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0.65m3 oasall aza
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ds g, sl il (Bioaccumulation Factor)BF gl aslill Jale
3389/(aLsYY) A Al B puaial) 385 = ggal) aS)Al Jale
Wb Ao g 5all olsal) b sucinl)
T=15day ¢S (he) e Galadl Lasaaill Jalgall (2)dsa cpm

T=15day ¢a ¢paj die Galsadl dpasaaill Jalgal (2)( g2a)

EESEN
e )l Jpandl) . S0

als | SHused oY sl = ad)
i j KXW ) s L)

s b wasall 3| oassd

32 day 3 m

sl m /m .d m /d
gr

500 0.043 15 0.043 0.65 1

500 0.016 15 0.016 0.25 2

1458l K] @.‘illm—

(0.25-1.02-2.05)mg\l 3815 Dy o sealslly Zisla olaa b elad) (uae de))) Cass

sl aand &y pH=7.7 5 T=15day &l ey oS5 JSall (2.5-5-10 mg/l) 5

) o Sl 5 a 5N yeaial olaall st 3 (3)Jsaall o ggme dlews aladiuly
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aaa daaly Al
2025 als 10 222l 47 alaalf

9 To=15day €8s s aa Nidssill § Cd p pssadlsl) sbsall Julad zilii(3)J gaad)

E% 4 3Y) 3slisg pH=7.7

Sz | sipanl g Jasa 38} g &k
S gongd) Jaaadil) Sl oal a) Al idalide)
b S gougd Ly il
(0.016 m3.m?\d) bl
0.043
(m3.m?\d)
E% | (Cdm | E% | (Cd)m | (Cd)mg p o<l
g\l g\l \I

54.1 0.11 25.0 0.18 0.24 31-3- 18-3-
2024 2024

50.0 0.12 33.3 0.16

50.0 0.12 25.0 0.18

514 - 27.7 - - Efficiency%

34.6 0.66 16.0 0.85 1.01 16-4- | 3-4-2024
2024

34.6 0.66 19.0 0.82

36.6 0.64 17.0 0.84

35.3 - 17.3 - - Efficiency%

39.0 1.24 21.8 1.58 2.02 1-5- 18-4-
2024 2024

38.5 1.25 23.3 1.55

38.5 1.25 22.8 1.56

38.6 - 22.6 - - Efficiency%

E% | (Ni)mg | E% | (Ni)mg | (Ni)mg\ Jssil

\I \I I

54.2 1.16 46.6 1.35 2.53 31-3- 18-3-

53.8 1.17 47.4 1.33 2024 2024

53.8 1.17 48.6 1.30

53.9 - 47.5 - - Efficiency%

58.1 2.10 26.3 3.70 5.02 16-4- | 3-4-2024

58.1 2.10 26.7 3.68 2024

56.2 2.20 25.9 3.72

57.5 - 26.3 - - Efficiency%o
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59.4 4.10 35.6 6.5 10.10 1-5- 18-4-

59.4 4.10 35.6 6.5 2024 2024

60.7 3.97 35.6 6.5

59.8 - 35.6 - - Efficiency%
Cd+Ni

pH=7.7 - T=15day

80

60

40

i ..
Ni2 Nil Cd2 cd1

ET3 mT2 mT1

o Cslill 385 U die Kiglal sl ¢y JSilly agpanlSl A 5ol (1)dabial)
de 2 91 uaga
pH=7.7 - T=15day

LS gl Il o spelSH A 86l e ST cilSeoluall (o ISl A1) 56 S iliall (s
CoilSeodn s) o spadlSIG oliall Ciigh Al Ayl 8 casmalsl) AS5a e ST clS Sl
Y 5 S ul€ s, S8 ARY) 50 LS Cinpal IS e 40l pe Sk ST 4l ABY) 30 1S
I35 G Agmapal) luhall xSF L 13 Lea L) g a3 S (sl 8
sl Gee J8 LIS (DALY 5 S
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.E% 4y 5.5 pH=5.5 5 T2=15day

3 T2=15day <:Sa (s ga NizdSalll 5 Cdi p pgadlsl) olsall Julad ailid (4)J saad)

E% 4 3¥) 3£l gpH=5.5

Soanligia | gdoassl gaAe | B | Big | &b
S bl Jraail Jaaailf ol saY) Aall | Lalde) )
b Sl 4 2l

(0.016 mé.m?\d) b

0.043

(m3.mA\d)
E% | (Cdm | E% | (Cd)m | (Cd)mg p ol

g\l g\l \l

28.0 0.18 20.0 0.20 0.25 19-5- | 5-5-2024
28.0 0.18 16.0 0.21 2024
32.0 0.17 20.0 0.20
29.3 - 18.6 - - Efficiency%
30.0 0.72 16.5 0.86 1.03 4-6- 21-5-
32.0 0.70 15.5 0.87 2024 2024
33.0 0.69 16.5 0.86
31.6 - 16.2 - - Efficiency%
28.6 1.42 13.5 1.72 1.99 20-6- | 6-6-2024
26.6 1.46 13.1 1.73 2024
27.6 1.44 14.5 1.70
27.6 - 13.7 - - Efficiency%
(NDm | E% (Ni) | (Ni)mg | (Ni)mg\ Jssil
o\l mg\l \I I
51.2 1.22 43.6 1.41 2.5 19-5- | 5-5-2024
49.6 1.26 43.6 1.41 2024
49.2 1.27 44.4 1.39
50.0 - 43.8 - - Efficiency%
54.0 2.30 21.6 3.92 5 4-6- 21-5-
54.0 2.30 214 3.93 2024 2024
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540 | 230 | 216 | 3.92 |
54.0 - 21.5 - - Efficiency%
46.0 5.40 31.2 6.88 10 20-6- | 6-6-2024
45.6 5.44 31.6 6.84 2024
45.3 5.47 315 | 6.85
45.6 - 31.4 - - Efficiency%
Cd+Ni
pH=5.6 - T=15day
80
60 9
=
40 ;-;,-‘
2
0

Ni2 Nil Cd2 Cd1

HT3 EMT2 mT1

b Glill 585 MG e Aglall olia (e JSailly pgpadlsl) A3} Bp S (2)dakaial)
sie 251 g
pH =5.6 - T=15day
de ol bl 8 Canal (< psaad Sl 5 JSall e JS At o ol cps
e aaball Sl (il OIS S ) g o adll eha¥) sie Jaagls pH=5.6
& sl bl QIS sai Aoy 5 JsanaS (Kl (panall sl (8 Glad) e bl
I Al & Y A1 8l ) Laes Juadl V) Ayl

46



QJM!J@M\@&@J‘@JM!MM e daala ddaa
QS damdl adiad pawa) Gl 2025 sls 10 2211 47 Aaal)

(Ni+Cd) Sl s eilss
BF o)l Sl (el s pH=7.7

Tr=15day &a gaj aa Nigsudll 9 Cd a agaaalsl) cladl) Jolad milii(5)Jgaal) o
BF sgall as)ill Juleg pH=7.7 4

Jeaalll 53 2 gall draadll 53 (2 gall Al s

abad) Sl g el Abad) (S g gl

(0.016 m3.m?\d) (0.043 m3.m2\d)

BF (Cd) BF (Cd) popaasl)
mg\kg mg\kg

0.28 0.07 0.20 0.05

0.32 0.08 0.20 0.05 0.25

0.28 0.07 0.24 0.06

0.30 - 0.21 - Average BF

0.28 0.28 0.11 0.11

0.27 0.27 0.12 0.12 1

0.27 0.27 0.11 0.11

0.27 - 0.11 - Average BF

0.27 0.54 0.13 0.25

0.27 0.53 0.13 0.25 2

0.27 0.53 0.12 0.24

0.27 - 0.13 - Average BF

BF (Ni) BF (Ni) Jsadl)
mg\kg mg\kg

0.47 1.18 0.28 0.71

0.47 1.18 0.28 0.72 2.5

0.46 1.16 0.28 0.72

0.47 - 0.28 - Average BF

0.43 2.15 0.21 1.03
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0.43 2.15 0.22 1.05 5
0.43 2.16 0.22 1.06

0.43 - 0.22 - Average BF
0.51 5.11 0.27 2.72

0.51 5.13 0.27 2.71 10
0.51 5.11 0.27 2.71

0.51 - 0.27 - Average BF

S Jalaa (ga algl ) Gaily 58T oIS ISl gaad) SIl Jalas o Jsandl (ge itios
ASlye o aiyiie e S) ISl AaShe o e lall Guae 3y3e (8 I & genlSU (g5l
.a}:}AJ&\
T2=15day &8s () ae NiTJSull 5 Cd1 o psaealSl) bl Jalas i (6) Jgaad) G
BF (ssall oIl Jales pH=5.6

BF ‘_“53...&3\ ?Sbﬂ\ Jeleg pH=5.6 4 T,=15day

Jeaadl) g3 G2 gall Jraadl) g3 (2 gall

badl S g0l bad) (S g0l .

(0.016 m3.m2\d) (0.043 m3.m2\d) agladl S A

BF (Cd) BF (Cd) poradsl)
mg\kg mg\kg

0.16 0.04 0.08 0.02

0.16 0.04 0.08 0.02 0.25

0.16 0.04 0.08 0.02

0.16 - 0.08 - Average BF

0.19 0.19 0.09 0.09

0.19 0.19 0.08 0.08 1

0.20 0.20 0.09 0.09

0.19 - 0.09 - Average BF

0.13 0.26 0.10 0.19

0.13 0.26 0.09 0.18 2

0.13 0.27 0.11 0.21
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uas Al adied grawal B ggud 2025 als 10 23) 47 alaal)
0.13 - 0.10 - Average BF
BF (Ni) BF (Ni) Jsal)

mg\kg mg\kg

0.44 1.09 0.25 0.62
0.43 1.07 0.24 0.60 2.5
0.43 1.07 0.24 0.60
0.43 - 0.24 - Average BF
0.31 1.57 0.19 0.93
0.32 1.58 0.19 0.93 5
0.32 1.58 0.19 0.94
0.31 - 0.19 - Average BF
0.42 4.17 0.21 2.12
0.42 4.17 0.21 2.12 10
0.41 4.14 0.22 2.13
0.42 - 0.21 - Average BF

pl) inaale golil) Jansgll 35T S gl ASIA Jalra (5)6(6) Clsand) (pe peiinss
Slo JSall Juadl 2850 e Ll Guae il IS llall DS g ¢ omeall Jasssll byl

0.8

0.6

0.4

0.2

Cc3

(Cd+Ni)

Il
C2

B TANK1 e TANK2

. 6}7}‘43&\ k._ILuA

L R
c1

bug B elal) (e cilid b Cd agmedlsll paisl BF g gall aS) 3l Jalaa ad ()JSd)
pH=5.6 s T=15day <Sa () e JSuill 9 a gadlsll (g gliny
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(Cd+Ni)

0.9
0.8
0.7
0.6
0.5

0.4

0.3

0.2

0.1

0
Cc3 Cc2 Cc1

B TANK1 e TANK2

¢ siag g A slal) Guie il (AN S jeaind BF (g gaadl aS) 3l Jalaa s ()JSid)
pH=5.6 T=15day <Sa () pa JSil) g a gaanlsl)
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4 jlarall g Aiaal) Apwtigl) a glad) Alles

S (G

aaa daaly Al
2025 als 10 222l 47 alaalf

;) Jalay Apilany) Al

Jreatll 5 JSaill 5 saedl I ATV 5o S 455led] Ailaa¥) Auliall (26) Jsaadl Gan
Lgina (gsiue die Aygimall (398 Clual SPSS maliy aladinly adand) Silg gl
5%

Jeaail) g JSill g a gradlSl AJ) 1Y) 3ol A5 jlial dpilanty) Al all (26) Sl
4 pina g giesa die 4y ginal) (9 8l lual spss gabi aliialy k) (S5l g gl

5%
ANOVA
(Cd+Ni)- 413y 3sUs
Sum of df Mean F Sig.
Squares Square
Between 84.640 1 84.640 15.430 005
Groups
Within 393.640 2 196.820
Groups

Sonel) daaatll 5 Kl g o gaealSI AT 36 LS 45 )l8al Ailian) Al

i S %o Aygina gsiue die Ayginall G 8l lual SPSS zaliy pladinly adadl
Jpanilly JKally o 5paslSl) A3 56 S (s Aysina 3558 35ms Ailan ) Al

p sl SU AISY) 36 i 45leal Ailian¥) Auhall(27) Jsaad) cpme oadasdl (Sl yaell
Gsa die Agginall (995l lual SPSS galiy pladiul pH J) A5y 5 JSally
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PH J 4,3 5 JSill 5 o gaadlsll 431 330 868 45 jlBal diluaall) da) Jall(27)J saall
5% dasina (s sia 2ie 4 pinall 558l lual spss gl aladialy

ANOVA
(Cd+Ni) 413y selis
Sum of df Mean F Sig.
Squares Square
Between 84.640 1 84.640 430 579
Groups
Within 393.640 2 196.820
Groups

zalin alasinly pH o A 5 JSally o spenlS ANV 56 S A3 laal Ailanyl Al
Asag ate Adlan¥) Auhall (0l 5 % Asies (gsie die Aygiaddl 358l Clual spss
PH D daas JSaills spealSl D) 3o S (s Aygina (358

slo Bae 58 dlhiay (Lemna spp.) el (uae by of colaall el

oo el A eliall Gyl sl e (NPY) JSall oSIyy aliaial

[83] Laslsids ddbas dalse e ) Godill b (ghay (CA* ). aspadlsl
lae ¢ (0.95 A)asadl€ll ols 4jie (0.69 A) aal anay JSall (ypl aiay

cosdall (B A palaia¥) g alaatuly Agslal) sV e aygre e
Jie Al SlaiY) (e S5 A Ay 1 Daaie JSal) aa) ool ) AL
JI3JAlin LSy sasay die aalaid ) clilall dyy Lee ('Urease’
VoG Dol 8 ) aliy JSall aidy diageal) Alsiee Agle Ay

casaalSl Wl clall goaall ol ek Lae casmealSIL Ajlae Alsgan iy

Go maall i ) gy cnlilall B ale 4 V) Al atsilisd e sl

o bl 538 (e day e egslal) Ganilly gl Jhall Jie dggall clled)

Jie slaall 3 sagasall AV @l (any (el 145508 Gl sl
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D151l WIAY 3 pabaid) adlse o lilly asmatialy sl
DU Jl of LS 8l Alae ddliad) sdgy ST Al asmalSl) o bl
el Gae psia Wi ) Al LS ae Sjie Glaies (0585 e
Gsii O e L o slufl6laalaid Jew e ddggpianll (mlaal) Ji
dsa psdiall Gluball ae Sl ddhaie Ao ey dpedll b2 (4 JSl)
e alatiul Al aeny Lo shy el Guae aladiuly ALED oledl el
Aglledy JSal) e dyginal) e lial) Capall ol dalles b clyll

rlalisiuy)

p bl oball o Sl 5 o spedl&I ALY 50 LS el il iy
PH=5.6 i3 slall o el cilS pH=7.7 sic slall (o JSall 5 2 5202\S A1)3) 56 LiS—

o) 5 250M Geall 2ie51%a50ay il 0.25MQ/Icssh die a sl Al A of -
G ooluall &gl ae JSuillg ‘0016m3/m2d (wé:d});:m Jaeatt 2ie o T=15day o) Sa
54.5% AU s el cul< 2.5mg/l

Cun sl Ea (ga) c.«?};md\ﬁ\ Glaa e Jall o ?S\)“ el uae cilo ols—
Jranige 25CmM Geadl 2 0.6 (e 4wl ol S Lﬁj;‘éj\ ?5\)33\ Jalae dag Ciliay
0.016m3/m2.d S

5ol ISl o L) sl e gl die oLl o aspedl&I AISY oLl (puae il 4S pae—
coldl Ea (503 3L (e Y 2504l

olall LI S 506 Al Ay guad) Abucalgal) (3in 5 Aullia 50 US 33 (Sanm

sallae e ol S spaka 5 4B 5 Adiind (g3 el (pe dallaall (o ) il —

.2_\;..4

3
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2l

Adana (;3 ¢l (e e\A;L.uL} @‘4}\ u)‘al\ oleal AN Aadlaall Ay c3adall-]
i sl o stall Al — Agalell il jall g gl (i Al Alsa (0 g0 g ypaial
2016 ¢3 2321 (38 alall

vie (lo — 4 i) Al 8 ALED alaall Gy S a s JIKET Al j0  jalaw el y)-2
2014 o) dxals M.f—\))j\ :’\:\E ‘a\)j.'\s.l ‘ULMU Aaliag Gl gl \.@.ﬂha;\
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A study of the ability of the duckweed plant (Lemna minor) to

extract cadmium and nickel from polluted water.
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Civil Engineering, University of Homs

2 Professor, Department of Soil and Land Reclamation, Faculty of

Agricultural Engineering, University of Homs

3 Lecturer, Department of Environmental Engineering, Faculty of Civil

Engineering, University of Homs

The research was conducted in the Environmental Engineering
Laboratory at the Faculty of Civil Engineering, University of Homs. The
aim of the research was to study the efficiency of the duckweed plant in
reducing the concentrations of cadmium and nickel present in water at
three concentrations (0.25-1-2 mg/l) for cadmium and (2.5-5-10 mg/l)
for nickel. To achieve the research goal, two basins were designed with
two different heights (H1 = 65 cm, H2 = 25 cm) and a residence time of
T = 15 days. Surface hydraulic loads were applied during the residence
time. The basins were planted with duckweed plants, and samples were
taken at two pH levels (pH1 = 7.7, pH2 = 5.5). The results of the
laboratory measurements obtained showed that the cadmium removal rate
at a contamination level of 0.25 mg/l was approximately 51% at a depth
of 25 cm and a residence time of T=15 days, and at a hydraulic loading
of 0.016 m3/m2.d, the highest nickel removal rate was achieved with
water contaminated with 2.5 mg/l. At pH=7.7, removal rates were higher
than with water at pH=5.6. From the BAC values, we find that duckweed
is a better nickel accumulator, with higher BAC values than cadmium. The

results obtained indicate that the treatment method using duckweed is a
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viable method for extracting cadmium and nickel from contaminated water,

especially with optimal treatment. The residence time is increased with

more polluted treatments.

Keywords: Extraction — Duckweed — Cadmium - Nickel — Surface

hydraulic loading.
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