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Abstract

Chemical warfare agents(CWA) such as nerve agents and vesicating agents show lethality by skin contamination.
Skin protection, therefore, is one of the top priorities to deal with the growing threat from CWA. In an attempt to
develop the most effective topical skin protectant(TSP), candidate substances including PFPE(perfluorinated
polyether), PTFE(polytetrafluoroethylene), glycerin, and polysaccharides were evaluated in forms of various
formulations against nerve agent simulant DMMP(dimethylmethyl phosphonate) penetration. The protective efficacy
of the formulation against DMMP penetration was estimated as the onset time of color change of the KM9
chemical agent detection paper. Based on this study, it was found that several PFPE- and glycerin-based
formulations exhibit remarkably superior efficacy as a protective cream. This protective cream is expected to be
used as TSP for military application after further research.
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Table 1. Physico—chemical properties of various
Fomblin® types
PTFE types HC/ HC/
Piropemes HC/04 | HC/25 | HC/R OH-1000 | P2-1000 Y25/6
Molecular weight | 1500 | 3200 | 6250 | 1400 2500 | 3300
Viscosi 13
N ty 40 250 | 1300 190 35000 | (viscosity
(20°C, cst) .
index)
Surface tension
(Q0°C, dynelem) 21 i) 24 20 - 2
Density 187 | 190 | 192 175 172 19
Boiling point | 230°C | 230°C | 230°C
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Table 2. Physico—chemical properties of various PTFE

types
PTFE types | Polymist® | Polymist® | Polymist® | Algoflon®
Properties F5A XPP538 F284 206
Surface area |5 3.0 3.0 > 175
[em™/g]
Particle size 40 45 90 50
[pm]
Bulk density
400 400 400 325
[¢/L]
Me“l[{‘)gc]p‘”m 30545 | 32585 | 33045 | 33045
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Fig. 1. The results of M8 detection paper study in
USAMRICD'®!. 100 ul of TSP(SERPACWA) was
spreaded onto a test site(2 cm?) of M8 paper,
then 8 ul of HD, GD, or VX was applied on
the site, respectively. The onset time of color
change of M8 paper represents the protective
efficacy of TSP against the chemical agents
penetration. All values are mean £ SD(n = 3)
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Fig. 2. Experimental apparatus for the test of the
protective efficacy of TSP candidates against
DMMP penetration
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Y25 OH-1000 P2-1000  Glycerme  Contral
Onset time
Fomblin Fomblin Fomblin Glycerin Control
Y25 HC/OH-1000 | HC/P2-1000 (DMMP only)
0.5 mins 30 mins 55 mins > 24 hrs real time

Fig. 3. Color changes of KM9 detection paper. The
respective barrier oil (100 pl) was uniformly
spreaded over the 2 cm? surface area of KM9,
and challenged by 8 ul of DMMP. Control
means DMMP application without the oil.
Then the result was monitored for 24 hours

Table 3. Concentrations of the mixtures of Fomblin
Y25 with glycerin (unit : gram)

TSP | MT | MT [ MT | MT | MT | MT | MT | MT
Component\| 119 [ 118 | 117 | 116 | 115 | 114 [ 113 | 112

Glycerin 2] 4 6 8§ | 10| 12 | 14 | 16

Fomblin Y25| 16 | 14 | 12 | 10 | 8 6 4 2

Flexwet PD30| 2 2 2 2 2 2 2 2

cenire] MT=19 I | MT-16 MT-II?‘ Ml-uA-

=t MT=n7 MT-N3 MT-11Z

Onset time(min)

Control | MT-119 | MT-118 | MT-117 | MT-116 | MT-115 | MT-114 | MT-113 | MT-112

0 10 20 30 30 50 50 70 100

Fig. 4. Color changes of KM9 detection paper. The
respective formulation (50 pl) was uniformly
spreaded over the 2 cm? surface area of
KM9, and challenged by 8 ul of DMMP.
Control means DMMP application without the
formulation. Then the result was monitored
for 2 hours
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Fig. 5. Color changes of KM9 detection paper. The
mixtures(70 pl) of Fomblin with 2 types of
PTFE were uniformly spreaded over the 2 cm®
surface area of KM9, followed by 8 ul of
DMMP challenging. Control means DMMP
application without the mixture. Then the
result was monitored for 1 hour
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Table 4. Results of screening test Protective

efficacies  of  various Fomblin—based
formulations against DMMP penetration was
evaluated in terms of the onset time of

color change of KM9 detection paper

Seril Components for Fomblin-based formulations | Ragyjts
Number (Unit  gram) (onset
(Renking)| vo57 | OFP | P2° | iy | F5A® [ Lo0! | PDP [ Tro | tme)
1) 1201 20 6.0 >24 s
2) 1100 20 20 6.0 >24 hrs
) | 110 20 70 24 hrs
41) 190120 20 70 >24 hrs
1)y 10020 80 >24 hrs
6(1) 100 20 8.0 >4 hrs
1) | 140 6.0 24 hs
8(1) | 140 6.0 24 hs
92) | 85 20 | 30 6.0 0.5 |180 mins
103) | 11.0 20 70 120 mins
113) | 85 20 | 30 | 60 0.5 | 120 mins
12(4) | 90 20 [ 20 | 70 45 mins
134) | 95 20 120 6.0 0.5 | 45 mins
144) | 100 20 8.0 45 mins
15(5) | 12.0 20 6.0 30 mins
16(6) 140 6.0 20 mins
17(6) 140 6.0 20 mins
18(6) 140 6.0 20 mins
19(6) 140 6.0 20 mins
207) | 100 20 8.0 10 mins
27) |95 20 | 20 | 60 0.5 | 10 mins
22(8) 1100 20 | 20 | 60 6 mins
2309) 6.0 14.0 3 mins
24(9) 60 | 140 3 mins

(a: Fomblin Y25, b: Fomblin HC/OH-1000, ¢: Fomblin HC/P2-1000,
d: Glycerin, e: Polymist F5A, f: Algoflon L206, g: Flexwet PD30, h:

Tromethamine)
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Protective
glycerin—based
formulations against DMMP penetration was
evaluated in terms of the onset time of

£

Serial Components for glycerin-hased formulations | Ragyits
Number (Unit : gram) (onset
(Renking)| Giy? | 5p° | FA° | HC | BNE | BC' | BIF| ET” [ K0 | fime)
1(1) | 15.0 1912119 >24 hrs
21) |80]05 11.5] >24 hrs
) |35 10 15.5 | >24 s
40 20105 175 | >24 s
50 |76 14 40 | 40 | 20 | 1.0 | 30 mins
62) |70 20 40 150 |20 30 mins
1) |70 26 40 |50 | 14 30 mins

(a: Glycerin, b: Sodium alginate, ¢: FA4103, d:

Ethanol)

216/ AR el) %

Nomcort HK-P, e:
Boron nitride, f: Baycusan 1008, g: Boron nitride + Mg(OH),, h

28}3] %] A25E A23(20224 4Y)

o
N
o
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]

"= USAMRICDS| A HZ K Fig. 1ol <std wla
oA &% o] JH B3| SERPACWAL onset time
o] AAEA| A5 EF 6AIZF o lE W7l vt 9l
ChFig. DL 2 dto] 88 A3yS USAMRICD
Huxe] A3WHI Ao FUs = EF3F3 onset
time©| 2417t 7HA] =EstE U9 formulation©] wF
%E]Oibtﬂ o]E0] AA|Z SERPACWAHT} €53

TR AR HAEEA HRS T3t HAFEo of
& 74°E derEch ZHgAle] HEASQIA 5 2
) A 5L AeA A m= 4, 5 A,
A, BelE T E‘r?«l ol ojzl AA = AR 7}
T Fa% gRlegye AFN/ATES AAS
octanol/water -4 ﬁ]T(Ko/W)O] o} = Log Kow #t°l
FF Aido]l kil o)A BHEA| Folut IF
2 FHE Ror oigdrt. F2AEA HDY
Log Kow %o 241 ~ 255 A7ZA#-8x GDY 4%
1.78, AlZzHgA] vXeo A9 2092 FARRREA
DMMP2] 0.96 Rt} 2% ol ggjpz B oo
FEHo R AAEA AFE 7L destrta ddEh

A7 H FEALA og HF oS avHo
2 ot = 9l& I KRS A|(Topical Skin Protectant:
TSP)E 7NEsh] flste], tFd FHREHE 9o
2 o] FoJX formulation®] Wek =2 AFHS HA
3l A3} Fomblin-based formulation 8% (Table 42] serial
No. 1 ~ 8%¥), glycerin-based Formulation 4%:(Table 5<]
Serial No. 1 ~ 4¥)S Hxz L=3dt)h &5 T
ATEA APsES] HFRZ ZHoAe HIAF
< BlaEto](invitro diffusion cell test)y 7Hg 53t
formulatione B33 o]ojA AA(GB, VX) ¥ F
EA-EAMHD, LyE AHEste] RS HsE o
Aoltt.
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