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ISO 14001 5algs Ao Skl dshn Jgas Jape 5 -1V
olaall Bl (s5iene e Ay Al oAl aseiy i b 5 Ay gy JUais Asesg )
JSS Ot dlpes oo GEISE (lly ) o) Aalal) Auslpald L L3S0 Lpilige aldy e Jaxs

" paisall Gaeenill " G Cayey Lo gl KAIZEN " ase e adiad el g gane <l

Lalad) Zpaall (gine e Gild Ll o Uil Al 5)l3Y) alas i e JUai dussge Jond

S.H.E 6V (Jlhais duncsgal daili sang o) 35 IS 3 Gialad) 003 iay o pud (35S of e

qualité, ) a3y E.S.Q autlly (hygiene, sécurité, environnement) . ijas Al

Al 2l 5ol e dgall Jaad 2000 L e 223) Ewas ¢(environnement, sécurité

cAalical) dpatill (GaaT toabie o B dindly gy Sihag alin Jundd e

Zilly ¥y AlEg) amy daa ol Ao Aol il el Cpatl Tase Gl Laass

18] alal) Lipaall (o sl diukaig syt e gen "HSEQ " s 2as 535allg

repli cdil) g b JUaki desda B 14001 g3 Adsal) diualgal

il 02 5,1 2004 laal 14001 530 & sall ddalgall e JUadi Loalea®V) dssgall cilians

(Vingotte international Algérie) ciSa Cayh (po st & Cidas dadlia adl 1385 2012

ik 130 oo 81 i Cum (Kaly d wdyll e ad Sl 1ISO daallall dadiall ailil

Gl Gua GLEAYT 5 Jlatl) XSy clalgdd) Hlaal 5 BEN 5 (aaal Jlae b dacadie

s JS dalmia¥ )y Ll Gl AL e gil) (ads Lad dae e LAl 138 8 Jlads dessge

LS ¢ psSilly bl (Al dxabpall dilaall ai Gantil) 3 laadll o3 Jidliy Aue sy

il dithae o JUadi duncige apnly (12015 Juil 01 8 OIS WDl el 55 o

2015 Gole 12 i Sl it Cipla (e Aiealsall 38 alaie) aaaty Caald Zdsall yilaall

sl ol ghadll o Lol aay @l S

Jlaxial Qs 3 HSEQ alail Lge Ll canlgll Janll cilaels duyg yeiall irdill lshya) i o
.(MANUEL)

Aol albabias 385 Glbleal) Jeliny Judud pasn @

Slleall Lyinyes cilillay b b o ecilly alid) il e 3 Jilugy Gob a0ad @
.(Fiche d'identification des processus)

llenll A8lpa Jaall s e Ayg peall Cilogheall Jisi Glaca @

ool Clel ) 3latly dda) dealyel s e

-(Amelioration Continue) jaicall cpuasl) duleay aLal oY) Clel Y g Lol @

Asusgall Loy ADke L) Al A Alens Adlaiall 4093 clallinall AlaiN| @

cDladly G s oSl e
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[9] agdhas0s agildl jshaiy Jlasll can)s
2015 433 1SO 14001 4l 3yl alsS Guki cuul<a 6 -1V
1Aaalai®y) calal)
Adsally dbagl) Goudl b DlSe dan 1355 apldiall S Gajd 820y dpedlil) Bjaall Joje0
oSl salels (ENR) wlilidl) aasd Luidagl) A58 deliall cililie ay (e 931 didhae (g

Al
&) b Balll) cadlall e 51 Gawas adle g Al AdgY) gl e Dbl culilbaia (anias
(I

Al )l A gilal) Climigail) midds o Db ¢uiailly Jaill elael (mid
Sl Lgihaly ASHall 8ygem Cpents dual Laidall duasSall Cilgally ASyal cp Juai) ClgE ok
ginan o 2 Lea
sl CowlSal) (<
Gt 3y Shgd DA KAl ast Gus Tpaglall 3fgall JiY) oty 4l ki) dles
Ailally 2 Y] sass) 28Ually algal) SDlgind
daa cpend Gl (a5 lleY) e Aeall) LA JB Jully cllall AuS e dilis
caainally daall G ol
Jifien 2263 sl Al 0939 dinls leny @Al elia¥) ASha (3 jua hna sly aleas)
ol Jlal)
obaall Lol cuial gdym 8 d3slall oliall 3S5all dallae Pla (e lldy Ll dilesy Cghil) aia
-l )yl duyilly dudsall
V) e agihd Gty ddall bl e Capaill cplalall wiag did) algill 3 elsY) (s
A Agles B Sl o000 Ll gy i) e liall
laa ST lglaad o)y £l gyl aniis agilatie slan 890 duahal Cilissal) o (g2al) alaia Y|
) quilsall (z
Chsally saicsall (psSall 31k e 13y Al $I3Y) allas Baadat b agSHAL Jlaall Sl o5l 5315
Aani€all sy gadta] nlgll Lbadl 8L agiuyats 4inl) Culsad) (3 Lowspuenl
bl il oo ol 13 e Lliall dal (e 35al dalis pues A duial) A gfenal) Gl st
Al Gladail) Gl Jleadl i
olal) daaals agac s e i Al Aoy ilallaie 3 8 Clalal) b O s Cplalal) L) 8205
sl 2535all e Llal (uSay Las agilisine (e gy il
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claSlayly il ggall maalgll sl Jusb de e agie dslhaal) JlacY) e axal) Jleall i
Ol b fidy daly Gaaa @S o daally dngall mllas Calide G Gatilly Osladll mnds
RV

Ascizall ool (3 ages Byaia dula] A Llals Aanl) el 5)3Y) dandie (pe salEn)

rdaial) Ll aa)—all

e oY) Al caigilly El yim Jy caadlly alY) el 8 Alalal Bagadl 510} ¢ Jeud) gga [1]
377 = 2007 <2

oill elacall jla caalailly deliall 8 Glink cAllal) 835al) 5y} clalll dlse desa cama SUE Gusee [2]
90 = 2007 (plee ¢ J5Y) daadall cauisills

a2ls 90009014 (53Y)) Auelll lialpally 535l 13 & Lol SlaladV) caens Jull 2o s [3]
90 (= 2007 ¢ jan caalall JSE s clgle i Al @Bl

BRE (Alay) datill Ayl Aadatall clysdiia cialall ddayal) Bgad 3 ALLAN 53sal) B3] (Baga daal Lasina [4]
237 = 2006 ¢ yan

66 = 2009-2008 ¢ yms Al dadall ¢ il & jeanl) L€ ALalE) 535all 51 (i deas desl [5]
ObR) Dl ¢ e Guliis sasall A g gai aley (ol Jaae Alalall s3sall 5l clad A 2 2L [6]
226 a 2009 ¢ ) daadal) ¢ il

it )l 3l ddul) drabill (el 354 [7]

23l <5 dlaall ¢ JUaii Asciga 8080 14001 did) 8oy alas e las LySy ¢ Alasks (ald) ¢ mgas gana [8]
2014 )l cdaae ala daals 2

Qlpall ddalgall Lk JUads daaleai®¥) dusnsgall (A dd) Y1 alas ki colasll s ulay (Byed 0 (e [9]
2017 cciidsas (e xelall S5l (ISO 14001
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____iBliag i imea &) e adl)

rdEBliag il Vv

Al gals 1-V

rdagal) & ALE calaal) sl -1 -V

dahud) 45l um( Mn, Fe, Co ,Cu ,Pb, Zn ) e JS Syl ‘é_als,d\ c:‘isﬂ‘ lae
asnall s 1385 ) 8 ALEN Golaall (gguadll dpanl) aill Lgudlds Gl dakia se 3352 L)
O Cun ((26) a8y Joaall Laacs)l 5aall 82006 Jodl 15 gyl & )5al) 138-06 3, (sl
«Jafin 0.627 CllgSh ¢ Jafin 8.457 2oall cJafin 5.431 iaial) jualic o IS 35 Janesin
sl 43 LSl (g - Jaf3e]6.003 il cdafpn 2.182 pabiajll cdefin 0.666 (ulail
dakial) Al Gigh dsmg e L 130g Bpaal) aidl) @yslat gAY Galeall 5815 b€l Galail
dal Cag (ol dapay deliall) dopdd) adsV)y Apmadal) AN (e diese o Aipaal e Ll
dales lgie umally Sislill hdige pamy lua Lie ey ALEN (aleall 028 jdias dijeay a0
EF clie¥) dele PLI Gaghill dlgan ydigas CF Cghil)

duapl) dtlaia Aoy b LAY Calaal) S| aid 1(24) Jga

------------------ mg kg*
Zn Fe Co Cu Pb Mn

11.820  7.823 0.447 0506 2.025 7.365
4.206 3.463 0.470 0.500 0.950 3.856
6.225 3.757 0.384 0.445 0.562 3.862
14.76 6.283 0.636 0.645 2.937 7.467
2486  80.250 2777 2881 0.817 6.041
22.50 6.908 0.538 0.703 0.875 7.044
52.49 5.235 0.499 0573 4.084 5.392
9.205 2.338 0.285 0.260 0.667 2.254
11.06 4,779 0.508 0.487 1.534 3.300

U)(D(DU)U)U)U)U)U)Q:”
IR GIE N A =4

8.572 2.237 0426 0292 0917 1212 S10
41.84  19.740 1.011 0.866 6.134 25.96 S11
42.37 5.302 0.350 1394 6.920 3.068 S12
16.42 2.967 0338 0.286 2171 3.821 S13
5.222 4.455 0370 0319 1.138 1.416 S14
9.011 3.187 0.367 0579 3.118 3.848 S15
5.620 2.879 0377 0348 1151 3.464 S16
22.330  8.245 0926 1.059 3.033 09.276 S17
8.480 0.770 0.746 0372 3.430 2.106 S18
18.390 7.304 0.846 1115 2.788 8.549 S19
14.070  3.956 0419 0559 0981 7.170 S20
2.499 SLETT 0315 0419 1.013 2.956 S21

0.133 0.599 0.760 0.040 0.748 0.056



Ul

o n

e [k imea &) e adl)

Zn Fe Co Cu Pb (VI 5 pall 8 ALl alaal) S i3
S/ dn )Y

*70 *50 *10 *55 *14 *900

#3) *¥] #%)  wR] wkQ5 k¥ /e Atinll 3n Ao

5° 0.3° 0.01° ZAREEIVERE (WHO) Laallall iaal) dabiic

1 G 2017 «3adl (3 2aal) 12 slaal caslell Al A dasla
2006 bl & il s ypganll Zyansyl) sasal) **

a. Olumuyiwa O. Okedeyi & Simiso Dube & Omotayo R. Awofolu & Mathew M. Nindi, Assessing the enrichment of heavy metals in surface
soil and plant (Digitaria eriantha) around coal-fired power plants in South Africa, Environ Sci Pollut Res (2014) 21:4686-4696 DOI
10.1007/s11356-013-2432-

b: Ghazla Yaqub, Arooj Khan, Muhammad Zishan Ahmad, and Umadia Irshad, Determination of Concentration of Heavy Metals in Fruits,
Vegetables, Groundwater, and Soil Samples of the Cement Industry and Nearby Communities and Assessment of Associated Health Risks,
Hindawi Journal of Food Quality Volume 2021, Article ID 3354867.

C: David Sylvester Kacholi, Minati Sahu, Levels and Health Risk Assessment of Heavy Metals in Soil, Water, and Vegetables of Dar es
Salaam, Tanzania, Hindawi Journal of Chemistry VVolume 2018, Article ID 1402674.

90 -
80 B Mn
70 -
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50 A B Cu
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HCo
30 -
20 - M Fe
10 A W Zn
o -

S1 S2 S3 sS4 S5 S6

56 A ST e duill e 3 ALEN (olaall 3815 il il Jiad £(12) ad) JS&0

60 -
50 1 H Mn
40 H Pb
30 - mCu
[ |
20 - Co
M Fe
10 A
B Zn
O -
S7 S8 S9 S10 S11 S12

S12 L1 ST oo Ll cilise b ALEN colaall 3815 pall (il Jiiad 1(13) ady Jel)
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25 7

B Mn
20 -

HPb
15 1 mCu
10 - mCo
5 1 M Fe
0 - B Zn

S13 S14 S15 S16 S17 S18

S18 LY S13 e duill cilie b ALEN cpalaal) 3815 plll il Jiia3 1(14) o, JSa

20
H Mn
15 A
H Pb
10 - mCu
HCo
5 1 M Fe
mZn
O -

S19 S20 S21 S22

822 Y S19 (e Auill cilise b ALK cpalaall 8155 il by Jiiad 1(15) oy S
[1] Jihad b ALED colaall (Sguall) duaad) pidll 1(26) o

iSfie sl Lanl) aidl ‘

5 asiial
0.1 agsaslsl)
2 ol AU ag Sl
0.1 B aadaw 29 )
ulait)
2 el
Laal)
0.01 &
i
2 Jsail)
0.5 uaba)ll
2 il
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:(CF) sl Jale gilii2 -1 -V
DAl Ay ) aadiies ALED Coleall Gighll (sae deayl auly Bl e Gighill dale aadiiny
Lpdad) L) (e clld IS lgus Galaal) Jeal G il dsladiod Koy LS gyl Taliall da g

2] Lpaglal) E3ll (pa

Eighill (ggine (N el LS ALEN Galaal (e ane gl Al sl Jlske e s ashill ale ()
.[3] 4ume 45 Anthropogenic syl il Jady Jualal)

dahie e lgren @ G L) lined ALEN Cpaleall Siglill ale 4l (25) a8y dsaall W iayen
st Fe d&walh 1.605 5 Mn 1 4wl 0.029 o W L &glill Jale gl Gun Zual
c@liflly uniall (gpainl 135 0.228 = 0.005 Gu shsmane cushill dale Jana af culS Jiladl)
CF oy < CF o <CF py < CF g, < CF 4, Slsadl saill e Eghill dale aipill els adle
oo Aailll il a9t malll e galiajll paiel gl Jalad dad el cul€ LS (CF yy, <
Badll byl jeaie 43,8 Guaiall yeaid dad ol cul€ WS bl Glilaadl ol Gl
4] dea)¥)

G alll (ga S8 (gl pnddie 35 Jalo 258 (yara lghana 8 CF o Ul el allaiall 138 (sa
LA Jaadll e (12) 8y Joaadl 8 4l lisal) sl

Dpiaa (e sy (S ) 38 )yl Aadie A5 A Basagal) ALEN paliall o o ea L Vg
5] A 5y

dupal) dilaia Ay B ALEY (alaall CF &gl Jale Jaray (s ad 1(27) Ja>

a:yﬂ\ Bag Auiaill

Umidie 35 Jele 0.228 0.749 - 0.001  Zn
Umidie 55 dale 0.168 1.605-0.011  Fe
Lminie 555 Jale 0.062 0.277-0.028  Co
URidie S5 Jale 0.011 0.052-0.000  Cu
Lmidie 355 Jele 0.155 0.494-0.040  Pb
Umiaie 555 dale 0.005 0.029 - 0.000  Mn



88

____iBliag —ii

bt A S adl)

dupal) dihaia Ay b ALY (alaall CF &gl Jale aib @ (28) Jgaa

Zn
0.168
0.060
0.088
0.210
0.355
0.321
0.749
0.131
0.158
0.122
0.597
0.605
0.234
0.075
0.128
0.080
0.319
0.121
0.262
0.201
0.035
0.001

Fe
0.156
0.069
0.075
0.126
1.605
0.138
0.107
0.046
0.095
0.044
0.394
0.106
0.059
0.089
0.063
0.057
0.165
0.015
0.146
0.079
0.071
0.011

ALY
Co
0.044
0.047
0.038
0.063
0.277
0.053
0.049
0.028
0.050
0.042
0.101
0.035
0.033
0.037
0.036
0.037
0.092
0.074
0.084
0.041
0.031
0.076

Cialaal)
Cu
0.010
0.010
0.010
0.011
0.052
0.012
0.010
0.004
0.008
0.005
0.015
0.025
0.005
0.006
0.011
0.006
0.019
0.007
0.020
0.010
0.007
0

Pb
0.145
0.068
0.040
0.209
0.058
0.063
0.292
0.048
0.109
0.065
0.438
0.494
0.155
0.081
0.222
0.082
0.216
0.245
0.199
0.070
0.072
0.053

Mn
0.008
0.004
0.004
0.008
0.007
0.007
0.006
0.003
0.004
0.001
0.029
0.003
0.004
0.002
0.004
0.004
0.010
0.002
0.009
0.007
0.003

s
S1
S2
S3
S4
S5
S6
S7
S8
S9

S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
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Mn; 0.005 CF Q‘Sm‘ JAL; d-h.A

1%\

Pb; 0.155

24% \

Zn; 0.228

/ 36%

HZn
HFe
M Co
HCu
H Pb

M Mn

Co; 0.062
10% \Fe; 0.168
27%
Sodil) Jale Janal g..t,u J:M :(16) ?EJ LA
1.8
1.6 -
1.4 A B Mn
1.2 H Pb
1 7 ®Cu
0.8 A HCo
0.6 A
B Fe
0.4 -
B Zn
0.2 A
0
S1 S2 S3 S4 S5 S6

56 1 ST (e dusil b cpalaall CF cighi) Jale il iy Jikad (17) o JS

0.8 -
0.7 A B Mn
0.6 7 HPb
0.5 A

M Cu
0.4 A

HCo
0.3 1

[ |
02 - Fe
0.1 - WZn

0
S7 S8 S9 S10 S11 S12

812 () 87 e il (B (alaall CF iglill Jale aal by Jiiad 1(18) ady Joil)
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0.35 -
0.3 1 B Mn

0.25 -
H Pb

0.2 -
m Cu

0.15 -
Co

0.1 -
0.05 - Fe
0 - Zn

S13 S14 S15 S16 S17 S18

S18 ) 813 (e Ayl b cpalaall CF &islil Jale sl (il Jiiad (19) b Ji

0.25 7
0.2 1 B Mn
H Pb
0.15 -
mCu
0.1 1 HCo
M Fe
0.05 -
B Zn
0 1 1 1

S19 S20 S21 S22

$22 N S19 ¢ Ayl (b (palaall CF islil) Jale auil ik Jiial 1(20) oy JSi

(EF) slie¥) Jalagils 3 - 1-V

Gaadand) L5l e Lanal duyd clislall g 8adig 25 (520 anii] £lie V) Jale adiing
Ayl eyl e of LS L [6] ALl (aleall Jainall Linad) spasal addodio) ) ) ddla)
7] A ol dumnd Wyslas cilS slga Ll 3 ALED (olaall B35 sleas (o Jwall dulic
O 1305 $LeY] ale a3 8 Lxage jealieS Fe (Al (Ti ST K (Si palial) aniios L Wl
8] Gminie (plo Ally e jpualial) 022

Gllenll Ao AL Gobeal) 39mg A i 1.5 =0.05 cp o ) elieV) ol 2 )
Janall Jradll o ) 1.5 e SV olieV) dale a0 e cllal) 8 danslganl) Laalal)
Laagyaal) ALED Cpalaall sleV) Jele Glua 5L AaBN & pdal) i) ety 050 ALED Galall
A(EF) a8 Jaray oad¥) aally a1 aall 29 o8) Jgaal) Gan ¢ oange gaaaS FE ane sl o3,
om Al dihie L5 A Mn o« Cuc Coc PbZn (o JSV EF ol kle o canglis
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0.152-0.004 <0.439 - 0.033 <6.344 - 0.173 <15.909 - 0.036 7.866 — 0.159
2.361 gl 3lig Zn < Pb < Co < Cu < Mn Jull sl Je cil ey Mgl e
b Agadll il DA Ga - Gild) il el liels 135 0.056 <0.119 «0.964 2.281
Ju lee EF < 1 il &llg Galailly Suiaiall e (0 JSIEF Jane a0 13236 29 25 Jgaall
0sShal) Cagaaill g Cugle jue olieW1 A% aua ai dugyaall (alaall o3¢l slieY) dale of e
Jasgie il @llia 4l e cLaglgal) DA culul) oran il (Ko las ¢(25) Jsaall b
COAe 58 Cpidaall (03 Hrae O g Lae dliglly palia )l Jaee Dbl Ll [ EF <3
Ob Lale )5 5al) A5all laiall Tl ) d8Lialy Lgie Adatill Lopus dalidall duelinal) 2dais¥)
Ao ALY Cpalaall SUEY] a 2508 le (a5 .3 o8y gl gkl clilaey o dushal) dalaie
Aakaiall 03¢y 8yt AL Clelica d5ag adel 1oy abdial) slieY) A5 (yaca duad ) dikaial Lntaud]

Auil) b oalaall EF cli2¥) Jalas Jirag 53 ad 1(29) Jsas

:\_D:\n 5{9; k_ﬁ:LUA:\S\

il sUE) 0.056  0.152-0.004  Mn
bugia sl 2.281 15.909-0.036  Pb
Ui sUE) 0.119  0.439-0.033  Cu
eidle ol 0.964 6.344-0.173  Co
bugie sl 2.361  7.866-0.159  Zn
Cu 0.119 EF s Jalaa Jars ﬁg

Mn 0.056

2%
Co 0.964 \ / o
17% \

Zn 2.361

/_ 41%

HZn
M Pb
HCo
M Cu
M Mn
Pb 2.281_/
39%

Aol b AL (oleall EF oli2¥) Jale Janal (il Jiiad (21) by JSil



Ayl A galaall EF 2U2Y) Jalaa o 1(30) Jgas

Zn Co Cu Pb Mn g4l
1.079 0.286 0.059 0.924  0.052 S1
0.868 0.679 0.131 0.980  0.062 S2
1.184 0.511 0.108 0.534  0.057 S3
1.678 0.506 0.093 1.669  0.066 S4
0.221 0.173 0.033 0.036  0.004 S5
2.326 0.389 0.093 0.452  0.057 S6
7.162 0.477 0.100 2.786  0.057 S7
2.812 0.609 0.101 1.019 0.054 S8
1.653 0.531 0.093 1.146  0.038 S9

2.737 0.952 0.119 1.464  0.030 S10
1.514 0.256 0.040 1.110  0.073 S11
5.708 0.330 0.239 4.661  0.032 S12
3.953 0.570 0.088 2.613  0.072 S13
0.837 0.415 0.065 0.912  0.018 S14
2.020 0.576 0.165 3.494  0.067 S15
1.394 0.655 0.110 1.428  0.067 S16
1.935 0.562 0.117 1.314  0.063 S17
7.866 4.844 0.439 15.909 0.152 S18
1.798 0.579 0.139 1.363  0.065 S19
2.540 0.530 0.128 0.886  0.101 S20
0.499 0.440 0.106 1.011  0.046 S21
0.159 6.344 0.061 4.460  0.005 S22
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25 1
2 7 H Mn
1.5 - m Pd
1 b m Cu
mCo
0.5 - W Zn
0
S1 S2 S3 S4 S5 S6

. 86 M) ST (e Ail) B Galaall EF Giplil) Jale aull (il Jilal 1(22) a8 Jeid)

8_
7_
6 - B Mn
51 mPd
4 7 mCo
3_

HCu
2_
1 - B Zn
0

S7 S8 S9 S10 S11 S12

S12 () 7 G Al b (olaall EF il Jals asdl by Jiiad (23) b J<i

16 1
14 -
12 A B Mn
10 - H Pd
8 7 mCu
6 -
4 - H Co
> - mZn
0 -
S13 S14 S15 S16 S17 S18

S18 (N S13 G dysil) b cpolaall EF gl Jale asdl by ol 1(24) o8 JSil
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Sy S—" al&l J il

7

i_ B Mn
. b m Pd
3 - mCu
2 A H Co
1 - HZn
0 -

S22

522 (N S19 G dysil) b calaall EF &gl Jale ashl by S 1(25) o JSl

:(PLI) cliglal) dgas Jbapilii 4 - 1-V
) 135 (sl gl ji5e ad Glis lile Cingics Cligldll Agan Hdse dad o Jgeaall
Lagi g ) AU
g 4l LS Gl B gl Aagn il sale addion Basie Alg Coghll Jea jdige of Llie) e
9] Lo AL alaall SSHal dais Ll Alad Jalal) jsanll s il Alga Al
Ay agarll dag Ao AL Caleall oghil) Als anitl Nemerow Sl jige aladia i L Wle
caaly Qi Gaeal gl (ggine aitil (salal) aghill jiga aladial
& zesall B Gaes o3 WS Al e 8 ALED coleall (alal) sl ji5e ila 2
A Jeadll 3 L) Laall (3) Asledl)
gl Ll Chamy s o Jaladl Zoolad ALED (pabaall gl dapy (2l Eaghill jéige (uSay Y
cala Eglall il il o egeal) dalig asls lld ) daleayl AL&l) caladl (o auaell (L)
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Zn Fe Co Cu Pb Mn Al
PLI

1.636 0.033 0.520 4.400 0.005 14.500 0.004 S1
1.505 0.012 0.230 4.700 0.005 6.800 0.002 S2
1.414 0.017 0.250 3.800 0.005 4.000 0.002 S3
1.735 0.042 0.410 6.300 0.005 20.900 0.004 S4
1.836  0.071 5.350 27.700 0.026 5.800 0.003 S5
1.513 0.064 0.460 5.300 0.006 6.300 0.003 S6
1.801 0.149 0.356 4.900 0.005 29.200 0.003 S7
1.405 0.026 0.153 2.800 0.002 4.800 0.001 S8
1.588 0.031 0.316 5.000 0.004 10.900 0.002 S9
1.486 0.024 0.146 4.200 0.002 6.500 0.000 S10
1.946 0.119 1.313 10.100 0.007 43.800 0.014 S11
1.935 0.121 0.353 3.500 0.012 49.400 0.001 S12
1.631 0.046 0.196 3.300 0.002 15.500 0.002 S13
1.512 0.015 0.296 3.700 0.003 8.100 0.001 S14
1.717 0.025 0.210 3.600 0.005 22.200 0.002 S15
1.512 0.016 0.190 3.700 0.003 8.200 0.002 S16
1.772  0.063 0.550 9.200 0.009 21.600 0.005 S17
1.777 0.024 0.050 7.400 0.003 24.500 0.001 S18
1.743 0.052 0.146 8.400 0.010 19.900 0.004 S19
1.493 0.040 0.079 4.100 0.005 7.000 0.003 S20
1.474 0.007 0.071 3.100 0.007 7.200 0.001 S21

1.529 0.000 0.011 7.600 0.000 5.300 0.000 S22
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(PLI) 5 (P1) Gislil) jiga aull Liaagh) Auilianyy) Ll 1(32) Jsaa

1.405 0.000 0.011 2.800 0.000 4.00 0.000 ) aal)
1.946 0.149 5.35 27.700 0.026 49.40 0.014 ay) aal)
1.635 0.045 0.530 6.218 0.006 15.564 0.003 (rband) Ja giall
0.541 0.149 5.339 24.900 0.026 45.40 0.014 sl
0.164 0.039 1.110 5.230 0.005 12.549 0.003 Glaaal) Ciaty)
0.027 0.002 1.232 27.354 0.000 157.47 0.000 Cubadl) Jalaa
0.430 1.436 4.277 3.589 2.809 1.487 3.133 el Jalaa
1.610 0.032 0.240 4.550 0.005 9.550 0.002 Lol
Pl ¢ juitiallQ 003-\/”:;::‘ Pl ¢3aall
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Adlasy) duhall e alaiels (31) o) Jsaall & dapaadl (P) (salal) Cushill jiise ad DA (1
O L 49.40 — 0.00 ¢ cmglys Pl of W iy (32) o) Jsaall 3 Alasdll dgbasl
. Pb>Co>Fe>2Zn>Cu>Mn. Jisall saill Jo Sluall acsgiall o ues gai
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dalaad Gowills lgile Jeantiall 3l (38ls La 1205 asifill e 6.218 ¢15.564 iashs cllisSll
A Blals IV Aoy o) A0s e (86 Gl 1 06 O malll e dus EF oSN
paal) aee e JSI (5ol shill Hi5e a8 ulS Blially cdilaiall sda (b aliall o licall oLl
Aahall dilaie g gl ane ) ud lea 1> Pl hall A0 G uirially (alailly clillg
Ol 8dgn
1.946 o ol a5 1.405 o (3 2n (o cilSa (PLI) sl Algan Jales gl dually L
28) 22 PLI G lgie ually 4l sl Gaia Lgbena 8 (gl 1.635 0 ok s Loy
duadll (& (15) a8y Jsandl & )sSaall Caviaail g adlgall paead 1385 (Jina <o Eigla (AN Sisla
A ) Gl dalens (300mall alll e zosal) are) (Glnall CihatY) a8 ol La 13ag (G
238 3gng o) pengig ALEN Calaad) sda S5 s (& DR dsa aae ) B sl sl
ernb dais (gl (Dl danglaanll 2S5 ) g Al dihie 4o & Oalaal

2.5
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3, 1.635 1.61
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1 1

b 0.541

= 05 0.43

:1 0.164

Y| 0.027
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Jalall) deliall o o Ju Lan dung paal) AL colaall alane 2S5 5 5)85 aag 438 Cushill Algan
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(i) e paldil) (3l lgie ALEN Laldg daliaal) doc liall dadilY ) dely 3l Aaisl) (Aol guall
) les Ll lad Galig 39a
slall o ili 2 -V
sdufyal) ddlaiae Jalait dlariucall oleall cilizel AuiliaSy udl algdl)
(1 pdy diall) o liual) Cipual) oloall Al LiboasSgy uil) Jailuasl) :(33) o) Jgaad)

Caballl ang | daqil duld dal) juainl)
7.24 PH s ng) o)
mg/| 523 MES dalla) algall
mg/| 168 DCO (a3 SlaasS (il
mg/| 2.57 NO; il 4us
mg/l | 0.102 NO, cujll s | (1) o dsd
mg/l | 57.7 PO Ciliwsig V) duas
mg/l | 6.24 Ouiss Jaiall (paaSaY) 4
uS/cm 5.87 CE 45l ¢<)) 4.660)
°C| 24.50 5ylyadl da o
(NTU) | 81.032 A
mg/! 0 DBOs (iaeSs SlhaSsudl okl

(2 4 L) (o Uinall el olal) Lied LilaasSriud) Jaibuagl 1(34) o) Jgand

el Bang | daqill Aubid Ayl puainl)
11.45 PH g sael) )
mg/| 161 MES aallad) o)gall
mg/| 760 DCO (aaeSs Shaas Callal
mg/| 4.77 NO; ™ cljull 4
mg/l | 0.219 NO, ™ il 4ueS (2) A2 duad)
mg/l | 0.806 PO, Ciliusisi V) duas
mg/| 6.78 Ouiss Jaiall (aasSs¥) daaS
uS/cm 5.62 CE 45l ,¢<)) 46s0)
°C| 24.40 5ylyall day
(NTU) | 80.344 )<l
mg/! 0 DBOs (pauS ol JbaSsnll llal)
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(3 o disll) o lial) cipal) obaall dial duiliasSga5ll) Jailuusl) :(35) aB) J gaal

(3) o A

el Bany | Aaal fudlgd 3yl ucinl
8.62 PH jung gl (V)

mg/| 791 MES 4Ll gl
mg/| 859 DCO (pae€s3  SlaasSl il
mg/l | 15.60 NO; ™ ) 4
mg/l | 0.559 NO, cujll duS
mg/l | 3.51 PO Ciliwsisi V) duas
mg/| 0.47 Ogiss Jaiall (panS ¥l 4us
uS/cm 4.01 CE 350 <)) 4,880
°C| 24.40 Bylyall daja
(NTU) | 79.144 5)1<al)
mg/l 500 | DBOj aaeSsl ShaaSoud) bl

(4 a8 Lisll) (o Uiaall Cipual) olsal) Lised LilaasSsiail) il 1(36) o) Jgand

(4) & dd

oubdll Baag | A Auld Jpal) uainl)
7.40 PH s ngl) oY)

mg/I 554 MES Zallall 3gdll
mg/l | 5859 DCO (neS SilaasS il
mg/l | 0.608 NO;™ iyl 4uas
mg/l | 0.051 NO,  cujull .S
mg/! 34 PO Ciliusigi V) duas
mg/l | 7.76 Ouiss Uniall (paaS oY) dueS
uS/cm 6.10 CE 4.5l ,¢<)) 4,60)
°C| 19.90 8yl yad) da o
(NTU) | 46.435 8)|<al)
mg/| 0| DBOs (ranSdl Shasull Callal
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(5) &

oubal) Bang | Al Ailid apall puainl)
7.31 PH gyl o)

mg/I 500 MES Zallall 3l
mg/l | 1115 DCO (ae€3 SlaasSl il
mg/| 2.01 NO; il 4
mg/l | 0.093 NO, ™ cujull dus
mg/l | 27.90 PO Ciliusisi V) duaS
mg/ 0.90 Oiss daiall (pauSsYl duaS
uS/cm 9.81 CE 450l ,¢<)) 4.660)
°C| 23.50 8yhall da
(NTU) | 76.179 8)\<al)
mg/| 200 | DBOj (pauSU ShaSsull callal

(6 o2 disll) o lial) ipall obuall Al duiliaSg50) Jailuasl) :(38) ol J gaal

(6) o 2aad

el Saag | Al Al dpall yuainl)
7.24 PH s )ng) ()

mg/| 70 MES &) algall
mg/l | 1293 DCO (€A Shasl bl
mg/| 5.73 NO;™ iyl 4uas
mg/l | 0.056 NO, ™ il ZuaS
mg/l | 2.26 PO Ciliusigi V) duas
mg/l| 8.16 Ouiss Jaiall (pacS V) 4uaS
uS/cm 11.43 CE 25l ,¢<)) 4,60)
°C| 20.30 5yhall day
(NTU) | 63.508 5l
mg/! 0| DBOs (rauSdl Shasull allal
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et A} S adll)

(7 8 dill) o lial) cipall olpall dial duilbiasSyy skl Jailussll :(39) ady Jgand)

-

(7) & 2l

Oukdl) Basg | Aaaul dlid a)yall uaial
7.32 PH gyl o)

mg/| 459 MES 4Ll gl
mg/l | 1064 DCO (pae€3 Jiluasl) el
mg/| 16 NO; il 4
mg/| 1.39 NO, cujull 48
mg/l | 1.69 PO Ciliusisi V) duaS
mg/l| 0.63 Ouiss Jaiall (panSoV) 4uaS
uS/cm 10.22 CE 450l ,¢<)) 4.660)
°C| 23.80 8yl yad) sy
(NTU) | 76.420 8)\<al)
mg/| 100 | DBOs (paeSs SbaSsudl bl

(8 ad) Lill) o lial) ipual) oloall digad Ailsasy 5ui Jaibuagl) :(40) by Jsand

-

(8) ¢ 2l

bl Basg [ Aaaly Al Sl paiat)
7.48 PH s ngl) oY)

mg/| 762 MES aalladl olgall
mg/l | 1144 DCO (€A Shasl bl
mg/| 5.93 NO;™ iyl 4uas
mg/l| 0.075 NO, ™ cujull dus
mg/l| 1.62 PO Ciliusigi V) duas
mg/! 0.99 Oiss Jaiall (pauSsYl daS
uS/cm 4.97 CE 25l ,¢<)) 4,60)
°C| 23.10 5hall da
(NTU) | 67.253 LA
mg/| 100 | DBOjs (uaeSs ShaaSond) bl
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(9 a8 Liall) o liual) Cipual) olual) Aigad Ailsasy 5ul Jasbuagl) :(41) by Jsaad

(9) b dad

oubal) Bang | Al Ailid apall puainl)
7.25 PH gyl o)

mg/l | 1392 MES 4Ll gl
mg/l | 2606 DCO (ae€ SlaasSl il
mg/l 2.98 NO; oyl 4us
mg/l | 0.214 NO, cujull 48
mg/l | 2.83 PO Ciliusisi V) duaS
mg/l | 3.57 Ouiss Jaiall (panSoV) 4uaS
uS/cm 8.41 CE 450l ,¢<)) 4.660)
°C| 20.30 8ylyall dsja
(NTU) | 62.953 8)\<al)
mg/| 200 | DBOj (pauSU ShaSsull callal

(10 a8 disall) o liaall Cipal) sbaall il AbaasSs 5ual) Jailugl) 1(42) ad) J g2l

(10) (3 sl

Oubdl) Bang | daal Ald Ayl yaial)
7.39 PH s )ng) ()

mg/I 810 MES Zallall 3 gl
mg/l | 1195 DCO (€A Shaasl Clhal
mg/l | 22.90 NO;™ iyl 4uas
mg/l | 0.141 NO, cujull 4uS
mg/l | 4.23 PO Ciliusigi V) duas
mg/l | 2.77 Ouiss Uniall (pacS oY) dueS
uS/cm 11.22 CE 25l ,¢<)) 4,60)
°C| 20.30 8yl yad) da o
(NTU) | 66.178 5)|<])
mg/| 100 | DBOjs (uaeSs ShaaSond) bl
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Ayl Al o liall Cipal) slas ilisal Ay adl) Jaibesgll dsduasl) dsilian) Ayl :(43) a8y Jgand)

A xdlis 9 i | et

bt AL S _adll)

LSy il Bl s]

Blall daja | B\l CE DBO; | Og4e | PO, | NO,” | NO; DCO MES pH chagll
°C NTU | pS/em | —————————————————————————— -—mg/l ————————— Auasy)

22.43  169.945| 7.77 120 | 3.827| 13.65 0.29| 7.91| 1606.30| 602.20| 7.87| sl
sl

23.3 | 71.716| 7.26 100 3.17| 3.17| 0.122| 5.25| 1129.50| 538.50| 7.355| ol

24.4 | 46.435| 4.01 0/ 0.47| 0.806| 0.051| 0.608 168.00 70.00 | 7.240 Jlsiall

4.60 |34.597| 7.42 500 7.69| 56.89| 1.339]22.292| 5691.00| 1322.00| 4.210 sl

2.012 |10.857| 2.766 |154.91| 3.128| 19.58| 0.415| 7.519| 1613.99| 372.02| 1.324| =)
Slazall

4.047 | 117.88 | 7.625 | 24000 | 9.786|383.19| 0.172| 56.53 | 2604972.9 | 138398.6 | 1.753 okl

3

8.969 |15.523| 35.6 |129.10| 81.743 | 143.36 | 142.993 | 95.054 100.48 | 61.777 | 16.823 Jalaa
Ay

0.340 | -1.074| 0.117 | 1.829| 0.283| 1.60| 2.524| 1.123 2.426 0.732| 2.690 RN
19.9 | 46.435| 4.01 0| 0.470| 0.806| 0.0051 | 0.608 168 70.00 | 7.24 | did el

24.50 |81.032| 11.43 500| 8.16| 57.70| 1.390| 22.90 5859 | 1392.00 | 11.45| s ,Si
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Al 4Ll Jalgal) alane Y &3l &l 8 85i5al) Jalgal) aal (g Banly Hhall da)s 2a
Sl gl (ailiads dalal) slal) o laydl dap Ay Wahus & phall dayn o aa
o oaally el (poaSsY) (gginas Adbiaall LSl (lagdy AleSl ALy daglall Cus
[12] chysidl e Wyt s gouanl) dlaill Cligivnag (a8l 2l iy Jung yugl) (i) o
MES 4&ll) sgall gilii 1 - 2~V

Glie e 3 MES &allall slsall a0 (32) JSal) 8 dially Lle Jemntiall il gl
il an € aa N B (gl ¢Jfie 1392-T70 o ol dupall 2 eliall Ciyeall slae

D) Jsaall A maall caiaill cas Jf3630 @ 8yaaally Lyiball dac)ll sajall A e msendll
4200 483 je ddaag Aygaac dgas sbaall o3l Eigli dgag o Ju Laa (&GN Juadl) (10 (18)
Aniipall lgaid Y Llill eliva juan e s O s el (e daeliay xds cililis oo
e a1 13 Lglelasiad 5 dallaall olae e Gl 2503 Dbl slgal) (ho dlle S5 5 38 claa
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E 00 ALl 2@l Fhll 44l 5iiel GAal 7dial 8itadl Qiiall 10l
(°C) Byluall aays

Blall das YAy MES Zallal) sfgal) cpiil Sl Jiadd :(29) aby JSl

:DCO oSS Ahasl) bl mils 2 - 2 -V
0S5 Al el Aie L Basasall Dignnll 5oLl (pe (A CpmaY) Gulias Uag 35 DCO dad )
DCO Lusacy Sl mhaeall Chrasil pips pge (obiie sag ¢ JLESY) Cagyla cad 5O AL

J14] Laslen 2t o Lae WibiaS ausl of (Ka 8,8 @il e (¥ DBOS (1o Wil e
Jems Digha U5 Gpaiws DBO (and (¥ DBO jitse daid e 588 Jand DCO g padiew
e ity el Lo Al DCO (il g liay ety Aol Capes i I e ol s
asaaalisall ilag 30 2us5a aladin ie Agadl aal) Capeall slaad Llavss DCO dad o ¢ <Y
Lyl e ol . [15] oY) saad s 3 e licall Coyeall olal Lansilly Wl (Jie 600 ) s
DCO (iaeSs b)) allal) adl  slesal) Jacsgiall o W iy ((43) ) Jsaall) dslasy)
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LS yally Aygunnll Jsall o Adlad) SSIAN L 3585 dan 508 Ak a5 J3e1606.30 o <y
Grang [16] oA cpanseY) dllgian A aibiad) Cilag las ae ddyeaall Aaall 4giacdU)
Alesiosall olpal) e (i (44) o3 Jsaall b ensally .[17] (Swedish EPI,2000) g
2S5 s b DA ey .DCO < 16 Mg/l (gl lan Jadl sl il sbaall (pauia Gl pall dilaial
LS lia Hran b Jga Figle linal) s3a (568 o malll e 438

DCO (ausSsi (Alansl) qllal) o falaie) obeal) ciinati :(44) a8) Jgaall
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:DBO; (xS Aba gl qllall milis 3 - 2V

Aadal) Aall Kl aSlgiad A el CpanS) £ueS ) dllgioall (gsall SV i
5aad 48 jall 5ylym dayd vie Alagine dadlall obuall (e ddbie die (3 A8 ) Aygnall Slsall ogad
2n dadlall slaall dalleall Cillane miana b age JalaS asill o2 Jasi Lgil ) dilia) ol dsed
Aal) il Gayh e dS0gad) €Y1 S e jam sag L[18] Al jaliadl) Cughi (sae
OS] A€ i i i cdaial) CpmaSsY) Dlgi aa Augaaal) salal) bl 405 dadal)
BaLy) diag 50 dyguaal) Mgall At CilS DBOs Sl gl cllall o) Ll<a DBO5 lusy 3 58aall
=500mg/l) o L &bl dlesieall sball & DBOs Jase aly Cus bl &l Lus b
[191(150

SuaSsall) eSSV Dlgin) CVane of iy (43) &) Jsaad) b daiasall okl DA e
500 — 0 mg O/l (s gl dushall dalaial elicall Cayeall ol e aues 4 (DBOs —
il (10-8-7) wluall 4 Laiy ¢ 0 Mg Oy/l Ay (6-4-2-1 ) clumll & iy Eua
o) Al b dad ailS 5200 Mg O/l (9-5 ) lusall b Cels (s 8 <100 mg O/l
skl yaliall 315 a5 A eSO 2sas Ao Ju e 500 Mg Oyl Gl o 3
a3y Jsaall ) Lilas¥) Auball 8 Bpiead) ool Ao ao 3853 Lo 130y Al dilaie olae cilipal
(43

A e it Zuhll 48 olal) 03] ln) Tavsgiall dad 6 .[20] (45) &) Joaad) Gren
Bl daelia jilaas (e Caslill 138 o e oyt of lse sy Le 100 < DBOs < 400 (sf da
rnkal) L) )

DBO; (pawSsS Aba gl bl dad ovin obuall Al :(45) ) Jgaal)

(sl g) Allal DBO; (mg/l d'0,)

dong 4088 daapda sl DBOs < 1

s sla olae 1 <DBOs < 3

(oo iy ohsd) Eiko slse 100 < DBO; < 400
el Cipall Al A sbie 20 < DBO5< 30

Nga e (g5iat S Capeall slaa 8 (2.0 = 1.5) Jalas (DBOs) N (DCO) s ol i) 3
Jkie) (e 438 3 e el (DCO/DBOs) cawaill il Cayeall slis Ll ¢ Y1 fia Linglgn o
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Al e sl o Glay Lo Wlley Jlatl dunslsn ol Zisad) 8 535a5al 52uS5al) sall ¢
18] cleliall o dailill Gyl olua b Aad)s Ahiay 3253 Cum Aujia Jse Laslon

Chiaall Jlaalls 45)lae Jas 308 dad a5 13.385 (DCO/DBOs) J sluall Janssiall ducs 535
e g obiall o3a gl ey Lea 3 e ST (6 ¢l Capall slaall (2.0 = 1.5) e
= la Ll e Aaslill (ALED Gpolaall) AL Asises e 05S5 f eays Linglga Jlaill AL
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DECRETS

Décret exécutif n® 06-141 du 20 Rabie El Aouel 1427
correspondant au 19 avril 2006 définissant les
valeurs limites des rejets d'effluents liquides
industriels.

Le Chef du Gouvernement,

Sur le rapport du ministre de I'aménagement du
territoire et de 1'environnement,

Vu la Constitution, notamment ses articles 85-4° et 125
(alinéa 2) ;

Vu la loi n° 90-08 du 7 avril 1990, complétée, relative a
la commune ;

Vu la loi n° 90-09 du 7 avril 1990, complétée, relative a
la wilaya ;

Vu la loi n° 03-10 du 19 Joumada El Oula 1424
correspondant au 19 juillet 2003 relative a la protection de
I'environnement dans le cadre du développement durable ;

Vu la loi n° 04-04 du 5 Joumada El Oula 1425
correspondant au 23 juin 2004 relative a la normalisation ;

Vu la loi n° 05-07 du 19 Rabie El Aouel 1426
correspondant au 28 avril 2005 relative aux hydrocarbures ;

Vu le décret présidentiel n° 04-136 du 29 Safar 1425
correspondant au 19 avril 2004 portant nomination du
Chef du Gouvernement ;

Vu le décret présidentiel n° 05-161 du 22 Rabie El Aouel
1426 correspondant au ler mai 2005 portant nomination
des membres du Gouvernement ;

Vu le décret exécutif n° 93-160 du 10 juillet 1993
réglementant les rejets d'effluents liquides industriels ;

Décrete :

Article ler. — En application des dispositions de
l'article 10 de la loi n° 03-10 du 19 juillet 2003, susvisée,
le présent décret a pour objet de définir les valeurs limites
des rejets d'effluents liquides industriels.

SECTION 1
DES DISPOSITIONS PRELIMINAIRES

Art. 2. — Au sens du présent décret on entend par rejet
d'effluents liquides industriels tout déversement,
écoulement, jet et dép6t d’un liquide direct ou indirect qui
provient d'une activité industrielle.

Art. 3. — Les valeurs limites de rejets d'effluents
liquides industriels sont celles fixées en annexe du présent
décret.

Toutefois, en attendant la mise a niveau des installations
industrielles anciennes dans un délai de cinq (5) ans, les
valeurs limites des rejets d'effluents liquides industriels
prennent en charge Il'ancienneté des installations
industrielles en déterminant une tolérance pour les rejets
d'effluents liquides industriels émanant de ces
installations. Ces valeurs sont fixées et annexées au
présent décret.

Pour les installations pétrolieres, le délai est de sept (7)
ans conformément aux dispositions législatives en
vigueur, et notamment celles de la loi n° 05-07 du 19
Rabie El Aouel 1426 correspondant au 28 avril 2005,
susvisée,

En outre et en raison des particularités propres aux
technologies utilisées, des tolérances particulieres aux
valeurs limites sont également accordées selon les
catégories industrielles concernées. Ces tolérances sont
annexées au présent décret.

SECTION 2

DES PRESCRIPTIONS TECHNIQUES RELATIVES
AUX REJETS D'EFFLUENTS LIQUIDES
INDUSTRIELS

Art. 4. — Toutes les installations générant des rejets
d'effluents liquides industriels doivent étre congues,
construites et exploitées de maniére a ce que leurs rejets
d'effluents liquides industriels ne dépassent pas a la sortie
de l'installation les valeurs limites des rejets définies en
annexe du présent décret et doivent €tre dotées d'un
dispositif de traitement approprié de maniére a limiter la
charge de pollution rejetée.

Art. 5. — Les installations de traitement doivent étre
concues, exploitées et entretenues de maniere a réduire a
leur minimum les durées d'indisponibilité pendant
lesquelles elles ne peuvent assurer pleinement leur
fonction.

Si une indisponibilité est susceptible de conduire a un
dépassement des valeurs limites imposées, l'exploitant
doit prendre les dispositions nécessaires pour réduire la
pollution émise en réduisant ou en arrétant, si besoin, les
activités concernées.

SECTION 3

DU CONTROLE DES REJETS
D'EFFLUENTS LIQUIDES INDUSTRIELS

Art. 6. — Au titre de [l'autocontrole et de
l'autosurveillance les exploitants d'installations générant
des rejets d'effluents liquides industriels doivent tenir un
registre ou sont consignés la date et les résultats des
analyses qu'ils effectuent selon des modalités fixées par
arrété du ministre chargé de l'environnement et, le cas
échéant, du ministre chargé du secteur concerné.

Les mesures sont effectuées sous la responsabilité de
I’exploitant et a ses frais dans les conditions fixées par la
réglementation en vigueur.

Art. 7. — Les résultats des analyses doivent étre mises a
la disposition des services de contrdle habilités.

Art. 8. — Les services habilités en la matiere effectuent
des controles périodiques et ou inopinés des
caractéristiques physiques, chimiques et biologiques des
rejets d'effluents liquides industriels visant a s'assurer de
leur conformité aux valeurs limites fixés en annexe du
présent décret.

Art. 9. — Le contrdle des rejets comporte un examen
des lieux, des mesures et analyses opérées sur place et des
prélevements d'échantillons aux fins d'analyses.

Art. 10. — L'exploitant de l'installation concernée est
tenu d'expliquer, commenter ou fonder tout dépassement
éventuellement constaté et fournir les actions correctives
mises en ceuvre ou envisagées.
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Art. 11. — Les opérations de contrdle, telles que
définies ci-dessus, donnent lieu a la rédaction d'un
proces-verbal établi a cet effet.

Le proces-verbal comporte :

— les noms, prénoms et qualité des personnes ayant
effectué le contrdle,

— la désignation du ou des générateurs du rejet
d'effluents liquides industriels et de la nature de leur
activité,

— la date, I'heure, I'emplacement et les circonstances de
I'examen des lieux et des mesures faites sur place,

— les constatations relatives a l'aspect, la couleur,
I'odeur du rejet, 1'état apparent de la faune et de la flore a
proximité du lieu de rejet et les résultats des mesures et
des analyses opérées sur place,

— l'identification de chaque échantillon prélevé,
accompagné de l'indication de I'emplacement, de I'heure et
des circonstances de prélevement,

— le nom du ou des laboratoires destinataires de
'échantillon prélevé.

Art. 12. — Les méthodes d'échantillonnage, de
conservation et de manipulation des échantillons ainsi que
les modalités d'analyses sont effectuées selon les normes
algériennes en vigueur.

Art. 13. — Toutes dispositions contraires au présent
décret et notamment les dispositions du décret exécutif
n° 93-160 du 10 juillet 1993, susvisé, sont abrogées.

Art. 14. — Le présent décret sera publié au Journal
officiel de la République algérienne démocratique et
populaire.

Fait & Alger, le 20 Rabie El Aouel 1427 correspondant
au 19 avril 2006.
Ahmed OUYAHIA.

ANNEXE I
VALEURS LIMITES DES PARAMETRES DE REJETS D’EFFLUENTS LIQUIDES INDUSTRIELS
. VALEURS | TOLERANCES AUX VALEURS
N PARAMETRES UNITE LIMITES LIMITES ANCIENNES
INSTALLATIONS

1 Température °C 30 30

2 PH - 6,5-85 6,5-85

3 MES mg/1 35 40

4 Azote Kjeldahl " 30 40

5 Phosphore total ! 10 15

6 DCO " 120 130

7 DBO5 ! 35 40

8 Aluminium " 3 5

9 Substances toxiques bioaccumulables " 0,005 0,01

10 Cyanures " 0,1 0,15

11 Fluor et composés ! 15 20

12 Indice de phénols " 0,3 0,5

13 Hydrocarbures totaux ! 10 15

14 Huiles et graisses " 20 30

15 Cadmium " 0,2 0,25

16 Cuivre total " 0,5 1

17 Mercure total " 0,01 0,05

18 Plomb total ! 0,5 0,75

19 Chrome Total " 0,5 0,75
20 Etain total ! 2 2,5
21 Manganese ! 1 1,5
22 Nickel total " 0,5 0,75
23 Zinc total ! 3 5
24 Fer ! 3 5
25 Composés organiques chlorés ! 5 7

PH : Potentiel d’hydrogeéne

DCO : Demande chimique en oxygene
MES : Matiere en suspension

DBO;: Demande biologique en oxygeéne pour une période de cinqg (5) jours
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ANNEXE II

TOLERANCE A CERTAINES VALEURS LIMITES DES PARAMETRES DE REJETS D’EFFLUENTS
LIQUIDES INDUSTRIELS SELON LES CATEGORIES D’INSTALLATIONS

1- INDUSTRIE AGRO-ALIMENTAIRE :

a - Abattoirs et transformation de la viande :

VALEURS TOLERANCE AUX VALEURS LIMITES
PARAMETRES UNITE LIMITES ANCIENNES INSTALLATIONS
Volume /quantité m3/t carcasse traitée 6 8
PH - 5,5-8,5 6-9
DBO, g/t 250 300
DCO " 800 1 000
Matiere décantable " 200 250
b - Sucrerie :
PARAMETRES UNITE VALEURS TOLERANCE AUX VALEURS LIMITES
LIMITES ANCIENNES INSTALLATIONS
Température °C 30 30
PH - 6-9 6-9
DBO, mg/1 200 400
DCO ! 200 250
MES " 300 350
Huiles et graisses " 5 10
¢ - Levurerie :
PARAMETRES UNITE VALEURS TOLERANCE AUX VALEURS LIMITES
LIMITES ANCIENNES INSTALLATIONS
Température °C 30 35
PH - 55-8,5 6,5-8,5
DBO, mg/1 100 120
DCO " 7000 8 000
MES " 30 50
d - Brasserie :
VALEURS TOLERANCE AUX VALEURS LIMITES
PARAMETRES UNITE LIMITES ANCIENNES INSTALLATIONS
Température °C 30 30
PH - 5,5-8,5 9-10,5
DBO® g/t de malt produit 250 300
DCO " 700 750
MES " 250 300

PH : Potentiel d’hydrogene

DBO; : Demande biologique en oxygene pour une période de cinqg (5) jours
DCO : Demande chimique en oxygene

MES : Matiére en suspension
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e - Corps Gras :

s | o | Y | TSGR e e
Température °C 30 30
PH - 5,5-8,5 6-9
DBO® g/t 200 250
DCO " 700 800
MES " 150 200
2 - Industrie de I’Energie :
a - Raffinage de pétrole :

PARAMETRES UNITE VALEURS TOLERANCE AUX VALEURS LIMITES

LIMITES ANCIENNES INSTALLATIONS
Débit d’eau m3/t 1 1,2
Température °C 30 35
PH - 5,5-8,5 5,5-8,5
DBO, g/t 25 30
DCO " 100 120
MES ! 25 30
Azote total " 20 25
Huiles et graisses mg/1 15 20
Phénol g/t 0,25 0,5
Hydrocarbures g/t 5 10
Plomb mg/l 0,5 1
Chrome 3+ " 0,05 0,3
Chrome 6+ " 0,1 0,5
b - Cokéfaction :
VALEURS TOLERANCE AUX VALEURS LIMITES

PARAMETRES UNITE LIMITES ANCIENNES INSTALLATIONS
DBO, mg/1 30 40
DCO ! 120 200
Phosphores ! 2 2
Cyanures " 0,1 0,1
Composés d’Azote ! 35 40
Indice Phénols " 0,3 0,5
Benzene, Toluene, Xyleéne " 0,08 0,1
Hydrocarbures " 0,08 0,1
Aromatiques
Polycycliques
Sulfure " 0,08 0,1
Substances filtrables “ 40 50

PH : Potentiel d’hydrogeéne

DCO : Demande chimique en oxygene
MES : Matiere en suspension

DBO;: Demande biologique en oxygeéne pour une période de cinqg (5) jours
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3 - Industrie mécanique :

VALEURS TOLERANCE AUX VALEURS LIMITES
PARAMETRES UNITE LIMITES ANCIENNES INSTALLATIONS
Température °C 30 30
PH - 5,5-8,5 5,5-8,5
DCO mg/l 300 350
Cyanure " 0,1 0,15
Cuivre " 0,7 1
Nickel " 0,7 1
Zinc " 2,5 3
Plomb " 0,7 1
Cadmium " 0,5 1
Hydrocarbures " 15 20
Phénol " 0,5 1
M¢étaux totaux " 20 25
4 - Industrie de transformation des métaux :
PARAMETRES UNITE VALEURS TOLERANCE AUX VALEURS LIMITES
LIMITES ANCIENNES INSTALLATIONS
Cuivre mg/1 1.5 2
Nickel i 2 2,5
Chrome " 1,5 2
Fer " 5 7.5
Aluminium " 5 7,5
5 - Industrie de minerais non métallique :
a - Céramique :
PARAMETRES UNITE VALEURS TOLERANCE AUX VALEURS LIMITES
LIMITES ANCIENNES INSTALLATIONS
Température °C 30 30
PH - 5,5-8,5 5,5-8,5
DCO mg/l 80 120
Matiere décantable " 0,5 1
Plomb " 0,5 1
Cadmium " 0,07 0,2
b - Verre :
R I Il
Température °C 30 30
PH - 5,5-8.,5 5,5-8.,5
DCO mg/l 80 120
MES " 0,3 0,5
Plomb " 0,5 1
Cadmium " 0,07 0,2
Chrome " 0,1 0,1
Cobalt " 0,1 0,1
Cuivre " 0,1 0,3
Nickel " 0,1 0,5
Zinc " 2 5

PH : Potentiel d’hydrogene
DCO : Demande chimique en oxygene
MES : Matiére en suspension
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¢ - Ciment, platre et chaux :

PARAMETRES ovms | VAEURS | TouBRANCE AUX vALEURSLIMTES
Température °C 30 30
PH - 5,5-8,5 5,5-85
DCO mg/1 80 120
Matiere décantable " 0,5 1
Plomb " 0,5 1
Cadmium " 0,07 0,2
Chrome " 0,1 0,1
Cobalt " 0,1 0,1
Cuivre " 0,1 0,3
Nickel " 0,1 0,5
Zinc " 2 5
6 - Industrie de textile :
PARAMETRES UNITE VALEURS TOLERANCE AUX VALEURS LIMITES
LIMITES ANCIENNES INSTALLATIONS
Température °C 30 35
PH - 6,5-8,5 6-9
DBO; mg/1 150 200
DCO ! 250 300
Matiere décantable " 0,4 0,5
Matiere non dissoute " 30 40
Oxydabilité ! 100 120
Permanganate ! 20 25
7 - Industrie de tannerie et mégisserie :
PARAMETRES UNITE VALEURS TOLERANCE AUX VALEURS LIMITES
LIMITES INDUSTRIES ANCIENNES
DBO; mg/1 350 400
DCO " 850 1000
MES " 400 500
Chrome total ! 3 4

PH : Potentiel d’hydrogene

DBO;: Demande biologique en oxygene pour une période de cing (5) jours
DCO : Demande chimique en oxygene

MES : Matiére en suspension
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DECISIONS INDIVIDUELLES

Décret présidentiel du 2 Rabie El Aouel 1427
correspondant au ler avril 2006 mettant fin a des
fonctions au titre de ’administration centrale de
I’ex-ministre délégué auprées du Chef du
Gouvernement, chargé de la participation et de la
promotion des investissements.

Par décret présidentiel du 2 Rabie El Aouel 1427
correspondant au ler avril 2006, il est mis fin, au titre de
I’administration centrale de 1’ex-ministre délégué aupres
du Chef du Gouvernement, chargé de la participation et de
la promotion des investissements, aux fonctions suivantes
exercées par Mmes et MM. :

A - Appelés a exercer d’autres fonctions :
1 — Si-Mokrane Arab, chef de cabinet ;

2 — Seloua Skander, directrice d’études aupres du chef
de la division des études et de la synthese ;

3 — Mohamed Bacha, directeur d’études, chargé de la
direction des participations minoritaires et de [’action
spécifique ;

4 — Noureddine Houyou, chargé d’études et de
synthese ;

5 — Abdel-Ouahid Hamitou, chargé d’études et de
synthese ;

6 — Hadjira Derradji épouse Touahmi, chargée d’études
et de synthese ;

7 — Yasmina Metidji, chargée d’études et de synthese ;

8 — Walid Yagoubi, sous-directeur du personnel et de la
formation ;

9 — Mohammed Hannache, chargé d’études et de
synthese ;

10 — Messaoud Benoumechiara, sous-directeur des
moyens généraux ;

11 — Mohammed Salah Aouadi, directeur d’études
auprés du chef de la division des relations avec les
entreprises publiques économiques ;

12 — Mohamed Ould Mohammedi, chef de la division
des relations avec les entreprises publiques économiques ;

13 — Hamoud Benhamdine, chef de la division des
études et de la synthese ;

14 — Nacer Bekkouche, directeur d’études aupres du
chef de la division des relations avec les entreprises
publiques économiques ;

15 — Hocine Bendiff, chef d’études aupres du chef de la
division des relations avec les entreprises publiques
économiques ;

16 — Ali Tarafi, directeur d’études aupres du chef de la
division des relations avec les entreprises publiques
économiques ;

17 — Abdelkader Filouane, directeur d’études aupres du
chef de la division des relations avec les entreprises
publiques économiques ;

18 — Hocine Haddouche, chef d’études auprés du chef
de la division des études et de la synthese ;

19 — Ouardia Sid Ali épouse Koudil, chef d’études
aupres du chef de la division des relations avec les
entreprises publique économiques ;

20 — Djouher Hamdini épouse Haddi, chef d’études
aupres du chef de la division de la promotion de
I’investissement ;

21 — Dalila Ouiddir épouse Lazirou, sous-directrice de
I’informatique, de la documentation et des archives ;

22 — Yassina Mehdi épouse Mechrouh, directrice
d’études aupres du chef de la division des études et de la
synthese ;

23 — Lynda Firouz Maouche épouse Lahlali, chef
d’études aupres du chef de la division de la promotion de
I’investissement ;

24 — Youb-Nouri Malti, chef d’études aupres du chef de
la division de la promotion de I’investissement ;

25 — Mohamed Stiti, directeur d’études aupres du chef
de la division de la promotion de I’investissement ;

26 — Thene Belamri épouse Terki, chef d’études
auprés du chef de la division de la promotion de
I’investissement ;

27 — Fatma Zohra Benazouaou épouse Dehane, chef
d’études aupres du chef de la division de la promotion de
I’investissement ;

28 — Rachid Chinoune, chef d’études aupres du chef de
la division des relations avec les entreprises publiques
économiques ;

29 — Samia Lekkam, chef d’études aupres du chef de la
division des relations avec les entreprises publiques
économiques ;

30 — Ali Saci, chef d’études auprés du chef de la
division des études et de la synthese ;

31 — Aicha Hafida Mahieddine épouse Mouissat,
directrice d’études aupres du chef de la division de la
promotion de I’investissement.

B - Pour suppression de structure :

32 — Yacine Sassi, chef de la division de la promotion
de I'investissement, a compter du 7 septembre 2005.
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ABSTRACT

Soil is contaminated with various potentially harmful metals (PTMs). Therefore, the adequate protection
of soil from contamination is imperative, as the soil is regarded as the primary cradle for living and
environmental balance. Accordingly, the purpose of this study was to assess the contamination level
by PTMs in Touggourt city, where soil samples have been collected randomly from 18 sites. These
sites included manufacturing companies and institutions belonging to the industrial region of Touggourt
city. The concentrations of six PTMs - zinc (Zn), iron (Fe), cobalt (Co), copper (Cu), lead (Pb) and
manganese (Mn) were assessed using the atomic absorption spectrophotometer (AAS) instrument
as well as the application of the modern pollution indices such as CF (Contamination Factor), PLI
(Pollution Load Index) and EF (Enrichment Factor). The highest values of contamination factor (CF) for
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\T°“99°“rt city Zn, Fe, Co, Cu, and Pb were 0.605, 1.605, 0.277, 0.05, 0.438, and 0.01, respectively, and the highest
value of pollution load index (PLI) was 0.139, while the results of enrichment factor (EF) for the Zn, Mn,
Co, Cu and Pb metals were 2.608, 0.060, 0.740, 0.122, and 2.358, respectively. According to these
pollution indices, the results of this study have indicated that human effects or industrial wastes and
traffic, in particular, were the sources of heavy metal contaminating the studied region.

INTRODUCTION such metals, as it becomes toxic for humans, plants, and

The massive increase in the volume of pollutants as a result
of human activities on the one hand, and the increased level
of potentially toxic metals (PTMs) in soil, water, and air, on
the other hand, has sparked a worldwide interest in studying
these toxic metals (Fang & Lin 2002, Woitke et al. 2003,
Santos et al. 2002, Adamo et al. 2005). PTMs pollution has
become a worldwide problem because these metals are con-
sidered non-organic pollutants with non-degradable nature,
so they persist for long times and mostly accumulate in high
levels in the environment, which leads to harmful effects
(Ayangbenro & Babalola 2017).

PTMs are considered one of the most dangerous soil
pollutants, which lead to the change in some of the soil phys-
icochemical properties, However, some of these metals are
essentially important for life but in low concentrations, which
makes it one of the most serious ecological problems at all
(Zheljazkov & Nielsen 1996, Adamo et al. 2018). Therefore,
we consider the soil polluted when it contains high concen-
trations of the PTMs, regardless of the different sources of

animals (Wuana & Okieimen 2011, Dehghani et al. 2017).

Soil is considered clean when the concentration of the
PTMs is below the environmental level with a value similar
to or lower the value naturally present. The background value
is the total metal concentration obtained from soil, which is
not affected by human activities (Silva et al. 2019).

Accordingly, many researchers and those interested in
the environmental pollution field emphasized the necessity
of assessing the pollution level of the non-agricultural area’s
soil with PTMs (Kelly et al. 1996, Chen et al. 1997, Manta
et al. 2002).

Based on the fact that PTMs pollution originating main-
ly from industrial activities is considered one of the most
serious problems that the world suffering from in the last
few decades, the purpose of this study was, therefore, to
investigate the source of topsoil contamination with some
PTMs in Touggourt city by measuring some of the pollution
indices, such as Contamination Factor (CF) (Victoria et al.
2014), Pollution Load Index (PLI) (Gong et al. 2008) and
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Enrichment Factor (EF). The latter is considered a potent
indicator for distinguishing and detecting whether the source
of heavy metal pollution is anthropogenic or natural (Ozkan
et al. 2012).

Touggourt city is located in the north Algerian Sahara.
It is also a part Valley and known as the Upper Oued Righ.
Touggourt city is characterized by having a central location,
in which it lies at the junction between two national roads;
N3 and N16 that connect many cities (Boulghobra et al.
2016). Accordingly, Touggourt city witnessed massive hu-
man movements throughout history and rapid expansion of
urbanization and industrialization over the last decades. The
Touggourt area is about 404 km?, equivalent to 0.25 % of the
state area. According to the 2019/2020 census, Touggourt
district has a population of 200,007.

MATERIALS AND METHODS
Study Area

Touggourt, the capital of Oued Righ that literally means
“gateway” as the historians called it because of the

A. Benarabi et al.

importance of its geographical location, which makes it a
transit point and commercial center. Far away about 650 km
from the capital Algiers between longitudes 5°59°20 ““ and 6
© 48’ 49” east of the Greenwich meridian and between two
latitudes 33°12°89” and 33°85°67” north of the equator. It
is 65-80 m above sea level (Daniel 1978).

In addition, the topography of the region and its suburbs
is characterized by its diversity in terms of soil and vegetation
as well as numerous sand dunes that surround it from east to
west. It is interspersed with salt plains and some barren mud
hills (Abdelhamid 1999).

Besides the agricultural land use in Touggourt, there are
a lot of economic activities going on, such as oil and natural
gas industries and others (Fig. 1). Hence, there are many an-
thropogenic sites and activities, such as fuel filling stations,
factories, waste dumpsites, cars, markets, etc.

Samples Collection, Preparation, and Analysis

Surface soil samples were collected from 18 sites after re-
moving leaves, grasses, and other strange items at a depth of
0-10 cm using a soil auger. Table 1 provides the geographic

Fig. 1: Map of Touggourt city showing the locations of the sampling sites.
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coordinates of sampling sites, while Fig. 1 represents the
map of the study area with sampling sites on it. At each
site, the samples were collected at random from 5 different
points and then bulked together to ensure the representative-
ness and adequacy of samples. Bulked soil samples were
placed on clean polyethylene plastic bags and sent to the
lab for analysis. Standards were used for analysis accord-
ing to the method used by Gee and Bauder (Galindo et al.
2011). First, the samples were air-dried, ground, kept in an
electronic oven at 120°C for 24 h until the weight stabilized
and sieved through a 0.2 p sieve. Second, the samples were
digested with acidic aqua regia solution (prepared from HCI1
and HNOj; in ratio 1:3), where 2 g of the soil were weighted
into a clean bottle. 15 mL of aqua regia were measured
and added to the bottle, then the mixture was heated at
a temperature of 120°C for 2 h, and then cooled at room
temperature. Third, the mixture was filtered through 42 u
filter paper and kept in sealed plastic bottles (NOMA 2019).
The concentrations of PTMs in these samples were detected
using a flame atomic absorption spectrophotometer working
with acetylene gas (Perkin Elmer, AA 900T). All tests for
measuring the concentration of the following PTMS: Zn,
Co, Fe, Cu, Pb and Mn were done in the Center for Scien-
tific and Technical Research on Arid Regions (CRSTRA),
Biskra (Algeria).

Table 1: Sampling sites names and geographic coordinates.

Sampling Longitude Latitude

site (s)

S1 E 6° 43”89~ N 33°8567”
S2 E 6°36’61” N 33°82°77”
S3 E 5° 60’ 86” N 33° 13”45~
S4 E 6°35°37” N 33° 65’ 55”
S5 E 6°36°49” N 33°81°57”
S6 E 6° 35 89~ N 33°74°23”
S7 E 6° 4849~ N 33°82’35”
S8 E 5°59°23” N 33°16°87”
S9 E 6° 3545~ N 33°75° 67"
S10 E 6°35°95” N 33° 10’ 47”
S11 E 6° 32’60~ N 33°72°59”
S12 E 6° 55 81~ N 33°75 527
S13 E 6° 35’ 38” N 33°73°91”
S14 E 6° 36’ 57" N 33° 55’ 64”
S15 E 6° 40’ 50” N 33°76’ 18
S16 E 6°43° 77" N 33° 85’ 39”
S17 E 6° 34’197 N 33°76’ 46”
S18 E 5° 59’ 20" N 33° 12’ 89”
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Pollution Indices

Assessment of the metal contamination in the soil is generally
carried out by comparing the measured concentrations of
PTM:s in the tested soil with the geochemical background val-
ues (Pobi et al. 2020). The reference value used in the present
study is based on the average continental crust of worldwide
soils (Kabata-Pendias et al. 2007). Some pollution indices
were used in this study, such as Contamination factor (CF),
Enrichment factor (EF), and Pollution Load Index (PLI),
which can determine the degree of PTMs contamination in
Touggourt industrial soils and whether the source of pollution
is anthropogenic or natural (Keshav & Rama 2016).

Contamination Factor (CF)

The contamination factor is used the categorize the metals
pollution degree in the study area. This factor can be com-
puted using Equation (1):

CF = (Cm1)sample/Cm)background .1

In the above equation, the “(cm) sample” refers to the
concentration of specific metal in the soil, while “(cm)
Background” refers to the geochemical background reference
value of the same metal (Chandrasekaran et al. 2015, Liu et
al. 2005). As shown in the table below, the contamination
factor was divided into four categories (Table 2).

Enrichment Factor (EF)

The enrichment factor is considered one of the geochemical
indices used for the assessment of anthropogenic pollution
(Gatuszka & Migaszewski 2011). It can be computed from
Equation (2):

CF = (Cm1)sample/Cm)background ...(2)

Where (Cm/Cref Sample) is the ratio of heavy metal to
the reference metal concentration in the same sample and
(Cm/Cref) background is the ratio of the heavy metal to
the reference metal concentration in a suitable geometrical
background value (Zakir et al. 2008). Many metals have
been proposed to be the potential conservative reference
metal and used in literature for the measurement of the en-
richment factor, such as Fe, Mn, Aluminum (Al), Scandium
(Sc) Manganese (Mn), and others (Schiff & Weisberg 1999,
Chen et al. 2020). Among these metals, Fe and Al are the
most frequently used ones. The enrichment factor is classified
into 5 categories as shown in Table 3.

Pollution Load Index (PLI)

Pollution load index (PLI) indicator measures the cumulative
metal pollution load in the study area and gives a clear picture

Nature Environment and Pollution Technology ® Vol. 20, No. 5 (Suppl), 2021
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about the extent of PTMs toxicity in the tested soil sample
through assessment of the contamination status of the soil so
that the appropriate procedures for environmental protection
could be taken (Hossain et al. 2015). PLI can be computed
by using the CF value of every metal (Usero et al. 2000).
This index is expressed by Equation (3):

PLI = (CF1*CF2*CF3*.......CFn) ..(3)

Where n represents the number of metals. Parker et al.
(2008) classified the Pollution Load Index (PLI) into 7 cat-
egories as shown in Table 4.

Statistical Analysis

Results obtained from all samples were subjected to descrip-
tive (mean, standard deviation, and ranges) statistics.

RESULTS AND DISCUSSION
Assessment of Level of Soil Contamination

The concentrations of PTMs in the surface soil samples
taken from the study area are shown in Table 5. The spatial
distribution of PTMs (Zn, Mn, Pb, Cu, Co, and Cu) from
the industrial region in Touggourt were compared with their
geochemical background reference level. These results indi-
cate the variation in the average concentration of the tested
PTMs, where the highest average concentration for Zn was
17.61 mg.ml, 9.48 mg.ml™" for Fe, 5.6 mg.ml™! for Mn, 2.36
mg.ml™! for Pb, 0.7 mg.ml"! for Cu and 0.64 mg.ml"! for Co.
Except for copper and cobalt, the average concentrations of
the tested PTMs in the study area exceed their threshold limit
values (TLV) in Algeria (OJPDRA 2006).

This contamination is a result of the solid, liquid,
and gaseous wastes from the various industrial facili-
ties within the study area that are derived from natural
and anthropogenic inputs. For a better assessment of
the anthropogenic inputs, computing of some pollution
indices represented by the Contamination factor (CF),
Pollution Load Index (PLI), and Enrichment factor (EF) is
required.

Contamination Factor (CF)

The contamination factor expresses the level of soil
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contamination with any heavy metal and also indicates the
level of anthropogenic pollution of specific soil (Adamu
et al. 2014). The CF values of metals in various sampling
sites are presented in Table 6. From the results shown in
Table 7, it can be noticed that the average CF values follow
the ascending order of Mn < Cu < Co < Pb < Fe < Zn as
shown in Table 7. All of these values belong to the low
contamination factor category, CF < 1. This result indicates
that the Earth’s crust rocks are the main source of these
metals (Szefer et al. 2008). The relatively higher CF value in
the study area was for ZInc (Zn), which could be a result of
the petroleum compounds emissions. In addition, the lowest
CF value was for Manganese (Mn), being stable metal in the
Earth’s crust.

Pollution Load Index (PLI)

PLI represents the number by which the heavy metal concen-
tration in the soil exceeds its background value and it gives
a clear picture of the extent of the heavy metal toxicity in
the soil. It also represents the soil contamination in a cer-
tain location and it has many definitions, where it has been
defined by Hakanson (1980) as the sum of contamination
factor values and it has also been defined as the arithmetic
mean or the geometric mean of the analyzed pollutants
(Mmolawa et al. 2010).

According to the results of PLI shown in Table 8, the PLI
values of all soil samples were 0 < PLI < 1 and belong to the
low contamination category (PLI < 1.5). Since the pollution
load index value is less than 1.5 (the error correction factor
used in classification, Table 4), It does not necessarily mean
that there is no intervention of anthropogenic activities in
pollution induction. According to Muller (1969), PLI values
less than 1.5 indicate that the source of the heavy metal is
entirely from natural processes, while values greater than 1.5
suggest that the source is more likely to be anthropogenic.
Howeyver, these low PLI values will not reflect the non-con-
tamination of the studied soil samples with industrial wastes.
In addition, the pollution load index value did not reach
higher values because the contamination factor (CF) values
of PTMs in the study area are very close to their background
values in the reference soil.

Table 3: Categories of enrichment factor (EF).

Table 2: Categories of contamination factor (CF). Class EF value Category
Class CF value Category Class 1 EF <2 Deficiency to minimal enrichment
Class 1 CF<«1 Low contamination factor Class 2 2<EF<5 Moderate enrichment
Class 2 1<CF<3 Moderate contamination factor Class 3 5<EF<20 Significant enrichment
Class 3 3<CF<6 Considerable contamination factor Class 4 20 <EF <40 Very high enrichment
Class 4 CF>6 Very high contamination factor Class 5 EF>40 Extremely high enrichment
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Enrichment Factor (EF)

The enrichment factor is widely used to confirm the presence
and assess the magnification of the anthropogenic contami-
nation of soil with PTMs, i.e. its value determines the degree
of contamination (Barkett & Akiin 2018). The results of EF
of surface soils are represented in Table 9, where Fe has been
chosen as a reference element for calculation. Akoto et al.
(2008) illustrated that the EF values range between 0.5-1.5

Table 4: Categories of Pollution Load Index (PLI).
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indicate that the PTMs originate from natural geological
processes, while the EF values greater than 1.5 indicate that
the sources of the PTMs are anthropogenic processes. The EF
values of PTMs in the soil of the study area in the following
order Mn < Cu < Co < Pb < Zn as shown in Table 10

As given in Table 9, a significant enrichment is observed
for Zn (at S7, S12, and S18), a moderate enrichment is
observed for Zn and Pb (at most of the tested sites), and a

Class PLI value Category

Class 1 PLI< 1.5 Clean or very low pollution
Class 2 1.5<PLI<2 Low pollution

Class 3 2<PLI<4 Moderate pollution

Class 4 4<PLI<8 Significant pollution

Class 5 8§<PLI< 16 Very high pollution

Class 6 16 <PLI<32 Extremely high pollution
Class 7 PLI>32 Excessive pollution

Table 5: Average concentration of PTMs in Touggourt industrial soil.

Sampling site

Metal concentration (ppm)

ue (TLV) (mg/ml)

Mn Pb Cu Co Fe Zn
S1 7.365 2.025 0.506 0.447 7.823 11.820
S2 3.856 0.950 0.500 0.470 3.463 4.206
S3 3.862 0.562 0.445 0.384 3.757 6.225
S4 7.467 2.937 0.645 0.636 6.283 14.76
S5 6.041 0.817 2.881 2,771 80.25 24.86
S6 7.044 0.875 0.703 0.538 6.908 22.50
S7 5.392 4.084 0.573 0.499 5.235 52.49
S8 2.254 0.667 0.260 0.285 2.338 9.205
S9 3.300 1.534 0.487 0.508 4.779 11.06
S10 1.212 0.917 0.292 0.426 2.237 8.572
S11 25.96 6.134 0.866 1.011 19.74 41.84
S12 3.068 6.920 1.394 0.350 5.302 42.37
S13 3.821 2.171 0.286 0.338 2.967 16.42
S14 1.416 1.138 0.319 0.370 4.455 5.222
S15 3.848 3.118 0.579 0.367 3.187 9.011
S16 3.464 1.151 0.348 0.377 2.879 5.620
S17 9.276 3.033 1.059 0.926 8.245 22.330
S18 2.106 3.430 0.372 0.746 0.770 8.480
Background refer- 900 14 55 10 50 70
ence level (mg/kg)
Threshold limit val- 1 0.5 1 2 1 2

Nature Environment and Pollution Technology ® Vol. 20, No. 5 (Suppl), 2021
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moderate enrichment for Co (at S18). However, the obtained
results of EF for remaining PTMs showed very low enrich-
ment (EF<1) in all industrial soils. Soil samples with EF >
2 for a specific metal are considered contaminated with this
metal (Zakir et al. 2008). Accordingly, as shown in Table
10, most of the surface soil samples taken from the studied
sites are considered contaminated with Pb and Zn, where the
highest EF value for Zn was 2.608 (Moderate enrichment),
while the highest EF value for Pb was 2.358 (Moderate
enrichment). On the other hand, the highest EF values for
Cu and Mn were recorded as 0.122 and 0.060, respectively
(Deficiency to minimal enrichment) and the highest EF value

A. Benarabi et al.

for Co was recorded as 0.740 (Significant enrichment). The
abundance of Zn and Pb in the soil of the Touggourt indus-
trial region is low, but their higher enrichment suggests that
Zn and Pb contamination in the study area is derived from
various anthropogenic activities, such as industrial zones,
especially the petroleum ones as well as gaseous emissions
from traffic (Wang et al. 2017). are more likely to be the
source of PTMs in the study area.

Touggourt city is characterized by the presence of high
traffic density (cars, trucks, buses, agricultural tractors,
motorcycles, etc.), besides the excessive use of brakes due
to the irregular dump sites. Zn and Pb are classified as traf-

Table 6: Contamination factor (CF) of PTMs in soil samples of Touggourt industrial area.

Sampling Metal

Site Zn Fe Co Cu Pb Mn
S1 0.168 0.156 0.044 0.01 0.145 0.008
S2 0.060 0.069 0.047 0.01 0.068 0.004
S3 0.088 0.075 0.038 0.01 0.040 0.004
S4 0.210 0.126 0.063 0.011 0.209 0.008
S5 0.355 1.605 0.277 0.052 0.058 0.007
S6 0.321 0.138 0.053 0.012 0.063 0.007
S7 0.749 0.107 0.049 0.010 0.292 0.006
S8 0.131 0.046 0.028 0.004 0.048 0.003
S9 0.158 0.095 0.050 0.008 0.109 0.004
S10 0.122 0.044 0.042 0.005 0.065 0.001
S11 0.597 0.394 0.101 0.015 0.438 0.029
S12 0.605 0.106 0.035 0.025 0.494 0.003
S13 0.234 0.059 0.033 0.005 0.155 0.004
S14 0.075 0.089 0.037 0.006 0.081 0.002
S15 0.128 0.063 0.036 0.011 0.222 0.004
S16 0.080 0.057 0.037 0.006 0.082 0.004
S17 0.319 0.165 0.092 0.019 0.216 0.010
S18 0.121 0.015 0.074 0.007 0.245 0.002

Table 7: The average and range of contamination factor (CF) values of PTMs in soil samples of Touggourt industrial area.

Metal Contamination factor (CF) value Category
Range Average

Zn 0.06-0.749 0.244 Low contamination factor
Fe 0.015-1.6015 0.189 1

Co 0.028-0.277 0.059 "

Cu 0.004-0.052 0.012 VA

Pb 0.040-0.494 0.155 1

Mn 0.001-0.029 0.006 1

Vol. 20, No. 5 (Suppl), 2021 ® Nature Environment and Pollution Technology
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Table 8: Pollution load index (PLI) of PTMs in soil samples of Touggourt industrial area.

Sampling site CF Zn CF Fe CF Co CF Cu CF Pb CF Mn PLI value
S1 0.168 0.156 0.044 0.010 0.145 0.008 0.055
S2 0.060 0.069 0.047 0.010 0.068 0.004 0.033
S3 0.088 0.075 0.038 0.010 0.040 0.004 0.031
S4 0.210 0.123 0.063 0.011 0.209 0.008 0.063
S5 0.355 1.605 0.277 0.052 0.058 0.007 0.133
S6 0.321 0.138 0.053 0.012 0.063 0.007 0.054
S7 0.749 0.107 0.049 0.010 0.292 0.006 0.071
S8 0.131 0.046 0.028 0.004 0.048 0.003 0.025
S9 0.158 0.095 0.050 0.008 0.109 0.004 0.042
S10 0.122 0.044 0.042 0.005 0.065 0.001 0.024
S11 0.597 0.394 0.101 0.015 0.438 0.029 0.139
S12 0.605 0.106 0.035 0.025 0.494 0.003 0.074
S13 0.234 0.059 0.033 0.005 0.155 0.004 0.038
S14 0.075 0.089 0.037 0.006 0.081 0.002 0.029
S15 0.128 0.063 0.036 0.011 0.222 0.004 0.043
S16 0.080 0.057 0.037 0.006 0.082 0.004 0.030
S17 0.319 0.165 0.092 0.019 0.216 0.010 0.085
S18 0.121 0.015 0.074 0.007 0.245 0.002 0.032

Table 9: Enrichment factor (EF) of PTMs in soil samples of Touggourt

industrial area.

Sampling Metal

site Zn Mn Co Cu Pb

S1 1.079 0.052 0.286 0.059 0.924
S2 0.868 0.062 0.679 0.131 0.980
S3 1.184 0.057 0.511 0.108 0.534
S4 1.678 0.066 0.506 0.093 1.669
S5 0.221 0.004 0.173 0.033 0.036
S6 2.326 0.057 0.389 0.093 0.452
S7 7.162 0.057 0.477 0.100 2.786
S8 2.812 0.054 0.609 0.101 1.019
S9 1.653 0.038 0.531 0.093 1.146
S10 2.737 0.030 0.952 0.119 1.464
S11 1.514 0.073 0.256 0.040 1.110
S12 5.708 0.032 0.330 0.239 4.661
S13 3.953 0.072 0.570 0.088 2.613
S14 0.837 0.018 0.415 0.065 0.912
S15 2.020 0.067 0.576 0.165 3.494
S16 1.394 0.067 0.655 0.110 1.428
S17 1.935 0.063 0.562 0.117 1.314
S18 7.866 0.152 4.844 0.439 15.909

fic-related metals that are the products of vehicle emission
and/or mechanical wear of parts of cars (e.g. brake discs and
tires). The EF value of Pb and Zn is found >1 in most of the
sampling sites, suggesting that heavy traffic contributes to
higher enrichment of Zn and Pb in the study area (Dyttow
& Goérka-Kostrubiec 2020).

CONCLUSION

The study area is characterized by a significant number of
productive facilities. It is well known that any industrial
activity must leave a mark on the environmental resources
surrounding it and the topsoil is surely one of the most af-
fected resources by such industrial activities. Therefore, this
current study has concluded that the study’s soils content of
PTMs exceeds the permissible limit, although the contami-
nation factor results fall into the low contamination category,
besides the pollution load index results, which need more
detailed study. The fact that the pollution index values are in
the low range does not imply that there is no contamination;
rather, it reflects the high PTMs content in the reference soil,
which is extremely near to the PTMs level in the study’s
soil samples. Hence, the most important conclusion from
this study is that the anthropogenic activities are the major
sources of the PTMs concentrations in the soil of the study
area as shown in the computed pollution indices and this is

Nature Environment and Pollution Technology ® Vol. 20, No. 5 (Suppl), 2021
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Table 10: The average and range of enrichment factor (EF) values of PTMs in soil samples of Touggourt industrial area.

Metal Enrichment factor (CF) value Category

Range Average
Zn 0.221-7.866 2.608 Moderate enrichment
Co 0.173-4.844 0.740 Deficiency to minimal enrichment
Cu 0.040-0.439 0.122 Deficiency to minimal enrichment
Pb 0.036-15.909 2.358 Moderate enrichment
Mn 0.004-0.152 0.060 Deficiency to minimal enrichment

reflected by the results of the Enrichment Factor, the main
factor among the environmental pollution indices, which
showed the deterioration in the soil of the study area. Detailed
in-depth investigation regarding physicochemical properties
of Touggourt industrial soil, bioavailable metal fractions in
it, and associated health risks are still required.
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The environment is never spared from the pollution which threatens its elements, in particular the soil, especially
if itis in an industrial activity zone. Because of its direct impact on human health and other living organisms, its
preservation and protection have, therefore, become everyone’s business. In order to confirm it, this study has
come to assess the concentration of certain heavy elements, such as cobalt (Co), manganese (Mn) and lead (Pb)
in the surface soil of the area of Touggourt industrial activity, using the latest indicators of environmental pollu-
tion. The highest contamination factor (CF) values for cobalt, manganese and lead were 0.277, 0.008 and 0.292,
respectively. While the enrichment factor (EF) values were 41.79 for cobalt and 50.49 for lead. The maximum
value of the pollutant load index (PLI) was recorded as 0.133. According to these pollution indices, the results of
this study have indicated that human effects or industrial wastes and traffic in particular were the sources of

heavy metal contamination in the studied region.
KEYWORDS
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1. INTRODUCTION

Heavy metal pollution is widely spreading everywhere
around us and originates as a result of various human
activities, like wastes from factories mining, manufac-
turing, painting and vehicular emissions and naturally
from weathering [1,2]. Heavy metals are considered
one of the most dangerous soil pollutants, leading to
change in some of the soil's physico-chemical proper-
ties and hence the biological imbalance occurs. How-
ever, some of these metals are essentially important
for life, like nickel, cadmium, zinc, copper, lead, chro-
mium and cobalt. The knowledge of the concentration
and distribution of heavy metals in the soil, the mecha-
nism of their absorption by plants, their deposition and
accumulation within the soil components has become
important. According to the periodic table classifica-
tions, there are 38 heavy elements. According to the
rate of heavy elements adsorption and deposition in
the soil, toxicity occurs mainly through 3 metals, which
are copper, nickel and zinc, while soil toxicity with ar-
senic, cadmium, copper, lead occurs only under very
specific conditions. In addition, cadmium and lead are

readily absorbed by the soil so they make their way
into the food chain [3].

Recently, the interest in studying the accumulation and
deposition of heavy metals in the soil has increased
because they have negative consequences on human
health and the environment, owing to their toxicity
and stability in the environment [4,5]. Soil contamina-
tion with heavy elements is mainly due to both natural
processes and human activities related to industry,
modern agriculture, mining operations and their wastes.
Soil contamination with heavy metals is considered a
determinant measure of environmental pollution, where
the high concentration of those metals could result in
many different harms, while the lack of these metals
soil could lead to different complications threatening
human life, where the lower concentration of Mn and
Cu in the soil could be responsible for the heart dis-
eases in human [6]. Heavy metals can be transmitted
from the topsoil to the human through digestion of the
fine particles of the soil adhered to the hand, espe-
cially for children, or through inhalation. They may also
be transmitted through direct dermal contact during
outdoor activities [7]. Due to the fact that heavy metal
pollution originates mainly from industrial activities the
purpose of this study was to investigate the source of
topsoil contamination with some heavy metals in
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Table 1. Geographic coordinates of the study area

Site number (s) Longitude Latitude

S1 6°43'89"" E 33°85'67"" N
S2 6°36'61"" E 33°82'77" N
S 3 5°60'86"' E 33°13'45" N
S4 6°35'37"" E 33°65'55" N
S5 6°36'49"" E 33°81'57"" N
S 6 6°35'89" E 33°74'23" N
S7 6°48'49'"" E 33°82'35" N
S8 5°59'23"" E 33°16'87"" N
S9 6°35'45" E 33°75'67"" N
S 10 6°35'95" E 33°10'47" N

Touggourt city through measuring some of the pollu-
tion indices, such as contamination factor (CF), pollu-
tion load index (PLI) and enrichment factor (EF) [8,9].
The latter is considered a potent indicator to distin-
guish and detect whether the source of heavy metal
pollution is anthropogenic or natural [10].

2. MATERIAL AND METHOD
2.1 Study area

2.1.1 Historical perspective : Touggourt is the capital
of Oued Righ. Stories about the origin of the name were
different; some said that the name of the city refers
to the names of the king Tou and the queen Gourt,
some of them said that the name refers to a beautiful
princess, was living in this area and was called
Touggourt and there are others who said that the name
is of Berber origin and means the harsh ground [11].
Most of the studies conducted in the region and its
surroundings have confirmed that the human presence
in the region dates back to the 4th era, quarantine,
where the Caspsins tribe lived, who left behind some
belongings, such as spearheads, thousands of sharp
objects and some polished stones in addition to the
presence of a sculpture showing the migration of people
from the Nile valley between 2800-5000 BC [12]. Ex-
tension of the railway to reach Touggourtin 1914 is
considered an outstanding project that transformed the
region during the French era, by which the region trans-
formed into a large workshop for colonial projects and
petroleum products' transfer after the discovery of
petrol in Hassi Messaoud in 1956. There are also un-
finished projects, like the south lake, which remained
under study [13].

2.1.2 Geomorphological feature : The study area is lo-

cated in the northeast region of the Algerian desert,
known as the province Oued Righ, about 650 km from
the capital Algiers between longitudes 5°59'20" and
6°48'49" east of Greenwich meridian and between
two latitudes 33°12'89” and 33°85'67" north of the
equator. It is 65-80 m above sea level and located over
rectangular depression with dimensions of about 160
km in length and 30-40 km in width. According to some
studies, there is a field of about 2000 km? that is di-
rectly affected by Touggourt city either geographically,
environmentally, anthropogenically, economically or so-
cially [14]. The study area is characterized by a conti-
nental climate, hot and dry weather with an average
temperature of 40°C, thus it is like the rest of desert
regions which are characterized by irregular and low
rain precipitation that often ends in Chott Melrhir or
penetrate the sand and sometimes induces immense
floods occurrence, hence environmental and human
losses.

2.2 Samples collection and preparation

Soil samples were collected from various sites as tabu-
lated in table 1. Soil samples were placed in plastic
bags (made of polyethylene) and sent to the laboratory
for analysis. As a first step, these samples were dried
in the open air for 24 hr, then crushed in an old-fash-
ioned mortar and then placed in an electric heater at a
temperature of 150°C for 24 hr until weight stabilizes.
These samples were passed on a 0.2 usieve. As a
second step, the soil samples were digested using an
acidic solution (aqua regia) consisting of a ratio of 1:3
(one volume of HCL acid with three volumes of HNO,).
To, a mass of 2 g of soil in a beaker was 15 mL of
royal water added to it and heated at a temperature of
120°C and after 2 hr the mixture was cooled to the :
we filter temperature room. As a third step, the mix-
ture was using 42 ufilter paper and then the product
was kept into airtight plastic bottles [15]. Heavy metal
concentrations were determined in these soil samples
using SAA atomic absorption spectrometry.

2.3 Assessment of soil contamination level

For assessment of the soil contamination level, some
pollution indices were used, such as contamination fac-
tor (CF), enrichment factor (EF) and pollution load in-
dex (PLI), that can determine whether the source of
pollution is anthropogenic or natural.

2.3.1 Contamination factor : Contamination factor is
used the categorize the metal pollution degree in the
study area. This factor can be computed using follow-
ing equation:

CF = (Cm1) sample / (Cm) background ..(1)
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Table 2. Categories of contamination factor

Class CF value Category
Class 1 CF<1 Low

Class 2 1<CF<3 Moderate
Class 3 3<CF<6 Considerable
Class 4 CF>6 Very high
Table 3. Categories of enrichment factor

Class EF value Category

Class 1 EF<2 Deficiency to minimal
Class 2 2<EF <5 Moderate

Class 3 5<EF <20 Significant

Class 4 20<EF <40 Very high

Class 5 EF>40 Extremely high

Table 4. Categories of collution load index

Class EF value Category

Class 1 PLI<1.5 Clean or very low
Class 2 1.5<PLI<2 Low

Class 3 2<PLI< 4 Moderate

Class 4 4<PLI<8 Significant

Class 5 8<PLI<16 Very high

Class 6 16<PLI<32 Extremely high
Class 7 PLI>32 Excessive

Where (cm) sample refers to the concentration of spe-
cific metal in the soil, (cm) background is the concen-
tration of the same metal in the reference Earth’s crust

[16]. Liu classified the contamination factor into 4 cat-
egories as shown in table 2 [17].

2.3.2 Enrichment factor : Enrichment factor is consid-
ered one of the geochemical indices used for assess-
ment of anthropogenic pollution [18]. It can be com-
puted from equation 2.

EF = (Cm/CMn) Sample/(Cm/CMn) Earth crust ...(2)

Where (Cm/CMn) sample is the ratio of heavy metal to
manganese (Mn) concentration in the same sample,
(Cm/CMn) Earth’s crust is the ratio of heavy metal to
manganese (Mn) background concentration in the
Earth’s crust [19]. Manganese (Mn) has been chosen
as a reference metal, being stable metal according to
Liu [17]. Sutherland classified the enrichment factor
(EF) into 5 categories as shown in table 3 [20].

2.3.3 Pollution load index : Pollution load index (PLI)
indicator gives a clear picture of the extent of heavy
metal toxicity in the tested soil sample through assess-
ment of the contamination status of the soil, so that
the appropriate procedures for environmental protec-
tion could be taken. PLI can be computed by using the
CF value of every metal [21, 22]. This index is expressed
by the following equation:

PLI = (CF1*CF2*CF3*.....CFn)'? ...(3)

Where n represents the number of metals. Parker et
al.[23] classified the Pollution Load Index (PLI) into 7
categories as shown in table 4.

2.4 Data on climate parameters

The study of the climate parameters (temperature, rain

Table 5. Average monthly values of climate parameters for the year 2019 [24]

Month Maximum temperature Minimum temperature | Average temperature Rain amount (mm) | Maximum wind
(°C) (°C) (°C) velocity (m/s)

Jan. 26.4 -0.6 12.9 Trace Trace

Feb. 27.7 3.2 15.4 0.2 0.2

Mar. 34.1 2.4 18.2 3.4 3.4

Apr 37.6 8.8 23.2 11.2 11.2

May 45.6 9.2 27.4 4.1 4.1

June 47.4 18.2 32.8 0 0

July 47.6 22.2 34.9 0 0

Aug. 44 .4 20.6 32.5 Trace Trace

Sept. 41.7 16.5 29.1 5.4 5.4

Oct. 38.8 13 25.9 Trace Trace

Nov. 30.8 4.9 17.8 3.8 3.8

Dec. 21.4 2.7 12.1 5.6 5.6

Average | 36.9 10.1 23.5 2.9 2.9
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Figure 1a. Average monthly temperatures in the study area
for the year 2019
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Figure 1b. Average monthly rain precipitation in the study area
for the year 2019
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Figure 1c. Maximum wind velocity in the study area for the
year 2019

precipitation, humidity, wind, solar radiation and evapo-
ration) is considered an important factor for determin-
ing the status of natural environment and its effect on
human life. In addition, these parameters are strongly
related to the spread of pollutants, especially the in-
dustrial ones and their transfer between the ecosys-
tem elements: soil, water and air and thus the possi-
bility of transport of these pollutants from/to other re-
gions.

2.4.1 Temperature : The study area is characterized

by warm winter and nights are somewhat cold, while
the summer is characterized by being hot. This could
be explained by the great difference in temperatures
between winter and summer, where temperature
reached its maximum at 47.6°C in July and the aver-
age temperature in the same month was 34.9°C. The
minimum temperature of -0.6°C was recorded in Janu-
ary as obtained from the National Metrological Center
in Touggourt (Table 5 and Figure 1a) [24].

2.4.2 Rain precipitation :

Irregular rainfall is considered one of the features of
the region, where the city mostly witnesses rain pre-
cipitation in one or two days in the year that exceeds
the overall rain precipitation in the whole year. It can
be noted that rain precipitation rate reached its maxi-
mum at 11 mm in April compared to other months. In
addition, the high temperature of the region reflects
inadequate rain precipitation (Table 5 and Figure 1b).
The wind plays an important geomorphological role es-
pecially in arid and semi-arid regions. Therefore, study-
ing the wind and its destination is critically important
because of its outcomes, such as drying of wet areas,
acceleration of evaporation process and also the trans-
fer of pollutants and sand, known as desertification
phenomenon, which is considered one of the most dan-
gerous threats to the life in the region. Generally, there
are three dominant types of wind in the study area :
sand wind, sirocco wind and sea breeze (Table 5 and
Figure 1c).

2.4.2.1 Sand wind: It is a north west wind that blows
in the spring season and its speed ranges between 20-
27 m/s. It negatively affects the traffic, floods the ag-
ricultural oases with sand and also contributes to in-
creasing the rate of evaporation.

2.4.2.2 Sirocco wind: It is a south wind that usually
blows in summer and is characterized by its high tem-
perature that exceeds 50°C and by being dry.

2.4.2.3 Sea breeze: It is an east-west wind that blows
usually in autumn and is loaded with humidity and it
has a positive effect in terms of mitigating the high
temperature and the arid nature of the region.

3. RESULT AND DISCUSSION

The concentration of heavy metals in the soil samples
taken from the study area is listed in table 6.

3.1 Assessment of level of soil contamination

Table 6 shows the results of the total concentration
of each tested heavy metal in the topsoil of the study
area. These results indicate the variation in the aver-
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Table 6. Average concentration of heavy metals in the soil
samples taken from the study area

Site Mn Pb Co

S1 7.365 2.025 0.447
S2 3.856 0.95 0.47
S3 3.862 0.562 0.384
S4 7.467 2.937 0.636
S5 6.041 0.817 2.777
S6 7.044 0.875 0.538
S7 5.392 4.084 0.499
S8 2.254 0.667 0.285
S9 3.3 1.534 0.508
S10 1.212 0.917 0.426
Metals concentration in 900 14 10
the Earth’s crust [25]

Threshold limit values 1 0.5 2

Table 7. Contamination factor values of heavy metals in the
soil of the study area

Site Metal
Co Pb Mn

S1 0.044 0.145 0.008

S2 0.047 0.068 0.004

S3 0.038 0.04 0.004

S4 0.063 0.209 0.008

SbH 0.277 0.058 0.007

S6 0.053 0.063 0.007

S7 0.049 0.292 0.006

S8 0.028 0.048 0.003

S9 0.05 0.109 0.004

S10 0.042 0.065 0.001

Average | 0.059 0.028-0.277 | Low contam-
ination factor

Range 0.109 0.040-0.292 | Low contam-
ination factor

Category | 0.005 0.001-0.008 | Low contam-
ination factor

age concentration of the tested heavy metals, where
the highest average concentration 4.78 for Mn was
mg/mL, 1.54 mg/mL for Pb and 0.69 mg/mL for Co.
Except for cobalt, the average concentrations of the
tested heavy metals in the study area exceed their
threshold limit values (TLV) in Algeria [26]. This con-
tamination is a result of the solid, liquid and gaseous
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wastes from the various industrial facilities within the
study area that are derived from natural and anthropo-
genic inputs. For a better assessment of the anthropo-
genic inputs, computing of some pollution indices rep-
resented by contamination factor (CF), pollution load
index (PLI) and enrichment factor (EF) is required.

3.2 Contamination factor

Contamination factor expresses the level of soil con-
tamination with any heavy metal and also indicates the
level of anthropogenic pollution of specific soil [27].
From the results shown in table 7, it can be noticed
that CF values take following order : CF, <CF_ <
CF,,- All of these values belong to the low contamina-
tion factor category, CF< 1. This result indicates that
the Earth’s crust rocks are the main source of these
metals [28]. Therefore, the highest CF value in the
study area was for lead (Pb) as a result of the petro-
leum compounds emissions. In addition, the lowest CF
value was for manganese (Mn), being stable metal in
the Earth’s crust (Table 7).

3.3 Pollution load index

Pollution load index represents the number by which
the heavy metal concentration in the soil exceeds its
background value and it gives clear picture of the ex-
tent of the heavy metal toxicity in soil [22]. It also
represents the soil contamination in a certain location
and it has many definitions, where it has been defined
by Hakanson as the sum of contamination factor val-
ues and it has also been defined as the arithmetic mean
or the geometric mean of the analyzed pollutants [5,29].
According to the results of pollution load index (PLI)
shown in table 8, the pollution load index values of all
soil samples were O<PLI< 1 and belong to the low
contamination category (PLI< 1.5). Being the pollution
load index value table 4 less than 1.5 (the error cor-
rection factor used in classification, does not neces-
sarily mean that there is no intervention of anthropo-
genic activities in pollution induction. According to
Muller, PLI values less than 1.5 indicate that source
of the heavy metal is entirely from natural processes,
while values greater than 1.5 suggests that the source
is more likely to be anthropogenic [30]. However, these
low PLI values will not reflect the non-contamination
of the studied soil samples with industrial wastes. In
addition, the pollution load index value did not reach
higher values because the contamination factor (CF)
values of heavy metals in the study area are very close
to their background values in the reference soil.

3.4 Enrichment factor

Enrichment factor (EF) assesses the level of the an-
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Table 8. Pollution load index values of heavy metals in the
soil of the study area

Site CF, CF,, CFyn PLI value
S1 0.044 0.145 0.008 0.055
S2 0.047 0.068 0.004 0.033
S3 0.038 0.04 0.004 0.031
sS4 0.063 0.209 0.008 0.063
S5 0.277 0.058 0.007 0.133
S6 0.053 0.063 0.007 0.054
S7 0.049 0.292 0.006 0.071
S8 0.028 0.048 0.003 0.025
S9 0.05 0.109 0.004 0.042
S10 0.042 0.065 0.001 0.024

Table 9. Enrichment factor values of heavy metals in the soil
of the study area

Site Co Pb

S1 5.562 18.33
S2 11.08 16.42
S3 9.04 9.7
S4 7.74 26.22
S5 41.79 9.02
S6 6.94 8.28
S7 8.41 50.49
S8 11.49 19.73
S9 13.99 30.99
S10 31.95 50.44
Average 5.52-41.79 18.13
Range 8.28-50.49 21.1
Category Significant enrichment | Very high enrichment

thropogenic contamination of soil with heavy metals,
that is its value determines the degree of contamina-
tion. Akoto has illustrated that the EF values ranging
between 0.5-1.5 indicate that the heavy metals origi-
nate from natural geological processes, while the EF
values greater than 1.5 indicate that the sources of
the heavy metals are anthropogenic processes [31].
The EF values of heavy metals in the soil of the study
area in the following order are : Co<Pd as shown in
table 9. Soil samples with EF>5 for a specific metal
are considered contaminated with this metal [19]. Ac-
cordingly, all samples taken from the studied sites are
considered contaminated with Co and Pb, where the
highest EF value for lead was 50.49 (extremely high
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enrichment). Then, the highest EF value for Co was
recorded as 41.79 (extremely high enrichment). This
suggests that industrial activities, especially petroleum
ones as well as gaseous emissions from traffic are
more likely to be the source of heavy metals in the
study area.

4. CONCLUSION

It should be noted that the study area contains a large
number of facilities of an industrial and transformative
nature and any industrial activity has negative effects
and repercussions on the components of the surround-
ing environment, such as air, soil and water and ac-
cordingly this study concluded that the concentration
of heavy metals in the studied soil samples exceeded
the permissible values such that the pollution criteria
were within a low category of the pollution factor, while
assessing the state of the pollution load index requires
a more accurate and detailed study and analysis. In
contrast, the values of pollution indicators classified
within the low category do not explain the absence of
pollution in the studied soil, but the high content of soil
samples taken as a reference with heavy elements was
close to their content in the soil samples concerned
for the study. Based on this, it can be concluded from
this study is that the concentrations of heavy metals
in the soil of the study area, which appeared in the
calculations of pollution standards and indicators, were
from anthropogenic human activity and this is reflected
in the results of the enrichment factor as the main
factor in environmental pollution indicators that showed
the extent of the deterioration of the soil of the study
area that leads to a change in soil's chemical and physi-
cal composition.
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