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Abstract
Objectives: Chemicals were used in various fields by the development of industry and science and technology. The Chemi-
cal Hazard Risk Management (CHARM) was developed to assess the risk of chemicals in South Korea. In this study, 
we were to evaluate the CHARM model developed for the effective management of workplace chemicals. Material and 
Methods: We used 59 carcinogenic, mutagenic or reprotoxic (CMR) materials, which are both the work environment 
measurement result and the usage information among the manufacturer data. The CHARM model determines the risk 
to human health using the exposure level (based on working environment measurements or a combination of the quantity 
used and chemical physical properties (e.g., fugacity and volatility)), hazard (using occupational exposure limit (OEL) 
or Risk phrases (R-phrases)/Hazard statements (H-statements) from the Material Safety Data Sheet (MSDS)). Results: 
The risk level was lower when using the results of the work environment measurement than when applying the chemical 
quantity and physical properties in the exposure level evaluation method. It was evaluated as grade 4 for the CMR mate-
rial in the hazard class determination. The risk assessment method by R-phrases was evaluated more conservatively than 
the risk assessment method by OEL. And the risk assessment method by H-statements was evaluated more conservatively 
than the risk assessment method by R-phrases. Conclusions: The CHARM model was gradually conservatively assessed as 
it proceeded in the next step without quantitative information for individual workplaces. The CHARM is expected to help 
identify the risk if the hazards and exposure levels of chemicals were identified in individual workplaces. For CMR sub-
stances, although CHARM is highly evaluated for hazards, the risk is assessed to be low if exposure levels are assessed low. 
When evaluating the risk of highly hazardous chemicals such as CMR substances, we believe the model should be adapted 
to be more conservative and classify these as higher risk. Int J Occup Med Environ Health 2018;31(4):491 – 501
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for chemicals [7]. Control banding has been used glob-
ally as a chemical risk assessment method by the In-
ternational Labor Organization (ILO) [8]. The HSE 
developed the Control of Substances Hazardous to 
Health (COSHH) Essentials for the management of 
chemical substances in small and medium-sized en-
terprises [9]. The Control of Substances Hazardous to 
Health Essentials is a chemical substance management 
method for risk assessment and management that is 
based on the CB method [10].
In South Korea, a study of the methods used to introduce 
risk assessment was carried out in 2004. This study exam-
ined whether the methods were appropriate and essential, 
and how they should be introduced [11]. An additional 
study was conducted in 2009, which focused specifically on 
the introduction to risk assessment system [12]. In 2012, 
the Korea Occupational Safety and Health Agency 
(KOSHA) developed the Chemical Hazard Risk Manage-
ment (CHARM) model, which was developed with refer-
ence to COSHH Essentials [13].
A recent study investigated advanced techniques for 
chemical risk assessment, including fire and explosion 
hazards [14], but there has not been much research on 
whether the CHARM model enables better management 
of chemicals. So, in this study, we have analyzed CHARM 
model of 59 kinds of carcinogenic, mutagenic or reprot-
oxic (CMR) substances in both managed working environ-
ment measurement and with usage information.

MATERIAL AND METHODS
Chemical Hazard Risk Management (CHARM) methods
Chemical Hazard Risk Management is a risk assessment 
method developed in South Korea in order to better 
manage health risks posed to workers from workplace 
chemicals. The CHARM uses information on work en-
vironment measurement and daily usage and may use 
the physical state even if there is no work environment 
measurement information in individual workplaces. 

INTRODUCTION
Many various chemicals are used in the industrial and 
technology sectors. In South Korea, chemicals are indis-
pensable elements in industrialized modern society, and 
many kinds of chemicals are used in large quantities [1]. 
The use of so many chemicals has meant that occupational 
diseases associated with chemical exposure in South Korea 
increased from 373 cases in 2011 to 436 cases in 2012 [2]. 
Cases of acute poisoning and even death as a result of 
exposure to n-hexane, trichloroethylene, dimethylfor-
mamide have occurred as well as diseases caused by un-
clear chemicals case at the workplaces have been shown 
to workers [3].
In many countries, chemical risk management schemes 
have been developed. A series of chemical accidents oc-
curred during the 1970’s in the United States (US), and 
following growing concerns regarding chemical-induced 
cancer, in 1978 the US government developed the Na-
tional Toxicology Program (NTP). In Europe, various 
methods used for assessing the potential risk and harm 
of chemicals have been consolidated to create REACH 
(Registration, Evaluation, Authorization and Restriction 
of Chemicals), a new legislation introduced in 2006 for 
managing chemicals [4]. Similarly to REACH, the South 
Korean government established the “Act on the Registra-
tion and Evaluation, etc. of Chemical Substances” [5] to 
manage chemical substances.
Chemical risk assessment needs to address the following 
area:
 – establish what the potential effect of exposure to a che-

mical, at specified levels, would have on a worker’s phy-
sical health;

 – quantify toxicity information;
 – establish standards and protocols for chemical man- 

agement [6].
In 1998, the United Kingdom (UK) Health and Safety 
Executive (HSE) introduced a Control Banding (CB) 
method to determine the recommended level of risk  
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Table 1. Grading of chemical hazard level based on time-weighted average occupational exposure limits (TWA-OELs [18])*

Hazard  
level

TWA-OELs
dustiness (D) volatility (V)

1 1 mg/m3 < D ≤ 10 mg/m3 50 ppm < V ≤ 500 ppm
2 0.1 mg/m3 < D ≤ 1 mg/m3 5 ppm < V ≤ 50 ppm
3 0.01 mg/m3 < D ≤ 0.1 mg/m3 0.5 ppm < V ≤ 5 ppm
4 D < 0.01 mg/m3 V < 0.5 ppm

* Based on: Korea Occupational Safety and Health Agency. [Chemical risk assessment manual] [13].

Table 2. Grading of chemical hazard level based on Risk phrases (R-phrases)/Hazard statements (H-statements)*

Hazard 
level R-phrases H-statements

1 R36, R36/38, R38 and all substances that do not have 
R-phrases in groups 2–4

H315, H319

2 R20, R20/21, R20/21/22, R20/22, R21, R21/22, R22 H302, H312, H332
3 R23, R23/24, R23/24/25, R24, R24/25, R25, R34, R35, R36/37, 

R36/37/38, R37, R37/38, R41, R43, R48/20, R48/20/21, 
R48/20/21/22, R48/20/22, R48/21, R48/21/22, R48/22

H301, H311, H314, H315, H317, H318, H319, H330, 
H331, H335, H373

4 R26, R26/27, R26/27/28, R26/28, R27, R27/28, R28, 
Carc. cat. 3 R40, R48/23, R48/23/24, R48/23/24/25, 
R48/23/25, R48/24, R48/24/25, R48/25, R60, R61, R62, R63, 
Muta. cat. 3 R40, R42, R42/43, R45, R46, R49

H300, H310, H317, H330, H334, H351, H360, H361, 
H372, H334, H340, H341, H350

* Based on: Korea Occupational Safety and Health Agency. [Chemical risk assessment manual] [13].
R20 – harmful by inhalation; R21 – harmful in contact with skin; R22 – harmful if swallowed; R23 – toxic by inhalation; R24 – toxic in contact  
with skin; R25 – toxic if swallowed; R26 – very toxic by inhalation; R27 – very toxic in contact with skin; R28 – very toxic if swallowed.
R34 – causes burns; R35 – causes severe burns; R36 – irritating to eyes; R37 – irritating to respiratory system; R38 – irritating to skin.
R40 – possible risks of irreversible effects; R41 – risk of serious damage to eyes; R42 – may cause sensitization by inhalation; R43 – may cause  
sensitization by skin contact; R45 – may cause cancer; R46 – may cause heritable genetic damage; R48 – danger of serious damage to health by prolonged 
exposure; R49 – may cause cancer by inhalation.
R60 – may impair fertility; R61 – may cause harm to the unborn child; R62 – possible risk of impaired fertility; R63 – possible risk of harm  
to the unborn child.
H300 – fatal if swallowed; H301 – toxic if swallowed; H302 – harmful if swallowed.
H310 – fatal in contact with skin; H311 – toxic in contact with skin; H312 – harmful in contact with skin; H314 – causes severe skin burns and eye  
damage; H315 – causes skin irritation; H317 – may cause an allergic skin reaction; H318 – causes serious eye damage; H319 – causes serious eye irritation.
H330 – fatal if inhaled; H331 – toxic if inhaled; H332 – harmful if inhaled; H334 – may cause allergy or asthma symptoms of breathing difficulties  
if inhaled; H335 – may cause respiratory irritation.
H340 – may cause genetic defects, (state route of exposure if it is conclusively proven that no other routes of exposure cause the hazard);  
H341 – suspected of causing genetic defects (state route of exposure if it is conclusively proven that no other routes of exposure cause the hazard).
H350 – may cause cancer (state route of exposure if it is conclusively proven that no other routes of exposure cause the hazard); H351 – suspected  
of causing cancer (state route of exposure if it is conclusively proven that no other routes of exposure cause the hazard).
H360 – may damage fertility or the unborn child (state specific effect if known) (state route of exposure if it is conclusively proven that no other routes of 
exposure cause the hazard); H361 – suspected of damaging fertility or the unborn child (state route of exposure if it is conclusively proven that no other 
routes of exposure cause the hazard).
H373 – may cause damage to organs through prolonged or repeated exposure (state all organs affected, if known) through prolonged or repeated exposure 
(state route of exposure if it is conclusively proven that no other routes of exposure cause the hazard).
Carc. – carcinogenic; cat. – category; muta. – mutagenic.
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to CMR substance or not, chemical exposure standard, 
Risk phrase (R-phrase), or Globally Harmonized Sys-
tem (GHS) phrase (Hazard statement (H-statement)), 
according to chemical information. Initially, it is deter-
mined whether the chemical is a CMR substance.

The CHARM determines the risk as an evaluation as-
sessment of the hazard level and exposure level. The haz-
ard level assessments for CHARM are generally carried 
out by applying the most appropriate of 4 methods which 
are respectively checking, whether they are relevant 

Table 3. Grading of chemical exposure level based on work environment measurements*

Exposure level Exposure level determination
1 work environment measurements

 × 100 < 10%
TWA–OELs

2
10% ≤

work environment measurements
 × 100 < 50%

TWA–OELs
3

50% ≤
work environment measurements

 × 100 ≤ 100%
TWA–OELs

4
100% <

work environment measurements
 × 100

TWA–OELs

* Based on: Korea Occupational Safety and Health Agency. [Chemical risk assessment manual] [13].
TWA-OELs – time weighted average-occupational exposure limits [18].

Table 4. Estimation of substance physical property and amount used for determination of exposure level*

Substance amount
Volatility and dustiness

low medium high
≥ 1 kl (t) 2  3 (4**) 4
1 l (kg) to 1 kl (t) 2 3 3
< 1 l (kg) 1 1 2

* Based on: Korea Occupational Safety and Health Agency. [Chemical risk assessment manual] [13].
** Dustiness.

Table 5. Determination of the risk level by Chemical Hazard Risk Management (CHARM) model developed  
in South Korea*

Hazard level
Exposure level Risk

1 2 3 4 calculated level description
1 1 2 3 4 1, 2 1 low risk
2 2 4 6 8 3, 4 2 medium risk
3 3 6 9 12 6, 8, 9 3 high risk
4 4 8 12 16 12, 16 4 very high risk

* Based on: Korea Occupational Safety and Health Agency. [Chemical risk assessment manual] [13].



EVALUATION OF A CHEMICAL RISK ASSESSMENT METHOD        O R I G I N A L  P A P E R

IJOMEH 2018;31(4) 495

Table 6. Methods of Chemical Hazard Risk Management (CHARM) [13] model developed in South Korea

Exposure level determination Hazard level determination Method No.

Work environment measurements 
(substance concentration in work environment)

CMR substance 1
occupational exposure limits 2
R-phrases 3
H-statements 4

Non-work environment measurements 
(substance physical property and amount used)

CMR substance 5
occupational exposure limits 6
R-phrases 7
H-statements 8

CMR – carcinogenic, mutagenic or reprotoxic; R-phrases – risk phrases; H-statements – hazard statements.

Table 7. Worker exposure information for chosen chemical substances in South Korea, 2009

Substance CAS No. TWA-OEL
[mg/m3]

 Substance concentration 
in work environment

[mg/m3]

Usage for each 
plant*
[t/day]

Stoddard solvent 8052-41-3 525.00 2.47 8.44
1,2,3-Trichloropropane 96-18-4 60.00 0.74 1.50×10–3

N,N-Dimethyl acetamide 127-19-5 35.00 0.61 2.53×102

Ethylene dichloride 107-06-2 40.00 0.39 4.98×103

Acrylonitrile 107-13-1 4.50 0.03 0.89
2-Methoxyethyl acetate 110-49-6 24.00 0.09 3.30×10–2

1,2-Epoxypropane 75-56-9 5.00 0.05 0.06
Hexane(n-hexane) 110-54-3 180.00 0.76 1.05×103

1,4-Dioxane 123-91-1 72.00 2.95 8.40
Dichloromethane 75-09-2 175.00 2.95 52.57
Hydroquinone 123-31-9 0.01 3.00×10–5

2-Butoxyethanol 111-76-2 97.00 1.29 7.22
1,1,2-Trichloroethane 79-00-5 55.00 0.15 0.13
Methyl n-butyl ketone 591-78-6 20.00 0.38 0.23
Methoxyethanol 109-86-4 0.23 0.02
Vanadium pentoxide 1314-62-1 0.05 0.01 0.04

CAS – Chemical Abstracts Service.
TWA-OEL – time-weighted average-occupational exposure limit [18].
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Therefore the definition of the meaning of hazard and 
exposure grading corresponding to hazard and exposure 
grading is more important.
The Table 6 shows a representation about the method 
of CHARM. Method 1 to 4 assessed exposure levels us-
ing the working environment measurement results, and 
method 5 to 8 assessed exposure levels using the han-
dling volume and the physical properties of the chemical 
substances.

Chemical substances assessed in the study
In South Korea, in accordance with the “Occupational 
Safety and Health Act” [15], measurements of the working 
environment are conducted twice a year. And workplace 
survey is also conducted every 5 years.
Hazardous chemicals that have been assessed by working 
environment measurements include 113 organics com-
pounds, 23 metals, 17 acids and alkalis, and 15 gas-state 
substances. These are harmful chemicals that require 
management according to the “Local Rules on Occupa-
tional Safety and Health Standards” [16].
In this study, we used 59 CMR substances. Fifty-nine CMR 
substances, which require management, are included in the 
actual working environment data released by the Ministry 
of Employment and Labor (MOEL) and KOSHA [17]. 
These have working environment measurements and us-
age information which were used in assessments. The 
Table 7 shows data for 16 out of the 59 subject substances. 
These substan ces include stoddard solvent, acrylonitrile, 
and dichloro methane. The daily usage is the average daily 
usage for each plant.

RESULTS
Fifty-nine CMR substances, the measured values of which 
may be obtained from the actual working environment 
measurement data, were subjected to several risk assess-
ment methods outlined in the CHARM model [13]. In-
formation about the substances was obtained from the 

The Table 1 and 2 present the estimation for hazard 
level for non-CMR substance. Grading of the Table 1 is 
based on exposure limit. Grading of the Table 2 is based 
on R-phrase/H-statement. The Table 3 and 4 present 
estimation for exposure level. Grading of the Table 3 is 
based on work environment measurements. Grading of 
the Table 4 is based on physical state and amount. The 
Table 5 was a criterion for determining the risk. For CMR 
substances, the hazard level is assigned grade 4. If so, 
then the hazard level should be assessed according to 
the exposure limit in the Table 1. If there is no expo-
sure limit for the chemical, R-phrases should be used for 
the risk assessment. Finally, if there are no R-phrases, 
then H-statements should be used. Then the hazard level 
may be assessed according to R-phrase and H-statements 
in the Table 2.
Exposure level according to CHARM is classified 
in 2 ways depending on the presence or absence of the 
working environment measurement results. If the work-
ing environment measurement results exist, these may 
be used for taking advantage of measurement results. If 
they do not exist, then the handling volume and the phys-
ical properties (e.g., fugacity and volatility) of the sub-
stance are considered. When the working environment 
measurement results do exist, exposure level is evaluated 
according to the criteria of the Table 3, the results are 
divided by the working environment measurement to 
give time-weighted average-occupational exposure lim-
its (TWA-OELs) of a chemical. When the working en-
vironment measurement results do not exist, exposure 
level is evaluated according to the criteria of the Ta-
ble 4 for the handling volume and the physical properties 
(e.g., fugacity and volatility) of the chemicals. After the 
evaluation of hazard and exposure levels of chemicals, 
the risk level is determined by a combination of the ex-
posure level and the hazard level as in the Table 5 [13]. 
The hazard and exposure grading (1, 2, 3, 4) is merely 
the classification to classify low and high of evaluation. 
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The comparison of the Figure 1 and 2 shows the risks evalu-
ated as higher when working environment measurements  
were not applied. The hazard was evaluated most conserva-
tively in method 1, which resulted in assignment of grade 4 
(due to CMR substances), and in method 4 where H-state-
ment information was used. In method 1 to 4, application of 
the hazard assessment was gradually more conservatively ap-
plied as the risk assessment process moved to the next phase. 
The results of method 1 and 4 were the same. Since the haz-
ard level of CMR substances was evaluated equal to grade 4. 
Method 3, in which the hazard grade was determined us-
ing R-phrases, appears more conservative than method 2, 
which used the exposure level, and method 4, where the 
hazard grade was determined using the H-statements, ap-
peared more conservative than method 3.

Globally Harmonized System – Material Safety Data 
Sheets (GHS-MSDS) which are released by KOSHA via 
the internet [18].
The Table 8 shows the results of the hazard and ex-
posure level for 16 out of the 59 CMR substances. The 
Figure 1 and 2 show the results of evaluating the risk by 
combining the results of the evaluation of the hazard and 
exposure level of the target substance. The Figure 1 shows 
the results for the CMR substances when exposure was 
assessed using the working environment measurements 
method. And the Figure 2 shows the results of the method 
for evaluating the exposure level with a combination of 
the handling volume and physical properties (e.g., fugacity 
and volatility) of chemical substances when working envi-
ronment measurements as exposure were not used.

Table 8. Hazard and exposure levels for chosen chemical substances in South Korea, 2009

Substance CAS No.

Hazard level Exposure level

CMR OELs R-phrases H-statements
substance 

concentration  
in work environment

substance physical 
property and amount

Stoddard solvent 8052-41-3 4 1 4 4 1 2
1,2,3-Trichloropropane 96-18-4 4 2 4 4 1 2
N,N-Dimethylacetamide 127-19-5 4 2 4 4 1 2
Ethylene dichloride 107-06-2 4 2 4 4 1 3
Acrylonitrile 107-13-1 4 3 4 4 1 3
2-Methoxyethyl acetate 110-49-6 4 2 4 4 1 3
1,2-Epoxypropane 75-56-9 4 3 4 4 1 3
Hexane (n-hexane) 110-54-3 4 1 4 4 1 3
1,4-Dioxane 123-91-1 4 2 4 4 1 3
Dichloromethane 75-09-2 4 1 4 4 1 4
2-Butoxyethanol 111-76-2 4 2 2 4 1 2
1,1,2-Trichloroethane 79-00-5 4 2 4 4 1 3
Methyl n-butyl ketone 591-78-6 4 2 4 4 1 3
Diethanolamine 111-42-2 4 4 3 4 1 2
p-Nitrochlorobenzene 100-00-5 4 4 4 4 1 1
Vanadium pentoxide 1314-62-1 4 3 4 4 2 3

OELs – occupational exposure limits. 
Other abbreviations as in Tables 1, 2, 5 and 6.
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ment appeared differently as a result of using R-phrase 
and H-statement.

DISCUSSION
In the CHARM assessment model, the standards used 
for assessing whether to apply the R-phrase and H-state-
ments, or whether to apply the physical properties method 
are identical to the ones used by the Control Banding 
(CB) model [19,20]. Furthermore, CHARM, like CB, in-
dicates risk level by combining the harmfulness grade and 
exposure level grade [21].
The results for the evaluation of 59 CMR substances 
showed that the health risks were assessed to be lower 
when using the working environment measurement results 
compared to the other methods. This is because the work-
ing environment measurements in the actual workplace 

The methods, where working environment measure-
ments were used, evaluated health risks as lower than 
the method using the fugacity and physical properties 
of the chemical under assessment. Method 5, where the 
chemical was a CMR substance, and method 8, in which 
H-statements were used, produced identical assessment 
results and were conservatively evaluated. The results of 
method 5 and 8 were the same. Since the hazard level 
of CMR substances was evaluated equal to grade 4. In 
method 6 to 8, application of the hazard assessment was 
gradually conservatively applied as the assessment pro-
ceeded to the next phase.
The CHARM model uses R-phrase information be-
fore using H-statements, which are only used if there 
is no R-phrase information [13]. For method 3, 4, 7, 
and 8 in Figure 1 and 2, the result of hazard assess-
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Fig. 1. Chemical Hazard Risk Management (CHARM) [13] assessments using the work environment measurements:  
a) method 1 – CMR substance, b) method 2 – OELs, c) method 3 – R-phrases, d) method 4 – H-statements
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Hazardous chemical information used in this study con-
sisted of R-phrases, H-statements, occupational exposure 
limits, the physical and chemical properties (fugacity/vola-
tility). The risk assessment results obtained by applying 
the R-phrases and H-statements were evaluated differ-
ently because R-phrases and H-statements of some sub-
stances in the MSDSs provided by KOSHA were classi-
fied into different levels. For example, nitromethane was 
classified as acutely toxic (R22) for R-phrase although it 
was classified not only as acutely toxic (H302) but also 
carcinogenic for the H-statement (H351) [18]. In Eu-
rope, there are also various classification levels according 
to CHIP Regulations [22] and CLP Regulation [23] in con-
junction with the hazard identification of chemicals [24]. 
The Korean MSDS is compiled by the Standard for clas-
sification and labeling of chemical substance and material 

assessment were found to be lower than the occupational 
exposure limit. That is, even when assessing highly hazard-
ous CMR substances, if the exposure level is low, then the 
risk will be assessed as low. In the harmfulness assessment, 
risks using the R-phrase and H-statement were assessed to 
be higher than when the risk was assessed using the occu-
pational exposure limit. Accordingly, the CHARM model 
assessed the risk as high when no quantitative informa-
tion (such as working environment measurements or han-
dling volume) was available. Therefore, the assessment of 
chemical risk by CHARM improves safety by conserva-
tively assessing the risk level, particularly if there is little 
available information on the chemical. And if all 4 types 
of data are available, Method 2 is considered to be most 
effective because this is a method of using actual quantita-
tive information of the workplace.

Risk level: 1 – lowest risk, 4 – highest risk.

Fig. 2. Chemical Hazard Risk Management (CHARM) [13] assessments when work environment measurements are not available:  
a) method 5 – CMR substance, b) method 6 – OELs, c) method 7 – R-phrases, d) method 8 – H-statements
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safety data sheet [25]. In addition, following the enforce-
ment of the Globally Harmonized System (GHS) [26], the 
classification display and MSDS are being newly prepared, 
alongside a study for its effective development and appli-
cation [27]. However, the classification levels for the haz-
ards and risks posed by chemical substances have not been 
applied in the same way. Therefore, additional studies 
are required to improve the system and ensure that more 
accurate chemical information may be delivered by clear 
classification standards.

CONCLUSIONS
Health risks posed by CMR substances assessed without 
working environment measurement results and occupa-
tional exposure limits are judged as higher than when the 
working environment measurement results and occupa-
tional exposure limits are available. Moreover, if the expo-
sure level is assessed as low, even though the hazard level 
is assessed as high, then the overall risk is assessed as low. 
The CHARM model was developed for chemical manage-
ment in individual workplaces. The CHARM is expected 
to help identify the risk if the hazards and exposure lev-
els of chemicals were identified in individual workplaces. 
However, risks posed by highly hazardous chemicals such 
as CMR substances, tend to be assessed as low using 
the CHARM model. When evaluating the risk of highly 
hazardous chemicals such as CMR substances, we believe 
the model should be adapted to be more conservative and 
classify these as higher risk.
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