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Abstract— Chemical exposure is a major occupational health
and safety (OHS) concern in chemical industry. Management
of chemical exposure requires the combined efforts of EHS
specialists, including industrial hygienists, and occupational
health specialist. This paper is dedicated for workplace
chemicals monitoring to assess the chemical exposure in
chemical industry during their routine and non-routine
operation. Chemical monitoring at workplace is as legal
requirement for industry those who engaged in chemical
business. In order to understand the chemical exposure,
chemical identification is primary requirement in which
safety data sheet is preferred to identify the hazardous
properties of particular chemical. Once the hazardous
properties is identified then exposure limit which is defined
by local and other authority such as factories act, OSHA
(Occupational Safety & Health Administration) prescribed
limit will be utilized. Monitoring mechanism depends on the
type of chemicals, state of chemical, handling of chemical,
duration and its properties which will enable us to exact
chemical exposure in the workplace. Once the contamination
is assessed then evaluation part comes into the picture to
verify whether exposure is safe or not with respect to its safe
exposure limits. If chemical exposure is beyond the safe
exposure limit then appropriate control measure in form of
hierarchy of risk control methodology will be adopted or if
the exposure limit is below safe exposure limit then no need
to take any other control measures however it depends on the
process operation which one is taken into the consideration if
it is regular or routine operation then it will be appropriate or
otherwise emergency case scenario can also be taken into the
account.
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I. INTRODUCTION

Emergency Chemicals are used to make virtually every man-
made product and play an important role in the everyday life
of people around the world. There are many types of
hazardous chemicals are used in chemical industry. As per the
Globalized harmonized system all the hazardous chemicals
have been categorized into nine categories starts from the
explosive, compressed gas, flammable liquid, flammable
solid, oxidizer agent, toxic chemical, radioactive substances,
corrosive substances and finally miscellaneous chemicals.
Each and every chemical is unique and has
significant impact on human body. There are only four means
to access the chemical into the human body Inhalation,
Ingestion, Skin Absorption and injection. Once the chemical
is entered into the human body then is subsequent acute and
chronic side effect appears. For that workplace chemical
monitoring is essential part of the chemical operation to bring

down the exposure limit into the minimum level to avoid
unwanted human exposure. Chemical monitoring has become
a part of industrial hygiene practices or occupational health
program for many industries. In this research paper chemical
monitoring has been performed in one of the reputed agro
chemical manufacturing industry having multiple highly
hazardous chemical.

The main objective of this study is to create
awareness among the employee and contractual employees
who have been engaged in process operation, identify the
chemical contamination or exposure and assess the control
measures whether they are effective enough or not then
suggest alternative control measures to bring down the risk
into the acceptable range.

Il. METHODOLOGY

Monitoring of chemical exposure in the workplace involves
many steps and collaborative efforts from the safety
professional, industrial hygienist and occupation health
specialist. This assessment can be taken as a management
program or OHS objective for occupational health and safety
management system to meet the standard requirement where
clearly states that employer has to take appropriate step to
eliminate/mitigate the workplace risk. Following below key
steps are involved for Monitoring of chemical exposure in the
workplace.

Identification of
Chemical

Safe Exposure Limit

Chemical
Monitoring

Exposure
Assessment

Control Measures

A. Step 1: Identification of Chemical:

First step is to identification of chemical in which safety data
sheet or material safety data sheet will be referred whether
chemical is toxic, corrosive or flammable or having multiple
properties. Contamination may be in form of chemical
gaseous form, vapor form or form of particulate matter or
dust. Once the hazardous properties is known then how this
chemical can affect the human body whether it can enter into
through inhalation or dermal route then also needs to be
identified and its side effect on human body.
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B. Step 2: Safe Exposure Limit:

Safe exposure limit can be derived from the literature or
legislation such as second schedule of factories act or
American  Conference of Governmental Industrial
Hygienists. There is various type of safe exposure limits are
adopted by industry e.g.

Threshold Limit Value — Short-term exposure
(TLV-STEL): A 15-minute time weighted average exposure
that should not be exceeded at any time during a workday,
even if the overall 8-hour TLV-TWA is below the TLV-
TWA.

C. Step 3: Chemical Monitoring:

There are many methods for chemical monitoring at
workplace are worldwide adopted and following below.

Sg_ Ci::eor?rlr(]:al Monitoring Method
Solid Particulate monitoring sampler
Vapor Personal Gas detector
Gas Personal Qas detector/
Sampling Tube

D. Step 4: Exposure Assessment:

Exposure assessment is one of the important parts of chemical
mentoring assessment program in which contamination is
compared — with— the — safe  exposure  limit. If
contamination/chemical exposure is greater than the safe
exposure limit then there is risk for that particulate process
operation or if exposure is below then the safe exposure limit
then no need to have further action on that.

E. Step 5: Control Measures:

Control measures is the process to take appropriate action
plan to control the contamination level or chemical exposure
level to bring down the safe exposure limit. This can be
achieved through the hierarchy of risk control strategy.

1) Elimination

2) Substitution

3) Engineering Control

4) Administrative Control

5) Personal Protective Equipment.

I11. PLANT DESCRIPTION

Pl Industries currently operates a strong infrastructure set-up
consisting of 5 formulation facilities as well as 13 multi-
product plants under its 4 manufacturing locations. These
state-of-the-art  facilities have integrated  process
development teams with in-house engineering capabilities.
The Company maintains a strong research presence through
its R&D facility at Udaipur, where it has a dedicated team of
over 300 scientists and chemists. The facility includes
advanced research and development labs, kilo plants and pilot
plants with NABL certification. Over the years, the Company
has successfully leveraged its capabilities across the Agri-
sciences value chain by providing integrated and innovative
solutions to its customers by partnering with the best. Its
business approach is built on the foundation of trust, integrity
and IP protection.

A. Manufacturing Unit —

Pl has fully integrated state of art manufacturing facilities
spread over in Gujarat state at 3 different locations namely
GIDC, Panoli-1 (90000 sq mts plot area ), Panoli-11 ( 160000
sq mts plot area) and SEZ — Jambusar(JMB) (200000 sq mts
plot area). All plants at JMB are fully DCS automated plant
latest technology of Foundation Fieldbus (FF) and Remote
Input /Output (RIO). The installation of RIO which is a
combination of Yokogawa, Japan and Truck, Germany at Pl
is the biggest in Asia at present.

Monitoring of chemical exposure has been done
MPP 07 pant which is one of manufacturing unit of PlI
industries. MPP 07 is a multi-production plant which
manufactures agro-chemicals by using different types of
hazardous chemical like Toluene, Ammonia, Ethyl
chloroform ate, Choloro benzene etc.

IV. MONITROING OF CHEMICAL EXPOSURE

Chemical exposure monitoring study has been conducted at
MPP-07 facility of Jambusar plant of Pl industries. MPP 07
handled many hazardous chemicals like Tri ethyl amine,
Toluene, Ammonia, Ethyl chloroform ate, Choloro benzene
etc. Many of hazardous chemicals are charged into the reactor
through manually by which chemical exposure observed.
Chemical monitoring study was performed for one of the unit
operation area of MPP 07 where Tri ethyl amine TEA
chemical is charged into the reaction vessel from drum
through the flameproof drum pump. This operation is
performed by two contractual workers under the trained
supervisor. And total 8 nos. of drum having capacity of 200
Itr. Each are charge into the reactor manually. However, all
the contract workers use half face respirator during charging
of TEA.

A. Step 1: Identification of Chemical:

Triethylamine is the chemical compound with the formula
N(CH2CH3)3,commonly abbreviated It is also abbreviated
TEA. Triethylamine is commonly employed in organic
synthesis as a base. For example, it is commonly used as a
base during the preparation of esters and amides from acyl
chlorides.

GOSO

— Highly flammable liquid and vapor

— Toxic if inhaled

—  Harmful if swallowed

— Toxic in contact with skin Causes severe skin burns and
eye damage

— May cause respiratory irritation

— May cause drowsiness or dizziness

B. Step 2: Safe Exposure Limit:

TEA is highly flammable, toxic and corrosive material which
is extremely danger. As per the American Conference of
Governmental Industrial Hygienists ACGIH TLV value is 1
ppm and STEL value is 3 ppm.
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C. Step 3: Chemical Monitoring:

Chemical monitoring for TEA was performed by using
portable gas detector by putting this article into the collar of
contractual worker for 8 hours during charging of TEA from
drum to charging vessel.

PID gas detectors are the ideal choice for detecting
low concentrations of volatile organic compounds. A PID
(photoionization detector) is used to measure hazardous
substance groups or can even be adjusted to measure
individual substances.

D. Step 4: Exposure Assessment:

Once the chemical monitoring is done using gas detector and
by taking minimum 3 random sampling then the time to have
evaluation. After monitoring it was assessed that the
contamination or chemical exposure was found below.

Sr. No. Name_ of TLV | Result | Acceptable
Chemical

Samplel TEA ] {0 No
ppm ppm

Sample2 TEA ] P No
ppm ppm

Sample3 TEA . 20 No
ppm ppm

The result is significant high as the TLV is 1 ppm
whereas the result shows 20, 25 and 20 ppm which is higher
than the TLV value which is at higher risk and not acceptable
at safe range. To bring down it at safe range the result must
be below 1 ppm.

E. Step 5: Control Measures:

However the contractual workers were using half face
respirators during charging of TEA from drum to reaction
vessel called reactor. However the Assigned protection factor
of half face respiratory is considers 10 only which means half
face respirator can protect the worker if the exposure is 1 TLV
x 10 = 10 ppm only but the contamination or exposure level
is up to 25 ppm which is higher than the TLV value.

Here the result is significant and above the TLV
value then the risk can be controlled by adopting below
methodology.

a) Elimination- Not to use TEA

b) Substitution- Replace TEA with other chemical

c) Engineering Control- Charging can be done by
automated drum charging system

d) Administrative Control- Standard operating procedure,
training & work instructions.

e) Personal Protective Equipment. - Air pressure suit.

After implementing any control measures from a),
b) & c) then not need to perform chemical monitoring again.
d) & e) both together to be implemented no single
recommendation and again monitoring required to check the
effectiveness.

V. CONCLUSION

This publication present fruitful information to all the safety
professional, industrial hygienist and occupational health
profession whose who are engaged in chemical industry. This
is systematic approach to evaluate effective control measure
to bring down the high risk activity to acceptable range. This
dissertation is not only limited to control measures it is
beyond the control measure means adequacy of PPE can also
be determined whether different type of respiratory PPE is
suitable or not. With the help of this research paper safety
profession can also work upon the dust particulate monitoring
or gaseous monitoring can be done. Up to some extent is
completely quantitative study to approach task based risk
assessment, gradually all the unit operation which performed
manually can be assessed and outcome of this study can be
taken as HSE objective for betterment and continual
improvement of EHS program.
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