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ABSTRACT 

In this experimental research investigation, the researcher examines the 

instruction and study of chemistry for a hearing-impaired student using multimedia. 

The researcher also compares the academic achievement of this student prior to the 

commencement and after the completion of this study. 

The research population was a hearing-impaired student who had registered to 

study in the field of Teaching Chemistry at Ramkhamhaeng University (RU), Flua 

Mak, Bang Kapi, Bangkok Metropolis. 

The research instruments consisted of an academic achievement test on acid-

base solutions and an observation tbnn used to evaluate instructional capacity in four 

aspects. These aspects were explaining technical terms; selecting instructional media; 

the composing of lesson plans; and evaluation through applications of the authentic 

assessment method. 

The data were analyzed in two ways utilizing techniques of descriptive 

statistics. Thus, the data for the academic achievement test on acid-base solutions used 

percentage and the data for the capacity of instruction on acid-base solutions used 

frequency. 

Findings arc as follows: 

1. The academic achievement of the student differed prior to the 

commencement and after the completion of the study. Academic achievement after the 

completion of the study was evinced at a higher level than prior to its commencement. 



2. In respect to the evaluation of instruction on the subject of -explaining 

technical terms,-  the level was at "needs improvement.-  On the other hand. insofar as 

concerns the evaluation of the subjects of "selecting instructional media-  and 

"composing lesson plans,-  the levels were both at the 	level. 
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V1111.1i10611 &Ala 	(entiflAILAY1=1-1551Jt11511qh11)111,2556,111971 8) 11Q11i41 

fl151A11150/11-!tl1155i11111Alig0f15f, 31.11115111130151114111S110fillis) 105b 

015T01111/101111fl fiipjln5a tflioliitifrrartlfm 0,flf/A0th1ilillth1101f115 WinitTu 

0151161 r7193.1TIOin5m 	ni51184:11`iattfillrffil 

ff1J5511/111)1113441-1 

2. 0154T1141,113JITV11110-ile11101115111111111Villf1F11110/0-11-10154111411.1141fli 

wain -nutinn:iimiltratrwilfluilminfivflolurrinufintavii111 irionniimi 

ImiSon viloni5iininuan5nni 

fryairmflin#rIa vini5 11nfliThilt111130 61141q1/11101541Thlrilliillffaif115114 

1115mTurrIpA111fnmaniitau 

3. fl14-1tIri1J1501111111/11.101cf1^1 015111'1111115i11311J1A5ZIW 1115411frilYi 

0.5,1A111 111A5111511401115iilltifil od0091414iuni5riwthininhfnoutnivi6-a5,..) 

ktaf uini53o 	glilltffl1111M41111tilflhidt1113 f1111.1t0191S0 g1.41A 
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ii I ti11519Ad6fl 115:: 	 2ifl15 1.1.1t1t410141:11c1 

iiilltlittl -iini5t15,1151/1.1.5111111ht 11106111110 

4. t115LI01J5IJIldf310114511111-18t155llti152i1il9t 

=1 	_ 
tRallttaf,1111,1 ,141M11111_11-1311111411.1-ilf1111ThiltilUnf11111flilfllit:111 91d091'014 114T1.1 

t11611110f11111n,flifillAtilif115VilA I cAlrtitifilliTIN11,1131115 

5. fllrliltitliRoll111,41311dit11110 ddGJYd1111 Ifl511115 	111511I0411.11,1act, 

Ilif115JUrfil1r111115flit) P160fit14.91i'VlIITY11141 rt1I-Hiflill515A'759V1 m59i-004130 

1Y11U66flvFllS1G115111Ainnilll"11G1116Afl6111flG1 1,14VJ u 111101 05 nilouil 

flW 115511015111111-4q 

6. 1.9101,plill015 fll5ii0e115 ilif1151115f1111)11M 

11 1.1Roanitantlflitliddiffig11410frilliM°A1111110flVitiOrlAildlifillitin 

1174,t0111 

ini15;niairni00-14,unniiti o -RJvf6nlntu ,0']10i5uaft':'i0u'1cuit1ii;umiFi-

'iltll5. fYit,V15"-3It1lfli1didil4 rf15VflWVlff LIW,'4115Rarfistiall.-1A11-4t1W15:211511 

7. 1.1iflridThilliili.10911115allifiliiiiltlit.1551J11156114W1 

8. RIIiiI9:1,111A0 11111/114 ttll 04i7101)(i0 9,1Jfl5Alff-VIII11 161 8 dfl4OVIHO 

f11111121'0151Y11 "6 -Will1.111-1011,11/111414:21254 0M111111101 kikd5titnallunin?itrnil 

uatini5l451J234111 00-110m,crin6u1i11arr13i1511S.,-, igulnunisundtifilifini5 

filb55M1181.1 	 tfll 01 flO i91flstld 1130 

f11111131115indil 

9. f115iorrThilf115111Thilthifrn Al/THS'fltfltli clfitM7Thfl15ififliliff1571111115 

f111f1A G11,115n11011 

10. isilTuthinurfiloucind0 -0:[(0 f11s11GJ U 1CJ014{40-15 mia 15iql.}361 

ainlifmtu V111.111A1fliflf144ilarrin151-ifitn11551M1561111-It11115a1,111011 

9101/15n19flitlitFlrilidilltIMIXA1111qt1111111'119M11-&115 01'116151912550 

ttfltlitttl611611/JUMI (A111.111 2) 11M. 2556 1119151 20 1fili1110 2,3u 	4 fldliarden 

f1151iff1111.111410TAfl55111111illt11111-Mf11011111 
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9.) 
criitilliAratimi5datruolirnfinin 111fil111J1i1111501111111151c1Fmcnumillau 

I itri;101191)11/i14fl 11 1 	f111111111115"0 TIN tl 	lakii 14 11114)11l@l5:111111101J 0 0 llti} 	1Ili 11 

11”: 	fl15 

fThilnInfifivaitfainantinff, 	 (l5u9c 

"AIJAM,2559,111,1)11 
	

2) 111J1E1r11 !Aflilraf111114t0,V019ill 	 1541144111 

kl5 3d 

I. f1111.1UVffid11111A411.,M6110jilil 5-niiiAllvatunrit&ittatIAniltutunitru 

2. )111110Afl?i11111,141111115A0d1.1 

3. frITIMMild11311111,1115taillalliTIT 	 0131111114V 

Tit! tiatf115110t111.1 
4? 	e-4a 

4. nythumn9iinimiluviOnsm 51111,1AL9ltlYalfl313110111501111101`31J111 

113 0 JJ1t11141T1.1Fl15ii51Ji''J1111i5fl 31  

a 
5. IA f113111115'1119501A 

6. Ilfliceltif1111.11Jflili0011,1illf118 
' 	a 	Act 

finanwanhnInffnutiminianinviioA 

iniAni5Vem tilarrauini5dou guotttAmilkinAmhrau 
9, 

nistifivnerivritatiiimiiiillf11111111111i0TV11111151eitlIA 4)131 

th-ninwrifirifninunviiolitruni5Inu 

k11 J nialwmannun1514Fitemimuntlioi 4111:anin5o14711-1 it 00t-liatJAly 

f-15t5A4411113 fl151iM1108111/1110151.1t1111.10 ,911fleffrill fl/141^Itliifl551J1111f1l411 

4011M110Dfl1J1 01511113d ni5i1Tugi'3131AAAfill Ufirlarhignimininlenna-i,Atin 

1:1110)111111f16 t11510.1id11.115f140V11514wifnumiiminnirr3iilivionimAllimaini 

tilo56t911J91ai411111111111411411149119 1Ja311l 

in1 15 1461doon-inTritlfruiOui 



"t11111:71.114111Thly15LLdff115{1-0161.111 

litTf-r7/19151yolrItluutInci'V 	nidiFfi 11 intOl 	 ILdf 11 15 iSP11-11.1 

lirciliTurinifil 114`i‘j1_11115V10111711163111111ifyiniminviial 1/111111514Frottlyi 

115f IITIT11411 1130111114111f1111.1 rii1/1t1691)04d01411V1I0fl117111flipl IT1111111114:1f1111140:1 

°111.citjUll-111-17) V10141-TflrifilifilliTh 1111 I 
v., 

11111115 t91t11,1 f115f15D11flallt115k1f1H1-1 PICIE11-111-/411.19i111 (trottiurrnin 

1.411.55111h11, 2553) flAIA 

2), 	‘4,1 
1. t4157Inth (Auditory Training) 1711/Tlif11511011P4/5014111.1f1111J1111 1%01 

Tula-15 61Q711A1131V11141Itla 	 3 115n115 

1.1 1111,Inth4i1141 

lurilirmhiivill 11010110V 

1.2 lifuornquIclfinf IT1)11,149 1W10h1.1114)  ctrIfv)51Intilopliirm n Q 1. ; 

1.3 lifulintVrolvp143 t'fil-aftJAVIIM15 113flkaElllfl5 

2. trandTliffirp (Speech reading) AUfil5&ditiiiirld 10 11 

fll5tfl u 	fru 01fri 	mil GI f1111J11111tM 5 fiu 

3. 11111131011=f115 -CifAlWellin0 (Sign Language and Finger spelling) t11 )1 
g.; 	' 
olt6limianniutOiffW)551119 18 faciirThf111.43J1flif131111111.4 11111111108J140 

'11.115tlerAafilluvaral41-Mt45-mtaftflucitlititolf11111141.nf114IMrit'flin 

4. 1115rfaff155119J511J ttflniilLttiffillp (Total Communication and Cacti 

Speech) fT15ffatlflalriflinfilniAliflA4111n1511071411411111103.11140.34141iTrial 

TilaintinelaatillThat11414411t440041141'611 0 114140-10Thn)1914Paincl 5. ,:11115')1161,1 

11.101W1fldFIlli1A1110,11-rflafitilli' llf1111.111f1111iolmlni5lAti tilaml 

%4Ailf115iqfliSlitliM15A01-1010111011:1161q1115e01.4114(d01111,151954lifl5519A11 

0, A)  
2553) qA1-1 

1. itglifr,,„iiintall4lyncitittrifi.imilimant41497q191) 



q 
2 . 1101011.ific1111551Jr1"1"limlalldifitil tin,)411,1,111141111k1fl dil 

3. 110101111t,4,0111Atilitli 1.11,-hfSfilJn'ALL111;1 

4. l'ili1f1111J111111i011111r11514TtitilleN111111111/ 1  

5. VILI 1011111111 1,111911111Pfil LI 116,11,9111001 !ADA 	1110 In lid .1:11 .11)1,i1 
. 	. 

tr` 	 a 	9) 

	

551J11L fl 	91 1 

6. virturadiumtndrantiTwout-liniti 	n101,1flaill111-.113J11111YIJOA 

ITORM441-451tfiltlilti 

e  
7. 40111Tf116,11111,1114111J111411151.1144-11.111.1 iii1M:̀;',0%111011519101015111{11.1111 

Wk;i1ciliTtrnilnuirifiliOattl 

8. 11tRopjln5tillunideroulthiin lutTuvrpluviC.itanrytuTcrotiatHliitro. 

n-37.,)an.4-1 

11151frilij win 

niailt-ulnifittiludaf,mAllfrit.tiuntiiallunutaAumnd 11 61.1 a:litilica 1 31 

XnlifutlinAnvithnilucituthirktflomiltanAmsnin6'"itiv 5niltnityrdotiftf, 

115,1ihmaniiiimill.rffilt1141(111111140A111517ffittilinlillN111.111KflqWitlfiiltlii 

(14111141/11115171(f15191 2544 OLtill111711.11F111 VI.P1.2551) I511101,111111114111f,tril 11.H.2553 

(41514 6'015,2557,91413) 1441111M111)31fll5r1011111TIP.Haa;f115115ttijUridnini 

q1U1-119enliflaflf1151btalUNa W111111511014f11111d111151111411150Th ,  

icialiTeroofdo 

iirmtltaluNaifind -r) 

mivhsnuttsuitilimi 

1111IFWIll'AfTtliqt1 	ift111V14 ill/1{1114 nistlaufffillril'un.uri 

110150i11,11A4(1705611-11  VITliiMi,2552,11191118-19)16tAll 

I. fIllAilf111111Alf 011 (Law of 1:eadiness) 	 Wt,1 611Q19111 

13641161111f111111^1rouvinrilillniuttd:io19 
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yl 

2. fltitrithiTurn-mq (Law of exercise) c111111`,4 rit11-1014Ti 11 T.f, 11111.1 tiill"12110 

f11111115111T,',;11111T111513trtiliftmTnilorn 
, 

3. IltAttLilivril4 (Law of use and disuse)1111n1ThitINifiqillt111151,1501.1}IN 

.,-211-j11fAtTlii111115flfIliti1-10,1 ,t111111111tViliffU01111561taa'N -tifiwigu win1.6] 

witilat-miniihrgo- 31.114 
A 

4. flUt1Iiiria111111Nah (Law of effect)111011f1f1111141111ilaill1111101W4311 

Ofiltl9n1011P01.11RddjllkIMflii111111,11101iliff,1,11001fl131114 

miti4nntlu1tt15atilA8Ji1"J1minno1ooltun 

11qTAi fl15110140{111i.jf1111.1111110110AUDT1lti (Ausubel) 051A4IFT'1915 1,f1d, 

2552,141216 - 217) 1'l11tT'i1r911,1.11114110i1J1t1t11121111J1W110 \11115601111,1,111111 

f1111.1111.110 (Meaningful Verbal Learning) IArA51IN1n115401J-1111i1114111151t1n1.11 

II 'al 	fill f111111tG11i`Ufll v1t5F 11iu to51 Vf 1 rf Flailltll1 (Cognitive Structure) 1130 

11150014t1t1TilliAlljilaltlhtlfill1{11411010025t1Th 1,414t1111,1d1ftili11010156014 9,1 

atilliinlutgillw.a2;r1f1 1111111FM flisenlii[telOVv1-10104601-114511.11{0401.0/ 

(Subsumme) 6t1ii65tru5l1ilictlelltAifI211.1?h151110091 (Concept) 1130frriaJOI4Tu 

ThitififIllfffilf1113.15611001V01 

ilq114iMqfitIlmtlit1011ilti (Vygotsky) ctS1Nd11111101111A-611001;n161-4114 

itanithriutauith15.2)AvvirniilotuinittanlnimmillilurOsil 

Vygotsky liffnialdifitutillia145551JUM;alflinflfl (itanni qviiiA1-1,2552,1111).137 

- 39 	c15194 IfilA5f,cla,2552,1117163)14V1111-ilrfilllittfilfilJOIll k51.101L191 

mmiunsaufli) 9dIgililladDITRUM1511111911111i1J021910ALLdanlflfM ct116400111 

4111/11,19111J111011MfM inuirrulltuflialflualtitrualni5iiq ttafnurionincrifr  

Ilfilt1111
4) 

41 YIA111111151/11111111Unf 1/1 11f11111teW11101M11151.10 M 1115Vionin1tton 
t, cr 

non% usitiholiiintuionimingl 2 G11t1vn it1it11511Jflt1 lnavirm luta 

t1111Mliffiplalf1111111011d1,95:11-illItflflaUdif11514f1T1119; Mt19gabiNUtIL110114)  

11'1 114111 1f15 4'111^161 in 15 Vial 1-1 cilal”..,tonnnisiUnilKnorrniwiltlii114 



14 

1.1i 	T11J11111ctil 11144T2114 1 f1151911111111jr1J 1 (Lone of proximal 

development or Zone of proximal growth) 111111014 	reflia 1Y Nf 1 if t 
3/ 

t14511M81.11111i1114114ilc-11110"11111111115drAlt (ISItflUlAfl4ltlAnt14111414917.14 (linear) Mr:Mc! 

igniugt 'n -miut rtlgothalottlti)modltatintitut;iligigolitiv -fo0ni -J-gol1mf415 

r111119fAtliM41t144f11t11cil1 	 yhm- ullvfltmaital 

oimiliinnti (assisted learning or scaffolding) ighAtalfirli1J111 tWilt1d11115t1i111 

lija114111111111110A5t1h1)11004,1thlt15111111031n114 

91111,1141&19f11119(14all 14111/1Alint6( tillitiW,.',14fittliiflIJIR111451,41iMil&ill 

Fr09l5orit11I019)11111-114113141Tn4Yinn ii4CinnlVdo1fr,fin.1114I1j11i11d111 fl52,411 

oxamulruoltinliot(giigolitufmmtigllgu go 1i3lIn150ullii6uof,trol5011i18J 

rifloillAwraidtaltluni5- 6ou rfuoltrolitru 

f115ff011011M0111t011 

v Ai)  fl'1111141J1011011a0 415talJ ili ttflfltidt111111M1tIvilli113(W)11.111111011 fil
c. 

 lt1 

Vrail5tV(1.1 (Multimedia) (Atifin 1/11.1111/3,0,2550) allif1151-11V1
A  

014d1t11 

th:',11111r4M1NV(11A cillliT1414111151TRIATITIdel4d554AltdallidiAl 

Icp 91111(15lH3J1 	t vi 	vi 115 f, nay 	4111 40 Willi a 11.111V1 !Fun 

frautog01dl1niiiirliff111(30 61141 1111 1(11 

05911f1lit1lfliid11,2551,114123) 	
A 

filijf1111.1v72411$61,19-Jl qiuditu6Thal 	 Lllttdfll5TJThJlt 	trO 

115f,ffi tnhat0'i7iNn3JNmutiu 11151441_15tn'Ilii07ll&I'Lli91f1551J1/111fl154f1111 

all1141211 

a 
f(01.15(firr1i (VilAirrfl tld tJti5 11flici-iffEJ1111J Sunt olV1,2558,1111)114) 141111A 

fll5111401M1W1S110111117iThflild 	 tianini RTA'NatrAn;c11u 

fl15411 01-M15a01-1 hltlf115119M01.1i'da-115i4191t1rif115-illtiNtlilit11151910tilALL.611J 
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Ifucum 	ty0-1,191vJaill rtultaul un:,;',416lifelittlown401,1AUTVI 110Alc11.101111t1 It! 

f11515 trn fin fr 

A 	A A 	 <T. 	q. 
• Cf3J11.501:161101111MILI (ilTh flTITlAtila1101,2560) IT1141,11f1I1). tflUT1V)U 

flOallillWerfallf1511ITC(1.11,1V(11-15°.21f3111510f1TUJ Italjd 	111114111 frailflgou'llra 

Odf,t'arta qfl0Q1'011.1(51.11119112101.1 fill( II (Interactive) 1.111,1ffilFMTL1119114'9106114 

t• 	iol.15.f,erii tltini5thAdlinityi IrricianearimgituctiialutitidAinsinolti 

jqf11111d1.-11TlIellilerfl.,11119(Vitill1-1111.56- ouni5rroul,ill 

1101931uT115,moutiviiioultilaii 

ItlitlfilitliTitthllitUf,GUDA40115t 

illft111(11101h115t 

s 
11-01• 	_15111.111110f115filllililliflit1115f,L1111 (11110.1155a1 

di'vinAr111,2560)611i1 
9, 

,01,5trOJIA0flril ilf1111c1111;11211T1UffOlilfiallierbf(content) 1 	"itlY4 	I 

A _1 	 . 	 Al 	 ,, A 
rfauliftilY1111,10f1f1111Q1M1i111')1 tutorial LI-1091))1flilllillfM1115t1011111-1 

,, - - --9 	-I 
119:111'015°,:r11611tU01111101111Afll,5191)0f1-1111d111 411-111-lillfl Allnaltlltilltf,"Ontlttin 

,,, 2; a, 	— Al  
biliniiiimprmiulXIII5US1511951101.111f19fffOutuotim-mifdili Iouteruo 

tfrom Ltx,,iiini5h1fhtymill5unnNfoimen/oinfil 4alni5rfou td-niAinulirf 

4.6emodu dawintfuithim5uv:itnvin'f'f1191011 itallifl W1119 iirliioufvnttiilt111 

lusi,:',4iiii9;4411 litmcillialtiu v(intiounauldfiltrultt5f,61uii9iin31 tM4414 ltdiu 

mAnAll iihunnion9ntrmlfhoiumiliavrailit6)JM4 6'nivuithun5L'fill 

rloanituulihtin5imilnuoilfriuunrit 

fll5rwlfilIVIOUllft14101.111-n4u 

fimou 

2 a01J5tT1111.1%llefll5e1I1N1115flillifil51-1f1r1111467197-111130191flififlIR: 

, 
11151Ln5wd5ftninnInarioliMiloutiin )14111191adiltginvial 

ndolufl*3 	) tinnaiurn lqoni5rhuni5Anr11459s1f1-111114111 

hislinsard5ninnmocolv4-rtnumniuvioloalq hotmAntilihanniniAnyinlff, 
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lihn-AirlfitinunnAntiiciffirmi)  1:115ww5mit5iltivitnw;I1 w 

1115111VIrifilinDll 1 ell]] 	 f1"151:1111Ti111111 

fl151111 (filiTiVV1 n 1511n141--min5aw -RJ -Ni -111J5ntio ritwovv, 

11.15161151111157111171111inWidfi,115M1511flilf115fillilltild -14111T-Titoni5Aillotiu 

Ild4iirlar111115{160fl51011151,111A111401111.1111,41.1hp;itntill 

3. rmi_15ferlItlATOTT15af11111.J5nilildi'llatll-lfl15fliiila01 
A 	a a 	a 	9/0 
Mnhnflic1141.111151501419-1111141111111T5t11-10051,5111,15 Iltifil514111)131:111,1. 

6101111114'3UVITI11-011540t11111111 ilttrill115[114i'llf1")111Pildallf1,11 Y1)0611111 

101. 1,114AldiQl cid t115610141)11TAfitILf125( 01'615 	 11"1 -11710P .:( 

ii149101-Ittflt115:1_11141115141111A1103tf11011109i111 frnatIL4dIfilVili1-111115flai,d111 

11411-15141111-1 	ill5Cit1141.11dliltlia11115111421unlinfrmitmiim iwcal 
c; 	 y) 

11109M9)1t1A1 wd9Tolnillonsni-autloulowntriiralq.litli ni5aiinfinsirwd -Rol 

11151155010afffilMitdl11n rilliii1115t14TUAilgiliidNfl1111111511f1L1lal 

4. A01151;a111A01115RflillifitlY1111251 ooanunutflutnu 

Aoll5nwviflukquw-nwilown 	 11151n11.50 00W1_11_111 	li! 

lvItriflfiliwayirruiuttfiellou 401i5fAillrlf1cu f1001111111J11/9114111.141t1 all 00 Ls 111 

UM:ahlflf1111JritI GIT1101r1601,114Viltlatillii IiI5wasthowanownuituwitiumtli 

vinTni vflotnui15,twcwutilinItipli 

rilmaqn-ramhmitymilldu 
_ 1 	A 	es 	A 

5. rf 
A 

 Ou5,r11.11111/410fll5fftninitti
9/ 

tlfl15fili91 

9(0115tAillrlinITIMtMlITINOlifl5nntlf115111 

f1691111Mli.  uw,l19triffirro5cts591fl5n15lArlat11d6911ikvii1JJ5ath51'A16j1J111dciow 

ivitMI'L"goodit n15d1i1rd)uf1111m Ii3ormaimuuun5fcauoi99a;uirrioirijin 

ita:Aliti -Wwwnw 

LtdA1M1111 

"5101,Mfla" at:mai/MI 
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6. ProllTf.rfloterri-alit-nntl-af,L.ny11.17n1Iniivii 111 	frunlifil6A 

doil5ft.tittiii5-3- 140i1-nu 

tt2inial4 

11tJ 	G1 It11Jlfl 11 -41filiallnilillifill115011J1115 /1 iN5ltiThilill&filifl111/4611111111 

10 	 111 '14 11-15411111 

ivinfi- diionivanilairuilwAtill114fhoffartunill 111011(01 Iu 

ordkuitiiiinniNoui timilnu 

4litthUdilfittf151J1(ifThlf.111  140onmall 

aflti tilt:11N 	51/u, 

111 0illin11711illillflllfii1121111:51111111 

tilf-a0111.5 	ilThill.111MOdill 	',MOAN -dal:111111V 111111)111101.1ilfillit11111) 1 

f10111311.910" 	lalln1,2560)61.1115amoultIcican 

1. frm 	frani1 mrinsiVin nivimjoulin 

2. tatI1 1491)11fi 1aCI1115 WM lAl1IVRATILI1 

3. €11)0i11111 9fAi1011131.1005e1fflillW1flgiallidaf1115 

4. f11111111.11litlik10111111rdiflPinteractivity) i-110 

fill1101,0111111/10flarll 	 flohuAiflIjflav1ll4Aouriurrici/V 

fll 51.1i91,1l4d51MÀll -All (run through) 11.11111Fatil1f 1/(51 011 1111_1119111 1M11111.11'; 

flridd'a1511 1,1111 (one-way communication) ;a 119114114tha1tAtJ'Afl910111 

115:,)11111110 Ahlh ,d r11191111d1fIlUltInSfliiniAfIS10611601.111111 t ccin 

40W711Jt11011-71f1911115140116110411111,110;1190111111d1-11s1910411111117A4 

11t1111/TIflf1111.1t111141711111111P1I1-1Tdel vrammIsf.qnktiowitilth.-lultisAiill iJl 

115tiensfito1R0115.f,d1I 

1111.1f11 ill 14f15 Mit:V(0111U 514W8191 (2558,1117115) fld1169,1'115,TrnilaThilq 

Wifif1151971461hralilltfl1560141-72 411141i' 



9.1/-4 
I. q -11-1Q1.5014 

1.1 clA9Mf1111.1411113:01 -invroihn,11.11a1A0.11M11-1MtlffelliflThalic11111 

111'1 11)ltfllelfl"tJ5 nivin5iiltil1111111,1111111f1001411tilttatla04 

1.2 119.16191)01.e11.41Thlt1}1flTh 

1.3 iturist-nmaounliailtGuolrliirm 

1.4 h115:fdllii11111141: riarmaiti- itil4wrarcran5fmna-,n-yurmlii 

1101911110111i1.1V1111511014111111i111,1f101.11311010:19h0ereIll 

1.5 V111115fliki01161146(11111111TIF.TERIfliillliii1111111513011fltid01.1 

2.S9T-11.111r101-1 
7 -AA q 

2.1 illi1113JCIti.q1111141115V101-,1 1q011n0i1115111111111-.1711115i101-,1 

2.2 f1011a1114111.ir(01,1 

2.3 iltlf1111,1f115ffOlUtilf1151,1111,111.1 19:11.1 fltitintlf1111111fl15-1111 

oontatlifi1iii1/11li5f,f1011fl1514/1111cI1G111M1TUO/411101111111 ili t111111A'(" 011110 

IT1I1111111011V114011521.1711,1 ttaf,utiluvnt-monliitam tiJucn 

TW111-hatle lJaV10,9 (2560) 	qiudiBuolAm_15f,V11J1111.:1 

I. 001-13110fllaf11191111f11111d11115t1tItlff1113JrilthillflADIM101bni11/1 

11a2',1k1.1`115°.;21un15tlicill iiilzufil 

2. clilEM9111flif1151111110.an115f(OUTIA41301,111MitratJ1Igt'allill1M115 

auullidAfll 

3. 9f1M17111111,1115n1711f115110111i110501411ZIfff1119,1111115t(01N1fl 

4. 911011111151i5t1,611.Thla1115ff01111=1151H- 1114 ,11Mr(011 

i'lq1a1.-141J'SVIDA (2560)140d -1-le1 170411-ThgU 01'1)1lnrail 

1. A0115Z,frru cvmumpannislainntrimAatv Rifad-14 

2. #11 01.15°,',V(3J111ilifil5ritnifil5da11111,9061 116110411ThalellfhlefelliclUfl 

tf11.0117101t1101197 

3. 141.11J1i5f1.11t1IUMIlfl13J111111f1151flitalf11511401115N.A911110fl1541Y11 

18 



19 

X511 thd -t- t,ft-turil-if,irittittd:m.fofillunillitiv411Adott,it-ttiLlovutfil 

&toil Imcm -atratig191m -ntrattlAimleA9Tim,thati,€if-Mili111t111.11,i11111t11411011vtimu 

(173ioilt&Mh1151'1.13;11411-11- iii-111111-15 

0111110 1110f111111114111W)11110411i011/111fMlatl 

d'llaf, 10010 - 

fr15flf,0 -10t15G1 	1115,t6mtbo8lti1111111[11 1 11510=630qa11-1 

1. 2111117111040-1.11Th",a1004fl Ulla 

2. 11159151Thff00 1141111,71101541 - 

3. tym — 01i1114490115t 

Oti 410 15ra 01,111115011111101W 1401105,1 11,10 111501,1111 C9141111511 NLIZffp11141111q 

011141111511,1,}inflOAIA 

3.1111Wit 11- 111411̀H1111 	Aftillta111171110,40111 111-11Ja3J1N1tildtlri11r3JITh11010151111 

Ip-nlytfilttont-alit'wmitynt-,willowym 114 115 ,./3 11 -11,11-11.5R111d1n1-M111.111,1dt 

?11i4110101HCl cithICI15R141411i0111111E1 111J111114115f,I01111 (05.t11511f111141ifl151 ,2551, 

111111110) 

: 111/3 1110fl011.1.0 ,t0i1J10alacifillla_11/011n1 q111d 11101d150f 0110 

111/4 01511T01 01011 pH 110.1V1150t;d101.1011111f111411114115.°2-109511 

111051111 f115 01.4 a 8.1 :1995)05t1111.111151/1 1194101n1H9lftlieHl01fildflilli 

fil5Fruterifvnfrnuf antailtpri r-i1115 -inflf115i11111At5511111iiiitacrlYlirill41.41{Liii 

MIJuirticiuthinu r(11115110i111011R1,1915-Hrl 01114 11101ktiovnuaad,ffilairmitiodlu 

int-m - aui 091169 it ifitt-mirmi?  remitathi 21111F110 )401 

(f15:115ThifT11Tif115,2551,1)119,(130) 

41 11f241 : 111/1 414101/1i/10'111101115ati t;114140i(11141511T d1641111015d11519915"19d011 

141 0110111411011110111M419140tillt15011f10:11 tma-,ttsatM14 

411/2 V11)-11d1.131F121111fir111115M15-Aff0111a1W1L)1111,0-14 1115r115-M151-3td011 

Vi a 10 1 it. 



20 

2111 111/3 140f11 11f111f11E1-115e115190511i11101J1TA11113:1J11110dnif1911111111111111111i1 

6101Q151thifi1lf10fill0 I61019Tid9t/f1nil5 01•1130116111111;i511 

111/4 511J55114011fl41115.f11111101111121;11E3J101111711f;1111111111 

111/5 i1f111-ffclektdnI5n11111-1 111111710c111(10A1101115t411111101111111401.1511 11111 

111Tilerip 	aty3 Giro al ITIJMJ1.141'31111.1rnt 111.1r1q11 0Frtrortialdaq 10 015i( 15-m 

2151'041011 

111/6 1,159)1111111141fl01 1(50ali11111J 1101i1H011101(5011M1INd1101fl15f1151111 

9151111W01.1 

111/7 Viflifilf1111i1;11111L41115415 	?15 -11tef0 111.1.112 01&01401 1111,'„'111 

ft 1 -11159)1AlLr1111411mumn-millininlaaulmiltritiutrifilfio tva.“.umniviafrin 

1101-11151111111120414111111t011119111i1 

111/8 liutinttat diUltilldfl156AttlAfll5eT1510c1d1Thef011 1f1,1fr.f111711116c11JU in 

Itlidlf1113J1d111 1141459(010111.40110141101.15111115tlide11111lillf1113414111111 

	

,, 	V V 
Ill  flITEN L 	f, If 111 	

2 
11 111111 /MIil /FY 	 Ii111 

111/0 4111M11Nfl111„1191U115101111 adviylodbulottioltiutru itiwn- ,-Lnuti 

IlaLTIWUOlIf151111411e30i14111,11134Munii 1 

qiumni6AnTruhren4(fl5t,11521flo111it1i5,2551,1-11715) 

I . irnro 

2. liiiiitnAr 

3. 1j4111,11.1,M151411114 

4. ilsi?6118 

ifl113(ilf115 'CM tiN10 1,41011A 1 lf101fiefl 11111411114f1151^p 

fl 151.97inini, 115tf uluni5wHiinuifiint onqn14111frnittaf,ilro 6'14 

St' no111115Tral111015gau toltrnernii Arm 11mirmi011/111fl15109711,1 



A111lid/1' 61101401 

011,11.1 U 5vf10 (255] ) 144111-111nill f71111J 4011115 	11 160 d 
„ 

a a 
111511flifrillEJ 11411(11111111111501/JithnlIIIIOlf1111JVII11511.1111U14. 4 4111 	

ie 

RA(31141(MTIllan11114-11140 d'unlini7( tveitliuw-n-10114adoc)'ulovitio  

liTti1140fltiiiill 11411 

11145 04i. 111111(4111-11ifif115c3Iiiiii111 fli15111:11:11 

il-111.4)) 51 isiTtitutnif (2554) 1,41AThIllillpa011.5`,v,ifil (3015(111LIFIntlij 

GU@ AR1Iiiiiem 11411-15fl15601dillr1(11111VNlf filliTUtrflii(1144141111 

trioviaul trelt 14-1011_11`ifiat14,1itililf l̀juni5minntuidnci' W11 J1[Ic~~1J~1 bull 

1T11111. 011141111 ttafrpn-iitTuvroliumnInFi 

15114/T11i' rpu130u (2555) 111 f115~S1511flv~1f~01i 	U2JW11R1111 1r1';' 

f115k311115:191014M..1011111,111.111 	9fiVIA"A -1391611(11111Mili4 (122102)111161111.171 

v 
11b. Rf1111111 2 1. 516- twAilimi]iyutriirrniunititnin151-.;111111-itliitna 

1157d1111n11411f115151 01AIMOGI4Cf1.10A1141111 

41111 OltliTta (2557) Iiiiiiillilf115diiltleftaili06111T1JfillierOlkif111 1501 

9511410II0 illOtfllrMITUil01-1111i011-Tflii01,141.11Thlithlflliliilili 5 I5111(11a110 

i-v1F(Avifil 1(hii 

1111 s1f141 0.01 lianIntioulitryaraitIoldoni5anillioulo61145:41thin 

1,41F(114 (2558) 1411fIlilrthrfUtp11191Afl15601,11An9Af16 10 

(1111M9li IM1141111d011111111filitV11111111f1113J1 (5E) 4)1(410115770(111.1 011.711.1" 

cdrt,tatnua!:(,0 T1.11 tit 	f1111113 fl 1 II r111-1"11 11 0 U. 971111'll OM] 11 5 111131fla el') 

11111115!&114 Udf,19M1Fidail(101111M1511111111110111fllthliii trnist111M111.111nwrilin 

11E11fllSe(011111111RIMM,Vilf11111V1
v 
10d0115tall 150151,111111littniqUat'051 

f1111,101-11461a(11-11,111-ilfiOthit111(111')Witteilfit11,1111V(F41115°,14"1J 0.05 



VI (IV-Jill:oil 59fV1WIllifl (2558) t lrill1N2d1Vl UG fl KiffOlA011.1),"a4J0 Ilittf; el 

a`ltilf11;i91f1156014g11111JFIlltrflt111)111.11P11.1tilltIlficlirl KWLII Flu, ifilf.11 

	

1d Jf1 I11 lG 	1.54301,15"StIJUITXUatifill/J till iV ard'oitl n Iflif11J111,111f. n 	Vi i 

(ii,J111-.111/1fllfilero tat 	Trinlf91rmt1 i UeJlldfli5U IT111.111B t11.111f1111,11 4 11drllJ Li) tt 

	

A 	9) 	 A. 	A 
rtnfll.46501-1.115

A 
 0111QflThltf11111016-1151011ThriltilA3)1ErliTh115V101-fatill5n11111 

ri 1 	'&1 	H f11565FJtl Sfleltd65UYJ U11i)11/ 0 	11 1 1 ilii;"1"J tly111 0.05 

fildurramdilunisdidin5Adduivirrminmi1411115141&111-150)144011.1girillrffilll 

1111 trci.-:i919tirdwriffyridiA"Ind51491AnntdollAothnuodldnfis:dThidn 

	

IOU (Wang,2010) INif111.1115f, irliftillIOAArirdTfiltlilf 1150G1fl15iTnui 	Li I 

?A s; 
Hdradindlidd  Tiddildwi tit ruudiTnrd tudrptid 6Lflt: 

, 
liflrit11-11111111111VIO ttlIflrira- 01311f1M1.4 t1/1 1;`,"1-ifllialltlillarlillAM111110c1110 I 

ndiatiddi loddounai,t1-n4id 

(Lee and Kamisali,2014)141015V411111/1lipja9k5nfillic,H 

admiafidomITI 	 (IMMPA) 11,11U541111`it111145951tflinAl WY" 

Iquitindidundl-pfuliitly&'ono 111 

A_ i 	A c, 	a 
111595f1t1111 11ififtli5t;a111/1/401141111.1P11-1-111 7 fill dal/MI. 01d 223 fad w1ni5d6idtd 

drbourrnIdiiiddly 3 tail TilrilITAtiattaf,tintrioulifniamitwriltiu -ii 

6tlid6vddciu1ld011111111d10111/111 8 111/11,11hi-il ,,ii 

intavisu 	 LivitIntioucitiouiriduAdid 

ld 	0 ti 1 1 fl')1111:11 Ltdrtilif1111111114115d011141,4 

(Charlie,2014) lellifTtilf1151pitilf115f11511014flThr10111111601-thIl; 

all-1401g ICT 61101claidifi TVItiliTtliflitlidflal5r11,111/111AlflUNESED 1J5',2,1,1101I 

015iflfl151.1014111Itt18J lcittfitTnilndidfl'divri-Nodthitniw5odrroì nrutigailinp: 
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1411111 
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2. a iiintiaanTagnmilmitmli I 43F116.11 

illjnfaltifl5djefU117111111/fliilli [LI 	iiiimram-matilaurtly 

a'ua1 linifiaioitiuTayrf, [Liu alfrivlamuma uattilaua catrijin] aicarlai 

aria iJf1TIIJIati tratffiTilviii1Pennitm 

ariftf, alifiltaill fl'21117111111flii4V1ii atjatir-  n -ittiRoarninFrtiqqvillth 

1-111.11A y11Ilijn5trmu 	11119111fl 	Of,107161t110 tfial^10111h 1lf11141 Tau tta,t/ 

rO51/11111f11150111501.1 

3. 01915641011111J11151115111A411115111/1M11111) 

LAlifalunil`jo ratutudalifith'oii L10 	 vciiii 

Ca(O., i 2110   Jo- 	CaC12 	11 20 f -  CO2  ) 

4. "011J{ihtltliif1i16ffUEJTIVII1111&501/f111€1161115q1i1I0511dO5flfillaltl'uA 

/tat; or,11111.1 e111 

Zn 	2110 —of 	inCI, 1-  1-1 2  ) 

2A1 + 61-1C1 —of 	2A10, + 3142  ) 

5. 019.156141111111t-ThniklertniniiiiitTitniflilillen5daltliclialtal 

dfl 5001 1ff1f U0 11aJ61lf 1J 

2A1 1 2NaOH 	2NaAIO, 2H20 + 3112  ) 

1114'Utlltif111415 

1. oityntaimoriAlliii tififfill491f1f1151411V1I015:14-i14Ialnillf15q Hiu 

Ltarrialc15.Nucrthimstialimul4unvyknIihn155n14tivilnithIlinstufla 

HA15 0199f, 5a11,11fllij liz54 0F191114111)410 

0111TAIJOAtifirrIaIq5191140iiqtd,i1t1) 

2. 115@ralilfiflit1161Jd151J5 flalfiffiq111-1111f1J0114 	triotttiff 

m51J0ulaat-i194 
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HC(), (aq) 	11.() (aq) 	► 	2H  ,O(1) 	c():(g) 

irprl 

3. 1-151Mat111111'1"fff11.51101.1.10001-1'1G1561111.11.4 19-101-111,111111,1111411-1114 641,1 

UhviTfilli:110141ftelt1111911-111JUlf19011) [11-1,1141agarVidfaltntflflafillid.c1.50t1t116" 

Ca(OH),] 

4. ni511AltOutiAierl8T615lA1ni114 

filumierldi0.51911 

5. t,1161Silifill11111'5161d1fil 411crEu iltu Vlrim 1yig17Jflkld 	n5G1 

11D 11 trufnliniS114, 	11111111i-1' fl irriminawliciyharer 111.5 .1 1iti11)NnyuiTH 

cl.oul11d11t1%iFki 5an1G116"611uolti1]5tnau 

til).1449i011')flitflatitalf1111101.1NITUriALHAffirlin-nriciniamJutnutilluifoitl 

ItiltfClionlirniau 

6. f1111.15;t101V11.5a1005q-tureeum nothaillflift6cnininifi4tiu 

t1501aIo5nnoinint-Thiludaulittemiltioiwenu flU 	 f115141 

Of, qi161101.111114111i1ThltTUF151.;itlifidc1500VISa riA1101A1111111KAk1519011155111.1 

ounTillermti MIA) 

7. dtIOATIfial5dt'dlt11150-!.1.MdThll5i111119Jfif1501611JIMIf144"Ithilllan1 

Vf15411afnan1114111151Antfi7 I1eAlo1n5fhin15L6o1iiAtrkful n5tiniAnn5atmo 

rfl1J15 tHr111114111951-IfifillilltiflItMlffifli1111111/1alailhlalll 

1114i15L14111 

-TAH-ruifiournsoaufholuviolittl 

1. 11l5051rf011ff15d:,)altlfl5fl - 1,11MITilq11)14 110 fllflfl1544111€1,1: 

fl15a1lrid (fl5ffl-niSolid 

2. fl151,1fff0111-15callf1591f11514f15fifiliSMIef Via'f 115 66cflvd11cflf11dt~DCJJJ 1' 

uaniAmMlal,1111) 
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3. 1115110fr011erniltrtl41,1111MT151`11--,ifyinauiars othk ttiatfuljui.o„ 

(A'ucti 

4. it15171.1011'.1Walirafldrilf919JId112,1STUfarriat.11J (rl,r(1)01 	I)) 

5. firilflitaTatia,idltillildfl-i5a11111-411111T,t19-1 UN5If111911A I 1-1 

turl-ir,nia;%inirryliCiA virtu yiloviniiteyVVits. 	1fA11arinitin.Ortliiii3u 

tf111411/t1151i5f)6111 0011410 -11J14pXtiA 8O% 

Sifl-rail 010 ttuutiorrou 

Thq 1 .112151411111 

vimumq * 11111aA f1r5aqrwn53-3itmlinuiimitrino14i 

Fl 5114 VI 51G1f191fl451Jfl1415031~~~10~`Iffl151NG1fl61J1C1~1JJf~li,ii~ 111 

6ff flllJ 

tflM1551.1 



uta141111aorllltitliA1  
a 	v.4 

Uk11-1015190:1154501J1112 

aduen5flimin- croi 	 5Z461ni6migniiiiIii 1 

Vflilnal5r5m4mniFillaIntitift Mfg T 	 n1 2152Vaauf21alilti5c4 4111f 
a 

5x11 lldl 24014111 	 (011115014 4 9111175101,1 

111147'.: 	055V15110g01101111AM50-1110' d11115flA55M011ligifl0119161-4;i1f1G105)  

iiiiiiiin5quacttud 	qthioicifi6146intotyl 1130 al5ativttin&triyirtio 19511 

wotatuiu 	 14301515011J0i0fl pH trdn115111110111a11115.1111P01 

1-1frilidK11391)n1511181150 V111171f13111411115351 

raiiniiiitals (pH) IVItjal:idfilltrilii pH I10F1il-11 7 11 rill igith 115 cl ri fin] it:11 
Q, a 

pH 1191011 7 IHMLIA1111-111d1A 1115d:Altilitil pH 11111161 7 ilearutIhnita 

3110/i111D1511/.1145 13.1: Hill fl'11111191"0•Ieri5 f1113JALIT3315'n'll'illii1J11;Thll jr( 111331 

1.051ffiT1011n154-elflard015t VH11014)1111 iltrr,iimuni5autrrinilivith:fthi:f 
cl 

"i9lillt11131r1415M0r(15V111315t11-12 WIf111111111141153:1119(13(  

ito : 111/3 liclaOltjatOillitiff111J74111111`i111fl5q111e( 1101V(15finlE1 

111/4 05 1Va011f11 pH 110Aril5fl3.:dirlltd:1,111f1113Jr111141153-1(1911:( 

31105 1111111111J115 1 8.1 :14115 t111141 1115111491101filMlit iM3i91-111(113/111110 

1-iii_15 -mpl5filvilt55infiqvitnAliumull/fojr 

littillYili nitIOU ff11115ilail11011flt1915 15ffillJla /1101411101MtatIfIluAilailiiincilh 

iiinotjun 	 runiuTali
dw  

91115IG1 : 111/1 i1f1-m-1riiii119um15tiVni1r50911111.1511it19ulum5A'151it 	.111i1 011 

1-11ar1flulu071150liirtwUlciarilAn501Jn511i Itan'togiold)  

111/2 erTIMIllilindiin11115i1915-ArfalliAtfl,311111411f115a15 

c15 ltr101J11-dlOcl 15 
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,„ 
1J1/3 1.011111fIllflifit115e715'Nfl5-)Thef011111,1111115111f1M41f1111.1111111111^Iil 

II 1/4 5111511PITOlgja 	 ail If 

9.11/5 ilf151t1fillin_15 :f 1):611f1T11JilafihAllflAliM14111111E1THITIV6)arrin [n] 

ilatruenpulolThuttlfillifillicillltffifitflillihni0;i1110161910141illflf11561 

q5-Nr1011 

3J1/6 aTiltruinimal 1130111U1JU 

Til ?IOU 

111/7 iiiillfilillIJthiltillifl15-615-nfl5-.111e10111thieN1116-1£1191104 

F11111111%911114 11Millt1111521114111124001illitHIEL1111111471iiA 115t111111-1150.(1f, kill 

'11011f-1514 11111di 0411,11111114?  PPLIV11)-IIP 

ifi/8 ilminunfoilimrronisiltnni5en5Tool-Arrou fiunlinito5i1J 

winuIllp-rmild191-1111TrldVauu niiiiloaollittd°Z0011111111511iiiffthrliflli7111:11.1-11 

fitnith 

111/9 iqtinli-Id111-1 tilift1510111,11LatilitOelitIltIlilltnti1J11111il'fl 

fl5f,1111AM IM2,141dilalif151111111104114A11111-941.4t419 

r115,1:61iffil 11151915-ndalM15aditlf1141 -1.1M Vi11115111/1Aff011141M1931a141f1191flir  

d'114T1J11”111df,t1J It110131Digfil pH (pH meter) 164 0 f11514111,A1 fl d 11 CLI iTh} 115 01 

anii14) I0014t1151111:115A 

ff15:,1111160145 

firm:4 

I. ffi5d..;flicriiiilf-dluQ'hyTiatimoai9tfilmniFivilun5q aid 	fld11 

11.115 f11/WM011144-10611;i1f1100ifralliTIJMOLLattlia 19;11 nniwavaimfilorg4 
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2. i1211.11111-M5fl - 	iltINUTtitlffilltrinIfillifil pH c7(Wiiilfeinilaili 
a 

It15
A 

01:1Thiflf11 pH (pH meter) fiTer-mthliflitunirn oldIf5timt1 11Jo1wi1.' ni5 

~ItlI`V15 Gl  

111111vUA5V1Iluti15 

1115i111,flVI fll5V101J411.11:1J til5RUM1t: lf1111J5"111111511.14vIalei 11-15I:1511 

ttflf Mlf11111h'only 

115 cci, aAti 

1. rlitro 

2. irlfinui 

3. 3.14thiluniAilits 

4. iTiviiviummo.5 

a0/q11111f111111(itthflliff011* : rt15n1A1M-1-1@1llrt fl5wtnilftolUrraofifit3t46'inmo 

(pH meter) tailtItil m51la51tiV5OrU1tP1 

a thanj ii115ov1eri5wQ;a1on5q1u`bn- nao5n (HO) ffiddfd ItrItt`ki.11dA50fl1916) 

(NaOH) tia ,t115flf,alt1i11-10SVIV11. 14 

D11519.1111511111i : 
n 
1114ffIllfl 312Jallit 

I. 01915611111911.4f1111141cilit11-1IMM111(flIiqttlatitttlinfflIngcitnlila 

inuturrnJwiwanlf, 	 t11.11?itriling.1 

ii14 6"111 

a .2; a rri5aniunlgrmiiiitlThfillc1111 flO tithlatr15(fClilifSmin it-if:111111U 

rfiuvatql 	 [ri53 	 tiwa-AIJSonllitlimkto] 

vlaltirm rim1140u nut:v(1531i' vi-n)firicioininu 



6(1 

111111111 (11111 11(11)111111vlill.11111i11 111 flu 

111114 (1k1)11(111 1111161-111111111111 
	

1111111.11.1 (19(1.1 f711(1-111111111 	Irlri 	111101( 

2. 115(51111111111111"1111.111111011111114101(d)11 eILAGtG11Gin 	11.);(ifl1irlf1151111.0111 

r1"15fl:',d101711"11140f (lilt 6111 V1111)11  ( indicator) 191J1YJfll T15111.1J J 	 rre) LI rill 

111i1111-4111111.141/115ft t 11111(1 111i1 1111 1' (1 itylififl nit). n-rint 	outini o 	(111110 (11111.1 

i'11,10d1^1111h11,1111d151 91 11111110 pi11.1 	,-19Tni31,61.th..yrc) 	r(; if 15116A11111a1(1111 
. 

1111171 1411 qE1fMilii11 1111.11(111a1111 111.111 t1"5-11170(111 9111(1113101/01111 1 V1(11t1(1411111.111i11 

111111111j(111all(lildllt11.1 

1161111111111111(111 .1 11:111 (ncutrali/ation, neutralisation)111.11M1 llittii(111111 11111111111:111101 111 

11:11ifTi(111111113fltf11111113(1111,1111r(11 1111111111111M11 

if 15 "Cif 11 ltnir111401(buffer solution) 11111{M1 rll( .)11(11(11111 	Ti 11 (Vic) ritAiTlit 11130 

110111541d0141110(11ffd0111111/i1(101110 11.1_1111 ri 011 clr:11d11.111(fli111111111112)(1110.1filpfl 

3. O1v115Ul11fl11U1111tilfillTif15c1 51 ell alitlITlatlf1”1—tUrf J1 flUCl 

Matii11114t-ii5litn1 ouiqfilpH (pH meter) ttaf,1115 11(11115V114lleraTtl (t1)111111t1 

?(15 .,:f,aint-raq--tua 

11.11511141fltel 1-Thrilpid (pH meter) 'Tfltf11.1tf11.101ilditillfglilttritt(111-(6111-(10 

v  110fllfllfl1511(11119iillildflfl11 	 4-Itin15lvint511 

111511flt(011f1-31111J1-11150-111.14 

ittiff111110r,411111 

1. 0-n156197ik5filifl Filfltlfl15141f110,15WilpH rf 

llaM a 	014likdie11-16112111 (fl 1.70f alefil'INW10:1 in1f11115V1 050 I1r1Th5f1a05fl (HO)) 

2. 01v115Ulv71111'11111.1141113J91fltfl0cIV109J15In1410CII4 3 iffhl t1/4101156 

tAlemlifriniumerou 
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3. 01915611T1Tritill 	 11J/11'011 	Itttili ckifvtiltol 	tit Mil'  

(pH meter) 

4. 0191560 11r0flffilltfl'ilfltilM0410111111J105%111-Itlitidi'lltt10110110 

(1FititiloitiTunTintomilyttyloimm-p14) 

5. tn5-(ffiliolititaoilmonitrido1141111dicilltill2110{iltt (6 2 di rlh-A plf 

nil- 7 'MO pH 7 /:Lilf. 10) 

(,) 	 ,-tt 6. 0191500-11tWf11111111-111-1TV11.151119 -1111000141,1411111110ifill'h
,=1)
iflOaf, 15 

ti 

7. dli11tiffillIdlirlrffl141Tilt110411grglf1T115Q1MT1 fl'iTtilOt,-)kri011tefiJitt 1911 I 

21"tttlittin21111111.11f) 

8. d1911121{111.1111111{11J1'1111-614116tilf1I115fl4101.11flehffitn 11f11101111.1'ti 
yv 

9. ala i',11.101f11-11V1Acil tiler 15d,t, d10111g7,11ti 111filpH 
	

11051.1-15tItn m ulct 

od1415 (61u9-tod -aitn etriitratlIfvuolmloA5flfiiput) 

to. 111911040V,i1J1,161.gfli1150d411-M15df,a10 141K1161601-1150 Wt1,1-t41 ,  

ttv7AttA 

11. 0 19 1561(11111 11,141inglictil0 16111115 111111195q111 0 A41,1 11;1 011110 

fl-15011.11-159, 

(HCl) fl15flafl1fiTc11t101J1dfl50fl Itcld (Na0i-i) 	 ; 

12. 01T15{111Wflrlifilliff,liflAillthittat,t1,,101_14-1f113J-ilf115191tiftnIFIl`kt 

fill) 

13. 01915611"(1-1f111111/N111r115a2td -10f15clidiMfIdal (HC1) 10.0 1111.11tI,H.  

1911A13.1q5410ilahl l'efirfilatlfl5101110 €11W111151,11^1911-11q 100 qnuircuiteliwitind 

14. 01915611firaf11,11S1pH"  1101V115fl:;fl1tlf15fl10IVI5fid05fl (HCl) bin !  I. 

fl5t)/Q1111i'ffil pH 11.1,11'1491f1N0 
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15. alilutiltflyrmarii-T,I;ditictuoSthil'Inilwro 2-3 11111 

Vl ciantlft0501,(61.,41511tItTrifl (11C1)iindlyinoldn5itmloctrmlihnivi 

16. OT0 151:11efillitllJlliflii11111-iltrriatialtrilitfiith?1,1111WIJ ituovini 	ltd 

ei5at/faitinsvitidivn- fonrin 010) 	 fiifyfl5 

17. 0.W1citilifili ciipil'5afillUI,151:01.1161Q150f1191(Na0H) 41.111)1,1 0.1 TAM 

60aV15 11-111115A91? un 	i71011611.11lalt_199(11,61A 4110AlliriOtic ttanFiliTtA 

1101V15ftflt111-11215Atilihimii1fl'Illil 

18. 01 15 61.11)11{Wfftddf,dltilalaf11J10WialliRS4' (Na011) 
ri 

il1M:1-.) fll0t15C1101til5fldtlitl (HOD COciltilllflIdt15)01-110111N1.11511ti tin 6110 

(111131111131J12151101ff15dlidla L9110£11J HIC,;140t11H1j1? (Na011) 

61161V115rtralalfJfl5fM1i2Af11pH s 

19. 'Olt 151111VttilflTilYI11115110aBliih 2 tllittdfilitifillF6-1* 

91U0~111F1ttOv0491Oi all 

tiimlniitniTilQ16111i14)0tillitti10115SILW,1,thmiintri 	 ri) x 
9I 

Lf110151 fh pH ttfl;,̀115111r1/150d7101414011JITIM0146011ii 

1. fi01,111151171114 Vt'hilliiriit1111J1052114 (calibration) Tq011151fi11tifin9 1 

fillefl5at'0101"111140i.1.11015111-1 IO0f1MI51lifi cii01.1197g05f1111 two-point calibration 

etla:AITIJ9hA pH cieljadf11514-10ff1T1I14114012 Yl1 t9fU pH 4 1ta.",7 1410 pH 7 H.) 

10 iiiifilf150m11:1119hAildialt-n5iqvfldtikbrkifilcicinAl 

2. 15f115"TQ1141109)M0S110adillill5VIA01.111151Mlf1160011(deionized watci) 

1419 1:11flthl (distilled water) ttaticill141011fliglailill114-111A11641111/15A0,1111 

fl-15da".d10ciliinlni5SIOC1115"191111 

3. f1159.11aTf11111-161fl1J.144114 111501116Lhill15W11113.111111141 IfltilT1111 
4,i 

114d15d.,'18115V11111JitlpH (1.15`,;111al 3 tta',1,111R111111011.1561-111111t111114151t}3119110 
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iffttilio,nowliilviin -rm.11141-1911)111001111/11 -10:11-161111:141Adflfll 

ToollnquA rITI5lilrIllumi,olfloAnInsql.15tantaiou111111151 LcItlfr1.51111c1)10115q 

101Q15flarlill (I1(71) f11114141-1 0.1 	(M) 
w 

4. 01M-150 A 041)1111flifl5199athl t11519fflflit41l10141.110r1111111n0ifi10 {flu 

EviolfltrIlf1111011-31alhalti 

5. 11115111111”111101a14111J10015filwril5nt,-dlufiliqldiq5tid05n (HO) 

10.0 ou ntrifitivin.161.1J915 Id'1130 ,1 110510 lit-4 011'301 	1,111J'iq 1 0 0 qt-HrifIfi 

t9fail:6f15 id pH IltlIfilThnilUll`didifl5f1firlitl (HCI) 141t114115t,WIll7fi1 p11 

1I1111t1 ft 0, 	tl 	11 dit\119 lilt 	4111 2-3 litffl 

6. Iti.cital cidn71161951;161.118.050199-17  (Na0H) tlitlitit 0.1 1110dO s6A5 Zia 

11115VIA? I'llit15tlfi11tl11t141111616411.4d11110411115Y1S1111<tlITLI5tGT111101d15dn7110 

114151filAlc11011Mitil lritiltrifilAY151 3/ 

7. litNtaldrita 1414100d q50flI9s41 (Na0H) 

fl5V1l0imtidO5n (HO) 120d11131/Thatlfl5 10111011 )WA 	ildfAIMAr501.11iundi 

9128ifffi5afolorivraniu 	 11d1ififisuldou 

ad1N1115 ir1d1IinfiulA5`UaArrlintd10i9atmlofl5on19s(Na01) 1.16ritflpH 'UN 

di5r1 vru 0115f WITYTHrilpH 

8. lrIVW041(11?111.411AO1d11111)6 5 -7 bi ll 2 raltlartildciflGla 

111-111 UU 1r1118-15 

1. a-m5tf0imuti18n.FurittiitIvinni3 f1'ranfitin5q — tudhinfiitiu 

2. 01156.11f11f14111111111:11111911111.14dUi141 1111/Q1nOilf1TIAllfl14-1-11.1a 

illtuflAi 0 1S1 rilpH (pH meter) 11Ati'fl15119111501 

3. tM156@illlelkiialllil 113111f111104n15-W1,} flltlic11141161.11gf150f119fal 

IIMII111Wa,1111114411-1)t141/11rilpH 9161V15dfal014 TflelfilpH 1101Vfl5a'flltlil 
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411 Thril11141411641f1"110119111414V0111f105.1i101.11 0 0 011 [11,0 e 1 41A0tlf1151n191 

11151Afal9101111intin1101111 

11,0 + 1420 	i 	1-1,0 	OH 

qltlin..11115171i1.11 	li1111MJ9t1110114 1 (Ks ) uquaisiii 25°C MnIfi 1 

flllflv Hatlflit0A111301 111flt1[OH 

=111,0'1[OH — 10 14 moudnI3 

11511411 if1lly 0)4. 	- 10H 1 

10 14 mol/dm
3 

14 
11 10 	MOI/C11113 

10' mol/dm3 

= 4H3011-0H 1 

11-130Y1=1-01-1 1 

=[1130'1 

qlflf11111t191114111103 111361 ff111151.14114 0114 71 1fi1pii 

p11 — - log[-110 

41111'14 1I1 	 111301 = 1 0 7 MOIMM3 371414 p11= 7 61\91.1 

pH = -log 10 ' 1711;140pH = 7 

Ilf1.1611f1111Jr6r1Y1.4e1104 [OH ] r1111150411/ 4111141/1d1p011 141flp5 

pOH = - log[OH 
V 	91 

G1S thni11J5~11bi1f31J  [OH = 10' mol/dm3 SJfll pOH = 7 4.1511 

pOH = -log 10' 1111110 	p011=7 

4114flatiluiqviii pH = pOH = 7 

s of t/ 
111 141 pH + pOH = 14 i111151J111115011. 

4. 0191560i1110f1111J1111101101V115M:idlOMVILdfi f1541d014 	LVW,t'.41.1rf 
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( 	I -) (1,7_71 	 111A) 	I00 °„ 11111/ 

flE,111(411111 di 11 11 71 cl li1141511151111 rlicl 	Cri 	si sl 	fti HO SI SI dill 0191 

unn-nott.min 

aviltnyinfriciday )1.111064 	 Imo] 14mAithu 

VIS1J 1110011110 fliclillillOnflIFAIllA)111Tiliati 

1115f it lUillrf[Id 1111108) 1T15f1:trl 	lific1HC1111f SOH 1100 % 11:111 

iTh thl 1 i956'110A fil6119iJ I nio Na011. K1)11 1:11tao 

115 (-11;010[11adali 

11 0111- 01-11111 '111c150111'14(M-VM)111-41,) 

5. frlil 151110iThE1111
4 	

1.11 11r211J11 	6ff15 -(uLL:011J05111.1tili0ffildtlfi 1/111111n011111 
arl 	 e 1/0?1T1-1,4 115111.IpH VIIimi 7 111115 t1111rH5da:',1111111151IntifIllinr15{.11111111111d1M9t112V 

- 
1711,1413J pH 1JOF1fril 7 ftd8171)111 141.1d111fl.iqd61.1 111111J115111111lillrillt1 

p11 1J 1lIfYi1 7 

6. fli115116101ilfilfr111.111111)1611;iAllflAlital TA1JOillItl21l1151111101181111.4 

1J Ufl5dlYfl1YIlJfll p1-1 td911-1111161-1 V111.11511111jekT 3 110;11 (t11191fil p1-1 	 ii0 

r115ili ilpH 1310 tIfTil 7 Vf 151111pH 1.11111171 7 ItafallAilpHialAell 7 1,141if31pH 

110Antaallifiaturdoutt1lo51Jinthi tvninlernITivulativlidoft-pni5nAntanjni 

dipH 1411iiin15ti1k1116nin4in0an 

11J515f11Ufl5~Id911Jl f1 

c; <, 
7. 1-11;11 1111-PUDAtil 	i 141110110 Af11111 	111f1Y1qVl 1At111fllpH 

5ffw14 7.8 - 8.6 

lqf1111.11IW11115q0Ufht111J91011114 

1. fia14199111f11 0 A -rflfilpH frniim,15a1uilitnn (ilTuditlinno5puffii 

el15 Mflltli_itlirloi?111A5-12114) 
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2. tlla tliimItnrinodinJAncryin‘f, oirithlurloin-r-friiiiii 14V-1511A10d 1\i'ri 

' 	pll 4 ir[lf 7 I al pi 7 I] 	i0 litlii hrl 	
) 	

Trunooni rino Hip 

r11i)1l s:1);--1 fl ol)  

3. 111,1@l0111115iGli'l Ip1-1 r51l11111151110f,15 (r1uoiflfl 113c121101)11.1 I }{Iu HI 

(11 
ci  

4. iii- nlinfilinloaoultin -nimonlil Whin h (111141).) 

	

3. 	
tv45 -1:-,t)°,-,)15 (511141 

1tuitt;oViti/Y15fl11/111'1111:301111.'r 

11.11)1 itt IS 1 

6. flliAuoi'intn41141-nit)-1514-iodilla 

3 1113eatiocQ-,n -lonifriiilii -ipt 1.17-ifinto. ;1) 

7. 1115111i1 INJVIO1AFMAtli195q11-Wdaf COEI14 1.111141C11115 

	

61g1 1/115S,1 	u 	;20 d cti 	n ([ICI) 	 O.111J-dri(m)11'3oilviii.1 

irurnevittuninil.5(K0)nliurtriniu 3 M) 

8. f11514qtInsallsq o-)ACE15a1005fl11.111-91fl'U")@lalifl51011251011"Mali'llin6 

Orlin) 

9. n151iirn5o lilatisrilugulifitool 015 -dt/A wilt-106119114) 

10. rclidtaierilua6lcvddu iiawiL,15 

11. tualM1415d:idlUtUninil1nv1Gl flAllifil5WLidltlf15qc10611411 

f151£1111 0611WaI1ISMI At'llf1,111151.11-j01,1111JdA141110f15 Cillalel5flf, wrimi 

tihni-joiltito -dislaidtruotinnmlifirtn411; .   

01531o0oil0) 

12. Litqlovr150,t'fllUNffIl 41t116401-1431911A9altl(111.11t11,1d15d.faltThIn'H 

n'15 minim craci4-)o) 



13. 111910 4111401191140 	-0111 11114,6'11 !11,@10 51111115 '111111 

a45nni 	 14 of 	tru 	 ill Hi L'it..) 

"(115 l'.1.;:11 110'4111010 ilIT1-(14trhiv11rrithia- ii'm.no 

14. t1113 0150t;01011"0"111110141111-1 'F1111111,  119(171,1171111115/11110111111d 

Ilti01:1111.1411111d0 (11i.rriatijinoTiroArriJilf,ri 	lif.ili.iciokitoli114,ioyi) 

111111°Iffil5111f11111 0011410111 '1.1101191)01 80% 

1001111-l!  9 in 61111111flV1011 

01110 	 1,J if 011 

117/ 11 11?15551f111 

11111E11119 * 111111101 01541119055111115a011110014061111 

nItiiilig'lif155un15. 601,1,1TflE1117111511910i1J1011 

	

-d'111015616905511111/ 6101111q0191,111111111991111111.111 	11) Vd 

temn51,1 
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!t111M11(41frniluit 
vh 

ttrruniiionuilitil4ii 3 

ntilial5`:5110-611M1i 	 J ,̀ T1JiMOURfnifili/1 1 

Illiirlt11113t1141d11113-1110141511da".41111;11101V115 1101 t15 cl -aM111211191111fill'i11 

1.t0n2di 18011111 	 fi1111501! 3 filliatild 

: al5111111111Ai0115a'Aliutinmilditano-rliddiltil) =.1,11fil pH 1111111-41 

n1514rruciiirafti;rilun561-13ref 	 ilfloq.fin:',141fl'•[11"(1 

4111 161r1ffilT. IA 111514'm 591O91']91ttdt:R1t1'I91NOU 

/1101 9:111111111f1115 13.1: 6131111Ta4J1W111014115 311111a111T1d1,11-111rflJINVI1fHfl'ta11 

1115 lefT11 	0011114015n11110101f1 illint111111115alltraf,111111 1111111Th 

1.11/3 ilAflOAttafai.11111M1110f11111S11-1111121dlla 

V 1/4 05100'011fil pH Ilfl3i115d:faltill,dnilifT114111141152-A0111:1 

111011. 11101511(10: 1 8.1 :14t-ritirnin-rimiimninfrofttdc.:(Winuivneroilu 

1115RULff1M1f111111fl1511f1)1111111 1111Elftflfl15d11111555111116)(11FIWU1114114111t11111 

plumriitahmu rrim5flaimuttaforivroullinioladiptanfilnIfitAliodlu 

"moiffirra amittIthi Al4f8J 1.1[ delttNd'ounf11111611111 6191)0 1 

61.11^111,116u 

: 	414-m-wilfiniuminitAuniaihttthilvlifitii 11in-15- di-nun Nerou 

ulognInfiewn)MDAildith14aci-mmoun4u unttikaolyi 

111/2 rfillmniiirucifflIJ15005-RtfalIVILW,i1MINUfll5e115-n 

A5-An1111'diell ill 

911/3 1500111fIfill'111115rh5-A051a011111t9111151115111dt1€311f1D1114 

LiNarioio5litanMowin Iqui9Tirrquantlio411oLuredii 

111/4 5111511140V i'Vlf15ni119(011,01i111311151d1nt,itit1111111 
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111/5 itfialg;trti.dilmnilufrittraosinaalimiihtifrifvurrutilnionill1Ti 

frtimeh 	111 1111f,f1-1111ru9111flF111111157011r1illotiti 1571 

Q11111e011 

1.11/6 fl'SlldllJYlilflco5 16'  02, 1111111J '110ii111011ffl41011M1111ffl11111111 Y11 1 

4151 r1 

1J1/7 el1i110111111-1111141115fil51W-15-iga01111111011111-1tn11)11110111111 

1111111t4111114111fff111411154111111110061J1otiirnti1iitu1& fl7ff,1111111111=W1 

1101IP15111111110i1111111014611v1111 

1J1/8 aitifinuoctoimormnisilLtioni5drinfl5Arrou 

11ilaliat1aiti'sdn't411effmou5uni5ejo11111ln1nitulii 

4141111 

111/9 icitta0,9f1f11114 	tutivvrIno%'ulmritntiluttu-Aq 

trinr11,1111511a11,Nfl11011411.1111-1111'041111111111:(41A1411g 

415 501Jainiflf1-311A11115A-11101191fld1161-1 411r11511Qint10111111 

1151,10111111d1'.1.111111C11Wi111111 A111111514311,1 6111111i1f115130111.4ff15501191)0t111 

9,no1 1111111',V111 uf,t1noosie malfr9)  
incignal5fitinldnidiliviumtaltrmSoli 

fflitfl156111151  

frint5 

NSoil'iliciA1411-IirfilthilitIOThilf1111AtIM41- LIM 11flilvil1 (1'11 lAfl15 

61onliriAmvianlflaqiitniovrtualltonFritiaqhu 

TYing/115n11111111 

f15Th1f41111541011410111 filifillid11:111f1 )11411155111511111)010 f115N11 

flillff111.171614114115,,iffill 

1. 
do 

2. irl15tn4f 
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3. JjAlt14111f11514111.4 

4. cliqi1/101111M4i)  

iTii 0/q11111€11111161U14 	: IflillThd151d1,1 	1.1.11 11.11-T71 ft-.)- 111.4 1f4t1 1 

1.1q(101 V.I6vIliflOMIV1flOA Wiel;uonw)1 i15tif1lic19162fl59SZ161461111;105j  

fl5V1In1o5fina5n 141Fld14 ay: 66111.11̂ IV5vr11.1fi511d11intl 

IHMIllf11111ffitk 

011560Yl cicil1ifli4 6i- 01(1111t1 151 	 111  11114 

q19c11)5,41i111.1d:',i11111110.111151061J1TASTIJM1W1114ftetUQtlil 

1. 1.1 15 91 1`U 141f2;IIJs`t), 1514I1.6diinfiThi1dlpH 1.11 11-111.4 9dit11.1j 	-,-; elf 1.5 I 1 11 

Tf, 015141 1111AdilfOrl14!Mild 1 611. .1 c1ICH 13.1 	c1(1.111 1(4J efff 1 51 ;.1 1401 '111.1.11 

tliliiir5:-.AIkli114110 	1 11 111,`.-11pH clAfl 1 7 Ii114A11,1 1 

2. 619 lItilMtlifleffIlilillJfiliOifthlt1 f115 V191Valtal5 11,12113011`,ftilli1J-11 

gli.H501461-1qkflIA0i95171fliMMVIOU 1:614q1111,005dIAMf,111-41.11911  

ttAf1d1161,10-ThalSHJiHfld 1 pH c91 1 	I [ILA 91414 	Ildf e1611,11 (3.2-4.4) 1 1.11104)11 (4 2- 

6.3) r101,71V1 (5.0-8.0) 11500119110 0110, (6.0-7.6)91110065 61 (6.8-8.4)0 0°,),)111411141111)111 

(8.3-10.0) 01 (A@fillreilliitfltA0ilf th-11,0 fl1401114/11,11iter1aThi141115tiiilttifil 

cOn111:14i0] 

3. f11513011117V115114i'10 11511;41-341 1719154111100t;151411111 ( -11fil11;1110)if I5 

1.15 Viillcil 51f11 Alan) 

°111,1x1 	,1 

1. 0 1915t11111Iflrffllillil ifhf15511 4.5 11.-1141T1g011014 510 1`1111114)):114 

010151'A5 ienniffirmi 1 1441 85 tiLtillilearrlih'uniensatimon5flufln(ualti 

4151,illa'111500nutrufl151/1qd04111f1151Vdallff151111 

(tildff150iiennWahiam taunlolfithznaulai-mittorid -Htiu ttdoAfildifnon 

nisiiolfildnflat1910101dqf15A1MfldlIfV14 IVILIHAH 
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IlilicViYideit1(111111111[11111.1t:hilirlilt) 	 i0 fit) ti 1 

1 dill I 1.141J115411111.1r1 1 r1`.:11 	n 	II 	1114 	 r11.1 	1111 llti 1 

Onliti 1.44uniffinuinsthrinolitinicilohuflotfirmh i-i 

050116 	1111131111 0 I 	11 fl 11 1 	11A el'  11 17i 140 I 	Yiul -1 I 	ri 

11 Ulf Cf11011JfilUltZ tj111011;1111?°J'11`3 OD (1 10111) 

2 01156.011.111fliirlilliii'D'gilelfIllitAll ciThtl4110MYLIMJ1IF1110101nSP111`3y1 

r111111116;iitlIfTliidlifHec4.1010 
. 	g 

fl1511.1j0111111111illf-101H1 ristillnii30110 ;1 	 Oviiltill01-)Cliitil (pH metm) 

11?-.011111-111111117V1 it XY111 11111i IdlpH 
. iv 4 3. 01915fifillitriliffili 	 il"Iltrhl 

), 	!A 	91{1 	111 "1111 S,TO 11 1 	( 	n 42111 cl :11 :11 TON if 1.1 cll 	II 	1 rif 11 WIT ! ) 

	

fltillatt!tilktflt1014151.A1-1.1111clitill-1.0 	 ap.L 
, 

tilt2",1111-111.6jail 	Old 	1.11C?i'  `11ST401.1iflt111 -1•11U •.-1"er Aillallinitill.), 1 

ticni-rduleriu 1,1.1,1truillatit,r-iiriluitgortvricum)1,cloonlo114"i3-1) , 

4. 81156t111111flitififil'ilt1Td61f15W1filq`kllilflili1J5,'FITlir1111`114fltillOrlivi 

iiiiii915i1410d1115 (011;10115cliii-hilf 	 6'0 tilirThfliqi1110(VH 
vl 4 ska, 

filpH J111J11111)1qT111`111,1flthil 1111-115174cD 15)11 in 

oinon5 vonunl6hinflittuninialtnuriPdirlt11014011iimm-tuirrInPijtviTH 

1115dfaltilivl rAniiilth'EN110101 	KIllifItt115511,6wtif F111111-ilAiiii111.1 

5. 01 15(111firflilf1141141111f1553: 4.6 11-041-1,1F106011510:39f141-11 

ilithlffIrfOil.  1 14111 87 140111111d951)0"fflii 1101'n111111101rfiriitiltli 

IllitT11-1 8 TO elill‘Htii1)10 Ill'elthri111111111r15n.111113 Orlrild1111J1 

1101ff15111111111ffnllOi1111181411411d1UTi Lit) 1.11flfilpi: 

4"-itlgtlf15illillci Lill PS t0111201-Trf J.f11011-qiilpH (pH meter) tf11,141/ 
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110.16111i' lirif 21'11114J 4:11:11,1r1114.:(71 	i'! 1,1(41111`i 11411 -1 	(if 	Icl lwi)  3 	IOU 

cillt404101,44-, 1 1111:-.41"11; (14 	1 if01,14ill 11.11 	 s:111ri 4 111141,1111 

at ls,117 	1 111I-0 nit-4H 5. 3141 rift, -hi I 11 i iltif14141TIOvil)) 
„ 

111-10billtlftdf/C1419/10C11 LI 

1. -1 	 liltifitiaii115-101110t1111111t115430fll4f41.1d(ftllUt15S=1 

Udf,IlliflUctiV1115°Alild 	 n1.'511'41 	 111004-11t1U1 
v 	 .2, (115 vi rIfil 1111 1 	1v1 lAil 	 lifit11-1 8 C111117ifinlq 

VilF4a1J4ile401,1 	Irtif,c11.1 

2. fl19156"HA',1,1741tii411114141614111i11510 ilf1-1111MOTe111111f111,1d114114Y1 

prumnlilitiAltmogioubil 	 Jil5t1 	ill51(i 1 H 

1-;',1 111A -{inu 	 aucin 'Icit  nit] 	 Ittlrf,cli 	Iriel 111'1,0 

611f1111 	 1.4 1 ) 	t'El vil 4 I IV IJ (1 

alit]) 

cUtrUfflt1t111115; 

1. ai915ciai'ulutiithAu-ii 411414 f1)10011411itlfIliiiii51A11-NWIrfTtifl551.1 1430 

1pH cuoAiliduat ldll9i)1(4o 

filioniidun5q 

2. 0191561Tht'llflilflilli-J1.16110.1111510 1-1 flf15?„,1111.1111.601fIrlUf150 (dhillic1)1 

filpH troon-i 5.6 Inc19111iititel'Vf1111T11V1 	SO2  , NO2) 0,t" 

P11-1115fl 	H2SO4, 11NO, 	 (nu9iaFrlii;iviLtatFrAtt-iflSati 	viitalti 

f1155:',fllt116101 

3. 81915601/1171111f1111-il 11-11.11.1oitittelvaiwori1115 

uh'n' iivillifttiqrliAn5otiond'u55tnn-wo 

4. 019156)01JJ1h144111131F11411flifJ-Jf115ttfilT0d1115 

LUC( tildfli'llefill1(161111;111J111.161161541A110,31119111401f11511cin) 
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5. Oliiifittaninflitirrilitrffiliill51FJ filpH IJOA GIJOALVifl")114 illrl 

vn 
til11-11514)15Q11J5,1",41514 ( o inn 	11-i1i11i11t11H110 	Iii111,) 41 	I pH 

Hclild11611 l3 11illifil`If115:Inn1cifl1i1tlill111111)11611J if 

ill!Vilitlifrit103 1 01111 Y111,11dirlf11101111111,11,i 1.11111111d 	 1 h,l` ll11,3,)spl 

1 li2151illififf 	'Innli IllfriTIJ 1 Jnuonlyicitilln 	 tirTtiporiilli lU 

n5i-iliinurnatram- rii-v aintilio6cri'mni I lirrilarcritroifiliTnitilutvici 

1lii5115nnyriiisarthini fifuritt ira-Alfinsitiltutra 

full i1
2 

1J.11'1i ITO 'it'l1/1111U 1 0 tiTII,Glit! Y15111tU1JTi1G111 

11-11TItillthttl11! Uritt-15 	 nitio
v

tA 

1 	1 Oil 11 	1 11 ri 	 11 	1 f, 	1J 	(11 	fl 	CI rl "I 11 	11 pl 	tT 

ni-jutunlaqularin litavill.ifTnilin -rithlitrunroul,lifiwilf-ifinNiiAl 	lifIc11) 

6. 011dfditein-Tfliifitili11161-401311510 

17111Itlitl (saponification reaction) Ic1tailttaif111i1iifl5EntildiGitidt11ilitifi011115614 

161 0105dd uncttoSnicift6riwunin5o4c.iwtlitigorriiihnol niinfanni-otafleusiu 

1101efljaillltlIA1 f115. flf, flitll'uli1atiioinirnMula1415f111101,1 

	

itatIlidtd1r1111 11"14 VIT11111111°11,111,4f1 	lAcIfel (in iec I les) 1/111illtaitic,1 

non inurrnw-„niritivittlqwinni5iTuri-lliciilt159 t11.41000141,9911ifflinolillimno 

7. 0115rittfltilrflilfIgli1JJ61.40/111510 9117N1910Atil 
. 

d 	td 	tl5f41A 	Ifl 811E1 d 01411111011114111111A VI 	/11,11-1111`5,i-M11 

111f15f,621411.rviln5:;41141n5rIttonvi•f, 4-nt1115 filth 

I1ltniins:;4114-If1511talloonl5 411 Ir3141.11f15`.;41111111,11.1.tilAt1111,11.11111111fl&i10 

Lciirainfliitiuiclidumn-rivatuvi (Na2C0)] 

8. 0-nivitLonlnafaniiwituaiiiluu inlIdIfflOWIJOA11111fl'413 
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1 1011011:111il l \1141111111i1 i 1110 11) 1110 1 9101111110f104 	15) Hi 0,1 (( ,a11( () 

1 	l5llt111111 (Mg(11(00.) d1f illtl@di13.1r1V1111(1111 110.1111 

1111111:1411 ! 115 [thi aiiHrliiicioiiiino l l54 ofmniuinstli 	 Aldo 

litiriiiLitininaldcl cif n 100cjiThli111.119111J111011411 

9. 7 	1161 /111 11,.',1,1114111.11i11J61,10711J51t.1 f115610c1f 

1111101415115.flell Cac03  111i 	Me,c0,111i1t1 1001.5- 401'n 
9, 

115.f,f1 111 

Ica( Hc())21 	
411 
 -0. 	 ± CO, CaCO 

11 11110011 il1t1111,1 

1Me,(14(.10)2 1 ►  H.,0 t CO, Nig( 4 ), 

1-111111.1,41111t1111511 1419011 1:1:t11111i . H 

10. 0 -mlir_i00titnarmii-meruala15-10 fr314415 tf10411104144i411+9 fl 

14.144114}11011 

	

	 1-1)11qin 1111:411119 

111`.‘1411 IG10111J111111 1171110611cin1111-1411,113'1a11^11140 (alkyl benzene sullonate) /1.11195.410 

111111'1,11110411101f-IlifliAltlfl31140100{111 LIfiJ 1115 1ellf11 

4.10r0TI1 	-0-ratranminuercaa i4111 1illi^104 /911,6111billi"IJOIliftlfiiMASaflidd 

(fl115110461,111156i0WC,n01,)1 

41141.1in8J1l 

G1(If115clewYhoi11dalai 

I. 01514n50-illff 5.140f1155:1,510611F/513111 

tiAni0up1tt550 )51-1d01c20Ini5ir0rivr1q5915 t1”1 111ff11111S11ifEld11-14i111,1t111.b 

f1151116i m-julni51VV11.1 t115 -ffnifilaintdoijn ultdu) 
=.1 	 v  01 2. 05 ilalff 15141319nel-3141171 151/111111,115 (SlAA1111111rff 1WIT1-1111IWItki

9)  
lil 

0€11400 20 14111 ffitftirfilthM5101VY'llfmnivintiviTennt4119siiqa15tnii 

liturnitim 
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3. n5umaveninil fn511-itio15 (may 	Houtiiinni 

l~lJ .n-rifThr-rit:Lottunitlifo-IInlitt4. 

1t111141111.11 'no 

4. 0 -100059-111111110101111T0 7711115n1111 flv15v11 (3115 `t.),1.1111 '1'10 1)5',-3.11.H 

Ji.dfli5,41111091i1F4 .116mito]frioloiqditdoin 'NJ 

05t1.11-InTl1f 15) 

5. el Idq 	ffit'al IMIIIThtiti 	(91011:111111Tpl 	1.1fficif Litiff 011.1151(1111±1 7 

Odn'HfildiVhichnil 

6flfld°V 115115x1911 21011filf111114111140 80% 

ionlmf ttuniqvrtm 

M910 	 SI 

7001 ii/fl5i51flU 

liwuntiq* lima& i115iotii}n5nini5etru5iflolaohn 

11561171411190551Jfl5a0Unqt11171151r0i11101111169f15511 

ef11.401541690551.1n15601111V10117111/11111991111110ll11n151i1 

tlf1551.1 
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MlifilniT01.15101^Malltillifi101ullfltAlUt110 - 

1. rmilf, ditCoothircintillihmaairrrunio loilrrftunwof,itfiltan.quifffL 

1. 	 2. 

3. V111111.111-1MdlIALI 	 4. Mt,111.111/1111,111111 

2. 111511WcIalltilallf1151931ftinUll&litdOf,11.4 

1. 	 2. ?flAq4 	 3.11111 

(-4 3. MJITTINVITTLIWItilanal5Tf ‘fenriitnilkuidimillAmiunitmo 

I91)1191f15tqlliqltdalilliWIThil011ISoymi,1411r4m,i4415. 

4. 1,11I HAL! 

I. QiilUtiffiitallil 	 2. 

3. 61iAtitatl1901 
	

4.. 	Mail! all 11 
& v d Ve 

4. 141511qt1011H10(J111105911,1011flIflICIO5WM1114I11R2gUlllaitlftUflUin:II:t"III 

6121nql9h511114 

I. 1 - 4 	 2. 5 - 8 	 3. 9 	12 	4. 1 -14 
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