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Abstract

Background and purpose: Phytoremediation (constructed wetland) is one of the most
appropriate technologies for wastewater treatment. The aim of this study was to evaluate the efficiency of
the combined anaerobic and phytoremediation systems for sanitary wastewater treatment.

Materials and methods: This experimental study was performed during nine months to
measure some parameters including COD, BODs, TSS, turbidity, total coliform, and intestinal nematode
using combined anaerobic and phytoremediation systems. The samples of wastewater were randomly
taken twice per month from the influent and effluent of the septic, wetland and control system. The
parameters were measured based on both the Bailenger and standard methods for extermination of water
and wastewater. The results were then compared with the Iranian effluent standards for irrigation.

Results: The results showed that by using the hybrid process of anaerobic and phytoremediation
systems, the COD and TSS removal rates reached 80% each and the turbidity and BODs removal rates
were reported to be 90%. The removal efficiencies of total coliform and intestinal nematode were 99,
999% and 100%, respectively. In this study, the quality of the treated wastewater was found to be
acceptable according to the Iranian effluent standards for irrigation.

Conclusion: The combined anaerobic and phytoremediation systems can be used as an efficient

process for wastewater treatment.

Keywords: sanitary wastewater treatment, combined anaerobic and phytoremediation systems,
constructed wetland

J Mazandaran Univ Med Sci 2016; 26(138): 140-150 (Persian).

140


http://jmums.mazums.ac.ir/article-1-7966-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-10]

O—Hls (— S b} yee—L coll_Hilsa_) as
(11€e=100) 1090 Jlw 13 1WA a)ladd  euliuids g Cuny 2)gs

lo piww jl ealaiwl ybg) @ Hublam wllsls agamy
LU oS g 5jlgm 1 LUSH

'4202 plol (S340 Jore
"oz she 050>
Lol re o2 50
T sgmge Galid
S oS i)
23,8
Wl b OB gl ol g (5325087 L3 5SS o Fmie 51 (SS (Ap) VL olS 0 9 dibl
3 Mg S el g VL oS 5 S510n 0 o5 S e 2T s (et ] B
¢BODs5 ¢COD (sLa sl )l o 1 5 (5,8 031 g olo 48 oo 0 2 le 3T &y go 40 anlllas ol sl yig) 9 lgo
233 8 bl (o gmn VL olS 5 (5ilpn o (oS 5 e dhos 4 Slog5 (sl 5l 5 Lap IS ST o587 TSS
(S 4y (535,55) Cidbue (Lo 51 S o 5 ($3La5 S g0 4 (s - Olay 5 (53555 S Sl a5 0 g3 0le a
5 e 3,1kl OUST j3 0 S gla gy el 5 sb (sla )l ol (515 pai gad (Aals 5 dilis 51 s & 5 63008
s 8 anglie (55T 53 oslizal g Ol Jasme S5 (U3 0kl by (5,8 03001 ik i)
e sl 518G Sl o ps (VL ol 5 (51sn g (oS 7 e 3 e3lizd L o575 0L s sladidly
urﬁﬁﬁdb L3 ol o )3 4 39 Oy 930S 9 BODs (o )3 izph g e 3 A 594> TSS yCOD
Gollas asdllas ol 53 odd adal OMBB LS 5 Aoy Ve 549/444 S 4 e gl L 5 Slesg ) 3 5l
35 6T 6l Olay 5l sdame eslinal Cgam Ol J g8 B 5,16kl b
stz (slao st VT 2alS” )3 il 5 oo LTI s &K Olie 4 2V olS 5 (S50 (0 (oS5 o g liinn]
355 oslizal (S

5 (VU oS 5 (55lsn g (oS e (g OIS il 153 sl 0]

4o )A
ey 2 (65 P Al At Glacs) 5l 4 s i 5 K (b aia Gl

ézndfb-jdzm.l) Slros g 5o lo 3 (65,1 5 5L 534S diua OB Cl_,.c\ Sl 4k’ Lgudjjl‘};gj
GLAMA{C)\}:@@T]QGBWMJ\ Aea ol Cales Sl aly ool a5 Lol sladle
E-mail: maryam.moradnia2000@gmail.com s S pole oBils 1y 5 5Ll o o igiame —ilgo

Ol e eins (S p sk oails (bl 0 ol ol o Dkt S o cas bl (tign o5 8 5Ll

Ol s eons P (S psbe ol (Lot 0aSails lame Sty ki 03,5 5lhalil Y

Ol ens e cna (S, sl oBails (i 50 olezl Jalso Dlikos (S 0 cdaoms Cblilgy g A3 MBS (6 gl ¥
Ol ecns B ecns® Sy pole olails (ligy ouSails (555 Sn i)l oz )87 F

Ol e ecnsd (S pole ol (Lltgy aaSails (g5 Jamn A3 51 ol )50

WO /NS & s e G, WAF/A/TS s DDl g gl s WAF/A/10 28l 53 56 P

1S 11990 13 ¢ 1WA o)lash «lind g Cany 3)gs ohsjle Ak eolc oGRSl alas


http://jmums.mazums.ac.ir/article-1-7966-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-10]

V0B dLS5 g $)lgo (3 (WSY Sl elwaw b OLBG WS

ol (F)3 55 g0 ool UM 8: Cdge g cmlin
SLAS 0 o 1) 5 (gt IS (s
Lbadlis oo pen Fd)Llesls Ol S gyl
i lgos o (Sali s 43 Cod ek 130 >
)Llesls OLas 1y 6 YL akuas

L e ) Aty ot OLSKen 5 iy
93 el a1 oS S 1, i 0l
«COD BODs Jslé oMbk glaodu¥T jtals
LS Aoy sl GlES i ge &y 58 5 TP ¢TKN
AV/AY YA/ MY s 5 s Laod YT ol Cod
OSen s &5 5 O35 i) E Ao y3 AVIA 5 VF/IA
5ITSS 5COD ¢BODs Cod o3 o YU 5
30k LAl e Lo 5 | i OO
B3 S SIS Aoys 0 SAF AY LS ja b
op 2 LS 5 Gla g Shas i s
BODs (sla sl )l 4z gl oeaw 5 Aliy 1,8
Ol Ul s ot ol 457 315 L5 TSS 5 COD
SV /A EVIAL Ol e o 1) Lol 2ol ool 5SS o
BODs=YYA/VA (655,59 el i 4 Ao )5 AV/AP
W3yl 23 s rfgxt,, TSS=¥.v , COD=\r4/Vd
Laky S5 Lo g S Wlosls Olas Slalllas
Calizee (slao VT Ood an o3 (6 YL L8
(g 8 3 O 5 Olke s OB
S s NGB adai gl 1y Abis oS 5 sla et
o sl m O e S5 by cdails LTS
A 55 4SS 5 COD BODs sla sl b 31 e
s Xinshan .z » AT Caws 4 Ao y3 48 5 A
L b ) Ay (oS5 e 2D 0L 8s
SLreloNT ol (sl (63508 0L 2 5 (GBI 0L 2>
C)Lp\ Lo y34F o NT 55 1 gl 1, COD BODs
QL S

L by oMb ad el Coda L andllas o
(56 6Sam) S35 0 (525 5 Sl 1 o3lial

GS oIl 5 ) g il 5SS 4 YL oS

2,5 oyl u.\_;xs,“gkhguww;’u@:b
i (Sl ) (S5 0T S s S ey
Sl 5SSl ol 03 i ars A (b &S ad
S g 3y e 4Bl a5 sl 3357 Lo gt (s
OLalS eSS 4y OOl el s (Ll 48 8
Ul &3 55l L o W5 b 5 (VL olS)
SLapms )l Son achaat 5 4 8 4 LS g DS
e s 0l b VT I (gl oo ptoen 5 1 la
Frens aals 3 A Glagan (65K Bl 4
Lg\_m(':_m:.w Ml 0l o gas ol js Oladss
i B iz il 5 U5 S o il
i 023 b (glomed 5 (K555 (S 59)
Okl mad 5 O30 5 03l (SIS 5 (515 0 0
Al e S Il 3 s 4 sy cadas YU
2550 0S| a5 e 1 53 OIS Jool 2B
N - T BT TE TS 6h¢~»§€)‘b§:ﬁ B1Y
St (S 55don Salds o 5 ol gdie Sl e
S L b aias do g Ol 4 ekl 5 .ol
(Tl 0y n Laoc VT 151 o w536 YL
U 13sslan sbapms® 1 Sn g1l 5 JT 2 3150
Dzl o J o 6 >
Ghuaib osan 5 b os 8 53 4 ol
s d 4y > b Ll ujéuw.mf@
e G G e 5 (el ] (el
S5 SLONSL iad ¢l sy S5 Jl o
LA gl ot ks SaoMSb ¢ ks, 5
AL (S5 5 g ks 1 Jeol ) a5t
5 553 5510 4t ks o sLaad T
il (O3l 2l il Sl gl 5 glaod s
NSl Sl 5y ol (o slaNsb
LAy 4 OB 55, 51 18 . (ML) 0 L8 4
S35 0 &y g0 Glaieds i O (6355 S ol
33 &S00 &S Sl 4o b das 2alST 1 o

e 5 Olye 4 0T Jlaodsb glaod T zals”

11990 13 ¢ 1WA d)laid @b g Gy 3)9s

ohdjle (i) ol olSibily dlas 1S


http://jmums.mazums.ac.ir/article-1-7966-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-10]

il )|Sasb g azna olol samnanan

S s (Blal Do b A Sl 5 60555
Al g s 4 (63959 €SS 4 (§355) a0 |
(al_?&L;)\:J_:AJ}«S(ML&jA;U)j\@jja‘-c.x.ahij
G130 503 45 0 VA 33 6503 YYe IS sl s
GBSl ekl U (6,8 s pei s S (55T e
(S5 5T ) BB (5135 4 ged o s
el (13 i g BLE 31 (s S 5 (g lord
arn-F gls ol b ys g g;puf/\,'l;vfpmsrs
o s iy oSty ot le3T 4y 51,5 slu
(35 S ol s 8 fie 958 (S 0 e
() Bailenger i, wlul p sloss, 35k sl S
o3l Ladisad & Sl B g il 313 8 plon
ol b g9y mle o y3 0 s (b 0313 S5
g ad ) S 3 ebiledl gy 5 S 2Ol O sk
S N 53 e S i Sk e ) i
23355 sn Dy S A 5 a5l 423510 Dok
558 sl S 4 Isde Sk Sl sladl
.u;x@;u@na;).uwf\m 53 0,ls
03 0dd S Sy 2l K e Al o
5 (PH= P/0) eSal gl S ¢ gy 5l 55 al 1o
BLS1 5 ks Sl ) el Sl 0T o 5
OLuSS JolS 0500 Jan 5 65505 57 OT 1 g s 8
Sk Al 423310 ke fadoma p S V0 v 33 8
S50 DM g oz 2y 53 (Gl D) e S
Jdos ol oo 3 8 hre 5 b g lbne oo YT
J s ¢ sty Sy Ay &1 g 5 5 S5 18
5 e en P e s S Y e Gl
Vox le 55 L s S O Sy S Sl oalizal b
JENIC AT CHPE NI RIS NIEVE (B
538 5,57 S N=AXIPY Jse b 5l eslial b & el
ST A e 2 S s S o sl = N)
2 Jgame o = X 0 sl S (55 3l
=V 5 Gadbe +/F) s S Y on =P (2 L)

o 2050 S bl sl ((ad) adsl 4 5ad oo

LACJ.A:Lf L}f (345" (TSS BODs «COD (sl sl 4l

125 8 bl 0Ll (slon 5 (slas Sl 5

L b9 9 3lge
Ll 5 ESU St Colaeiin

i S ealial Ly (o o Doy g 40 aalllne (0
e 53 (as Oy so s Ay 5 S5lr g (S S
St e 4 (333 (3 2d 8 plonil il
Y Bl ol pwlul s L8 Y Camen (gl &S
(g ONSL SThas g fila= o5 bl 5 55 F
e Al 93 53,5 5,57 1 555 55 oKa g XY
Cols s ST (LS S 05) dals 5 il
7o) Gee b (e 2o VP S Colae) e e JS
axs Lo, ¥ JN/0 Lk Ol o (Yrm xFm x) m)
o 8l s F BB Sy Jil o5
COD Jols oMol S (sl el b (5,8 0510
slas gl ucj_q:lf Js5" «o, 548 (TSS BODs
1 bzl 3 5n oSt plnil Ol sl
e 5 S 5 adlles ol 5s OMLSL 4kl
035508 5 s Jled aibte b 4l
g5 33 3l eslizal JIs .5 5 (Vetiveria Zizonioides)
ot OLej g5 8 53 alT Cooslin g 0 ol

Bl 2 53 (oS e 56013

SoleT L JUT 5 (sl i o
uh&ajjJ&)J&ﬂQ)yﬂiwba‘
T S-S PR REIPR I Y
sl s Ol a0 C)Uﬁl Ol b gl gladss il
NS A s 4 (53555 S 5 s 5
3 t)LM by 5 Sl (o 4 M Jlas!
Gy dame & OT 5 (NS 5 o Sl s &
J_b&»‘bw);&)\:ﬁﬁﬂduo@|wﬁ}

Uy-—ﬁb)‘ujajjabﬂjjwﬁrbu\w

NEW 1190 13 ¢ 1IVA a)ladd (@i g Gy 8)9s

ohsjle Ak eolc oGRSl alas


http://jmums.mazums.ac.ir/article-1-7966-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-10]

200 005 g $)lgn (3 (NS Slo EImwaw b VAL wdn3

5 DLl (6557 razr 5 Dl laST plait 51 g
sdslir Oy 4 anllas =l (ol sl 0T
CdS s Ol oD H e ban 5 slayls gl
Al g e (51 (g LAl 4 (63905 SIS
Slobe ad (b 53 OT 5l (o2 2 Sl 5 (8 50
OLE Y 5 ojlecd gl 55 anlllan 550 (sl el
Sl ok 03l

&l anllan (sLa zalyl Slne O3l il 5 ke
Sl 5 by 5 G5 e R 4 3905 IS
5Lk —Sln o (S S e Sl 26 oA
g Ol (e S5 S0 ] i ot
S ¥ ojls Jod 53 LT (6l o sdoee oslizal
palae iy das e 0L asflze @tj R o.\i.ajf
s Uy 4 iy 5l ey 5555 5 BODs (COD
o g5 sl 1 5V oSOl oS
S 5 i 3 s A 5 Sl S 01
S 0 OT 1 5 ol s - 5lsa s

BODs COD (sLa julyly Cods o5 :SGLs
s Lo 3 urrsg{y, 35k oy 9aS (TSS
—Sl R o et (S S e 5 AL (S5 sm o

Sl ol 03ls OLES Y o)L«.:u )‘Jr})b .L'JS}

120

S Sla e g3 maliyoiia e B 5 s il a2

100
< I
580
5 60
4
j I
40 I
20
0
%\\ ‘70\\\ QX\\ & &
5 o¢ of N &
& S & & &
¢ &$ S K
&

BODs5 COD (sLa el )l (ol Oladily ks 11 05lads 510905
‘L-;J.“}'Agff(':‘“‘:‘”‘l“"ju(’fi:l{‘){};);w (o84S (TSS

b= S5Isn (o R (oS e 5 L

oSy edd S5 sla by, o Ly aslllas ool 5o
Gl s 8 s g 6 S el (1) e 5kl
s osls alS 2lesT 1SS Sheslizal b 2le3T
GoLeT gy Sloslinal L Laas god Jdows 5 4 o
SPSS\# 1 ;5lp 5 ¢SeS” L Paired Sample Test
Sl ILlial Uy oy 1 35 50 Lo ey o plonl
Ol ol G 5 does S bla> Ol sl Lo 5 0kl 51
acwslie (LT 43 3dsws o3liwl Cg (IRNDOE)
e gl o 5 Y 5 ) oslad bt s 8

e e S e Wooslad i 5 Al 5 Sl pa

A o OLES 1y 4505 Sl (Sla Joes 9 SIS adas

@ ged > Gl s 5 ONSL 4dal s I 0lod g g

190 13« IVA a)laild (@uiiaidd § Cunyy 8)gs

ohijle Ak eolc oGSl alas 1SS


http://jmums.mazums.ac.ir/article-1-7966-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-10]

il )|Sasb g azna olol samnanan

5 (mg/l) TSS BODs COD L sl 5l Llsd 50T 5 I %)L‘ﬁ}ujjdj‘}"@p;‘?”‘{GJJ)} ;'JWBQ?Q.;:\ okl Jau>

(NTU) &y

(NTU) o508 (= S S)TSS (= ¢S &) BODs (H 2 ¢f k) COD eyl

¥ ¥ ) L Y \ g Y ) i *y *y Sols w505 Ol
or Y. 20 ) 2 YA oA Y55 oYy 1Y YEY SVA Jsl ain oL
00 Yov ' Yy 74 \FF #\ 2 oV V0 YYE FAY o cin
o8 YE4/0 V1Y Yo v Y oY YvY oYy Ny laad FAr Ul wia 53T
oY Yoy FAV/D v [% \OF o VY I Voo 1223 FAS £ s atin
A AL VY Y4/A 22 i Y Y54 Fay VoY VY (%2 Jsl ain ©3
1) Yy Y Y5/ Y Ny Fr YVE 4. Yoo rvw 70 o cin
£F V55 OAY Y5 70 i FF Yov 4. VoF YVF 740 Ul wia Koo
FA Vo FA LadAs 7f a3 5 Y9 FAA Voo YHA 22 3o 4cin
5 V5o I3 YE/ v . Fr Y9 FAQ aA VA 5 Jsl ain Wil
£ N A ¥/ s Y £y Yov 4. ag YEA FAV o cin
fr ad SYF £Y/\ [ \FY a4 Yoo Fay aA o 708 Jl asia s
Y4 o8 #F /0 ) YA a4 Y. £, ag rvs FAr £ s atin
£ 1) OAY \$/¥ 00 Yo % YY) FAV ay [i22 Fay Ul wia Ggas,l
Yo \FE 7 QY ov YN ) Yoy 4. af YVA o¥ o in o
L Y I3 ¥ o 1Yo s I YEY AF [2d] fos Jl asia sls &
vy VYA £y V/A 00 1Yo Yo Yad Yov AP YVY [7X) s azin

Yo Ny FYOY AY or \Y Y$ F Yry A VA oY+ Jl wia .
¥4 Y FAY/A VA A \YF Yy a% YEY YA Y5 A o in

(s 51 s 2 oy T el & 93505 Sy 1Y (5108 (0 pRe & 53305 SASB ) F

3 (MPN/lOOmI) rrl:ng_{f“ﬁ\)\_L)bbL’J)‘gT)‘f}js-u%)&bj)é)‘ﬁdrﬁﬁrumsbj))uwb&y;"O)MJj.XD

(34e/Vrr) lesgy ssles

(e ml) 550 MPN/100ml ¢ 2ls” js° b
i Y \ 4 Y \ Sl 450 Ol
. . \ VoY ANSEY 4/9EA Js! azia oLt
. \ ) VAN AFEY APEA £ in
. . Y Vel vVEvY AEA Js! azan 5T
. . ) \YYY #IVEV aEA o acin
. . \ 107 #/0AEY o/VEA Jsl azan <3
. \ ¥ e #/¥Ev V/YEA o in
. . s 1700 v/ YEV #/AEA Jsl azia e
. . ¥ \VEV \%i1=% A/YEA o acin
. . Y VA4 V/MEY V/AEA Js! azia Akl
. \ ¥ s #/avEv AEA £ in
. . v 10 vivEv 4EA Jsl azan TR
. . ) VY o/ YEY #I5EA o acin
. . \ MO o/ \Ev o/AEA Js! azia Skl
. . ) ay F/\AEY AYEA o acin
. . v AR¥ ¥/EY 4/ EA Jsl azisn sls
. \ v q0f £/ fEV VEA o in
. . ) a4y Y/24Ev F/FEA Jsl axia S5
. . ¥ AV \NAEY Y/YEA e in

jJ_ijcs)\j_hwML}U(&KKF}J;@LQ))K‘TSS

¢BODs «COD (sla ul,b jlan U3l il 5 580k o 0 led Jgor

b= 5lsp (o e (S S R

ST 81 Ol 2 ollel iy s S g (;:;i;}:} = JLUL‘M) (S5) dals oy > s ot Ay bl
Yoo VAN /8 Y5O\ Y/A £5/5 140%5/10 74 0/FEAFY mg/l COD
Voo FAFAENY Y /ate. oF a/sy ey FEVEVY Y mg/l BODs
Voo YOV ¥ FVEF/5YD FENY FEEV/A AFAVVYEY Y mg/I TSS
I FEEV/O VFANEFY Y #4/Y INE=7i4 OAM/AEAF /S NTU [pyNLy
V5l S | VA% agy ook YIANVEVA (sae/1++ml) syl
Veur \/YY Evtoory o/y Evis/AEY 44 519N EbtYEF VIM EAXAXYEA - (MPN/100ml) S S

1o

190 13 1A a)laild «@uiiaidd § Cunyy 8)9s

ohsjle Ak eolc oGRSl alas


http://jmums.mazums.ac.ir/article-1-7966-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-10]

V0B dLS5 g $)lgo (3 (WSY Sl elwaw b OLBG WS

(slossy b K 51 5L (lacssie 035 sl o blus
Lol g5 ool S5l oalizal (gl o0 5 015 IS (51 on
Ol e et 5 Bl (0Nl 05,57 AT (g, LT s
o3lizwl L1, TSS 5 BODs «COD (glaedusNT Cod>
b il I S sy e
DL S 5 F Lo ys 085 ¥ FYCs jaly silig
J_.,;ll:-c\_zJLh»@LﬁLgl:_w\)): sdd S5 A:thpcl:;
2348 25w O Ol o b 4 a5 LSl o
3 4o 48T STb San (65lp 2 L
O 65555 5 omlin Lle Ol b Bl od (b
Sl Sl el S 6 0L 4 0L 5
s sl (AL et s 5 3 Lot VT
N ‘_;LA{.;_M_M} [)LAL:f S 4 (g3dae Olalllae
OX)les S oyLal JT & 5 JTslge e Codo 1,
50k bk S 4 (VL olS (glatann 5o
Laodu 3T sl 4 55 oSl oS 5 0 gdhe ¢ onlam
JB lse (2l Lol (slaauslSe 1S eSS
N5 5 Jol5 0 gl A a5 53 (SS5 e 25
P sz 4y o 515 Sa Lo 57 J 4 ls BODS
Al e iS5 gilwazd 5 od Lag ST
O (o 1 gla el 51 55 (55 5 O gl k3
A N e e L) KIPPNLY
Sl Jels 35 b S 5 lags ST O slay T
e
Sy oo 15, Son o oo (S (ST i 5
OF) LG o bl (Glod ioman g ads ) 5 Sl
Al 5 ot a5 s S SIF O 5 sy
CBLE b mame OSB L 5 Cind (Sl SSL sl
&gw,;,gﬁrﬁ;:a Yoo B Y 635050 ,3COD
o35 5 e GO & adss 5 Ikl 63 guous 4
L5 BODs Cods Ol 5 (0) w03 5 Jos b so
Loy3 8 B0y oubaw Al g dbws 4 EPA OlojLa
Go9n adlllan s o es (10) ! 0 315
Codem Oladly 5SSk 45 315 OLis O, a 5 acks

COD o> o5 ) ojlad ls 5 s ollas
L e alS S 55 5l o548 (TSS BODs
DI FF/D+ FNF+ 55 4 ($3lm o St
Codem Aoy Al e Az 53 AY/FE AZ/AF VY/F
MNY 5 iy s Lo 7 5 sla el
el Cda Ao ;349744 5 )00 Y/FA 0 /VF AY/NF
S 2 Gl iy~ g g (oS S e
QPR AYAZ Dledsly L sdd 573 (sla jzalyls 5
SAYL LS 4s ;5 49/844 51 AY/FFCAY DY
213 0L Al g 5 b St (Sl s 0 S |

ooy il (SLa gt Sl eslizal 7 20T

(s 450 43 (530l Bt 1 S 57 ol
ol 03 OBl wiar gl il gl 4y B el
oS s 0aT s 4 5 illae LB oo ol
L lin 53 50 oS L a8 oYL
Lot VT 2als” 55 oSSb et (65158 0 o
Lap S S 53 5l 2,548 (TSS (BODs (COD
PS4 U6 S (6598 g e DS 1B
Lo bl e 03557 L o )36 o5 4 (TSS
et kil s )kl J g8 BB A 4 addlas 5500
SVI0G 51 ity aLS o ol oS0 oS
a ESB ESma Sl s Pl L ol b 1S
5 5SS ol S ST (2805 5 55 e
RS- RVt I e SN (W g g N ¥
Lo e 51 Y game il o 55 o bl
33 55 r o3l adeal i Ol g 4 &SSU eSam
L5 55l a1 035 sl 2alST o
G5 Ao s MNP S S 65158 o -
L Las gl Oodm YL s S5 8
Odd i a5 5 SIS Ll Ol s 45 &SSO S
iy 30 ST S e Lol Sl 05 3158

= Sler Sblig Oljle il b LT JolS” Codo-

1190 13 ¢ 1WA d)laid (@i g Gy 3)9s

ohdjle (i) eokc olGibils dlas 15%


http://jmums.mazums.ac.ir/article-1-7966-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-10]

il )|Sasb g azna olol samnanan

oS~ 5l g S 7 e S 35 0T S s
o s YL TS L il oSS 0 YL
a:J_fJJ« Al St dﬁgﬂ&j\}md le.ﬁv.:.w:.w
i 0 jlo gk 3 0 1)) gl Gallas o
G ) S 3 llal el L Al s —s5lep o S 5
NG 2 sl m T Sobas S Olpl Jaes
La 3 5La5 5 &y TSS BODs COD (sla el )l
lio 5, Shes .l o3l Lz |y oowlio 5, Shes
Loy VT ol piomes 5 OB i (65198 2 o
Loyl 035 OLSS e o (e 5 il s
e Sy gl s sl e,
PSP RIS B N R

BODs 5 COD (oo ¢ 55 Jaus 20 01 5 Clii
0L aial ¢l by (oS 5 e o
S PREMES T S
Schoenoplectus Lacustris s Cyprus Alternifolius
3438 I Ao s AY 5 A0 4 e 4,
S35 sla el O ST 58,V edas 0l s
(Y3 Ak 5 —eSSb éi::;w: =S 5 L;LAV:M:..» 33 ekl
33 0m) 6l m b 6 3YL Ol bl addllas s
Sls ol sl

aqﬁl{wj&;;ruﬁwob&mjxmshan
S OSb akeai 53 1y 63508 5 Bl by
IS 5 Ghow (59 0 anlllae =B OLzls 5 g
P S Lol (S5 Sl 5 01> 0L
by lapiw 45 Cuwi TSS 5 BODs YT
OIS 5580 iz pa (L 58 o 215 4 (£ 5ae
5B w55 0L b (o an G ph e
oS Sl eslinal U 1y (65,558 MG (6l 1 (63 goe
TSS 5COD (sd> ¢! - Thiobacillus Denitrificans
LS s e 5,158 Ao s 4) 5OF 5 5 e
COD Cods gl w1y 6 5YL Dbl bl asdllas
5550 oL Caglio a0 01y oo 45T sl 03l OLES

T'"":—"“3 6395 0L = Sllu g L;E-«am Ja.l\j& coslaial

a5 gladil s L oMb das 5> TSS 5BODs
WY SAV/F QVF s 5 Ol sl g by s S la s
S ol ol s 573 Dlallls 5 .(19)3 5 oo y3 AY
52T bl s ST 0T il o ol alllas s
i (s 3 Shae 3 0gn o eyl 51 (S5 olm
Ll 53 S 05 o s il g 2V oS
Lo 5 s Slapions 5 Shas gl alin gln 5 T
Gl edaT Cs a0 gl b L ljls Sl s
a5 (e b5 5 s OS5 sl ]
BODs sla el )b j2alS 4 556 Sils e e oS L
iy (518 sLap,alS 5 e ilS” JS7COD (TSS
V)3 45 e )5 YA 5 XY Ve VY VF s 5 4 Ol
3BODs (sla syl (gl o ol andlls b e e
5 Trang Lo 5 ot ploil G 51 5V, COD
Fsman Lb g o Sleslial Coda L (V) Sle g3
il e OT JV¥s 51 (S & 5y il M5B (o
i ) i 3, Sas 5 (oS 5 s Sl e3linl
AL (Sl ST (Sl s 4 o
5 TSS BODs (sd> Oled sl 0, LSn 5 Ge
L L (el 15 iy o 5l 03lizal L COD
S e s AY/Y S AAD VE/Y s sl
5 g a5 LAl ol LS OM)AS5 5
LS L san by o 14 @01,
O30 3o addil Lol 3 53 o gy ol sl eSS 5
S 3505 Glaan 00 K5 alin Slllas e
Ll b 4 pslan olS 51 eslizal Ll 5 o 0T Yo 51 (S
Sostimal pioman 5 anllls 3) g0 aiate olgn 5 T
Aol ;83 aallas L alie (BIOL 2 LAy
St 1551 68 S 4 Cadibes sla s 3
(1) 23l ya 08V =i 5 (S o s o oS5
s 9 (M6 508 = (I 0L - (Gl yop o
S 1y (P o 5 a5 — eSS0 St oS 5
COD BODs Lile CMS0 31 Calies (glootu VT (o

U‘-’«‘ )‘ odis] Cwd 4 c_’.\b Llesls plis _;3}" TSS 3

NEV 1190 13 ¢ 1IVA a)ladd @i g Cuny o)9s

ohsjle Ak eolc oGRSl alas


http://jmums.mazums.ac.ir/article-1-7966-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-10]

V0B dLS5 g $)lgo (3 (WSY Sl elwaw b OLBG WS

S5l (55585 3l oslial 358 oo (A Eash ol
312 (2 (oS 5 e 0150 5 0l (S Lo |
NS adas gl o Al ¢SS o oYL oS
Slallls 51 N 1y i en 5 OBl 2dlg:
AT 5 Ol e 53 S 01yl 3 ek plon
iy 2L LS e Sl adlllan a3 (el ok IS
2638 5 es Spso 4 (o san Ay LS
el OBk wia o o (Al &5 ke
SodaT Ews 4 s 1 oul odd LS &S 557
S e 45 28 5 e 055 o walllae
Hoblis 53 (age Sl (#sae s —S5lpn
l_33;)|>4_x3Ua.a>)}_A4_ﬁa;.eaJ_:>'-SL;uchL‘a
iy 5 -8 5L 4y ST SES
030wl O 55 o 6L T o jlas g o3l l5348
0L = 1b a5 b o (53 i er S
Dl o 2S5 5 e A5 Gl e p b 5

Sl s g g (63 50

SISl
oS ils o ge Gliios -, b e dlie )
SIS S L 555 (S p e oBails il
s O diws 5 .13 0 IRQUMS.REC.1394.230
p e o g Sl 355 G130 5 S il e
plasil slaat 58 51 ohdwy el g blgy 0aSCl
5T ELAOE L 51 (K o moe o) stan 5 b
S b e Jale pds i ea 5 Ol )3 e
e lige (T Gl L5,T o5l OlalsT
38 Dbl Sl 5 |l g 4 Sl e
OT 51 ols m0 0 5 (SWhes wlie )3 (oo sums il

.J)‘bLsa ryﬁ‘

References

1. Keddy PA. Wetland Ecology: principles and
conservation. 2ed. Cambridge: Cambridge
University Press; 2010.

S o5 5 0 AT S Do Ol 3e 305 0580 ikl
—SOL St (oS5 s a5 Slon gy 35k
Sl oys Ve 544/444 (Bl0g) s 5 4 Al
Q-@q-(fejudjdq-)aﬁﬁ\)\@t}@@}:\i.uw
22 0 ST ST 6l o A bkl 4 glaus
by = (3lan o (S S e S (2 A Dl
Ay o 31 oy ¢ 213548 A5 (6 8 LS 0
g el Y ((elaw 5
Olesly 5Kl (glanllas )3 OLLKas 5 5,5
WV 1) o gt iy (s o [ 035 13
5 GBS immen (Y5 ST 5058 o ys) s U
Al 5 b St (oS5 s D )3
S 010G 1y Lap ilS” S Cod (61 (2 e
ol S5 Slalllas U ol Giod gl (P58
Q}:_w\j:l:éj_’?\jA;U)Lghszlﬁj..wl:@\jﬁ-r»
135 Jolse b5 b ISl 035 O oy ¢
‘SLAM)JJW‘ old et in Al o YL
O (i 4 0LS 03505 9L L oS 0500
aallln s e (Y0)3,-8 oo plowil g Laoty VT
23 Fyman Lb g 0 (Fojled Jyis) Sl
5 TSS Codor (51 (18 03uk) Aald s L e lie
Sy el sl 030 L 1y o g 3 Shas Sy 5lS
L g Ood> Ol s g5 &l BODs 4 COD
O\}Jw;ﬁlﬁt{.ua.\izauwjmjw
5 0L b B e s 4 STy oS 0
3 Ol ik Sl ot A Ol3) b el Cmlae
B Sl a5 Layls )8 5 TSS 2als”
sl kld psda ab gl by, TS 5
b 5538 53 (Vb ol (glapiw ST 010 o150

Lyl 3 slws Ol gisds oS ?QT s e O

2. Vymazal J. Constructed wetlands for wastewater
treatment: five decades of experience.
Environ Sci Technol 2010; 45(1): 61-69.

1190 13 ¢ 1WA d)laid @i g Cuny 3)9s

ohdjle (i) eglc sEibil dlas 1A


http://jmums.mazums.ac.ir/article-1-7966-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-10]

il )|Sasb g azna olol samnanan

3. Sayadi M, Kargar R, Doosti M, Salehi H.
Hybrid constructed wetlands for wastewater
treatment: A worldwide review. Proceedings
of the International Academy of Ecology and
Environmental Sciences 2012; 2(4): 204-222.

4. Abdel-Shafy H, El-Khateeb MA. Integration
of septic tank and constructed wetland for the
treatment of wastewater in Egypt. Desalination
and Water Treatment 2013; 51(16-18): 3539-
3546.

5. Yousefi Z, Hoseini SM, Mohamadpur
Tahamtan R, Zazouli MA. Performance
evaluation of artificial wetland subsurface
with horizontal flow in wastewater treatment.
J Mazandaran Univ Med Sci 2013; 23(99):
12-25 (Persian).

6. Trang NTD, Konnerup D, Schierup H-H,
Chiem NH, Brix H. Kinetics of pollutant
removal from domestic wastewater in a
tropical horizontal subsurface flow constructed
wetland system: effects of hydraulic loading
rate. Ecological engineering 2010; 36(4):
527-535.

7. Mehrizi EA, Sadani M, Farzadkia M,
Kermani M,Ghahremani E, Nadafi K.
Discussion and Comparison of Efficiency
Natural Systems for Wastewater Treatment
in Stabilization Pond and Artificial Wetland
about Removal Organic Materials and Solids
(TSS, BODS, and COD) in Yazd’s Sewage at
2009-2010. J Basic Appl Sci Res 2012; 2(2):
1270-1277.

8. Melian JH, Rodriguez AM, Arana J, Diaz
OG, Henriquez JG. Hybrid constructed
wetlands for wastewater treatment and reuse
in the Canary Islands. Ecological Engineering
2010; 36(7): 891-899.

9. Xinshan S, Qin L, Denghua Y. Nutrient

removal by hybrid subsurface flow

constructed wetlands for high concentration

10.

11.

12.

13.

14.

15.

16.

17.

18.

ammonia nitrogen wastewater. Procedia
Environ Sci 2010; 2: 1461-1468.

Mara DD, Cairncross S. Guidelines for the safe
use of wastewater and excreta in agriculture
and aquaculture: measures for public health
protection. Geneva, WHO, 1989.

Apha A. Standard methods for the examination
of water and wastewater. 21" ed. Washington.
American Public Health Association. 2005.
Water Sanitation Health. Guidelines for the
Safe Use of Wastewater, Excreta and Grey
Water. Geneva, Switzerland: World Health
Organization Press; 2006.

Akratos CS, Tsihrintzis VA. Effect of
temperature, HRT, vegetation and porous
media on removal efficiency of pilot-scale
horizontal subsurface flow constructed wetlands.
Ecological Engineering 2007; 29(2): 173-191.
Vymazal J. Constructed wetlands for
wastewater treatment. Water 2010; 2(3): 530-
549,

Mara D, Horan NJ. Handbook of water and
wastewater microbiology. Massachusetts:
Academic press; 2003.

Tashauee HR, Mahdavi M, Karakani F,
Ghelmani SV, Ataifar H. Application of
Horizontal Sub-Surface Flow Constructed
Wetland for Treatment of Wastewater in
Foreign Countries and Iran. Journal of Health
System Research 2012; 7(6): 672-683
(Persian).

Ehrampoush M, HOSSEIN SD, Ebrahimi A,
Ghaneian M, Lotfi M, Ghelmani V, et al.
Evaluation of the Efficiency of Sub-Surface
Constructed Wetland Methods in Wastewater
Treatment in Yazd City in 2011. Toloo
Behdasht 2013; 12(1): 33-43.

Ge Y, Wang XC, Zheng Y, Dzakpasu M,
Xiong J, Zhao Y. Comparison of Slags and

Gravels as Substrates in Horizontal Sub-

€9 1WG0 13 ¢ 1WA a)lash (@b g Cuny 8)9s

ohsjle Ak eolc oGRSl alas


http://jmums.mazums.ac.ir/article-1-7966-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-10]

V0B dLS5 g $)lgo (3 (WSY Sl elwaw b OLBG WS

19.

20.

21.

22.

surface Flow Constructed Wetlands for
Polluted River Water Treatment. Journal of
Water Sustainability 2014; 4(4): 247-258.
Kato K, Moriaka R, Hosokawa H, Osada H,
Kanazawa K, Nozoe T. Preliminary studies
on hybrid wetland systems for purification of
milking parlor wastewater in northern part of
Japan. International Symposium on Wetland
Pollutant Dynamics and Control (WETPOL),
Sep 4-8; 2005, Ghent, Belgium.

Yeh T, Wu C. Pollutant removal within hybrid
constructed wetland systems in tropical regions.
Water Sci Technol 2009; 59(2): 233-240.
Domingos S, Germain M, Dallas S, Ho G.
Nitrogen removal from industrial wastewater
by hybrid constructed wetland systems In 2%
IWA-ASPIRE Conference and Exhibition, 28
October 31 November, Perth, Western
Australia, 2007.

Cui L-h, Liu W, Zhu X-z, Ma M, Huang X-h,

Xia Y-y. Performance of hybrid constructed

23.

24.

25.

wetland systems for treating septic tank
effluent. J Environ Sci 2006; 18(4): 665-669.
Seo DC, Hwang SH, Kim HJ, Cho JS, Lee
HJ, DelLaune RD, et al. Evaluation of 2-and
3-stage combinations of vertical and
horizontal flow constructed wetlands for
treating greenhouse wastewater. Ecological
Engineering 2008; 32(2): 121-132.

Sharafi K, Drayat J, Khodadadi T, Asadi F,
Poureshg Y. The efficiency comparison of
constructed wetland and conventional activated
sludge on removal of cysts and parasitic eggs-
case study: Ghasr-e-Shirin and Kermanshah
wastewater treatment plants. Journal of
Health &Hygiene 2011; 2(3): 7-13.

Huddleston GM, Gillespie WB, Rodgers
JH. Using constructed wetlands to treat
biochemical oxygen demand and ammonia
associated with a refinery effluent. Ecotoxicol
Environ Saf 2000; 45(2): 188-193.

1190 13 ¢ 1WA d)laid @b g Gy 3)9s

ohdjle (i) eolc sl dlas 100


http://jmums.mazums.ac.ir/article-1-7966-en.html
http://www.tcpdf.org

