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ABSTRACT

Introduction: Volatile organic compounds are the most common pollutants in the air, and among them,
toluene is the most common form, which is toxic resulting in liver and kidneys damages. Regarding the
fact that this compound is widely used in various chemical industries, implementing an efficient method
for controlling its concentration is of great importance. The comparative survey of the capability of virgin
activated carbon with the one immobilized by pseudomonas putida PTCC, and also the performance of
the biofiltration system involving pseudomonas putida bacteria immobilized on activated carbon for the
adsorption and degradation of toluene from the air as well as regenerating the activated carbon were
aimed in the present study.

Material and Methods: The microbial growth process was initiated by incubation of pre-culture in a
rotary shaker, at 150 rpm overnight. After 4 days, the strain pseudomonas putida, PTCC No: 1694 was
immobilized on a certain amount of activated carbon. Subsequently, an airstream containing toluene was
introduced into the biofilter, and the inlet and outlet concentrations of toluene were measured.

Results: The obtained results illustrated that the increase in the volume of the media and decrease in the
gas flow rate significantly enhances efficiency. The great performance of the biofilter was confirmed by
the high efficiency of the immobilized activated carbon which exhibited 89% yield during 14 hours. On the
second cycle, the biofiltration system was able to adsorb toluene at an efficiency of 81%, while the virgin
activated carbon exhibited far less efficiency with the value of 28%.

Conclusion: The provided results demonstrated the feasibility and reusability of the biofilter system for
toluene removal. The proposed technique also extends the activated carbon’s capacity, which could be a
potential solution to re-use the activated carbon in industrial applications.
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1. INTRODUCTION

Air pollution is one of the major causes of low physical weakness, and many other diseases.
quality of life in many industrialized nations. Air Eliminating these contaminants is very costly.
pollution has caused a sharp increase in a variety of Volatile organic compounds are the most
respiratory diseases, skin problems, birth defects, common pollutants in the air, and among them,

luene is the m mmon compoun hich
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is an aromatic compound with a benzene ring
and similar properties to benzene; however, with
less volatility. Toluene is a liquid that is used as
a solvent in the preparation of paints, polishes,
adhesives, rubber, and plastics and the production
of various chemical compounds in many industries.
Regarding the fact that this compound is widely
used in various chemical industries, implementing
an efficient method for controlling its concentration
is of great importance.

Activated carbon is mostly used as an adsorbent
in controlling air and water pollution leads to its
ability to absorb various pollutants. Biologically
Active Carbon (BAC) can remove gaseous
pollutants in the biofiltration system by intensifying
microbiological decomposition and adsorption of
activated carbon.

2. MATERIALS AND METHODS
Microorganism

Pseudomonas putida PTCC 1694, a gram-
negative, rod-shaped bacterium, was used. First,
the bacteria were cultured in isolation on an agar
medium. After 24 hours and the confirmation of no
contamination on the agar medium, a colony was
removed from the culture medium using a sterile
ring and dissolved in the liquid culture medium. It
was then placed in a shaker incubator at 150 rpm
for 24 hours at 30 ° C to allow bacteria to grow.

Activated carbon preparation

The granular activated carbon was washed
several times with deionized water to remove
carbon particles and then dried in an oven at 100
° C for 24 hrs. To sterilize, activated carbon was
placed in an autoclave for 12 minutes at 121 ° C.

Microbial immobilization

A specific amount of activated carbon was
weighed after the bacteria reached the logarithmic
phase and placed in a flask with the culture medium.
During stabilization, the flask was refrigerated for
four days. The biomass concentration was measured
before and after stabilization by spectrophotometry
at 620 nm. The difference between these two
concentrations indicated the degree of stabilization.

Scanning Electron Microscope

The structure of activated carbon was scanned
before and after stabilization using DSM-960A
scanning electron microscope.
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Biofiltration system and conditions

This study was performed using a laboratory-
scale biofilter system consisting of two columns
made of polyvinyl chloride with a total height of
70 cm and a diameter of 10 cm that were placed
in parallel. This system included various parts,
including input and output of nutrient solution, to
maintain and grow microorganisms and prevent
the substrate from drying out, impinger (gas bottle),
which was used to store toluene and make the
desired densities; and an airflow meter (rotameter)
which was used at the start point of the system to
measure the volume of airflow. A variable-speed
fan was provided to supply the required air. In
the humidifier column, the airflow through the
humidifier column was humidified and entered the
system. Finally, sampling ports were installed at the
input and output of the stop. All experiments were
performed at a temperature of 25-22 ° C and 70-
50% humidity.

Test Method

In the first cycle, two columns, one with virgin
activated carbon (AC) and the other with bacterial-
immobilized activated carbon (BAC) with different
volumes (86, 173, and 260 ml) were filled. The
virgin activated carbon was soaked in water to have
the same moisture as the immobilized activated
carbon and the experiments were performed under
the same conditions. Different concentrations
(45 and 85 ppm) of toluene with different flow
rates (1, 2, and 3 liters per minute) were entered
into the system. The inputs and outputs of each
column were sampled regularly and injected into
the gas chromatography (GC) device. Sampling
was performed until the contaminant density at the
outlet reached half the contaminant density at the
inlet - i.e. the breaking point of 50%. The system
was shut down at this stage. After shutting down the
system for a specific period of time, the system was
turned on again and the same tests were performed
as in the first cycle. The purpose of the second cycle
was to investigate the possibility of regenerating
activated carbon to evaluate the efficiency of both
systems in the second cycle.

Gas chromatography and sample analysis

To analyze toluene-containing gas samples,
the GC model -FID (CP-3800 model-VARIAN
company) was used. The amounts of toluene
adsorption and decomposition were calculated by
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Fig. 1. Biofiltration System

sampling the inputs and outputs of both columns
and injecting them into a gas chromatographic
device equipped with a detector.

3. RESULTS AND DISCUSSION

The results of the study showed that there
was a significant difference between the average
efficiency of the two systems in the first cycle. As
shown in the SEM images, the bacteria reduce
the adsorption level of toluene by binding to the
activated carbon surface, thereby reducing the
efficiency of the biofilter system. According to the
results, the amount of toluene output increased
in immobilized activated carbon after about
3.5 hours, which could be due to the adaptation
of bacteria. At this point, the slow release of
toluene to the activated carbon level increases the
concentration of toluene in the system output. Then
environmentally friendly bacteria broke down
toluene and reduced the density of toluene output.
The next step was the result of the adsorption and
decomposition of toluene. The results of the study
showed that there was a significant difference
between the average efficiency of the two systems
in the second cycle. Virgin activated carbon
had some adsorption in the second cycle due to
unsaturation in the first cycle, but in immobilized
activated carbon, the bacteria in the activated
carbon decomposed toluene, so, it had a higher
adsorption in the second cycle. The present study
showed that the efficiency of the second cycle
for immobilized activated carbon was lower
compared to the first cycle. This may be because
part of the contaminant was still present in the
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Fig. 2. Toluene adsorption efficiency in both systems in the first
and second cycles

activated carbon. The results of this study showed
that the efficiency increased with increasing the
volume of the bed. In addition, system efficiency
decreased with increasing airflow.

4. CONCLUSIONS

Activated carbon immobilized by pseudomonas
putida had an excellent efficiency in removing
toluene. Pseudomonas was successfully attached
to the activated carbon surface. Activated carbon
did not require thermal or chemical recycling for
reuse and could be regenerated by existing bacteria.
The biofilm structure protected microorganisms
from harsh environmental conditions and kept the
biomass in the process, even if the conditions were
not conducive to its growth. In addition, due to
the significant difference in the average efficiency,
the best efficiency of the system was seen with the
airflow of 1 lit/min, inlet density of 45 ppm, and
bed volume of 260 ml.
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1- Scanning Electron Microscope

111 BB /P a)laid /1P sla )15 ¢ies) § Cublagy aslilosd


https://jhsw.tums.ac.ir/article-1-6682-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-24 |

ol S j0 00,5500 Cews Jleb S 5 dnléo
523
Pl ol Sl o ob glas gkl mls
B 00,955 Caws Jlad (05 50 p93 9 Jgl S
sob slen (p-value= «,v 0 0) 5ls 029 (g o sime
Slade pg JSew 0 3ad oo cdline V loges o aS

ohBea g Slic) o)

2L boodd ot Sl ) 2 aeglie
0 5 Jol S
S 58 215 il o 5T @l (w2 5o
Gl (e IS o0l s JUed ()5 )0 p90 9 sl
2l e S jo (p-value= +,e 0 0) wel Conny

sy ol (ke (s

A

5000X §2000X oS5 ¥ 0 (D)os 950 cawsd Jlad ¢y 35 9 (A)ousis G Jlad 09,5 51 SEM gl .Y JsCis

60m=

40

Toluene Concentration (ppm)

—+— |nlet Concentration
—+— AC Adsorption Cycle1
-=— Biofilter Cycle1

Poeee®s so et ve  ro seteet e, oteee ,

Time(hr)
Jol S 50 655L b ool Sl 9 005958 Cawd Jlad (2,5 30 (Felgh Lax (21 dmlio ) sl0g05

1101 BB /P a)laid /1P sla )5 (el § Cublagy aslilins

PAD


https://jhsw.tums.ac.ir/article-1-6682-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-24 |

<0 a3l 333 g 03)083 Caws Jlad o)5 GBS (5| anylEs (W)

[=2]
[=]
]

IS

1)
1
™

N
o
1
| N

—e- |nlet Concentration
Biofilter Cycle2
~4- AC Adsorption Cycle2

Toluene Concentration(ppm)
=

o

1 2 3 4 5 6

8 9 10 11 12 13 14

Time(hr)

95 IS 53 555l b ool Lol 909555 Cowd Jlad (2,5 50 (Pelgl Lax ()1 Ao Y sl ges

295

-

(=]

(==}
]

Y

%028

Toluene Removal Efficiency %
(%]
7

2689
%81

B Cyclel
=

o
1

AC1 AC2

I
BAC1 BAC2

£95 9 Jol S 53 piww 93 50 (igled i 2115 .Y 1000

FYIO Joleo) pid Jo AP oo 5l 5YL (g)ls ce
(p-value= +,o-+)  all o (U8 S eSS

S¥las o (5sls) 0wy ¥ (999,5 w515 il i

e Sl 50 e

elee ol lis ean VT (6355 o515 o)y
el oo FO 0515 )0 piacms ;0 (glgs i LIS
(p-value= -, ++) el Sl g b .Sl

PAR

Lol 00,5 oy ialS g8 BB Jlade a4 SIS

S Slac 4 (oS 4 oolo Hlido) yiww W),.;AUM
Oy S 0 plecew
LS 5 ealS Ly slge az Ll L oalal, o
Ol Wb aie lge byl iy S
Jolee) pid (Lo YFr i pze L Bd> LS
SV el e b & (b S eF )80
S oz 50 2l Sl g el Koo e g0
s (b oS 65 V¥ Jobe) 2l (Lo VYY

111 BB /P a)laid /1P sla )15 ¢ies) § Cublagy aslilosd


https://jhsw.tums.ac.ir/article-1-6682-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-24 |

ohGes g (Slcl ho)

5 Bl o5 (Sl 4S5 ghay (p-value= -,- - ) Sl 0 picew Ko o 5 ez A5 00 o

b Blox g jlake o piin adSs p 2 ) Gl

elai o ¥]

a5 ol eadlie g udlb (e alBs p IV Ly ol S (25 p e by Gl 256 gy 50
By oo AlS LIS ke 5l by (il L sl,38 o Bl S Sl G sl (S
Sb,38 ;5 e s 2L eSle ¥ Jgu 5o od somlice (4883 2 ¥ oY 1) 51 Galisee oz

-+ |nlet Concentration

-# Biofilter Cycle1
—— Biofilter Cycle2

B N S Tan S s & O W

123
(=]
1

L)
(=]
L

Toluene Concentration (ppm)

20= A‘FA
A a
A > oa
A e p— s & Aa A
e Ak » H“ "' « A gk
-~ A ‘I.I—I--’k-l e
1 2 3 4 5 G 7 8 a 0 11 12 13 14
Time(hr)

£95 9 Jol JSomw )0 6 1L b ol o’ Jlad 12,5 )0 (iglgi 43T 9 @i ()L Ay llo ¥ 005

- Inlet Concentration
—+— AC Adsorption Cyclel
AC Adsorption Cycle2

[=2]
[=]
']

Pooes2® 004 00,07 % (90,00%00%, %0, o000

40+

na

[=]
1
|3

Toluene Concentration(ppm)

{

Time(hr)

£95 9 Jol JSomw )0 005955 Camd Jlad (355 10 (iglel i (1) .0 logei

Jol JSow j0 ik (oo (51535 ;0 b e o) (il .Y Jgu

P g5 ks 03555 o> Jlab 05 e 03555 o> Jlsb (305
yLit/min TAYIY 1A YAYdld LAY
yLit/min TAN YANZAS ARE YARYAY
YLit/min IYANIY LAY AR Y

1101 BB /P a)laid /1P sla )5 (el § Cublagy aslilins

PAKE


https://jhsw.tums.ac.ir/article-1-6682-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-24 |

<0 a3l 333 g 03)083 Caws Jlad o)5 GBS (5| anylEs (W)

OS] s 99 50 2L Sl G o9 S
oo 00,950 Caws Jld 1,5 0400 3529 (51> sime
D3 6lade pg3 S 58 (Jol S 5o s gl
S92 g0 slo (5 5SL cond Conts Jlad (05 0 Jg o)l
e Gres w00 i 1) eles Jlb ()8 o
Jol> @l b mls cnl o)l 6390 Gz pgs S
Duan 4 Y-10 Jls ,o ),5e2 s Mohamed aslUas ;|
> QT (VN0 o callas Ve o 7 Jlo o oS g
3 Sha Alibser s 85 w558 oy 055 Slalllas o
ol podle g o)l 555 slo can VT Bi> o s>
3bosl 5 same oslisial Sl ot e Jlab
Syl ]y ead Conts o pailE g ;S Jasgi 0,ligo

£90 JSw 2L ol a5 oy lis ol asllas
J5 S b alin [ oa et JUb 8 sl
sy a5 all cde cpl @ cenl (Sew pl g oS
@l orlo)ls 92y b (0)S ) lires san¥]
oyl ciyllas Yo o0 Jlo o Li g Moe oladlas guls b
a5 Jad 0,8 ol olie a5 axdl o b (7))
S5 51 e (Jg pln Loy pom 5 9o S jo 00
el o

Sl Bl L as ol lis adllas ol 5l ol b
bmbs ol b oo Rl 2B Oliee s o>
Y b o oL Sen g (ggmge dndllas 3l Jol> ol
S BBl iy ae Gl L (7T 0 e
aile yloy il el ol Jdo sl o slasl 50
sl ey a4y sy Gloj g e (09,0 0oy

gl oo 0ddline pol> dalllas gl ;o a5 job len
bzl (ol a8 ol osalive by o515 )0 (2L cn vt
Elnaas .Y+ -\ Jlo ;o o)|,Sen s Manohar asllas gols
Jw o Ler ¢ sodha 5 Yo+ Jlo o o), Sen
Slallas o QT AYF YY) o)l callas YT
o o515 50 1o 0ai VT Ll 43265 a5 wio )5 (b 955
1y omegm VL sl 05153 g woms oo ) (Sogll ol
Rl o 4 VL sl o515 30 (izred 9 035 (o0 oo
b oo palS Gl anl s b sla ol

PAO

sanlie a5 job len ol oo 00,9] alite oz
Ol 09 ¥T @515 5 (com )38 Gl L 09 (oo
Lol a8l ol Sl
oy =

G5 Gl alie oy addllae cnl Sl Baa
et 3 75l b ord a5 0393 s b
odd S waxr lden ptesw 0 Sles (o)
b & Jld 1S sazme bl Sl g 5L L
el o1 5l 0, s olaul

Jsl IS 0 5 ol oLt anlllas 5l Lol b
G (Fre DS s 90 10 I xSk G
oals lis SEM polai jo a5 job len 5 s 5929
pl Jlb o e & Jlal b s g5k
SIS IS s a5 03l 815 | il i
5 Jel @l b s cpl ol sl ildon e
9> o2 VAAR JLs ;o Rehm 4 Ehrhardt aslac
Cdz a5 W S Gl 0gm Sldllas o s 1.(VY) o4l
S5 Sl s 65 b enh s Jlab )5
o IS Jleb 5 5o sl

s JUb 5 55 coda] oty ol & a5
T Ol celu VIO sga> clbdS Sl aw oald
alol s 4 wlgs o nl o5 05 lagy Sali¥l (5glss
cisles atanl LAzl lo ol o s la (g 55l o
2 Sy o515 GRlP cese Jb (S mhae @
ke o (6 55L aalol 15 09 (0 e (29,5
GBlS s 5 05,5 435 1y iy chaga |y o
m Al> e gBly 0 Wgd (o S (295 o515
@ ool el gl 4325 9 O anl Bl ganl
w2 Ve Jls o o) Kes g Dabhade aslUas zuls
S0 as ol las s QT Sldlae gl (A) cusls Sls>
aby al e b oS 03 I8 Jgib i Cens al> e
S9b oo JLis Job ke (Al 5 Lo mancslS )l S
2 50 Dge a5 iz wnl b Slale e 0 g

1545 55 o canline adllas I Jolb> mls 4o

111 BB /P a)laid /1P sla )15 ¢ies) § Cublagy aslilosd


https://jhsw.tums.ac.ir/article-1-6682-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-24 |

ligegdgm (5SL w3ls gls Bd> yo e o Ses
b Jate Jlb )5 ey reel Cudbge b 4y
Sl <8bil a5l saze eolitul gl Jd (n)S
Cobild 5790 o (6L Lawgs g o)l olerd
I o Sl o plodgn Sl o)l |y ol Lo
Iy omogmr g &S (oo cdadlore Conw e Loyl )l
sl s 51 g S e bad> wnld Bl 5o
Gl Fre a4 az gl b pioren ails cenlie ) 0l
Sfles e Ol oo L 2D eShe ST o
3959 515 a8 5 ) sloe Ol )0 1) s
Do odslive o L Ve s px> g0l o o TO

REFERENCES

1. Mishra S, Rout A. Biotechniques for Air Pollution
Control. Environ Biotechnol. 2007:457.

2. Rohani Y, Panjehshahi M, Dabir B. Developing The
Application Of Pinch Technology For Air Pollution.
Nashrieh Shimi & Mohandesi Shimi IRAN. 2006;25:87-
94.

3. Filley CM, Halliday W, Kleinschmidt-DeMasters B.
The effects of toluene on the central nervous system. J
Neuropathol Exp Neurol. 2004;63(1):1-12.

4. Mathur AK, Majumder C, Chatterjee S. Combined
removal of BTEX in air stream by using mixture of
sugar cane bagasse, compost and GAC as biofilter
media. ] Hazard Mater. 2007;148(1-2):64-74.

5. Li Y, Rao T, Iu Z. Effect of granular activated carbon
on the enhancement of cometabolic biodegradation
of phenol and 4-chlorophenol. Atmos Environ.
2010;15(5):580-5.

6. Prabu CS, Thatheyus A. Biodegradation of acrylamide
employing free and immobilized cells of Pseudomonas
aeruginosa. ] Neuropathol Exp Neurol. 2007;60(2):69-
73.

7. Konovalova VV, Dmytrenko GM, Nigmatullin RR,
Bryk MT, Gvozdyak PI. Chromium (VI) reduction
in a membrane bioreactor with immobilized
Pseudomonas cells. Enzyme and Microbial Technology.
2003;33(7):899-907.

8. Dabhade M, Saidutta M, Murthy D. Continuous

1101 BB /P a)laid /1P sla )5 (el § Cublagy aslilins

ohGes g (Slcl ho)

Loas ol olas andlas cpl 5l ooel Cowss gl

ol el o SalS e 2L lee by a8l
3 ohKen g kizito Sldllas 51 Jol> gl b gl
yo sl lo b J (VD) o,y Slgeen YoVF Lo
P omb @l ol ey o 4 S slee by
Sy Suop Od sl oaVT i wbe Glej g

Sy Azl =
39 (50 bluitl Guizr pol> aslllae b b azg

leSsy lisegogm Sk L osd Cols Jld ()5 oS

phenol removal using Nocardia hydrocarbonoxydans
in spouted bed contactor: Shock load study. Afr ]
Biotechnol. 2009;8(4).

9. Del Castillo I, Hernandez P, Lafuente A, Rodriguez-
Llorente I, Caviedes M, Pajuelo E. Self-bioremediation
of cork-processing wastewaters by (chloro) phenol-
degrading bacteria immobilised onto residual cork
particles. Mutat Res Genet Toxicol Environ Mutagen.
2012;46(6):1723-34.

10. Gao M, Li L, Liu J. Simultaneous removal of hydrogen
sulfide and toluene in a bioreactor: Performance and
characteristics of microbial community. Journal of
Environmental Sciences. 2011;23(3):353-9.

11. Barzegar A, Mortazavi B, Asilian H, Kazemian H.
Catalytic degradation of toluene by manganese oxide
catalyst loaded on a natural zeolite support. Scientific
Journal of Review. 2014;3:345-52.

12. Auvinen J, Wirtanen L. The influence of photocatalytic
interior paints on indoor air quality. Atmospheric
Environment. 2008;42(18):4101-12.

13. Moro AM, Brucker N, Charao M, Bulcido R, Freitas F,
Baierle M, et al. Evaluation of genotoxicity and oxidative
damage in painters exposed to low levels of toluene. Int
Biodeterior Biodegradation. 2012;746(1):42-8.

14. Estrada Pérez JM. Biotechnologies for air pollution
control: overcoming design and operational limitations.

Enzyme Microb Technol. 2014.

PAG


https://jhsw.tums.ac.ir/article-1-6682-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-24 |

<0 a3l 333 g 03)083 Caws Jlad o)5 GBS (5| anylEs (W)

15.

16.

17.

18.

19.

20.

Mohamed EF, Awad G, Andriantsiferana C, El-
Diwany Al Biofiltration technology for the removal of
toluene from polluted air using Streptomyces griseus.
Environmental technology. 2016;37(10):1197-207.
Alvarez-Hornos FJ, Sempere F, Izquierdo M, Gabaldén
C. Lab-scale evaluation of two biotechnologies to
treat VOC air emissions: comparison with a pilot
unit installed in the plastic coating sector. Chemistry,
Emission Control, Radioactive Pollution and Indoor
Air Quality: IntechOpen; Water Res. 2011.

Sodha K, Panchani SC, Nath K. Feasibility study of
microbial regeneration of spent activated carbon
sorbed with phenol using mixed bacterial culture.Afr ]
Biotechnol. 2013.

Estrada JM, Bernal OI, Flickinger MC, Muioz R,
Deshusses MA. Biocatalytic coatings for air pollution
control: A proof of concept study on VOCbiodegradation.
Biotechnol Bioeng. 2015;112(2):263-71.

Ehrhardt H, Rehm H. Semicontinuous and continuous
degradation of phenol by Pseudomonas putida
P8 adsorbed on activated carbon. Appl Microbiol
Biotechnol. 1989;30(3):312-7.

Duan H, Koe LC, Yan R, Chen X. Biological

treatment of H2S using pellet activated carbon as a

PAY

21.

22.

23.

24.

25.

carrier of microorganisms in a biofilter. Water Res.
2006;40(14):2629-36.

Moe WM, Li C. A design methodology for activated
carbon load equalization systems applied to biofilters
treating intermittent toluene loading.Chem Eng J.
2005;113(2-3):175-85.

Rahmanzadeh E, Golbabaei F Faghihi Zarandi A,
Moussavi SG, Baneshi M. Investigation of activated
carbon efficiency in hexavalent chromium adsorption
from airflow. Journal of Health and Safety at Work.
2017;7(3):191-202.[persian]

Manohar S, Kim C, Karegoudar T. Enhanced
degradation of naphthalene by immobilization of
Pseudomonas sp. strain NGK1 in polyurethane foam.
Appl Microbiol Biotechnol. 2001;55(3):311-6.

Fl-Naas MH, Al-Muhtaseb SA, Makhlouf 8.
Biodegradation of phenol by Pseudomonas putida
immobilized in polyvinyl alcohol (PVA) gel. ] Hazard
Mater. 2009;164.5-720:(3-2)

Kizito S, Wu S, Wandera SM, Guo L, Dong R. Evaluation
of ammonium adsorption in biochar-fixed beds for
treatment of anaerobically digested swine slurry:
experimental optimization and modeling. Sci Total

Environ. 2016;563:1095-104.

111 BB /P a)laid /1P sla )15 ¢ies) § Cublagy aslilosd


https://jhsw.tums.ac.ir/article-1-6682-fa.html
http://www.tcpdf.org

