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ABSTRACT

Objectives : This study was conducted to evaluate the level of exposure to volatile organic compounds (VOCs) among workers
handling rust preventive oils.

Methods : A total of 30 bulk samples and 54 personal air samples were collected using diffusive samplers at 22 workplaces
handling rust preventive oils in Daegu and Gyongsangbuk-do Province from March to October 2013. We also investigated
detailed information on the related work conditions, such as kinds of products, handling methods, local exhaustive ventilation
systems, and the status of the wearing personal protective equipment. All bulk samples and air samples were analyzed using gas
chromatography mass spectrometry (GC-MS) to identify components to which workers potentially were exposed. Quantitative
airborne concentrations of VOCs were confirmed using gas chromatography with flame ionized detectors.

Results : In terms of qualitative analyses for the 30 bulk samples, we found carcinogenic, mutagenic and reproductive toxic(CMR)
substances such as butane(carcinogenic Group 1A, mutagenic Group 1B), butoxy ethanol(carcinogenic Group 2), cumene
(carcinogenic Group 2), ethyl benzene(carcinogenic Group 2), methyl isobutyl ketone(carcinogenic Group 2) and toluene
(reproductive toxic, Group 2). As a result of full-shift based personal air samples, eight substances such as n-hexane, n-heptane,
octane, nonane, decane, toluene, ethyl benzene and xylene were detected. Among them, n-hexane and n-heptane were detected in
all of 54 air samples with 13.13 mg/m' and 8.61 mg/m’ of maximum concentration, respectively. The level of airborne
concentration from all of samples were bellow the occupational exposure limit in Korea.

Conclusions : Based on the results of this study, workers handling rust preventive oils could be exposed to CMR substances
contained in rust preventive oils and n-hexane and n-heptane were found as the most frequent sources of VOC exposure.
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Table 1. Basic characteristics of workplaces investigated in this study
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(manufacture of structural metal products, tanks,
reservoirs and steam generators)©] 17tk & &Ht
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Division Content N %
Location Daegu 18 81.8
Gyeongsangbuk-do 4 18.2
Industrial classification Manufacture of general purpose machinery 15 68.2
Manufacture of special-purpose machinery 4 18.2

Manufacture of parts and accessories for motor vehicles and engines 2 9.1

Manufacture of structural metal products, tanks, reservoirs and steam generators 1 4.5

Products type Soluble 1 4.5
Straight 21 95.5

Products subtype Soluble 1 4.5
Preventive lubricating oil 3 13.6
Corrosion preventive oils solvent dilution 18 81.8
Hnding mbods WIS g s
Dipping 10 45.5

Brushing 2 9.1
Local exhaustive ventilation Installation 27.3
Non-installation 16 72.7

Number of employee’ (315%12 ?0)
Usage amount of rust preventive oil 171.9+£260.0
per month’ (1.1 - 1200)
Total 22 100

" Multiple reply; " Meanzstandard deviation(range)
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Table 2. Working conditions of workers handling rust preventive oils

Division Content N %
Number of response 54 100
Gender Male 38 70.4
Fmale 16 29.6
Ventilation Installation 6 27.3
Non-installation 48 72.7
Above standard 1 1.9
Capture velocity of local exhaustive ventilation
Below standard 5 9.3
Supplied air respirator 0 0.0
Respiratory protective equipment Dust respirator 0 i
Cotton mask 21 389
Not wearing 27 50.0
Chemical resistant gloves 2 3.7
Hand Protective equipment Cotton gloves 52 96.3
Not wearing 0 0.0
Working Time(min)" 4(:;%3_228%))6
Temperature(C)” (22 19 f_iﬁ%)
Relative humidity(%)" (226 36_?)%)
Total 54 100
" Meanzstandard deviation(range)
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barium salts S-©| &-91%]¢]al, 1 = stoddard solvent AZE AEE = 9ot ARIAEHo| A, AA
Table 3. Carcinogenic, mutagenic and reprotoxic ingredients found in rust preventive oils
Ingredient CAS number Products subtype Carcinogenic Mutagenic ~ Reprotoxic
Butane 106-97-8  Corrosion preventive oils solvent dilution 1A 1B
Butoxy ethanol 111-76-2  Corrosion preventive oils solvent dilution 2
Cumene 98-82-8  Preventive lubricating oil 2
Corrosion preventive oils solvent dilution
Ethly benzene 100-41-4  Corrosion preventive oils solvent dilution 2
Methyl isobutyl ketone 108-10-1  Corrosion preventive oils solvent dilution 2
n-Hexane 110-54-3  Corrosion preventive oils solvent dilution 2
Toluene 108-88-3  Preventive lubricating oil 2

Corrosion preventive oils

solvent dilution

http://www.kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(1): 23-37



Table 4. Summary of concentrations of volatile organic compounds from 54 personal air samples
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Octane 54 (14.8) 044 0.14 0.42 1.37 024 068 1450 0.05
Nonane 54 (27.8)  0.63 0.50 0.48 2.02 0.20 191 1050 0.18
Toluene 54 (98.1) 221 1.47 1.81 1.89 0.7 8.62 188 459
Ethyl benzene 54 (19) 030 0.0 0.30 1.00 030 030 435 0.07
Xylene 54 (63.0)  0.44 0.43 0.34 1.84 018 226 435 0.52

" Total number of samples (detection rate), " Korean occupational exposure limits
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Table 5. Comparison of VOCs concentrations by rust preventive oil subtypes

mg/m’, u]AER]: 221 mg/m)R A7) AR 7 AR H
B 27wt s o 9oy SAHeR
GOJBHA = QFYTHP>0.05). o= FEAH|7|AR] 7} AR
ARl 6o ESHG7] wiZoll A Alws

I nstallation
[ Non-installation

Concentration, mg/m3

0 T T T
Hexane Heptane Toluene

* P-value > 0.05

Figure 1. Comparison of airborne hexane, heptane and toluene
concentrations by installation of local exhaustive
ventilation systems.

(unit : mg/m")

Product subtype Variables n-Hexane Heptane  Octane Nonane Decane Toluene b?rilzllme Xylene
N 4 4 4 3
Mean 5.39 1.88 1.57 0.25
Standard deviation 0.98 0.92 091 0.04
Soluble Geometric mean  5.32 1.72 135 0.25
Geometric standard — |9 1.61 1.92 1.19
deviation
Range 4.49-6.71 1.13-3.11 0.65-2.52 0.20-0.29
N 4 4 2 2 4 2
Mean 6.19 2.45 0.40 3.76 2.01 0.37
Preventive Standard deviation 1.37 0.89 0.05 0.44 091 0.21
lubricating oil Geometric mean 6.07 232 0.40 3.75 1.81 0.34
Geometric standard ) ), 1.47 113 112 177 1.85
deviation
Range 4.39-740 1.47-3.34 0.37-0.44 3.45-4.07 0.80-2.94 0.22-0.52
N 46 46 8 13 25 45 1 29
Mean 6.58 2.73 0.44 0.66 11.68 2.28 0.30 0.46
Corrosion Standard deviation 2.28 1.78 0.15 0.56 22.95 1.56 0.46
preventive 0ils * Geometric mean 622 2.20 0.42 0.49 3.96 1.86 0.30 0.35
solvent dilution
Geometric standard ) 4 2.00 1.40 2.19 4.03 1.93 1.92
deviation
Range 2.85-13.13 0.37-8.61 0.24-0.68 0.20-1.91 0.84-111.17 0.37-8.62 0.30 0.18-2.26
ANOVA P-value 0.56 0.62 0.53 0.64 0.64 0.72
http://www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(1): 23-37
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Table 6. Comparison of VOCs concentrations by handling methods of rust preventive oils (unit : mg/m")
Handling Variables n-Hexane  Heptane Octane Nonane Decane Toluene Ethyl Xylene
method benzene
N 31 31 9 15 31 17
Mean 6.20 242 0.54 14.21 1.98 0.33
Standard deviation 1.79 1.31 0.55 28.36 1.23 0.28
Spraying  Geometric mean 5.96 2.05 0.40 421 1.63 0.28
Geometric standard ) 35 1.86 2.12 4.60 191 1.60
deviation
Range 3.24-10.27 0.37-5.12  0.38-0.60  0.20-1.91 0.89-111.17 0.37-4.78 0.18-1.37
N 21 21 6 11 20 15
Mean 6.89 3.03 0.76 7.50 2.59 0.57
Standard deviation 2.63 2.11 0.49 10.74 1.79 0.56
Dipping Geometric mean 6.46 245 0.64 3.62 2.18 0.42
Geometric standard ) 4 1.98 1.90 325 1.80 2.10
deviation
Range 2.85-13.13 0.50-8.61 0.24-0.68 0.29-1.51  0.84-32.41  0.65-0.82 0.20-2.26
N 2 2 1 2 1 2
Mean 5.97 2.14 3.74 1.98 0.30 0.28
Standard deviation 2.58 2.05 1.88 0.07
Brushing  Geometric mean 5.69 1.58 3.74 147 0.30 0.28
Geometric standard 50 3.19 3.15 130
deviation
Range 4.14-7.80  0.69-3.59 3.74 0.65-3.30 3.30 0.23-0.33
ANOVA P-value 0.51 0.40 0.75 0.72 0.35 0.25

7} 2o} BAA folido] ehbx] erorcha sk,
2 Ao A AARE F715 VOCs 4 Aot v
wa}7] Sjs) A% Aol dia) Ak A, AR
S elolA WA Ha Z=AE o= VOCs9
g 371 F wEPE SAG ATARE 2S5
ME]— AR 2 AR fARE ARes A
Fru AA Aol tiet A EE I £E
% lI—]—,—U]'(LeltCh, 1924; Emmet, 1975)0|u 1]HA
(Steinbruck, 1929; Schwarz et al., 1957, Tagami &
Ogino, 1973; Jee et al., 1985)¢] o3t A o[ 1990 )
o2l Bi150]9lc}. 20004 ehe] Mgl BRE LEfLt
UG el (grease) T LA chat W& ot
Aol gk LAY 1ol thgt Ak HE L% TH Aalto-Korte
et al., 2008; Aalto-Korte & Suuronen, 2009).
S B A% 1T w2 FEE e
n-hexane®] 79-o|&= Ftfglo] 1&g H &7
9] 73% &0 7 nE FZ o] lr_gﬂz./] 10% o3t
Feor HEHNoW, AAEA A W, A4

oo b
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Appendix 1. Ingredient and content of rust preventive oil reported in material safety data sheet

Pr?;l:;ts Products subtype N’ Ingredient nl.(ljrlr?bser Clc\:fiz;r?l(lzz) D;}zilcg)z;)n
Soluble  Soluble 1 Diethylene glycol 111-46-6 20 100
Trolamine 102-71-6 20 100
Water 7732-18-5 60 100
Straight Preventive lubricating oil 3 Butane 106-97-8 32 66.7
Distillate(petroleum), hydrotreated light 64742-47-8 40 66.7
Distillate(petroleum), solvent-dewaxed heavy paraffinic 64742-55-8 80 66.7
Isobutane 75-28-5 12 66.7
Distillate(petroleum), hydrotreated heavy paraffinic 64742-54-7 20 333
Distillate(petroleum), hydrotreated light paraffinic 64742-55-8 80 333
Polybutene 9003-29-6 5 333
;(i;r:r?:o(ri]ilstrii‘fmwe oils 28 Distillates(petroleum), hydrotreated light 64742-47-8 90 60.7
Distillates(petroleum), solvent-dewaxed heavy paraffinic =~ 64742-65-0 40 32.1
Sulfonic acids, petroleum, barium salts 61790-48-5 25 214
Distillates(Petroleum), hydrotreated heavy paraffinic 64742-54-7 20 17.9
Sorbitan monooleate 1338-43-8 11 17.9
Paraffin waxes and hydrocarbon waxes, oxidized 68153-22-0 10 14.3
Distillate(petroleum), hydrotreated heavy naphthenic 64742-52-5 20 10.7
Distillate(petroleum), hydrotreated light naphthenic 64742-55-8 85 10.7
Fatty acids, C18-unsatd, dimers 61788-89-4 5 10.7
Petrolatum(petroleum), oxidized, calcium salt 68425-34-3 70 10.7
Stoddard solvent 8052-41-3 100 10.7
Sulfonic acids, petroleum, calcium salts 61790-37-2 20 10.7
Naphthalenesulfonic acid, dinonyl-, barium salt(2:1) 25619-56-1 10 7.1
Butylated hydroxytoluene 128-37-0 6 3.6
De-oiled lanolin 68201-49-0 10 3.6
Diethylene glycol mono-n-butyl ether 112-34-5 NA" 3.6
Distillates(petroleum), hydrotreated light naphthenic 64742-53-6  N.A 3.6
Fatty acids, C16-18, 2-ethylhexyl esters 91031-48-0 5 3.6
Isopropyl oleate 112-11-8 10 3.6
Lecithin 8002-43-5  N.A" 3.6
Straight ;ﬁi’;ﬁ:";ﬁf&fﬂtwe olls 28 Ligroine 8032-32-4 55 3.6
Mineral oils 8020-83-5  N.A' 3.6
Naphtha(petroleum), hydrodesulfurized light 64742-73-0 25 3.6
Naphtha(petroleum), hydrotreated heavy 64742-48-9 50 3.6
Naphthalenesulfonic acid, dinonyl-, calcium(2:1) 57855-77-3 10 3.6
Petrolatum(petroleum), oxidized 64743-01-7 N.A" 3.6
Petrolatum 8009-03-8 10 3.6
Sulfonic acids, petroleum, sodium salts 68608-26-4 16 3.6
Toluene 108-88-3 35 3.6
Xylene 1330-20-7 35 3.6

*Number of product; " Not available
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Appendix 2. Qualitative analysis of the bulk sample of rust preventive oil

Pr;)yd;:ts Products subtype N;rrggszt:f Ingredient CAS number C]:Li:ilrtmgz) Relrs/([);tl;té in
Soluble Soluble 1 Alkyl cyclohexane 0.96
Decahydro alkyl naphthalene 2958-76-1 0.70
Alkyl octanol 0.56
Bromo n butyl piperidinone 195194-80-0 0.46
Octadecyne 629-89-0 0.41
Levomenthol 2216-51-5 0.35
Undecane 1120-21-4 0.32
Cyclohexane alky propanoate 2890-67-7 0.31
Alkyl heptene 0.26
Epoxyoctadecanol 13980-12-6 0.24
Alkyl decahydro naphthalene 2958-75-0 0.23
Decahydro naphthalene 0.22
Tricosene 52078-56-5 0.22
Alkyl cyclopentane 0.20
Alkyl dodecane 0.19
Alkyl decalin 0.15
Eicosadiene 14811-95-1 0.14
Alkyl cyclooctane 0.13
Alkyl cycloheptane 0.10
Alkyl hexenol 900139-52-3 0.09
Cyclododecanemethanol 1892-12-2 0.08
Straight ~ Preventive lubricating oil 3 Nonane 111-84-2 1.26
Alkyl cyclohexane 1.02
Alkyl octane 1.01
Octane 111-65-9 0.86
Alkyl heptane 0.74
Decane 124-18-5 0.71
Alkyl benzene 98-82-8 0.49
Alkyl nonane 0.42
p-Xylene 106-42-3 0.32
Undecane 1120-21-4 0.24
Alkyl decane 0.20
0-Xylene 95-47-6 0.19
Heptane 142-82-5 0.11
Toluene 108-88-3 0.11
Alkyl decene 0.09
Alpha alkyl cyclohexane 0.08
Straight ~ Corrosion preventive oils solvent dilution 28 n-Methyltaurine 107-68-6 46.27
Alkyl heptane 44.23
Alkyl pentane 41.66
Alkyl hexane 28.08
Alkyl cyclohexane 20.00
Alkyl cyclopentane 17.10
Nonane 111-84-2 1491
Heptane 142-82-5 13.94
Alkyl butane 12.97
n-Hexane 110-54-3 10.37
Alkyl cyclopropane 9.15
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Appendix 2. Qualitative analysis of the bulk sample of rust preventive oil (continued)

Pr;);l;:ts Products subtype N;rr:EEZt:f Ingredient CAS number cﬁiﬁ??% Relrs/([);tlgt; in

Straight ~ Corrosion preventive oils solvent dilution 28 Pentane 109-66-0 6.42
Cyclohexanol 108-93-0 6.26
Alpha alkyl cyclohexane 6.24
Chloro hexane 638-28-8 6.22
Alkyl octane 6.18
Octane 111-65-9 6.03
Decane 124-18-5 5.92
Alkyl benzene 98-82-8 2.98
100-41-4 0.14

Toluene 108-88-3 4.14 0]
Alkyl oxirane 3.86
Alkyl undecane 3.34
Alkyl nonane 2.67
Butoxy ethanol 111-76-2 2.66
Alkyl decane 2.63
Alpha alkyl cyclopentane 2.18
Hexenal 6728-26-3 2.09

p-Xylene 106-42-3 1.99 0]
Alkyl cyclobutane 1.93

0-Xylene 95-47-6 1.90 o]
Alkyl cycloheptane 1.81
Alkyl cyclooctane 1.71
Trifluoroacetoxy ethyldecane 116436-59-0 1.61
Octadecyne 629-89-0 1.54
Alkyl octene 1.51
Alkyl pentanol 1.47
Alkyl undecanol 10522-26-6 1.43
Alkyl butanol 97-95-0 1.25
Alkyl undecene 1.21
Alkyl ether 1.19
Alkyl dodecanol 6750-34-1 1.11
Alkyl cyclohexadiene 134820-82-9 1.10
Butane 106-97-8 1.03
Cycloalkyl ester oxalic acid 0.97
Alkyl tetradecanol 900131-71-0 0.85
Methyl isobutyl ketone 108-10-1 0.81
Cycloalkyl undecane 13151-77-4 0.80
Alkyl decanol 2425-77-6 0.78
Alkyl octanol 0.78
Cycloalkyl decane 13151-73-0 0.78
Alkyl decene 0.77
Alkyl decalin 0.74
Acetyl thiazolidinecarboxylic acid 126990-62-3 0.73
Alkyl dodecane 0.68
m-Menthane 0.66
Cycloalkyl octane 2883-05-8 0.65
Alkyl ester oxalic acid 0.62
Alkyl hexene 0.60
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Appendix 2. Qualitative analysis of the bulk sample of rust preventive oil (continued)

Pr;);l;:ts Products subtype N;rr:EEZt:f Ingredient CAS number cﬁiﬁ??% Relrs/([);tlgt; in
Straight ~ Corrosion preventive oils solvent dilution 28 Alkyl heptanol 0.58
Cyclooctanemethanol 3637-63-6 0.58
Alkyl pentene 0.57
Epoxyoctadecanol 13980-12-6 0.55
Mesitylene 108-67-8 0.55
Trichlorodocosyl silane 7325-84-0 0.54
Hexadecyne 629-74-3 0.54
Undecane 0.53
Cycloalkylhexadec sulfurous acid 900309-22-4 0.52
Alkyl octadecene 35354-39-3 0.51
Decahydro naphthalene 0.51
Alkyl nonadecene 219750-68-2 0.49
Cyclohexane 110-82-7 0.49
Alkyl heptene 0.49
Cycloalkyleicosane 4443-61-2 0.48
Decahydro alkyl naphthalene 2958-76-1 0.48
Alkyl heptadecane 54105-67-8 0.47
Alkyl hexanol 0.44
Alkyl ester dodecanoic acid 900159-97-0 0.42
Tridecenol 74962-98-4 0.42
Cycloheptane methanol 4448-75-3 0.41
Eicosyne 765-27-5 0.37
Alkyl ester acetic acid 123-86-4 0.34
Decene 20063-97-2 0.34
Alkyl ester butanoic acid 54714-35-1 0.32
Bromo heptane 1974-04-5 0.29
Alkyl octadienediol 103619-06-3 0.29
Alkylindene 19744-64-0 0.29
Alkyl butyrate 141-16-2 0.28
Tridecane 629-50-5 0.27
Phytol 0.27
Alkyl nonene 54410-98-9 0.27
Alkyl ester sulfurous acid 900309-19-1 0.26
Alkyl ester oxooctadecanoic acid 2380-18-9 0.26
Trifluoroacetatecycloheptanol 900376-25-8 0.22
Alkyl decahydro naphthalene 2958-75-0 0.22
Alkyl ester malonic acid 900348-95-8 0.22
Cyclododecanemethanol 1892-12-2 0.19
Alkyl cyanamide 2050-54-6 0.19
Hexatriacontane 630-06-8 0.19
Methylene tridecane 19780-80-4 0.19
Alkyl cyclopentenol 21834-98-0 0.18
Cycloalkyl imidazole 93383-50-7 0.18
Cycloalkyl cyclooctane 92369-78-3 0.17
Bromo n butyl piperidinone 195194-80-0 0.17
Isobutane 75-28-5 0.17
Cyclohexadecane 295-65-8 0.16
Decenol 18409-18-2 0.16
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Appendix 2. Qualitative analysis of the bulk sample of rust preventive oil (continued)

Pr;)yd;:ts Products subtype N;rrggszt:f Ingredient CAS number C]:Li:ilrtmgz) Relrs/([);tl;té in
Straight ~ Corrosion preventive oils solvent dilution 28 Chloro undecene 872-17-3 0.15
Alkyl eicosane 6418-46-8 0.15
Nonanol 143-08-8 0.15
Benzyl isopropenyl ether 32783-20-3 0.14
Tetrahydrocarvone 499-70-7 0.14
Heptene 142-82-5 0.13
Cyclotridecane 295-02-3 0.13
Alkyl nonyl cyclopropane 41977-39-3 0.12
Alkyl cyclohexanedione 18456-87-6 0.12
Tetradecyne 765-10-6 0.12
Tert buty cycloheptanol 19790-14-8 0.12
Alkyl octadecane 930-02-9 0.12
Cycloalkyl propane 3638-35-5 0.12
Alkyl trifluoroacetoxy cyclohexane 0.10
Allyl nonyl ester oxalic acid 900309-23-7 0.10
Tetradecenol 900130-83-7 0.10
Cyclohexane propanol 1124-63-6 0.09
p-Menthatriene 18368-95-1 0.09
Oxybis hexane 112-58-3 0.09
Pentatriacontene 6971-40-0 0.09
Trimspirodecadienone 81532-19-6 0.09
Dodecyne 765-03-7 0.09
Bicyclo decane 16189-46-1 0.08
Dodecenol 69064-37-5 0.08
Alkyl cyclodecan 645-10-3 0.07
Pentenol 625-31-0 0.07
Chloro hexadecane 4860-03-1 0.07
Octadecene 7206-19-1 0.07
Eoctadecadecenol 900131-10-2 0.07
Octahydro pentalene 1755-05-1 0.07
Cycloalkyl dodecane 7225-68-5 0.05
Alkyl tridecane 6418-41-3 0.05
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