[ Downloaded from ijhe.tums.ac.ir on 2024-08-15 ]

B9 oode gaollad (Cons ) o 9 Cuodlw alxo
RTLR VE T RUAVI RVERUN e |

IPE B YT Slrio ATl sl o)lods ud s 559

0,
" agn) |

Available online: http://ijhe.tums.ac.ir ' \\/
Ua":'h ‘,}; ke a\ / &

%, @
() >3
" Of Enyiron®™®

By

30 4l 8L g U leo ,_s.ul ‘s.cda.m)a) (S Feo YU ‘53])[5 I
VAA 3048 guiSTy Sy Qi

k5JL<>.>) Ao ¢ Sawgd Lo oo ‘4%6535 .)‘5,? doeo ‘E)l} 6)LE:Q\ sl
u‘)-" FRNE SRR e Jov! oKl el Sy ‘U‘)“"c 09,5

b S )l o ol M LI
Slod S j5boay a5 cl 55l gige Ky 4y 3laie VAN o8 58T, Sy i g ey AANYIYS el &b
oo bauslie o 55Ty S, Caramw oliue 5t o o3liiul j5i5 Slus mlio o AR/Y/N tomlpg gyl
Wi o sl ;8 i g by S o5 atile elge comge g cnl an Lass,  A8/YNVY iRy b
o8l s U cegiae YU Oyl o LS e (i ] IS Gue AATTY el )b

el VAR o5 S, K5 B cgr s il 5 B Laie by
S3lye O 9oy ok 59 3lasi VAA 508 551, ST, Bds (5 late ayt oy 2 (99
Phragmites s o 5l ,lo 8L 5 & Laie Jolow ;o .0 il +/Fx+ [OxY M slal asy
Sl ey 95T, 55, g COD clalé (3 ims 0y, 4o .ol ooy oolixl australis

ol 00 sy Slotly e 3 oS 5 il ey SYE N AA e 55T, 5 sg S o 5lg

DA s, 55T, K5, G yloadly 25T aF ol i ooty o> pyli ilaaidly oY o, e 8l xba ) o csiae

o by po a5 oael Cony 9, IO aile Loy )+ - ME/L (5095 00t ¥T o lile o & ok Gl b (Bl (xha ;) egian
ol sl ey (s egims B s 5o S8 0525 (yrimad <l Jo 3l S5l
Oley 3ls e alayly Bds lenil) b Jolow 90 12 j0 (S 0lF 0529 055 o0 BA>
meizman 3, Jae B el 5o o8k sl 5 55 g0 Sylaie Jsbw 5o ails
il weSae alayl ) Bi s yleail, L ooV (04,9 clale

a5 om Bt s o il (Bl s ) opimn VG il Ly sllae s S a ) s ot g3 (S S Cany

551, S5 Bl 50 wlin 0, Sles Uy ot (lgmieay 0l aobe ey g o lale o mj.zoqi@birjand.ac.ir

WDigd 00 44 VAA 508

Please cite this article as: Entezari Zarch H, Zoqi MJ, Doosti MR, Rahmani S. Evaluation of the performance of conventional and baffled horizontal
subsurface constructed wetland in the removal of Reactive Red 198. Iranian Journal of Health and Environment. 2020;13(1):123-34.



https://ijhe.tums.ac.ir/article-1-6338-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-08-15 ]

Ky Bio Jslate sla by, el (Handli slabg, L
s mlio 5o (plead 5 (S5 (b)) AL
by e bope Bl g ol auge s
L lapiss (] Gaizmen digd ool ooliiul 03 50
Lol o g ool i oyl o ezl OIS ie
S5 B Q) s ) gy ol sl Y
Al ahas gl i syl sl
obuasdl L 5l cdel ) ey (o0 715 4 clial
St Sl a9, 0l 5l aasd ad 0 4 (9 de
comlie Sla by, dnwgd 4 LS a0y 5 (S Al
Sl sazms osliiwl 5 LS abal a5 5 )
o g yo Aral (Gt L dslie 10 (1) 5,0 0924
L YL Uls U e sl egime YL
o5 A ol gLl ;K00 5l g 009 Laeany VT B>
3l Esran glac¥l ool )0 sloan o 5 (55,5
wwgs Ji jo loysiS o osliiul sl (@Y Jeily
(b sleanld oS5 ol e as cul oy sy
b slaanlf o asilalie (Sijslsn 5 b
YU s LV 0-VY) 05l o0 plal s o £,
e Lailgd Gk oot ok Slasdse cesras
ol (ool sl 51 0 0t Holaie 4 aST o]
15 el g S Cernaz 5 (ns 00le) S5 cyLaliS
Az ;0 (VW) 09 oo aBlw g (b (M5B a_bas
sloanl abuly 4y OMSL (Jslse (] S oy
Dy on Al (So5lom 5 alret (S alise
sloanlp slacaie 5l oS0 Stz )3 pim =)
e L 0pd o0 &) (ormb Lol 0 45 ornd
dhal (5,9L8 (V0 NF) 09 bioe (o2l 0ad S
oledl jo cegian YU piaw dlwg a4 LB
Moy 96N VA8 ar jo Jow Sladgss wlwly
Slallas 9SG 0l 9,0 (e VAV ans (o
YU ot 51 ool i 3 g3l (2l ile)]

s (Ul ) ale ez g (1l )0 e gkas

\YY

e Egan SYU 21,5 (w2

doJddo
Arw g o S e (0 S b lojen Sl gla Sl o
32 gl Gras ot paliz pad (aie 5 (6,5l
L LaoMsls .ol azsly o m w8 Ol o gy ases
(6 s ol Jols il glgil 4 oy gie 4y az g
Ny o el (55,9lS OIS 5 o LS
Lngoa;%Yj b0 &.gl.bc )" «_e—i' R LgLfbg)LéLé
5 COD clile a5 aS 5 5bar caiiwn s jlose

S5t el oS el Leos 4 Lyl o BOD
03— \.\.Jy oMol T Sev ‘_gLQul_..w r:Lm uL*-" 59 ()
o L daclas o seadl )l el o by
tolio Ol (ol aasein (V) siwn ol S5 g
Lm&») ! Le;i L.7>9J'> e_:Lw.’ o) g_{_:) S99 L9>Lm.:
3 d el Sy ‘u_?l_....i é’l—u@ 5O 6|o¢)3_mf )5_144.3
(5‘)?‘ )‘ LA.) U_")"L“’ «AJ?_MJ‘SA oolas_wl w‘)] r:)‘j_l 9
256 g5l gladiss s plalS g5, = oz S0 5l
- G PR LR SVE DR Y6 S SR W E LR WKL g
S oo (S 1] 39250 (5l g 00 O yiewST 5LS
Cras 4 st e s o LaSs, (F)
O o o T il 9Tt 5T o lisee
‘5_3.';5‘) le.ad.._w\bc\_)db)_v)ls.‘ol_‘xl)‘jo)_..CBU.uL_u
GMM o)_,.c 9 LJ"’)"'_"‘M"Q “;A} ‘W sddg_m‘
lelse el 55T, slacss, il yi Lacs, ;Koo
o 3late g Sesl Glas, ades 51 VAA 50,8 5 S]]
L} d_.....JLCLA )b p_iza ‘fLQLC 05; 99 6‘)‘0 sg)i 5_»3.0 gj_;)
VA b oS, S, il 5T, slacSs, L
38,5 oo oolaiwl j5iS s mlio o glos S gb
S99 t;ii) é_aLMa bl 6‘)—.’ b_d.ou: LgLasui‘;” (Y &)
5 SUsm (el (S bt Jold a5 o)l

};f 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 —r

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6338-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-08-15 ]

Ol)ed 9 7,15 5, Ul s>

o 59, g 3lge

sl sl -
ol 3o ) ol e e 5 (lolid 5l ey
s 4y e o o 3l 5 By oy L g0
cmbl oy pyre Ve om Jobow Job olal g Ve mm
Corle ol oo ooliwl #o em L plp )] Gos 9 0
ho cabgosgy Ve O Ly ol Jsl s o (xlas
Lokl (635)9 o 488 ;a5 )3 s GBS )3 ws)s
FeCM Goe ;5 Sebly (o2g)5 5 A5 51T CM Goe 5o
L 0 olaes ol sk 15 sl o0 dpons S 5|
ools 1,3 e bl o (gols &jg—0 4y TO CM gLl 4y
S 5 M6 a5 s 5 (2955 (63959 Sl bl ot
ool jelate dy ol pl o I eolaiwl gocs o slaals
57 9 6955 sledls A cgr ol (alad
O3 ol SS 1S yslar 5 e WSl s Gl
S oilagBly Lad ol ad 5 plogl K085 IS
s 53 (F-Y €M) pgaseo o 5l oalitul by sl
90,5 glaSogll ad) jslate 4.0 o £+ O glis )| s
(197 4 i )3 o0l 51 S Lo j50 ale jLs
s, S an i dlgs golul anasg Las oeil
A sl Y LUy oy b b L s e sl
IS jo ol s (o oad eolaiwl slacssbl gl

el 00 00l QL....G \

s 42045 g oS clls -
Jums 0 94>40 |35 ;I Phragmites australis o5
SV kmoadols o oo obl e adlaie Lad
5 £lis ) slls el pLas 0 (5 5lenr bl i
5 S pdaais) Job g i 0 gLaSe L8 sla S
Jolw 0 olS g, il el )l lawgie 0ogs a3l
Sobily Jmeo 4y Ll 1 ey lalS 09 Fe CM sgu >
Lol am oszr Y g J5 g oad dd (9> o

P 55,5 S 5l 6ol sl Ll xba s

® gﬂ/
yéfg J’ 1199 Jlgr /Ul & lauts /[oad jams 093

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YO

or OF) Gt Sl aial (o ceghas VU
COD Sis ploily 1 5o (0LS slagitsy
YU i (U155 595 = 2o (V) Sl
=29 OV ANA) (S OOLE el Cpr (egian
48,5 oLl (V) COD GBas> ylesily o yias sole 5
ol,8ws ¢ Haghshenas-Adarmanabadi .c_.
Eymae sV oL ey p o V17 Jle o
Sl aiar Clay JIL GRS 50 o pen xhav
DBy diliee sl LS e olatul b (6 i oML
SLOYE (29,5 5l 5l aiges ol VY 5l Jol> ol
A el S5 aLS by g5 o ol ol aallas
3,05 egian sV o JTolge B> 41 5,l0 cxe
shls Glo¥b jo T slge Bis> Jlaie a5 sz 0
Oledily Grizpe agr wall YU I i elS ibg
AY B YV y adlas dilisee slac¥B 0 COD Gas
S o0 AP LAY s BOD, Gis e g as)s
Jls o olen 5 Tee g 45 gladllas ,o (Y))
5 o8l (B8l b e ian AU (55, 5 V410
HRT a> ;2 a5 s ools lis o 5 & y90 B )lao
aolss alodil (g o], L SO, B ail i
S50 59,0 5V Y Sue o HRT aslllas o0l jo .08 8
YU 0V el el S5, B lensly s a8 8
Alp iy an B)lte 5 o 3L (8l (x5 e gian
sl odslie ao VY o FF ¥ g a0V g AL £AQ
Bi> wypan YV Lo o K ea g Hussein (YY)
Go30e (o cesias YU alwp ABVY S,
39, T oV by o jo as ol lis mols wBl

(YY) el iolidla s o VY a0l i el
ol esras YU v SIS ol Godod o
551y S5 anhal o Byl g o8l (Bl (e
el 65105 ST rizmen sl 0ad (on) 2 VA 50 B
SBd> lewily 5 cdale sl Lo (e g9 ol

R Pl R Rt


https://ijhe.tums.ac.ir/article-1-6338-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-08-15 ]

e Egan SYU 21,5 (w2

ol Gudond 50 ool 990 SLaghly yguad ) S5

S5 oS 45 o egimn ISl gy 5,55
¥ Jomp LN e 9]y SO, S )
amazy Lol oy s L H CINNaO S,
3 Pole g g D90 A (635,923 9 Ol Do
0,99 2 ;5 Jol8 jobo a9 09 B0 j f y2 JSD
a gom olaglejl 5 055 o0 stid 5 JB (gl il
SIS 53 0 eialog] (b 3 5,5 o ol 5550 (et
diges oo .aiod 4ds8 cegac ML L coias
i 42 by po dged 003l 45 035 Aigad 939 5 v
0392 3L i 4 by po ;S0 asged 03500 5 B late
S 5 slacdale sloul 9«55, 3,5 ao ag L ccl
LaSLm);;_M.g)aoq_;LooLé;_wlg—lp_?oaggjsl_j‘)_laj
ol ST Lol K5, 51 Y g i lasyl wel YE-
ol o w355 sl <) @IL G lile U5 00,5 5y 5
sledale L oo ,S aslol ol sasladl a1y ool o
3 Olaebl Jgmax jsdaie & Jos (09,5 sloml y aiv
o 90 Sls sladiges .l ooV ool g g Pl
Ol sl oo cilo p ylo) SO g 59, SO )0 Aden

oo )‘ ool L diges y o 6_?5)5' COD 9 ol
ol 00 (6, S0l UVYY e v Jas agidgns il

\YF

9> A wwliole;l jo awlysl ‘é_fo}ﬂ olom! pae g
A3 3550 i 53 6L &g a4 0olS 0t g5LSh
0t a5 55 STy it a5 5yt ol b g 42
2 obSY g Jobo joolS 7 slas Jolows yiws 0 0lS (5l
W8 pdy Sgmo (e e o )3 oS 7 olaad) OV (o ye
35 0 Sy s sl olas (alS EtlS 5]
9 9= jetae dn Jol ad> e )0 ol 4 il Al e v
5 o 3 oS plSiul g oS poim ) g aia) (B ynS
Lazan VF o do i ooyl 0 L oS (65500
@l o ol (b js aah 4 dE S o o8yl O
oo bl 5 b o] 6,850 5 oS o, o edle
T 59y » 948l 0l lapi s )0 b ucilS )15 ,Se
odara oS pgi ) 5 Aty i 5 fim Al 5 0
L ot 4055 095 5JUT g (61 ;30 40 o0le] i LS
5 S asged i >lie ml (b )3 09 Agl &g

i bl gt 4o 3-JG]

Olig bl g (g S aignd o3 9 i 8 Slos -
o)_ilo.c M‘ c\.,_mg.u u)s_..oc\.: r@.,._.w...u.: 6)‘A_§)l) 09_?!3
Sl o 0l sdusmiw i lise wsle slayle) 4o piaw

gg 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 —r

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6338-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-08-15 ]

Ol)ed 9 7,15 5, Ul s>

G 50 a5 (V) 89500 JI A e laanl b
3 sl 00 s0laiwl CCD gl mhas g, 5 ol
Joldoa b axd 57 L5 55 gous slojiie 5l mgly
mg/L slasil ;o 55 4 aS cwl aile ylej g clale
43S ;15 )3 (omld yiite i 59, Y0 5 ) e F
Sylaie g 5l 8L (Bl (a5 (egian SVLS G oo
ools Lias Y Jgao 50 w1 0550 (Slo piie 45 i
b lible 5 s o La psie yols [ 3Ll oads
Slacal gl i wly jo 4 058 o plosl Glisles]
s b 5l 5 g ilesl 59 g G iy
o35t B)lee 5 ool sl (sl (talojl sl
el plagor jsbar Jslow 99 Sltslojlicde (pop a5
50 0ad plsl liolesl an g o SleMbl oul ass 5

Sl oo ools LS Y Jgum
adlisy @9 an Lo g PH s lo ol (pizean
Sliglejl golad o (6503l Dg by oins e 50
bl slaghs, SliS jo 0ad S8 slahy, (bl
bl Lo Sogll i Lassl, (YO) cl o sl
0038 Gend ) adslie Gl (o2g)5 g (6999 hale

RE (%) = [(Cin - Cout)/Cin] x\ - - 7. M)

o S Jgad ol s cslailaie bl S an ez L
Ol Ll JIA8 50 i 0, Sl o oS sl Lo
el ol a5 oz o ol g ailais 4 a g L JLs
colwanlpasolaarg by ol Sis g0,
30 oLl bS5 0,98 ol jo segian LoV
Jsb as olo e s LagT 315 0 g sl 0393 55 oo
ol coas ol 35, ¥ 13 Lo (5 1S5 5 oasalnd
Ol e 909,55 bl @l o I (Sl (e Ll 5
S 50 Jmad s pae Jdoasda S 0,5 Lo aseS
3 pae g laaabl 8 alols g (s 1S eisas

ool s g 43520 -
5 Lo iolosl slas o e 4 Lo ioles] > b
omlpb el Ginlosl oo 5o (s )50 Sl e
it ol La ilesl b Lol Glaal 5l S
aly ol e o 5l esleal b a8 coul —iyles] oV
Lo talejl slass Jlor o 19 59,5 (o 2 528 om0
Design 5810 5l ol Gipgly po il migazys

oo ooliiwl Liolejl >k sl sl Expert v
w0l S8 15 8le 5 jo laslesl >1hb sla g, 5l SO
3l slaegorme bl mhaw () Sl Gl mhaw )
Gl Sildiny o a5 Sl )bl 5 2l slas,

Design Expert 13800 5 50 oo oy 0 yian g o0 &y y25 5 yuiiio - Jgu>

2851 p» mhaw
ol a>lg by
+a - +) -
£ Voo YYO VYo A:c mg/L clale
5 Y Y0 YIVO B: t 5 il
| C: Ractor - 55 ey
-_//él)??g yﬂ% 1199 Jlgr /Ul & lauts /[oad jams 093
Ol umo il gy pole ozl Liiag Ju ole oolilad \YY

ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6338-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-08-15 ]

e Egan SYU 21,5 (w2

susd planil @l loT &1 bgyyo SLeMbI - Jgaxr

obbeels oLl &b G sbs Jmogles  ggpbesle g9pb iU pH sl ploy  g9gyg clalé o lads
GolSp higed (5,18 diges (°C) o ¥T (0 Mg dige  (glop diges 099 (395 (mg/L) suia¥T  wligbl
Velv. AR v v VR vy s YIA YIVO ) \
VY AY/A/S 14 v 1 AY/AIY YIA FIYO VO Y
A AY/AIA 14 14 VE AY/AD vio YIVO YO ¥
VY AY/ANY Y. Y. AR aY/AA N AARA YYo ¥
N AV/AINF VA VA N AV/ANE Vi Y Yo- o
N AV/AIYY Y YY N QYA Y s o Yo- 2
Y AV/AIYF v Y Ve AY/AIYY Vs vI0 Voo y
YY AY/AIY - v v VY AY/AIYY vio IO £ A
Ye AN Y. v VY AY/AIY i vIo Yo- 3
Ye av/aly VA 14 VY v/a/f i vI0 Yo- Ve
Ye av/a/ VA 14 Y AY/4/A i vI0 Yo- N
100 -
90
80
70
2 60 -
3 50 |
% :g I I I I I I I I I I I
20 |
10 |
- 2 3 4 5 6 7 8 9 10 11
W e dslecia gyl 81/76 88/35  72/76  80/95 79/81 89/94 91/52 74/11 84/79 86/4 83/44
Wb Jsbe s glexl,  90/7  92/11 89/94 91/61 91/13 92/84 94/21 85/25 90/28 90/54 91/72
Ul g OB ylaio Joks 53 13A o8 guiST) K5y Bi ploily =) l5ges
s L e g 0le Lo «(63g,9 ca YT e bile l@ub

ol g odale ol s 00,8 eolaiwl o J 8L 5 B,lais
o3k .o 59, V-0 g Ve o=Fe e m@/L o5 o s 5 an 0o
Ao 3 (i Bl ol e Lochile
Voo mgll ~Ls a5 IS COD (e os a8 )5
Jslos 10 VA 50,5 ST, (55 i ol sl 0390s
e oo ooy Lid ) jloged jo lo J8L 9 8 )laie
PV e 8 9581, S5 (29,5 <bale (gam as oo
wle gloj g 59959 dale bl Jlo 3L 9 B lais Jolo

el odalie LB Y Jlog i gV log i 0 sy ay

YA

Shol6 olo al )y -
4 i 4 (539,9 L PH 5 Los ol olo 2oy
@S Gkt Sl g b Joe 5o aslyy) @90
039050 1O s 4 (699,95 IS PH woao] cwoas
Sl slos Sl g 009 VIO aSileo Ly VIA-V/E
ol 039512 TC g Ll o 4 (59959

VA 30,8 9251y S5 Bdo 53 e 8 Slos -
B> 3590 58 i 0y Shoe (DS g (o) 2 jobate

Sl s Ll 51T o5lmaig 9 VAA 508 45T, S5,

gg 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 —r

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6338-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-08-15 ]

Ol)ed 9 7,15 5, Ul s>

Caoncentration

Concentration

ISl Jsbe 53 1A 0,8 9uiST) () 2,5 clild 1 ylo) 5 Cdile ylojad pudl ouids yigled (ins duw 510905 ¥ ,l5 903

3000 -
2500 -
2000 -
3, 1500 -
5
8 1000 -
(&)
500 -
O_
1 2 3 4 5 6 7 8 9 10 1
mCOD 23,5 1530/75 1530/75 2240/75 2240/75 1920/75 1920/75 808/25 2735/75 1920/75 1920/75 1920/75

W —lxie o5 ACOD  298/25 195/75 628/25 433/25 410/75 198/25 68/25 728/25 290/75 270/75 310/75
Ol dilh >5,ACOD  150/75 123/25 238/25 200/75 183/25 153/25 65/75 425/75 170/75 198/25 163/25

o8l 5 8lato Jobus 53 13A 30,5 95T, Ky (o955 9 5293 COD —F lsgas

® ﬂ/
;//égg J’ 1199 Jlgr /Ul & lauts /[oad jams 093

Ol umo il gy pole ozl Liiag Ju ole oolilad Y4
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6338-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-08-15 ]

551, S5, sz wlile s COD (lojon Sl (o
aS 039 O yeo cpl A gilwaigs bl i cc Wl VAN 50 8
sals Lials Sl o> L5 S, (> ,5 ohale  COD
Ol Y Jgaz )0 il ln ;00 90 Ll )2 05

el 0o oals
5o @l YL o l58le 5 lawgs oals olel digy Loyl

el oo ool L § Jgus

e Eghan VUG ) w2

COD Jo- 3O sy J)&LD.C -

Jaie .cewl COD codols asls sla Sogll 5l S5
25 8RS 0,55 S )3 s US4y (599,5 COD il
s Jogas il 1,3 A AIYD-YYYO/VO mE/L oL
Jobos 53 VA 508 5251, S5, (o555 599,5 COD
el oai oole Las b Lloges jo o 3L 9 8 lxe

1A 50,8 91y S5y (29,5 wdalé g COD (g 5lwvaciongs -
gl il—wdig ol 3dod o Blaal 51 S

Silwdiaga sl i 0 g0 bl ol -F Jou

YL o ol o Son oyl
FIYO YIVO 0dgdote HO Ge,) Sibo e
AR VYO 0090 4O (mg/L) $99,9 cdale
YYAIYO 2O/YO POV (mg/L) COD
IRAVING INAAS POVEION (Mg/L) =g, clale
3Blp 5 buwgi o (o)l e byl o -F Jgur
o‘}-gﬁ . . . D)L&.:J
(mg/L) =g, cdale (mg/L) COD 19551, g9 (Gay) wilo yloy  (ME/L) 5599 clals _
== ©lisojf
</a¥f- ARIAYNZ4 VY YPY Jsb,ls YIVO Yo \
+/aya VV/YVOY VY -/#aAa Jab,ls Y/IN- VYO Y
</AYY \Y/ZANY VAY/AAY Jsb,ls YINY YO Y
</AYY VYIVAY ARAVAA S Jsb,ls YIS Yo ¥
</aY¥ \Y/-af) VYF/AYO Jsb,ls fY Yo o
</aY¥ AAVARR VY F/IAAY Jab,ls A7ATA VYO 4
«IAAA \PIV VY YFV/AS 3 leie A7ARA YO \
« AN VZIYA -4 VEY/OYY 3 leie A7ART VYO A
«IAAA VYAV Ya \OFIFAN 3 leie A7RA Y VO q
1199 Jlgz /Jgl 0l /a3 s 095 y%ﬁ v@ ﬂy
\Y- Ol buzo bl gy pole ozl g fu ole eolilad

ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6338-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-08-15 ]

Ol)ed 9 7,15 5, Ul s>

COD Gis o o d ySlos —
G lae sl 4 i o], uSilee 45 ol it bt
0 el 0o )3 A4 1D 5 AVIF+ Ly il s o L3l 5
laite Jolow 4 S (g5 B> a0y o 8L sl
2 COD als jo o 8L Jolw uimman .ol ails
bl o3gm Jae 3 et Jslow 51 1t YU slacdale
@ Jolye BA> Jlaie ad )5 ploeil lalllas ay a>gs
o 3oz 50 0,00 (S Ladl (6 iy 328 (50
olesily slls Slaal> 4 ‘_QT Slgs BA> 1o caias OV
Sy sloo lasbiwl ay plows an jol8 g 009 YL

(YY) ccal ol ! G_Ia.m

VAA 30,8
@ oz bl F s o g bl b psas e
R wgl.‘a.a u‘).uc S 00 ‘59)343 wslhn U‘)"‘A r:l.:
O Gl ax B jeSde Iyl o mwly lade a5 caslixe
Olime 4z jo ol Koy Wld fles (o Aol aio
s ar g L sl jicnlin a3l 505055 S 4 Coppllas
YU gl ey 5l e casile )l aalS L a Sy
(lo Loy e LI Y a3 cnl by wob oo 2als

=

S 3 AR
i 23l ] Sl egias LoVl
sbate o Ldee ¢ oe0d SLiS pog Sy S 5l aS
JrS s Fogll JuS j5late 4 ol 5l Laoa¥T i >
i drwgl Laodol Co pae g ol <UL
ol gl Wb sl 0,8 g (SSSelsST slalul
5 Syl 5 08k i (VL el ) (S 3io
5 0B ylaie gl Jslous a5 sl VA 50,3 551, 53, i
45 6 ysboas assls ials |, COD il )l cdalé ol sl
a5 o ikl e e bale 5l a8 a1 colale |, S

® gﬂ/
yéfg J’ 1199 Jlgr /Ul & lauts /[oad jams 093

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

AR

VAN 30,8 9Ty S5y B 10 pomw 0 ,Sos —
Olossly = Bl g2y ws oo plid mol 45 j5hailen
MH..AAJQ.:‘) RS QL"J-'l)l—’j‘”)}—’ )|..\j).ul.v RS
5 B laie piw Gg, yo 4S5 ;50 lasllas o 0l
Oloewily aS sal oole las 35485 &yeo s J 80
(VF) sl 009 g o 8l w0 S5, i
Jobow 4 Lo o muls o aw Jogai s azg b
SS, o ohle aol il ool oley g el
yeba ol o) cclale palS gy, wile le; as
ile uLA)ﬁf" mg/L 9 Yoo 6«)9)3@2.&2)«) JLw
g MYA oy an SO, 29,5 ahle g, YO el
AVOY 5 5 4o B> lewl, a5 o V- Y02 mg/L
o AYo mg/L col cclale o 9 090 oo, YN
A S5, g ohle G, FIVO 5 VIVE ool ol
B> leail, as ws Y-/¥AmME/L 5 ¥VAY 55
=l asl ioll oo 0 AMYO an oo 0 AYVIVE )
a2 oo il g, chale Bas o o J8l Jolw
o oy o ble plie 999y clale il L
3hgaeye Al an asg Lol oo piolidl cas
Wl Cdz anl B o,k sl La ST, s SO, Bds
Mols S, e b (g0g,9 S, clale mslidl L 1o
b Bl (g il (il plo g e gl
Lesls Sy ey ahle o gl b sl ol
Oley s Yoo mgL gV e (gog)5 cble o Jlie jsbay
s OV sy ay SO, s2g > chale g, YO el
2o, ABIYD g AF/VY Bis lews], a5 s 04 mg/L
e ley g VYO ML clb clale jo o omen 0
VEIVY sy an S5, 29,0 hale g, FIVO 9 Y/VO
AV 51V Bas leasly as acs VYA mg/L

RSV PR WV VSR


https://ijhe.tums.ac.ir/article-1-6338-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-08-15 ]

O ol
aJlao Q_.ﬂ 3 1y gslwesls g Lasols cay o cailEgo Ll

wles S eole,

10y g S
s olse Ll oLl 5l is Jols adlis (]
Bl o o8l (Bl (rha ) (egras VU (SIS
59 0yl (ol )5 adaie j0 "VAA 08 g ST, ST,
oot Lol i oSl oles L a8 il V¥RV Lo

References

1. Merouani S, Hamdaoui O, Saoudi F, Chiha M. So-
nochemical degradation of Rhodamine B in aqueous
phase: effects of additives. Chemical Engineering
Journal. 2010;158(3):550-57.

2. Yagub MT, Sen TK, Afroze S, Ang HM. Dye and
its removal from aqueous solution by adsorption: a
review. Advances in colloid and interface science.
2014;209:172-84.

3. Anil Kumar M, Vinoth Kumar V, Ponnusamy R,
Paul Daniel F, Seenuvasan M, Anuradha D, et al.
Concomitant mineralization and detoxification of
acid red 88 by an indigenous acclimated mixed cul-
ture. Environmental Progress & Sustainable Energy.
2015;34(5):1455-66.

4. Mittal A, Mittal J, Malviya A, Gupta V. Removal
and recovery of Chrysoidine Y from aqueous solu-
tions by waste materials. Journal of colloid and in-
terface science. 2010;344(2):497-507.

5. Tan KA, Morad N, Teng TT, Norli I, Panneerselvam
P. Removal of cationic dye by magnetic nanoparticle
(Fe304) impregnated onto activated maize cob pow-
der and kinetic study of dye waste adsorption. AP-
CBEE Procedia. 2012;1:83-89.

6. Vidhyadevi T, Murugesan A, Kalaivani S, Anil Ku-
mar M, Thiruvenkada Ravi K, Ravikumar L, et al.
Optimization of the process parameters for the re-
moval of reactive yellow dye by the low cost Setaria

\YY

e Egan SYU 21,5 (w2

S 5 3,5kt a3l sl 5 sl o)l ol
S5, i s COD bl ials jo Glate Jslow as
ol aslllas jo oolaiwl 0)90 g 5 oL ils
29 bl a3l 5 Blate i Ly (93 6,55
ol 09l (olio 0l 50l g Gl Jgad (o
Cale Gi el o e 43 oLS ] i g o0l
clale Jale 90 s o immen el 00g 105,50 S,
Bio planly ;o e 53 a0le oy g 0a ¥l (539

i S 5 ks 9ags NS 136 VAN o b 4 ST S,
9 u.ua&l.a u.._m; RS QLA«.\J‘) l_s ¢«599)9 o..\_,..Y—I clale
‘-v...n.._m.n 4.‘44‘) Bd> uLm.\a‘) l_u sOL.S S99 9 ole uLﬂ)

el il

verticillata carbon using response surface methodol-
ogy: thermodynamic, kinetic, and equilibrium stud-
ies. Environmental Progress & Sustainable Energy.
2014;33(3):855-65.

7. Pasand L, Ayati B. Study of reactive blue 171
dye degradation in hybrid system of UV/H202 &
SBAR. Iranian Journal of Health and Environment.
2013;6(3):393-406.

8. Carneiro PA, Umbuzeiro GA, Oliveira DP, Zanoni
MVB. Assessment of water contamination caused by
a mutagenic textile effluent/dyehouse effluent bear-
ing disperse dyes. Journal of hazardous materials.
2010;174(1-3):694-99.

9. Gupta VK, Ali I, Saleh TA, Nayak A, Agarwal
S. Chemical treatment technologies for waste-
water recycling—an overview. Rsc Advances.
2012;2(16):6380-88.

10. Al-Baldawi IAW, Abdullah SRS, Hasan HA, Suja
F, Anuar N, Mushrifah I. Optimized conditions for
phytoremediation of diesel by Scirpus grossus in hor-
izontal subsurface flow constructed wetlands (HSF-
CWs) using response surface methodology. Journal
of environmental management. 2014;140:152-59.

11. Vymazal J. Constructed wetland for treatment
of industrial wastewater. Ecological Engineering.
2014;73:724-51.

12. Sani A, Scholz M, Bouillon L. Seasonal assess-

};f 9 yﬂy
1199 Jlgy /Jgl o)l /s jaam 095 —r

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6338-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-08-15 ]

Ol)ed 9 7,15 5, Ul s>

ment of experimental vertical-flow constructed
wetlands treating domestic wastewater. Bioresource
technology. 2013;147:585-96.

13. Vymazal J. Constructed wetlands for wastewater.
Water. 2010;2(3):530-49.

14. Reed SC. Subsurface flow constructed wetlands
for wastewater treatment: a technology assessment:
National Small Flows Clearinghouse, West Virginia
University; 1993.

15. Marchand L, Mench M, Jacob D, Otte M. Metal
and metalloid removal in constructed wetlands, with
emphasis on the importance of plants and standard-
ized measurements: a review. Environmental pollu-
tion. 2010;158(12):3447-61.

16. Meng P, Pei H, Hu W, Shao Y, Li Z. How to in-
crease microbial degradation in constructed wet-
lands: influencing factors and improvement mea-
sures. Bioresource technology. 2014;157:316-26.

17. Yang Y, Zhao Y, Liu R, Morgan D. Global de-
velopment of various emerged substrates utilized
in constructed wetlands. Bioresource technology.
2018;261:441-52.

18. Ghosh D, Gopal B. Effect of hydraulic retention
time on the treatment of secondary effluent in a sub-
surface flow constructed wetland. Ecological Engi-
neering. 2010;36(8):1044-51.

19. Almuktar SA, Abed SN, Scholz M. Recycling
of domestic wastewater treated by vertical-flow
wetlands for irrigation of two consecutive Capsi-
cum annuum generations. Ecological Engineering.
2017;107:82-98.

20. Yousefi Z, Mohseni-Bandpei A. Nitrogen and
phosphorus removal from wastewater by subsurface
wetlands planted with Iris pseudacorus. Ecological
Engineering. 2010;36(6):777-82.

21. Haghshenas-Adarmanabadi A, Heidarpour M,
Tarkesh-Esfahani S. Evaluation of horizontal—verti-
cal subsurface hybrid constructed wetlands for ter-
tiary treatment of conventional treatment facilities
effluents in developing countries. Water, Air, & Soil
Pollution. 2016;227(1):28.

22. Tee H-C, Lim P-E, Seng C-E, Nawi MAM, Adnan
R. Enhancement of azo dye Acid Orange 7 removal
in newly developed horizontal subsurface-flow con-
structed wetland. Journal of environmental manage-

® gﬂ/
yéfg J’ 1199 Jlgr /Ul & lauts /[oad jams 093

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

WYY

ment. 2015;147:349-55.

23. Hussein A, Scholz M. Dye wastewater treatment
by vertical-flow constructed wetlands. Ecological
Engineering. 2017;101:28-38.

24. Antony J. Design of experiments for engineers and
scientists: Elsevier; 2014.

25. Association APH, Association AWW, Federation
WPC, Federation WE. Standard methods for the ex-
amination of water and wastewater: American Public
Health Association.; 2005.

26. Dong H, Qiang Z, Li T, Jin H, Chen W. Effect of
artificial aeration on the performance of vertical-
flow constructed wetland treating heavily polluted
river water. Journal of Environmental Sciences.
2012;24(4):596-601.

27. Ehrampoush M, D Shahi H, Ebrahimi A, Ghaneian
M, Lotfi M, Ghelmani S, et al. Evaluation of the ef-
ficiency of sub-surface constructed wetland methods
in wastewater treatment in Yazd city in 2011. Tolooe-
behdasht. 2013;12(1):33-43.


https://ijhe.tums.ac.ir/article-1-6338-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-08-15 ]

£
&

'’ g‘,‘
@ ;
£
(lAER) \"‘dc

el|
ot e (¥7)
7
oy o

&
&

o, o
" of Environ™

Available online: http://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2020, Vol. 13, No. 1

HETH AND EXVIRONMENT

Original Article

Evaluation of the performance of conventional and baffled horizontal
subsurface constructed wetland in the removal of Reactive Red 198

Hadi Entezari Zarch, Mohamad Javad Zoqi*, Mohamad Reza Doosti, Somayeh Rahmani
Department of Civil Engineering, Faculty of Engineering, University of Birjand, Birjand, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 10 March 2020
Revised: 31 May 2020
Accepted: 6 June 2020
Published: 20 June 2020

Keywords: Reactive Red 198,
Conventional horizontal subsur-
face constructed wetland, Baffled
horizontal constructed wetland,
Straw

*Corresponding Author:
mj.zoqi@birjand.ac.ir

Background and Objective: Reactive Red 198 is a mono azo dye widely used
in the textile industry of Iran. The toxicity of reactive dyes is higher than other
dyes and causes disorders such as irritation, cancer and mutation in humans. The
overall objective of this study was to determine the efficiency of a Constructed
Wetland pilot system with conventional and baffled horizontal subsurface flow to
remove Reactive Red 198.

Materials and Methods: In order to remove Reactive Red 198, two cells were
constructed in parallel with 2 x 0.6 x 0.5 m. In the conventional and baffled
cell, native straw of Phragmites australis was used. In the research process, COD
concentration and reactive dye concentration were investigated. The effect of
retention time and type of plant on the efficiency were also investigated.
Results: The results showed that the maximum removal efficiency of the
Reactive Red dye 198 was obtained at 100 mg/L inlet pollutant concentration and
3.5 days retention time, which was related to the baffled cells. Also, the presence
of the baffles in the constructed wetland system increased the removal efficiency.
The presence of straw in both cells was directly affected the removal efficiency.
The effect of the retention time in the conventional cell was more effective in
removal efficiency than the baftled cell. The pollutant inlet concentration was
also inversely correlated with the removal efficiency.

Conclusion: According to the results, it can be concluded that the baftled and
conventional horizontal subsurface constructed wetland can be used for low
concentrations and at low retention time as a well-functioning system in the
removal of Reactive Red 198.

Please cite this article as: Entezari Zarch H, Zoqi MJ, Doosti MR, Rahmani S. Evaluation of the performance of conventional and baffled horizontal
subsurface constructed wetland in the removal of Reactive Red 198. Iranian Journal of Health and Environment. 2020,;13(1):123-34.
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