
Archives of Occupational Health | Volume 3 | Issue 1 | January 2019 | 299-306. 

 

Citation: Moradi Hanifi S, Laal F, Panjali Z, Khoubi J. Health risk Assessment of exposure to harmful chemical agents in a refinery. Archives of 
Occupational Health. 2019; 3(1): 299-306. 
Article History: Received: 19 Agust 2018; Revised: 22 November 2018; Accepted: 5 December 2018 
Copyright: ©2017 The Author(s); Published by Shahid Sadoughi University of Medical Sciences. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is  properly cited. 

 

1 Department of occupational health, School of public health and safety, Shahid Beheshti University of Medical Sciences, Tehran, Iran• 2Department of occupational Health, School of 

Public Health, Shahid Sadoughi University of Medical Sciences, Yazd, Iran• 3Environmental health research center, Kurdestan University of Medical Sciences, Sanandaj, Iran• 
*Corresponding Author: Fereydoon Laal, Email: fereydoonlaal@gmail.com Tel: +98-543-3295799 

 

Abstract 

Background: 

 

Methods: 

 

 

 Results: 

 Conclusion: 

Key Words:  

 

 

Introduction 

 [
 D

O
I:

  1
0.

18
50

2/
ao

h.
v3

i1
.3

49
  ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 a
oh

.s
su

.a
c.

ir
 o

n 
20

25
-1

2-
19

 ]
 

                               1 / 8

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-5692-2587
https://orcid.org/0000-0002-8410-3511
http://dx.doi.org/ 10.18502/aoh.v3i1.349 
https://aoh.ssu.ac.ir/article-1-115-en.html


Health risk Assessment in a Refinery 

300 

 

Methods 

 [
 D

O
I:

  1
0.

18
50

2/
ao

h.
v3

i1
.3

49
  ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 a
oh

.s
su

.a
c.

ir
 o

n 
20

25
-1

2-
19

 ]
 

                               2 / 8

http://dx.doi.org/ 10.18502/aoh.v3i1.349 
https://aoh.ssu.ac.ir/article-1-115-en.html


 Moradi Hanifi S, et al. | Archives of Occupational Health | Volume 3 | Issue 1 | January 2019 | 299-306. 

301 

Table 1. Determining hazard rate using toxic or harmful effects of chemicals

Hazard 
rate 

Description of the effects of chemicals for the classification of chemical hazards Example(s) 

1 
Materials that do not have any known health effects and are not classified as toxic or harmful. 
The substances that ACGIH has classified as carcinogen A5. 

Sodium chloride, Butane, 
Butyl acetate, Calcium 
carbonate 

2 

Materials that have reversible effects on the skin, eyes and mucous membranes, but their 
effects are not so severe that they can cause severe impairment. 
The substances that ACGIH has classified as carcinogen A4. 
Materials that cause skin sensitization and  irritation. 

Acetone, butane, acetic 
acid (10%), barium salts, 
etc. 

3 

Materials that are likely to be carcinogenic or mutagenic to humans or animals, but there is not 
enough information in this regard. 
The substances ACGIH has classified as carcinogens A3. 
The materials that IARC has classified as 2B. 
Corrosive materials (<PH <3 or 9 <PH <12) and respiratory sensitizers 

Toluene, Xylene, 
Ammonia, Butanol, 
Staldehyde, Aniline, 
Antimony 

4 

Materials that can cause greater carcinogenic, mutagenic (gene mutation), and teratogenic 
(birth abnormalities) effects on animals than the previous class according to studies. 
The substances that ACGIH has classified as carcinogens A2. 
Group A2 in the IARC classification 
Very corrosive substances (2 <PH <0 or 14 <PH <5/11 

Formaldehyde, cadmium, 
methylene chloride, 
acrylonitrile ethylene oxide 

5 

Materials that have known carcinogenic, mutagenic (gene mutation) and teratogenic (birth 
abnormalities) effects 
Substances that ACGIH has classified as carcinogens A1. 
Group 1 in the IARC classification 
Very toxic chemicals 

Benzene, benzydine, lead, 
arsenic, beryllium, 
bromine, vinyl chloride, 
mercury 

Table 2. Determination of hazard rates by acute toxicity of chemicals

Degree of 
danger 

LC50 of oral 
absorption 

(mg/kg rat body) 

LC50 of skin absorption  
(mg/kg rat body) 

LC50 of inhaled absorption 
(in mg/l of aerosols and 

suspended particles) for 4 h 

LC50 of inhaled absorption in rat 
(in mg/l of aerosols and 

suspended particles) for 4 h 
2 2000 >LD50 2000 >LD50 20 >LC50 5 >LC50 

3 2000  <LD50200 2000 <LD50 400 20 <LC50 2 5 <LC50 1 

4 200 <LD50 25 400 LD50<50 2 <LC50 5/0 1 <LC50 25/0 

5 25 LD50 50 LD50 5/0  LC50 25/0 LC50 
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 E =
F×D×M

W

 RL =  √HR × ER

 

Table 3. Determination of exposure rate 

ER E/PEL 

1 <0.1 

2 0.1to 0.5 

3 0.5  to  1 

4 1 to  2 

5 >2 

 

Table 4. Determination of Exposure Index (EI) 

Exposure index 
Factor 

1 2 3 4 5 

steam pressure 
Particle size 
(aerodynamic 
diameter) 

<0.1mmHg 
(large, voluminous 
particles or wet 
materials) 

0.1-1mmHg (large, 
dry materials) 

1-10mmHg (small, dry 
particles larger than 
100μm) 

10-100mmHg (small, 
dry particles 10-100μm) 

>100mmHg 
(powdery, dry, and 
tiny particles 
smaller than 
10μm) 

OT/PEL ratio <0.1 0.1 to 0.5 0.5  to  1 1 to  2 >2 

Control actions Adequate control with 
regular maintenance 

Adequate control 
with irregular 
maintenance 

Adequate control without 
maintenance (moderate 
amount of dust) 

Inadequate control 
(large amount of dust)  

No control (very 
large amounts of 
dust) 

The rate of 
use/week 

The rate of use is 
negligible (less than 
1kg or l) 

The rate of use is 
small (1-10kg or l) 

The rate of use is 
moderate-Workers have 
been trained in the 
transportation of 
chemicals (10-100kg or l) 

The rate of use is high-
Workers have been 
trained in working with 
chemicals (100-1000kg 
or l) 

The rate of use is 
high-Workers have 
been trained in 
working with 
chemicals 
(>1000kg or l) 

Duration of work 
per week 

Less than 8 hours 8 to 16 hours 16 to 25 hours 24 to 32 hours 32 to 40 hours 
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Table 5. Risk Ranking 

Risk level Risk ranking 

1 Slight-negligible 
2 Low 
3 Moderate 
4 High 
5 Very high 

Table 6. The degree of risk taking 

Risk  
level 

Rows 
Rank  

abundance 
Relative  

abundance 

The 
cumulative  
frequency 

1 1.0 - 1.6 2 0.17 0.17 
2 1.7 - 2.7 6 0.50 0.67 
3 2.8 - 3.2 1 0.08 0.75 
4 3.3 – 4.0 2 0.17 0.92 
5 4.1 – 5.0 1 0.08 1.00 

 

Results 

Table 7. Hazard rate, risk rating, and exposure rate for chemicals 

F E D W HR EI ER RL TLV -TWA Chemicals 

Twice a day 0.72 15 minutes  2 1 2 2 5mg/m3 SAE30 
Oils Six times a day 1 - 72 2 -- 2 2 5mg/m3 SAE40 

Six times a day  15 minutes 72 2 1 1 1 5mg/m3 HB100 
On maintenance 1 38  Hours 72 3 2 2 2 0.1 ppm DMDS 

Additives 

Six times a day 1 - 72 5 4 4 4 ----- DGA 
Once a day 0.005 0.05 minutes 72 2 2 2 2 8 ppm Fine Amine 06 
Seven times a day 1 35  minutes 72 - 2 2 2 - E - 807 

Once per 3 months 
0.000016 

5 min per month 

45 min per month 
72 4 2 2 1 0/002 ppm E101 

- 1 35 minutes 72 3 - - 1 50 ppm EDC 

According to reactor's 
conditions 

1 
According to 
reactor's conditions 

72 3 -- -- 1 ---- Ceramic Ball 

Catalysts - 1 24  Hours 72 2 2 2 2 5mg/m3 ICI 

- 1 84  Hours 72 3 - - 5 0/5mg/m3 KF-1015 

Once per 3 months 0.000035 0.02  Hours 72 --- 3 3 -- 1.5 ppm MP - 704 
Constantly 56 always 72 3 - - 5 10 ppm H2S Products 
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Conclusion 

 

 

 [
 D

O
I:

  1
0.

18
50

2/
ao

h.
v3

i1
.3

49
  ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 a
oh

.s
su

.a
c.

ir
 o

n 
20

25
-1

2-
19

 ]
 

                               6 / 8

http://dx.doi.org/ 10.18502/aoh.v3i1.349 
https://aoh.ssu.ac.ir/article-1-115-en.html


 Moradi Hanifi S, et al. | Archives of Occupational Health | Volume 3 | Issue 1 | January 2019 | 299-306. 

305 

 

 

 

Conflict of interest 

 

Acknowledgments 

References 

1. Schenk L, Hansson SO, Rudén C, Gilek M. Occupational 

exposure limits: A comparative study. Regulatory toxicology and 

pharmacology. 2008;50(2):261-70. 

2. Hyatt N. Guidelines for process hazards analysis (PHA, HAZOP), 

hazards identification, and risk analysis. United States: CRC 

Press; 2003. 

3. Jozi SA PA. Health and Environmental Health Management 

System. Kavosh Ghalam; 2007. [Persian] 

4. Abbasi S, Bakhtom S, Ziaei M, Arghami S. Comparison of risk 

assessment using HAZOP and ETBA techniques: case study of a 

gasoline refinery unit in iran. Human, Environment, and Health 

Promotion. 2015;1(1):19-27. 

 [
 D

O
I:

  1
0.

18
50

2/
ao

h.
v3

i1
.3

49
  ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 a
oh

.s
su

.a
c.

ir
 o

n 
20

25
-1

2-
19

 ]
 

                               7 / 8

http://dx.doi.org/ 10.18502/aoh.v3i1.349 
https://aoh.ssu.ac.ir/article-1-115-en.html


Health risk Assessment in a Refinery 

306 

5. Duijm NJ, Fiévez C, Gerbec M, Hauptmanns U, Konstandinidou M. 

Management of health, safety and environment in process 

industry. Safety Science. 2008;46(6):908-20. 

6. Kneip TJ, Crable JV. Methods for biological monitoring: a manual 

for assessing human exposure to hazardous substances. 

American Public Health Association Washington, DC. US; 1988. 

7. Niven K, McLeod R. Offshore industry: management of health 

hazards in the upstream petroleum industry. Occupational 

medicine. 2009;59(5):304-9. 

8. Motovagheh M, Jahangiri M. Health risk assessment of harmful 

chemicals: case study in a petrochemical industry. Salāmat-i kār-i 

Īrān. 2011;7(4):4. 

9. Jahangiri M, Parsarad M. Health risk assessment of harmful 

chemicals: case study in a petrochemical industry. Iran 

occupational health. 2010;7(4):18-24. 

10. Mohammadyan M. Risk assessment of occupational exposure to 

cement inhalable particles and recommendation of control 

strategies in a cement factory. Journal of Research in 

Environmental Health. 2017;3(2):142-9. 

11. Yari S, Fallah AA, Varmazyar S. Assessment of semi-quantitative  

 

health risks of exposure to harmful chemical agents in the context 

of carcinogenesis in the latex glove manufacturing industry. Asian 

Pacific journal of cancer prevention: APJCP. 2015;17:S3. 

12. Huang D, Zhang J, Liu M. Application of a health risk 

classification method to assessing occupational hazard in China. 

[POSTER] at: Proceeding of the 3rd International Conference on 

Bioinformatics and Biomedical Engineering, 2009 June.11-13. 

ICBBE: IEEE;2009:1-5. 

13. Verhaar HJ, Van Leeuwen CJ, Hermens JL. Classifying 

environmental pollutants. Chemosphere. 1992;25(4):471-91. 

14. Winder C, Balouet JC. The toxicity of commercial jet oils. 

Environmental research. 2002;89(2):146-64. 

15. Cottle MK, Guidotti TL. Process chemicals in the oil and gas 

industry: potential occupational hazards. Toxicology and industrial 

health. 1990;6(1):41-56. 

16. Si H, Ji H, Zeng X. Quantitative risk assessment model of 

hazardous chemicals leakage and application. Safety science. 

2012;50(7):1452-61. 

17. Abadin HG, Goetchius PF. Agency for toxic substances and 

disease registry. 1994. 

 

 [
 D

O
I:

  1
0.

18
50

2/
ao

h.
v3

i1
.3

49
  ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 a
oh

.s
su

.a
c.

ir
 o

n 
20

25
-1

2-
19

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/ 10.18502/aoh.v3i1.349 
https://aoh.ssu.ac.ir/article-1-115-en.html
http://www.tcpdf.org

