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A Study on Performance of Protective Gloves to Isocyanate Toxicity
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Abstract : As the concerns of dermal exposure of spray painters to isocyanates in the automobile industry, glove per-
formance was examined like permeation rate and breakthrough time including fatigue test. Methylene chloride was used
as the solvent for derivatization of the isocyanates with a 97.5% recovery. Ghost wipe pads were used to wipe the
surface of the glove material after chemical penetration through the glove material placed under a disposable test cell.
Several solvents were tested, such as thinner(xylene, toluene) and cleaning agent(acetone) by using a standard permea-
tion test cell(AS/NZS standard 2161. part 10.3). Solvents accelerate chemical permeation through the gloves more
quickly than pure HDI hardener products. The longest breakthrough times were from Nitrosolve gloves, not detected
in 8 hours, compared with others like Latex, Neoprene, TNT and Dermo Plus. Therefore Nitrosolve gloves could be
recommended as personal protective equipment in crash repair shops. In addition, revised exposure limit of korean
regulation should be suggested for employee to minimize the risk of health symptoms.
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Fig. 1. Most common isocyanates in hardener of polyurethane
painters,

3. MEME U uy

3.1, Asx =

B A7 E fato] A FH-E A AHDI
S5 25~ 50040 TRFEE Askijet MB ALl
FRE oo} gL wsHLe] AEARS 99
FAEAL o] AR ERE AMESFH.OH, HIHA|
o] HapH.2 Al A (high-pressure)t HVLP
(high volume, low pressure)2] HAFA-S AMESIIT)

3.1.1. dsld|el &%

i Age] ARG Aol AJREIL 3= PPG
(2K MS Normal Hardener 980-35239)2} Spies Hec-
ker(2K-Acryl-System, Permacrone, MS Plus Hardener,
Slow 3030, 975- 65507)9] & 7}A] £&o|t}.

3.1.2. Es8 U2 EF
B AIglo] AMSRE HEG AT AR T gl
FLEX latex examination gloves(MEDIflex Ind.), nitro-
solve gloves(Code No. 226836), Dermo PlusTM(cotton
lined nitrile rubber, Ansell), neoprene gloves(cotton
lined, 29-865, Ansell), disposable nitrile touch N tuff
TM(Ansell)o]c}.

(1) Ghost Wipe Pads
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Table 1. Comparison between toluene and methylene chloride
for derivative solution
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Table 2, Recovery of different dissolving solutions to extract
isocyanate(NCO-) in hardener

Sample Recovery rate(%) | AM(%) SD

973

R-T

(reference in toluene) %62 971 077

97.7

RMC 97.8
(reference in 97.3 915 0.25

methylene chloride) 974

* AM: arithmetic mean, SD: standard deviation

SHEOIEBt3| K], |23 X6, 20084

Sample Measured area on Comparison of analytical
EC detector(mV - Sec) recovery rate(%)
HI00ACN 4504674 82.03
H100M 4713593 85.84
HOOM 5491251 100.00
H50M 3776861 68.78
HI10M 3512319 63.96

HI100ACN: hardener sample extracted by pure acetonitrile(ACN)

65



0142 - Ok HALIAZ - O]Lh

Table 3. Efficiency of isopropy! alcohol as a wiping solution

Table 4. Breakihrough times of glove materials with different

Time before placing solvents {n=3;runned three times)
Sample* I:;E‘)ﬁzfat?g: in derivatizin l?:re rgggl(rle\it/)[.ve:/y Chemical . Thickness(mm} | Breakthrough time
solution(min) %) substance Glove material (AM4SD) | (min) (AMSD)
50% IPA i Immediately(zero) 86.0 29-865 Ansell neoprene 0.42+0.02 10.2+0.02
50% IPA 2 Immediately(zero) 83.0 Latex exam” 0.12£0.01 0.270.01
50% IPA 5 Immediately(zero) 91.0 pure | Dermo plus” 0.28+0.04 1.1240.03
50% IPA 1 3 82.0 acetone | Nitrile touch N tough™ | 0.1120.002 |  0.2820.01
50% 1PA 2 3 750 226836 Nitrosolve MSA™ | 0.3820,01 4255031
50% IPA 5 3 82.0 29-865 Ansell neoprene 0.42+0.02 7.470.02
100% IPA 1 Immediately(zero) 70.0 Latex exam 0.14+0.01 0.25+0.01
100% IPA 2 Immediately(zero) 20 Pure Dermo plus 0.28+0.02 8.2840.13
100% IPA 5 Immedigtely(zero) 88.0 xylene |Nimile touch N tough™ | 0125001 | 2.47:0.03
100% IPA 1 3 88.0 226836 Nitrosolve MSA™ | 037:0.02 | 74.05:4.48
100% IPA 2 3 81.0 29-865 Ansell neoprene 0.4220.02 >480.00
100% IPA 5 3 80.0 Latex exam 0.13£0.01 1.5140.04
ﬁzl(l)%Alrggmrzg:n;n gzx‘:/’o isopropy! alcohol in distilled water and 100% pure | Dm0 plus _ 0.27£0.03 >480.00
IPA is pure isopropyl alcohol IPA |Nitrile touch N tough 0.12+0.003 >480.00
#Sgraying time of each solution on glass contaminated by isocyanate 276836 Nitrosolve MSA™ | 0.39+0.004 >480.00
@sgllt;r spraying wetting solution on glass surface, delay time of keep- 29-865 Ansell neoprene 0.42:+0.03 4.38+0.02
ing Ghost ™ Wipe pads before derivatization. Latex cxam 0.12+0.01 < 1.0
o e | Dermo plus 028005 | 6.09:0.08
I EYZ e E-EA = HPLCEA] o] 2|3} o Niile touch N Tlf™ | 0.1260002 | 10320.04
S BAT o w23 Sdsh BAo) st 226836 nitrosolve MSA™ | 0.38 £0.01 | 22024101

Blolaks Zle o 4 gk

4.1.3. Ghost Wipe Pads

SHE mHOL} BEE goll)7] $i5te] B34l
Hr} QA9 mj¥lef] HAo] A2 IPAE AEs}
50%2} 100%2] 2285 A|dsigon, ozl 7129
g e diste] vjwsigch

Table 32 & A-gAl oA gohl= &A1&
IPAEEHE v wd - vehyigict Ag Ao
95} 50% IPAE Ghost wipe padof] ¥52 ujf o]
2AIQFEHE Y] F]48-2 75~91%0] 3L, BAFH 50%
IPAS] oF2 oF 140mgo)Sitt. $24 IPAY) 9J3) 3=
8- 70~9N2%2A 50% IPAY] 23t Az} v| w3}
A F 7] HgAlE oA w4t IPAV} 1 3l
&& UEhyisit

uhahA] & Aol Al Ghost wipe pade] 524
2 100% IPAS Z33} T 71| 9] LA}t A
=19t} 398 3} A(technical grade hardener; PPG)
30L7F e FElEwd 85T, a4
A2 ®Hol BAM]A HPLCEA Z+7} 334
Adsilch

42 Tl YU
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* AM: arithmetic mean, SD: standard deviation
1) Latex Examination Glove, 2) Dermo Plus as a commercial product
for kitchen, 3) Disposable nitrile Touch N Tuff.
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ofd o] FLAE AHESHE CEAE HE RS
2h-8-3}A) ke 797} otk ol &gt 8A4) A&t
w#ste] AT gAQ) FReke] AWE
HEZ "arl long, Table 40)4= o] AFe
g oAY7EA] Ao it A E ] A
7t (breakthrough time)ol] thiatel Uehligl o, o]
At AdE 7] S84 diRE A
& waA g AL 4 5 Uk s i
o] ZAe BE {7184l st 7t R E
5 yepgiglon, diREE9] sk 3o
ARE-81IL Q)3 nitrosolve 7] 9= 7V 1) T
A7kl 2 E Y oS EW S|AAR 2ol
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A9 PAG F7bx) 59 Aol TEHOR

48030lLt Bl JMM— b gl S ns

Thad] Bl 5o g Wt sl XLOJO]E,}D:} oloj
Lo e R ey Eiﬂﬁgi Ansell neopreneS 21
3 4z itk

4.2.2. UME O|X|= o|AAICtEIEO| HEF

oAej7A] AFA el chste] 7344 Spies Hee-
ker¥t PPG Normalo|2l= o] AAQHEHE A|lZ o] mh
FAIZHBTs) T} F7-&(PRs)S Table Sofl Lrehiigl
ok o714 50% H3AE F4A FAHe R 3]
HAA FEE 2T Ao TA, &42d8 A3}
AE FaAA dote] sl S 319S wet
50% HIA R T HES oS o] AWE u
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o] A= A& o 4 9tk PVC AEg
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Ao A= UIZH S g EEo] vAE oA Lt
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A0 BAM|RIES} BAAo|Y 8742
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2hA nitrosolve A2 o] 2AIQt S0 B Eof 7}
d2E YARA eF 8A7F Tolle DA EA] 29k
th ASAE o|aARIEES] deFAET 282 ot
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Table 5. Breakthrough times and permeation rates of selected
glove materials with different composition of hardeners

Glove  [Chenical | Appli-| <SS BT viy, | PR
material | substance | cation (mm) (AM=£SD) (ug/em /min),
(AM.£SD) (AM+SD)

PPG | Pured)| 0.1240.01 | 1.550.06 | 0.17+0.01
normal | 50945 | 0.13+0.01 | 0.440.06 | 0.16:+0.004

]

Latex exam
Spies Pure | 0.14+0.01 | 1.5£0.0 | 0.17+0.02
hecker | 5004 10.1220.01 | 03£0.0 | 0.13£0.01
PPG | Pure | 0.20£0.02 |533£0.16 | 3.53:0.04
2 normal | 5004 | 0.20+0.02 [31.3+0.08 | 2.25£0.08
Dermo plus

Spies | Pure | 0294001 | 454204 | 3.88:0.19
hecker | 5004 |0.20+0.03 | 33320.1 | 3.1120.03
ppG | Pure | 0.42:0.02 | 11.5:0.08| 1.77:+0.14
Ni?);ii?le normal | 509 | 0.42+0.02 | 5.6£0.04 | 3.97+0.08
glove Spies | Pure | 04140.02 | 8.0£0.06 | 2.57+0.16
hecker | 5096 | 0.4240.02 | 5.2£0.08 | 1.38+0.03
PPG | Pure |0.12+0.01 [31.240.03 | 1.09+0.07
normal | 509 |0.1120.001| 18.1£0.01 | 0.27+0.03
Spies | Pure |0.11£0.001| 211501 | 0.43£0.01
hecker | 509 |0.1240.01 | 17.120.1 | 0.69+0.02
PPG | Pure |0.40£0.01 | >480.00 [ ND”

226836, | "omal | 50% | 0.36£0.01 | >480.00 | ND

Nitrosolve | ¢ ioo | Pure | 0.37:0.03 | >480.00 | ND

hecker | 500 | 0.38+0.04 | >480.00 ND

* AM: arithmetic mean, SD: standard deviation

1) Latex Examination Glove, 2) Dermo Plus as a commercial product
for kitchen, 3) Disposable nitrile Touch N Tuff, 4) Pure technical
grade hardener, 5) 50% technical grade hardener in xylene, 6) Not
detected within 8 hours.
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