘@9
<l a0 bLi ol (Sa¥l ol 4 a2y
Amini et al., 2008; ) cwl oo S 5 )y}
,o (Geissen et al., 2015; Oroji and Solgi, 2016
a3 g o lio 35S ar g Jlo o oyt
pae (mizmed g 5yslaen slo &S b 2l oy
e 0—b cels ‘LmC)Jo U"‘ sl e £ (6,502
poyme szl nl (i ils 5l 5 o g ISl (mamy
POy Suilocde cnl )BT o595l 5 ax ik
Sb g i ol @l po (Sogll Gl (S

e . ;.‘%_?50_]53&5?5 ﬁ.)@_ )Qwsﬂb«o

YA e Folods cpao,lgz 0,98 e pole aslilad

\id



5 S b 0 5 sS4 (Pl 0 ohgn
ol e 2l S5 la et deg> rizren
ST ooz gl 53 oadelail slatags @b
ol oads LS oy o] alis )0 i slool>
9 el 0 Djg0 & (50 g G0z (ow Hp S0
9 48,5 O jg—o j5—iS mhw ;5 0,l cpl o (el
2T g5 5 anl B o)lys sol; Sledll 5,00l
5 shezme ol sl SRy b dlike (>l
o5 (rl 50 b e S 3 3 (o L e
€32 3o Som bu > (o p podle Cwlodd (orw
o Jae K s ool ol (ST s e
warg boanl bl s bog3 )y b
Sl IS plonl & y5,0 5 anl b 5l cald
Gz (g o (ol o5l e Gl e 5 Sos
50 38 slmesls (5y5lanzr aSLalyl 5,5 ol
el S9azma 092 A 32 9 pole; 4 4z b o)l
Jboil oy LS g cnl 5l Sas 50005
Sbssain, 4 4z b soe) ) o] iyl
@ olojl

DT e o e il
G’l_a) 005..\_700 \))51)..1 u......z.o..ﬁ 9 (WHO, 2011)
B3 iy (23> ool o ;QBH Jlei!

LS9, 9 3190
il Joe sl o2 8 szl 5l Dledbl 4y
Olyzl Sl o570 ol Lulyd (28,5 L o Ly
Clojhu JI5 0500 0058 sl jo ad el (A8l
500 (oSl 0y8 O ouiS el e (e n
Ao ¥ b e 05l Glesel ol jo (s o el
Sle bl ab 4z 8 s e Lz olr g
Selsyied Sl aile (25 3 plssal (sl pae
il cules s (i ol s Gos S5
s e 3l ST e 4o 5 s

5 S ola Sing ooV bl ol lasis 5 slass
A el 5 3 g s (0 e s ]
&,k (Geissen et al., 2015; Aillery et al., 2005)
gl 4 G 5 slp G 50 wal ;008 slo et S
CaeS (e § CopeS 50 A o5 9 Seb e 5l (2L
w55 w5 slaodols Jlisl sleasis 5 baojba
2 Ll S e laal 5 (SGg ai s 055 el
Shadl AL sl Sals g b Bis 3 sla Lo
B YO sl s Yaons Sl 5l slaols ol
sla)lpo b g Coluo gye e VB Y cBos fo (paix
i3 xSl ln oS aie (S5l L 2T IS
50,1320 Yoons aiied Jgol ool surbyy s 51l
395 9 Ltd 4 e Vb (6053545 b ol IS S
el olge g ol Blybl 4y ol Jlmw 5 male Dyt
&g oo Silil g oolidl plo 4y JlogS 1o o
SYe28 e > ax g mle ax el Sb g
ouds oSt 3oyl izeed I (5955 5 10030555
@ hosd Caled yo 5 (Sedslom 4 ooy 0 a8
Anonymous, 2005; Mondal et al., ) Wi oo &l s
sty ey s 25 5o Jl 125 (2005
eSS Wlgi o g9—d5e (nl 9 355 Si> Wl o
Olojlo a8 sl (e 05 slocol 4 ()T 99 51 (20
1 3 Syrse Sl Sl 25 ez c g,
el 3,5 (s 2l 3 05 s 01 1) Gital ]
S Sl oSl slaols ol by (WHO, 2011)
g &S Geiny slaol (Sl Gl 1) gor
ol 909,00 393g Ay axi e oy 8 Ol oS ey
&S A L)) AJCJQW oS glolaze o conlus
Dy dlem oo 5l s (el ooy adss slaols
Cedlas 2504 41 S Axaw g 50 sl 55 A5l
L HTP 2 NS S50 g 4y palex 3 Sl
g Sl (Sogll ogily wlilas Wil o g5—s0
1, Sl oMb adss slaol>  Fu¥T Lily

YA e Folods cpao,lgz 0,98 e pole aslilad

Yy



g0y @1 p 2 slools (Fodll sileus

s (Yoo beo YV 5 Y0 o Jlaplgica)
Wl 08y Gaedd oY g oo (Sdg i ool
Show >le o ol adale o)l o oS Sle D]
039> oyl 50 S U g al_ilo 09z g OISl slaol>
Pl ulad s oo Sz ol b
— VIR o bgte i 0 b SO o slaagh
Schouw et ) aiS oo a3 (59,55 33, 40 p,5 VIO
.(Cruz etal., 2012; al., 2002
SN P VR PR
@ b Glaclly, Geeen Sl 650 699)9
L) 0397 &89 5eSlee 513,005 S92 g Lol Jo1o
Slale @85 5 w2 15 )0 59),00,5 V08 50 Gl
FooaSala azg b il 5, 50 2 VIO Glyeh
cble gl b SIS @ e onl (g5 S 50
A p Sk Yo i |y ole J5 s ol
5 ol =l (Liu et al.,, 2005) s 5 o)ﬂﬁ
u.u.u ‘_g‘).w ..\.v‘}.su;o S us\.b ‘OMW"“"’)" u;‘l.@beo.:
aocnll 2ed (2R Qi slaoly e Sl cdale
Se ol o iz oy le 4 ged ezmen (28l
Az g b digd sl g 48,8 1,8 colaiw! 0,50 Cllid
Goleez b1 o)lonl jo sany slo Ghagl ol oo
slooly cilize slag)b (o) p Gozen (Sl
55 peke 28ly sl lasul jo g calie 3blie yo Lds
@ ol a1y axsTs ol J1E Sl oyge 1y
5 S 5o (Sislem slaclad (azen Jalse
S o ol oo bly ceyus o)by0 280 slrosls
b £95 g0 335 (o jp Sln S B e S 0
ad) e Jow o olis b jecdas 5l oy

)'9)\&” AR )wa“_;lﬁjoosijbu

slaol> olayl g olaxs 0505 emen i Ole bl
Ll 558 Jow ,0 5 ol o5 sloss 5 ode>
w2 B Ol lp oo aid 5 ks Glasuiae o
i 23z Olezal 5l g9 al a5 0g (Jye—o 4y
Gblie ,o 9290 (i n) ©f sla oyl 51 Jow
L) Jaime yiaS 5 o5 byl & g 039 cilide

=22 olyul olas e gilwae ol b

Goe by Veer Job 4 cyeyie YO v e dg0o
WSy casload a8 )8 Jlas o0 26 B g 2 YO
Slroly SoaS wd 00 (eSS Djge (nl 4 ol
Vo ely al 1 Su e el 5 mye e O
Voo lasly ol S gsame 45 a5l aye i
Gl Fp Gk jly a0 axdF s mpeyie
Fr O Le Sl oo ) 8 sla i Sl 5 (Sl
558 laagle jobay oS 0 ol 28 e el
Loy ol Lo L5 b aydas xS e oalai ol ol>
45 0 03) (eSS 9 paayere pqaSeyie ol e Y
5 olo 5l ool ul Lais 3,15 el i jlade ol
Y Gl 2R L s o S5l o G 2
) G piSs8 plie (S Cash) 6l o)
sl jlade (rizren ot a8 )5 Sl 58 59, 50 e
Sl Gln 2P cu s ad s e Y S
R R e [ WA P U SR R W
Shamrukh et al., 2001; Almasri and) ol
colae (Kaluarachchi, 2007; Lee et al., 2014
oS 58S ey 0590 S )3 S (Sdgyuee
e )3 595505 VITY Laws o w09 () 9 lo (08
¢ » -(Dovonou, 2012; kouame, 2007) o aw bxe
e ¥ gl N e o ol g sy o 4dis

K 03} Q..»’.,o.?.ns IR SO gf_x.i.‘o)ln

YA e Folods cpao,lgz 0,98 e pole aslilad

YA



Gl 5 o) gLl S o s cale C
(o) Ll o o L

Gosrredzsd o o) i 50 ol bawgio Co pus ¥
(Gl >V dad Gis jlaie) 56 cue R

Vo) 5l abgye pecdes 45 (59) (2bly copo 4

(Y) akasly
T, =log(2)/ A

2
GS o ol bl $1ieslyiS, byl ol
ol S 25 50 (Seei ] s (Bos 45) 2w os

(¥) alal

c G| exp(vz,)A-7)) ool 2y —Vrt | (eXP(v2 )A=7)) o f 2y HVIE
M2 2vd, 2, Jvd, t 2vd, 2 Jvd, t

(F) akul,

42d,
Vv

y =1+

Sl laxe o laaulp ol ol

ol by S5 05,5 b gy0mlyl o plxil MATLAB

e Cowg aa g a5 Ol s coll e g ol

G35 5w Wiles,S oy LM pa b lgsel o

il e 50 (Co) cdale oy alizes sloylo;
A 03 eSS gl

(&) akal,y
<l by Jolas:
an =Qai +A’er +Apxqp

(%) akasly

QuxCh =QuxCy + A xq, xC +A xq,xC_,

ao ao

Herbertand ) i ax8,5 Jlas o a0 id o0 sl p

.(Kovar, 2009; Mondal et al., 2005

Silw o

Sloolz )3 sezge Ol S o5 2bs)l sl
5 ool (S 5 Joe Sl ses iy slacl 2 i
Il Al ddos Jo ol S oS 5 Joe
o | lolea by gl 1,08 Laome &,k 5l JWl 25Ty
ool o)y ol 4o WS 51 Jow odgs sl oS
& Jy g ol Sazm hls aSTL by, ool o
5,90 00bus 5 oS glaassT b 5l oS5 cenls s
Sl 380 Dledbl 4y oyt ws pae d925 L LS
e sidate sbo)5 5 bW 3 glals o0
o plol oy 230 y9zred CMiw (B (gilwands
.(Adadzi, 2012; Heatwole and McCray, 2007) <!

HYDRUS soue slo Joo 5l ol o (= pll
oy dile Sledbl 5 osls 4y 4 ol ool
Sl 5l Jame S Sy sla S
Sl 9,505, S ¢ blas o (Simunek et al., 2006)
by ein) ool 5l 6lp saoslw
Sy @bl lr bl (sl ey (Lol
Olg s0s ol slosliw 1L Ll cew T ool 00ls dnw o
ol 59,5 oo |y (200395 wulp il coloa
O3 Sz o5 Sl olSe (e 5 (2Ll Sl Joe
ARGOSS, ) 555_so o3l (gol,iil) S5 slaaileZ
— cd s s laslwl Jas 5l (2002 and 2001
Oles 2yl sly () adal)) (2Sly — (SuSly
i 2l @iz gladly 5l ol Jlad!
.(Butler et al., 2003) o solazu!

(1) akul,
oC dyv &°C v oC 1
—— X X
t R o022 R oz R

eSS

YA e Folods cpao,lgz 0,98 e pole aslilad



g0y @1 p 2 slools (Fodll sileus

(W5 o, o) xaw glaclly, jo olis clale O
(m/day «/-+Y) oz ol> o 5l 5 5me O Gliwe
(M¥/mPlday) e ol 4085 w2 G

(M?) i slacls mhaw JS A

(M?) soibaydas olgsu] o Ar

M) gzl e W

(M) F3o WS gamb o oo lgsal cwlis H
Mmlday) SJgpae colaa K

el (SS9 ol di

ol ods Lz ) USS  Slod &gty Cundg

SfgT 4% ges e ()
@ ol Jow (¥)

Sl 3 g3 S s i (1)
T G s Cp

b 2 392 g0 S 76 ik (f)

=T gp;Cow
ob s g 00 Q!,‘gi.:nﬁlé@
Slogel & (52959 Qi s Cai
olgel cbr g (3
=TI 0"-2“")‘259“&@

19967 3 Quo s Co
@ ot Jou(A)

(V) akal,y

Q, =W xHxKxi,

Loyl o

M¥day) lsl 4 o555 Olz Qi

m¥fday) pls=l 5l o755 Ok Qo

bbb ol S o Sy o Sl el ke Coy
@m® STy — (SasSTy — 288 o Gobod ) (0525
5 ame szl orss bz s ol cble Coo
QM3 Jow olps Son

(0 (5% 520) Ol 639,5 oz o Dl clile Ca

Olorsl CaxBgn (pigy o 039ax0 5 o g luds] dillin (K jo i T 03guxn (U ol )l . Selods & yguods Juho sl - JSi

C«.wlsao)ﬁ
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Fig. 3- Depth-dependent nitrate concentrations at specified
times, considering a depth from the bottom of the
pits to the water table of S m, with nitrate half-lives
assumed as 1000 days
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Fig. 5- Depth-dependent nitrate concentrations at specified
times, considering a depth from the bottom of the
pits to the water table of 10 m, with nitrate half-
lives assumed as 500 days
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Fig. 2- Depth-dependent nitrate concentrations at specified
times, considering a depth from the bottom of the

pits to the water table of 5 m, with nitrate half-lives
assumed as 500 days
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Fig. 4- Depth-dependent nitrate concentrations at specified
times, considering a depth from the bottom of the
pits to the water table of 5 m, with nitrate half-lives
assumed as 1500 days
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Fig. 7- Depth-dependent nitrate concentrations at specified
times, considering a depth from the bottom of the
pits to the water table of 10 m, with nitrate half-

lives assumed as 1500 days
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Fig. 6- Depth-dependent nitrate concentrations at specified
times, considering a depth from the bottom of the
pits to the water table of 10 m, with nitrate half-lives
assumed as 1000 days
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Fig. 10- Depth-dependent nitrate concentrations at specified times,
considering a depth from the bottom of the pits to the water
table of 30 m, with nitrate half-lives assumed as 1500 day
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Introduction: Absorptive wells are one of the most common forms of onsite sanitation facilities in many
developing countries. These latrines are suitable as a means of isolating human waste; however, conditions
within pits often lead to nitrification of the contained waste. In areas with a near-surface aquifer, the potential
for nitrate pollution arising from Absorptive wells cannot be ignored.

Material and methods: In this study, Hypothetical aquifer was made, to gather relevant information about the
Absorptive wells in use and the soil and groundwater underneath the Hypothetical aquifer. Modeling was then
conducted to demonstrate the potential for nitrate pollution of the groundwater from the latrines in such
settings. The depth from the bottom of the pits to the water table was considered as 5, 10 or 30 m, to represent
the range of aquifer depths at the study sites. Nitrate half-lives ranging from 500 to 1500 days were considered,
and time scales from 6 months to several years were modeled.

Results and discussion: The results highlighted the high likelihood of nitrate pollution of groundwater
reaching levels exceeding the World Health Organization guideline value for nitrate in drinking water of 50
mg/L after as short a period as two years for the aquifer situated 5 m below the pits, when considering moderate
to long nitrate half-lives in the subsurface. Careful siting of latrines away from high water table areas, more
frequent pit emptying, or switching to urine diversion toilets may be effective solutions to reduce nitrate
passage from Absorptive wells into groundwater, although these solutions may not always be applicable,
because of social, technical and economic constraints.

Conclusion: The study highlights the need for more reliable data on the typical nitrate concentrations in
Absorptive wells and the nitrate half-life in different subsurface conditions.
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