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Figure 1. Chromatogram of petroleum based solvent B.
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Figure 2. Chemical composition of petroleum based
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Table 1. DHA GC analytical conditions for petroleum based dry cleaning solvents

Item Condition
Instrument AC DHA analyzer

Injection volume 0.2 1l

Split ratio 100 : 1

DHA classic(HP-1), 100m x 250zm x 0.50zm

Injector : 250 C, Detector : 250 C

Oven :at 35C, 13 min — 45C(1.0 C/min)— at 45 C,
2 min — 60°C(1.0 C/min) — 200°C(1.9C/min)—

Column
Carrier gas rate He(1.5 ml/min)
Temperature

at 200 C, 20 min
Detector FID

dry cleaning solvents.
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Table 2. The analysis of petroleum based dry cleaning solvent A
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Molecular species n-Paraffin i-Paraffin Olefin Naphthene Aromatic Total
Cl ' 0.00
C2 0.00
C3 0.00
C4 0.00
C5 0.00
C6 0.00
C7 - - - 0.00
C8 0.53 - - 2.28 0.05 2.86
C9 1.30 2.00 0.05 6.34 3.10 12.79
Cl10 9.89 13.78 0.18 2.11 14.10 40.06
Cl1 8.42 9.08 0.54 2.35 2.52 22.91
Cl12 0 11 0.38 - 0.98 0.48 1.95
Cl13 - - - 0.00
Cl4 - - - - - 0.00
Total 20.25 25.25 0.77 14.06 20.24 80.57

Total heavies ' 0.60
Total unknowns ™ 18.83
Grand total 100.00
* :not detected, T :more than C15, ¥ : unidentified components in C1 ~C14
Table 3. The analysis of petrolem based dry cleaning solvent B _
(unit  mass %)

Molecular species n-Paraffin i-Paraffin Olefin Naphthene Aromatic Total
Cl ' 0.00
C2 0.00
C3 0.00
C4 0.00 s
C5 0.01
C6 0.00
C7 - - - 0.00
C8 0.31 - - 2.94 0.08 333
C9 571 4.16 0.40 9.19 3.48 22.94
Cl10 11.59 1522 0.29 1.24 9.35 37.69
Cl1 6.69 5.52 0.26 1.75 1.53 15.75
Cl12 179 052 - 068 1.56 4.55
Cl13 - 0.00
Cl4 - - - - - 0.00

Total 26.09 25.41 0.96 15.80 16.00 84.27
Total heavies ™ 0.00

Total unknowns’ 15.73

Grand total 100.00

* ot detected, T : mass % of oxygenate, MTBE which is not included obove classification categories, ¥ : more than C15, § : unidentified components in C1 ™~ C14
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Table 4. The analysis of petroleum based dry cleaning solvent C _
(unit * mass %)

Molecular species n-Paraffin i-Paraffin Olefin Naphthene Aromatic Total
Cl N 0.00
C2 - - 0.00
C3 - - 0.00
C4 - - - 0.00
C5 - - - - 0.00
o - - - - - 0.00
C7 - - - - - 0.00
C8 0.53 0.07 - 1.92 0.03 2.55
C9 0.98 0.91 0.02 437 323 9.51
C10 10.90 13.35 0.19 2.16 15.01 41.61
cn 10.60 9.52 0.61 2.38 2.51 25.62
C12 0.16 0.37 - 1.01 0.55 2.09
C13 - - - - - 0.00
Cl4 0.02 - - - - 0.02
Total 23.19 2422 0.82 11.84 21.33 81.40

Total heavies 0.00
Total unknowns' 15.73

Grand total 100.00

* ot detected, T :more than C15, ¥ : unidentified components in C1 ~C14

Table 5. The analysis of petroleum based dry cleaning solvent D _
(unit : mass %)

Molecular species n-Paraffin i-Paraffin Olefin Naphthene Aromatic Total
Cl S 0.00
C2 - - 0.00
C3 - - 0.00
C4 - - - 0.00
Cs - - - - 0.00
Co6 - - - - - 0.00
C7 - - - - - 0.00
C8 0.05 - - 0.17 0.02 0.24
C9 345 0.68 0.25 2.73 7.39 14.50
C10 15.44 1991 0.17 1.74 11.65 4891
C1l 7.08 6.92 0.30 2.32 1.61 18.23
C12 0.65 0.32 - 0.92 0.75 2.64
C13 - - - - - 0.00
Cl4 0.03 - - - - 0.03
Total 26.70 2783 0.72 7.88 2142 84.55

Total heavies 0.50
Total unknowns' 14.95

Grand total 100.00

* :not detected, T :more than C15, ¥ : unidentified components in C1 ~C14
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Table 6. TLV list of chemicals defined by several agencies and content of those chemicals in petroleum dry cleaning solvents.

Chemical Content(%) TLV-TWA(ppm)

Mean(range) MOL OSHA ACGIH NIOSH DFG
Naphthalene 0.04(0.02 :0.07) 10 10 10 10
n-Nonane 2.86(0.98 _5.70) 200 - 200 200 -
n-Octane 0.36(0.05 ~0.53) 300 500 300 75 500
Trimethyl benzene(all isomer) 1.08(0.48 ~2.44) 25 - 25 25 20
Xylene(all isomer) 0.05(0.03 7 0.08) 100 100 100 100 100

ANAzfelA ERIst AfAl SHES 7 SeAi 78 IRl ol AT ANES mineral  spirit¥}  stoddard

SPHEA9) eag Tgal SE|go) =
2 spEtEA & SASIEEA ] B
tist JrE At Zio] Table 70]tk:

H)Z 2=, 8o Qlabdef tist 4
B dd A SHES Ak 9
T AZSAEFE et BARA
AFZ(MSDS)ll 25k o]k,

4%0) AH7 EHES B2E 150 7210
T Afol9] ZFE4S 71 glem, v
2076 70.79, 18] 3L Q13FH 30 T 44
CTHER B4 E4guolr &HEL 2
o7} AA] skt

TA A fhagrof] QAR &
HIE 4% B g2 8 7 C12 Mo g
S olon, 94 SEhEAS BhA
ol QoM LHIE BE €97 C109),
UhA] 338 25 C10 Tl 99 &

AdE FE = w474 R A
A S A% 1 3] g o)
o= o7 zJo)7} gloL} A A o7

n)a AN TR AR 9lE A
FA AEFEAIQ stoddard SHEC] T3
ACGIHE] #7795 AvHEH mineral
spirit 2 white spirit?} FL e EAE {1
3t QlaL, EAko] 140 A%, HIF 0.79,
T1E)ar F=30] 150 T210°C ARl 9] ')
SRR kL QITHACGIH, 2001).
Mineral spirit<> stoddard =HE 2= B2
T A NN AR gl ol
EA7F] FE=7(stoddard solvent : 160 ~
210°C, mineral spirit : 150 ~200C)o] 72
21, 779 Ao] Blsseby] whrel] e

Table 7. Physical and chemical properties of petroleum based dry cleaning solvent

solvent2h= 0] 5 M2 Zg3}o] Alg-3t
CHNIOSH, 1977).
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Item Solvent A Solvent B Solvent C Solvent D
Molecular species cs~cn2’ 8~ C12 8~ CI2 cg e’
Predominant molecular species C10~Cl11 €97 Cl10 C10~CI11 C10~Cl11
Boiling range( T) 155 7210 150 7205 155 7205 159 7194
Specific gravity 0.76 ~0.79 0.778 0.7770.79 0.778
Flash point( C) 30 44 41 42

T :Mass content of molecular species above C14 is 0.6%(sol. A), 0.5%(sol. D).

Table 7. Physical and chemical properties of stoddard solvent by ACGIH and NIOSH

Item NIOSH ACGIH
Molecular species C77C12 -
Predominant molecular species C9~Cll >C10 : 65%
Molecular weight(approximately) 141 140
Boiling range( C) 160 ~210 1527210
Specific gravity 0.75 70.80 0.79
Flash point( C) 39 760 39760

General chemicals composition

Paraffin : 30% ~ 50%
Napthene : 30% ~ 40%
Aromatic : 10% ~20%

Paraffin(C9 ~ C12):48%
Napthene : 38%
Aromatic : 14%
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Table 9. Occupational exposure standard of stoddard solvents by several agencies
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