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ABSTRACT                                                                                        

Aims:The most realizable contaminants which are abundant in 

environment of oil refinery are heavy metals. Some heavy metals like 

Cu and Zn are essential for bacteria, but even those are highly toxic for 

all kinds of organisms including bacteria. Resistance to heavy metal, as 

many authors mentioned, is highly correlated with resistance to 

antibiotic due to their existence at the same plasmid. Thus, the minimal 

inhibitory concentration (MIC) of heavy metal is used to investigate 

the metal tolerance level in certain bacteria.The present study is an 

attempt to assess the variation of heavy metals resistance among 

bacterial pathogens isolated from oil refinery workers compares to 

resistance of the same chemicals among the same bacteria isolated  

from community  patients in hospitals. Methodology: With regard to the refinery workers, 

from October 2008 to September 2009, two hundred samples were taken from patients with 

upper respiratory tract infections (URTIs) and lower respiratory tract infections (LRTIs). 

They were employed in the North Refineries Company in Al-Baiji town. Those patients were 

from different residences, either rural or urban inhabitants, and some of them were living in 

the resident near by the refinery. Equal number of samples was also taken from patients 

hospitalized in Tikrit teaching hospital from May 2009 to October 2009 as control samples 

for comparison. Minimal inhibitory concentration (MIC), under defined test conditions 

inhibits the visible growth of the bacterium being investigated. MIC values are used to 

determine susceptibilities of bacteria to heavy metals including cadimium, copper, nickel, 

lead,vanadium and zinc. 
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Results: The susceptibility of these groups was tested against the six heavy metals (cadmium, 

copper, nickel, lead, vanadium and zinc) as a minimal inhibitory concentration (MIC). 

Results showed that isolates of refinery recorded 73% from the highest values of MICs, while 

isolates of hospital recorded only 27% of them. Conclusions: Inhalation of metal particles 

might be more dangerous than other routes like digestive system or skin. Workers with low 

experience, associated with short employment, constituted the highest percentage of 

infections. Bacteria isolated from patients of the refinery were more virulent due to their 

relative high metal resistance comparing with those of hospital. 

 
Keywords: Oil refinery, heavy metals, resistance, respiratory infections, bacteria.    

1.INTRODUCTION 

Steadily existing of particles in air inhaled by workers make wide changes in equilibration of 

biochemical reactions in human body. The most sensitive portion is the respiratory system 

due to the direct exposure to the toxicants, therefore, human body begins to response 

negatively to these factors. Many studies show that people exposed to industrial pollution 

have to develop symptoms of respiratory tract infection [1]. There are many respiratory 

infections such as tonsillitis, bronchitis, pharyngitis and chest infections occur as a result of  

negligence and failing to comply with the legislations and laws of work [2].  

 
For bacteria, either chemical or physical changes affected the criteria  of  any environment  

where they exist, can result in dramatic changes in their  properties, under this pressure, 

bacteria have to tolerate these excessive concentration of such contaminants [3]. The most 

realizable contaminants which are abundant in environment of refinery are heavy metals. 

Environment of oil refinery is a high metal polluted site due to the presence of such metals 

within the structure  of  the  oil  itself  like  Fe, Mn, Co, Ni, Zn, Cu, Pb, Cr, [4].  Some heavy 

metals like Cu and Zn are essential for bacteria, but even those are highly toxic for all kinds 

of organisms including bacteria. Eventually, bacteria have to modify their genetics to tolerate 

the   new  concentrations [4].  From  the medical point of view, that means a high virulent  

bacteria which need different chemical therapy [5].  

 
Resistance to heavy metal, as many authors mentioned[3], is highly correlated with resistance 

to antibiotic due to their existence at the same plasmid. Thus, the minimal inhibitory 

concentration (MIC) of heavy metal is used to investigate the metal tolerance level in certain 

bacteria [6].The present study was an attempt to assess the heavy metals resistance of human  
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pathogens associated with workers in oil refinery of Al-Baiji,Iraq.    

 

2.MATERIALS AND METHODS 

2.1 Patients 

With regard to the refinery workers, from October 2008 to September 2009, two hundred 

samples were taken from patients with upper respiratory tract infections (URTIs) and lower 

respiratory tract infections (LRTIs). They employed in the North Refineries Company in Al- 

Baiji town. Those patients were from different residences, either rural or urban inhabitants, 

and some of them were living in the resident near by the refinery. The range of age of 

patients in the refinery was from 16- 65 years old.The patients randomly selected from oil 

refinery were treated at home,i.e not hospitalized. The workers were employed for different 

times in oil refinery ranged from 3 to 22 years.According to the nature of such plants, all 

cases studied were males except one case. The kinds of work for those patients were ranged 

from low risk job like office job up to high risk like those dealing with hazardous chemicals  

  or working in high contaminated areas [7]. 

 
Equal number of samples was also taken from patients hospitalized in Tikrit teaching hospital 

from May 2009 to October 2009 as control samples for comparison. Patients of hospital were 

different from those of refinery because about 24% of them were females and the range of 

age was different, also due to the probability of younger visitors to the hospital.The patients 

selected from hospital did not work at in oil refinery and they had various civilian jobs and/or 

unemployed.  For both refinery and hospital, swabs from URTIs: (tonsillitis, laryngitis, sore 

throat and pharyngitis) were transported to the laboratory by using transport medium  swabs,  

and sputa from LRTIs  (bronchitis and pneumonia ) were transported in screw -capped vials 

containing Cary-Bliar medium[8]. The samples were taken according to the diagnosis of 

specialist physician after washing the mouth three times to eliminate much amounts of mouth  

normal flora [9]. 

 
Swabs taken from upper respiratory tract and a loopful of each sputum sample taken from 

lower respiratory tract were as soon as arrived the laboratory, cultured on doublicated plates 

of culture media recommended for primary isolation of suspected pathogens to cause a 

respiratory infection. The inoculated plates were Blood agar, Chocolate agar and 

MacConkey’s agar. Blood agar and Chocolate agar were incubated in a candle jar to enhance 

growth [10], while the other two plates were incubated aerobically. All the doublicated plates 
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were incubated at 37 C0 for 18-24 hours [11]. Plates were examined for the characteristics 

and  gases  requirements  of  the  isolated  colonies  and recorded. Negative plates were re- 

incubated for further 24 to 48 hours with daily checking before discarding [12] 

 
  2.2 Identification  

The identification of different isolates was carried out according to the conventional methods 

described by Mahon et al[9], Cruickshank et al. [10] and Cowan and steel[13].All isolates 

were identified utilizing morphological as well as biochemical differential tests as classified 

by Cowan and Steel[13] and confirmed by API systems(France) according to manufacturer  

instructions. 

 
2.3 Determination of minimal Inhibitory   concetration  (MIC) of heavy metals   of   bacteria   

causing respiratory tract infections Minimal inhibitory concentration (MIC), under defined 

test   conditions   inhibits   the   visible   growth  of  the  bacterium being investigated. MIC  

values(Table 1) were used to determine susceptibilities of bacteria to heavy metals [14]. 

 
Table 1: Heavy Metals Used in Minimal Inhibitory Concentration Testing of Bacteria 

Isolated from Respiratory Infections. 

METALS ATOMIC 
WEIGHT 

CHEMICAL 
FORMULA 

MOLECULAR 
WEIGHT 

CONC. 
(mM) MANUFACTURER 

Cadmium 
(Cd+2) 112.40 CdCl2 183.31 0.04 to 

4.0 
British Drug House 

(BDH) 

Copper 
(Cu+2) 65.37 CuCl2 134.45 0.04 to 

5.5 
British Drug House 

(BDH) 
Nickel 
(Ni+2) 58.71 NiCl2.H2O 237.71 0.04 to 

6.0 
British Drug House 

(BDH) 
Lead 
(Pb+2) 207.19 Pb 

(CH3COO)2.3H2O 379.33 0.04 to 
16 

British Drug House 
(BDH) 

Vanadium 
(V2+) 50.942 VOSO4.H2O 180.942 0.04 to 

15 HIMEDIA 

Zinc 
(Zn+2) 65.37 ZnCl2 136.28 0.04 to 

12 
Hopkin and 

Williams 
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Statistical Analysis 

Statistical analysis was applied by using the Chi square and t- test (the means of treatments 

were compared by Duncan’s Multiple Range test), under the level of significance (p≤ 0.05). 

 
3.RESULTS AND DISCUSSION 

Owing to the high medical importance for the heavy metal-tolerant bacterial strains [15], 

therefore, this study focused mostly on the highest values of MIC. Tables 2, 3, 4, 5, 6 and 7, 

show the comparison between highest values of MIC of the refinery and those of the hospital 

for the heavy metals cadmium, copper, nickel, lead, vanadium, and zinc, respectively. Also 

these  tables  summarize  results  of  MIC  of  heavy  metals  in  a  way  thought to be more  

expressive to the effect of heavy metals on bacterial activity in contaminated ambient. 
  

Due to the 16 bacterial groups classified in this study, besides the 6 heavy metal studied, that 

yielded in 24%( 96/400) cases of comparison between isolates of the refinery and those of the 

hospital and the other samples(76%) from both sites revealed negative cultures. Highest 

values of MIC for the refinery exceeded those of the hospital which constituted 73%. On the 

other hand, the highest values of MIC of hospital isolates constituted 27% only. It was 

concluded that Pseudomanas spp. Isolated from oil refinery were more resistant to cadimium 

than the same bacterial species isolated from hospital patients(Table 2).Moreover,cadimium 

assessment in the present study revealed different levels of resistance among bacteria studied 

weither from refinery or hospital and this might be due to exposure time and concentration of 

this metal by these bacteria[17,18].On the other hand,Table 3 shows  that Klebsiella and 

Pseudomonas revealed the highest resistance to copper in refinery but Citrobacter from the 

hospital patients showed the highest resistance to the same metal.The present result can 

explain the selectve pressure phenomenon affecting various bacterial types by various heavy 

metals.This result presented here revealed  a clear indication that the environment of refinery- 

as a contaminated area- takes an important role to make bacterial strains more resistant for 

heavy metals as compared to those from less contaminated sites. Consequently, they become 

more virulent, as many workers concluded [16,17]. Furhthermore,Staphylococcus aureus 

revealed similar resistance level(6 µg/ml) to lead heavy metal among both refinery and 

hospital isolates(Table 4).This might be due to heavy pollution of the local environment by 

different oil derivatives like gasoline coming from petrol station and their various domestic 

usage. Nevertheless, Iwegbue et al. [21] showed that lands contaminated with high rates of 

oil spillage contain high concentration of heavy metals like Cd, Cu, Cr, Pb, Mn and 
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Ni.Surface runoff from refining operations usually had a low pH and contains high levels of 

metals such as iron, manganese, zinc, copper, nickel, vanadium and cobalt. The combustion 

of fossil fuels pollutes the atmosphere with metals particles which they eventually settle in 

land surface.   Storm  water  runoff  often contains metals from roadways and atmospheric 

 fallout [22,23]. 

 
As for the cases when bacterial group from both the refinery and the hospital recoded  an 

equal maximum value of MIC for vanadium (also in case of superiority of hospital MIC 

values,Table 5), this case could be explained either by a probability of exposure to continuous 

pollutants by a patient of the hospital,  or due to the work type they are in contact with. The 

continuous exposure has produced high resistance to the heavy metals and antibiotic as well 

[6]. Some patients lacking health education suffered from deterioration of health conditions 

due to his/her continuous exposure to the pathogen and abuse of drug [18].However,zinc 

assessment showed that the highest level(34 µg/ml) of resistance was seen among 

Streptococcus pyogenes isolated from refinery patients(Table 6) and among Staphylococcus 

aureus isolated from hospitalilzed patients(5.5µg/ml). From the environmental point of  view, 

microorganisms, especially bacteria, could be the key to reduce the threats of heavy metal 

contamination. Some bacterial species are capable of exhibiting high MICs. For example, 

studies of Yilmaz [19] indicated that a newly characterized Bacillus circulans strain exhibited 

high minimal inhibitory concentration values for heavy metal ions. Hence, the bacterial 

species   exhibiting   high  MIC  could be of great significance since they could possibly be  

applied for bioremediation in heavy metal contaminated environment. 
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Table 2:Maximum Values of Minimal Inhibitory Concentration (MIC) for Cadmium .  

    

R, isolates of refinery; H, isolates of hospital;CONs,coagulase-negative staphylocci. 

 

 

  

  

SITES
 

BACTERIAL GROUPS 

  A
ctinom

ycetales
 

 Bacillus spp.
 

Bordetella bronchiceptica
 

Citrobacter spp.
 

C
O

N
s

 

Escherichia coli  
 

H
aem

ophilus influenzae
 

  Klebsiella spp.
 

M
oraxella catarrhalis

 

N
eisseriaceae  

 

O
ther 

species 
of 

Enterobacteriaceae
 

O
ther 

species 
of 

Lactobacillales
 

  Pseudom
onas spp.

 

  Staphylococcus aureus
 

  Streptococcus pneum
oniae

 

  Streptococcus pyogenes
 

 

R 

No. & 
(%) 1(14.2) 

2.5 
1(33.3) 

0.8 
1(100) 

0.9 
1(25) 

0.4 
2(15.3) 

3.5 

15 
(93.7) 

0.5 

1(5.2) 
3.5 

1(16.6) 
3.0 

4(100) 
1.0 

1(12.5) 
0.5 

3(50) 
3.0 

5(19.2) 
2.0 

1(14.2) 
3.5 

1(5.8) 
4.0 

7(31.8 ) 
2.0 

22(35.4) 
2.0 Conc.(µ

g/ml) 

H 

No . & 
(%) 3(60) 

0.4 
1(100) 

0.09 - 4(16) 
0.9 

2(6.4) 
3.5 

1(100) 
1.5 

1(50) 
0.2 

4(66.6) 
1.5 

2(100) 
0.6 - 2(28.5) 

2.0 
2(9) 
3.0 

3(42.8) 
2.0 

2(5.5) 
0.3 

2(16.6) 
3.0 

6(11.5) 
1.0 Conc.(µ

g/ml) 
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Table 3:Maximum Values of Minimal Inhibitory Concentration (MIC) for Copper. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
R, isolates of refinery; H, isolates of hospital;CONs,coagulase-negative staphylococci. 

SI
TE

S
 

    BACTERIAL GROUPS 

  A
ctinom

ycetales
 

 Bacillus spp.
 

Bordetella bronchiceptica
 

Citrobacter spp.
 

C
O

N
s

 

Escherichia coli  
 

H
aem

ophilus influenzae
 

  Klebsiella spp.
 

M
oraxella catarrhalis

 

N
eisseriaceae  

 

O
ther 

species 
of  

Enterobacteriaceae
 

O
ther 

species 
of 

Lactobacillales
 

  Pseudom
onas spp.

 

  Staphylococcus aureus
 

  Streptococcus pneum
oniae

 

  Streptococcus pyogenes
 

 

R 
No. & (%) 2(28.5) 

0.4 

2(66.6) 

0.5 

1(100) 

0.4 

4(100) 

4.5 

2(15.3) 

3.0 

1(6.2) 

4.0 

2(10.5) 

3.5 

1(16.6) 

5.5 

2(50) 

1.0 

8(100) 

4.5 

2(33.3) 

5.5 

2(7.6) 

4.5 

2(28.5) 

5.5 

17(100) 

4.5 

5(22.7) 

4.5 

7(11.2) 

3.5 Conc.(µg/ml) 

H 
No . & (%) 4(80) 

0.5 

1(100) 

0.3 
- 

1(4) 

5.5 

2(6.4) 

3.0 

1(100)... 

4.5 

1(50) 

0.7 

1(16.6) 

5.0 

2(100) 

0.8 
- 

4(57.1) 

3.5 

10(45.4) 

0.7 

3(42.8) 

4.0 

27(75) 

4.5 

4(33.3) 

4.5 

8(15.3) 

2.0 Conc.(µg/ml) 
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Table 4: Maximum Values of Minimal Inhibitory Concentration (MIC) for Nickel 

 

SI
TE

S
 

BACTERIAL GROUPS 

  A
ctinom

ycetales
 

 Bacillus spp.
 

Bordetella bronchiceptica
 

Citrobacter spp.
 

C
O

N
s

 

Escherichia coli  
 

H
aem

ophilus influenzae
 

  Klebsiella spp.
 

M
oraxella catarrhalis

 

N
eisseriaceae  

 

O
ther 

species 
of  

Enterobacteriaceae
 

O
ther 

species 
of 

Lactobacillales
 

  Pseudom
onas spp.

 

  Staphylococcus aureus
 

  Streptococcus pneum
oniae

 

  Streptococcus pyogenes
 

 

R 
No. & (%) 1(14.2) 

0.5 

1(33.3) 

3.0 

1(100) 

0.4 

2(50) 

2.5 

3(23) 

3.0 

2(12.5) 

2.0 

2(10.5) 

2.5 

1(16.6) 

3.5 

1(25) 

1.5 

1(12.5) 

3.0 

1(16.6) 

3.5 

6(23) 

5.5 

2(28.5) 

3.0 

4(23.5) 

6.0 

12(54.5) 

5.5 

6(9.6) 

3.0 Conc.(µg/ml) 

H 
No . & (%) 1(20) 

2.5 

1(100) 

0.1 
- 

4(16) 

3.5 

1(3.2) 

2.0 

1(100). 

0.9 

2(100) 

0.05 

3(50) 

0.5 

1(50) 

0.7 
- 

3(42.8) 

0.4 

4(18.1) 

1.0 

4(57.1) 

2.0 

2(5.5) 

6.0 

2(16.6) 

2.5 

4(7.6) 

3.0 Conc.(µg/ml) 

 

R, isolates of refinery; H, isolates of hospital;CONs,coagulase-negative staphylococci. 
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Table 5: Maximum Values of Minimal Inhibitory Concentration (MIC) for Lead . 

 

SI
TE

S
 

BACTERIAL GROUPS 

  A
ctinom

ycetales
 

 Bacillus spp.
 

Bordetella bronchiceptica
 

Citrobacter spp.
 

C
O

N
s

 

Escherichia coli  
 

H
aem

ophilus influenzae
 

  Klebsiella spp.
 

M
oraxella catarrhalis

 

N
eisseriaceae  

 

O
ther 

species 
of  

Enterobacteriaceae
 

O
ther 

species 
of 

Lactobacillales
 

  Pseudom
onas spp.

 

  Staphylococcus aureus
 

  Streptococcus pneum
oniae

 

  Streptococcus pyogenes
 

 

R 
No. & (%) 4(57.1) 

12 

3(100) 

3.0 

1(100) 

0.1 

3(75) 

14 

1(7.6) 

4.5 

4(25) 

15 

5(26.3) 

5.0 

1(16.6) 

14 

1(25) 

2.5 

3(37.5) 

2.0 

1(16.6) 

15 

3(11.5) 

15 

3(42.8) 

4.0 

7(41.1) 

6.0 

3(13.6) 

15 

10(16.1) 

14 Conc.(µg/ml) 

H 
No . & (%) 3(60) 

7.0 

1(100) 

0.1 
- 

8(32) 

14 

4(12.9) 

0.9 

1(100) 

13 

2(100) 

0.5 

4(66.6) 

13 

2(100) 

0.5 
- 

2(28.5) 

11 

3(13.6) 

15 

3(42.8) 

2.5 

12(33.3) 

1.0 

3(25) 

16 

6(11.5) 

12 Conc.(µg/ml) 

R, isolates of refinery; H, isolates of hospital;CONs,coagulase-negative staphylococci 
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Table 6: Maximum Values of Minimal Inhibitory Concentration (MIC) for Vanadium . 

 

SI
TE

S
 

BACTERIAL GROUPS 

A
ctinom

ycetales
 

Bacillus spp.
 

Bordetella bronchiceptica
 

Citrobacter spp.
 

C
O

N
s

 

Escherichia coli
 

H
aem

ophilus influenzae
 

Klebsiella spp.
 

M
oraxella catarrhalis

 

N
eisseriaceae

 

O
ther 

species 
of  

Enterobacteriaceae
 

O
ther 

species 
of 

Lactobacillales
 

Pseudom
onas spp.

 

Staphylococcus aureus
 

Streptococcus pneum
oniae

 

Streptococcus pyogenes
 

 

R 

No. & (%) 
2(28.5) 

6.0 

1(33.3) 

3.0 

1(100) 

0.05 

1(25) 

10 

2(15.3) 

2.5 

14(87.5) 

5.5 

2(10.5) 

4.5 

3(50) 

14 

2(50) 

0.8 

4(50) 

1.0 

3(50) 

10 

4(15.3) 

13 

1(14.2) 

4.0 

5(29.4) 

6.0 

3(13.6) 

10 

4(6.4) 

13 
 

Conc.(µg/ml) 

H 

No . & (%) 
1(20) 

4.0 

1(100) 

0.1 
- 

2(8) 

10 

2(6.4) 

0.8 

1(100).. 

15 

1(50) 

1.5 

2(33.3) 

6 

2(100) 

0.5 
- 

1(14.2) 

8.0 

5(22.7) 

12 

3(42.8) 

2.5 

6(16.6) 

2.0 

5(41.6) 

4.5 

11(21.1) 

2.0 
Conc.(µg) 

/ml) 

R, isolates of refinery; H, isolates of hospital;CONs,coagulase-negative staphylococci. 
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Table 7: Maximum Values of Minimal Inhibitory Concentration (MIC) for Zinc  

 
SI

TE
S

 
        BACTERIAL GROUPS 

  A
ctinom

ycetales
 

 Bacillus spp.
 

Bordetella bronchiceptica
 

Citrobacter spp.
 

C
O

N
s

 

Escherichia coli  
 

H
aem

ophilus influenzae
 

  Klebsiella spp.
 

M
oraxella catarrhalis

 

N
eisseriaceae  

 

O
ther 

species 
of 

Enterobacteriaceae
 

O
ther 

species 
of 

Lactobacillales
 

  Pseudom
onas spp.

 

  Staphylococcus aureus
 

  Streptococcus pneum
oniae

 

  Streptococcus pyogenes
 

 

R 
No. & (%) 1(14.2) 

5.0 

1(33.3) 

3.5 

1(100) 

3.5 

3(75) 

3.0 

1(7.6) 

3.0 

13(81.2) 

1.5 

1(5.2) 

4.5 

4(66.6) 

1.5 

4(100) 

0.7 

2(25) 

3.0 

1(16.6) 

4.0 

11(42.3) 

5.0 

1(14.2) 

4.5 

2(11.7) 

8.0 

4(18.1) 

5.0 

34(54.8) 

12 Conc.(µg/ml) 

H 
No . & (%) 3(60) 

2.5 

1(100) 

0.5 
- 

4(16) 

0.7 

2(6.4) 

0.9 

1(100).. 

5.5 

2(100) 

0.05 

1(16.6) 

1.0 

2(100) 

0.7 
- 

1(14.2) 

3.5 

1(4.5) 

5.0 

2(28.5) 

2.5 

18(50) 

5.5 

1(8.3) 

5.0 

8(15.3) 

2.5 Conc.(µg/ml) 

R, isolates of refinery; H, isolates of hospital;CONs,coagulase-negative staphylococci. 
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4.CONCLUSION 

Inhalation of metal particles might be more dangerous than other routes like digestive system 

or skin. Workers with low experience, associated with short employment, constituted the 

highest percentage of infections. Bacteria isolated from patients of the refinery were more 

virulent due to their relative high metal resistance comparing with those of hospital. 
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