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Phusit Jaikawin*, Kanarat Nalampang, Vanida Janvikul and Robert Molloy
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ABSTRACT

Hydrogels of sodium 2-acrylamido-2-methylpropane sulfonate (AMPS-Na®)
crosslinked with either N,N'-methylene-bis-acrylamide (NMBA) or ethylene glycol
dimethacrylate (EGDM) have been prepared via free radical polymerization in agueous
solution using redox, thermal, and photoinitiation. Various AMPS-Na® concentrations of
between 30-60% w/v were employed with different concentrations of NMBA or EGDM
crosslinker within the range 0.1-3.0% mol to study the effects of crosslink density. Water
absorption by the crosslinked polymers was followed as a function of time up to the
equilibrium water content (EWC). It was found that hydrogel sheets prepared from AMPS-
Na® concentrations of 30-60% w/v were not significantly different in their water absorption
properties, but those with lower concentrations of crosslinker showed faster absorption rates.
However, a higher monomer content did increase the strength and improved the handling
properties of the hydrogel sheet as prepared. Sheets synthesized using EGDM as crosslinker
exhibited a faster absorption rate and higher EWC than those from NMBA. Although the
method of initiation did not appear to have a significant effect on hydrogel properties, the
method of photoinitiation was procedurally the most convenient. These results demonstrate
clearly that both the monomer and crosslinker concentrations influence the water absorption
and handling properties of the hydrogels. These properties are of fundamental importance to
their potential application as wound dressing materials.

1. INTRODUCTION

The development of synthetic hydrogels can be traced back to the studies of
Wichterle and Lim [1] who employed 2-hydroxyethyl methacrylate (HEMA) as a hydrophilic
monomer. Hydrogels are a unique class of polymeric materials which imbibe enormous
amounts of water when left in a water reservoir for long times [2]. This water absorption
property of hydrogels accounts for a great number of biomedical and technological
applications such as artificial implants [3]. Consequently, much attention has been
concentrated on synthetic hydrogels for their applications as biomaterials.

In this research work, AMPS-Na* was selected as the monomer. AMPS-Na’ has
received much attention in the last few years due to its strongly ionizable sulfonate group.
AMPS-Na’ dissociates completely over the complete pH range, and therefore hydrogels
derived from AMPS-Na" exhibit pH independent swelling behavior. It has been shown that the
linear polymers with sulfonate groups derived from AMPS-Na® exhibit extensive coil
expansion in aqueous solutions [4].

The aim of this work was to study the relationship between the crosslink density, as
dependent upon the percentage of crosslinker and the monomer concentration, and the
equilibrium water content. Also, different methods of initiation of free radical polymerization
were compared and contrasted.

2. EXPERIMENTAL

AMPS-Na" crosslinking polymerizations were carried out in water as the solvent at
room temperature at various concentrations ranging from 30-60% w/v. In the case of AMPS-
Na* at a concentration of 30% w/v, the stock solution was prepared by dissolving 30 g of 2-
acrylamido-2-methylpropane sulfonic acid (AMPS-H") in approximately 40 ml of distilled water
and adding to this solution 25 ml of a 30% NaOH solution with cooling. Then, the solution
was neutralised by titration with 2M and 0.1M NaOH to pH 7.00. Finally, the volume of the
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solution was adjusted to 100 ml with distilled water. The 40% w/v, 50% w/v and 60% w/v
monomer concentrations were polymerized using the same procedure simply by changing the
weight of the solid monomer AMPS-H" to 40 g, 50 g and 60 g, respectively.

Before polymerization, 0.1-3.0 % mol of monomer of NMBA or EGDM was added as
crosslinker and the mixture stirred to give a homogeneous solution. For redox initiation,
0.38% w/v of potassium persulphate (K,S,0g), 0.38% w/v of potassium metabisulphite
(K2S205) and 0.12% wi/v of ferrous sulphate (FeSO,.7H,0) were added as the initiator, co-
initiator and redox catalyst respectively. The solution was then quickly poured into a vertical
glass mould with Teflon release liners. The polymerization reaction was allowed to proceed at
room temperature for 24 hrs before post-curing at 80°C for 5 hrs. In the case of thermal
initiation 0.1% mol of K,S,0g was added and the polymerization reaction allowed to proceed
at 60°C for 3 hrs before post-curing at 80°C for 5 hrs. For photoinitiation, 0.1% mol 4,4’-azo-
bis(4-cyanopentanoic acid) was added as the initiator and the polymerization reaction UV-
irradiated at room temperature for 10 min before post-curing at 80°C for 5 hrs. Finally, the
hydrated hydrogel sheets of approximately 1 mm thickness were removed from the mould
and their water absorption properties studied at 35.0+1.0 °C.

0 CHs O
H2c=Hc—!—NH—C—CH2—sogH CH,;=CH—CNH—C—CH,~S0; Na"
H3C|7 CHs
AMPS-H" AMPS-Na*

O
, | H3C, ﬁ

H,C=—=HC—C—NH
| H,C=C—C—0—CH,

CH,
| H,C=C—C—0—CH,
H,C=HC—C—NH /|
I HiC O
o
N,N'-methylene bis acrylamide ethylene glycol dimethacrylate

Fig.1. Structures of AMPS-H*, AMPS-Na’, N,N'-methylene bis acrylamide and ethylene glycol
dimethacrylate

The equilibrium water content (EWC) is arguably the most important single property
of a hydrogel, influencing as it does the water permeability, as well as the mechanical, surface
and other properties of the the hydrogel. The water content (WC) at any intermediate time is
given by Equation 1. [5]

weight of swollen polymer — initial polymer weight

WG (wt. %) = % 100 % 1)

weight of swaollen polymer

3. RESULTS AND DISCUSSION

The increasing water contents with time of the synthetic hydrogels with different
crosslinkers, crosslinker concentrations, AMPS-Na" concentrations, and initiators are shown
in Fig.2 and 3.
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Fig.2. Comparison of WC-time profiles of Fig.3. WC-time profiles of hydrogels using
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Fig.4. WC-time profiles of hydrogels with Fig.5. WC-time profiles of hydrogels using
varying AMPS-Na® concentrations from AMPS-Na" 40% w/v and 1.0% mol NMBA
as 30-60% wi/v. crosslinker synthesized using different

methods of initiation.

The WC-time profiles in Fig.2 show that the synthesized hydrogels with EGDM as
crosslinker gave a slightly higher equilibrium water content than NMBA. This was probably
because the difference in chemical structure of the two crosslinkers affected the free volume
of the crosslinked network. Other reasons may be an incomplete reaction of the EGDM
and/or less uniformity in its crosslink distribution throughout the hydrogel matrix can influence.
It is clearly shown in Fig.3 that the crosslink density in the hydrogel structure influences the
water content. A higher crosslink density from a higher crosslinker concentration was found
to give a lower EWC with a slower rate of water absorption. Also, the hydrogels take a longer
time to approach equilibrium as the % crosslinker was increased to 0.1% and 3.0% w/v. This
is because the hydrogel with a lower content of crosslinker has a lower crosslink density and
therefore more free volume. Consequently, water can diffuse more easily inside the loose
hydrogel structure where the interactions between the water molecules and the sulfonate
groups are less restricted. Fig.4 shows that hydrogel sheets prepared from AMPS-Na®
concentrations over the range of 30-60% w/v were not significantly different in their water
absorption. Finally, although the different methods of initiation do not appear to have a
significant effect on water absorption, as shown in Fig.5, the method of photoinitiation was
procedurally the most convenient. These results demonstrate clearly that type of crosslinker,
monomer and crosslinker concentrations are highly influential on the degree of crosslinking
and the crosslinked network structure which, in turn, affect the water absorption and handling
properties of the hydrogels.
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(b)

Fig.6. Hydrogel sheets synthesized from AMPS-Na® 50% w/v with 1.0% mol NMBA
crosslinker using different methods of initiation: (a) redox initiation, (b) thermal initiation
and (c) photoinitiation.

4. CONCLUSIONS

The WC of the hydrogel sheets differ according to the type and concentration of the
crosslinker used which affect the crosslink density in the hydrogel network. Increasing
crosslinker concentration slowed down the rate of water absorption and decreased the EWC.
This is because higher crosslink densities produced more compact 3-dimensional hydrogel
structures which, in turn, decreased the free volume within the gel. Therefore, finding the
appropriate the balance between monomer concentration and crosslink density is of vital
importance for designing appropriate hydrogels which can be employed as wound dressing
materials. The method of photoinitiation was procedurally more convenient and easier to
control than redox and thermal initiation. These results demonstrate clearly that both the
monomer and crosslinker concentrations influence the water absorption and handling
properties of the synthetic hydrogels.
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Design and Synthesis of Blended Hydrogel Sheets for Biomedical Use as Wound Dressing
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ABSTRACT

Hydrogels polymer synthesis from sodium salt of 2-acrylamido-2-methylpropane sulphonate (AMPS-
Na') including with blended hydrogels polymer of AMPS-Na' with carboxymethyl chitosan (CMCTS) or
blended with carboxymethyl cellulose (CMC) were prepared via free radical polymerization in aqueous solution
using uv photoinitiation. Ethylene glycol dimethacrylate (EGDM) and 4,4'-Azo-bis(4-cyanopentanoic acid)
(AZO) were employed as crosslinker and photoinitiator, respectively. It was found that blended hydrogels
exhibited higher water swelling than hygrogel with only AMPS-Na . The hydrogel of AMPS-Na' and blended
hydrogels showed water vapour transmission rate (WVTR) approximately in range of 61-76 g/hr.mz.
Cytotoxicity studies indicated that synthesized hydrogels were not toxic. Therefore, it is possible to develop

these synthesized hydrogels for use as wound dressings.

o

aw o 9 2 an o A 9 o A 9
Unu: ’J’NJJNWﬂ']i"UENﬂﬁiﬂ‘HWUWﬂ!LNﬁllwllﬂmﬁiﬁnﬂTﬁﬂﬁiﬂ‘kﬂlL‘lJ‘]JQiJﬂiyﬂﬂ%'l’J‘lﬂu‘V]’Jvlﬂ ADNIILD)

] q

]
~

Ay ¥ 1 Y T <} an [ dy PAEY A o nsf v o Y

ﬂllﬂ%Wﬂ?WuﬂN%i%LsU L!@]ﬂﬂ%ﬂﬁﬂ@nlﬂ‘ﬁﬂﬁiﬂ‘kﬂLlﬂﬂui%]‘lﬂGluﬂ?ﬂlmﬁ’ﬂllaﬂyﬂ!%ﬂlﬂ\?‘ﬁ”ﬂﬂﬂﬂ??‘lﬁ?gﬂ
v ' v '

Waeminiu dmsumsineeusa ll ludnsaiimludgniiaeezianugeendudounniu Guan

9 4 4 a . . . a a o a o I a o
M3 19iloMo5355u3A (physiological dressing) VALKA DIMFU AINITINY TNVDUAN AZAINITIVD

CY @ o 4

Aheies luilagiuiaqiauwan Idsuanuiiewdnyiianii Aems liagdunsizd Taoisuiimsanylull

a a

=

A.f1. 1962 Tag Dr. Winter &3 1815uruilduvosnedenianilauwavesnydananiinaassnuiniliusa

g &
I3 [1]



154

4
Av A

Tuaidseilatinnuaulaveuswes AMPS 1ifosaniivydalvdnguilumylalasian avaio

Sy o & a ) 2 Ao ¢ a s Yo Y aA A o A o
1“”11ﬂﬂ ﬂ\‘iuu‘wﬂﬂ!ll'ﬂﬁﬁ\uﬂﬁ1$wﬂquu1lﬂu@\1ﬂﬂ§$ﬂﬂﬂ Wfi]auJﬂﬁ‘V]Ulﬂll"u@ﬂﬂﬂﬁ’lu’]ﬁﬂ!ﬂ’lzﬂﬂﬂUW?WNQ

v
y_ = '

. R o o = o - ¢ s
Taauaz ludasuitawenadavulvy awisali e ldamseondwuuazasusu lasen laauns

' ]
a AaAa asA o

Fa Fa
duld venantiudud 1dsuaanaia [2] vonviniiudaldnanuaulane oS sssumANIanymy
leTasilan 18un eyiugivag Taauselnlaenu iesnnndanuamnsadniudeii®ia 1@ e liiianw
A v e o ¢ o o a ¢ Ay & ¢ . o ¢
Wunw duiudaglszasananlumsihmedwesnusssumadwniluesalsznousnlumsdunsizs
i A - ' a ™ ¢ o wa
leTaswa oriiuanuasolumsgaduihvenunedmesdunsizn tazdSulisauiianisnenin
Yo ' S o L Py s L g Aday
Idnuudu lalasna uazuennniudimersmanliuams ldueuomwes AMPS Fuiluasalinddunu

TN

[

a 4 o o [
aquazIBNMINAaes: MIAsouITAZa1eNOUINDT AMPS-Na 50% w/v 1111 Tne%a AMPS-H 50 n3u
o” o a 0’: o 4 Y = J
aza1e1u11nau51195 40 ml 9191 URINT neutralize Tasns lnmsadreasazare Ty laason lyd
A A v g A ' T A A o a a o
awd pH  7.00 Tuszuunlinsvasdutazinsausdaeiiiod ietlosnumsinaneame lsisdu way
Y
o a o I o 1% = a
gameliulSinasuiauaaudu 100 ml dwmfuasazarvuesmsvendusalalaesiu 5% wiv uay
amsvendTawaglaa 2% wiy hldlassemsvendwda’lalagu s nfuuazdimsvendsamag Tas
o S & (v (e &
2 n5u azaeluhnaudsuasuas 1y 100 mi
Myduns1zH la1a319a AMPS-Na 155910Weua13a2a18 AMPS-Na' 20 ml tazdusoudoae
Y Y o v A Aaa Y Y o ' Y a
EGDM 1% mole 111U nazwaua1suilfnse1 0.1% mole aulvinfiuneewedildinaveseinie
> A ¢ Y o v o & A
nndumesazatesavasluinui udni ldaedrenadansilleaadunar 10 WA a3
[ S o o = o = 1 = <
duasen lalasmanauimludnyazi@otuiewan) deunnaisazals AMPS-Na 20 ml 131 AMPS-

o J a 4 a
Na' 10 ml Herufuasazaremsvendusa lalaanu 5% w/v visemsuenduTawaglad 2% w/v 10 ml

CH 9
| CN CN

3
0 CH \
3 ———
CH,=—C——C——0——CH,
OH == C——C——NH——C——CH —50 Na' HOOCCH CH C——N==N——CCH,CH COOH

H | CH=—=——C——0——CH, | |
2
CI—[3 / | | CH3 CH3
CH, o
(a) (b) ()
GHOCHCO0N GH,OCH,COONa H,0CH,CO0Na| GH,0CH,000Na  CH,0CH,COONal  CH,OCH,CODNza
s ¢

™ NHCOCH, e

¢l

Hy o OH OH OH R OH
(d) (e)

51 1 Taseadrumaniived (a) AMPS-Na', (b) EGDM, (c) AZO, (d) CMCTS 1az(e) CMC



155

51/ 2 gunsaimsdunszvudulaTasnalasmsniouasdansilalona

@ wva ] o Jd a 3‘ A J
NITINIANHUSIANIS uaz’duumamwu'laiﬂsmammﬂw Wi Ysuavesihitiluesadsenou

a

73 o o {
(water content, wc) uazilo s FUANITNO A2 (% swelling) ﬁqmﬁﬂu 35.041.0 °C v l@onaums 1 uaz2

EY

4
o w \ o ' H . a o
Mmuaay [3] ﬁ’Juﬂﬁ‘HTﬂﬂﬁﬂﬁ!LWiNW‘Nﬂlﬂthﬂuw1ﬂLlNuhlﬂiﬂiL%ﬁﬁW1ﬂ’J“§’JﬂmﬂiﬂW (water cup) [4]

I A v J a
wazmsnageuaNuiuiyaosan L929 w11ae7T direct contact [5]

v v 1 v v v
suamsgasuiie) = alminvewsiu ls Taswanyaui - viminvewsiu la Taswaiiuie) x 100 (1)

v v v
vminveausu Ja lasnanuivii

F2 I v v '
9% Swelling (%) =  huinveausy la Taswaiyawii - dininveausiu ls Taseaiiwia) x 100 2
g

Y ' A v
WIMHUNVOIUINY '18 Tasiaanuia

o

a d @ 1 A o’dgl d? 1< [l Y=
WNanN1INAaoItias IV 1I0: i]'lﬂaﬂ‘}:Jﬂl%ﬂNﬂTEJﬂ1WW1J'N]lﬂiﬂimﬂﬂ amiwwmummmmugﬂmmmu"lﬂﬂ
= 1A odqu " P A A =
Hvwamuuunuianldlszana 15 x 15 em uagnu1 1.0 mm urusoule AT YN TULIUDINIINY

¢ N . v A Ao A ' g v
mﬂﬂixﬂaummmaqma“luuwu ummu"laiﬂmawawuﬂ CMCTS NﬁﬂHﬂWﬂlW]ﬂﬁN’ﬂ’E’]ﬂhll]Lﬁﬂu@EJ

1 a g A 1 "o ] v @ ' 1
ﬂanﬁa%zmﬂamm CMCTS ‘Vl'ﬁ181Mﬁnuiﬂfﬂi%ﬂ1ﬂﬂgﬂ?uﬂu Lm3ﬁ]1ﬂﬂ'liﬁllNﬁ@al”\lﬂﬁﬂWU’NLLNuUlﬂTﬂi

=\ = A 1 1 + 1 A o s’d? 9 [
Li]ﬁWﬁiJﬂJﬂ’JﬁJl‘l’i'LlEJ’JLLﬁ%ﬂﬂﬁquu’]ﬂﬂ?'l"laiﬂimﬁ AMPS-Na Tﬂmmu'laimmaﬂmmﬂwmu"lml,amm

=

4 & \ ' o 1a o A 2 o
10 3 daugii 4 WugdvewnuleTaswanounazndwsihngui 35.0£1.0 °C ifuna 1 5u

(a) (b) ©)
51 3 wiu'laTasa (a) AMPS-Na' naz laTasivandauaiia (b) CMCTS, (c) CMC



156

(@ (b) (c)

Y v
sU4 udu'lalasiva (a) AMPS-Na' uaz laTaswanauaiia (b) CMCTS, (c) CMC noutaznauaiingua

o o o o
35.0+1.0 °C Ll]unﬁ’] 13U ﬂuaﬁﬂﬂﬁuﬂam@ﬁﬂ’ﬁ@ﬂ“ﬁﬂu’l

A < Yo ' ' » A
nngin 4 wiulddFanudwdulalaswa AMPS-Na' lalaswanauyia CMCTS waz CMC
o ' | { a a
annsonesdd ldneudrananuuia 1.5 x 1.5 cmiihu x em Tzl 5 naaansinmsaanlsinamsga

v Y ' '
Fihudeduganas % SW veariu laTaswadiedialuihngui 35.01.0 °C

16000

100 PP 14000 |

5 12000
g < 10000
|8 £ 80001
g © & 60001
@« Ee
° 0001 —— AVPS-Na+

® 4+ AMPSNa+ 2000 4 s AMPS-Na+blend-OMC

= AMPSNa+-blend-OMC —a— AMPS-Nar+-blend-OMCTS
. —4— AMPS-Nat+-blend- QVCTS o
o 10 J, » © © 60 . 0 10 20 ) 40 50 60 70
v (indi) m (i)
(a) (b)

v k4
315 (@ namlmsdaaulSmamsgaduiii uaz (b) % SW voru lalaswansaudieds

Y
o ]

~ < 9 1 A o o’d? A a [ A o

gl s @ swiuladurnlalasmaidunngdiuiilsinamsqaduihndumisauga

Y i
TndiReaiu nanfeeglugie 97-99% (wiw) nazlfnavesmsgaduiinlszinm 15 wiinezihgdumie

1 Y
auga garu lalaswanauiiuu IulSinamsgadiiiinniilalasoa AMPS-Na damlugd s ()
1 E '

Favzuaadldodrsdanuiudulalasnanaunigesriaiivua Tduvesdr % sw wnnilalasiva

v oo A P 1o 2o ad b ¥ '
AMPS-Na' duiiloanoinmstiudnvesnyilesndumaniinveuiimelulaseadnvewriulalaswanas
' Y1~ i Ve v w ' Y ' Ao .{uly
21908171411 free volume M1 drwisudaTIMsunsuvetlohwewnulalasmandunsizila

LEANAIAITN |

3 U :’ a I o ] a 3 1
ATN 1: Llﬁﬁ\iﬂﬂi'lﬂ"lilﬂ‘ﬁN']‘L!"Uﬂxillﬂu'ﬂﬂEJ']%’JE]WIE)iﬂWi]'lﬂLlWleaTﬂiL"l]ﬁ%’uﬂ AMPS-Na' 590T9HY

lalasmananwiia AMPS-Na' Werufil CMCTS 138 CMC

wiu'laTasmayiia
AMPS-Na' AMPS-Na' W@un1U CMCTS AMPS-Na' §aufi CMC
ANUUUT (mm.) 0.09 0.07 0.09

A1 WVTR (g/hr.m’) 61.8 76.6 73.6




157

I A Y o Ao o ' o '
inﬂmﬂ/lﬂﬁ’r)‘IJﬂ’J”lﬂJLﬂuwy Tﬂﬂﬂqjﬂﬂuﬁ!‘;ﬁﬁaV]ﬁllWﬂIﬂﬂﬁi\iﬂﬂllwu]‘laiﬂsmaﬁ'ﬁ)ﬂm a,bling ¢

U Ja a9 a ' k4 1o Yy I A = 3
NUNUFAAAAT T ULUAIUD neutral red !,lf;w1]21]5Nﬂa1ﬂﬂﬁ$ﬁﬁﬂuﬁglmﬁ’ﬂﬂ IHUUAUNDYTTALIU

o

1 o S o o o { o :;’ 1 o 1
RN UITad NAUAT IneasanU HDPE (positive control) Aduaanagi 6 auiuurulalasiwadiodis

a 1

9 9 1A IS J A = = ' ) @ .
wwu"lwmwmﬂuwwamaa L929 Lilf]!ﬂiEl’UL“VIEl']JiSS‘I’i’JNL“]fﬁﬁ‘VIﬁilwﬁiﬂﬂﬁi\iﬂ'ﬂ HDPE  (negative

o o

control) LaziaaNFUNE 1A8ATINY natural rubber (positive control)

(d)

o ' a ¢ o o v
:J"”IJ 6 !Lﬁﬂ\?iﬂﬂHﬂlZEﬂiNl!ﬁzﬂﬁﬂﬂﬁ neutral red VDDA L929 wmmﬂﬁnwmmmu'laiﬂma

(b)

(a) AMPS-Na' (b) urint laTasivanauaiia CMCTS, (c) CMC, (d) #3n2171 HDPE (negative control)

o < o o w a ]
118 (e) natural rubber (positive control) Wunan 48 ¥ Tue (Maguena@ay 300 1N1)

A o 4 = a s A A Y I 4 [}
agi: vinmsnaasuiorhmsvendwsalalasu uazmsvendmsamag Tamdwnduesdilsznousu
[ o 1 1 1 o wa § o

Tumsdaaiizdudulalasima AMPS-Na” wuhenunsosislSulgeauianiemeniniiIdtinnumiion
1 ¥ A a [ :’ ' a 4 @ 1 1

darguundu imulSunumsgaduii $reandsuams 1dueusmes AMPS-Na  nazdawudweinlalas
~ ] I a 1 = I ~ I ' z!yl 4 o

wan 1d lunaasnnudluiy o1ana1n ldnianudull Idneeiann lalaswamaitiae limeiiun 14 1u

o Y a £ 9 a 1 i’ ' 9 wva

mssnpldese Fedeannsaneguunugiuvesanuaugasznielaseasunululalasna wazauiia

o A o I Y 1 Aa v Y
m’mmssﬂﬂclmmmmmmaﬂmﬂqﬂw"lmmu"laiﬂmamﬁummmmms

E4
aw

fadnssudszma:  Tasemsdsedl IdSumsaivayuninaaniuiusiainenaasuazimaluladine
4 @ 1 a a o Jd o w a
(TGIST)  guamalulaglavizuazIaqurand (MTEC) 13HM dlewaran 91ia taznnIsuail aus

a o a @ 1
ININANT VHIINeFHE 1N

1PNA501994:

1.) Park, G.B., Biomater., Med. Dev., Artif Organs, 6, 1 (1978).

2.) Polymer for the Medical Industry 2001-The Lubrizol Corporation Company Limited (2001).

3.) Kim, S.J., Park S.J. and Sun L, Reactive & Functional Polymers, 55, 53-59 (2003)

4.) Kambe, H. and Garn P. D., Thermal Analysis Comparative Studies in Materials, A Halsted Press Book.,
Tokyo (1974).

5.) ISO Biological evaluation for medical devices tests for cytotoxicity in vitro methods International

Standards Organization, ISO/10993-5, Geneve, Switzerland (1992).



R
@

Y] A a1 A
Ju aou i 1Ha

sz Iamsanmn

NUMSANEN

158

Wenans lamiu
20 NYHAAN 2526

o a3 = v @ =2
- dusamsnuszdulsenanyIneuiaiy
1 { v J %
Tsaeuuaasusylous 2. qlvie

UmsAnm 2544

=

o 3 = v |a
= ﬁ"ll'iﬁ]ﬂTiﬁﬂ’hl"li%ﬂ‘]J‘]_]iiUuﬂJ”Mi

a Jd o a = =
INNFATATUUNG T1UVUAN (INV.LAY)

=) (%3 = 1 = L}
PN INdeFsealn 9. 1o v

Unsdnm 2548

lasunumsansluszauliyanInnnlassmsanitiu

q

% a A 4 =) .
Jaudnadnemansiazimna lulat e (Tgist)



