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Dr.Eng. Wassim Moussa*

Abstract

With the technical development in photogrammetry sciences and sensing
systems, the use of unmanned aerial vehicles (UAVs) has flourished as a
platform for daily data acquisition in many applications such as three-
dimensional (3D) modeling. This is due to the ability of these platforms to
provide low—cost, fast, and location—aware photo and video data for targeted
sites. They also allow the generation of 3D point clouds of almost
homogeneous quality and accuracy, which in turn provides an integrated
spatial data system for the study site.

This paper describes a methodology for 3D modeling based on images
extracted from UAV ultra—high—definition (UHD) video records to explore the
potentials of low—cost video cameras in solving the modeling problem. The
proposed methodology has been tested using the latest photogrammetric
software on a real case study with the availability of ground control
information. The results were also presented and evaluated to prove the
effectiveness of the presented method, as a 3D model was produced with

centimeter—level accuracy.

Key Words: 3D Modelling, UAV, Video Footage, UHD, Point Cloud, Ground

Control.
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O Baslls (CPs) (s8adll baliig (GCPs) dua ) asadl) balii ¢ laud .(2) Jgaadl
- B9AY haugiall il Uadlly Alaall £ lay) Lles day Aanally Lnaal) Lgildilas)

o | 9X | dY | dZ | RMSE | RMSEy | RMSE; | RMSEx
em) | @m) | @m) | @m | @m | @m | (©m
A |-0.89]-0.18 | -0.29
2 [-0.77| 0.40 | 2.18
31016 | 0.33 | -1.55
o |5 1.16|-0.14] 025
3 | 6 -0.77]-0.39] 0.60
8 | 0.04 | -0.46 | 0.88 0.64 0.43 1.15 0.77
9 | 0.04 |-0.24] 0.37
10| -0.15 | -0.42 | 0.03
11 0.43 | 0.98 | -2.11
13| 0.76 | 0.12 [ -0.36
1 1-1.97] 1.00 | -1.31
~1.93] 0.09 | 2.15
& ~0.97-0.05| 1.02 | 1.46 | 0.88 1.65 1.71
12|-1.34 ] 0.95 [ -1.76
141-0.61] 1.38 | -1.77

Giaill Lliiy (GCPS) duay¥) Saill Lls e slaie Yl z3gaill 4l 80 Ll

Al AV el Lol sale axdid Lz dsadlly il e clilud @luld clals (CPs)
aSatl) Ll (RMSE) dawssiall xpysil) Uadll Gad 50 3 Lzdsall dlaall g layy) dlee
zasalll Llis 3 e gl cp oY) dglee 4 ) gond) il dlee dagisy Alialall G
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glayl dis i el dypu (1) Js2ad) g3 (RMSExY, RMSEZ) dad )l 4, siasall A sidl)
N

231l Hlwe B 03] (RMSE) iy 3 ¢ goall Coiill 48y adil aadios iail) Lalis L
syall e 44l 5208 335 (RMSEXY, RMSEZ) o anai 2 ¢[23,24] i .z dsaill dlgil
: b WS (Empirical Generalization)  waill sl ey W B

RMSEyy ~ [1 —2] X GSD ; RMSE, ~ [1 — 3] X GSD (1)
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el AN g seall 7 dsaill Adlida Lig) o

GB58) ¢Uad) Ay A jea s lul@ll 3530 a6l (2 Alee ¢ ha) sale Al 138 (Buays
Dplaig 11 L oxilill - 3satll 283 8 Adsisall (e gy clldy ¢ adall apysill ((oail) Jalis clflas)
3y 4y SV 4381 [Shapiro-Wilk) [25,26) Ll Gukd & ¢(N=5) il aas il
(SPSS) ilasy! zaliyll alatinly aglall aysill (5550l dpad el ppeall il

il Lelasind ajily 45lasy) dilhaall o) aaf sl (Shapiro-Wilk) i) e
DERY) aadtiy 3 s Liell aas 05K Lovie dals cllall aplall sl (al )
dgjall dumydll (e Giadll b (P-value)  Adlaa¥) daglly (W) HLoaV) dglas) sl
O e Apady dad (W) 28 Lasds Ly i bl of a3 lly . (Null Hypothesis)
3 ol a5l ae ULl ays 38155 (e pall B paiinds Ll (e Lelus s [1-0]
oad) Bypall aidll ae i Laiy ¢ el apsill ae ULl 315 ) aalsll (e Ayl adll J
P-) dadll ) dally . xdall asil) e cliball cabas) ) pain Uy &y hiall G all
Al b)) )y asag aae e dlld 03 (0.05) e ST LAY dagy culS 13 ((value
S e D8 Al calS 13 WL adal) aysl) am bl o lae) (S Jally sl
sl a UL o Slie) e Y by ddpheall dpjdll by )y 1368 (0.05) (g5l
@l il Coags dlan) 4l 31008 (Q-Q Plot) byl Jaladis alasin (Say LS . xpaball
Mg Jal (i 5 xndall sl ae diml) Uiy a5 40l

dx, ) Geail) ks caldlaa) 398 e & e (Shapiro-Wilk) jloal Gulad A (e o
erehall sl i Lgrses Ny (P-value=Sig > 0.05) dpuall dunsll Jsi (dy, dz
SeS AV 2gas i ¥ (Q-Q) clabaddll (gpadl apiill of LS (11 51059 JKaY)
oraball wyll bl i aedy 0)50 Ml Gl il L 5ALEN Al
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Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
dx 230 i 2000 913 ] 488

* This is a lower hound ofthe true significance.

a. Lilliefors Significance Correction

Normal Q-Q Plot of dx
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(Jiud) (Q-Q) cllahidag (Yamg) (AL @S aajsil) Hadag (Aof) JLEAY) julaa

Expected Normal

Frequency

0s

00

-0.5-

Tests of Normality

Kolmogaorov-Smirnoy? Shapiro-Willk
Statistic df Sig. Statistic df Sig.
dy 268 5 2000 876 A 291

* This is a lower bound of the true significance.
a. Lilliefars Significance Correction

Normal Q-Q Plot of dy

/

0o 0s

Observed Value

Histogram

23 50 a5

dy
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Expected Normal

Frequency

r

Tests of Normality

Kolmogorov-Smirnoy? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
dz 306 5 143 822 1] 122

a. Lilliefars Significance Correction

Normal Q-Q Plot of dz

L]
R -2- - 1] 1 2
Observed Value
Histogram — Normal

Mean = -.33-
Std. Dev. =1 806
N=5
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Q-) clahiag (laws) Bl LS asisil) Aaday (Aol) JLEAY) sulea
(Jiu) (Q

(GSD) dag (sa il af ) iaill Llitt (RMSExXY, RMSEZ) af 50 (2) Jsaal) (e
zsaill 335ms gsall Cuill lefddy e Jaytany (1) by eV aleall iy 4l gie o8 & Nl
RSO

Fiberglass ) odla ulill e (uld Japd alasinly cluld 520 sha) & ¢ Lee Slad
Glgaly A palie Je Al dasl il (Measuring Tape 30m, EC Class II
1 e Jpand) 253 ey Bl Clany (ulie cililng) z3sailly (Aprage cililug) sl
el Alle dpnia A8al jin Allg (3 Jsan) (6MM) ey (3 8l ddangia

GJJA.J\ u.b dulia ;\LGA Sildleca g ngf AL G ;UJGA (3) Jead)

(m) @Al (M) duliall dlall | (M) dmasal) ddlual)
0.003 0.450 0.453
0.003 0.607 0.604
0.006 1.872 1.878
0.007 2.250 2.257
0.009 3.400 3.409
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Abstract
The research idea is summarized in evaluating the hydraulic performance and

pollutant removal efficiency for various mixing ratios between gravel and
rubber tire chips within constructed wetland systems with vertical subsurface
flow for wastewater treatment under steady operational conditions. Seven
different filter media were tested, including: 100% gravel, 75% gravel + 25%
rubber, 60% gravel + 40% rubber, 50% gravel + 50% rubber, 40% gravel +
60% rubber, 25% gravel + 75% rubber, and 100% recycled rubber.

The systems were evaluated based on the efficiency of removing total
suspended solids (TSS), biochemical oxygen demand (BOD), chemical
oxygen demand (COD), ammonium (NHs"), nitrate (NO3z’), and phosphate
(PO4?), in addition to the porosity reduction rate as an indicator of clogging
development.

The results showed that mixed media systems achieved better performance
compared to single once. Mixing ratios within the range of 50-60% rubber
achieved the highest treatment efficiency and hydraulic stability. The highest
removal efficiency reached approximately 80% for BOD, 74% for COD,
63% for NH4*, 46% for NO3", and 62—66% for PO4, while the porosity loss
decreased from 39.7% in the gravel medium to about 23% in the mixed
media.

The results confirmed that increasing the rubber content improved porosity
and reduced clogging development, while very high rubber ratios led to a
slight decrease in the efficiency of suspended solids removal due to reduced
physical filtration capacity.

The results indicate the existence of an optimal mixing ratio that achieves a
balance between hydraulic conductivity, oxygen transfer, filtration efficiency,
and biological activity. The study also supports the feasibility of using
recycled tire rubber chips as a sustainable and low-cost filter medium to
enhance the long-term performance of constructed wetlands.
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Abstract

Designing constructed wetland (CW) systems faces challenges related to high
organic loading rates and the substantial land area required for construction.
This research presents an integrated technical methodology to enhance
wastewater treatment efficiency and reduce the required footprint by
incorporating an anaerobic reactor (septic tank) equipped with natural
biological carriers (almond and walnut shells) as a primary treatment stage.

The research methodology comprised three primary tracks: first, investigating
the effect of filling ratios (5%, 10%, and 15%) of activated almond shells on
pollutant removal efficiency (COD, BOD, TSS); second, comparing the
biological performance of the optimal almond shell ratio with activated walnut

shells; and finally, evaluating the role of physical activation by comparing the
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performance of activated walnut shells against their raw counterparts. The

study was complemented by employing the Clark Model to correlate first-order
removal kinetics with the required surface area (A) for wetland construction.
Experimental results demonstrated that activated walnut shells at a 10% filling
ratio achieved the highest biological removal efficiency, substantially reducing
the organic load entering the wetland. Based on mathematical analysis using
the Clark equation, it was determined that this technical enhancement
positively impacted the hydraulic design, resulting in a 36% reduction in the
required surface area for the constructed wetland compared to a conventional
system without carriers.
The study concludes that integrating agricultural waste into anaerobic reactors
serves not only as an environmental solution for waste recycling and organic
load reduction but also as an effective design strategy to minimize the footprint
of constructed wetlands, thereby enhancing the feasibility of implementing
wetland systems in resource-limited regions.

Keywords: Anaerobic Reactor, Agricultural Waste, Physical
Activation, Clark Model, Constructed Wetlands.
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Reference Wastewater Anaerobic Reactor Biological Carriers

Type V (Liter) Type HRT (hour)
1 | Vinod etal, 2012 Municipal Fixed Film Reactor 180 Coffee Husk (16,24,48)
) | Oliveiraetal, 2013 |  Municipal Anaerobic filter 500 Coconut Shell 9
3 | Alietal, 2016 Municipal Biological Filter 620 Maize Cob 14
4 (2020« aly gl | Municipal | Activated Sludge Aeration Tanks 10 Almond Shell (4,5,6)
§ | Guangietal, 2024 | Municipal Anaerobic Baffled Reactor - Needle-Felt Coir Fibre 14
¢ | Sanithaetal,2026 | Municipal Upflow Biofilter Reactor 3 Corncob
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1 | Thanhetal, 2014 Municipal ST 18 HSF Melampodium | Gravel, Sand
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5 | Martaetal, 2023 Municipal HUSB + AF (9,14) VSF Iris psendacorus | Gravel, Sand
6 | Satyendraetal, 2024 Municipal ABR (12,18,24) [ Upflow | Typha, Canna ACC
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TSSOUT TSSIN cw BOD OUT BOD IN cw COoDouT CODIN Ccw
26 60 6 38 129 6 70 219 6
23 58 41 127 65 214
70 55 35 124 60 212
18 53 ) 30 120 9 68 210 9
20 52 10 39 118 10 62 209 10
214 556 AVG 36.6 123.6 AVG 65 2128 AVG
62% CW (%) 70% CW (%) 69% CW (%)
86% | ST+ CW | | 90% | ST + CW | | 87% | ST + CW |
-@—COD IN
——COD OUT
-—&—BOD IN
YlS 214 212 210 209 |-—®—BODOUT
129 127 124 120 1:8 NSSIN
S S — TSS OUT
—— 39
— 20
6 7 8 9 10
Aial) a8,
l UnZiall S5U1 5988 (a %10 Lpaus plaiiual A Cagl plBIN B 55813 ,..a]

Andial) jolll Hsdd e 10%0 sda s aladiu) aic COD,BOD,TSS i (16) Jsil)
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s

ndial 5ol )98 e 1590 £a Al aladinl sic COD,BOD,TSS i)y (8) Jgaall

| (15%) 5ol 953 |

TSSOUT | TSSIN ST BOD OUT | BOD IN ST CODOUT | CODIN ST
74 152 1 144 375 1 235 518 1
70 140 2 143 369 2 230 508 2
67 147 3 141 364 3 227 520 3
64 142 4 137 374 4 235 528 4
62 151 5 135 358 5 223 521 5
67.4 146.4 AVG 140 368 AVG 228 519 AVG
54% ST (%) 62% ST (%) 56% ST (%)

TSSOUT| TSSIN cw BOD OUT | BODIN cw CoDOUT | CODIN cw

30 74 6 49 144 6 82 235 6
2 70 7 ) 143 7 78 230
28 67 8 a7 141 8 7 227
7 64 9 39 137 9 m 25
28 62 10 45 135 10 79 23 10
2.8 67.4 AVG 448 140 AVG 77.8 228 AVG
59% CW (%) 68% CW (%) 66% CW (%)
81% [sT-cw]| 88% [sT-cw]| 85% [sT-cw |

—e—COD IN
= —=—COD OUT
=] —e—BOD IN
5 230 227 35 230 227 225 223 |—e—BODOUT
200 —
%52 140 147 142 E\\lu 143 141 137 135 oI
a— g — o TSS OUT
100 470 67 64 62 M4 47 39 -
N — =
1 2 3 4 5 6 7 8 9 10
Al a8

[Z\.h.:.w;,m),.:.s&..%;lsi._.....:a\&u\mwlfmﬂ\qé}_.sn,m,g|

Aadial 5ol )9dd e 15%0 £ dpi aladiul 2ic COD,BOD,TSS )i (17) Jsi

96



%JM!J@M\@.\&@J!eﬁ\M o daala U
B af Al ea ) ae 2026 s 7 xll 48 aladl

:dallaal) 5pliS o Abdiall jolll o pde cond A SilGally S0 0 Sl

Ol e i et Cuad Aallaal) 50 LS 5 o Jall Ay Al ) Ayl el gl
Lo 585 Septic tank JI Jals 48405 3]l daglially ol sull dalial) Lndandl daludll (py (380
.(Metcalf et al., 2014) 4 Ll L ae 38153

Las 335384 (Biofilm) (goaall ¢ Liall Jiil dabiall mlad) dalie cilS ((%35) 5 dall dpd
Lagiall (alindl e a2l Jeg . Sead) Jlail) appuil Ayl A LU a2e ) s
COD &) 56 1S cualy us ¢J8Y) cul€ 2Uaill 5.6 1Y) ¢(Chu et al., 2011) 484550
3. BOD 1 o L ¢(82.2mg/l jles COD 355 aa) (STHCW) 84% (gl plaill
3S53) (TSS) 83% 4allall dlgall 43| cialys (48.8mg/l Jles 5:S53) %87 ddlaa) ALy
(26.6mg/l s

Lo e hall Qi 8 o Laa o Jalsall Alle Z8ES L) (%15) sdall dpad el (Jolial)
(Dead Zones) 53 lalie seds ) anliill 1aa ol dasale J<G 4845 el dagliall 5055
Jladll EsSall (303 g Sy sliall Gy Blel Laa ¢ D) dlail) e daslill el oS5,

ol 45 lae A3 5. S mleas) e T_}S..,dj)qgm 13 u&ail . (Hydraulic Retention Time)
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Aales aladiindy Ladaal) Ada ) o) ) Aol aadds B ) adl) Jeliall Jala de 50 cliliad) Jal ga )90
s

Sl 355) %85 cialy COD Al 5. (STHCW) (amgl) alail) Jaws Cum o i)
TSS 81% 5:liS il (a3 «(44.8Mg/l Jles 5S5) %88 361, BOD 5 (77.8mg)l
(27-8mg)l Jle 355)

s Lt Sl 488 Aadan dalie oy Cun (BN 15l (%10) sdal) dpd s
A ganll ALSN (350 s Comans Tanail 03 L iyl e o Wl 500 (0 Jlady CaliS
sl 1 (Sl . (Odegaard et al., 2006) sl 48)a il 44818 cile)p e Laliall as
COD 4llj) 3¢S il Cum ((STHCW) (pmgl) allaill dufpall gilass Anllaa 5068 e o
Sl 385) %90 ) Jeail BOD ally) 3l camiily «(65mg/l S 585) %87 )
(21.4mg/l A\ 385) %86 sl 33lias ANy) 3. 1iS TSS ciia Laiyy «(36.6mg/l
Optimal Operating ) ' til) Juciall d1aad Jics %10 sdall dus o ) 45al oda jalis
@l e it ae Gsll) sl dalsal) Gailiadll (e saliinl ol (e gd ¢(Point
450 Do laal) e1af 5panl 5ol AV An i) Ledany Las (o2l slawdY) 5 jaall
Agaiall Akl oY) dadail 8 3040 550aag

PN Jia) Adghean 38y AdBlially pilist) 2-6

S deladl o o Sall Gungll alail ool il (18) Alad) JSalls (9) Jsaall Lasly
lesiia o(azid) el 5d8 e 10% sde dsd) Lnglsndl Jalsall 3534 (Septic tank)
Capeall olsa dallaal ((VFCW) J@LEN sdandl cind ol cld dgiall dda)ll (20

.@.ﬁ.ﬂj\
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4 Jlanall g Ainal) Apnighl o glal) Aluales

Bl s a

A gal) Cpaa l e

waas dada dlaa
2026 pls 7 2x2dl 48 alaal)

Aadial) jead) jedd (e 10% sdall 4y sic COD,BOD,TSS )5 (9) Jgaad

(10%) 3g=iygad

TSS OUT

TSSIN ST BOD OUT BODIN ST CODouT CODIN ST
58 146 1 13 38 1 206 530 1
54 152 2 110 352 2 201 518 2
50 149 3 108 364 3 198 523 3
48 156 4 106 2 4 196 514 4
a7 151 5 104 359 5 193 509 5
51.4 150.8 AVG 108.2 353 AVG 198.8 518.8 AVG
66% ST (%) 69% ST (%) 62% ST (%)
TSSOUT TSSIN cw BOD OUT BOD IN cw CoDout CODIN cw
2 58 5 28 13 5 56 206 5
16 54 2 110 61 201
19 50 2 108 59 198
18 48 2 106 52 196
19 4 10 27 104 10 49 193 10
18.8 51.4 AVG 29 108.2 AVG 55.4 198.8 AVG
63% CW (%) 73% CW (%) 72% CW (%)
88% [sT-cw]| 92% [sT-cw]| 89% [sT+cw|
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Ulaa aladiiady Lpial) dud ) ol Y dales aadds B ) gadl) Jolial) Jals 4o )30 cildliial) Jalga g0

g8
600 T
f3° 518 523 514 509
500 T
—e—CODIN
_, 0034g 352 364 34 359 —m—COD OUT
— 4
S ! —e—BOD IN
O 206 201 198 196 193\[\206 201 198 196 193 g
500 ] —e TSS IN
146 152 149 156 1
: PN\ 110 108 106 104 55 OUT
100 B aNN\E @50 4o,
—— —
04 + + + ; 2 . # £
i1 2 3 4 5 6 7 8 9 10

Aal) 28
T Sl 198 50 610 e 15 2 G D A 3819 o

Aniial) S5l 49d8 e 10% sall s xie COD,BOD,TSS s (18) Jea

iAbdla) joll ol o Andial jeall yotd (3ei Slially (S5 gl il

Aaiiall Hsll) gy 43)l8e kol A1) 8 Adadisall Goad) ol Sy agiall (356ill (giay
Jsall )sddl (Activation) Lkl ddae (505 A i) il lgae i Ay g s 40058 Jalse )
dnkas dalue leaiey Lo Oslll )58 8~ Ui g Lo (358 5)skaia g 4880 dpabise 4505 255 )
aiipe gsla Ll 5 (Biofilm) (gsmm olie shaig L€l Slaaly dllie &y g ¢ Jef de s
.(Sabrina et al., 2023)

Gl Al Bis Gall sl ladiul diad ¢ Slaay) G 8 bl o2 Ady e
Caaly A ol ypdd a5 S Gy Tiglatie %89 caly COD I 4 41l 5. i€ (ST+CW)
Guangi) s (Sanitha et al., 2026) 48 HLal Lo 532 611 3 Gusalall cuanill 138 . %87
g punl ALK lewins) gppudt g Ao )3l Culilaall dyaliaall ailadl) 0 Jsa (et al., 2024
i Lo ga Lindls ol uads Lo sy ¢ Sl g s D) sl 5l Fsalisall Al s
Lo dalaS 35dll 58 Hlasauly (Vinod et al., 2012)
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%JM!J@M\@A&@J!aﬂ\M o daala U
B af Al ea ) ae 2026 s 7 xll 48 aladl

oaill (558 Jriy iVl (e gonll o Liall Alea 8 jsall ol Antand) 435880 Craalis LS
Oscar) wlaill 358 Jlgha (Steady—state) "3 il Al Hjaial Je Jadla s (A0 gyl
O bl cnelal Gun gl il olal e Llay) (Sl i) 13 (et al., 2024
%66 Jilia %69 caly BOD 1 allj) scUS 3ia jsall o g sang (ST) SlsadU Jeladl)
AV halie (e JIB Adayll (M Jealsl) gpumnll Jaadl 3 (alaadV] 13a L 5ol 08 e
Jalsill 138 aalss Cua ¢(Merino et al., 2015) st 45m 330 585 <(Clogging) (s3lai)
20mg/l ) sl el aladin) die el alail) e Al Sl BOD S5 Jgeay A
sl sl aladinl vie (%90 ) Aans) 36.6Mg/l SN il Lo (%92 A4S AN dsy)
(Abdel-Shafy et al., 2017) aUai \giis Il Lllall 506U e il A il 238
o2 b s ceny sl g s 1aaS Jaay ddadiall Jeal) )8 ged o S5 (gl
Gings cAaiilly gl 50uSY) Glilee gy e el 506 Ml GeansOU iy Laa (il
AiSae 2K Aaay S Aalleall 8 A sllaal) dlladl)

HAEIEY Jilad) Adghuaa (38 LEBL)g guilill) 3-6

eastsd) Jeliall e sSall Gaagd) allaill el 3l (19) Sl J<ally (10) Jsaad) pasdly
UL lesiia (oAl joall 558 e 10% edde dams) nslsndl Jalsally 393l (ST) s>
s eamal) Cipall ol Aallad ((VFCW) J@lall adaudl ¢t Glyall il Laiall 4k

AAl jsall sdh ca 1096 $la dpusi aladin) sic COD,BOD,TSS sl (10) Jsaal
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Aales aladiindy Ladaal) Ada ) o) ) Aol aadds B ) adl) Jeliall Jala de 50 cliliad) Jal ga )90

a8
(%10) st j3xh )33 |
TSSOUT | TSSIN ST BODOUT | BODIN ST CODOUT | CODIN ST
&5 157 1 188 359 1 278 519 1
82 161 2 186 Jiz2 2 274 53 2
78 152 3 184 364 3 269 505 3
80 150 4 180 369 4 266 509 4
84 162 5 178 358 5 263 517 5
81.8 156.4 AVG 183.2 3644 AVG 270 512.6 AVG
48% ST (%) 50% ST (%) 7% ST (%)
TSSOUT | TSSIN cw BODOUT | BODIN cw CODOUT | CODIN cw
36 85 59 188 93 278
k| 82 52 186 86 274
40 78 8 54 184 8 90 269 8
38 80 9 57 180 9 81 266 9
33 84 10 50 178 10 88 263 10
35.6 81.8 AVG 54.4 183.2 AVG 87.6 270 AVG
56% cW (%) 70% CW (%) 68% cW (%)
% [sT-cw]| 85% [sT+cw]|| 83% [sT+cw |
600 T
519 513 505 509 517
500 ¥
—e—CODIN
» 400 359 372 364 369 358 —=—COD OUT
o L
Si300 Y8 274 269 266 26 \78 274 269 266 263 |~®~BODIN
O 1Bg 186 184 188 186 o s
200 P_125 189 150 X e 1’ 178 TSSIN
o7 161 152 150 162N\93 8 90 g 88 TSS OUT
315 82 98 80 84| e—= a8 o84
0+ ; + } } 36—31——40 38 33
1 2 3 4 5 6 7 8 9 10
Aiall a3
[ ALY 5sad) 5 5d (ha 9610 dpeud pladinal die Cagd) AUl A 380 530 ,aj

Al Seadl )98 e 10% sda dpud aladiud e COD,BOD,TSS )i (19) Jsil)

taldl) joal) jodd o Ahadiall jeall jedB gedil SuilSually Sl pngl) Jolasl)

Aalladdl Jilage b Sl sl Ale ddadiall el sl Baldl Slas) sl (e

alasiid of gl cypelal a6 s Jelaal) ehal 5 3e5 0 4y gnlls AilaasS 5l N1 1)
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%JM!J@M\@A&@J!aﬂ\M o daala U
B af Al ea ) ae 2026 s 7 xll 48 aladl

%69 ) Jil (Septic tank) Slsad) Jeliall 3 BOD ) 3 ady ddadiall gl
Lugia) Al gl aladiul vie e %50 2 Al (108.2mg/l mylall 585l das sia)
) A el (Activation) asinl) ddee 583 25y coglill 13 . (183.2mg/l zyladl <50
Laland) daluall (o cielin Loo cdpmpdall aladd) s 30 AUl culiSally Zasih )l )5l

(Amit et al., 2026) d&l dyga i A g e sl
Cun tggandl o Laall JSI8 apedt o ddadial) Hoall )ed8 5y judy dpalsal) (& skl laa )
%92 cialy BOD 1 48 41l 5ei€ dladid) ol alasinly (STHCW) (uagll olaill o
IS A 5o lS (3ia (oMl AN ypldll aadinl o) LUail e (giie ((20mMg)l Jle 5S5)
Sanitha et al., ) clabitil xe gl 238 G3lsss .(54.4Mg/l Ale 5S5) %85 by
Dol Qg Cus calladl) e ey pmis b dpeluall pailadll G e Jes (2026
Maria ) a3} HLal Al (sLail) Conaay 4jlie LDl Ualiss 4868 T 4y50m A1 Anial

Aslle e Ayshlegiad Gl Jasin) vie (et al., 2022
eaallad ST <5 Aallad) ol Jadial "Gda il S5y skiiad) dabeeal) Al cilee (el e 30l
D& 3S5) %66 iadidl sl ae (ST) D Jelidl 3 TSS Alj) 50l cualy i
Asall 3855 dhas WS L(81.8mMg/l s 3:S5) Hlall sl ae i %48 Jilie (51.4mg)l
0 A1) due) 18.8mg/l L) ddadiall sl g (STHCW) (mgl) allaill o ilel) Zallal)

Golatig WAl il aladin) vie (%77 4K ) sy 35.6mg/l e gl Ly (%88
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Aales aladiindy Ladaal) Ada ) o) ) Aol aadds B ) adl) Jeliall Jala de 50 cliliad) Jal ga )90
s

& Aalasdl lle 2L Slsdl daal Jsa (Merino et al., 2015) cillaadle ae i) o2
5ol adyy ¥ Aladiall Jsal) e i) of 2S5 Les aland) oaliy dleall dlsall oS5 ade
Cle Sl G iy La s ¢ Ll ophfinly (paed) aail) jae sk aay i caad A115Y)
Allid) dalladll alas aladin) xie (Abdel-Shafy et al., 2017) lelaw A ddlal)
rdgmial) Lda)) o)) asaai 3 (Model Clark) &3S ¢ 3gai =7

Canag & dexdiudl Gyl 4ud dualyll 3kl aal (Model Clark) @IS 73 5a 2y
Lol e LAY ABY) Tase o Gl 3)50my daingy dminall Aol oY) el spansiy
il Il s Aygaell cligldl Al) @l Jial (Kinetics First-Order) 1Y)
.(Clark et al., 1996) =~ 5ll;

Gyt 35 Giat) Lo Ll ol dgsllaal) dpndand) Aalial) il 3gaill padiods

AL any cdullad) A5Y) 50y 2l goianll Jeall e Talie! 3a3ae

=2in(g) (1-1)

(M?) dlayll ol dalus :A
(m3/day) Septictank ) Jalall Gaxll Jae :Q
(0.25-0.05) m/day diall 4yl a1 8 ABY) i K

(Mg/l) daiall Luda )l ah¥) ) Jall 3530 :Ci

104



%JM!J@M\@A&@J!aﬂ\M o daala U
B af Al ea ) ae 2026 s 7 xll 48 aladl

(mg/l) Al zadll xie 385l :Ce

Aalleall dggllaall dabial) ofé cipaiall ddajl) omlY) araal OIS z3sa o alaeVls
By Anslonll Jalsall 535 Lty A0 dalleal) Asje 3 DY) 561S o Lue Ll
coaslsall Jalsal) (ailad AV ddajll bV ) Jalall Ssldl 585 e a5 68
:allall ABMal) 38,

Ci = Co(1 —nb)...(2-1)

TN
(Mg/l) dpaiall L)l ol V) Y Jalall <5 :Cy

(Mg/l) dasall I Jalall 2all 585 :Cy,

IS Tapat casad Jlly (%) danslsnd) Jalsally 255400 Septic tank s dalled) 50U iy
il )ha Aayas (ays Aaslsadl dalsall e i) mhand) Aabisey Loy Ay cgaa e dyyan

Al ) 430 Caly e diine 3.1 o N o 3

t el JSal 8 Al A ol IS 2 3gas e Gy ik

_Q Co(1—-nb) B
A= Eln (T)(3 1)
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d s
S0l nb dad 28y M) g5 Anllaall 3 dn gl o) Jalsall Zollad 3005 of A oa Ay

eab V)l 4l dalid) Jly Les cdadayll oY) ) J3lall ol Jeall (agas
Jgaiall 4kl
Al G il (sl o ya) (Say el Ala e A gl ) Alend) il e Gy
Lol ml¥) Aalie mddd o Lalsdl Jalsall Gdall FY) JlelsY (3-1) sl
;S Jsaall 3 LS cApmiall

ALl gg3all Hlgatdl Joliall ye AgY) Aadlaal) 35S ¢ ABDal) (11) Jgaad)

daiall Ay Ga ) anddl AU daluwally 4s))3)

oLl § sl i A Rbio = f (Sa, Pp, Th) grelpud Jalall e o e
0% 7.53 35% Jals> (gt
24% 5.69 55% dadill 3ol 1943 0 5% 1
31% 5.22 59% dadill 3ol 3548 0 10% 2
26% 5.58 56% dadill 3ol ydd 0 15% 3
36% 484 62% dadill 3ol yahd 3 10% 4
14% 651 47% alall i gzl yakd 3 10% 5

(Mbio) Funslsmll dadlaal) 30 1S (s dupyla Ae (11) Jsaad) & dapaall A ail) Ll el
(A) Dbl M dadad) dalud) 3 (meddll Ly del)3l) liliall Qe e dalil
:"\_\.a.».‘l.1~..~ :) :LD\A.A ‘)leA Py’ dﬁj e:\sl\ AT (M&A ! USA'U

(Aalually 5o USY Judas) ¢ dal) dpud i
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dalladll 3:US o axs (%15 %10 %5) sde caus die Aadiall ol e il A3l
3 Las (%10 ede das)) %59 xie \gis5d N %5 cde A die %55 (e Camiiyl 4405V
G edal A by die @l pay .5.22m2 LY 5.69M? e Lglhadll dalud) ain )
.5.58m? ) duslhadll dalidl cuniiyly %56 ) 3l canal i %15

a ge Jalsall e i 32l (535 G ¢ (Sl el autil) AL jolan ) sallall sda (g3
Short-) "Gl jlae jal’ o lae (Jelidl (Void Volume) jall aaall aulss ) (s
%10 dss o) iy e say ¢Sl Jaliall (g puall  Sulgyned) €A (4 Jliyg (circuiting
-axaaill (Optimal Filling Ratio) " Liall duall' a

H(Aadially alAY ) gl A5 )Ea) (A5l Janiisl)

datid) Heall 558 ae (%47 A5l Aalle 50 6S %610 eda L) Al Seall 58 45)lie 2ic
IV Lasa Tls 1aadl (%62 45l dalles 30 US %10 + o 4

dalud) 524y e dand 3 ¢elBU " ulal) Al o 2600 die Sl il dlee
e 5l ST (Host) diliainl &y g Lee cdifal) lusal) x385 (SSA) e sil) dpatand)
Cua dpgaatl) dalud) o (el (53l %15) sl 3 5,lll 1 L (Biofilms) 45l
Gl ddla) i Ay ol (ladidl) 4.84m7 ) (sil) 6.51M% e dalud) cuzids
s Lyl dags %22

(el (LB jeat)) cilitiall gl o Alalial)
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d s
Jilie %62 canly 44 dallas 30 S daiidd | gl el chtia (%10 2ie ¢ Jall duwd Cay® 2ie

Aadid) sl ial %59

.(Cellular Structure) (sl cuill deedie SISV el LS5 ) Jsall sl (358 53
b Al Ao ) ) Ayl (DU Aaaail) daliall (mis ) ool 5oLl 3 5Ll 1
A Al s oo slan JalaS Eliadl) Leaiay Las (4.84mM?) du)ll

Sl 3 Jery ¥ S Jelad) & Lol coldlid) sy of ) ALlall $jlad) s
ot dalisall (b (andal A (385 ) LAS 5 Hued) dashiall ' Spalins (ad’ Sy ¢ Al
Julil ~ laall A1 Aallaall 50 S o e oy (Aladiall el Hedd alasiul) %36 )
olaall Al Ll apansi 8 Aelaia) bl we Ll anasiy Lo sa5 ASH dalisall darsad
Al laliall

el il agiall ) Jelidl e 305V Aadleal) 50 1S o 38D (i (S

S Agld) claladd) 38y chiall duayl) () sl da DU daladlly
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4 larall g Ainall Apsigl) a glad) Aludas uaea daala dlaa
BLsae o) Al Gaa sl e 2026 sls 7 2ull 48 Aaal)

Constructed Wetland Area A [m?] vs. All Experimental Parameters
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Experimental Conditions (Carrier Filling Ratio | COD Removal % | Area Reduction %)

el ¢ ABlad) Jiiail (Clustered Column Chart) bl kbial) :(20) Jsid)

Al Akl (e st dap) dalually

Bubble Scatter Plot with Modified Clark Trendline
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Bubble Scatter Plot With Modified Clark ) L) hhaial) :(21) Jsil)

Agaial) Ldal (2 addl A dalaally clialldl Gn ABblall Jiatl (Trendline
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Scatter Plot with Trendline: Wetland Area vs. COD Removal

8.5

@ Experi al

L Linear Trendline

8.0 ~a —— y= —0.0985x+11.05
g R?=0.9938

6.5
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Constructed Wetland Area A [m?]
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Om ABMal) Jial! (Scatter Plot With Trendline) bl il :(22) Jsid)
Aial Adayl e ¥ sl Aa U dalually ol ial,ll)

ralaliiuy) -8
sl e Y) U< 5 y0a o Aalue Aadidll 4l 58 (e 5% o el A calae ~1
O LAY daus Gy Cum Ay sadanl) LS Hall SIS Jlail) e LiSill )08 (e aay Lae
ST 4 sl e 59% 554% BOD ; COD
Jldy dadia) ol e e el dpepaaill Lol & %10 G of o) cipelal —2
b Aalias ¢ Jbe (i calael ) ecliglall A) 50 S e ciia Cum Alalall slsally al)
e 65% 5 60% BOD ; COD e JSI A dus caalyy cdusanl) dudeY) Sl i<
ST & sl
el Adliaal) salal) 4paS ae anliiy (g2pka Gl ) 253 &l %015 ) el Aasisalyy o) =3
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Electro—Optical Analysis for improving Response Time in Liquid Crystal Displays
Using Matlab

Dr. Issam Gazolen*

Abstract
Liquid crystal displays (LCDs) are the dominant display technology, but they face ongoing
challenges related to slow response times, limiting their applications in touchscreens and
high refresh rate devices. This study focuses on analyzing and simulating the factors
affecting response time, specifically by solving the electro—optical motion equation of liquid

crystal molecules.

Using the MATLAB environment, a computational model was built to estimate the torque
rise and fall times under different driving conditions (voltage and frequency), taking into
account fundamental physical constants such as viscosity and electrical anisotropy. The
results aim to identify an optimal set of physical and operational parameters that enables
a response time of less than 40 milliseconds .

This provides a framework for the future design of high—performance LCD displays

suitable for electronic circuits and interactive touch screens.

Keywords: Electro—optical analysis, liquid crystal, response time, refresh rate of LCD

screens.
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tdadia — .1
Cum clgelyial die Aiaall g Sy daghie A dglelin SV b)) o) g padl (iapel) cilils Jud
33¢aY) e dauls desenad Jil JaS Leuds (Liquid Crystal Displays — LCDs) Jilul) Jliy KU cilils
LSt ) Gl s g e lically Gkl 8561 ) Ypums 2SI Cilsglly A ganal) Canlgall o lo
ol 8 oSail) e Ay 8y gy LOD 45 aaial, 4y ddlail) ) Z8LaYl Alall \g3yad 5 Z8Uall jnidial
Gadai DAy bl dsall sl Lilly Jsnd) g pand 32l g Ll Qi KUY 50l &y pucad
el gl S Jlas
diadl apeai o Leuds () A0 Clbaad @l JI5 Y plapad) @l Jlae 4 Bl anfill (e a2l e
s Joal 20 cdgll asly Caped 53l (Response Time) Zlaiul) () @ leaals « LOD@LILE (e AU
Cligl 8 dals c(mpal) saga 8 Lewls Sl ands o(Uagan o lagms) JAT LU ol (s5ime o Jusl
& Jashall Alaiu) () sty .l (High Refresh Rate Touchscreens) aajll djle (yualll cilils
el Aal e € S Jly L « (Ghosting) DUl i (Motion Blur) S all (iyeil sall sl
dvia clad (TN LlalY) ey ) 53 50mal sanLiall 45055 A8l oDl eV la Jias celld ) daLayly
Ailene Ysla (L yaivee Gy gy
rdagl) (e diagll 2
DA (e Al lantl) dallas 3 dealuall 1) dudpall 038 o
e el Ui QI il Aypmys jeSl) Spalinal) Camy 383 asula zhgad oLz dualyl) dadaill @
A (e oS3 Al Al Ables e 55
Gl dagilll) Aol ciledaall b cplall il Liay MATLAB 4y aladiul: Geilly siSladll o
L) ey o (Aisiall HUais saldll aga) Adainll Claledl)l SIS, (lyeSll oulally (gl
L Sleay!
Lead] L) cpatigall (Say (Al Leratl) Glali )Y (e desane padlAiul gl ) b @
dadiiall A pSIY) a8 Jalall duulidly Bl Cum e Alladg dagp LCD il lal
comalll il
Al Sl clilad A .3
AR Jals Bl Qi KU caligial A penns o SU Saalipall ) 5Ll i K LELE ool (s agh i
sl Jliaw <Y afgal Al Galdl) 1.3
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sa5aaall (5454l ddyyka oladinly (Partial Differential Equation — PDE) ajal) dlialéil) Alalaal) o8 Ja 2
Aliay s2e L) Laladl) e N ) (d) Zalad) elas anniss 3y . (Finite Difference Method) 4slSally 43l
- Ats e Glshay Gl pafi aiyg ¢ (S8 ) Jial) Az
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al Ay o L sl Cum 7 = @ dsled) dlidlly Z = 0 dglaiy) dlidd) xie 280N o 3l (ye de sana
Gub Al <y 8 Ly Driving Voltage salall agal da 8l Aagall JSG aaat 28 WS o mau) e 436
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aal S wies Ak J$ 3 0 Ol s 3 osil) Glaal Ll A&l dapall Jle ool Jall adicl
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cOmaatl) el ASaall Cdlhanll
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Jius <l e Lyl (Numerical Simulation) dulae 38sa ¢ )ia) Gih e Sl Lbad) 13 e Jsaal)
Aol - ouS) dblee Ja by ey (MATLAB Ziy alasiuly (gyemsjeSl) 4Sslas il
Jpaall & cpa A . (Transmittance Equation) 4 aill 4,31l Aalas xs (Ericksen—Leslie Equation)
s s Ge aaldl ekl (3% AN T(E) Appmrs 36l dgpead) L3l Qe Talaie) (1) JS2 e
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G IS L3l sshadll cudiis Aigpall Jalaa anmale) ) dalall lete Sl 3] Wil Alsiia o5 ol s
a3 90 5 siea o 0585 O e Al Ayl dakay Jayd il
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T(t) = sin® (nﬁ—nfdcosm(z, t)dz> (8)
oo Al ds el bl el sl (2) Ss.m\ coas -l JalKll panall Gl sldie) & Cas
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& b dad ) Jeays Cilall e Lpiea Tay ails ) dSlew e calibafid) dlsle GG Labaal
dad il o bl a5 A ) Alabedd S Jall Jiey i G Gl Caial b JSG e Caaiial)
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DI pad il Jlas 4.5

A giias oladiuly (Optical Transmission) agyad) ikl jadl lealadivl &4 0(z, 1) Je Jpanl) 2a
sale) ge gl (8) dppad) LAY Hola B G e T 40l adiad Cus (Jones Matrix Method) isa
saall) Aalaal) 8 LS Jilull QUi K1 Sligia auass

d
2
v == (@ =n)dz @
0

inie auy MATLAB a5y .0(2) (Sl L) ge i o3l Jladl L) oloa st Mppp(2) Cam
Addadl) dgeally Aplall O laal) GBS 380 £ o pp 5 Lo pl g AT e LiSay Laa (T(E) il Jile dydlasl)
A lall sl A1l (Crossed Polarizers) palaic ubiiue o LCD 408 4 gkl (38 aay

6(t) = Aneff(t)d%n (10)
Aasdl o A 5 sl cles dy Saall Lyl e ey g3l5 Jlall SV okl Angpp(£) Cam
ARl AL el A3 5 dppead) LMlaal) s LS

T(t) = sin? (?) (11)
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dpalal @Yl U Jie (Birefringent Media) gz sajall HLS) s Ll V) 8 Angpp(8) 4 Jusal) 5 Jladl
s gll ol LS elea 1, 1y Ol3epll Jied = ALl clygld) i (Uniaxial Crystals) sl
agale 3 L) Julae sa5 (Ordinary Refractive Index)galadl L&) Jalas 11, Jalaall Jing Cua
Qe iy Y elas gl (g pemllcgpsmall ssimnall le Lngae (35S il (s g Ll 138 iy (solall g Lt
Ne Jolaall Jiay e 8 - (laladV) maen 8 Ll Tl (6K) Jonssl) Jah g el il 4yl iy o)Ll
agaln s mall sl L) Jalaa a5 (Extraordinary Refractive Index)saladl je Sl Jalas
osaall il 90° (gsbud Aysli g ladl) iy Lvie (Extraordinary Ray [ e-ray) alal e gl

10 Gl Sl gy s g bl 138 oy 53 el L) Jalaa iy . Optic AXiS gl

NNy

Aneff(t) = — Ny (12)

\JnZcos26 + nZsin26
LC) oslall iniall ela) Cum ¢ilud) Jlisg KU 481 dysulall dypmyg oSH 5Saall (3)JSEN maasy
—onSy)) Aalae da (e Lealimiad 23 Allg ccliyiall 48 5al A1l 4ls5uY) (Molecular Reorientation
SOMS &) (30 DA ks SlpseS e L cond Slasally B(E) Al 53l Ayl olasad ASpalisall
o ¢Lie) Lypunall Lol ad o 2Ly 25° wie Jilall L) Ay smd Ly 4 a5 ilisall L sasy
iga A shiadl Gk (Optical Transmission via Jones Matrix) Jleull jiaiall 8 4 gl 23080 Gloa
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Gl Al s o
0 Zysh LC Aisias 5% axe () ALYl ALlS A3 Ju saaly il ddgiias aladinl g ol cadl oIS
e Joas 38 Laladdll o) a2 3sail e Joawil) aey Jaadl L Bl e asidl) (e 5220 Cles pa
o
ekl 53l Bilud) Lhadly Z5)ie (Jones Matrix) iss ddgiias dadar b Wpass s (4)JS20 Jic)
s obfianall paa (s Ll Ayl Janamy ol Jinsall e Jhaes Jal Gam (T = 0) iayana i3l
Al Ay s e 5 = 45° dphaa e Cabadl Ayl e faii) g S il
Al Cleall Juall (Phase Retardation) kil 8 Sl o) B Qs KU dadal el 13 i
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el Jue et die 38U ¢ gl 080 2350 (gyemrs oSl ol diay (e Las <@ = 25°

Optical Transmission via Jones Matrix
0.3 T . . .

0.25 7

0.2 7

Transmission
-]
e
n
T
1

0.05 7

D i i i
0 5 10 15 20 25

f! (deg)
He Aghan e gpad) Jlusy) Blslaa Jumi 1(4) Jsid)
WSy lly Ayl Jalsall (jan 4o sane Twisted Nematic (TN-LCD)AiLA asdia (gypay Julaill Jody
fh WS lpanliy o o

132



Al pslad) FiAM oaan daala Adaa
Clgif daaa alae o 2026 s 7 amdl 48 alaall

Twisted Nematiccalaly) 4,405
Glbhiiadl jslae dygly o

e ddghima 400 Cls o
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(RGB)isasall JishY) axas il o

dlee Gl gy dagpd N ) A0S a2 300 90 laiiey alll 45050 hLLEN o3 zagad (& Lo sale
i Slighas iy JualaS SIS Jysaill A8kl A sieaall sla) o5 ey b8l (o IS ok Aalls s
Jiadll) oadVl asad) Johll oF o A8ld) Damsad) JIsBY) e IS by A a5 el (5) ISl e
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Ualiy) da e s ale AN oletU Lagall Jlgkl) il cillalaia :(5) Jsad
Contrast Ratio ,lill Jase axaxs ) Lol Cagu (Optical Optimization) g yadl uwaill Gadas Jal o
t oty il e Ao gena Jal (g

o bt 4y o

B Jladl sy o
d Gl g o

Wl e Jpand) Jal e Gl Zaa)lsall s vie 26l cOlalaall sl J6 (1) Jsaall mas
@ AaL Jal) i lgle Jpanl & ) 2 1s8) lhals dSlaally L) D alaay 35gal) il (i 4000)
@yl Opuailly a3l prantl) g Janl) Giias ol e dal e Bauad) Zaa) )sall slaiel (2) saad) o on
cgrad) i) (a g 0N, Off Zigl Qi i) (g L3AT (Contrast Ratio)

A Ul a8 e Jpemall duiall dua lsal) Jae b (1) Janl

Iter F- f(x) Feasibility First—order Norm of
count optimality step

0 4 - 0.000e+00 4.083e-03 —
1.041681e+00

1 8 - 0.000e+00 4.061e-03 5.354e-03
1.041710e+00

2 12 - 0.000e+00 4.064e-03 2.697e-02
1.041859¢e+00

3 16 - 0.000e+00 4.080e-03 1.349e-01
1.042601e+00

4 20 - 0.000e+00 4.160e-03 6.733e-01
1.046312e+00

5 24 - 0.000e+00 4.621e-03 3.340e+00
1.064921e+00

6 28 - 0.000e+00 6.969e-03 5.024e+00
1.094139e+00
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7 32 - 0.000e+00 6.404e-03 6.235e-01
1.090798e+00

8 36 - 0.000e+00 9.768e-03 3.558e+00
1.115507e+00

9 40 - 0.000e+00 2.585e-02 1.224e+01
1.247824e+00

10 44 - 0.000e+00 8.437e-02 1.488e+01
1.681441e+00

11 49 - 0.000e+00 8.470e-02 3.731e-02
1.683504e+00

12 54 - 0.000e+00 8.491e-02 2.421e-02
1.685039e+00

13 58 - 0.000e+00 8.467e-02 7.688e-02
1.689032e+00

14 62 - 0.000e+00 8.784e-02 6.300e-01
1.730573e+00

15 66 - 0.000e+00 9.741e-02 1.641e+00
1.846237e+00

16 70 - 0.000e+00 1.164e-01 2.663e+00
2.088100e+00

17 75 - 0.000e+00 1.165e-01 9.393e-03
2.089330e+00

18 79 - 0.000e+00 1.109e-01 6.633e—-01
2.164164e+00

19 83 - 0.000e+00 7.789e-02 3.164e+00
2.465651e+00

20 87 - 0.000e+00 4.298e-02 7.477e+00
2.739871e+00

21 91 - 0.000e+00 1.190e-03 6.480e-02
2.739225e+00
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22 95 - 0.000e+00 9.993e-04 3.357e-02
2.738778e+00

23 99 - 0.000e+00 2.700e-04 3.301e-02
2.740362e+00

24 103 - 0.000e+00 2.000e-04 6.206e-03
2.740373e+00

25 107 - 0.000e+00 7.503e-05 7.570e-03
2.740770e+00

26 111 - 0.000e+00 2.000e-06 1.372e-04
2.740770e+00

27 115 - 0.000e+00 7.253e-07 8.804e-05
2.740774e+00

Optimal alpha = 13.3 deg
Optimal beta = 120.0 deg

Optimal Phi

= 120.0 deg

el Jil laeY) o Laal (Contrast Ratio) (gyad) cpailly Liejll Gawadll G Jagyl) Gaias Jal (e
ALl Lol Sy A€ pe AAS Ally o) alaaY) saxie Gpueatl) Slie) & ol L gyadl ol (s aa 0N, OFf

_ ton + tofr

tre f

wy +

CRyef

(14)

Al Lucaly)l)

A U3l ad e Jsandl dad) A0 )lsal) Jee sk (2) Jsaal

Iter | F—count f(x) Feasibility | First—order optimality | Norm of step

0 5 1.976813e-01 | 0.000e+00 5.646e+05 —

1 11 5.976108e-02 | 0.000e+00 3.816e+05 2.488e+00
2 18 5.976092e-02 | 0.000e+00 2.893e+05 2.206e-02
3 23 7.475917e-02 | 0.000e+00 4.740e+06 3.182e-01
4 28 5.975608e-02 | 0.000e+00 7.144e+00 1.397e+00
5 33 9.954016e-02 | 0.000e+00 1.663e+06 2.048e+01
6 38 1.197386e-01 | 0.000e+00 3.492e+06 8.470e+00
7 44 5.938331e-02 | 0.000e+00 1.344e+05 5.416e+00
8 50 5.946172e-02 | 0.000e+00 1.000e—-01 1.127e+00
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9 58 5.946304e-02 | 0.000e+00 8.066e+05 1.948e-02
10 66 5.969729e-02 | 0.000e+00 1.287e+05 3.558e+00
Optimal Parameters:
V_on =7.49V
V_off = 0.87 V

alpha = 14.9 deg
beta =91.1 deg

Liblial)y gilil. 6
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c e Jlaall Ay gal 358 Jumdy sl JS8 Findys Al e 3.5 5 53 (Loy) 2small ) o
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(At e 10 e J8F e all) a5 Alle puall

(Overdrive Impact)uifjll agal) il 2.6

(A8l e T 32l il gd 10) 8p0ad g Aans Gubai &4 Cus ((Overdrive) gl A1) sgall 4,66 ok vie
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sl gl e (il
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Cmmddll SNV Z\,\uu@\ Ll .3.6
SN el apaas 8 Apaldly At Jalsall 50 lSkaal) il 53
Y el el Jalall oyons iiny 53y (Eppp) dassedl pa)l il (ot Jalad) Aag3U) s 1
Pasiul) dag 3l G ol ¢ (d2)adall dlels asyas (1)) Al g Iyl ol £ pp of Loy AL
col) puaill Ade b SV Jod) g8 (3)) LA aial ol (350n o5
Ooe 3N agall Al 80 O lalaall a3 8 ool z3sall Ayaal 6 1 Al Aadaill Lyaal 2
Alall Hslas 050 Alaiad gl e Jpaall A Lgines dgal) diag dew a3 (K Sl Pl
Aagse S ST 508 il asanal ) (535 e ¢« (Overshooting)d, stiadl)
Jsé (Response Time Limit) 2alal) 18y ool sl anaty s<aall rantit manaill 3508 3385 .3
Oo ST (Raslls A3 el gy sanall) Lassed) a3l gyl V) aall S 136 L el i el
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Ay ySly)
relaliiiay). 7
laleall 20a5 Cargy ¢ Jild) Jlinng KU lils 8 dpia3l) AlaiaV) 1Spabipal dars A sl 31S1ae dusl )l 038 225
s el LtV ey Sl Bl Alailly dpapanail)
438 agyes Lot i plel bl B g8l (Lopp) Ll 005 Of Apaly) Aadad) cifl o

(K)ais sl Culgis (1)) g3l Tapaniy e Jiladl Qe S 4210l Lol Jalgall e pusls (S5 adiny
Ji&s s ¢ (Overdrive)suall 3l sgall Bub Jia cigs fSIY1 dpenigh Jslall ddlad mitill i o
A fSY) ol 8 gysil) £ 1Y) Cpantl Llee Do i Laa ¢ € IS (Egpy) dsmaall (30

asiial) Gedlll LaLE ikl Al e 10 e Jb Mea) laliod (o) Giiad 8y pm ) Sl
) e Cuniilsie Gfes e Jead) iy gasally i) peadl) of ) sl i
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Biological Carrier Media in a Hybrid Wastewater Treatment
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Abstract
The integration of anaerobic treatment technologies with constructed wetlands
is considered one of the most promising approaches for achieving efficient and
cost-effective wastewater treatment, particularly in regions suffering from
limited resources and technical infrastructure. This study aims to evaluate the
efficiency of activated almond shells as biological carrier media within a
hybrid wastewater treatment system consisting of an anaerobic reactor
equipped with biological carriers as a primary treatment stage and a vertical

subsurface flow constructed wetland as a secondary treatment stage.
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The anaerobic reactor was designed according to the German standard DIN
4261, while the constructed wetland was designed in accordance with the
German guideline ATV-DVWK-A 262. Physical activation of almond shells
was carried out at a temperature of 600°C for a duration of two hours. The
activated almond shells were then introduced into the anaerobic reactor at three
filling ratios of 5%, 10%, and 15% to investigate their effect on treatment
performance. System efficiency was assessed by measuring the concentrations
of Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BODs ),
and Total Suspended Solids (TSS).
The results demonstrated that the addition of activated almond shells
significantly enhanced the removal efficiency of organic pollutants and
suspended solids compared with the conventional system. Among the
investigated ratios, the 10% filling ratio achieved the best overall performance,
with removal efficiencies of 87%, 90%, and 86% for COD, BODs , and TSS,
respectively. These findings indicate that activated almond shells can be
effectively utilized as sustainable, low-cost, and efficient biological carrier
media in hybrid wastewater treatment systems, contributing to the
development of environmentally friendly and economically feasible
wastewater treatment solutions

Key words: Activated Almond Shells, Biological Carrier Media,
Anaerobic Treatment, Constructed Wetlands, Wastewater Treatment.
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Reference Wastewater Anaerobic Reactor Biological Carriers

Type V (Liter) Type HRT (hour)
1 | Vinod et al., 2012 Municipal Fixed Film Reactor 180 Coffee Husk (16,24,48)
) | Oliveiraetal, 2013 |  Municipal Anaerobic filter 500 Coconut Shell 9
3 | Alietal, 2016 Municipal Biological Filter 620 Maize Cob 14
4 (2020 Qsly o Municipal | Activated Sludge Aeration Tanks 10 Almond Shell (4,5,6)
5 | Guangietal,2024 | Municipal Anaerobic Baffled Reactor - Needle-Felt Coir Fibre 14
¢ | Sanitha et al.,, 2026 Municipal Upflow Biofilter Reactor 3 Corncob
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Reference Wastewater Anaerohic Reactor Constructed Wetland

Type | HRT (hour) | TypeFlux | PlantSpecie | Filling Media
1 | Thanhetal, 2014 Municipal ST 18 HSF Melampodium | Gravel, Sand
7 | Merino et al, 2015 Municipal UAF (18,28,43) HSF Canna Tezontle
3 | Abdel-Shafy et al, 2017 Municipal ST yr! HSF+VSF Phragmites Gravel
4 | Decezaro et al, 201§ Municipal ST 20 V&F Psittacorum Gravel
5 | Martaetal, 2023 Municipal HUSB + AF (9,14) VSF Iris psendacorus | Gravel, Sand
6 | Satyendraetal, 2024 Municipal ABR (12,18,24) | Upflow | Typha, Canna ACC
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235 518 1 219 518 1 240 520 1
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78 230 7 65 214 7 M 237 7
T3 227 8 60 212 8 89 235 8
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79 223 | 10 62 209 10 79 232 | 10
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BOD OUT (BOD IN | STEF 1| | BOD OUT | BOD IN | STEP 1| | BOD OUT | BOD IN | STEP 1
144 375 1 129 361 1 152 im 1
143 369 2 127 356 2 148 366 2
141 364 3 124 351 3 145 369 3
137 374 4 120 363 4 142 365 4
135 358 5 118 358 5 140 364 5
140 368 | AVG 123.6 | 357.8 | AVG 145.4 367 | AVG

62% 65% 60%

BOD OUT |BOD IN | STEFP 2| | BOD OUT | BOD IN | STEP 2| | BOD OUT | BOD IN | STEP 2
49 | 144 | 6 38 | 129 | 6 53 | 152 | 6
44 | 143 | 7 a1 |21 | 7 46 | 148 | 7
47 | 141 | 8 35 | 124 | 8 50 | 145 | 8
39 137 ] 30 120 9 A7 142 9
45 | 135 | 10 39 | 118 | 10 48 | 140 | 10

448 | 140 | AVG || 366 [1236 1454 | AVG
6% 70% 66%
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74 152 1 60 148 1 69 159 1
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