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Abstract

The use of wastewater and gray water for agribusiness is recently growing, and it is essential to
investigate the risks associated with its use. Heavy metals in wastewater, even in small
quantities, are among problems limiting the use of wastewater in agriculture. This is due to the
high agglomeration coefficient in the environment, degradability and long shelf-life which cause
the severity of toxicity and contamination of the soil during irrigation. In this regard, the
Phytoremediation technology can be advantageous due to its environmental compatibility and
environmental refining power. In order to investigate the power of sweet sorghum, urban
wastewater was used to irrigate the plant. First, wastewater was analyzed in terms of 38 factors.
By adding cadmium, lead and arsenic to wastewater, three treatments of 0.1, 1 and 10 mg/l of
these metals were created in urban wastewater and for 12 weeks the respective pots were
irrigated with appropriate replication. Samples of root, stem, leaf, seed, soil and drainage of pots
were collected separately for analysis of acid digestion and grafting to the atomic absorption
system and the results were compared by statistical methods. The results showed that
accumulation of cadmium and lead in sorghum is more than ten times higher than that of
arsenic. On the other hand, the absorption coefficient or ability of the plant to absorb the
elements has decreased rapidly for cadmium and lead with increasing concentration in the soil.
In the case of arsenic, the absorption coefficient increased with increasing concentration in the
soil. Regarding the amount of material accumulation, the ability of all tissues in the
accumulation of cadmium and lead was the same and in the case of arsenic, the root
accumulated more than aerial parts. This study showed that the heavy metals accumulation
pattern in sorghum, the final amount of accumulation, the absorption coefficient and its changes
relative to the environmental concentration are different for various elements. According to the
final concentration of accumulation and absorption coefficient, the sorghum plant is suitable for
the purification of cadmium and lead from low concentration effluents which are commonly
found in urban wastewater. This can prevent the accumulation of these pollutants in soil.

Keywords: Sweet Sorghum, Heavy Metals, Wastewater, Phytoremediation.

Journal of Water and Wastewater W L TP

Vol.30, No. 1, 2019 VWAA Jlo N osleds e o y9s

Q



dx.doi.org/10.22093/wwj.2018.90922.2443 A

oSl (s O30 7 30 (9 gl p95 39w 0l 2 VLol o o
S g Sl 3 ECiwi 3T 9 O g

T sl pels ) ol ki e s

U‘):‘-‘ ‘Ulﬁf"‘" ‘ulﬂ—“‘" olizils sf’l: saSiils (el Cusy 05,5 ‘stl:f &5908s 30 aidy (5135 (gezeils - )
Ol oledial osledal oliils pale 0aSTasls o pwlid Canyj 095 JLotils Y
aalmodares@yaho0.com (Jytua odiuysi)

@VVYY o AVEA Zil,s)

wlo s P18l 95 D yge 4 Wl ol 4 £l (Slp
" (6 s Oy 1 S 5T 9 00t o lS (aSins I3 BUS 50 oy i 095590 OLS (2 ILOLS o 3 " A YAY (o cgpm pobadl ol 518 (o
Doi: 10.22093/ww;j.2018.90922.2443 .1 \ V-1 Y& {1 )Y+ Nl § 0T alome

bu\.a.i?

- ?
7 ks Ll jl esliinl & I )3 Cowl (1 Sl 43 Oadar 5598 (512 (5 S T b Ol 51 03Ukl 859 50
9 S a0 pas daee 13V (6 0y 2o o Jday Sl padliie 3 (o Dl )3 39290 (S L1353 )15 ol oy
4l o Conl (55,9l )3 Cluy jf 3Ll a2 dloa 51 5 )lel ploj 1 S (gjlwesgl g Coonw i 3l 5,55k
wlio oo il lape (VL ©pa8 g S j Bauso b (6,05 5L Juddar (o VLoLS (09, poguad ()3 -39 Cu oo (5959
b o 3T Ol sl ol (6 bl (6 3 liang L 8L (2 et yond 095 y9m0 (2 VLOLS 0303 (ouw 1 poliiods .Canwl 13,95 2
Ol )3 95 de I3 51 il 13 0,5 o Vo 9 ) o/ lond duw (Dl @y Skl 9 © g o0l Ol 5 (y2905 LS
9SS )l oS Bl ey SLrdiged ol Gyl Colio )1ST L abgype Glap IS atin VY Ctedy 9 b Slomal (g e
S gy bavgi gl g b Cudld (o3 e 0lRhwd &1 (3235 9 (Sl i 3Ll gl A Taa 0 j90 0 LIS O
A g Conwl i jlomm Stanf 4 S 055 ym0 8LS )3 g 9 00315 Sl (31500 o8 315 (il a5 - g o 5 Lo
3 CdAlE I3 b 0 g g o3l 3590 )3 polis e 3 0l (aUly b i G pd 505 Bub 1w o0 il 03 51 e
2l a8 Iojlt B SK s o Cdile il 3811 olS i G b (St ] 390 43 9 8Ly (i G o 4y (SB
Ol o (o Pt S )1 390 33 9 0392 LSy 2 paw 9 o3l Ceudlisl > LB (poled (LI5S edlgo il 50 390
Ol 8 Sl (o8I b3 0 (Ui iR (il Ml 2o (5% e o (ailgr (S 3 g Cawl duliyy > puais
Glises polic ;5 busmo CBIE &1 Cond (3 Ol st 9 e b bl () lae ieod 9 095 jow 0S5 (e
9 w03l iYL (1 Cowlio G145 (32 jund 095 1m0 8L e G pd 9 Cill (2l G @ dagi L g Cunwl oglie
Sl SB 3 ps5de (o WT (2 )5 Cullil 1 Wil 0 yol (il 9 Coml ol GLCRIE )3 (6340 Sy 45 oy

v lod

oYlelS el (yuSine S (2 s 095 gun i saslS sloo Sls

doddo —
5§57 DS 5 oS Sl o SN ST o1l 5l b LTt s e 6300la8 s O s sl 51 (S Ol
53 pmtn S Sl o Sl oS DIl o L glsl Dl Jlamad 228 ol wlie s wad slacys i &
sVl mlie 5o (S gkl ) b Sulpclow ol Gl Ol el @ 5 )15 (Ol a5 5550 b 53008 o

Journal of Water and Wastewater Mol 5 ol alxe O

Vol.30, No. 1, 2019 VWAA Jlo N ol Fe 5 9s



14

dx.doi.org/10.22093/ww;j.2018.90922.2443

= 0 ot a5y oS 2 Yool S sy

So YL Gl ol e S g sbe ol g sl (o San
.(Pilon-Smits, 2005) ol 5 lin K I35 5 &

5o st el 5 Sn 2 VUL s oslizl 530 LS
ot BUA ] 5 48 45 sl oo 51 VU o b e
a3y 23l 55 i ol 5 il 1 pylin o i, ssli
il bs VG 5o YL @bl b bl Sl o )
Csmeinn 2 VLS 53 (a8 6 50 50 S inlin (gL
.(Gnansounou et al., 2005) 5 5% s

oo S 3bls 533,208 5 5 2105 (LS el o S5
5305 s ol i ety (S s Bl 4 oS o
Dbl 4355 gl g ans 0 polazsl s p e e 31 glassiS
S r B ekl sy 5e Cato 53 5505 S L 5ol

iz s ol s1ass € LUl sams oLts iliis Slalllae
bl el oo il alie b Olay ddias b S 5L
st 5> 35 glaigni s aulS gleasli o s tay,
ot s by S Sl G 4 306 s,
.(Sasan et al., 2017) il oo &5l55,

LS ol S s olis 5 o5 69 Dlallas
33 e 0 iy el iy S Il 1
(Mojiri et al., 2015) 5 35 p5lsSt Lyl

2 S 5B 00l dex 5l sz Ot s gl sl S
Sl Gl Ul g samsplss olos 5 dilae o3 1 oS
(Sabaetal., 2015) culos g S0 bodi S bw 55 S

iy &S s S wds Sy > e NlE e 0555
RIC S SN SN S FOVUR (5 B SU R IR
1A 20lS 5 Sy sl VT el r 5 1Y 558
.(Galavi et al., 2010) 5 5 sl 35 Lo y Sls 5 ¢

i S5l pan s bl byl a5 olS s,
U155 e 0555w o LS S el 0ls Ol s 5 (6551 S
.(Chami et al., 2015) 5,05 Ko I3l Cdo 45 olin

ot 0555 kS as QU1 (s sy cnl S Bue
e st syini ol e I3l o T 2018
el (655588 s ol el 55 ee 25, S

! Tamarix hi spida

Journal of Water and Wastewater

Y5k Sl slassl (b s (o s nda S pae Jdse ol
Ll e st gloas 555 SB o g dypend u
it o3 53 adol (So ol 4 s o3b3 Sl slacile
ol ol .(Mashi and Alhassan, 2007) .U o2 e 55
53 50550 pladl e 51 (5 Sls gz g0y g30me (55150
9 ai glod s S (655U e 1 53 Jges S okl
05 om s lsen 0 Sl L 5 oat el ot Gia s
L s Lol 55 elS sl 35l Sl 1 5w sad 58
bull 5 aS 4 ol s 5 S g 0 ¢ gL
(Keil et al., 2011) 5550wy glos 505

SN ) a5 Lo il sl iyl bl
PR N W R gy P T VPN EE R RECW
@l om0 pfgkc-“ AR RVATAI r:”ls slr sosles
5 s pfgkc*’ /N vic—’«j Glrs oo pfgkc-“ Vo
il ol

52 YU el 5| oS I3l g 5 s S U5
o San i Sl3ls 51 S s ol sy 53 o ST s
NP ozam b s PH dhax ) o 5t (slo ) 51 sl 4
ST il 5 o S5l o b Slid o 5l Loy
Ol e bl palS e anl b ol iy O pe S

0350 52t O b 15 sLS rlsm 5 od s 503 game 53 oS
(Barakat, 2011)

G g same gl led dex 5l Ll glac L
Lo 0 S S el 5l b g sl 5 lasl o s
S el S DIl s 5l S el s e S
Sl s 51 o (Pinot et al., 2000) 55 oYL oo
5 shd acs o 3laslinad [dsa Y sans oS Cod S0
s5dn sis 5 slaoby s edipd gl L
S o K5 K 36 KT L (Davis et al., 2001)
iy 5 Sb s slime b, b sl w cus (i L se
2o 0 Ca (VL e o Dt g ams e oLt oLS
{(Davis et al., 2001) s ,ls .S oI5
0> S 2l o i 4 0l Sailil e ol
Gl @ 50l 5 b cul @ s e a3 slacil s VL 4l
S pans s 0l ) Ul sl o G2V 5 Lae

Vol.30, No. 1, 2019

A

\YaA JL«\ :)L.q...i A 592



dx.doi.org/10.22093/wwj.2018.90922.2443

ol b 5 Db eid dosf a

S wS TS D it el s S sl By
Skl sl 5 as el ol 53 V/0 Cod g St LS 5
Ol Gilzson gla ol i o055 S5 oS s w95 o
L AT OS5 5 i S5l sy 151 opH e S
(Y o) ws s Soslast sslwbead sla s,

S S5l sl sl sl ke syl shitas
ST L 5 e Sl snslS IS 516 ) Oy s
s 51 md ko Sl g L) bt O 2] S 4 e
Jled 48 gosba ad Blal Gl 5l md e Vs w by e
o3 e Vs Jol S D58 5 Sla Y -
Vs ool 5 st Bl ol sl o Voo & e
TV N P PSS TN I R P [ SCH LTS P
Lol 1 szl b /) e 5 a8 Lol Ol 51,2 s Vo o
.5 503

ss5me ol sl S 4 a5 Sl sl e Lol IS
3 s s ol s s b4 ol vz S e )5 eslin
(SL ¢ Sl s sls) OlalS o (gl 4 by 1) G L
552 S IS pLil ¢ 1sl8 e 5 &8 25 S ol B wslizl 5 50
Sble 5 PH o3 45 ams o 0L ¥ Jsar s U] ol

Sl 05 ¢ &YL ckodjé g:*il"JT LSk ul“""i Lfﬁ

S| i ¥
saide laoles po il i s LSty 0 0L s
als 5 Syl ey s slajisy 4 5 al Clils s
2> L sad i g sl laslad 5550 53 1l Gty e
00+ las 55 g 5 St sl Y Stogy 55 Av slas
P Ve s bas xSl g el 0 S

b sy 9300

Sy dal i -\ -Y
J"wﬁﬁ‘*—:@"(wﬂ sy g anle (oS Jlade b )y C3L) 45,50
osba il e 2 Ve e GlaglalS s sl Ol
Y" 394> tm)‘ﬁo‘v\lf&_g“ Jajjs.'uel:fjb.:\f()\:\”w_{i\:.a
A s oss el VP (550555 53 (S » SASN0) e sile
MJwMQ))*/\U\A&L&)G)}W): é;b‘u&\.ﬂ
9 azin s 4L« LagludS (Pacovsky et al., 1985) us sals

..xi.x..idjlcjg%bjﬁ)a)pﬁm\VC)A.M.;

Sk JUT-Y-¥
J’\J_:Ed}‘:t_b’)n):.Mu\bﬂ&f};)awdudﬁi
}Mwﬁ‘:jggjjkbs_ﬂ."r)f\” Ahffduu}uu.&s
by n sl sl Lol sJBT ol o5lapSen 5 e
OLL 3l g 093 a0 55 () Usax) ad gl S StEnnl]
5 Ll 53 LaghidS 5l oSG e mla (520500 0 51 oS
Lol e 5t ciils p SUs 0, 80 i calzsa o)l S5
ol S Sl e sl bty 8L bk o

ol Jasl o8 ]

Pl Sl -F-¥
ol 2100l 65l sl ol 5l sslizal 5 ke
A o8 kel o3l ¥ Jold B el (555 0 Sl ek
ol i o5 6,S0U s 5t il sl oz Yo
s 3 B S e J3le OB L s e S s
st e e 2Bl s OB e (6 el il LSS

S b eyl - Sy
Table 1. Soil parameters

No  Parameter Value Dimension
1 Texture Loam
2  Clay 19 %
3 Silt 30 %
4 Sand 51 %
5 Moisture (SP) 45 %
6 Electrical exchange (EC) 13.6 ds/m
7 pH 7.9
8 Total neutralizing value 21.5 %
9 Organic Carbon (0.C.) 1.3 %
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Table 2. Wastewater parameters

No Parameter Dimension Value
1 pH 8.3
2 Total hardness (CaCOs) mg/L 832
3 Ca hardness ppm 128
4 CL ppm 700
5 Total alkanity (CaCOs;) ppm 323
6 Mg hardness ppm 122
7 SO, ppm 670
8 NO; ppm 5.7
9 NO, ppm 0.06
10 NH,4 ppm 28
11 PO, ppm 2.2
12 EC s/cmp 3930
13 Salt % 2
14 Na ppm 520
15 K ppm 18
16 COD ppm 55
17 BOD:s ppm 21.3
18 Turbidity NTU 4
19 TDS mg/lit 2080

20 Temperature °C 20

21 AL mg/L 0.010

22 Fe mg/L 0.439

23 Cu mg/L 0.017

24 Ni mg/L 0.045

25 Zn mg/L 0.056

26 Cr mg/L 0.015

27 Mn mg/L 0.085

28 CN mg/L 0.012

29 Pb mg/L 0.007

30 Cd mg/L 0.001<

31 As mg/L 0.007

32 Hg mg/L 0.001<

33 Sn mg/L 1.53

34 Br mg/L 1.9

35 Mo mg/L 0.009

36 Sb mg/L 0.008

37 Se mg/L 0.006

38 v mg/L 0.004

o asliz sy a S s LB il gl b L
(Sposito et al., 1982)cs
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Table 3. Soil and plant heavy metal accumulation in sorghum irrigated with municipal wastemater
Wastewater Soil(mg/Kg Dried weight) Plant (mg/Kg Ash weight)

tr‘(e;g?n‘;nt Cadmium* Lead* Arsenic Cadmium* Lead Arsenic*

10 123 +5 12.5+0.5 6.6+1.5 238 £33 183 +£43 18+7

1 372 10.5+£0.5 6.3+1.5 123 £28 180 =39 17+5
0.1 5+£1 85+0.5 4.842.2 75+5 117 £29 1.6£1.3
Control 0 0.63+0.15 0.47+0.09 0 19+2.6 0.86+0.05
Sum 55+£52 10.5+1.7 59+1.7 145+ 75 160 + 46 12.5+9

* The difference of means between groups (10, 1, 0.1 and control) of this column is significant at the 0.05 level
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Table 4. Content of heavy metals in tissue based on dried and ash weight in Sorghum Bicolor

Cadmium Lead Arsenic
Tissue Ash wlgéz(:* wlggl;(tl* Ash* Dried weight*
Root 241 £ 67 90 + 34 195+ 73 78 +29 31+ 10 12+4
Stem 225 £65 47+1 143 £49 2.5+£0.9 10£2 0.16 .05
Leaf 240 £51 42+£2 274 £70 54+ 14 17+2 34+04
Seed 250 +56 17+34 170 £ 139 26 +20 14+25 1+0.2
Average 239 +£52 38 £37 195 +£92 40+ 33 18+9 4+5

*Significant at 95%
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Table 5. Drainage collected after cultivation at 10 mg/L
heavy metal in wastewater

\YY

Seil (mg/kg based

Treatment on dried weight) Run off (mg/L)
Cadmium 123 +5 0.00*
Lead 85+0.5 5.8+0.76
Arsenic 48+2 4+£2.6

* not detectable (<0/1 mg/L)

iz o -0-F
slasles s el 5 ol Jlade (o sl e g
llaa s 31 LS g sy e A3l s s 5 cilise
Glbe Sl gl 4 iz g5 il el besls (gous
ol o sLS (Sun Yl Coad wlis jshne ole
15 S S ol L5 a5 85 13 wslizal 550 e
slacble 55 ol 5l Sn Sl VL L Ol o e
LSl o 2 v g a8 olis 5550 55 sd ol
Foo3 22 VO S INYF w5 VL s Ol w s
o mb S ol ol ul o g Al VALY L Sb 4 s
5l polie opl 4 cans S (VL Ol

glecble s i g eslS bl s S Ol oy 0
el o chle a5l 5o g e s Oley 55 ol
Sl 2V 5 olS Ul il el sy oy 5o
YU slacble 5 ey oSl oml gbekle 55 ol
350 ) 53 olS Glhae L Ulg s 6 el ool s 0 i,

Vol.30, No. 1, 2019

\YaA JLw.\ :)an: AgD 592

Q



170

dx.doi.org/10.22093/ww;j.2018.90922.2443

= 0 ot a5y oS 2 Yool S sy

sble alS Cope by Cpms culple aib B enl e
sl Sson Wl g 3 Sk PEL GNP R
Ssiee 2l G b

silord G Sy bl 5 Sl S 2l s ol
il oy 55 53 oS b 51 e b b s 45
g alsd S DIl olie gl (550588 sl

O n 4 0l olti 1S 055 ol 5555w 3L T
Lopss ol 5005 2l olS slo i (aled 5o o b aslS
I il meas baphail 5 sl 8 s pluss &) pos;
i sanlie oL iz 5 mlidie Ll 8 s s )

s s e 0555 oS s i 5 B Sl
s> (Almodares et al., 2013) cul oS slacl s
Loledls Sl gl gmmn b 2S5 055 4 0 55 s 53 S D50
gLalias S5 olima pols LLil 5 s s sl slS 0o
3y o3 4dS ol Sdagn 4055 ol sl g5 5 S
o @ Sl (a8 S e olse b 2L g5 b
ol il wnls sl s gl 8 8 ks s b 5 alow
Lot & ey i S5l Jml el s gn s ol i
ot ALl o (38 (55 4 53 5 0S5 (2l

il Sl /Y S SB s ol ol colay s oopm
3 b en 4 (y = 0.868In(x) + 10.5, R* = 0.941)
23S O Sl i 0552 r—<J—:-l>‘*~. GLS s ol ekl
15 s 48 T 51 L(P30.05) 555 s szme cciliin slolas
b S a5 (5 i) el 558510 B o
b 53 5 ead £ LaglulS ) bl olas s S
ol 53 557 50 0w S iles S ol oS wlis 5l (5 L S
i B 13yt s i S ) sl Y s
.(Behbahaninia et al., 2010)

ol ol s il sl s 5 Sb Sl 0l
23 Sl iz s s Lagiessy (5 b sy lin
o= (Azad et al., 2006) 5 s Coilas S xhaw glaa Y
a8 CS (e S5 00 slite 4 el (Ses
SOlilyw b gpH & 28Ty e 51 S 5 Olag s Sl
(Sudhakar and Raol, 2010) xib azeols

s by S alS g e Wl 5850 )
Dled a5 sl Sl 4 03508 BLSI Gles 5o 5 She polis
oles o3 IO codlid s i 5l go)lsm oy 350 53 353

3155 o slo3T b &S ad sl T 4 o slos (13 503 BLS]

3ol 53 0T Ol el sS55I G a5 oy 3 0T Ol Ll ol 5 S s 8w D3l i 5 - Ui

il I3l s Sb 4 alS Gl s el s S1s s o 0le bl 5LS s dr a5

Table 6. Absorption coefficient of soil and plant based on its amount in soil and comparison of the absorbtion
coefficient of plant to soil in different metals

Wastewater Soil/ Wastewater Plant/ Wastewater Plant/Soil Plant/Soil
treatment Plant/Soil
(ppm) Cd Pb As Cd Pb As Cd Pb As Pb/Cd Pb/As Cd/As
Mean 0 126 90 .00 5739 147 .00 44 1.4 .00 32 .00
0.0 S.td'. 0 4 4 .0 947 14 .00 5.6 37 .00 6.8 .0
Deviation
Mean 51 85 48 750 1136 33 14.8 133 0.7 0.9 30.8 37
0.1 Std.Dev. 104 5.0 22,5 50.0 251.1 359 23 2.2 0.7 0.2 18.9 25.3
Mean 37.3 10.5 6.3 123.7 180 15.2 33 172 2.5 5.5 7.1 1.5
1.0 Std.Dev. 2.1 0.5 1.5 28.3 39.9 3.6 0.7 4.1 0.9 2.1 1.2 0.7
Mean 12.3 1.3 0.7 23.8 18.3 2.0 1.9 146 3.1 7.8 5.0 0.7
10.0 Std.Deyv. 0.5 0.1 0.2 3.3 4.4 0.2 0.3 3.3 0.7 2.3 1.8 0.1
M Mean 33 32 18.4 299 445 16.9 6.7 15.1 2.1 4.7 14.3 13.1
“A StdDev. 180 39.8 252 3421 5386 227 62 33 13 3.4 156 220
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Fig. 3. Absorption coefficient of heavy metals in
sorghum based on irrigation treatments
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