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ABSTRACT

Objectives: To ensure that employers handling petroleum compounds understand whether petroleum-based
UVCB (unknown or variable composition, complex reaction products, or biological materials) substances contain
hazardous substances and comply with the Occupational Safety and Health Act, petroleum-based UVCB
substances were analyzed and the results from samples were compared with MSDS (Material Safety Data Sheet)
contents.

Methods: Twenty-one petroleum samples were analyzed using GC-MS (Gas Chromatography-Mass
Spectrometry), targeting ten volatile organic compounds regulated by the Occupational Safety and Health Act.

Results: The target chemicals were detected in 13 out of 21 samples. All 13 samples were in the naphtha
(low boiling point naphthas (gasolines)) group. There were also naphtha group samples containing 2%
benzene. Some naphtha samples used as solvents contained about 1% benzene.

Conclusions: This study shows that naphtha group petroleum substances contain hazardous chemicals in
many cases. In particular, if benzene, n—hexane, and toluene with low occupational exposure limits are
contained above the limit concentration. Such information should be delivered in the article on MSDS legal
regulations.

Key words: GC-MS, hazardous substance, MSDS, petroleum substances, UVCB
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Category

No. Category

Low boiling point naphthas (Gasolines)

1N Other lubricant base oils

1
2 Kerosines 12 Untreated distillate aromatic extracts
3 MK1 diesel fuel 13  Treated distillate aromatic extracted
4 Straight-run gas oils 14 Residual aromatic extracts
5  Cracked gas oils 15 Slack wax
6  Vacuum gas oils, hydrocracked gas oils & distillate fuels 16 Paraffin and hydrocarbon waxes
7  Other gas oils 17 Foot oils
8  Heavy fuel oil components 18  Petrolatum
9  Unrefined/acid treated oils 19  Bitumen
10 Highly refined base oils 20  Okxidised asphalt
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Table 2. Regulatory petroleum UVCB substances on Occupational Safety and Health Act

Petroleum UVCB substances (CAS No.)

Requirement

Working environment Special health

management measurement examination
VM&P Naphtha (8032-32-4) O - -
Stoddard solvent (8052-41-3) O O O
Gasoline (8006-61-9) - - O
Coal tar pitch (65996-93-2) volatiles - O O
Coal tar (8007-45-2) - - O
Turpentine oil (8006-64-2) - - O
Metal working fluids, mineral oil mist - O O
Authorization and Restriction of Chemical et A" HE= HIeASRIES o= 7EA
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Table 3. Occupational exposure limit (OEL) and classification of target hazardous substances

Hazardous substances CAS No. TWE*EL (pprg%ELT Hazard classification™  Limiting concentration (%)
n-hexane 110-54-3 50 - R(2), Skin 0.1
benzene 71-43-2 0.5 25 C(1A), M(1B), Skin 0.1

cyclohexane 110-82-7 200 - - 1.0
cyclohexene 110-83-8 300 - - 1.0
heptane 142-82-5 400 500 1.0
toluene 108-88-3 50 150 R(2) 0.1
ethylbenzene 100-41-4 100 125 C®2) 0.1
m-xylene 108-38-3 100 150 - 1.0
p-xylene 106-42-3 100 150 - 1.0
o—xylene 95-47-6 100 150 - 1.0

“TWA: Time Weighted Average

TSTEL: Short Term Exposure Limit

THazard classification: Hazard classification according to EU CLP (Europe Union Classification, Labelling and Packaging),
IARC (International Agency for Research on Cancer), ACGIH (American Conference of Governmental Industrial
Hygienists), NTP (National Toxicology Program), OSHA (Occupational Safety and Health Administration) criteria. C,
Carcinogenic; M, Mutagenic; R, Reproductive

Table 4. Types of UVCB substance included in the sample subjected to study

No. Sample UVCB substance (CAS No.) Content (%) UHCs +
category
1 Fuel 1 Gasoline, natural (8006-61-9) 100 Naphtha
2 Fuel 2 Gasoline (86290-81-5) <100 Naphtha
3 Fuel 3 Gasoline (86290-81-5) 90+3 Naphtha
4 Fuel 4 Gasoline (86290-81-b) 100 Naphtha
5 Fuel 5 Naphtha (petroleum), heavy straight-run (64741-46-4) 58-65 Naphtha
6 Fuel 6 Naphtha (petroleum), heavy straight-run (64741-46-4) 97-99.6 Naphtha
7  Solvent 1 Naphtha (petroleum), heavy straight-run (64741-46-4) >92 Naphtha
8 Solvent 2 Naphtha (petroleum), heavy straight-run (64741-41-9) 10 Naphtha
9 Solvent 3 Naphtha (petroleum), heavy straight-run (64741-41-9) 10 Naphtha
10 Thinner 1 Naphtha (petroleum), heavy straight-run (64741-41-9) 85-95 Naphtha
11 Thinner 2 Solvent naphtha (petroleum), light arom. (64742-95-6) 65-75 Naphtha
12 Thinner 3 Solvent naphtha (petroleum), light arom. (64742-95-6) 3-13 Naphtha
Solvent naphtha (petroleum), heavy arom. (64742-94-5) 12-22 Kerosine
Solvent naphtha (petroleum), light arom. (64742-95-6) 3-13 Naphtha
13 Thinner 4 Solvent naphtha (petroleum), heavy arom. (64742-94-5) 1-10 Kerosine
Stoddard solvent (8052-41-3) 0.1-4 Naphtha
14 Cleaner 1 Solvent naphtha (petroleum), light aliph. (64742-89-8) 20-30 Naphtha
15 Cleaner 2 Solvent naphtha (petroleum), light arom. (64742-48-9) 60 Naphtha
Naphtha (petroleum), light alkylate (64741-66-8) (30 Naphtha
16 Cleaner 3 Distillates (petroleum), hydrotreated lights (64742-47-8) 95-99 Kerosine
17  Air cleaner Distillates (petroleum), hydrotreated lights (64742-47-8) 90-100 Kerosine
18 Anti-rust oil Distillates (petroleum), hydrotreated lights (64742-47-8) 50-70 Kerosine
Distillates (petroleum), solvent-dewaxed heavy paraffinic (64742-65-0) {25 Base oil
19  Lubricants 1  Distillates (petroleum), hydrotreated heavy paraffinic (64742-54-7) 90-100 Base oil
20 Lubricants 2 Distillates (petroleum), hydrotreated heavy paraffinic (64742-54~7) 90-100 Base il
91 Anti-foamer Distillates (petroleum), hydrotreated lights (64742-47-8) 20-30 Kerosine
Paraffin waxes and Hydrocarbon waxes (8002-74-2) <10 Wax

TUVCB category: CONCAWE UVCB substance classification category, naphtha, low boiling point naphthas; base oil, other
lubricant base oils, kerosine, kerosines; wax, paraffin and hydrocarbon waxes
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Table 5. Analytical conditions of GC-MS
Parameter Conditions
Inlet temperature 275C
Injector volume 1w
Split ratio 50:1
Column HP-1 (100 m x 0.25 mm x 0.5 im), Agilent Technologies
Carrier gas Helium (purity>99.999%), 1 md/min

Column temperature

40°C, 10 min — 0.5C/min to 75C — 10°C/min to 200C (hold 7.5 min)

— post run: 250C, 10 min

Transfer line temperature 280C

MS mode Scan/SIM

Scan range 40.0-550.0 m/z
Detection off for solvent 13.7-15.2 min

gas)t= e TE(99.999%)S AREsIRoH, 25 3.3
Q] HE= FASIA A= FUF(nlet) == 27
5C, GdYEZ(transfer line)Q] &= 280CE A%
SHATE ZHe 2%+= Z7]0) 40ColA 1081t FAIst
7 0.5C/mine] £E2 75C7H] £ &8]1 T4
10C/ming £E2 200C7H] &Y o 7% 30%3t
FABFA A Fol= 250CoNA 10&7E F-A5HA -

FAEANEZ Slotd ZF Alg= AT glol 1 e &
] E(split ratio) 50:1% FUF & AFM(scan) 2=
@} AMEfol&(selected ion monitoring; SIM) ZEE
Argste] EASkolTE A7 Hel= 40.0~550.0 m/z
2 Ao, oo sidol= 13.70~15.20 m/z
Hej= AlQetdet. AA GC-MS 223} A7 7] 2
IRSRCE MassHunter(Agilent Technologies, USA) 4
ZEOIE ol&stlem AR EAZRHZ Table 5%

Fayle g

A= W foiEde FE fldl 2 4=E= 0.005~
0.3 mg/ml 5% FF2& HY &7t Fi& 5%9] 40
Hl A HeE o7 =2 AT 3 53] §kE 45}
of HoS AXboly AFAE Zdstal A4 High
AR AP oo 1917 BeEd
9] Zt FE=EHONA 53] HHE S ste] AHHEZHAL
(relative standard deviation, RSD)E AlAloto] FH

2 S5t AEtAe Ad3AY BEEAE
71712 Use @Ol 3& Hoto] Al

m.z
7 dpde Baudel gEde A% 2
Table 63 o] vehgitt. zeilo] x; AR

Table 6. The verification result for the quantitation of hazardous substances

Coefficient of

Hazardous substances Semmietion (52)

Limit of detection
(LOD, mg/mg)

Relative standard
deviation (RSD, %)

n—hexane 0.9991
benzene 0.9999
cyclohexane 0.9994
cyclohexene 0.9990
heptane 0.9985
toluene 0.9993
ethylbenzene 0.9981
m-xylene 0.9978
p-xylene 0.9993
o—xylene 0.9977

1.447 0.00901
1.448 0.00421
1.473 0.00901
1.483 0.01207
1.477 0.01201
1.520 0.01028
1.477 0.01731
1.428 0.01846
1.452 0.01026
1.403 0.01876
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Table 7. The qualitative and quantitative analysis results of samples

(unit: %)
. Sl?lerannie MHEETE BEEEne h(e:iglr?e hg(glr?e repiEe Tolens beErf;gile X;Ine_ne Xyﬁ)e_ne Xy(l)e_ne
1 Fuel 1 N.D. N.D. N.D. - N.D. N.D. N.D. N.D. N.D. N.D.
2 Fuel 2 2.37 2.27 N.D. N.D. - - - - - -
3 Fuel 3 2.55 0.52 0.66 N.D. 1.24 1.50 0.59 0.59 3.61 0.51
4 Fuel 4 4.51 0.55 3.24 N.D. 1.72 1.60 0.67 0.30 0.59 0.32
5 Fuel 5 19.15 2.27 3.05 N.D. 4.95 0.76 - - - -
6 Fuel 6 20.18 1.94 4.51 N.D. 4.85 1.53 N.D. N.D. N.D. N.D.
7 Solvent 1 14.48 0.92 1.97 - 8.54 1.65 N.D. 0.27 0.41 0.21
8 Solvent 2 N.D. N.D. N.D. - N.D. 78.07 N.D. N.D. N.D. N.D.
9 Solvent 3 N.D. N.D. - - - 58.15 N.D. N.D. N.D. -
10 Thinner 1 0.55 0.13 0.715 - 4.66 2.30 1.32 2.26 2.50 0.91
11 Thinner 2 N.D. N.D. - - - N.D. 2.43 0.68 2.46 1.28
12 Thinner 3 - N.D. N.D. - - 0.17 2.71 21.12 4.39 2.62
13 Thinner 4 0.10 0.04 - - 0.14 0.15 3.61 1.93 6.25 2.97
14 Cleaner 1 N.D. N.D. 0.34 - 0.22 74.09 - N.D. N.D. N.D.
15 Cleaner 2 N.D. N.D. - - 0.28 - - - - -
16 Cleaner 3 - N.D. - - - - - - - -
17 Air cleaner N.D. N.D. - - N.D. N.D. - - - -
18  Anti-rust oil N.D. N.D. - - N.D. N.D. - - - -

19  Lubricants 1 - N.D. - -
20  Lubricants 2 - N.D. - -
21 Anti—foamer - N.D. - -

"N.D.: Not detected

0.9977 oo g AAAo] F=silon, JEEH
A= 1.520% olst= @A U= Z2AE HeERHAS
183 AESHAE 0.00421~0.01876 mg/mlE AALE]
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o-FAE, AEF2E £07 Wokow AIZRIAS

_4
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2
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Table 8. Number of products contained hazardous substances based on use and reasonability of regulation on MSDS
(unit: number (%))

No. of products

Hazardous substances

Total Fuel Solvent Thinner Cleaner Others
n-Hexane 8/21 (381) 5/6 (833 1/3 (333 2/4 (50.00 0/3 ) 0/5 0)
Benzene 8/21 (38.1) 5/6 (833 1/3 (333 2/4 (50.00 0/3 ©0) 0/5 ©0)
Cyclohexane 7/217 (33.3) 4/6 (66.7) 1/3 (333 1/4 (25.00 0/3 ) 0/5 0)
Cyclohexene 0/21 0 0/6 0 0/3 (0) 0/4 ) 03 © 05 (O
Heptane 9/21 (4290 4/6 (©6.7) 1/3 (333 1/4 (25.00 1/3 (33.3) 0/5 0)
Toluene 11/21 (62.4) 4/6 (66.7) 3/3 (100) 3/4 (75.00 0/3 (0) 0/5 ©)
Ethylbenzene 7/21  (38.1) 2/6 (33.3) 0/3 ) 3/4 (75.00 0/3 (0) 0/5 (0)
m-Xylene 7/21 (38.1) 2/6 (333) 1/3 (333 4/4 (1000 0/3 0) 0/5 0)
p—Xylene 7/21 (38.1) 2/6 (333) 1/3 (333 4/4 (100) 0/3 0) 0/5 0)
o—-Xylene 6/21 (286) 2/6 (333) 1/3 (33.3) 4/4 (1000 0/3 0) 0/5 0)

Reasonability of

regulation on MSDS /21 (624 /6 (167) 2/3  (667) 0/4 ) 3/3 (1000 5/5 (100)

Table 9. Comparison with analysis and information on MSDS according to UVCB categories.
(unit: number (%))

_ Products’
UVCB categories -
Analysis MSDS

Low boiling point naphthas (Gasolines) 13/15 (86.7) 2/13 (15.4)
Kerosines 0/6 (0) -
Other lubricant base oils 0/3 (0) -
Paraffin and hydrocarbon waxes 0/1 (0) -

Total 13/21 (66.7) 2/13 (15.4)

" This results were not for the individual substance, but UVCB substances only.

o gelEdo] ABEA e AE 6B AT 55 A, $8VI9, ekl 9 2AA UVCB B4L e
of Busteict. e RS A=, AW 59 Al ¥ ARE L% o feiRde] A2EA gkt of

2 WA AR mEstaeH A, AlEA|, Z1eE 2IE A HE AR V1A ARE Hladt 23
AF-E vlad FostAti(Table 8). A7 UVCB 49 U ¥4 #A8ZS 43| 7]

g A7 MSDSOl 71AE 13%9] 484 UVCB At AEL 13% 5 25 Ho]QtKTable 9).
4% Yz, 59, 275, g2k 9 oA 5 470

e rE]2 LEste] GC-MSE EA43%F Axkel MSDS V.o

of 7|A" W& FAEFS vwstch Y FaAER

< WASE ol AT ARFZ 1352E 66.7%= A 20219 7HH AHdbd R Aol uet EFbdE A
Aot@on e AUy vzt 9 7k A9 UVCB  ARHLELS AXSHAY FYsks A A% - 4
EAE ot e At I F 1532 A Ao MSDSE FHdste] rarEAg ol AEsfoF of

7K&=(CAS No. 8006-61-9)= &3t AECE thE MSDS 714 & & 82 Fol- A8 seed
713(CAS No. 86290-81-5)2 $Ho3t A&} g2 o] B3 9 FFS 7SS A=Y olHoll=
4 folEdo] HEMA nRto 2 FEEHeH, 135 o osjEo] JPu|UE H T Eo] MSDS| 71A=
2 o] s vHe 2 HAEH AT YA 55 Al EJATE oA HZ ARRPAREAY A112x(FE
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