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1 Central Composite Design (CCD)
2 Stirring time interval percentage (STIP)
3 Response Surface Methodology (RSM)
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Fig. 1. Schematic of the experimental system used for
remediation process of 2-methylpropane-2-thiol
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Characteristic Value
Organic carbon (%) 1.26
Sand (%) 218
Silt (%) 58.1
Clay (%) 20.1
Crystalline Fe (mg/kg) 29540
Crystalline Mn (mg/kg) 532
Amorphous Fe (mg/kg) 63.9
Amorphous Mn (mg/kg) 36.3
pH 6.3

Table 1. Characteristics of the sample soil
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Hill Formula Chemical Formula
C4H10S (CHs);CSH
Molar Mass Chemical Structure
SH
90.1872 g/mol
’ HsC "1CHs
CH,
Table 2. Chemical structure and formula of 2-methylpropane-
2-thiol
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. Factor Ranges and levels
Independent variables Symbol Code 1633 1 0 1 1633
FeSO, to soil ratio (w/w) (FelS), X 0.00155 0.0025 0.0040 0.0055 0.00645
Time STIP X, 13.67 20 30 40 46.33
Initial H,O, concentration %(w/v)  [H,0,], X3 1.734 3 5 7 8.266

Table 3. Experimental factors and their ranges and levels

Yoams daly Lot g G palie s G2l s (COD g 5l eslinal Lsdd b mla 0 586 Y 5l £ Jgoor

Coded values

Removal efficiency (%)

Run order Block

[H.05]o STIP (FelS)o Observed Predicted
1 1 -1.000 1.000 -1.000 82.3828 84.8306
2 1 -1.000 -1.000 -1.000 73.0862 70.1362
3 1 0.000 0.000 0.000 87.7949 88.1234
4 1 1.000 -1.000 1.000 89.7762 86.8262
5 1 1.000 -1.000 -1.000 75.3840 73.6884
6 1 0.000 0.000 0.000 86.7240 88.1234
7 1 0.000 0.000 0.000 87.4740 88.1234
8 1 1.000 1.000 -1.000 88.2260 85.8103
9 1 -1.000 -1.000 1.000 74.3618 73.2754
10 1 -1.000 1.000 1.000 83.1900 81.3834
11 1 1.000 1.000 1.000 92.9138 92.3618
12 1 0.000 0.000 0.000 89.7820 88.1234
13 2 0.000 0.000 0.000 90.6001 88.1234
14 2 1.633 0.000 0.000 85.5162 87.9620
15 2 0.000 1.633 0.000 92.1985 93.2439
16 2 0.000 -1.633 0.000 73.6262 76.7263
17 2 0.000 0.000 -1.633 72.0614 74.5072
18 2 0.000 0.000 0.000 89.2240 88.1234
19 2 0.000 0.000 1.633 80.7198 82.4195
20 2 -1.633 0.000 0.000 74.3982 76.0979

Table 4.The 3-factors 5-level CCD matrix with the observed and the predicted responses with quadratic model
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DF SS MS F- P-
value value
Blocks 1 23.55 23.55 4.45 0.064
Regression 9 906.20 100.69 19.01 0.000
Linear 3 59524 198.41 37.46 0.000
(Fe/S)o 1 78.26 78.26 14.77 0.004
STIP 1 34104 341.04 64.39 0.000
[H202]o 1 17594 17594 33.22 0.000
Square 3 23598 78.66 14.85 0.001
(FelS)e 1 153.38 153.38 32.72 0.000
STIP? 1 13.64 13.64 3.45 0.096
[H0,]¢® 1 68.95 68.95 13.02 0.006
Interaction 3 74.98 24.99 472 0.030
(Fe/S)o*STIP 1 21.69 21.69 4.10 0.074
(Fe/S)o*[H20:]o 1 49,99  49.99 9.44 0.013
[H20,]0*STIP 1 3.31 3.31 0.62 0.450
Residual Error 9 67.47 5.30
Lack-of-Fit 5 41.61 8.32 5.50 0.062
Pure error 4 6.06 151
Total 19  977.42 R*=95.21 %

Table 5. ANOVA table for 2-methylpropane-2-thiol removal
from soil by modified Fenton process

82

Al elie 2 e ¢l Cl sdd SILI(E) Jgde o
[29] sl 0l o3lizal (V) sl 51 olss Sa T

k k k
k-1
Y =8+ E Bix; + E Bix? + E , E Bijxix; )
- n i=1 4
i=1 i=1 Jj=2

+ €
Xj 9 Xi «dr 32 o= é)LwU&- fJ)LY Lé}ﬁ 4.)9.:‘) BE

L#j

€4LAL;JJ r.shﬂ PR e JS‘)‘JJ:aXin 4&)}5& a.LiJ.Sﬂ:LE.a
L{wx\j)i‘aﬁﬁ&ﬁjnﬂeMu)leéw
YL?))‘\_LJ.‘)C/_{UJ.{JGAB jLAuiSV.Aﬁ‘_;lﬂkiji

a

g @b -y

=5 5CCD Lis, Lyedd o1k Gl ialosT glaosls
- o lasl cal il s &Il (8) i s il 5l ol
%;gdeudMMSﬁYﬁj@OL;u
adsl slos Lo ploil slatulesl s 5 4 Y ) sl
el 31 S Sl a3 YO 5 YY) St

adaly 5 (8) dodmr 3 ol Sialesl = Sl eslial L
358 AE ens S B A2k S e el (V)
Loy adaly ol Sl oslital L acanl o o3ls OLas (A) aladl
223L olie i, S 51 SG s el S slis (oIS
A O 53 0T @l 5 aalows Ao s o 1 ST 035

&:A.w‘ b.)uu::l 4.5:\)‘ (i)d).)\}&_a} oo

Y=AANAYYE + Y/EYYxx, + 0/+0VOxxy +
Y/AYY Wxxy — V/'\\“Wxx\‘— \IFE XX\ Xy +

YIEAAYxxxe — VAVEAxxy — «/SFY)
xxyXy — YIAOO» xx¢'

Q)

s ot )

(0) dgdor )3 (&) Jsdr 5o modks S ilols Lo
S QLL.: J_}Jo- u_:\ BE C)JC.A F E) P ﬁ;Lia NGV P WA 45\)‘
03 s Jgs cl_u Ol s s L, oS rlJS S das
S Al S 2los (Sall a3k edd e 5556
[30]



\YA-\JL«/i A)La.'.:/v.h.b.uba)j:

oot Ol jes wdige g — oo doe

Wiw) S 4, FeSO; S35

5 kol Loy Sl 5 a6t s e sl L LT IS
Sl by a3l iS o

[H20:/0xSTIP 0.56%
(Fe/S)ox[H0:/, I 3.47%
(Fe/S)o*STIP, I 3.68%
[H20:/ | 7.05%
STIP’ W 1.88%
(Fe/S); I |7.79%
[H-0:) R 17.89%
ST/ e e R el 34.68%4
(Fe/S), A 7.96%

0.3

0.1 0.2 0.4
Percentage effects of the main factors and interactions

Fig. 2. Pareto graphic analysis of main factors and interactions
effects on the removal efficiency
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Terms removal of 2-methylpropane-2-thiol

Terms
coefficient t- value P-value
Bo 88.1234 93.568 0.000
B1 2.4226 3.844 0.004
2 2.0575 8.024 0.000
Bs 3.6326 5.764 0.000
11 -3.6225 -5.720 0.000
22 -1.1768 -1.858 0.096
B3 -2.2850 -3.608 0.006
12 -1.6466 -2.024 0.074
Bis 2.4997 3.072 0.013
Bas -0.6431 -0.790 0.450

Table 6. P-values and t-values for the estimated regression
coefficients (Eq. 4)
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Abstract:
The pollution of soil with 2-methylpropane-2-thiol as an odorant hydrocarbon is an environmental problem.
It also causes secondary impacts such as social dissatisfaction and economic problems due to tourist revenue
reduction. 2-methylpropane-2-thiol is a hazardous material, and remediation of soil polluted by this material
with a fast method is important to study.
In this study, modified Fenton treatment is investigated for oxidation of 2-methylpropane-2-thiol. Central
Composite Design (CCD) based on Response Surface Methodology (RSM) was used to obtain appropriate
effects of the main factors (initial H202 concentration, FeSO4 to soil ratio and stirring time interval
percentage) and their interactions on the removal efficiency. Treatments were set up to monitor 2-
methylpropane-2-thiol removal efficiency for initial contaminant concentration of 64690 ppm by weight.
Design of experiment in the three-factor with five-level matrix include 20 experiments. Randomization
technique is used to guard against unknown and uncontrolled factors such as lurking nuisance factors.
Moreover, blocking technique is used to investigate probable effect of initial soil temperature on results.
Analysis of variance and Pareto analysis show that all main factors are effective. Also, stirring time interval
percentage was the most influential factors on 2-methylpropane-2-thiol removal efficiency. Results of the
experiments show that at low concentration levels, removal efficiency increases with hydrogen peroxide
concentration up to a certain level. For higher concentration of hydrogen peroxide concentration, the removal
efficiencies decreased, which could be due to scavenging. Also, increase in FeSOA4:Soil ratio increases
removal efficiency up to the certain level because Fe?" is an alternative to enable more extensive and greater
contaminant oxidation. However, a greater ratio (more than 0.0040) causes a decrease in the removal
efficiency. This phenomenon could be due to side reactions which affect reactive radicals such as OH"
radicals. Furthermore, investigation of the results demonstrates that 2-methylpropane-2-thiol removal
efficiency rises with increasing stirrinzg time interval percentage. This phenomenon could be due to uniform
distribution of oxidation agent and Fe", and better desorption of contaminant from soil to liquid phase.
Moreover, based on the analysis of variance, the interaction between hydrogen peroxide and FeSO4: Soil
ratio was significant, with positive effect on the removal efficiency. This interaction could be the result of
the reaction between H,0, and Fe*". By considering the main and interaction effects, with the raising H,0,
and Fe” concentrations up to a certain level, the removal efficiency increases, and with higher
concentrations, the removal efficiency will drop. Analysis of variance indicate that initial soil temperature
(21 and 25 °°) were not effective factors during the time interval of the experiments which could be due to
the exothermic reaction between hydrogen peroxide, FeSO4 and the contaminant. P-value of lack-of-fit
(0.064) indicates that suggested model adequately fits the data with a good correlation coefficient
(R,=95.12%). Optimum condition suggested for maximum 2-methylpropane-2-thiol removal efficiency
(94.412%) shows that the concentration of H,O, and Fe”* ion must be at a certain level and maximum
stirring time for remediation in the studied intervals.
CCD model predicts 94.084% for the removal efficiency at optimum condition which is in a good
agreement with the predicted value.

Keywords: 2-methylpropane-2-thiol, Quadratic mathematical model, Analysis of variance, remediation.
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