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Table 1 Granulation of stone materials

) Percentage of weight
Sieve number

Weight left on the sieve

Type left on the sieve (gr) Percentage of passage
3/4 0 0 100
12 22 2088 87
3/8 83 5798 17
chickoen 1/4 96 1233 4
grains 3/16 99.7 350 03
Pan 100 31 0
9500 Toatl
1 0 0 0
3/4 35 5355 65
12 84 7503 16
Coarse 3/8 97 1985 3
almond 3/16 99.4 366 0.6
grains Pan 100 9] 0
15300 Total
3/4 0 0 100
12 0 0 100
3/8 0 0 100
3/16 2 40 98
8 16.1 281 84
_ 16 35 379 65
gf;fé . 30 66 620 34
sanding 50 85.1 381 15
100 96 2.9 4
Pan 100 80 0
100 2000 Total
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Table 2 Porous concrete mix design with
aggregate and cement content equal to 1330 and
340 kg/m? and water to cement ratio of 0.38
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Witness 0 C 0
Pumice 25 Pu-25 1
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Scorpion 100 s-100 3
Zeolite 25 Z-25 3
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Table 3 Taguchi test results for EC and TDS

Additive
Level additive volume Mol sulfide
percentage nanoparticles
1 -65.89 -65.23 -66.01
EC 2 -65.86 -65.79 -65.71
3 -65.79 -66.04 -65.51
4 -65.39 -65.89 -65.71
Delta 0.5 0.81 0.6
Rank 3 1 2
1 -61.44 -60.82 -61.26
2 -61.31 -61.12 -61.29
TDS 3 -61.00 -61.34 -61.09
4 -60.92 -61.38 -61.03
Delta 0.52 0.56 0.27
Rank 2 1 3
Main Effects Plot for SN ratios
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Signal-to-noise: Smaller is better

EC (ly e 4 JiSKs b -Y IS
Fig. 2 Signal to noise results for EC

COD s 5§ 550303l gy 9 (Bl (359 oo (s
20,5 6503l BOD 4

Lo eyl e ST g 5 gt 133l 5 5l ool b cales 5o
b gy (Sl als s bl 5l Sy e b
ol &8 cwl giludg aul 3 S 286 ok
el (S/N) 5255 40 JiSemw o &j500 Ban &b
5 Bl e (p St Wb g 4 S S
e &Bly el cavoy agy abhds fSle dan
At gk S Bl g5 0 JUSm 9 sl 5
Jelos Jloges po el el o (38,8 ol
Lagie Jake 5 50 1o 85 x4 i
2555 sl s it Jolns cablon 5 4 JiSom
&S Gpy a4 JiKw o &Kly jo cwl dbgiye
L aaBlioe dnge alals Soiba 300 1 jlade o 5 o
B 5 My Sen Jilam 4 adly g o Wb a5
05 Sl wl s 0sh oSas S g

(Zandieh et al. 2002)

w3l 3eS ze Sogll Ol azye g ol o
Sy S Sz sS L ,lle 5 Slaglas jo a5 conl g
59 i a2 (gilwdigy saw o aS DBluw 008
50 Ban aibee banie giluaas Jlosay #dly
S a4 5 28k (Fogll 5 JBlas ok
el oals oolatwl g 5SS £ 5l aliae cpl o
-0 osalin gl 4 JKs polae QMT Cwrdds 31
Syse Slaysse o )L‘f)-”L’ 5 At gohw &5 o9b
g aidlbie 551 o 0 (Sogll (neS Gl (o

Ll b jiole s Cos sumolis oyl

Cxy g Lrasly Y
Ol 59 o 3933 3l b 52 585 polia (V) Jgaz o
TDS jEC Lislosl 5l oslcassas gl 5 Sogll zals
la el )b cnl B )0 5 Jodsie iy sladiges sl 0
V¥ ) ez doyo 5l jshaie dslol jo ool oads &5l
Jobite yaizan 5 L) e e o UV - YD cas e ¥ g
LSl ipmmgy cai i B g ¥V ) (50933l slge
oAk (1) Jeoar olel el G155 Sdsds

! Signal/Noise

YR 5l oF o)lad F 090 ool (quuis 5 Cunmylaromo


SAMSUNG
Typewritten text
251


OHSer 5 52 55

YOY

*

L 4

(F) Jgoz ol o il o Laodl > oy s
S Ay 50 el Wl aS aas e s
o8¢l S cled ;o590 a3, 0 0938l ooy
() JS—i 5l p—omen )Mo I B g a5y 0
Lo o559l (e0958l 45 09 oo CBlo i
(AR YARRISESC S g BERPES £ g N
I, NTU Jp)o)gb S e 0,35l

KN

Main Effects Plot for SN ratios
Data Means

e wpiagd il o> 20 S sl s U
'
375
2 o »
- . .
° ~—
& ’ 4 e
5 85 - -
E
H
]
= 300 &
308
“
-40.0
1 2 3 4 1 ] 3 4 1 3 3 4

Signal-to-noise: Smaller is better

TSS (ol 5255 4 Jiw s ¥ S
Fig. 4 Signal to noise results for TSS

Main Effects Plot for SN ratios

Data Means
5iza39] 9ia38]  pse> 3oy S8 skl oy gili
-43 .
o
/ \
g4 /) A
= / '\ AN
5 5 / 4
2 3 ! '\ e
2 \ ] -
46 ¢ \
.
-47

1 2 3 4 1 2 3 4 1 2 &) 4

Signal-to-noise: Smaller is better

NTU Gl 35 40 Jistom ol -0 S5
Fig. 5 Signal to noise results for NTU

o sleaises sl BOD 5 COD sl il )y ol
oads ol ylid (B) Jguz o QT Bl dwo,0 g Jod=ise
Sl adl gl adgl Jlade 4 cas YAV S aib
Lol aiRle b osie saalin &5 boles
o3 COD Gix ao o i « Jodie (i diloSw
GALAS &l COD G~ AW ol Al PESY b6
ollae o Slac oauaoylid a5 cul 7Y oYL ol

Al ge yell cpl Bd> o Sl sl

o> Je 3 09 g0 0dalie (V) Jgur j0 a5 j5b Lo
e a g 3,00 [, TDS 4 156 cp 5t <105 Lo b
ST el cnl 655 2 0,35 e 99558 &5
Aok Gl XS 25l iy Geizres wllise
(V) U @ a8 b iges ol TDS Gi> sy

NI PSRN HYA SPIVA RRIIPE AR WS Vo)

Main Effects Plot for SN ratios
Data Means

sing 351 938l o a0)3 8318 alyw Ol gl

Mean of SN ratios

Signal-to-noise: Smaller is better

TDS (ol 3255 & Jiw s ¥ IS
Fig. 3 Signal to noise results for TDS

ladiges gl (25)50) NTU 5 TSS (gl ol s y0lie
oo &l (F) Jgaz ;o o] i auo 0 g Joddsie 40
bodls Rl b osi o oomlin a5 sbilon .ol
Wgad 4y Cannd TS Bd> wsy0  Jodxin (40 diged ;o
e 0 Sles caips lad 4 cewl adl il5El aall
Lo 9538 ol oS wilioe il
L i)l 1, TSS (i aoys it ~TAVY e
P Se s, il (Sl gy ((F) Jsur 4 4z
O 5l om s wiboe TSS Gis woys (6,105 ,50
4255 b 3lo 23 0,350 plie 5 (S99l o yd o Sy
7> oS 53 egy 45 995 o0 oaline (F) S5 4
o 51, TDS i do 5 15 s c0,5586 7Y 5 Y0

S5l

O ygaS Lo el aSgad il o YFY NTU
Gl dea a3 YV E Jla_4. YAPNTU
ye—bolen . wl a_dlo & 0 S el S a_Jl
2 Lleodls Ll Ly og b s osnl i as
Sy9aS BA> e (e i slad Sgal
5 o 0, Sloe ool ii a S cwl a_dls

'Yasa ).».sl) Y o)LA.JZ: o 0,99 s;‘)] (SN0 9 W)JG-«?M


SAMSUNG
Typewritten text
252


0,85 b 550 Slilyy (Sl 1als (g3luange

Yoy
Main Effec;:tzlﬁz‘:nosrsN ratios NTU LS‘)'? L?;L' 05"’)—‘ C”L‘" _f Jﬁ“"
” sl il pozm S5 tlpon o1 ol Table 4 Taguchi test results for TSS and NTU

4 N
/ / N
21 f / s
R
22 :.' .“I‘ .‘.“.‘

23 / ¢

Mean of SN ratios
.

-24

-5
L]

1 2 3 4 1 2 3 4 1 2 3 4

Signal-to-noise: Smaller is better
NTU sl g & JuSow gbs -V 55
Fig. 7 Signal to noise results for BOD

BOD 5 COD (ly; (556 (3905] s -0 Jgor
Table 5 Taguchi test results for COD and BOD

Additive
Level additive volume Metal su!ﬁde
percentage nanoparticles
1 -30.16 -28.91 -30.14
2 -26.5 -27.62 -30.26
8 3 -28.01 -27.97 -26.52
>/ 4 -29.06 -29.22 -26.82
Delta 3.66 1.6 3.75
Rank 2 3 1
1 -25.40 -24.68 -25.78
2 -21.53 -20.12 -23.03
8 3 -21.36 -22.40 -20.00
>/ 4 -21.58 -22.67 -21.05
Delta 4.04 4.56 5.78
Rank 3 2 1
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Table 6 Taguchi test results for Reduce pollution

Additive
Level additive volume Metal su!ﬁde
percentage nanoparticles

1 -59.48 -58.82 -59.53

2 -59.41 -59.32 -59.30

3 -59.28 -59.56 -59.10

4 -58.99 -59.46 -59.24
Delta 0.49 0.74 043
Rank 2 1 3

Additive

Level Additive volume  Mietalsulfide
percentage nanoparticles
1 -39.72 -38.08 -38.54
2 -38.36 -38.13 -38.52
TSS 3 -38.21 -38.30 -38.10
4 -37.16 -37.94 -38.29
Delta 2.56 1.14 1.450.44
Rank 1 2 3
1 -45.86 -43.41 -45.45
2 -43.47 -45.54 -44.95
NTU 3 -43.10 -44.49 -43.99
4 -46.83 -45.81 -44.78
Delta 3.73 2.39 1.45
Rank 1 2 3
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Abstract

Water is a vital substance for human and water supply has become a crisis in many arid countries. Due to
arid and semi-arid climate of Iran, it has many challenges to supply fresh water. According to the urgent
need for water and also the lack of water resources, it is a nessessity to implement the water management
programs like recycle and reuse of runoffs in order to meet the water needs in agriculture and green space.
Nowadays, use of concrete porous pavements in urban paths is increased significantly, and it can be used to
reduce water pollution. Due to the usefulness of different adsorbents in reducing pollution, in this study the
effect of replacing pumice, scria, zeolite and travertine adsorbents with volume percentages of 25, 50, 75
and 100% and metal sulfide nanoparticles with 1, 2, 3 and 4% with porous concrete aggregates on qualitative
parameters in runoff have been investigated by Taguchi method. Experiments related to physical properties
were performed in the concrete technology laboratory as well as tests related to qualitative parameters in the
chemistry laboratory. In this study, three parameters of additive, volume percentage of additive and metal
sulfide nanoparticles have been used. Finally, using Minitab and Excel software, the parameters and the
effect of each of them in reducing pollution were investigated. The results showed that the greatest impact
on reduction of pollution was the percentage of additive, type of additive and volume of nanoparticles,
respectively. Finally, as a proposed concrete mix design that has the highest effect on pollution elimination,
75% of the volume fraction and 1% of the nanoparticle can be introduced.

Keywords: Nanoparticles; Porous Concrete; Runoff; Taguchi Method; Water Pollution.
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