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Effect of Municipal Solid Waste (MSW) depth on leachate
guantity and quality

Abstract

The research aimed at studying the effect of (Municipal Solid waste) depth
(MSW-D) and their degradation time (MSW-T) on the quality and quantity of leachate
produced (L-Q&Q), and the effect of (MSW-D) on rapid degradation (phase converting
rate) and dilution factor (D.F) (wash out during rainy seasons). It also aimed at design a
statistical-model and equations to link (MSW-D) and (MSW-T) with (L-Q&Q). A study
of (48) leachate samples for 12 (time-levels), 4™ (depth-levels) showed that the leachate
volume reduced with (MSW-D) or (DT) increasing, and the leachate strength changed
positively with (MSW-D) and inversely with (DT) so the (COD, NH,4 -N, TSS, EC)
concentrations were increased with (MSW-D). It also showed that the rapidity
degradation and (D.F) changed inversely with (MSW-D), and that (D.F) increased with
increasing of (MSW-T) during rainy seasons. The statistical-model results showed that
the (MSWD) and (MSW-T) were significantly affected (within-5% confidence-level) on
(L-Q&Q), and that (MSW-D) was more effective than (MSW-T).
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No Components | Weight % No Components | Weight %
Organic Inorganic
1 Food Wastes 66.8 10 Glass 2.40
2 Cardboards 5.9 11 Tin Cans 2.30
3 Paper 4.15 12 Aluminum 0.40
4 Plastics 5.70 13 Other metal 0.90
5 Textiles 6.10 14 | Hazardous Waste 0.70
6 Rubbers 1.10 15 Dirt, Ashes, etc. 0.90
7 Leather 0.20
8 Trimmings 2.10
9 Woods 0.40
AL J guad JNA 328U slial) Alasa )
Months | Rain | Evaporation | H=P(1-C)-E | Months | Evaporation | Rain | H=P(1-C)-E
(mm) (mm) (mm) (mm) (mm) (mm)
January 62 5.8 46.9 July - 233.9 -233.9
February 70 10.8 48.7 August - 223.0 -223.0
March 75.9 24.1 40.4 September 0.3 153.0 -152.7
April 54.6 50.1 -3.7 October 11 69.9 -60.6
May 23 111.6 -92.1 November 43.7 25.5 11.6
June 0.23 187.5 -187.3 December 68.4 10.5 47.6
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H=P(l-C)-E [14] . (D)
Where:

(H) depth of percolation water, (P) rain water, (C) runoff coeﬁ" cient, (E) evaporation

C =0.15[20][21] ([18] Silty clay sl 453 o )
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H (Percolation) = (46.9 + 48.7 + 40.415 + 11.645 + 47.64) => 195.3 mm

HApril) =-3.69mm &  H(May) =-92.05 mm

Then H (Total) = 195.3 + 3.69 + 92.05 => 291.04 mm

O (Total) = 291.04 x 0.0177 => 5.15 Litter (where section area = 0.0177 m°)
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Weight of MSW = Section area of pipe x Height of MSW x Density of MSW

A L gl il (3)

Column | Diameter | Surface Area | Depth | Volume | Density | Weight
No. (m) (m?) Mm) | (m’) |(Kg/m)| (Kg)
1 0.15 0.0177 0.5 | 0.0088 650 5.74
2 0.15 0.0177 1.0 0.0177 650 11.49
3 0.15 0.0177 1.5 | 0.0265 650 17.23
4 0.15 0.0177 2.0 | 0.0353 650 22.97
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IV A Lgi b e (S A el ay 55 il e 305 die Hadde yuw (aliad) ) cad) 6 3ad g <l
228 Caas g (% 23) (o) s (AU 5 B G g o) A il Jale L) A cudl (6 5m05 (% 14) s>
aladil die 4l e SUAla al) uhyy‘ S 55 a1 5 s Al Caedl ) 1] Jal) J‘»J.]gi JAIa oa dadh pall 2L 3N
sAa (Caadil LJ'U_,_UY‘ JSM‘[AJL}A.LME ¢J1 I._Ll.ulh ‘_9.2_1_5(% 7) gp‘“."’"’ujutjtﬂ)“ O chﬂELﬂJJU
J17] el \M L}A‘ua)}\ & @L.ul\
4 )
EC value

VS

depth

—B-Col-1 (0.5) m

\_.\I —A—Col-2 (1.0) m
/“ —@—Col-3 (1.5) m
—4—Col-4 (2.0) m

Time (days)

EC mhos
N

G (as aa il Sl Adua g2} 13 (6)

(TSS) -
1109.9 951.3 687.8) lalaia s dad lof cuals dallal) 4N ddiall alua¥) 581 53 i (7) g
e i ) e a s (100 <90 <70 ¢50) a3 gl 15 Bl 5 U 5 J Y i) 5 jlae 8 i/l (1600.7
Atidall 58 puSiall BEAY 5S) )3 JLU‘_’J'I ) LSJ"-‘U el Bae Baly ) Aie ala )i Aallall 2 gal) J ) 838 (pa
s sl 3 sl (a3 ity LS 0 o) sl (6 il i Sl oLl dsadla o8 (ol Ul i)
L n._:q,_uiJSLﬁﬂujLﬂ'l J'I}al'l J.:S).:u.nal_m._uas ubl.nﬁ&m@ydahmh_uudu_t}ddsu_‘i _).ls_).!‘_‘,_ll:‘\_‘,_“
qu\.msu_\:.'l LR x_ij.u\a'l 'I_‘..&d_'l:. G..aljl'l u.m:u.ﬂ Jale ).\.\I.l\_u.u.\dj‘}” L_qulqsi‘)i.mdmsmi)ﬂ! Bla
U S G5 oY B ) Jale 508 g1 W ) (5 a3 5 (% 27) (Hsme IV 8 Lt alai e S
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2la Caw g5 (% 30) s Sl g al 1) Gy ¢ SUEN Apiaala Galedil A il (g 5205 (% 14)
[14] & i) s2n i) 4l sSa) yaione JSU ) €l S 5 pol )1 dpuaala g L) ) ddladl Baly )

TSS mg/l x1000

i

Time (days)

~

TSS value
S
depth

—B-Col-1 (0.5) m
—A—Col-2 (1.0) m
—@—Col-3 (1.5 m

—4—Col-4 (2.0) m

i) ABUS ae Ag)M) Alal) slual) 58 5 485 (7)

N

Y

COD mg/l x1000

Time (days)

COD value
S
depth

—@—Col-1 (0.5)
m

—a—Col-2 (1.0)
m

—-@—Col-3 (1.5)
m

—e—Col-4 (2.0)
m

Ll 3as aa (COD) 4ad s (8)

(COD) ¢S MU (5 glrasll ullaial)  m

el Sl (8) oy Jatl e LU o) sl 3y (e gl Janay &y suinal) o) sal) 31 5 il

50) a2 @l sl s Gl 5 S5 J Y i) 8 a8 sil/aale (49190 46220 38050 29030) _lsie: dad
Gl (g ai s el (Bae Baly ) die b jaal) 8 (aias COD 3S) i o gy i il e a0 (100 <80 <60
ey 83l ) ) ) (6 et s ddline i) 8 A o) il Ll ety LS il O3 38U elall e Jsha )
O caiaill Jale 580 1) 108 o S a5 8 e Sl ey G2dAH A e 50l (8 S ana (alids) die Jladl)
(o Ay smnl) o) sl 58 55 QB (G sty GOl Laghl [6] o) Cum 6 AT g e Jlaill L1 L) S50 1 g s
s Js¥) B L et e A Aad el a5 A0S JB) e (g ging (o3 J oY) il A 212 3 3 jlanl)
s PN S Gy i) Hsda B HSaall adsan 5 J 53U el (g sl g1 ) ) o) (6 3215 (%23)
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gL 51 ) 2 g AL 50l 51 Canes (% 6) (lss Gl gl 1 g sl i slal Jabas ) ol (5 3205 (%17)
[14] go il o3a il | o i) Apadla

4 N\

NH, -N value
Vs
depth

—@-Col-1 (0.5) m

/ / /K —A—Col-2 (1.0) m
E g F; 0 4 —@—Col-3 (1.5) m
—4—Col-4 (2.0) m

Time (days)

NH,-N mg/I
‘0<

bl Bas g o i ga¥) il (9)
(NHg — N) assisad) =
byl ) o alailly 4 jlie 4ailel asan B jleas 8 L g3 581 JBT(9) JSAl 3 W) sl Ja
A5 I sl (8 5 aale (713 €635.2 €378 ¢131.3) W ke s Led Aadl o) a1l g el Ay b
pstisadl )i o) JSAl e ey i i) e a0 (110 100 70 60)

t.ol.e_ml.maa‘l_uJ_m-u_ﬂ_tl_ﬂ'l\_ﬁmd.aj‘)ud1?}u}a‘wuy1_)JS_)J&UJJQ_“M\@):JJ;!\JM1OADMBJM
u.\sa.l.“J.AL:-ﬁb&h&)}@’b@dﬁ&@yu.“ajhiédjy1£1)&ﬁ‘a_,u}q‘}” ).\S).\J!)“..JMLAS el
G 40 a1 ) gha¥) 3 L ol g Ll pae ) sl (g ad g o gail JS 3 sdayy ddii W 380 55 Of Ll ey
25 ) Gae J8 LS poal g JSi jeday (o2l) Juaal)y il Jale il (e il o aall Lgumléds) o 5 [ 23]
bl Jall Ul I dmis pall 82 31 038 s (6 3215 (% 65) (s Y (o L pshai e AL Aed e
L8 palassl ) (% 11) s a5 aal )15 (% 40) s AU 5 OB ca Baly 3 G 3 e J V) A il
130 o AT dga e dnadall (alidil die a g sl 3 5 palidl) axe gm,apwuuuﬂt&s&mjnmmn

177, [15] s 25 e pn ilial) o2 (3853 ) ALy shall ol slall (40

B uand) 3 g8 g dyaS o ) pial) LA dlaa¥) uasall - (3)

d_,na_“) Gl yoriall Al A ) yall & L PYTRATIN (Multlp]e Regression) ‘__',_;:La;}”» Jaa gl pladdiul a3
de i O oy )3 dle SV alae Ll (NCSS 2007, Version 07.1.16) gl ) aladinb [14] (dadll (e )
Ol el J g Ay sl Candiiond e IS 45 gina 2005 i il s 0 950l G silall o3 jlnaandt S
Dok LS5 (% 5) Wl 4 da ) paa (ANOVA)

b ) a,'ms .

e Eua b jlaaall S e LD Gue g ST (4) saall G g ge WSy Jlaill ey il el
Gae 22 o Leade 3285 (0.35) (s LeineS 2y 3 Lain 3aa 5 (0.65) (s Leldi ) 3aal g 3as g Jlaill (e 3 330 )
(5) dsxall mraia g5 ¢(2) Aalaall Lgaa 68 Analy ) A8Dlay 3 jlicaal) AaS ae O puaiall o2 Jasi 3 Baa) 5 3aa 5 il
Al 3 jlanl) 4aaS o Lgine Ol i U e s JIaill ey e S O
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s o Jaill (g gaad) L (4)

Ln (Leachate) Independent variable Standardized Coefficient ()
Intercept 0
Ln(depth) 0.351
1/time 0.651
Ln (Leachate) = 5.58 + 0.16 x Ln (depth) + 0.214 x Ln (time) ... (2)
B land daS o W il 4 gina g il piiall cplill Julas (5)
Model Term DF | R® | FCalculate | Prob Level
Model Ln (leachate) | 2 | 0.5473 27.207 % Less than 1
Ln (depth) 1 ]0.1232 12.247 % Less than 1 | Significant
Ln (time) 1 |0.4236 42.108 % Less than 1 | Significant
Error 45 | 0.4527
Total(Adjusted) 47 | 1.0000

(NHg — N) pssisa¥) 380 5

Cuan b jlanll 8 a5 5aY) 38 5 e Jaill e ) e SST(6) Jsaadl 8 e s LS Baal) i ek

(0.42) Vs S 5 313 3o Lai s 5 (0.82) () s st s S 53 8 Lol ) Baal g Bas  (Baall Baly ) s
Baa) g Bas g (pa i) BAl ) 2ie Basg

el il 8 lilal) JLa) 25 LS A8all il 5l 3 el (3)

(7)

(NH4-N) 5855 o Jadll g el 150 (6)

NHs-N

Independent variable Standardized Coefficient ()
Intercept 0
depth 0.8196
time 0.4196

NH /N =-241.99 + 335.97 x depth + 2.86 x time ... (3)
(NH4-N) 5855 o W il 4 gina g il psiiall cpbaal) Julas (7)

Model Term DF | R® | FCalculate | Prob Level
Model (NH4-N) 2 |0.8903| 182553 | % Lessthanl
Depth 1 10.6692 | 274431 | % Lessthan1 | Significant
Time 1 10.1754 71.947 % Less than 1 | Significant
Error 45 | 0.1097
Total(Adjusted) 47 | 1.0000
(COD) s sM (s sbassl) cullaial) 38) 5

O gt 5 bl LG 5 fme 3 (COD) S5 (e Jlad (S Lellad (a5 il Ghae i

aal 5 3aa 5 S Gee 3o 3y Ledie Ban 5 (0.75) (s 0 328 5 adi  Caa L (Saad (5555 5SY) L)
(4)“)&.&1‘{{_@}:\5(8)JJJ;]‘ELASJEJA‘&J&JAJM‘&L;}.n_)..".b_)__!Ln.‘_LD3_‘.:;_9(0.31)‘.;“_5;_}0_‘):5)3§_):1_9
A il 34 e il i) G (9) disaadl 8 Liayl ey LSl yuritall 03 (4 dancaly 1) A830)
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(COD) 3 g aasall (8)
COD Independent variable Standardized Coefficient ()
Intercept 0
Depth 0.7501
Time 0.1312

COD =-3902.65 + 20502.16 x depth + 58.75 x time ... (4)
(COD) S5 o W il 4y gina g ) piall bl Julasi (9)

Model Term DF R® F Calculate | Prob Level
Model (COD) 2 | 0.5846 31.666 % Less than 1
Depth 1 |0.5624 60.922 % Less than 1 | Significant
Time 1 [0.0172 1.865 % Less than 1 | Significant
Error 45 | 0.4154
Total(Adjusted) | 47 | 1.0000

(PH) i suugdl a0

DMiay s g el o8 0 J8 G (pH) Al (e 5 88Y) ga il Bee il Ui (10) J sl a3

A8 51 213 3 Gaga i) ey il Calanial a5l Ly j85 58 5 52 5 50 5 LU (Bae 21 3y Ledie 32a5(0.89)
o2 Lol )Y Al )l disall (5) Aaleall (i o 3k die 335 (0.23) (M A soued)
s souell A8l e b gina Lellad (e s llail) Bee 0 Ol (11) Jsaadl Gaw (PH) dad ae ol il

(PH) Aaill (2l W daasall (10)

pH Independent variable Standardized Coefficient ()
Intercept 0
Depth 0.8866-
Time 0.2301

PpH=7.07—1.56 x depth + 0.007 x time ... (5)
(PH) Zad o b 5 4 gina g ) piiall i) (it (11)

Model Term DF R® F Calculate | Prob Level
Model (pH) 2 |0.8293 | 109.276 | % Lessthan1
Depth 1 |0.7857 | 207.066 % Less than 1 | Significant
Time 1 | 0.0529 13.950 % Less than 1 | Significant
Error 45 | 0.1707
Total(Adjusted) | 47 | 1.0000
(TSS)

s Aallall o sl 5K 3 2 5 (12) Jsradl 8 LS Qi) (e (e (Aol S5 Gl Gae Sy

Bas g JIaill (e 33l ) die Bas 9 (0.48) (N sms Ao @lldS g 3as) g Bas g L&) (Bae 32l ) die 3aa 5 (0.71)
Laa s ) s 3) aacie IS 58 4 ginae (13) Jsandl a5 LS (6) Wbaal) 8 A 483May ol yaciall 028 Jagi 5i
ALl ol sal) 38 55 e U sina

(TSS) 58 (el Jiagall (12)

TSS Independent variable Standardized Coefficient ()
Intercept 0.0000
depth 0.7102
time 0.4812
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TSS =-146.48 + 481.76 x depth + 5.31 x time ... (6)

(TSS) 385 Ao W il Ay gina g <l paatiall cplail) Julas (13)
Model Term DF R? F Calculate Prob Level
Model (TSS) 2 107701 75.367 Less than 1 %

depth 1 ]0.5031 98.469 Less than 1 % | Significant
time 1 ]0.2310 45.215 Less than 1 % | Significant
Error 45 1 0.2299

Total(Adjusted) | 47 | 1.0000

Lyl Jagi 5y LS cllal) 038 (Bac e B le 430 5k A83ay dbiall cilliil) 3 jliac 8 il glall S 35 dai (1)
bl o3 Jlad (e ) ce ) g2l e Ge 5 il gaall e 4k 48y

oo e A8ay (e il o sima il) Aliad) L Aras s slall LG aliaiel LB Lg 5 (2)
Lellat e ) e 433 sl 5 il oa

L Lo 5 cullaall o3a (Bae pe e A83ay dulia L (e A5 A0S (o Al 8 jlaall LS bsi 5, (3)
il o3 Jlad (e ) e ) g2l e Ge 5 il gaall e 4k A8y

OIS el sda e A Al 3 jlasll de Lellad (e ) (e JAS) llal) gee Sim . (4)
Al 3 jlanl) BueS e Lgiae
() e Ble 4305k ABDle 5 ) Bac pa 3 pilie dpuSe Ay Juadl cadddll Jule 55 dag y . (5)

L) 038 (Sac a3 pdilae dpuSe ADay Liayl Jlaill de juv Jag yi LS el o2a Jlas
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