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Study the effect of changing hydraulic
load and pH on the ability of duckweed
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The research was conducted in the Environmental Engineering Laboratory
at the Faculty of Civil Engineering — Al-Homs University, where the main
objective of the research was to study the efficiency of duckweed in
reducing cadmium concentrations in water at three concentrations (0.25-
1-2 mg/l). In order to conduct the research, two basins were designed with

different heights (H1=65cm, H2=25cm) and with a residence time ((T1=7-
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T2=15day). Surface hydraulic loads were applied at the residence time.
After planting the two basins with the plant and taking samples at values
of (pH1=7.7, pH2=4.7), the results of the laboratory measurements
obtained showed that the cadmium removal rate was about 80.43% at a
depth of 25cm and after a residence time of T=15day and at a hydraulic
load of 0.016m3/m?2.d, and the efficiency of removing cadmium from water
was at pH=7.7 It was higher than water with pH=4.7, so the results proved
that the plant treatment method using duckweed is an economical method

that can be adopted.

Keywords: Phytoextraction — duckweed — cadmium - surface hydraulic

loading.
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BF (Cd)mg\Kg BF (Cd)mg\Kg

0.62 0. 149 0.4 0.107

0.6 0.150 0.4 0.105 5-11-2023 | 29-10-2023
0.6 0.151 0.4 0.107
0.6 - 0.4 - Average BF

0.5 0.492 0.3 0.305
0.55 0.495 0.3 0.305 20-12-2023 | 13-12-2023
0.49 0.491 0.28 0.301

0.53 - 0.29 - Average BF

0.4 0.901 0.24 0.495

0.4 0.900 0.22 0.492 6-2-2024 30-1-2024
0.4 0.898 0.22 0.491

0.4 - 0.22 - Average BF
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80.83 | 0.046 | 52.08 | 0.115

80.83 | 0.046 | 52.09 | 0.113 0.25 | 20-11-2023 | 6-11-2023

80.84 | 0.047 | 52.08 | 0.115

80.83 - 52.08 - - Efficiency%

75.09 | 0.254 | 49.90 | 0.511

75.10 | 0.255 | 49.90 | 0.511 1.02 4-1-2024 | 21-12-2023

75.29 | 0.252 | 49.44 | 0.516
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BF (Cd)mg\Kg BF (Cd)mg\Kg

0.8 0.202 0.5 0.134
0.79 0.199 0.5 0.132 20-11-2023 | 6-11-2023
0.78 0.197 0.5 0.130

0.9 - 0.5 - Average BF
0.75 0.763 0.5 0.506
0.73 0.761 0.52 0.508 4-1-2024 | 21-12-2023
0.76 0.766 0.5 0.505
0.74 - 0.5 - Average BF

0.6 1.283 0.45 0.915

0.6 1.281 0.44 0.910 21-2-2024 7-2-2024

0.6 1.284 0.44 0.912

0.6 - 0.44 - Average BF

& &l5 0.25ppm bl ie 2 dpaill 8 clall (gaall aSIE Jalea ad o (7) sl oo
52038l o LSy (S bl UL aslsl) (g 48 il 250m ey oLl
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2025 ple 8 aaal) 47 alaall

Rk { e P WP

OS5 (0.22-1.01-2.04) 3815 Dy o 5maalSIl gl olse b e lall Gute dey) Cads
.pH=4.7 s T|=7day &Sa () ESA ()

pH=4.7 5 T|=7day & (1) go Cd o gaaal&l) puaial sliall Jilat &35 (8) g2l

E% WY se

PH=4.7 5 T =7day &a ¢aj ga Cd pgaadlsll uainl olual) (il gilii (8)J g2l

E% 4y) 50 is;

Nuanllgae | dgand gae | JAa | Migyl | Ael)ald
Sl duaadll | Silgsngd) Jraadll | Galgal) Ll Ll

W W T adll
(0.036 m>.m*\d) | (0.093 m*.m?\d)

E% (Cd)mgl E% | (Cd)mgll | (Cd)mgl
20.45 | 0.175 | 14.09 | 0.189
21.36 | 0.173 | 14.54 | 0.188 0.22 | 28-11-2023 | 21-11-2023
21.81 | 0.172 | 14.09 | 0.189
21.21 - 14.31 - - Efficiency%
10.89 | 0.900 | 5.30 | 0.956
11.48 | 0.894 | 5.64 | 0.953 1ol 14-1-2024 | 7-1-2024
10.79 | 0.901 | 5.44 | 0.955
11.05 - 5.46 - - Efficiency%
11.81 | 1.799 | 3.08 | 1.977

2.04 29-2-2024 | 21-2-2024

11.91 | 1.797 | 3.28 | 1.973

65




OBAIY slall Guis il B da o pH A gutgd) oal) g Sl gl Jaad) it LA A )
slall (s a gradlsl)

12.05 | 1.794 | 3.18 | 1.975

11.92 - 3.18 - - Efficiency%

T1=7day - pH=4.7
(o]l em— (5 sall
50
40
30

20 \

10

c1 Cc2 Cc3
EiSa (pa) Cuglill 385 EBE de Cipuall ol (e agsanlS) A 5o lis (8) sl
pH=4.7 5 T,=7day

Ll & gl aldl @y Cuacelall e aspealSl) Al 3 alassl <3l o
cile dua 256m glay¥) 3 JE (asal) 33 ST el IS5 ol 6 any aeal)
D el uae il A€ i Amapall bl o e ae ) e cdalS J< il
coaanll L) 8 sall) e

pH=4.7 s T=T7day &8s (1) as Cd o graal&ll jeaial bl Jilat 505 (9) Jsaad) G
BF ol Shall Jalas
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4 larall g Aiaall dpuigl) a glad) Abeles

waas dsaly dlas
2025 als 8 2l 47 alaal)

pPH=4.7 3 T;=7day &< ) g Cd agaslsl) painl cladl) Julas zilii(9)J gasd)

BF (sl aSlill Jalaa

Seaalll g Gasal) | Jpeadl) g gasal) | Mgl | el ats
bl Slongl | abal) (Slgugl) | Dl Ll
(0.036 m3.m2\d) (0.093 m3.m2\d)

BF (Cd)mg\Kg BF (Cd)mg\Kg

0.2 0.043 0.13 0.030
0.18 0.040 0.13 0.031 28-11-2023 | 21-11-2023
0.18 0.041 0.15 0.033
0.19 - 0.14 - Average BF

0.1 0.106 0.05 0.054

0.1 0.103 0.05 0.051 14-1-2024 7-1-2024

0.1 0.104 0.05 0.050

0.1 - 0.05 - Average BF

0.1 0.242 0.03 0.063

0.1 0.241 0.03 0.061 29-2-2024 21-2-2024

0.1 0.241 0.03 0.060

0.1 - 0.03 - Average BF

Al Sl W e clalle s daa AL 3 Zuyatl 5 calS o) wSI0 ales 2

ragll) Al
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slall (s a gradlsl)

OS5 (0.22-1.02-2.01) 3815 Dy o 5manlSIl Eigle olse b e lall ute dey) s
.PH=4.7 §Tr=15day &S (1) ESall ()

pH=4.7 sT,=15day ¢&a (1) ge Cd o g2aal&ll jaialsluall Jilad milis (10)Jsaad) cpm

E% a3y 50

3 Ty=15day & (1) e Cd agpaalsll puaind slial) Judad ilis (10)J g

E% 4y) 3¢lisy pH=4.7

Poaaligae | shoasl pae | Jam | Bigl | Al gt
GSlongl el | Sloned dadl | Galsd) | Al e
bl bl Al

(0.016 m*.m*\d) | (0.043 m*>.m?\d)
E% (Cd)mg\l E% | (Cd)mg\l | (Cd)mgl
32.72 | 0.148 | 20.90| 0.174

0.22
34.54 | 0.144 | 19.54 | 0.177 12-12-2023 | 29-11-2023
33.18 | 0.147 [ 19.90| 0.178
33.48 - 19.84 - - Efficiency%
22.15 | 0.794 | 16.17 | 0.855

1.02
22.25 | 0.793 | 16.27 | 0.854 29-1-2024 | 15-1-2024
22.05 | 0.795 | 16.47 | 0.852
22.15 - 16.30 - - Efficiency%
17.71 | 1.654 | 10.95| 1.794
17.66 | 1.655 | 10.49 | 1.799 2.01 17-3-2024 | 3-3-2024
17.51 | 1.658 | 10.89 | 1.791
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pliadi e,y cuas daad S (§ g 2025 ole 8 2l 47 alaal)
17.62 - 10.77 - - Efficiency%

ESa oy Sghll 305 ED vie Capeall sla (he assedlSl) Al 30U (4)habiad)

50
40
30
20
10

.pH=4.7 5 T,=15day

T2=15day - pH=4.7

\_)‘a};.“ —Vu\‘a};.‘\

\

C1 Cc2

C3

S (pa) Caglill 305 EM i Cipual) olia (i agpadlS A) Bs Ui (9)Jei

pH=4.7 5 T,=15day

8aly) oy ZABN Apaill e el cul€ Aaghll dypanl) 3 AU5Y) 3e 1S Aad o bl s
O +%33.5 jsla Al )l Juadl 3 LeiShicpag S sbeaal) hainl ae S B
pH=4.7 5 T)=15day ¢&s a) e Cd sl (o il ot il (11)Jsaad)

E% A3y 56l

PH=4.7 3 T=15day &< () ga Cd pgraslsl) cpa il Jlas il (11)J g2

E% 45y LSy

Jeaadll g3 agall | Jeaadll g3 (agal)
bl Sdgpngd) | Akl Sl ngd)
(0.016 m*.m?\d) | (0.043 m*.m*\d)

Wil | Asl) s

- -

e e
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CaMAILY slall (uae iyl 88 o pH A gl oY) 9 Slgungd) Jaadl s B A o

slall (s a gradlsl)

BF (Cd)mg\Kg BF (Cd)mg\Kg

0.3 0.07 0.2 0.042

0.3 0.08 0.2 0.42 12-12-2023 | 29-11-2023
0.3 0.07 0.2 0.43

0.3 - 0.2 - Average BF
0.22 0.224 0.16 0.166
0.22 0.224 0.16 0.164 29-1-2024 15-1-2024
0.22 0.227 0.16 0.168
0.22 - 0.16 - Average BF

0.1 0.220 0.09 0.200

0.1 0.222 0.1 0.205 17-3-2024 3-3-2024
0.1 0.225 0.1 0.201

0.1 - 0.1 - Average BF

LShe el oo Sl OIS JWlleaalsl) e sasmys das AL gpall WS Jolas o

comeall gl s

MUA 3 Qu‘ll'\.“—6

ESa () ae ¢ 25CM Gaall die %80.84 aspedlSU A dps clall @Es -1

302
.0.016m /m .d Sy Juead e T=]15day

70
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Jalaa 4o QJ.AA} Cua Cuwlia ESa (1) cace):md@ REEN (:Sb.o eladl Luae @ly I -2
veT=15day ESa ) e ¢ 250M Gaall die dalsll e And ol ) guadl oI5

3 2
0.016m /m .d Sl s Jaeas
4.7=pH b ol e el @il 7.7= pH e sball (0 aspaalSl) 4)5) 5016 -3

silayifally claliinuy -7

dalaiall ‘da;.auﬁ‘\:\chmlb :\_x;.;aj\ g_v.;aal_m u\.un GA A e L_ILLI e\.l;:\.u\ uSAg -
235 Jlaly asmeal€l) GadAL o 308 bl CulS Cune paaneba b deliall
i) @) Cliaalsal) i A gansall 350801 )

&)L@asjw\ (R ;L’m& ‘éﬁ ‘é_cl_uaﬂ d}a alzm W?)ﬂ‘d&\ J.\S)'} B.ﬂ:a)' dl; L.%A -
iealyel G sl 3g0all Jpeall 5,87

3331 <0.25Mg\L e lef gl vie el (e o spaal€l Y slad) Luae il 4 aae-
cas 15 e ST saal Ll ESa (g0) 5345 (e A (adAiu) 35350

oAl aall Capeall sl gl Abalsall Gilse 5 e Al 33350 Giiad (San =
25CM Gae 5 as 15 Ea e il

saalal)

ol 42.3)}.&5\ 4:\.3)::1‘ u‘u.ab.d\j QM\}A\ Aa deliall 'é)b} M_DJJ\ 2_}.9,1\ MJ}@-AAJ I [1]
2008 (2580) Aslall 45all Aalleall aall Cipeall

Cldliall Ay sl Lyl bl ilial salldian e Uiaall 5135 ¢y guall s yall 2y sgandl [2]
:2009(3474) 2alal 2l L Leaslas zsanall e lial) ZBLY
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