
©Biomedicine & Prevention 2019 1

Review of Upstream Petrochemical Occupational Exposure and Risk 
Personnel and Ambient Sampling
Marco Pedone,1 Francesca Lucaroni,2 Antonio Bergamaschi,3 Nicholas Tidei,3 Federico Renzetti,3 Damiano Toni,3 
Cinzia Fulvi,3 Laura Morciano,2 Danilo De Angelis3

1 Columbia University, Mailman School of Public Health
2 University of Rome Tor Vergata, Department of Biomedicine and Prevention
3 Phoenix Environment Sustainable Development srl

Introduction
This study is performed on Upstream oil production facility lo-
cated in Italy.

This facility collects petroleum product fluid extracted from 
different wells. The extracted product is aggregated at the Oil 
center via a pipeline transfer system and then this crude fluid 
undergoes a stabilisation and treatment process. During this pro-
cess, the petroleum product consisting of primarily crude, water, 
and sulfur is treated so that ground water and sulfur can be sep-
arated to different components before it can be commercialised.

This evaluation and assessment was performed with the intent 
to achieve two goals. The first was to review industrial hygiene 
exposure data collected during time period of February 2016 to 
June 2018. The reviewed data consisted of three distinct indus-
trial hygiene studies with data sets for both personnel and area 
monitoring via air sampling. The second goal is to add to the 
body of literature on exposure levels to employees working at 
upstream petroleum production facilities, since currently there is 
not a large body of data on the subject.

The diagram below (Figure 1) shows the different areas of 
the Oil and Gas plant, which are subdivided based on operational 
activities. Since each of the areas poses different potential occu-

pational hazards, the sampling plan took this into account. As the 
sampling plan was created and implemented, the team worked 
to sample the different areas of the plant in an effort to capture 
differences in exposure levels.

The areas of the plant are characterised as:
1  Oil and water storage, separation and stabilization.
2  Transformation of sulfated compounds into liquid.
3  Electricity and steam production.
4  Sulfuric acid storage for regeneration.
5  Water softening, treatment and separation of oil, water and 

gas.
6  Offices and control room.

Currently, there are initial results available for the sampling 
completed by the Italian Industrial Hygiene Company at the Oil 
and Gas plant for three separate studies. The first study was con-
ducted in February of 2016 and involved area sampling for 53 
chemicals.1 In total, 23,000 sample data points were collected 
during the 30-day sampling period. Table 1 presents the type of 
pollutants sampled in addition to the methods used. The second 
study was completed between December 2016 and March 2017 
and included both area and personal sampling.2 Overall, 131 
chemicals were monitored and 27,327 samples were collected. 

Figure 1. Map of Oil and Gas center broken up by area.
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Table 2 presents the type of pollutants sampled along with the 
methods used.3 In the third study, 143 chemicals were sampled 
in early 2018. The chemicals were categorized into the following 
groups: aromatic hydrocarbons, sulfur compounds, other VOCs, 
odorants, metals, glycols, alcohols, powders, CFC, other VICs, 
amines, IPA, PCBs, and PCDD/F. The third study was a con-
tinuation of the initial two studies and was designed to expand 
on the chemicals tested previously. The third study encompassed 
a greater diversity of plant areas and sampling times that more 
closely tied with integrals of personnel shifts at the plant.4

Methods
To examine the sampling results, we compared data on each of 
the maximum values for the different chemicals that were sam-
pled in the three different studies to threshold limit values (TLVs) 
established by the American Conference of Governmental Indus-
trial Hygienists.5,6 For the chemicals where there were defined 
TLVs, there were no exceedances of TLVs. However, there were 

many chemicals without a defined TLV, so those could not be 
compared to the occupational exposure level. The Industrial Hy-
gienist team carried out all of the sampling for the chemicals in 
the three studies. Our analysis operates under the assumption that 
the Italian Industrial Hygiene Company team used validated, ap-
propriate, and up to date sampling methods from NIOSH or other 
comparable regulatory agencies, and that they carried out all of 
the sampling in strict accordance to the methods.

We also conducted a literature review to identify additional 
publications on exposure levels for employees working at up-
stream petroleum plants. There were a few studies that focused 
on various health outcomes associated with occupational expo-
sures, but we did not find a large number of studies that reported 
exposure levels. There was one comprehensive study by Verma 
et al. from 2000 titled Benzene and Total Hydrocarbon Exposure 
in the Upstream Petroleum Oil and Gas Industry, and we will use 
this study and their findings as a benchmark and guide to analyse 
the Oil and Gas center sampling results. Verma et al. focused on 

Table 1. List of chemicals tested in Indoor environmental survey.

Type of Pollutant Method Analytical Pattern

Sulphured Compounds

NIOSH 6013 H
2
S

NIOSH 7908 H
2
SO

4

NIOSH 6004 SO
2

Polycyclic Aromatic Hydrocarbons NIOSH 5515 All Congeners and PAH sum

Metals
NIOSH 7300 Al, Sb, As, Cd, Cb, Cr, Mn, Ni, Pb, Cu, Sn, Tl, V, An

EPA IO 5 Hg

Volatile Organic Compounds NIOSH 2549
Aromatic Hydrocarbons

Aliphatic Hydrocarbons

Formaldehyde NIOSH 2016 HCHO

Ammonia NIOSH 6016 NH
3

Table 2. List of chemicals tested in Outdoor environmental survey.

Type of Pollutant Method Analytical Pattern Type of Sampling

Sulphured Compounds

NIOSH 6013 H
2
S

Area and PersonalNIOSH 7908 H
2
SO

4

NIOSH 6004 SO
2

Polycyclic Aromatic Hydrocarbons NIOSH 5515 All Congeners and PAH sum Area and Personal

Metals
NIOSH 7300

Al, Sb, As, Cd, Cb, Cr, Mn, Ni, Pb, Cu, Sn, 
TI, V, Zn

Area and Personal

EPA IO 5 Hg Area

Volatile Organic Compounds

NIOSH 2549 Aromatic and Aliphatic Hydrocarbons

Area and Personal
Radiello – RAD 145 Aromatic Hydrocarbons

EPA TO 15
Mercaptans, Aromatic and Aliphatic 

Hydrocarbons

Glycols NIOSH 5523
1,3-Butylene Glycol, Diethylene Glycol, 

Hexylene Glycol, Ethylene Glycol, 
Propylene Glycol

Area

Formaldehyde NIOSH 2016 HCHO Area and Personal

Micropollutants
UNI EN ISO 

16000:12

PCB

AreaPCDD/F

PAH
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benzene and hydrocarbons, reporting maximum values for these 
chemicals and the percentages of their samples that exceeded oc-
cupational exposure limits.7

Results
We compared the Verma et al. paper to the two surveys at the Oil 
and Gas center for benzene (Table 3). Specifically, we were inter-
ested in determining the percentage of benzene samples over the 
occupational exposure limit (OEL) of 3.2 mg/m3 or 1 ppm. Per-
sonal samples for the Verma et al. study found 0.5% of samples 
over the OEL and 13% of area samples over the OEL. We also 
compared the Benzene maximum values from the Verma et al. 
study to the first two Oil and Gas center (Table 4). The maximum 
values for personal long-term samples were 7.78 mg/m3 and the 
maximum value for area samples was 7.9 mg/m3. Both of these 
values are above the occupational exposure limit for benzene. 
For the indoor and outdoor surveys at the Oil and Gas center 
plant, neither the outdoor area maximum value of 0.072 mg/m3 
nor the personal maximum value of 0.22 mg/m3 were over the 
OEL. Similarly, the indoor area maximum value of 0.055 mg/m3 
was below the OEL.

Next, we sought to compare the total petrochemical hydro-
carbons from the Verma et al. study with the initial two surveys 
conducted at the Oil and Gas plant. However, in the first two 
studies the Industrial Hygienist team did not monitor all the 
chemicals that are commonly utilized to determine ‘total petro-
chemical hydrocarbons’ (THP). These chemicals include the fol-
lowing: acetone, benzene, ethyl alcohol, ethylbenzene, isopropyl 
alcohol, n-hexane, methyl n-amyl ketone, methylene chloride, 
methyl ethyl ketone, methyl isobutyl ketone, tetrachloroethylene, 
toluene, 1,1,1-trichloroethane, trichloroethylene, total trimethyl-
benzenes and total xylenes.8 Complete sampling for all of these 
chemicals would need to be addressed in future studies to ensure 
a direct comparison can be made between the Verma et al. study 
in Canada and the work completed in Italy at the Oil and Gas 
plant. Since we could only account for about 7 chemicals on the 
TPH list, we chose instead to look at total volatile organic com-
pounds (VOCs) for our analysis.

Total VOCs analysis may have an even greater impact on un-
derstanding the air quality at the plant, as the number of chemicals 

monitored is significantly higher than the list of 16 typical TPHs. 
The initial two surveys indicated no exceedances of established 
threshold limit values for individual VOCs. The total VOC values 
were calculated and compared to the Leadership in Energy and 
Environmental Design (LEED) indoor air quality assessment value 
for total VOCs for new construction projects of 0.5 mg/m3.9

The total VOC indoor maximum found in the Oil and Gas 
plant studies was 0.056 mg/m3, the total VOC outdoor maximum 
was 0.42 mg/m3, and the total VOC outdoor personal maximum 
was 0.61 mg/m3. 

Both the indoor and outdoor maximums for total VOC were 
below the LEED requirement, and the total VOC outdoor person-
al maximum was slightly above the LEED requirement. How-
ever, since the LEED requirement is for indoor air quality, this 
recommendation is not directly applicable to the determined total 
VOC maximum for outdoor personal samples.

Overall the three studies conducted at the Oil and Gas plant 
add to the body of data on occupational upstream petroleum 
facility exposure levels. They build on the Verma et al. study, 
testing and reporting on a much wider array of chemicals, and 
the Oil and Gas plant studies collected an enormous amount of 
individual sampling points.

Quality Control Analysis
Following these initial three surveys at the Oil and Gas plant, a 
quality control sampling process was initiated in May 2018 that 
lasted about a week. The purpose of the quality control sampling 
was to ensure sampling efforts followed NIIOSH or other compa-
rable regulatory agency approved methods and to verify the qual-
ity of the original findings. The initial sampling procedures were 
reproduced at 7 points around the plant. This involved 5 active 
samples and 2 passive samples. The sampling locations for the 
quality control were largely selected based on the fact that they 
had been deemed among the most dangerous areas at the plant.

At this time, a full review on the quality control data is still 
underway. Preliminary analysis shows that on the whole the 
values reported in the quality control sampling were consistent 
with the three studies conducted in that these values were quite 
small and did not exceed established TLV thresholds where these 
thresholds exist.

Table 3. Benzene % of Samples over OEL.

Verma et al.: Conventional Oil/Gas 
Exceedances

Oil and Gas plant: Outdoor Environmental 
Exceedances

Oil and Gas plant: Indoor Environmental 
Exceedances

Benzene: % of Samples over the OEL Benzene: % of Samples over the OEL Benzene: % of Samples over the OEL

•  Personal long-term: 0.5%
•  Personal short-term: 0%
•  Area long-term: 13%

•  Area: 0%
•  Personal: 0%

•  Area: 0%

Table 4. Benzene Maximum Values (mg/m3).

Verma et al.: Conventional Oil/Gas 
Exceedances 

Oil and Gas plant: Outdoor Environmental 
Exceedances

Oil and Gas plant: Indoor Environmental 
Exceedances

Benzene Maximum Values (mg/m3) Benzene Maximum Values (mg/m3) Benzene Maximum Values (mg/m3)

•  Personal long-term: 7.8*
•  Personal short-term: 0.017
•  Area long-term: 7.954

•  Area: 0.072
•  Personal: 0.22

•  Area: 0.055

*Exceeds OEL
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Implications for Future Research
The review of the Oil and Gas plant studies has allowed us to 
identify an opportunity to enhance the initial exposure informa-
tion by recommending the next steps for industrial hygiene and 
occupational exposure information by recommending the next 
steps for industrial hygiene and occupational exposure assess-
ment. A cumulative assessment should be performed that groups 
the chemical substances identified at Oil and Gas plant into two 
groups. Group 1 would be chemicals that exhibit classic dose re-
sponse curves and are non-carcinogenic. The other group, group 
2, would be identified carcinogens. Chemicals in Group 1 should 
be further assessed and subdivided into chemicals published 
TLVs and those without, and then grouped by systemic toxicol-
ogy class to allow for the calculation of a cumulative exposure. 
Control banding methods can then be applied to estimate and 
assign an exposure hazard category.

Group 2 chemicals, the carcinogens, could be analysed and 
evaluated using method applied in Chen et al.’s 2016 paper ti-
tled Excess Lifetime Cancer Risk Assessment of Volatile Organ-
ic Compounds Emitted from Petrochemical Industrial Complex. 
In this paper, the authors calculated excess lifetime cancer risk 
(ELCR) values due to exposure by inhalation of carcinogenic 
VOCs emitted from Lin-Yuan Petrochemical Industrial Complex 

in southern Taiwan. To calculate this ELCR, they multiplied the 
annual average concentration of each chemical of concern in am-
bient air by a unit risk value. A unit risk value as described by 
Chen et al. is the excess cancer risk associated with the inhalation 
of a concentration of 1 µg/m-3of a given carcinogen.10

An opportunity for additional research on the Oil and Gas 
plant would be to expand evaluation on carcinogenic VOCs of 
interest to be able to model the calculations by Chen et al. and 
create an ELCR list for the chemicals found at the Oil and Gas 
plant. The Oil and Gas plant ELCR list could be utilised to es-
timate expected cancer and illness rates necessary to clearly un-
derstand the current and predicted health status of the population 
surrounding the Oil and Gas plant. 

Furthermore, exposure surveillance could be extended to oth-
er pollutants, using both widespread techniques and innovative 
tools, as for example LIDAR/DIAL systems,11 with the capability 
to identify the substances and to give maps of concentration in 
space and time. 

Exposure data play a key role in monitoring risk for health 
at workplace and they could be effectively used in combination 
with epidemiological surveillance, yet too underutilized in work-
ers’ health care man agement, in order to carry out a new integra-
tive approach to assess occupational health.12
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