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Research Project . The Study of the Production of Detector Tube for
Determination of Free Residual Chlorine
Researchers Mrs. Kanita Tangkananurak

Miss Arunchai Unasri

ABSTRACT

Disinfection of chlorine (chlorination) in wastewater treatment process of public water
supply, drinking water and swimming pool water had become so wide and generally accépted. The
most common chlorine compounds used in chlorination are chlorine gas (Cl,) and hypochlorite
compounds such as calcium hypochlorite (Ca(0Cl),) and sodium hypochlorite (NaOCl). The excess
chlorine from chlorination also reacted with humic substances, present in most public water supply,
forming halogenated products which were human carcinogens. Therefore, we had to know the
quantity of ClI', HOCI and OCI that are present in water which is called the f{reé residual chlorine.
This research was aimed to study the preparation of detector tube for simple and rapid quantiﬁcation
of testing free residual chlorine. The detector tube was applied and developed from orthotolidine
method and prepared by packing silica—o-tolidine into a glass tube (1.0 mm.i.d., 8 cm length and 2.6
mm.i.d., 10 — 20 cm length) and indicated scale by test with calcium hypochlorité standard solution.
From experimental results, the detector tube size 2.6 mm.i.d. x 10 — 20 cm length was packed with
0.05 % (w/w) silica—o—tolidine and gave the good efficiency. It can detect free residual chlorine with
concentration range 0-25 ppm , %RSD of 1.8 — 11.8 %, 93.6 — 99.4% recovery and HORRAT value
above 2. For -camparison of measured results from detector tube with UV - Visible

spectrophotometry were not significantly different at the 95 % conﬁdenée level by t-test and F—test.
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A a L4 a a a a Y Aa o ) '
1.2.1 L‘WﬂlﬁiUNQﬂﬂimﬂi’m’Jﬂ‘ﬂﬁw'liuﬂ’ﬁEJ'iufJﬁiZﬂﬂﬂ'N‘ﬂﬂJ‘imWﬂmﬂ Gl‘NWUQ'IEJﬁZﬂ’Jﬂ

3 ) VoA oA P
570157 waz Inaundeo 14

A 1 9/ w. = s a 9/ ° 9
1.2.2 meﬁﬂﬂﬂ‘lfmUTLlﬂﬁﬂﬁ’Ji]’Jﬂ‘iJiiﬂmﬂﬁfJil‘lE]ﬁizﬁﬂﬂN LAZANIITUNVIVDIVIA 0N

A5297991NA NS eNA

1.2.3 eldinaTuladlumsWanngdnsainssntalnig

1.3 UdUIUAYDINIHIDY

- aa 9/ 9 aa v A 1 9 a o
1.3.1 LﬂiUll“]f’ﬁﬂ1%1ﬂltﬂﬁﬂﬂl1’3ﬂ’JU’Jﬁﬂ1§1‘HLﬂiEN‘W‘HLL‘PN (Spray Dryer) UagUAIIEN
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13.5 dmasansaniaiimisuiuinsavdeunnugndssvesitniouiudSeufieudy
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b4
o @

] 14 3
1.3.6 ﬁ?ﬂﬁ@ﬂﬂi?%%ﬂ‘ﬂm’iUN%UM'W]ﬂfTE]TJﬂ‘iJNWI’JE]UNW%E]SJﬁQL‘iJiU‘iJLﬁU‘Uﬂ'U’J‘ﬁ

VNI
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-] Y oA A v
oNIN 33137 uaz"lﬂwaummﬂa'lﬂ

1.4.2 gwrsoanmlenislunisasaialSuanasiusaseandie uazannmstudivey
¥
1apARsI9IAINANYsEIMA uazawsaaansidulSouganisfnnea1eyszma uenaniise

Hanuea 19l ssme laane

¥ a @ (4 [ v [ ada a (4
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4 aa 9 Ao t t Py [
Usg Toyuvesdanluduniilivaiwedne wu msuanifonlosou nsgady looou
o o o A A aa a a
voslang Hudluaedind (Column ) TumielasunInns W e ldFnuuvedaguduansly
- g g 4 -:i-sy o .an P t P | 12 a °
U7 22 dluau weziflesnnfiiunivesdinieling leasend laameonsgietdvuninorarsung
9

a & aa A 75 & K
‘]ﬂ‘lﬂll'llﬂﬁ@'U‘U‘u"]fﬁﬂ'll‘waﬂi$falﬂﬂr1‘lf\3'lun1ﬂfJU'NﬂTl\3“UTN

2.2 20I5INAAYU [18]

pols Indawdiuvemaniivaly uazuaﬂmﬂﬂyﬁaﬁéaﬁ'mﬁ'uq 18un 3,3 -losudauu
FAU (3,3'-Dimethylbenzidine), A0l (DMB), #1a@351n1QIUA015 (Fast Dark Blue Base R), 3,3-
Tawidia-1,1-TuRTa-4,4-1a0llu  (3,3-Dimethyl-1,1"Biphenyl-4,4-Diamine), 3,3-laiufialy
ia-4,4-1aefu(3,3-Dimethylbiphenyl-4,4--diamine), INA&Y (Tolidine), lAwwfialuuday
(Dimethy! benzidine), 3,3 Indaw 4,4-1u-0015-1ndAW (3,3tolidine 4,4bi-o-tolidine), 4 4- lao
ﬁTu-3,3’-"1muﬁa"lu‘7\lﬁa (4,4'-diamino-3,3'-dimethylbiphenyl), laoziiTu'laInaa (Diaminoditolyl),
luesiFAu (Bianisidine), 88 1500 15 lwil-1ndau (0,0-tolidine), & 1o 37230 (C.I 37230), &'looy
T8 Tnog Tamon Twnuy 113 (C.L azoic diazo component 113), 3 3- lawdaudau (o015 1nd
@u) [3,3"-Dimethylbenzidine (o-Tolidine)] #30 TamAiaiuudau 3,3 (Dimethylbenzidine, 3,3')

oo 15 Indauiigas wanade C, 1N, gos Tassademaniinansiegilfl 2.7 uasdaily

maﬁasj”lunduﬂmnw Aromatic Primary, Amine/diphenyl, diamine/Substitute, %30 benzidene

H3C B CH3

H,N NH,

g 2.7 gasTnssadrsvesenIs Indau [19)

b

1#Tmathes Ts Indauan1dss loaldmsuthdainde uazuennniis 188maiiools
Tnfauanlfilsz lomimadnuniiSineed o 1¥lunsiinssimbBnauesnasiusaszanis
eels Indauflanmzdunindondndurung Humsii lifindu ﬁﬁymﬁﬂimaqa Wiy 212.28
A1AA 300 °C IANABNING129 °C Yalbionuds 131 °C ANuaedumIE (13”1) WY 1 ANYEIITe

Y
Tumsaza1e1if 25 °C 1Y 0.13 /100 mL
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laginfe 15 Indanlaundidenisiinll§A3e1 (Stability of Reaction) ldifinsunse

. [ ta o aan a Y 1 T 9w "W Yo a ot

namsaaed liifinsunsieandfisemedive lsiadu udesidhdnli1dsuarseend ladn
P} ¥ g o Y a aan P o a

usarsonsauTIN T 1Izes T IMiAaU §Aser N uus s uazasfuluidsreineime uauay

[y

1 3 = -::y IV Yy 9/ g/ 1 a 3/ a
anuieu luunasinsyiaiionngn Ind1dd 1450 nuieuuing Tusgnhufagnludazifa
o ¢ Ad a g a ¢ ¢ o ¢
farluTnsiausened Miduiy wenndfewnsafia msvenyenuenlus arsuenlasenlus

I'4 =1 Yt Y
Tulaswuoonlad wonlude 189080
as Ao df a .. [ Y
2015 Indaulinwinsgiuuazanuiiufy (Standard and Toxicity) 13 LD, (N1 404
mg/kg Wiolimsdudaneniglaezd i Ins aaynifamsszmoifios dudanisimiialuszey
g t o by =} rTa a 9 a =1 & 3/ o :: %]
duq oz livhIdszmoifesdefianids drduwniendudhlUuSuin 100 mg 3 ad 9QNIUBBNNN
5.60-7.47 mg/iu ue Wiswnumsfananssnuduy Tunsainimsdudagnaiez Tufideya
Meafivuyududazadiodunssemefiesdesyn WenSouivudumsiifiquandandesusy
M350z IamuAnoly 1Y benzidine 1329915 Indauszsemoifioen wazde luTnss1eauins
@ ac [~ r=1 1 Y a o =1 t = =1 1
duraeo s Inaawdunanuszinans I ifansiduuziS uavzlimsenu luryuaznszae
wuni 1 1w uazvihanedu [20]
g o o Ya a <] 9 ~ g
manuinmmnnulunsuzussyldtesa Mutazuds Insssuieend wazalsiy
1 @ o o o ¥ ' o -:i [ ] [}
IWvennmsduiauasoriag lngns unasnnuiounazuvasyada i asnidiiulald wu
a 4 [ a 4 dd'n: o ] @ e e
mseendlad dsznmeld warlvuszunasyadaivduq ndilifams$aine linsdudady

]
T ~

] v o o I~ o a
M5 laoase lld lvadh 1Uluneszsuonsefisueime wazifvdusinnsalvadeau nse
[ v & Ia aan o ad I o .3 St a o 3’
visTagaaduys lifeUfisodumaniiinnsva ndsniufaadrsusnamnnialvadlerh
o o w 9/ a wvaq Y d a P o
mswasanmsida lasaeslfiialdidu ldmungseifeufimesivnsimua
P Vo Y ° 4 v oa oy Y a o '
e ldsumsaisdesimsdguneuiadondu o §1melud 1y arsdinmstlestusgs
Y a 1 d' 9/ ] =} ] o LYY :; 4'! 9 1 d'-:i
ginszlsnounend leumde wu awglnsaitlestusunnefivinzan ndoutouvdsiinms
E ! g ) -1 a
Uuileusenly niededteluemeauSant ausdSnuummd Taeviud §riuniendudh iy vl
0 b v
fladthnddthenuead wieflemsdnediaguuse Wgthedhndmthndaeiedeiang ed
° = o 1 4 :’ o Y ~ 3
nigguvinldinamsenBou 193 10hni1 240 -300 mL 8 9 10 voU.) Aufamserondueslidn
;’ :’ n’: o v A Y @ oW 1) o 47 3/ P 3 =t
1haaaimmen ase wiluwuuwnd Taestui drdudagaiiamis avsneadeffinsoziloumsiadl
" A o a &8 o 4 v g vaqva v v &, v 3
I0UNWEBNT BN 15U MeuEM Wndaoen laes 8 udn 1R IRRededeigulaeihides
1 1 ~ @ =1 1 o A o 4
Tnaruet1alon 20 Wi wieaunseRsmsniioonua delUwLuwngsuT HnTuazoa et

[ 1 b4 4 b4
sewhunzinspsmisnouiiveiunldminierhlufi Srdudagnm oor18gtogasm i Inar
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<1 ' o § | 4 ' oy 1
Wunm 2-3id AT edudesn ldmsdne-an uastinas dilnevs e uiieroen b 1ddwdenigu

1 :’ ' ' | @ T &
aew T Inarued1eton 5 iiinerunsziaweans effusenyun Waldenm 3szoniia [20]

2.3 AN®3H (Chlorine:CL) BAzAADIUDAIZANAIL (Free residual chlorine)

2.3.1 anlAuasdnYYeINaDIY

AA83 UIINAYING A1 Chlores uilad1d "Fersen iusigfifiavesaeumiify 17 uaz
doydnuaimantiie a1 dunguelanu (nguo) Hdnuazduiadmdewnuden fnduqu Tinuly
3593 ndusznevveuniensiauaasilsznoud 4 wownlusssumd uasifureddiata
dlng sawdanyuddie lugteufanasiuliddvioumaes Srdmvininnndvenna 2.5 o §
naumiiuediann uasfiufivedred s Suieend lnd Wenun uazaiite ldifiuensd [21]

2.3.1.1 dUseiavesmsaununazltnasiu [22, 23, 24]

A.f. 77 Pliny ¥ 153 I8vhmsnaneamaniousnnosiiuiqnd wuiniiams

Telasiounanlsd (nsnindedailnasiuiiiuesduszneu :Hey

f1.7. 720-810 Geber WnMiv Mo MSUNUINLB AU oULANTARANBY (HNO, 1 a4

v
= 1

o 1 = & 1 vod
warufiu HEl 3 dau ) sz Tdudaaiianilafinduguud linswindluufannesy

o ) [ ar o = =]
f1.7. 1774 Karl W. Scheele il iaiau hlglli‘ULﬁEJiﬂ’J'ILﬂuﬂ‘uLliﬂ‘Vlﬁuwvuﬁﬁﬂﬁﬂiu

Tasnsiaunauvomsniia laoonlse (MnO,) waznsa HCl daaasluaunisd 2.1

MnO2 +4HCl —» MnC]2 + Cl2 + 2H20 .1)

. ' . <] a = 4
A.f. 1814 Sir Humphry Davy Uszmadufiaves Scheele iusiqusand uaslvded
' & a & o - '
chlorine #91191A1HIATN chloros FaTANININED IWABILNNTY?
f1.91. 1830 Michael Faraday WAaLa40nAa0s 4 1A01nNszuUs WA 1A Electrolytic Cell
v
A.7. 1900 in1swanaao3uluyiell aad IWA1ssuvUsen (Mercury Electrolytic Cell )
wae s2uulaogunsy (Diaphragm Electrolytic Cell)
= o [ G 9/ o w :’ o ‘i‘_] 3 a [ a a d
a.¢. 1923 Imsshwnaaaesuan ¥ lussvuhdmbudaduasuisnfvaspmudarudles
s a9 LY ' , [~ 9t o = b4 \
A.A. 1930 gamnnssualnsgdimiiediesiasa 1dlimsiinassuunldauedis

Y A o 9/ = t ay :'
ANsvuenmilenngmise leyu ludunisWenduazaiuye Isalui
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Y = ° o v [~ [y o a ~a
Popriunaoiugninnlddss Towinnue wu Ididuingavlunszurumswianaiadn
Y 9y
PVC (Polyvinyl Chloride) Mdmantheminnuazeradodn ludiudsznovvesmsniinia
[ A o . o = a A o -:?,
Angiydiwan eoin1 luaaeiu AnoIullse Teanidail [25]
VN dy = a = o :‘ A :‘ ' :’
1. MdaiwFouuafiFouazydunsoluhay uazihluase e
¥
y o ° 1 o ad o a 1
2. ¥ lugaannssundanszaiy s uFogdunid M dnaueims sauwas &
a o o = a @ o =] o
nandaait Insiden waradn nefus gaamnssuna ng a9

a d o -:lyd o = (4 [ aa o
3. Tumsdunidniildngiiduoendlagusnua uozluguadinigu(Substitution)

ady & 9

A a8 - e . a oo ~
wigaassullguauidmindesnsluaisdszaoudunisd Wodh ldununlelasiou (lums
HAA B19FUNTIZH)

9/ o = t 1 4 o
4. 15 lunisnaaa1srHan199 134 Ano 1sWe5N (Chloroform), AT UBUIANTLAND
¢ (Carbon tetrachloride) wazlFlunisana

2.3.1.2 dnuaemldvesnasdu [26, 27

a a [ a ] Y Aaa ] 9 .
anssuluanzgumgiuasarndundszey ludufadmlegen luanizaeldan
@ a o S o @ Y a XY ] 1Y o & vy
surzildoutluvearanddiu luanmuinaeiuee lidanseulans uadlianuiuegiie
s dfimsdanseusdisguuse liszidauasda liudde1f IAamiloutuufaeandion (3,
28, 29]

o)

a A 1 o = o 1 [
anosufioglumanzussyiluansiuuds wasfiamwinveunategmeldnnudugs

[ g a A 4 ) :g 1 { o o [} 1
Taonnuanazgaiumuguugil iesnndlegavgigeudmuntuveaunalusnudiunaves

9 KT}

[
=

aruzysigeeldouanmwduufe fredrugu ﬁqmﬁgu 35 °C anwAuvowiaaasiuly
APUTVITYILMIAY 10 1URIANUAUUTTOINE Srgamgiiged 65 °C anuduuianieluay
Wiy 20 wheesnawduusseme Fezidlusuasodemauzussy ﬁaifumnﬁum%uzmsg
anosulufisuuaziionmeemazain [3]

lusssumanasiuegluglvesnnelsa loeew(Chloride ion) wiaiflugdueundo &
azmaeé‘luﬁymzmﬂizmm 1.9 % ﬂmmmi’rmzmiuumagm ane'lsd losewdinuitall 1dus
#1'l0d (Halite-IwiRonnne’lss), loa’lad (Sytvite- Tnunandounanlsd), arsuia’lad (Camallite-

Twumendoy uuniliden aas lsa wnan lamsa) [30]
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2.3.1.3 aniAmsiandvesnasiu [31]

4 o] ' o w a
Tuaomzuimszdudiiorden anmsveunanlndimiesdniu nduguuauoyn 1a

0 : 0 4 = 4 & '
MavMINal - 101 C auden 34.6 CldounauznnveunanduufalSuasfiuiy 460 wh
v
v ' ' 0 g
minnemia 2.5 i1 azanei lddndes
2.3.1.4 DIEUIMMIHBAURAAGDIY [22, 32, 33]
14
a o ) aan ad a
lugamnnssumsninnaesuiuez191U§Asu18idn Ins ladia (Electolysis) lavag 14
a /a J o S 9 A <o o
lmiRounae lsanazawluinluasddiu nszvaunsiifendt nszuaumsaaeidam’la dauaas

luaunish 2.2

2 NaCl+2 H20 —_— Cl2 + H2 + 2 NaOH . 2)

o a o a da qy = S a A oy ¥ v
"ﬂaﬂﬂ’]iWaﬂuﬂﬁﬂa05”ﬂﬂ@1‘5ﬂ5$ﬂ3“ﬂ’]5'ﬂ’]\3Llﬂﬁ’uﬂulwﬂuuﬂaﬂcﬁqT'I']Uf;fﬂuﬂﬁﬂgllﬂ
¢

a o Jd  w . a [~ a o
naadmaindn Ao TaenlW (Caustic Soda) ufanaesu (CL) uasludalalasoudundasudi

h.

waov1d by product) 33ndnlunmswiaufanasiu lTavldndnas InfueiluGgamunssud
1ruegluileging 3 5% 1dun

1. 31rad1/59% (Mercury Electrolytic Cell) S5t 18 T Ieszanon 50 %

2. hevadlnezursy (Diaphragm Electrolytic Cell) 3319218 T IWAoud avion
Usznm 10- 12 %

3. FBwaduuiUsY  (Membrane Electrolytic Cell) ‘3‘%5‘1uﬂﬂﬁgﬁuﬁuu1%ﬁumﬂ
iesninlifimsidmsdson FulluRudedunadon uaznlosifud Taa IMindRossuiEa19
iwadsen fiv Yseuist 30 -40 %

23.1.5 msdsznouvssnnoiu [34]
ﬂaa?umu1sﬂnuﬁ"u'ﬁw;5uztaztﬁﬂa1iﬂizﬂauﬁade"lﬂf':

1. AnoLIA (Chlorate : ClO,)

2. nawlsd (Chlorite : C10,)

3. 'leldnan'lsd (Hypochlorite : CIO)

4. 1losAnvISA (Perchlorate : CIO,)

5. ANDI1NU (Chloramine : NH,CI)

6. nao3ulaoenlas (Chlorine dioxide : CIO,)
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7. N3AARBIN (Chloric acid : HCIO,)

8. ﬂae?uiuiuwgea"lﬁ @ (Chlorine monofluoride : CIF)
9. ﬂae‘%'u"lquaa"lsﬁ (Chlorine trifluoride : CIF,)
10.a003WMUAzHRo0l5 (Chiorine pentafluoride : CIF,)
11."1ﬂﬂaa?uuaueﬂ"lmﬁ (Dichlorine monoxide: C1,0)

12. lanao3weilnenlas (Dichlorine heptoxide : CLO,)
13.n30'l8TasAan3n (hydrochloric acid : HCI)

14.n30105AR3N (Perchloric acid : HCIO,)

232 manalgaseundivesmsfiunasiuluii [35, 36, 37, 38, 39]
o dq g = :' o_ :’ o '
anosunlFlunszuiunmsndaiilszih uaglunszuaumsihtiai Taeia liuenaineg

b4 i 4
TuztuRauddaiild iugvesnasiuii unzaneSuna [40, 41] Hail

14
o

129 = [~ eV aa - a o Y >y a 9/ =
LATADDIU (Clz) Wuuna e - maes AAURU IMNISTINIUITUUMTHNAAUINADIY

o) o y ) Y
sailudiugns wazdesveluoyaans 1y

eDe

U

:a = o 1 = a 1
anosui (Naclo) nielwdonlalinaslsd anunineaseinaassunfaneglugy -
o o o3| — A v a a & a 4dq 9 Y 1
youmad Nanwmziumsazaefierdou ndugu Tisuanasiunldanldedlugae 7 15 %
; i r=% 4 ] . . o3| osl Y ..,
Fon1amin1e19ilivatedeiru Liquid Bleach Pure Chlor Ua Top Chlor iHudw iendgniuinly
9 o Y da = :’ o3 1 = dy 9/ 1 1 1 9/
nesnmauNsrsninaesuiududiulseney anosudsainniildaudie uasimiaoudaung
» ¥ 4 v
deuSeufvudunsanasiu diulvgfionldeainde lsnluhfldlunszuiunisnda (Process
9 o A o ¥ H ' - A '
Water) 494 1590mgamnnssy alunsauiou orgmsldnuduniinasiuguuudu uaz 'l
deuldluaudsziuilesnnsanoudiaung [42]
= ~ o o o 'd A [y ~ a a =]
ARBIUNI [Ca(OCl), I Tidnvaziluinga e nionndrouileFyn ndugu Usinunasiu
v 4 ¥
ldanldeglugas 65-71 % Mawliazainmiiounasiui naldaudeniunazaini uda
o ] a y o o d o v dy a Y
hdwmiduveunadlifldan muzdmivaudssihvuadafegluiunysfuais syuu
dszhmythu 1 luasaiSeu ilesnnsudedivilinnulasasiogs
Tuasuvean1slgnassulumsungelsaluiilunsainisldnasT unsunaGounsie
= ¢ A v Y :’ Qs 1 t :‘ I~ o
TmponlaTdnas lsamosinge lsaluiree 14 udnnaiu 6-20 g detin 1000 kg Suiunassond
4 14 1 ' 14
nioeend 19 ludSum 36-120 mg @o1111000 kg WaldnaeTuluudnounaziini 114y
] k4 9’
dosldmTouthormenaBdseuin 34 Juielinaesuaasdinunua 41 l0miladms

anedvesnaniusznuasdauyseinso 1R 14 InRon InTedamla (Na,8,0,.5H,0) ldas’lal

78084
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9y 9y [] 1
Tuihdwdasidan 1 gdoi11000 kgiNedeiidanasiuimionyldvualyl FEnaaeunts
9/ 2 :; ° g/ 1 = o o 9 oy v A oy .|
anfswasnassului M ldTaeld TdunmonloTo laq 2-3 1nfia dnidalidinanseguans
Néfasnasiumiony [43]
P-} a 9 ‘Q aac a -3 ow P} d‘d J
Anos uddszanANIzINanINUfAsomsauansiuas i luimsenSend nszuaunae
’ Y Y y : '
iU [44, 45] dauwnvzny Idsluindszah hinsnnTsesngaamnssy wieudnsgiah
1 :’ éA p=1 a a - v o
1naszdio FeezdeddimsnnuguiSinvesaneiudaszandislfeg lunusiuiasgiu
9 [ YA a aa o sla‘ [ 9/ é a [
mazdaseliidSunanifuuasgiuseildinasuaseld Felunszurumnassiuduas
9y [
Hannmsiiuufanassu anesuih vionass unidwaaslugili 2.8 [46, 47]
1 9y
ufanasswillvagluhezfaljnserlelas loda 1dnsalelunaeia uoe nsalalas

AnDsN AaAs luayn1SN 2.3

C12V+ HZO ——® HOCI (hypochlorous) + HCI 2.3)

9y v
nsa HOCI uansalusineg 19 e Tasiou losouuas 1o 1inae 156 lossusaas luaunms 2.4

—

HOCI == H" + 0Cl” _ (2.4)
] ¥ 9y
Tunsainmuunasonleliaaslsa [Ca(OC),] asliwzifanisazanuladsdl

ca(oCl), == CaZ* + 20CI 2.5)

’
[ A

fadlumsimunaniuaclutheeildifey§ise16afios (Side Reaction) Aumsdun
i Fesefinavinldnnuansalunsadeanas Taod pH Aazifia HOCI fifidsz@ngnimly
mssiudelsndnti ot

Cl, HOCI'wag OCI Sonnasiudaszanis USuanassudaszandeyialaazann

v 4 4 g
ﬁ?aﬂ’aﬂmmu%zwag‘ﬂ NN pH U931



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenansianubidniunislynuieonisfnewniiu lueygsinildlydsslesuaunisan

lunnsdllagsau Snvinudlvdaulauilon waznesedaiuaivetenarsynasminisinluly
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| , |

anasudaszlugyd Hocl Huszdninmlunmsaudelsaninniinasiulugy ocr A
E4 v k4

100 w1 aeriuiie Iszdnsamlunisaingelsnge arsezlinnesulugives Hocl mieogly

:’ ° ° o d o/ o [y ' § :’ 3 o [ @

ihawfuugiwesesnnmseunislandmivnisaiuie Tsaluhwuafisouas 1hia Taeia 1y

a a a d' =) [} oy d' 1 a9 lo' 1 =
USinunasiudaszhmiongluindonarinly 30 wii doaludind 0.5 mgL Tash pH veq

14
ihdee liigandt 8 uagarmyudes liifv 1 NTU

2.3.3 manalgnsenvesnasiunuuenlutiy (Ammonia : NH,) (50, 51, 52]

14 [ 4

0o a a 1 S =1 v o & ° aaa
Tuhauduuinezlivey Tudlomdesglusihds cl, ¥ie HOCI szawisainlgizen

o A o a a o 1 a A 4 (XY :’ a
. funey Tuilofh Ififendadusineg vavsidadeiuegiu pH vouh USuavewey Tuilouas
a o  dany d a a Yy a a A da ' = - a a
ci, Taonansuain ldszunasiudaszandrednatianilanSoni rassfiunsonnssudesy
' ' 2

aunde Tdud TuTunaesiiu (NH,C1) Tanaesiliu (NHCL) uag lasnassidiu (NCL,) [35, 36] 49

[ 4 .
waad N ldazlanuausalumssnde 1dnen fu dautaasluaunish 2.6,2.7 uag 2.8

NH3 + HOCI _— NHZCl + HZO monochloramine (2.6)
NH2C1 + HOCI -~ NHCI2 + HZO dichloramine 2.7
NHC]2 + HOCI —— NC]3 + HZO trichloramine (2.8)

a0 w

b = a A [] .ﬂy o =y
Taoaz 14 Tu Tuaaesduuaz laaass ludedididalumssiude IsanunlunsiadSun
a a “ J
AR UdATEAUVAD 11D
r=1 o AN A =Y = ] dy ; . ] :’ 9 v
Aaosudaszaundelilszdninimlumsautelsnd uananuegluihlderuiunn
kY
ABOSUDATE AR UDAITANAIAZARDS UDAILAUNARIINAUSINIINADS UAUNADTNINA
(Total residual chlorine) [53, 54]

14 14 1
dmiulfsevenass il uazanes um w55, 56] waasdaluaunish 29 uag 2.10

NaOCl + Hzo' —> HOCI + NaOH Q9

Ca(OC])2 + 2H20 — 2HOCI + Ca(OH)2 (2.10)
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Y a A = & o Y o s g Y a o
mﬂﬂfﬂa’aiuumazm quJnJiUULV]UUﬂUﬂqiﬂl%uﬂﬁﬂaaiu ﬂzlﬁu’.nﬂ'ﬁﬂl‘vﬂaaiuuulﬂz

o 9 LY ' < o 4 & =) A a 4 1
wavz Iduua lduvesa pH Wu T lumeiigedu iesninamuaumsinfisslisnanadiu uanis

4

Y o o o q ¥ ¥ : S s ) a a 4 o & Y o a
i‘ﬁllﬂ?{ﬂﬁﬂiu‘ﬂZ‘VI']GlWLLu'JIu?J‘UENﬂ'] pH “lummmmm%muﬂimﬂmm muumﬂ‘mmﬁﬂaasu
[] dy a 9 ~ ) a [] 9 =) a' v awaz ]
duye lsnmunguualssiszansnmandiinsldnasiuglon  ualumedfifiunala
"V ™ - o Aqyy ' da Yy 9
AN INNUNINUAN L‘W5']8'1JiNTmﬂﬁ@iuﬂi%u@mﬂﬂNﬁﬂiz‘ﬂ‘ﬂﬂ@ pH U93U1ADUUINUDY
¥

¥ ]
asi aaesuluilszihna ez ininasSudaszand1e (HOCI uag OCI) uazaaosniiu

(Combined residual chlorine)
Total Residual Chlorine = Free residual chlorine + Combined residual chlorine

3.3.4 maalfnsendrufesvesnasiu [35, 57, 58]
o = aaa 9 = [ = a a =1
anssuaIsafindfisordrafesdumswiniuea ifia luTunaesiiu lanaes i uay
é o3 :’ a a :‘ [ g . .
lasnaesiliu [51] Fuduaunglidufanauuazsaluiirld §aiu U.S. Public Health Service 14
¥
18Tnsimuamivesansdszneuiuealuiinszihazdesdian lifu 1 pe/L
HE

14
=) o aan Y a o 1 & a aaa
Aaesualisofumsansendionlu wu H,S, Fe™, Mn" ag NO, ufiailjisen

b4
fase 11l
HS + 4Cl + 4H O H SO -+ 8HCI (2.11)
2 2 2 2 4
2Fe?t + Cl, + 6H20 =2Fe(HO)3 + 2CI" + 6H" (2.12)
2Mn?t + Cl,+2HO ===MnO,_ + 2CI° + 4H* (2.13)
dy =3 P=} [ -n aaan [ a a(é =1 ln' o
UINVINUANDIUN IO HOCI UammmmﬂﬂgﬂimﬂumiaumUcmmwu"luaum

[ - a oy g 3 aan t ¥
(Unsaturated Linkage) #11¥n21mdeen1saas3 uaeai1 (Chiorine Demand) gavw felfisede il

Cl C')H

+ HOClI —>» C—C——- (2.14)

’»Ii—(l? aw
—Q
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ane3ulugives HOCI wag OCT 9111§A50155539A (Natural Organic Matter : NOM)
] 14
fogluih fle 8alinudufamsnensiSalszianlaser Tafinu [Trihalomethanes : THM 191 CHCI,

9
(Chloroform), CHBr, (Bromoform)] t8& DBP (Disinfection By Product) ﬁaﬂgjﬁ?mda"lﬂﬁ

HOCI + NOM —_— CHC]3 + DBP (2.15)
HOCI + Br — HOBr + CI’ (2.16)
HOBr+ NOM —_— CHBr3 + DBP (2.17)

dy o A ' a4 Qo 0 aaa @ = a g
wenndiude Taoudaou wulusiuddemnsahlfnsorduaasiulfifailu HOBr

4 4 l.tﬁy o aaa [ a 0N v d 1 F=1 P=1 ° Y a o
Futlumsainge lsauaziugisertumssunidldisaninasiu aslinai 1dldse@nTamly

14 ¥ £ 4
myaiude lsn 181529 As§Asede’lald
Br + HOCI ——>  HOBr + CI' (2.18)

2.3.5 nalamsipadgdsenvesnasiudaszaniig [35, 36, 50]

[l ¥ FY
Padedrdgnlinanemsaiude Isaluihfonarlunisduia (Contract time) uaz A1

¥y 9

= é =1 o - U dl
WNTHUDINADTU [59, 60] 9 ﬂaasueﬁsz@ﬂﬁ’nawmuﬁa Cl, , HOCl uaz OCl” Iagwuai pH

.
o ]

k4
A1 azeglugilued HOCI w111 OCT ey HOC sziiwalunisaindelaanit dauluTunaes
= = F=1 = 1 = o =} dd‘ 9/ [ Y%
fu lanaendy wazlasanesfiu azSeninassuddszaunie lunsainldnarlunsduds
4y qw y ¥ P & oA ' o a vy o &
asndosldnnududuveinassudasznundelunmsuuye lsnganhnneiudassanaianeiv

2y y 3 a2 a Y
WABINIIUANVYNIUVDINABIUDNILANAIG [57]

o g aan ' o -g Y =) R 1A
805 U529921§A501381319 HOCI iy NH, Yuegiugungiiuag pH $anuil pH 8.3 12
=2

.
' Qo

Aasnsuiagaga uazdasmsifnlffsunsanauied pH mﬂﬁm?aqaﬂiﬁ: AUTINY N

PIBINITUAT 10 15 30 60 WiTinapsuBdszAnA N UARD U T AU TBITRYI MY
asdsznovnneniuduiann NE, fucl Tusandfidetuiezifanaeniuma

wiiafu 1wy Srdasrdmves cl, : NE, Wy 1:1 ey Tulunaesifivues lanassifiu uaz

wuh9 pH dnzinadiulanaeiiuuinnd dueaslueunsi 2.19
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2NH.CI + g*

NH4+ + NHCL (2.19)

&r8asrdauves NH, : Cl, windudesAadulasnaesiii uazifian1seand lad NH,
v il N, Tao§Asvnsfaauysalidedu cl, 2 mol aslyly NH,N ﬁagi“luﬁyw 1 mol
TaowyingziRanaeniiuandumnniigaiieldsnsiduves o, : N, ifu 1:1 uavezanasdesn
wfiatosiiqaiioldsnsidamuves ¢, : N, il 2:1 usdfinmsidn ¢, de'lUiFesn fazifediy
aaosuande TaoidoiunaeTusunsea NH, grildewlihiiulasnaesiiu wiegneend lad
Tl N, ‘H?’Ouﬁﬁ’é‘u 156071 Superchlorination N300 UBATLANAIY 130 Break-Point
Chlorination

ilesa1nlnsnaesiiiune Nitrogen trichloride (NCL) vziflumsiifinau dnfussdom
'3‘%ﬂa‘uﬂnTﬂUﬂ15Lﬁnﬂa'0‘%'u‘lﬁ’ﬁﬂ'm1mﬁummsa’fmﬂ1sﬂaa'§mlmﬁy1 Feazansanlfoudiu

Tasnaesiiuldifluasi lifindudseian N, , N0 fuaasluaunisi 2.20

NH2CI + NHCl2 + HOCI — NZO + 4HCI (2.20)

2.3.6 Superchlorination, AADIUDATLANA1IYI® Break-Point Chlorination [35, 50]

Superchlorination #1089 maduaaeiulunszuaums e T e nfuneite
pondladesBun3s uueniiie min uazarsansendiouluih sawismseend ladueyTudly
Saseluihautiy venfiiiFondt anoTuBaszand1a 3o Break-Point Chlorination A9AA83H
daszandisaziinauiedlaniinassudassauniea u150n353911 19 10833 Orthotolidine

Arsenite Method (O.T.A. method)

Qs dld \ a A o :
2.3.7 tedeniimansznuasdszansnnvesnasiuluiii
2.37.1 pH weait avldnannliudr &1 pH gqe nasSudaszezeglugives ool u
/d 1w 4 o q ¥ a a o & : & -l
wWeiiruaneut1ge ¥z Indszansamlumsiaawe lsadiaswnn delunsdiiinnssuy
(] =1 é [] [ A - aooa o dy A [ 3 a
vooluFsaIulve pHiNouds 9 Usz@niamwmsiaiodelsainousenualy dsumaduy
~ : [ o a a 1 5 °
aaosuluhmasulseaninwlunissiudeszdin

a 4 ac ] a o = °y Y
2.3.7.2 gangd dequugiiinansenudelsz@ninmuesnnoiuluihdomgnandn

| ]

2 szms laun YSmaaiiavenaes usaszauniie nidinguugiivenidinaeiuddszaunie
¥

9

) A «< a o o« @ & = °y
vwagluglves HOCI wn Falidsgdninmgalumsiidadelsn lunenduiudigungiivesi
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o a A ' Y a & da a 0 q ¥ -
’S:fl\i ﬂa@iu@ﬁi3ﬂ\3lﬁa@ﬂ$@g1ugﬂﬂlﬂq HOCI U8 @ﬂﬂi%’:ﬂ’]i'ﬁuﬁﬂﬂ@ QWWQNQQﬂzﬂTGLWﬂa?ﬁu
9y
f

L}

Qs Yt 1 d' Qo’ 9 ) ~ ¢;
amwia ldanhiigunglduiume ¥ss Aniamuesnasiudiasdae
i Y Ao o :‘ . 3‘ ] a o 1 ¥
2.3.7.3 a1 e NFuRai1 (Contact time) Wuduaz IvUszansnnlumsanuie
9 1, 1 v
Tsnrosnaeiugedu tlunndutudmidudmilosasisz@ninmezdiag [61]
Y EY [} ~ Y 9 9 9 ~ a o [] dy
23.7.4 anuandy wwhvInunmdnnududuvesnassugaszdninmsauie
JRLREL |
[ ' 9 b )
Taena liiledeanissziSousudseantmwvosnmissudolanlu  Hadediaas

#915841A0A1 C.T (mg-min/L)
y 9 - oA 2 v @ F=%
C = ANUVNTUYDINADIUNINDD (mg/L) , T = 1IA1qUNe (WIN)

9y

f08199U @15 A taz @13 B § A1 C.T lumsauuyelsa C Ay 5 uag 6 mgmin/L
audwu ensaagy1di ais A Jdsz@niamunnnais B

TunsiensyilaReanudiin CT siewse szdonldesldlinadudanumilslae

Yt s d‘ Yy 9 P A Y 1 1 v ~ 1 24" Y
AT msUSudeunnududuimie Aed1uru A1 C.T vonaod ulumsdiuyo Isa Wiy 3 me-
Y ]
min/L #ueanu luan 10 Wi szdesdunassuasluiudrianassunmaeld1d 03 mg L

A Yoy s/ 3 & P y a =) ¥ et =) A 1 :’ o)
Visamﬂwni“lwnmaummaa 1 UM %zmaqmuﬂaasuuaﬂwuﬂaaiumaaag“lum 3 mg/L wu

y
AU

Y
ad o a a a 9

a =] : » oo o b4 s - a
2.3.75 miaumsﬂum °luﬂsmﬂummiaumﬂquﬂwﬂaasuuﬂszammwmu

]
= I

A a A4 a ° aaa Qs = ad o LY A 1 Ay
auflosninaaasuilinas vz luhdgnsudumsdunidneui Ifintenaesunes lusinye

¥
a = °

b4
A |aaa ' [ o o_ ¥ o
Tsaties wenvinfifisorseninnasufuaisdunidluhdaiidifaarsswon  THMs

o o

4 & a [ v @ A 3’ =t a as

(Trihalomethane) Fuflufivaesianie dadulunsdimihiiarsdunioge (Jaldluglves Toc)
9 o @ a adq Y A 9 1 — a a a A 4 lay = a v
%Sﬂﬁ]ﬂﬂ'l"tlﬂ?f”ﬁﬂ‘uﬂ5Uiﬂlﬁaﬂui’)ﬂﬂ@u‘l’]‘il:ﬁ_MﬂﬁLﬁﬂJﬂﬁE]i‘H LW@ﬂ%unﬁuLﬂﬁﬂﬂﬂﬁﬂiu ua:"lu

' Y a = A (Y o w a ad & 1 @ a
ﬂ’t’ﬂ‘ﬁlﬂﬂﬁﬁ‘wy 1‘uﬂ5m‘ﬂblllﬂ@ﬂﬂﬁﬂWﬂﬁﬁ@uVIiUﬂi’Ju L‘HENMﬂﬂ’J'lﬂJEJQEJ’]ﬂiuﬂ”liﬂi‘iJLﬂaEJu
a o ' 47 P=% o a A & 1o aaa @ = Y4
ATSUIUNTIHNARN mmﬂaEJumscmL%Tsmmﬂaaimﬂu%uﬂaum"lumﬂgmumummumﬂ

v = 8= 9 ¥ 1A @
YU ﬂﬂ@iublﬂﬂ’t’)ﬂll“"lfﬂ ﬂmmmm"lm%ummnu
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an a d A o
2.3.8 IETMIAUATITHHIANDTUDAIL (35, 36, 50, 62]
2.3.8.1 Starch Iodine Method (11%’0 Todometric Method)
v a A o a a a 9 s A A
1‘Bﬂ1ﬂﬁ®‘iuﬂdmﬁﬂ‘ﬂﬁﬂuﬂ [63] IﬂU‘V]ﬂﬁE]iu’f)ﬁ‘izﬂﬂﬂNLLﬁZﬂﬁ?J‘iu@ﬁi$ﬂ\3mﬁi§]

~ g - [~] [ 1 y
awsneond lad I 1Al 1, Sweasluaunisdelyi
cLo + 21 — 10 +2cr (2.21)

I2 + Starch — blue color (Qualitative test) (2.22)

o' lnnsa 1, Arwa1sasmonInsgIu Na,s,0, wzawisaniliuinvenassuaniiala

&4 [ Y ~ 4 a ° :’ ~ @ ) 1 y
4 Na,8,0, wiiludaneendiau Wetsgagatzilddmihdunamely duweadluaumsaolud

I +2NaSO —» NaS O + 2Nal (2.23)
2 22 3 2 4 6

I +2807% —> SO +2rI (2.24)
2 2 3 4 6

2.3.8.2 Orthotolidine Method [64, 65]
9 [] 14
T¥nassunundonanua Taeldmses IsIndauingiseifuaassuneglu lu
= a o v a ~ & ~ 4 ag 9 o)
annmziidunsa Anesu Aaes iU uazduRNeENFIIUdUY 1z0ond Indos Is Indauldnmetly
a ) £ g P a a a {
g11an3 Uy (Haloqunone) Fulumsfmios lashimsaland luuseinadlufimiosii pH doo
111 1.8 uazanuiduvestrziudadiulasassfuanuiduduvesnnsiuniunguouies

(Beer’s Law) AduaAd 1L auAI5N 2.25

H3C CH3

H3C\ CH,
N ¢ ) >: —
el e 2o e S S

Orthotolidine Haloquinone (fi1#o 1)

(2.25)
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2.3.8.3 Orthotolidine — Arsenite Method (O.T.A. method)
4 amdqyve Wye 4 a Y a A A o A o a
W3t nle 9 ldvsnnes udaszandanznnei udaszaunde nann1sfe AneIuddasy
Y o aaa [ o Y o A 1 ~a =y = = e e [
anfiesztlgaserdves Is Indauldvui uanneiudaszauniesiind§isoinionds s
I o ' o A
Ansizvezleeniiuaesnoune
d' = A A’f ! d' a ad a aaa Y s
AaBUT 1 azMIAABIUALKARarNAnNoY lauee 15 InaausziNalgnsiuaasiy
¥ [
Y Y s

= [] =) d o $ - =
Saserdenntudonaiwiuly 5 wid 3efFaanududunlddromaidamnIns W Tawns

=9

(unaiidoeiandanin 5 wifl msizanes uBaszauniess lummnsanlgateduee s Indau
Y a o - d'n: d? =) ~ =y 9/ 3 s a &
1aviud) TasesmivdoanifialuIziNneINANDIUBAILANAI LOLANDIUBATLAUNDD
P S a 9/ d' =y aa =y aaa v o~ o =
apuf2 szmiAansudaszanA laslo@use 15 Indauszinalgiseiuiiuaneiu
a kY [ o da d o (4 4 o v a = P ' =
Saszanmandsnintiundn lunfoue1id lud (NaAso,) Fuiludufveendinuiisiniies 15 1nd
o A o [(aaa a o ad a dat J o (@ama _w
aunsliliongansilfasovesnneniudues IsInddu (adoweidludehlisedy
S o oA e v Y duyy a oo 2 a A da 44
anpsiunuf) Iedannududui lddrumatiaminIng T lawns duivasfivassuifatuis
n- a a ¥ ] =
IiN9INAABIUBATTANANBEIUAYY [66]

¥ . ] . 9
fuiuanmsnaassluaoud 1 uazaeui 2 wwmwisomnneiudaszauvie ladsil

E4
ARDIUDAITAUNAD = AADIUAUNDNDNIVINA - ﬂﬁﬂiu@ﬁizﬁﬂ?ﬁ\i

(1NADUN 1) (3nnUN 2)

& o dy 9 o ayv & 9 o Jq 9 o o = ) =]
Fannudnnisiiesdiianddeia lddunlseendlddimivinssunaoanssnianneiy
daszand1e laenisiineree s Inday viin1smasvUdAIvBIFAN LA TR MANIUNIS
A y d Y v o @ a s a Y] 2
wiouuussylunasaudl NezlanaeansinianmuisaiadSuinvenaeiudaszandie 4
A s A 9 o aaa Y] ac o | o A A o
enaeTudaszanahilfiserduee s Indavszifaidlumse land lununlidvies laohiee
Y [V a A v Y - a a a a
21150 7AR 11T UTUYB IR0 UBATLANAI9 1ADINTLTEETNIINT oAINe1IMAANIT I Reud
Ufnsninevutaaaslurunsn 2.25
2.3.8.4 Stabilized Neutral Orthotolidine (SNORT) Method
¥
Qs a o a 1Y o o .
¥ 18venaos udasznuniouazanes udaszanAIe MannN13NaEAA1BAY Orthotolidine

_ Arsenite Method @9z 19 ee 15 Indauasiiuf pH 7 ieanan1stavnailosinansiudase

4 o a aas a  w ye & a1 oA
aunde man uaz'lulasy Taevhlfifad§isedas uazidud stabilizer Faduashaeldan

a 4 o
NNVUANANT
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2.3.8.5 Amperometric Titration
add’l 9/ a A 3 a a A a a 9/ e s/
aﬁuhmﬂaasummaamﬂm ANDIUDTISANUNADUASANDIUDTITANAN ﬂﬁlﬂll‘l’li‘h

HaEMaASoNa13niiouAUIT Starch Todine Method LAVZUANAIAUATIN Starch Todine

a 9 ay A

4
Method 12 1#3T A3 900 13AgARIun 3 Inimsa uAST inseaeuyagAdlonTeauenmelsiumsn
o - ] o 4 y Q [ o
lnnswes (Amperometric Titrator) #4M139191UvBUATRIHIZOWINENNISUR TNA1Tsn3 Tin
~ t ~ 3 1 — ] [Y
(Polarographic) N3sNvgaseuiuunasiunuulatuez 19979 pH lums Inmsefiuandradu
fip AnoIUBAsEAUN AR UGAT e pH 3.54.5 daunaeiudaszand 199 inlAs e pH 6.5 7.5
2.3.8.6 DPD Ferrous Titrimetric Method
aadg Y s A o o a A o a Yy & ¥
Tl lemnaeTunundoNIun aaosudaseaundaiasanel udasTAnA19 Tz ld NN-
g a a o oo @ I4
Diethyl-p-Phenylenediamine (DPD) (T ududinmos waz ldmes sauon Tudloudamadiu Tnunsun
2.3.8.7 DPD Colorimetric Method
b d .
~ Jpazerdendnn1sndeiy DPD Ferrous Titrimetric Method [67] uavzSannuduvesd
da & a o o 4
MfeatudomainmnIns T lawms Tasldiafianueriniu 515 nm
2.3.8.8 Syringaldazine (FACTS) Method
ac dy 9 o Y . . 4 Y . . .
5192 198111 SUN Free (available) chlorine ¥41des Syringaldazine (3,5-dimethoxy—4-
24 a a o Y 1
hydroxybenzaldazine) Tu 2-propanol FINDDI UDATLIZOONT IAT Syringaldazine ludasiaau 1:1
ey

a Jd { @ A a ‘3 a ~
molar basis AU sl F udWelannuduvesdafavudromainminIns W lawns Ta

145ahn1u819A8U 530 nm

Y o Y A P
2.3.9 YoAuazUoIIBYDIAADIU
2.3.9.1 YoAvueInADIU [34, 68, 69]
= 9 o s 9 a a ' 9/ o Al
aaasuuonInIzlmduaisasdulumsnaanaradn orahuvas dWenditonszaty
@ =] [] y :’ [ =1 a a 1]
aapaadulod S lFdumsaingelsaluiirldedeiiUsedniam  msizsialLunauas
R A Ay Y | A AQq Y v A S YR
wenvintaaeiulide lanssumsduaildainge lsaluihmaoilsems ldun
Y a Q d' =3 =4 ar -:: 9 1 g
1. IIgaIzAvan wesygnavesdenn InedloSoufoudvasildaiuse lsa
= 4 [ ~ '3 =~
yiiadua 1w Tolou aaosulaeenlad uazlslasnulosoon lad Hudu
g ] o ] n’l
2. Migedelisvuiena'lyl .
aq Y oA 9/ [ [ =) =t :’ =3 & -g v
3. #lddenldnaroguuyliheediuufanasiu aaesuii LBTAABIUNITITUDY
Y] = ey a'sl o @
futsuranimdesmstda

] .
4. MmadnnasIualuthnoudedionas ligeendudou
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2.3.9.2 UelaBUBINADIH [25, 49, 71]
< 91 o = s 3 VY q o Y 9 aa Y
fadnaaeiuazlise Tvasnnuienaiu uad1 ¥ lussauanuiduduinuuas g unda
da a Y] & o da ) o A oy e
alwaude ldunnmileuiu Teomwizlulssnugaamassuniinis Maasiulunissinie 4110
o o :’ ny r 9 9 [ ' a 9 o o Yer VA Asa :, y
nszuauMsihtaiinsedlgndeudilasensgdunadeunzildinaneddfizialuild
=1 a v a ] Aaa
Tagmwizaaesiivazasanuduislduiuniinaesudase uaznulanasiiuaziny
d' 1 [ s a 1 a [-% Py ~ 9 1
JuLsINge daunsa lalidanesaeziinyunndoenveslelinansa naifovesnaoiuldun
ad ¥ a - a oo ° g & A ' ~ v
1. nsdinthldTunamsdunsdge ssihiau/desnasiuinn mszhnassudiu
P o aaa [y a ad -:Iy a a0 aaa Y a ad Y a @ J
nitsez llhilgaserduemsdunsd wennniinassuiil§iSorduassunioeeldniadud

Y =2 = o t o
'Wﬁ'f)ﬂblﬂ‘W'Jﬂ THMs mﬁ‘lumiwy L‘iJ‘L!I‘V]‘HWOi'Nﬂ']U

(4
Ao AN

a .3’ a a 1 ¥ Y
2. Tunsdimiiien pH qufiv 8 Aulddss@niammsanyelsaszannuiieann

[ 4 3
o~ o '

AnpsudmsTIzRyluglves ocl dulumsainie lsaduanesudesdsy pH lildguiuly
) ) s = = 1 dy o .
3. naosu luflsednEnmlunisainde Protozoa 3N Giardia sp. uae
Cryptosporidium sp
A A a &4 o ' & a & W Y
4. aapswlelaNurnIzianseulavzifeuynyia HuduasBuNeIvIzv03
$19M18 15U A1 yn Aamile iegnanei uszdnimuLasLINwed Argaaud lisziineinsonde
] o ] ° = a o =Y
mielaliazain uae wiunen uazernhIfideitediganuludsnannifinly
a s/ P~} 1 :’ o o o ° Y n.
5. nsaif ldaansuluasz e ludSnamunasgpiufiruausnineeir 1vina
a 4 18 ¢ 9 dao a ow 1 9 :’ 3/ - @ v P
naud luRlseassudndesziiadunseaed e ldmilounu 1wu seaefiesauns Inssayn
o ' A Adad a oa d A a oy ° 9 ‘o v ¢ o -
Aanseuilu vSensdinngedinssanduiudh lseiifidusunsisdemsnlunssase s—6 inou
o [~ . . ] o 3 to o
1% fiovei 1t Tsn Hyponatremic seizures danaldinisdeuasuiia 1@
a4 9/ :l = v v @ A 3 a 1 o
6. paosunanmeluizmusaifanssaudfusumsdusd unadiumsnonzisa
4 ! . . . (% 1 4 [
14 50 A5un31 DBP (Disinfection by products) Lazdisunswetnanin Fd1145ua1s DBP lu
d o aya d 4y a ' o &
pawue feeihIdidaduugiseld Tae DBP szlinanenqu [70] Aail
f. ﬂfj:ll Haloacetic acids 1AHA Monochloroacetic acid Dichloroacetic acid,
Monobromoacetic acid, Trichloroacetic acid 118g Dibromoacetic acid
9. ﬂfj 4 TTHM’s (Total Trihalomethanes) 18un Bromodichloromethanes,
Tribromomethane, Dibromochloromethane (48 Trichloromethane
fl. ﬂtjll Bromate

3. NQY Chlorite



»:i (Y 4 a a J
MM 2.1 SEAUANNIHLIwBNAARD U LS9 [49)
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{ o g Qs ] ow ' a R . 1cf
3J'mii']‘Ll'ﬁﬂ']'ﬁ'L!ﬂﬁuﬂli)\?ﬁﬂ'muﬂiz'ﬂﬂuumqm'm (National Spa and Pool Institute) LW]ﬂ%Zﬁuﬂ

FERUANUTULSS AnyaLeINg ALY ( ppm )
Usumanuidudund 19 - 0.1-0.3
Sudlahiinoeiuey

U VI~ aY Y
AN TuR1H 19 11 - 1
FTULINTIIUM
iinfiuiey i lna lo wazfivhynlna 2-5
a a 1 [Y) [l & (3 J o 9
aNyAaUY 19NN wiwlolilazain dualidesdu Wumitien uag 5-30
Wuduaswdundialuna 30 uidi -1 .
Huibun wiola liven nuaad @ed3aniolu 30 uid -1 aw. 30-60
GUERL - 1000
2.3.10 MAIFIHMAnivesi
23101 MNAHIHMAATVeIaIZNEIN
a 9J ° o & oo . o J : a 9 v v aAa
NTﬂiiTu%i‘Biuﬂ'ﬁﬂ']'ﬁuﬂ‘].liil'lﬂﬁlﬂ\iﬁ'ﬁlﬂ;JfT'l'ﬁi'UﬁﬁZ'J']UU'IﬂanL!ﬁSU'ﬂiJi UDAD

} 4

e,

fUNIATTIUNNAUAIB IS UGUVBRAZUYIA IR aaaluaT19h 2.2

1 k4 k4 k4
M3t 2.2 wasgugamwihvenihluasehed (72

few ﬁ‘vﬁqmmwﬁa AMUINTFIU (ppm)

1 | naaSudase 1.0-3.0

2 | aneTusw -

3 | pH 7.2-7.6

4 | Total Alkalinity (fle1¥nasiuman unaidonleltnas'lse uas 80-100
ffouTelunan 13d)

5 | Total Alkalinity (iiel¥ufanasiu lanasls lasnasls uaz 100-120
stsznov Tusiiv

6 | vowdefiazaeritienue (Total Dissolve Solid) 1000-1200

7 ANUNTTA (Calcium Hardness) 200400

8 | ninlwenysa (Cyanuric Acid) 30-50
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2.3.10.2 Wasgrumaniivesthlszih

4 b4 -
e 23 naspuguawihlsziwesmsilssihunsvans mudeuuzihwesssinig

auwelan 1) 2536) [73]

RGO ﬁmﬁqmmwfw MUY (units) AMINTFIU
] ?]mau‘lm‘HNlmﬂ‘ﬁﬁﬂ(Bacteriological quality)

- TnaesuuunfiS o (Total coliform bacteria) wu-liww/10omL | laiwu/100 mL

- puafiSewiia 81a'la (E.coli) wu-luwu/100mL | ‘laiwu/100 mL
2 Qmﬁuﬁﬁmemﬁ-ﬂ and (Physical and Chemical
quality)

-a ﬂﬂﬂ;] (Apperance colour) True colour unit 15

- AWYU (Turbidity) NTU 5

- 3 uBE NAY (Taste and odour) Lo ifufisufes
- e191Y (Arsenic) mg/L 0.01

- uAALTiEY (Cadmium) mg/L 0.003

- Tnsdley (Chromium) mg/L 0.05

- lyenlud (Cyanide) mg/L 0.07

- msf%'a (Lead) mg/L 0.01
-4lson (Mercury) mg/L 0.001

- itatiien (Selenium) mg/L 0.01

- vlgee 154 (Fluoride) - mg/L 1.5

- nao'l54 (Chloride) _mg/L 250

- N19AUAS (Copper)ian (iron) mg/L 1

- uyamiie (Manganese) mg/L 03

- ogiiitioy (Aluminium) mg/L 0.1

- TaiAen (Sodium) mg/L .01

- Fune (Sulfate) mg/L 200
- tfangd (Zinc) _ mg/L 250

- hl‘éliﬂik—ilwfa"lﬂﬁ’ (Hydrogen sulfide) mg/L ) 3

- Bwennamsfiazawimun mg/L 1,000

(Total dissolved solids)




M3197 2.3 (AD)

Qg ﬁ"vﬁﬂmmwﬁvw Y120 (units) AN

- Tumsnlugy lumsn (Nitrate as NO,-) mg/L 50

- "lu"lmsv'f'lugﬂ"lu"lmsﬁ (Nitrite as NOZ-) mg/L 3

- ARB3UDATTANA (Free residual chlorine) pg/L >02

- lUNTU (Benzene) pg/L 10

- MSUsAATEAAB 15 (Carbon Tetrachloride) ng/L 2

- laTAs 1sTnu (Dichloromethane) pg/L 20

- ‘H"ﬁﬁ, w09-lalas Isdmu (1,2-Dichloroethane) ng/L 30
-iuuTa Insu (Benzo[a]pyrene) ug/L 0.7

- luTasFadu-ueans (Microcystin-LR) pg/L 1

3 | mandiiladleanuuazidadagiy (Pesticides)

- §8ATULAZARATU (Aldrin/Dieldrin) ’ pg/L 0.03
- Aa9LAU (Chlordane) pg/L 0.2
- 7f7 (DDT) pg/L 2

- #99,-7 (2,4-D) ug/L 30
- 1gtmnasuazislmnasdnen lad ng/L 0.03

(Heptachlor and Heptachlor epoxide)

- 1INV AQD ISIUUTU (Hexachlorobenzene) ' pg/L 1

- AUlAYU (Lindane) pg/L 2

- LUINNBNTAAD (Methoxychlor) pg/L 20

- tnumnae 15#Ua (Pentachlorophenol) ug/L 9
4 Tasaladimu (Trihalomethanes) sum of the ratio - 1

-anolsvledu (Chloroform , CHCL) pug/L 200

-TusTu'lanas IsTimu pg/L 60

‘(Bromodichloromethane , CHBrCl,)
-laTus Tunae Tsimu g/l 100
(Dibromochloromethane , CHBr,CI)
- Tus luvlesu (Bromoform , CHBr,) pg/L 100

5 ANHUAMNSIT (Radioactive)
- AL 95 WS e Fuearh (Gross alpha activity) Bq/L 0.1

- A5 NS ST IUeN (Gross beta activity) Bq/L 1




2.3.10.3 snasgrumaniiveuihiinlssnugaamns suuaz Hangam Mg Iy

v s 9
MINN 2.4 WIRITIUAUNWINNNINTSINUGAMINNTTUIZTANYATINNI SN [74]
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4
Ay AatinmnInii AT
1 | pH 5.5-9.0
1 A 1 a “ 1 9 [
2 | miifed - 1siifiu 3,000 mg/L vSevuand1sududazdsianves
y ¥ '
(TDS 38 Total Dissolved Solids) | unaeseeiuing niedszinnveslssnugamnnssud
a -1 . 1 a
ANZNTTUNITAIUANUARBIAUAUAIT uA TaiIfU 5,000 mg/L
o’ 2 4 v °y ] ey o ..
- hneRzszueawmaninsesffis1n1uAy (Salinity)
| A
Taitfiu 2,000 mg/L nieasgnziaafifioaluifeeziin
1} =) ﬂ':l U 1 ov L - Gv )
winnafiaed llegluundninsesnioiimznldly
1AY 5,000 mg/L
3| esuviuaes Taifiu 50 mg/L wSee1auanasuduAlseIanTeLYa
v 14
(Suspended Solids) 509501179 ielszinnveelssugamImassy  wse
14 v
Uszinvesszuuiiadufeawiangnssunisniugy
a -1 v 1 a
UARHIAUAUADS LA LAY 150 mg/L
4 qmwgﬁ (Temperature) laisfiu 40 °C
-] a 18] 42 v a
5 | anSenau luidufdeSufon
6 %ﬁvlﬂﬁ (Sulfide as H,S) Taifiu 1.0 mg/L
7 loyenlud (Cyanide as HCN) Taiifin 0.2 mg/L
vV
8 | wiuuagluiu laiifiu 5.0 mg/L nSeovuand1eudunazUssinnyesunas
| A ]
(Fat, Oil and Grease) spe5Ne vie Usuanveslssnugaamnssuand
a o W v a
ANZNITUNITAIVANUARBIAUTUALS UA TP 15 mg/L
9 | Weosuaf'led (Formaldehyde) laiifi 1.0 mg/L
10 | a1315eneuuea (Phenols) laitfiv 1.0 mg/L
a9 9 Y I T [ ' aa oo
11 | ;shlddlesfunsetdadagiy Aoens29 nuawItaseaeviidmun
nsodad (Pesticide) .
12 | indled (s Suhgamgii2zocc | Tuifin 20 mg/L wieuanatududazdszinnvewumnds

(Biochemical Oxygen Demand

: BOD)

1 d L d ]
599501 niodssianvelsanugammnnssu i

a o M 1 a
ANCNIIUNTAIUVANUANBINUTUAIT Llﬂvlillﬂu 60 mg/L




M15130 2.4 (A9)
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RGN ﬁﬁnﬁﬂmmwﬁw ANIFIU
13| Adadu 13ifiu 100 me/L vSeoUANA AR AT TSN NYB LN A
(TKN %38 Total Kjeldahi Nitrogen) o9 w?aﬂszmmmTsaamqmﬁmnsmmuﬁ
AN TUMIAIAUNARBIRUANAIS LA Taitfu 200 mg/L
14 | alen laitfiu 120 mg/L n5o01uANA LA WARZUS LN NYB KA
(Chemical Oxygen Demand : COD) iaﬁ'Ul{Wﬁﬂ w?aﬂizmmaaTswmqmﬁmnimmuﬁ
ANENITUMIAIUAUNARBIRUANAIS LA T3itfU 400 mg/L
Tavieniin (Heavy Metal)

15

- daned (Zn)

- Insieuaiindnaauaud
(Hexavalent Chromium)

- Tnslenaiialasuaud
(Trivalent Chromium)

- NBYAS (Cu)

- unaudion (Cd)

- U5 U3 (Ba)

- azffa (Pb)

- fisuna (Ni)

- HUAMILA (Mn)

- 9lwiin (As)

- isiadion (Se)

- 1lsow (Hg)

laiifiu 5.0 mg/L
3isfin 0.25 mg/L

13ifv 0.75 mg/L

aifin 2.0 mg/L
13ifin 0.03 mg/L
laitfiu 1.0 mg/L
laiifiu 0.2 mg/L
laifiu 1.0 mg/L
laiifiu 5.0 mg/L
13i1fiu 0.25 mg/L
aitfiu 0.02 mg/L
laiifin 0.005 mg/L
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2.4 #aPAN5I2IA (Detector tube)

. Y Y ' -
vasanidvia landntunsusniidsemaansgomsnmiull a.a. 1919 [75, 76] eld
o YY) (4 o o v & a 3
dmsuiaufaaiivenueuen lvaluaniudseneunis (ndoor) laurasansiniainanies
¢ o . ' g ¢
1431010u11n5299 (detection reagent) U359a3 luvisufvwIAln Srlusmadiufansuounou
FE=1 9 o aaan @ o -4 [ 9y a Aata o 9 Y 9
won laanezidi Il §asondusionunasisiaudufiamsniaildniuanududuves
4 o o . A oa o as Y 9 g (4
uRaasueuvouuen laa Taediinamslfsunlatezulsduasstuanududuve sufie
o ¢ & g @ 9 0 = P " Y
A5 UaUYNNDN lae Feznsuanuudulaanmsih luSeueudy Chart anududy
b 0
vo3ms ansold laneluaniulseneunisuaz luvsseniemia 1y (Outdoor)
9/ v a9 9 =] 1 ] a 4 a 's
msldnasanitedalive 185 ouratest e WUEUITONATIEHAITUNUAITUATIZH
9 A - a v o ¥ ' 9 VY oq ¥ o
A101A503093 1A LW UANuaduduFounaza1ldi1ge uadrlvvasaasiniaunuazan
[ 9y ¥ Ao @ A a ‘do 9 VY
aldieldedun nazididgfenarlumsinszvndalosninbnaly
Y a a [y 0 LY a d Vo 9/
mMsnaszansmmvearasanstaiausnanazm eusadinsiziens 1S, 14
1 [ [} 1 a I's ] o 4 a
Nudeudadeanar1d91enn15ms 19 egeun  awsain U igauldluaauiag
@ 9/ ' Y Y oA ¥ @ ac o Yt P " o vd &
asa¥aes 1A lugeanududuiindie Ysuilye3snsasandaldiianugndesuiud ldgean
= I's v o g Y ¢ d?l P Y ] 9 g
Snunasiadanmusany A Iduunniu @szvm 3 1) uazdiauseouanududuueg
a o 9 9/ & o 9/ dd’ d‘ a Y]
159037970 19 1AsRTI91naNaT 19 anans 91 1 NUIVYe I A Asuulasuuieuniy Chart

ANUTNTUUDIANT

]
1

il a.e. 1970 Yszmedinlu ldsinswarasaasiadalvanisaouanududuld

U q

& o

v Y o & ' Y 3 o v yyd
Taoasevinaunadnanaes [75] Teihidtegiiuiieusasuanududuvesasinsnialas,
° o v g o a a I
Tagthwufioufiy Chart anuidnduvesas aouf lalinsdaudsz@ninmuoanasansinia
b4 - ]
dmiuiauanyluiuazlddudmivasedauanviivsnaatdaugaaimnssululszne
HAUUIA
wasansavianlinsnanvisainfiesaarnluilegiudiulngaziddmiviaas
@ r P o & [y 9 [y a a o 4 a 1w ad
fredefidiuuie Favzawisaialdtessdy ppm Usz@ninmeoinisasanandisuminuis
b4
nmdnIns W Tamns uazuensiniudarfiazaanlunisldan mwsonam ldasietald
9 ] g Y] (] a o 9 a wa dy Y w 9
Tag hidoagannlumsiiudredaunims iz lures §iianis venvntudadaldinalunms

o o o [-Y] 3 1 ? = o Y] [ []
as193a51 M lddsendalédvianauaza ldielunsdinszvasdisgis ldedauin



2.4.1 FHAVDINABANTIDVIA [77, 78, 79]

single target

general

Short term

A 4

multi-target

v

pyrotec

A 4

ion

injection

acid

—+ passive sampling

A 4

A 4

amine

A 4

polytec

Long term

Active sampling

A 4

Dosi — tube

A 4

Under development

30 2.10 atiavesmasansIvTALLUAIY [80]

2.4.1.1 Standard Detector Tubes

o o o o & w ' . A oA '
L‘:l‘]u?iﬁaﬂm’J%’JﬂVIE)E)ﬂLL‘lJ‘]Jf'(WiS‘]JﬂiILﬂ‘]JWJaUN (Samplmg pump) ﬂiﬁlﬂilila Y GV-
é o Qs v -7
100S clf\iﬁ']il']ﬁﬂu']ﬂqaﬂ']\ulfc{ﬂlﬂ']ulﬂiuﬁﬂaﬂfﬂi'J%'Jﬂulgf 50 1‘1?@ 100 mL ﬂ’]ﬁﬂ'JUﬂNﬂmﬂ']wmaQ

Y 3 1 o a o aa
‘1’1ﬁﬂﬂﬂi’J%’Jﬂﬂ%ﬂ’J'iJf’}111’]\1‘11‘141ﬂﬂl@ﬂtﬁuﬂ'luﬁuUﬂﬁNﬂ'lUTMﬂﬁﬂﬂHﬁz‘i.li%‘,ﬁ‘l’lﬁﬂ'lwmﬂﬂﬁ'lilﬂilﬂ

4 ¥ -]
ussylunasa GanasansindadmannezliongmanyBldamseun 37
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wnanstduenansianubidmsumslynuiiensfinyimiu lueugalmilulydsslosuaunisen

lunsdllagvsau Snvimudilndawdasilon wasnesendatauaivetenarsynasamidnisinluly



dy a N o o N A = . gj ' N o N o N
wnansiiduenarsianubidnsunislynuiionsfnwimntu lueygslnilulsdsslosuaunisan

lunsallagrsau Snvimuiiludawdasilon waznesedatuarvesenarsynasaminisinluly



dy a N o o N A = . gj ' N o N o N
wnansiiduenarsianubidnsunislynuiionsfnwimntu lueygslnilulsdsslosuaunisan

lunsallagrsau Snvimuiiludawdasilon waznesedaduarvesenarsynasaminisinluly



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenansianubidniunislynuienisfnewniu lueygsinillydsslesuaunisan

lunnsdllagisau Snvinudilvdaulailon waznesedaiuaivetenarsynasminisinluly
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Tagadaunafdeinsnstaiams

AMaennII9In

N ¥
¥ndateueamananidaiaiia 2 419

Tananansaniad }UA rubber tube
4 .
holder 308910 flow meter ‘1“/91'69111

£ 4
HUIAS 90 B9AN

HYU cylinder %38 compressor 1o
A329e01 flow meter A Iar1u

Wl lunasansfanse i

ndsnnduunad 1l luvaea
as1vinfanasnnsIvineenain

rubber tube holder

' ] ¥y 9 ¥
E)']uﬂ']ﬂ'ﬂ‘llﬁ]iﬁ]uhlﬂiﬂ AN

ANAUUNDDANTIVIA
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2.4.1.5 Injection Measurement Tubes
a a o Yo [ o < J J o
wagansrviarilaiiz lddmivasiaiausamivonlason laduaz Tnsmuiiianny
Wudugaq FEmshmsdediad ldlunasansefaszgaaisdr I luduudrBedad 1d 1
o 4
wapAns19 30 1A Tnoase

2.5.1.6 Educational Tubes

2.4.2 ONHMZVDIHNABANTIDIA [89, 90]

[ o} =4
2.4.2.1 dunasaudrvnaanauendseuin 5-10 cm nelunasasgussyRLsie

=

4 o a 3 o 4 v 4 [ 4
LAUNATINIA LLﬁZ‘Uil')iu‘l’ﬁ']ﬂﬂ\‘iﬁEN%TQM@Qﬂaﬂﬂﬂzgﬂﬂﬂlﬁﬂﬁﬂﬂﬂuilf]!,i]uﬂﬁli')i]'lﬂﬂﬁ]

el

=

° A o aaa @ & Y Y Q o kA ) 9
moluvasagniiaenieinl§Asorduesdou edesmsldauiaindarons 2 raudais
i llesratamsndeanisldme

P=3 J PR Qs a aan Y Y [] d'
2422 Swauinsnivssyianelunaseazifadfasordumisdediwd ) 1Rash
oy 51 | A a P P=}
Hfmusauurudlealal nazszezneninanmsasudazuendennuid uduvsaas
Y] v ] ] o ' s an
A10619 daulngrzhiienuianaiauuniovuudinudtussgaslunasaud’
. o ' a 1 = 9/ =4 4 LY ~ &
2.42.3 Glass grain Wudiuin lwdovdrsTionuiasiniadwaaslugiil 2.17
' A A T ° ¥
duii lignmdeuss lifinsiana’ll

= 4

2.4.2.4 VSnuNUsTIAETIonURasdnsslianadimivuenszozmaiiians

wasudnsevananududuresasndoinsasiada M ldowaanududusssarsdisgis
Yt n' g
1890099u

2.4.2.5 ¥ooAnIIniRIzsEyrlavesdmIsideinisnsiada uazszysinnududud

ee

=3h.

Foan1snsania fie B dwmsuamsfifianududuge M dmiviamsiifanudududunans
uaz L dmiutamsfifanududud

2.42.6 QC Number fioguuvasazueniadszdninmusnasansieia

2427 $wamvesalnin (siwoke) LaMTIRRUYRTIITARUGATI DA AI061s
(sampling time) uaxnmﬁff’aU‘ﬁqﬂﬁgmmuﬁmaﬁﬂﬁ11J§ﬁ?mﬁums€fmdn (optimum

4
LY

sampling time) 93 YUogAUTIAYDINADANTIVIA



dy ~ N o o N =~ = ' gj ' N ) N o N
wnansiiduenarsianubidniunislynuiionisfnewniiu lueygsinildlydsslesuaunisan

lunnsdllagsau Snvinudlvdaulauilon waznesedaiuarvetenarsynasminisinluly



wnanstiiuenansianubidmsunslynuiensfinwiniu lueugralmilulayssleguaunis

lunnsdllagnsdu Snvianudlvdaulasilon waznasendaduavetenaisynasiminisiitule
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a. lanasansrnfandadaeudrintinnszuengy  1dgnasiidravaea
¥
as19iadmenszuengu
1. dumunszuenguldgaie luldlionmadsegnislunszuengu udafds
4 o o =i A ]
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a o o 1 g {
2. Reagent adding method ¢iin15ianSioiausiian 1 ludredraunen/asulniy
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LLﬂfW!fT'liJ'l'iﬂﬁ'i'Jﬁ]'Jﬂhlﬂ\ﬂU LLﬂ'J‘Hﬁ\iﬂ'lﬂuu%\uﬂﬂﬂ'lﬂﬂﬁuﬂﬁ'ﬂhlﬂﬂ'w‘ﬂuqmﬂ]'lﬂ'lﬁ AU
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3. Vapor-liquid equilibrium method 3313zl Ud A6 19M0g Iuv0 UMD
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'l lunasansindadeilugaainia 35mslduansdegain 2.26 uazeusmanududuves
MIAI061INMARAATIVIA ITNsaNududuaIsanIu A 2 uuy fe
a 4 [ t
. multiply the reading DML NN B TRWIZYDINTAIDYS

. a9 @ [
9. correct the reading %Z@Wﬁﬂ‘llf)iga‘ﬂ?J\iﬁ')f)ﬂ'l\i‘ﬂ']ﬂﬂ‘i']'ﬂ



dy ~ N o o N =~ = ' gj ' N ) N o N
wnansiiduenansianubidniunislynuiionisfnewniu lueygsinildlydsslesuaunisan

lunnsdllagsdu Snvinudlvdaulauilon waznesedainaivetenarsynasminisinltuly



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenarsianubidniunislynuienisfnemniu lueygsinildlydsslesuaunisan

lunnsdllagsau Snvinudlvdaulailon waznesedaiuaivetenarsynasaminisinluly



wnanstduenansianubidmsumslynuiienisfinyimiu lueugalmilulydsslosuaunisen

lunsdllagvsau Snvimuiilndawdasilon wasnesendatuavetenaisynasaminisinluly



54

2.4.4.1 Permeation tube method [103, 104]
Permeation tube ifluriewarafinilateda Feneluszussydaeudmmasiiiniuusqns
g9 Ngaudion -70-50 'C (-94-104°F) uazfianuadosgs
2.4.4.2 Diffusion tube method [105]
Diffusion tube (Hunasaudafinielutsznevde 2 daude dauiidiuveanas iquid

[}
! o <

container portion) UAEAIUNUNITUNT (diffusion portion) ﬂlmmmﬁmam%’w'lﬂ"luwaaﬂﬁmu

a = ! o o o4
anuusgnsguaslddn lylunaeadruluuuuuda (glass syringe) Tnsvounarnldazdosdl
anuauleluyie 5400 mmHg 9125°C (77-122 °F) uazdeslianuadosge arfinisiy

a o o = 1 a d?
NN ‘Uﬁaaﬂﬁjaammﬂi}zﬂa1&mJu"lauazummwsmmu

2.4.4.3 Dynamic dilution method
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oa3 13 Ivaldsaiio

2.4.4.4 Static dilution method
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2.4.4.5 High pressure gas cylinder method

uRaiiagiiwi/sudiey (calibration gas) vzgnit1ldegluanziinnuduganiely

4 a Y
MYULUITTY FIWLINYVNY Japanese Industrial Standard JIS K 0007

2.4.5 M3MszAUAMNIN (Quality assurance) HaeAn3293A [75, 100]
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2.4.5.2 MINMTOHTNNUBITDIUNATIVIA
a 4 a d' a a Y] P=3 -
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Y A 3/ [T | a ~ Vv [] [] o é £
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TatinsUSulgeiladeniinaneanuuiudrvesnasansaniamu YUIAVBUTUAIUAUINDY
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mﬂgﬂsﬂmmmmuﬂmﬂiuwaaﬂ
2.4.54 m3UTueumna (calibration scale)
as o d o o .
MsUsuouaNavesanans 1 danm o Ui unIsH Sampling standard gas f73W
Y] ] a [ Y] o o A a { a o P=}
WuduwesmsdlegeezinnudurRuifuszezn1aiinanislaounlasd nsdsufeumna
N P =1 d’ Y] o 1 @ a4 a d? =4 a a
1831189ANID AT UNITATNAB LB UUSEAUIIMaDans 1 aNNAnTUTUsEaNnT AN
F
Youus 11y ﬁqﬁummgﬂﬁ'awmmsﬂsumﬂuama 1214UBNANNYNABIVBINABANTIIA
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a d
2.4.6 m3uaTzRuazusdoya [106)
Aad 1 1 vy v
2.4.6.1 FEMIoumaNMdNdUYe IS [90]

anuduTuvesmsnasniarzeuld lasassnanuervessd il douutaslnelu

p=} 1

A U -7 1 as o
NADA FIAWIT09IUANUTUTUYBIATAIB019 14 2 3T AD 91UINANAVDINADA TABATIAY

uaaalugud 2.28n n3eemlavfSouhouiu Chart A ududuyssdsawraslugiii 2.284
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anasmuANumMNITTy udihdwauvesalasnfiaauguiuanududuiionnld wud
1umvee 1 alasaviiiy 100 mL uddnasuniio 50 mL 19 2 mgufuaududusesdii

' vd Yy ¢ 4 g a o v
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247 Shuamvosnnuisuiildlumasansaea (75, 100]
2.4.7.1 Random error
drmnsdrediiianududugarzdldanuuiudveanisnsiniaaans anudanma
WUBT30A1 random error %&qmmﬁﬂwmmmuﬂy%mﬁﬂmﬂmmmﬁupimgruéfﬂmqmu‘luwaaﬂ
7 lsividu anumuuiuvessieutiasiea anuhdensifal§isovessienuininia

yJq ¥ 1 =% [ v Jdao P a 2
w?@@iﬂmm A1 random error ISUANIUTAUANUTAUAUVINUUUNINTF U (Standard deviation) 99

Y a0

° F4 ¥ v & o a 44 ' ::yv . ..
Tl'lclﬁﬂ'J'lﬂJHJSJﬂJuVlﬂ'luLlﬂﬂ'ﬁ']ﬂlﬂﬁﬂu%'lﬂﬂﬂ]']ﬂlﬂu%iﬁ LUNATIUIT coefficient of variation (CV)

]
=

aauaasluannIsi 2.26

Standard deviation (o)
Relative standard deviation (CV) = x 100 2.26
Mean value

2.4.7.2 Systematic error
=] a o a o & o a [ =}
Wuanuiewaanfennduggyuima sutluanudewainvesnsliuneurasa

@ - J Qs ' ° aaa v a 4 s o
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248 HosuniinarennuRanmAavesnInsIniadIenaoansInda (75, 100]
2.4.8.1 AITUNIU (Interference)
ndnmafalfaseivesdisuniufedriasiiiudmasansiaiaiinarwriauaz
AuaulianduAaITRI9d19 msSuﬁ%zmmsmﬁﬂﬂﬁﬁ?mﬁu‘?samuﬁmw‘Tﬂﬂﬁ'twﬁeuﬁu
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=y = Q ¥ LY ) -7 aasn 4 Y 3‘ =3 o asy
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v b
fnanolunasansidaiinaviua 3 ¥ila Ao
Y o aaa @ =t ' @
1. Direct reaction A35unIuszeIsainlfnsernusionurinsiaialdleonse
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1 J o { a aaa (Y P @
senuianviafivssgnelunasamursafadfasefulelasaulan Tudguiudasuno
2 o @ It (Y = 3 o

1dTavass Wi lianududuveslalasnudalidinsndaldimganinnudusss

2. Compound reaction A23uNMd1 1 lunneansrndaazansaifalgnse1d

' g o o I8 1Y) a - 1 Y a °

pd 199N LT IERUAT R Ianmwrianegaislunaesa fidasunauiigniud 1y lunaea
= aaa o A J [ . . =1 a aan Y
il iseiuTenunaI1IauuY primary reaction Nvzeuisaiadjnsonldmilousums
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A1819 WM IAanududunasiadalaisgeniianuiuese i dsunivveusanszaae
Isiofidu Ao lnsnas Tsiefitu

) 4 o a a o o
3. Two — step reactions ‘iL?JﬁlNVIG\i’J%’Jﬂ‘VIUii‘i;ﬂWTH‘Haaﬂﬂiﬁﬂﬁﬂﬂzgﬂﬂaﬂmqﬂﬁ

o -]

' cu ad Y a 4 o
AOUMIBAITUNIU nSeas D UAI9NT AT (pretreatment reagent) 9xgndAsUNIURIAWYIN A

a
]

o < o) 1Y Y ¥ Y 1 A Yt 1 Y ]
ﬂ'J']lJfT']iJ']iﬂﬂluﬂ'li@ﬂﬂ“ﬁulﬂﬁaﬂaﬂ NNﬁiWﬂT]llL‘UlJ‘Uu‘U?Nﬁ']'iGl'J?JEJ'N‘VI’Jﬂulﬂllﬂ']uf)ﬂﬂ'ﬂﬂ')'m
o a ' o a 3 A aa
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2482 AnuFRUTvoIgamg
gangifimuzavdmiums ldnunasansiniazdoeglugie 0-40 °C (32-104 °F)

& o = 9 9 Y o 3/ A U
Fagunginmuizaungadiniunsldvaoansiaiade 20°C  (68°F) uaznlsazdnaiining

' o o a [ a ar o [
T3 20 £10 °C Feazih ldaruAanaalumsSadooigadwanslumisisd 2.5 uaz 2.6 1y

=y

ANUHANAIAVDINIATIVIATUAAIINUN N

Qa

]
o oy

M5WN25 M5AIVIAL,1,1-Trichloroethane NUMRA19 1l [75, 100]

qmﬂgﬁ Correction factor
0°C(32°F) 1.4
10°C (50°F) 1.3
20 °C (68 °F) 1.0
30 °C (86 F) 0.8
40 °C (104°F) 0.65
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anluazaNudNdua1e du (75, 100]
AMTUTUS anududuvesdifions ldsnnasansi9¥a (ppm)
VBIT5A0 1 0°C 10°C 20°C 30°C 40°C
(ppm) (32°F) (50 °F) (68°F) (86°F) (104°F)

100 410 155 100 80 65

80 310 125 80 65 50

60 210 95 60 50 40

40 130 60 40 35 25

20 55 30 20 17 15

10 20 13 10 8 7

5 8 6 5 4 3

2.483 BnTWavesgum

a
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gungizlinadodniinisifiad§aTo1unsn139an15gaduNIIN180 W (physical

adsorption) Y04V ADAATIVIA UNFIA LU
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FrUfiseiuTionuvinieiald uazee lifaU §Tommund (normal reaction) iWuaung ¥
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2.4.8.4 ANUAANAIAIIBIDINANUYY
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o a &R

1 ¥ v
navansdanwaatuluniamsfdiunaziinsdsuifsuanafanudui 50 %
o 1Y) 3 ' & ~ rt ' @
uazazeusniu lgan lalugiannuidu 99 % Tashee lulinansenudenisasiniagis
dy ] :l a oy Ao o ] 1 @
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@ a o ~ '3 ac 4 -
asdansaluasn lelasiouvgenlsa lensidu anslsWesy uaz wiiduanelsd lavhivasea
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asnndansaluasn lelasnugeoslsa leasFussdiuiisumnananuiu 50 % druvaea
@ o R ad 4 Y] = d' Ay A' o [
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ANN37979 ladAAnA9INA N U
2.4.8.5 ANUAANAIAHBIDINANUAUYIIENMA
-7 L} é -7 a @
ANUAULITIIMIFIZINanaaNUduTuIDIA Y FIa0AnT19IAUIUTEY Gastec 92
o [ = d' [ a 9 9/ d' Y [}
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8
a =Y 1 a 3/ ] ar
+10% V0IANURUVITOMAUNA (684 — 836 mmHg) 11id S lFnunenyIsveIANNGY

@ ' d ~ 1 Y Y a [ Y a dw
.UiiEJ'lﬂ'lﬁﬂ\iﬂ'ﬂ'l’Jﬂi]%llNﬂﬂ'E]ﬂ’)']iJL‘UiJ‘Uu“U'E]\??f’liﬂﬂi’)i]')ﬂllﬂ ﬂ\iﬂﬁ]hlﬂu _

Tube reading x 1013 (hPa)
Tube concentration = 2.27
Atomospheric pressure (hPa)

Tube reading x 760 (mmHg)
Tube concentration = . 2.28
Atomospheric pressure (hPa)
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2.4.9 YenlsszTalumslivasansiada [90]
A 9/ Y d?‘ " =) d'al -] t
2.4.9.1 mudenldvasansiainazinegiueiinuesaisidesnsasiaia uazyas
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ANuIuTuYIaTIUY
o s 3/ [~ o o Py
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1 V1 % [ 4 U/
24.10 ml¥aweluminsaiaufanievasansiada
o 14 9/ [ kY =} [ o 4 o v 24 '
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'
aa

w A o ° o o 4 o
L%uﬁﬂ‘i'J%’Jﬂﬂf]galu‘ﬁﬁﬂﬂﬂﬁ’l%?ﬂgﬂ“/ﬂﬁ'lﬂ ﬂ?‘ilﬂﬂﬁﬁf)ﬂﬂ‘i?%?ﬂi]xLﬂUVIQﬂ!ﬁﬂJJVILUu (0-10 °C

U

A o P 121 1 @ dy @ a o < ¥
w39 32-50 °F) uaznului liiluas ualuilegiuiivasansiadauissianasano1in

gamgivesld

2.4.12 MsMdanasnn3Iadn [108]
vaeanslviafinuaeigusodumsldauudinisszdeslinishidnediununzauuns

Y

gnIBMuA L IveUTENINGR

2413 mdszgndldaunasansiada [109]
ar Q9 ¥ Y ! Y 1 ¥ '
waransIvIaa s nlszgnd IFaulududieg laegeniheenasy
2.4.13.1 suanulasady (Safety) 1¥asrvtatSummsnduasielunssernianio
SadSnasansluuSnaniinssaissnuuniy
2.4.13.2 AugaaIMNs sy (Industrial) JAUTHIUVDITIEUATIBNAANATLUIUMS
nAavsolapuoangdunadonyeslssnugammnisy |

2.4.13.3 suao ulszneums (Indoor ainldasiadadSuimasnounsiolusinmea

Tuaaulsznounis
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9y A . . @ a a ]
2.4.13.4 AUNANENN0INA  (Air pollution) IaUTuaarsweluvssernier wu
Tulasnulaoen lud msvsuveuenloe
v 3 o s 4 S m ‘o o a 3 qya
2.4.13.5 A1 (Wate) Taens luiwu tidseth e dhnusiidnass vis e 1dau
2.4.13.6 MUAU (Soil) a3 ¥anany luAy
¥
2.4.13.7 32UUND (Pipelines) Uas10IanwWeou Tunoly JadSunavesnaniuly
14
seuuneiszih
¥
2.4.13.8 Unknown Juiiude (Unknown waste)

2.4.13.9 A1UDUY

2.4.149pAUBIMa8AN 52 IA [90]
9 1 a @ a 3/ a wva 3/ d'
2.4.14.1 MFnudemnzensawnwneds areiasentsal§iams Wynaeniiuaeyn
dy v o 1a a =Y Y 1 1 :/I
nmnuezuenninmlumasndeant sef o AU 1017 e lFnamsn e 12107 v miues
2.4.14.2 ammamInsniade lasazamdnnaoualamnamnmauuvasansnialdmy
o Yy Y e 1w e = Yy g ¥
2.4.14.3 msadannudududwdsedudin (ppm) swdeanududuge 14
2.4.144 MNugNdnage
[~ @ p="
2.4.14.5 asanuvasansdnia 3 ldaulduune 33
= - v o @ Y v - g ) o ) o a a
lunsfivasaasindadmiumsdiesnaiilluveuradde hineulufdeunanviouin
Vv
un mszde lulimsfnuuazauied1enseds datudiinuiveds 1dninsAny ez Wann

Y d? A ¥y ¥ v Ao a a = ] A A 1 @ ' o ) o
NaANIIVINUU L‘W’fﬂ‘ﬂulﬂﬁﬂ’f]ﬂﬂ’i’li]’m‘ﬂllﬂ’iz?f'V]‘ﬁﬂTWL'V]EJUL'V]ﬁ‘i'J'E]ﬂﬂ’ﬂﬁﬁﬁ’mm\‘imﬂuuﬂﬁ

¥ (Y]

2.5 nguglasninnnifedesivauise

2.5.1 nanmsvedlasaninns v
a1 o P = a (3
Tasu InnsWidumaidaildlumsuonans (Separation) Aewrsadnsizrveludu
a s - : a = p o N o
AUNINWUATILH (Qualitative Analysis) wazdSumAAITIEH (Quantitative Analysis) ¥ 0160

v 4 4 4 e . - d o od,
dasimsmasuivesmshuanaenulumsuenszinuradound Ao ianogiun (Stationary

UG

=]

{ ¥ 4 dyw =1 (-] (
Phase) saziWafinAouy (Mobile Phase) uona1nildaiinistiilasuInasiiunlddse Toysd
MR U Mamdoums IHuTgns nsAnp1dfAseunliaeg uasmiainanaieeg N
MEAMLEZIAT (Physicochemistry) 1 ANADOTAINUDIANTIHIFOU (DUN1AT) (Enthalpy) 10U

Insil (Entropy) wazWsSUUDSY (Free Energy) [110, 111]
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lunsdllagvsau Snvimudilndawdasilon wasnesendatuaivetenaisynasaminisinluly
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lunsdllagvsau Snvimudilndawdasilon wasnesendatauavetenaisynasainisinluly



dy a N o o N A = . gj ' N o N o N
wnansiidwenarsianubidnsunislynuiionsfnwimtu lueygslnilulsdsslosuaunisan

lunsdllagvsau Snvimuiiludawdasilon waznesedadaarvesenarsynasaminisinluly



dy a N o o N A = . gj ' N o N o N
wnansiiduenarsianubidnsunislynuiionsfnwimntu lueygslnilulsdsslosuaunisan

lunsdllagrsau Snvimuiiludawdasilon waznesedaduatvesenarsynasaminisinluly



wnanstuenansianubidmsunmslynuiensfinviniu lueugralmilulayssleguaunis

lunnsdllagusdu Snvianudlvdaulasilon waznasendaduavetenarsynasiminisiilule



wnanstduenansianubidmsumslynuiienisfinyiniu lueugalmilulydsslosuaunisen

lunsdllagvsau Snvimudilndawdasilon wasnesendaduavetenarsynasainisinluly



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenarsianubidniunislynuienisfnemniu lueygsinildlydsslesuaunisan

lunnsdllagsau Snvinudlvdaulailon waznesedaiuaivetenarsynasaminisinluly



dy a N o o N A = . gj ' N o N o N
wnansiiduenarsianubidnsunislynuiionsfnwimntu lueygslnilulsdsslosuaunisan

lunsdllagvsau Snvimuiiludawdasilon waznesedadaarvesenarsynasminisinluly
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Qs o S @ dy 9/ PR o '
rasniglnsaiavauiu ldldasnaeuTssnunldars TCE fwim 3 Tsaaw wun
) 3
ansaasRaeumyInanImsduitloums TCE luduldogsgndas
2 a a a @ a [ o )
anaf g3 L [121] TdwdanaeaasndalSuadaes laoen loalueinia Tnuga
' @ 9 =1 a Y @ ad 4 a o a9 &
PINFNIUMABANTIVIAAWANUEIAA 1 MIaanuevesd Rl deuanduie ldiuddy 4
4 ) - [ o a @ o -4
deth lilsufuamsezmuisadinliuavesdaes laoon lad 18 Tavdszgnalsd
o Y v a e 1 & a [ o' '
dmfunstadames lasen luanddeseenuinin lssnunsensiefenudamos lnoon lod
a 9/ v A a tg a9y as 9 a 9y 9 9 =
Tuduneden vasansiniaindavuldenfeldie niulSannuiduduvesas 1é o gah
=Y ' a o a o Y a o @ a
AU wazldulseaninnuulsUsuniny 80 ppm :7.21 % IA31NAVDINITATIAIA
@uMveIauduuVUNIATIW) WAY 1.24 ppm
! a Y a = &
Vladimir Pitschmann tazase [122] landnnasansdndatSuinvesnasiulueinie 4
Y] IQ-Q a = o ar a
molunasansiainazussgResaniinfeualesionunnsaaia 2 ¥iiafe 4-aminoantipyrine
o I V) Y =
uag N-(1-naphtyl)ethylenediamine dihydrochloride lae¥i11#301au% 0579 50n 982820 Tadew
uag lasionanlnanen (wiethylene glycol) muisansivianaesuluonialalusrsanudndy
v ¥
15 - 150 mg/m’ uazilienasi uihlfiserduSisnuriasiaaudang Idesfintuaiag
Y. Tanaka uagaae [123] #Aavinisaslndanaulueimalasldnasansinianeny As-
size optical scanner W1lReWITOATIVIAYSUIMAN UL UV LR AWBLANUNY (methyl
ar 4 a 4
mercaptan) loTasiauda’lva (hydrogen sulfide) uaz Insniuean laa (propionaldehyde) &
WY 29, 19 LAz 46 ppb MUAIAY MIAMIANYINUIINMSTINaARTI1TANIRDAY Ad-size
optical scanner #1175z @nEnmunanisnsrntadniinisldvasansiniaedaments 10
] 0 I 4
I-Fang Mao tazAng [124] Anydiudsznouvesndufifiaiusinasiiloninainiey
s ludszmeldandu deumaiin olfactometry, gas chromatography-mass spectrometry (GC-
MS) uazuasansrda musondFuiauazdinisenevvesndun ldainnisiflondn’ld
Yszuna 29 wila 15y wonluie 1olU NSAOTTAN uay multiple volatile organic compounds
o = o o
(voCs : 1alasaisuou A lau 1oenos oAU (terpenes) LLag S-compounds)
Michael Durand 1@ Bradley J. Scott [125] #nyunaininaninanuiouldauniildineg

a a 4 @
UANEN199IN1AYD 909 Rotoura UTTNATITUAUAAINADANTIVTIA AT infrared active gas

4 I 4
a aQ o

& Y a o LY ] Y 4 I's o o
analyzers Feunanuinaluilldun lalasioudaliduazasvoulaeonled Iasimasoa
cv [ a P o o o ° Y
a3993a U Bdwsnandesmsasniadune 10 - 48 $1Tus uazihnisiannq 3.8ou 18

@ o o o o Y
anududuveslalasaudalvauazasvoulasenladiilu 200 ppm uaz 15% mudisy



73

a ada
C. W. Emerson [126] fintansdszneudunsdfiainisnsziveld (volatile organic
compounds) M1AANNDIVEEAIBMADAAITIVTANDMIUTU IV AV UTY (Benzene) taz atin
I'd Y o w ] @
Aae'l5@ (Viny! chloride) laanududumiing 74 % waz 52 % mud1ay uaznuinianieia
9/ a a = [ o 9 o [ ' 91
FonaeaniiaiamusamySinaveauuduiulianas 156 1ddw 157 wazdsendan1dee

a.

AMsas193adau3Tauedan

J. G. March, M. Gual ita¢ B. M. Simonet [127] as195aUTinsvesnasiuandisuih
Ad1A w00 15 Indau 13T batch method 1A% sequential injection method WU 31M151AAY AT
vosoe lsTndausunnoiununioluindnefad i eannnayes marix nMsANEINLT
5% batch method 1A% sequential injection method A13130M1¥39A MUY WEUATIVEITT (linear
range of the methods) 147117 0-3.0 1AL 0-5.0 mgCL/L uazesans193aas ldanududu
ﬁlﬂﬁlﬁq&] (limit of quantification) MY 0.2 LAz 0.5 mgCl, /L AR

Aki Sakai uazAmiE [128] naeimilSuawesnasiuandialutinlszid o3 Fia
(flow injection analysis) Tael4 Pb(Il) ion-selective electrode (ISE) c'?ama“lmzuuﬂizﬂaué’hﬂ
millivolt meter, aperistaltic pump, Pb(II)-ISE detector LQg recorder 1&manududunsa
(linearity) AU 0.1 - 1.0 mg /L A1 relative standard deviation (Y111 0.2 mg /L wazANutuTY
Y99AR0TUANAIIIAY 2 % Teodednmimmaad ldaunmsiduasafumduilsednd
anduius A Y=0.75X+0.17 Uaz 0.967 MUAINU

Mathias Belz uagame [129] mUSuaveinasiuand 1911890 Smart-sensor &4
nuluszuulsenouds  monolithic diode array spectrometer Yaun3osenIns W lnfimod
A379 3071529819 430 nm wazlFReufiunesaunurasARIS By (deuterium lamp)
1471 detection limit tv1fy 0.2 mg /L

S. G. Dmitrienko WazAME [130] asnialsavnenasiusass luihlaemasiu
- dasz 1UM1URATeIR Y polyurethane foams (PUF) c'?aﬂmﬁﬂﬂﬁﬁ?ﬂwmﬂm?uﬁmzﬁ'u
polyurethane foams mﬁﬂ_ﬁﬁwaqiwgﬁﬁu (toluidine groups) 1uﬁﬂ’l’33‘ﬁilﬂuﬂiﬂ waz ldans
wﬁmﬁmcﬁﬁ'ﬁﬁmﬁm 1823903237873 diffuse reflectance spectroscopy 1Raanududuass
(AU 5-150 pg

Raquel B.R. Mesquita 16 Anténio O.S.S. Rangel [131] mSnanasiudass g

msinassudaszuhilgnsunuesls laladau(o-dianisidine) #579301Smuna0TUdNSS
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#78 Gas diffusion sequential injection system 1At lmaiiaannlng I Tamms wSeumeuinis
a3y leTawmsn lnmsdu amnsomanududuvesnasiudass 1y 0.6 mg CIOL
Y
F. Javier Del Campo uagame [132] Anyinsasiaiadsuiavesnassudassluiau
a o 3
Aououma 15N niyuises  (amperometric  sensor) A8 14 unInaAnes (gold  cathodes)
v
wWSeuflousudun Tnaunwnfitiy (platinum cathodes) 14 d 11 0.150 v 1fvuiy Ag/AagCl
(3 MKCI) uaza pH #i19ag1ug1e 5-8 91nmsfinyiwud pH veamsasininziinanedayqin
YDILDUIWD 1SIUNT
Fumihiro Kodera sazAie [133] astviadSuranaesudasslaeldmainos Tudn
~ ad av ad ad
Traunuvs (anodic voltammetry) d2o8tan Insaunniitiu 8ianInsaned uazdian Insaunad
2 '3 =) v a ac o Y
5-A135 UoU(glassy carbon electrodes) 1WSsuifisufuITwnsguItums g lo Tawwsn lnmssu
ansansdnialSumvesnansudase Idanududu 4400 mg CI/L
Ludvig Moberg 1121 Bo Karlberg [134] mySuuvesnnssudasEae N,N’-diethyl-p-
. . ¥ o Av &
phenylenediamine (DPD) lagldmaiamin Ins I lawniianaue19nau 515 nm uag 324 nm
V4 A o a a Y 1 - A Yy 9
WUNNANVEIAAY 515 nm zvUSuanaosudase 1a1use '0.7-56 uM/L ioanududuy
7909 100 pM/L Asganduszanas uadraannueaduldidu 324 am sz ldedins
=} J é d‘i =2 d' d‘i 9 t [] o =
ganAuLaIgedu Fuilelimsidsuanueraduldegluaae 200-600 nm szasaialIuw
o a 9 Yy 9 K
AaoIudase lannududun 200 pM/L
. v
Karin Carlsson 140zAMdg [135] wilSuavesnassudassuazaaas uaunioluihig
¥
ar act 1 ar Y o
N,N'-diethyl-p-phenylenediamine (DPD) #au135 Inuduu lnverrfuoainaiwines (phosphate
A . . . g a Il ol aaa o
buffer) IWOAIUAN pH Tny N,]\/-dlethyl-p-phenylenedlamme i]zL'iJu‘iLE]Li]u‘Vl‘Vl‘ﬂ1ﬂQﬂ‘§U1ﬂU
o et a s [ Y t a
aagsudaszuazAnsIununies ldmaniaduyindd uozasnniadoszuy FIA msdiedes
I'd Y o ° Y 9 o t 3 9 @
wuy uazmsazmetiwimesizgnindigsruudaeily 25 i de 1A% Awdasimisiva
= 9 Y - ~ ' = s 9) S/ o
90 pL/ad wazldailumsiaies 2 wid vazwydinaeiu AaesIluIAINNUTNIUR

319 aMiooNga (limit of detection) V11 3.2 UM 1AL 1.9 UM AWAFY
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AU U

3.1 gilnsaluazasiail

3.1.1 @5l
33.1.1 TmReulanson'lwd (Sodium hydroxide) A.R. grade U35 LAB SCAN
33.1.2 n3alelasnaesn (Hydrochloric acid) A.R. grade USHN LAB SCAN
3.3.1.3 uenTluiionlansen’led (Ammonium hydroxide) A.R. grade U35 LAB SCAN
3.3.1.4 (@M7U00 (Ethanol) A.R. grade U5¥% LAB SCAN |
3.3.1.5 9915 1naau (Orthotolidine) A.R. grade 1SHN Aldrich
33.1.6 unaitoulalunanlsd (Calcium hypochlorite) A.R. grade 1559 LAB SCAN
3.3.1.7 ﬁmé'u (Distillation water) uawﬁ’rﬁﬂﬂﬂ%m"laaau (Deionization water : DI)
33.1.8 FAnwa (Silica gel) M3ENINUAALY 1

3.3.1.9 unaud

3.1.2 n3esiieuazgunisl

3.1.2.1 mummm%’auqa (High temperature furnace) : CSF 1200, Carbolite Furnaces

3.1.2.2 ﬂﬁ'migamsﬂﬁ&ﬁﬂmammudmﬂsm (Scanning Electron Microscope;
SEM) : 1455VP/EDAX®), LEO

3.1.23 m?mmaﬁunsﬁmw?ﬂcﬁam"lacﬁwe{ (Thermogravimetric Analyzer; TGA) :Pyris
1 TGA, Perkin Elmer

3.1.24 m?m’iﬂﬁuﬁﬁmmwmﬂg W3 U (Surface area Analyzer) : Autosorb-1, Quana Chrome

3125 wisriamsnsaies DDA (Particle size Analyzer) : Mastersizer X, MaL.YERN

3126 nToayfiSusnsuaesy sunsusamnInsfines (Fourier transforms
infrared spectrometer;FT-IR) : FTIR spectrum GX, Perkin Element

3.1.2.7 w3esdudniinaeuanatan uaanlninsimed (Inductively Coupled

Plasma Mass Spectrometer ; ICP-MS) : ELAN 6000 ICP-MS
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3.1.2.8 wnsosmdnIns I lndiwes (Spectrophotometer) : Model type 6400
Spectrophotometer, TECHNE

3.1.2.9 IATOINULTY (Spray dryer) : Model type L-8 , Ohkawara

3.1.2.10 unuTarmSeuuas Y uniu (Hot plate and Magnetic stirrer) : Model type M21/Im

3.1.2.111AT098" (Shaker) : GALLENKAMP

3.1.2.12 :ﬂllﬂﬂmmﬁ (Vacuum pump) : ASPIRATOR A-35

3.1.2.13 ﬁau (Oven) : Isotemp Oven, Fisher Scientific

3.1.2.14 m%'ms:mmmuqmﬂpmﬁ (Rotary Vacuum Evaporator) : N — N Series

3.1.2.151n50eReviines (pH meter) : Model type 215, Denver Instrument

3.1.2.16m?ms'euﬁﬂmmﬂmgmﬂ (Sieve shaker) : Refsch type vibro

3.1.2.1791ZLNTI30U (Sieve) YUIA 35 1% (500 pm), 70 44% (210 pm), 100 (4% (149
pm) UL 200 1Y (75 um): ASTM El1, Endecotts Ltd.

3.1.2.18mmmm§'euqa (High temperature furnace) : CSF 1200, Carbolite Furnaces

3.1.2.19 wawes Yunuuazluwa (Motor stirrer and propeller) : SL2400, StedFast™ Stirre
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3.2 TUABUMIAUHUIIUIIY

b 4 v
duneufi 1| Mmuwsvueyniadamonunaudin
P ad st st an 9)
- ANYIITMIEITONATAZAG IBRGLNNITANAINLAAUUT?
- fayiEmsmseuoynndimuinmsazaie lnaeuumFamns
a d LY aa {
- SinsergadnEugneMoMnYeIeynngiminisunnunaudnd
a o ar ‘aa
- ANV ANYUSVDIDYAAFAM
a 4 @ aa
- ANIIEHNITNTLIWAIVDIDYAINFAN
a d = g ia aa
- AnnznilSunaiuiRuezanIagnUYoeUIAgaN
a d a = aa
- ANTIAANVUTNTVROYAINFAM
a 4 = aa
- Ansgvimsulasumaveseyniagam
a LS ] L&Y aa
- InsizvinyHanduveseyangam
o g a a dw aa
- Anngimisunasgnludleuveseyniagam
3 - ~ 2 =t aa ad oy .1
Juaau 2 ANYINITASONTAN — 00 15 INAAU (Silica - o — tolidine )
=3 aa ad 9 9 & ]
- MRS ONTANT - 90 15 INAAUAIBTDEDLMTIATDUANY
a o @ aa a
- BRI HAUAANULMINBNINYBIOYNIATANT — 8D 15 INTAU

o v an a
- JInTIERanNYALYBIOYMIATAN - 0015 INAAY

a 4 ] aa a
JATEHMINTZIOAIVDIBYNIATEN1 - 90 15 INdAY

a '8 -~ an ac
Anszvimsuldowaveseynadan - ee 15 Inaau

a L4 ' g o aa A
- Tinnzingilanduveseyniagant - o015 Inaau
b 4 ]
JUABUN 3 NTNITEUHADANTIVIA
aa any d'il =) t [ =
- M3usTyFan - selsIndduiifevazvesnisindoudey aslunasaud/areia

[ 4 .
yuadurRIuguenaaniely 1.0 wag 2.6 mm

=S 1Y & ax A
ﬂﬂ‘H'lif]Uﬁ%ﬂ']ilﬂﬁf]'ﬂf]fliﬁI’V]ﬁﬂuﬂl‘ﬂlﬂzﬁu

Anurszezinaimuizanlunsniinia

Ay pH NMivuzanlumsnsiaia

- Fawimsszyainatiaasansiniaiessymnaniuanududy
3 P 3/ ac . .
YUADUN 4 NMTNATDUANNINADIVDIND (validation method)

- MISIASEUATINNIATTIUAADIUDDTE

- MSANEINNNINGIUDINADART I



- myasvdndSumnassudaselu spiked sample
Y
- m3nsdalTnanassudaszandialinidions

Y { " aa
YUADUN 6 FAFUNANITITELALIIWIIUND
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asa v
3.3 357398
=
3.3.1 MIAIENTT
33.1.1 mMam3anasazaweninlalasnassn 0.1 M

o

nsalelasnassnduduu 83.6 mL laluviadalsuinsuuia 1000 mL Ysuilsuas

1
LY ]

F1 3’ Y Y o
reovinau we Ny
3.3.1.2 Mam3aNmsazmeninlslainasan 15 %(viv)

insalslasaassnduduni 150 mL laluviadadSuiasvuia 1000 mL UYSuilsuies
9 3’ o ] Y Y o
aauinay wer ldnnu
3.3.13 maessumsazaelsfenlaasenlsd 10 % (wv)
) s o 14 o g/ g’ @ v @ a
e ldonlansenlod 100 g ldfinnes azarwaretihngu mlaluviaiadsunaswuia
14 '
1000 mL USu1lSumsdaerinauy werlvidniu
=y = d
3.3.1.4 mawssnmsazmaienluiienlansenlan 15 %vv)
o =1 o [} Y a )
ey Tudionleason laddudunn 150 mL laluviaiadsuasvuia 1000 mL USy
= 1Y nw o 1 Y 9 w
USuesareinau werliidhiu
3.3.1.5 MSASENAITaZAI0015INaRY 1.00 % (W/v)
o ad 1 a o ' 1 ) o
H100 15 Inaau 1.0000 g ldluinines azaredraeniuea mldluviaialTnasviuia
100 mL Y§uiSuasdaeenivea we ity
33.1.6 MIAIANAITATAIUBBIEINGAY 0.10 % (W/V)
Ylnarsazaroos 15 Indau 1.00 % (wiv) 10.00 mL laluvandadsuiasvuia 100 mL
UsutSumsdaoemuea e lviidiy
3.3.1.7 MINSENAITazaIe8151NanH 0.01 % (W/v)
Ylnensazaiven s Inddy 1.00 % (wiv) 1.00 mL laluviadadsuasvura 100 mL
YSulSumsauenuea wer ity
33.1.8 mamlenmnsazaenasgunaduslalinaelsd 500 ppm
) P} o 1 =) o :’ M 1 @ a
Fanadonlalaaelsd 02521 g laluinnes azaeiinau mldluviaiadsnas
v 1)
w119 250 mL YSurlSinasdetinaue Ifdniu tashnasgiuaisazats (re — standardize)

Fremsazare ladonls Tedama [35]
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3.3.1.9 MSASENABRIUDIZAINNUY 3 — 100 ppm
wIsunaeIudasTANNLN 3, 5,7, 10, 13, 15, 17, 20, 23, 25, 27, 30, 33, 35, 37, 40, 43,

45, 47, 50, 60, 70, 80, 90 1Az 100 ppm TavTlamsazaeuiasgiuunaidonlsldnaslsanim
Wt 500 ppm USUIRS 0.6, 1, 1.4,2,2.6,3,3.4,4,4.6,5,5.4,6,6.6,7,74,8,86,9,94, 10, 12,
14, 16, 18 oz 20 mL Awdwuasluviadaliuing 100 mL ﬂ%"uﬂ?mmﬁ'amfmgu wenlhan
i |

3.3.1.10 m3m3eneymadamainunaudig

1. ApdEmamsanasazamelsfeummatinaanunavdna

= = aa o/ ans 1 dw
mswsonasazatn Indsummaana laverfolfnsee 1yl
SiO2 + 2NaOH -—>NaZSiO3 + HZO 3.0

a

s o @ P 1 ] '
wudwnauiigamgil 700 °C Wunm 1 $2Tue valdaziBeaudiTourunzunsesou

L]

Y9 35 W Aunauiseuldaivasazatonsalalasaacin 0.1 M laonsus AUAILUNS

v g A ' d @ ° Y P A
meaﬂuazmsawwmmﬂunm 1 ‘If'JI‘lN ‘Ll'lIlﬂﬂi@ﬁﬂ’)ﬂﬂ‘i?ﬂﬂi@ﬁuﬂﬂu@i ANAWUINAUIU

a

o 4 g &
pH iWunans tudwnay lleufigamgd 110 °Cillunal 12 42 lue

L]
]

o Y o @ o Y ° Y a = o
Fudwnay sntiuRmimiinfuduen Wilddusumsazare Imdeulsasonlaa 10%
4 =Y o & a :’ M § o

(wiv) Agamgl 80-85°C 1Tuiaan 1 Falna TasiSuinsveaitnaun s anana Lty

vpaasazate oy laasonlad 10% (w/iv) :naunsh 3.2 [119]

Y %
X,
NaOH | 1100/ 2(MW 2
a required X ( 'NaOH) (3 )
*Si0,
o LY 4 ;’ LY Y
Avua 1 X 19 WIMUNVBUDNAL (g)
) 3 o aa Ao
Y Ao nJaimumawammagﬁlmﬁ’mﬂau (%)
b4
MW g0 fin thmiin Twanavearin
4 uw Y = [ 4
MW on f19 umunTumqmaﬂmmau"lam@ﬂ%ﬂ
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& ¥ ad ! ] Ay yvq ¥y3 4 a y
de'ldasazarsfivaseu Uassaisazaton 1a 1Awungumngiiies nsesmsazany
¥ 4 Y = aa
AenswnseIyues 1z ldmsazatelaves ImAsummaaing
2. A ismamSsueymadamanmsazmelw@auumyann
1§y pH vesmsazme lndouumdanadivmsazatonsalelasaaesn 15 %viv) 14
I a -4 o a ol
10,00 2z ldwaifiedu ud215u pH Aremsazmensalalasanesn 15 %(vv) 1Hanauiiy
q o a (Y o ny ) @
1.00 et 1dnaifianisnseaedd fvaisazatona 1idunat 24 $2Tus Y50 pH Ao
= ' o o 1 4 ] : o o
asazanouen Tufionlaasenlad 15 %oy Wit 7.00 i lUiumseanuute e 1y

3
RN INTANIAILAN1IZAD 1Al

Mechanical Stirrer Speed 2.5-3

Gel Forming Temperature Room temperature
Atomizer (Spray dryer) 50 Hz

Atomizer Speed set 4

Cyclone P.G. 50 mm H,0

Pump Speed 45

theyniadanunddiensalalasaassndudulasnisud audrouiammanuas
oadaoniuidiunm 20 i nsesdaensaonsesymued Sradanindusu p ifunats eudl
gamgil 60 °C 1fuaan 12 F1 109 UBIRAUINUIAYBIDYNIARIINTFLALUATITOUYUIA 35,
70, 100 LA 200 L% ANEEY
3. 3mi1xﬁﬂqmé’n‘ymxmamanmsuaamgnmc?sﬁm?im‘%aummmau%a

n. NIV ANYYYBIEYNIATANA 20mMATA Scanning Electron Microscope (SEM)

Y. ANV MINITLIUABIOYNAA WNALIA Light Scattering Analysis (Mastersizer X)

. 3Lﬂmﬁmﬂ?mmv‘v¥uﬁﬁ:nmwmmmgw;uﬁ’mﬂ?m Autosorb

4. 3Lﬂi13ﬁﬂ’31hﬂ§fjﬂ%453EJL‘Vlﬂ‘ﬁﬂ X-ray Fluorescent (XRF)

2. Sinsgimsidoumladiomaiin Thermal Gravimetric Analysis (TGA)

2. Anserny et dudomaidniS ol nsmavesu Sunswamn nsaws FTR)

a o a a dly aa 9 a
¥, Wnsznmilsnasigndudenlugamdlemaiia ICP-MS
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3.3.2.1 MIUATBUFIN - 8015 INAAUAIBTBEALNITNDD (Y%coat) 0.01, 0.05, 0.10,

0.50, 1.00, 2.00, 3.00, 4.00, Az 5.00 % (w/w)

Fagan Tleersazarvenls maau waztiaemueadsuinsaiuaisieh 3.1 lalu

YIAg Ly

M99 3.1 dasdudSuagan msazaieesls Inanu uazienuea aedssazmsndou

0.01, 0.05, 0.10, 0.50, 1.00, 2.00, 3.00, 4.00, 1tag 5.00 % (w/w)

founz Usum USurmen s Indau Usum
 nsinden 3N anududuves Wesasazats | Anosafuninnin | enmea
9o 15 Inaau msazawoelsindan | eolsindauiild | veseelslndau
(% : wiw) (g) (% : wiv) (mL) (g) (mL)
0.01 0.9999 0.01 1.00 0.0001 19.00
0.05 0.9995 0.0l 5.00 0.0005 15.00
0.10 0.9990 0.10 1.00 0.0010 19.00
0.50 0.9950 1.00 0.50 0.0050 19.50
1.00 0.9900 1.00 1.00 0.0100 19.00
2.00 0.9980 1.00 2.00 0.0200 18.00
3.00 0.9970 1.00 3,00 0.0300 17.00
4.00 0.9960 1.00 4.00 0.0400 16.00
5.00 0.9950 1.00 5.00 0.0500 15.00

Meswaui 1aanma1en 3.1 lwer i

Y o Y A

v

VINUAIYULATDIVYTIDAT L

! aw

$7 200 soUAOUIN

o v 5’: Q 4 0o aa
Ll]‘LlL'Jﬁ'l 1 "]J"JI?N mﬂuuu1"1ﬂsmm!,amuaaaaﬂmmﬂ?aﬁ:mmm‘uqn;ng]mﬁ 1IN -

a 4 - o o
90 15 InAAULIBUNgUHYN 80°C 1Wwna 12 42 1ua

a d Y an ' a
3.3.2.2 INTITHANENHAENINEMNNUBIDYNIATAM — 205 INaAH

o o a aa a R
L. ams1:ﬁaﬂymzﬁummgmﬂmamé’hmwﬂuﬂ Scanning Electron Microscope

a s @ a . . .
2, ’Jmi1$ﬁﬂ1iﬂi%’,iHUﬂ’J“UENEJ‘Lgmﬂﬁ’JUWIﬂuﬂ Light Scattering Analysis

a 'd a = .
3. Amsevimsiddeumlademaiin Thermal Gravimetric Analysis

a g | (&Y a 4 g a =)
4. AnsginyilandudiemaiayiSesnsmanesy dudsusamdnInswms
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3.3.3 MIAATENHAANIITA

33.3.1 MIusIFam - eslsindauadlunasautidaretlanuunis

L)

an ad v Y 1 <
1. MIVIIQHYan - aaiﬂnamu‘luwaammwmﬂmumugmﬂnmmm‘lu 1.0 mm

Q

naaeulneIsan

Q

Tadarevasauddrsyntadauaaclugilii 3.1n Feddn1 - oolsIndauio mg ldlu
9 1T 9 & (Y o t a o o P Yaa s
vapALN7 e IBn3ouua 19A5 157 200 souABUIT Wunat 1 FrluuneliEing - ool Ind
aunvlunasaudigndauinuazaduawe Uagnidaenasaudidndiu 9z ldnasansinte
é o o d'
Faldnyazawandluglii 3.1
2. M3u339Fam - eelsindnulunasauivinaduriugudna1sn el 2.6 mm
ad 1
nagaulae s
Taddilaenasaudidueadlugyi 3,10 F95801 10 mg lalunasaudwdruig
) Y A o Yaa a1 9 @ v H o aa
Tulasnud lUTunaeaud e Id3anmneglunasaudagnaauinuas adnawe Fa%an -
9015 IndAu 200 mg ldlunasaududwiundalulasnudr 1 luvasaud ¥958n1 200 me
] E 4
Talunaeautwdwiuuie Tulasiou Tadd dimasaudan 1dlUdladarens 2 109z 1dvaea
s é o [ dl
asdadalidnuazawaaslugui 3.19
an ad v v ! 0]
3. MIU339Ban - ealsIndaulunasaufIvinaEFHEIUEUANA19N181M 2.6 mm
aaa
nagoulaeitan
lddhdfiaronasaufadaanslugii 3.1a FaFdm 10 mg ldlunaoaudwdaruuia
TuTasud 1) lunaeaudwiesi Iddanfeglunasaudigndauinuas adwawe Fa3an -
o015Indau 200 mg lalunasaududriuusa Tulasoudlulunasaud s 495801 10 mg
o & o v

v b
lalunasaudud s alulasiou lada dwasaudn1d1UTadareme 2 9199 1dvaea

3 é IS g N d'
AT alanyuduaslugzli 3.1n
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mnuummimwwaaﬂmamﬂmusswam ~ 2015 1N8AU 0.10 % (w/w) nu 4190

a¥q unghmmanouniousedy
2. haeans 19 Tavadur ugudna19nely 2.6 mm nageulasItgu

nnmsnaaeslude 3.3.3.2 nuifidevazmsindon 0.10 % (wiw) I¥Han1snAnesd
ﬁqﬂ Salhmaeansiafiussgdant - eolsTndfn 0.10 % (ww) nmadevfunaesudasy
anuudu 50 ppm Tnegunaeansieaaclunasiudasaiunm s uii Saszuzmsiifanis
nlaeudvesdan — eols Inaaunndurududimies uaznago vy Taon/asunarlums
nagaUIIN 5 WIH 111U 10, 15 uaz 20 WA MUEIFY MINagaUfUAADS UDTIZ YRR
slhmamnmaﬁaﬁvﬁwﬁwm 10 %

mﬂuummsLmawaaﬂmamﬂmiiwam ~ 0015 INAAN 0.10 % (w/w) Inu 5180
a%q uazsmanaasumioudiady

3. naeansIndavinaduruguEna19nely 2.6 mm nageulasdzia

anmsnaaedlude 3.3.3.2 nuififevaznisinden 0.05 % (wiw) IHkan1snaaeed
figa Saimaeaniaiaiiussedant - oo Ts IndRw 0.05 % (wiw) umageuiunnesudase
aududi 50 ppm Taefanaosudaszlsinms 0.5 mL €l lunaennsiaia Taszezniafifia
msavusuesdan - oo Is Indaunnduraiufimdoadonarimly 1 uiinaudduie uag
nazauiiy Tas/asunalunsnageunin 1w 15U 2,3, 4 uag 5 UIH AudIey MInaaeL
f‘TUﬂae‘%‘uSaiWﬂlmussiawmmmmimaﬁﬂﬁm%ﬁ”wuﬂ 10 nss

mﬂuu‘ﬂ1msmwwaaﬂmam¢mmiwam _00T5INARM 0.05 % (wiw) Insid13n
a¥q uaginsnanoamiondiadu

3.3.3.4 fnyl pH fmnzailumsasiata

nmsnaaedlude 3.3.3.3 wuimaaﬂmaﬁﬂﬁmiﬁﬁm - 9915 INAAU 0.05 %
(wiw) vtadurugudna1sn1elu 2.6 mm Wnamsnanesafiga Suimaeansaniafiussyd
dn - 0815 1ndAY 0.05 % (wiw) W aTaUAUAALS UBAIEANNITLTY 50 ppm TaoRanasiu
Sasefl Ty pH @Wszanm 1-2) uaz T3y pH (10.05) 151195 0.5 mL €111/ luvasansiada
Saszozmafinanisildoudvesdan — ealsInaausndunududmies nsnagoufy
ARDITUDATTVOUADE pH Y anue 10 ade

mm‘%uﬁmaamin‘?ﬂﬁmsi;c?fﬁm ~ 0015 INAAN 0.05 % (w/w) NIINIINARDY

A Yy v e d
wiloudsdulnudonn
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= v v A Y
3.335 ﬁﬂmmsszqmnmnmeﬂmmmmaﬁzqmnamummwmu

ninnsnaasslude 3.3.3.3 nudmasansa9iafiuss9Ean1 — oo 15 IndAN 0.05 %

@) D)

=3

g/ 1 o o 0 @ o )
(wiw) %N'lﬂlﬁuﬂ']uﬂuﬂﬂﬁ'Nﬂ'lUiu 2.6 mm cl'ﬁﬂﬁﬂ'li‘ﬂﬂﬂﬂ\‘iﬂﬂf!ﬂ JUINDDARNTIVIANTITIYY

S — ealsInaau 0.05 % (wiw) Wnageusuaassudaszaududu 0,3, 5,7, 10, 13, 15, 17,
20,23, 25,27, 30, 33, 35, 37, 40, 43, 45, 47, 50, 60, 70, 80, 90 41AZ 100 ppm AWAIAY lAvda
aaosusaszudaza NN USRS 0.5 mL Wl lunasaasindaunazdu Jaszognmanfa
a a an ad =} =] =} ° :’ z 3
msulasudvessant - oals Indaunndvududmaes Mdrianua 10 AT
¥ '
MnTutvasans1aiafiussedant — oa 15 InAAU 0.05 %  (ww) N1HIN1TNAADS
P=% 3/ 9 1 oy « 3
wilaudsduInig1onass
- | Y] a a d’ Y a
3.3.3.6 MSNILUHABANTIDTAAABIHDTTLINDITIIUDTS
Qo Qr ] o i aa ad
Hinaeansiafavuiaduiiugudaaisnielu 2.6 mm NussyFan - eolsIndau

0.05 % (wiw) Mszysnan iy eumsmanesiildande 3.3.35

334 NINAABUANNGNABIBIIT (validation method) YBIHABANTIDIA
~ A a
33.4.1 MaassunIIiNAIIUAReIUBaTE
Winasansasianaeans9iaiussgEant - 0015 IndAN 0.05% (w/w) N1ATIVIA
a a a d o 4? =) J 9 LY
PSinanasiudasziiwisutunnmsazaouiaspuunadeon laluaae lsdnnuaugu o, 3,
v ¥
5,7, 10, 15, 20 48z 25 ppm Mud1dy Tasfanasiudasziimsondud )/ lunneansiaia
a o a4 a = = aa as P [~
153195 0.5 mL SaszezmefifamsAoudvesdan - eels Indaunndviuilummaes uay
= =3 v ad L] aa a = ' k4 ;1 o :’ 3
wSsuifsusuItuinsgiugd - Iddam/nIns W Tawns udazanuvuuiginmua 10
s |
A3
3.3.4.2 MIANHIANUNEVLNADAATIVIA
INEAISNABEININTD 3.3.4.1 MIMUIUNATANONATBUAUTIGIVDINADAATIVIA
3.3.4.3 mIasndalSinunaeiudaszlu spiked sample
vimasansietaiiusigdan - ealsIndau 0.05% (ww) Wimsdnialiuimnasiy
1 14 ¥
Saszmduaslwhdetisnnasshoianiuna Tuladwszremndudgunmismanse i
é a = L 0w < L= = d' = oy
SeUSinamaAumify 0,3, 5,7, 10, 15 uaz 20 ppm mudwy Tasianassudassiduasluh
Fr81903 080 1 lunasansain 0.5 mL Jaszezmaimanisnlfendvesdan - o s Indd
= [T = = = = v ad =y aa a a 1
wnndvndudmaes uaznSouisufuisuesgiugd - 3@domdnIns W Tawns uaaz

1 ¥ ¥ ¥
ANUT U UNA LR IR INNA 10 AT
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33.4.4 mansnialSnanasiudaszanddhniietha
Thnaeansaniafiussgdan — 015 ndau 0.05% (ww) 1asaviallsuisnasiy
Sﬁszmﬂﬁﬁﬂmfﬁaadwﬂ1.ﬂﬁsz’51m{1ﬁmﬁumﬂ1uTaﬁwsz%aumé’u%’mmwmsammzﬁa
aszhotheuwszuns uasase o uminedoma Tulads1wusnanasann Wioufioudy

a

acd =) aan o ad o @ 1 :‘ o ] Pz} a
Ftamsgugd — Iddamdn Ins T Taums FBAudred1nihnzinuunaas 5 1AAUIIUATI
52 aIUNANTID auNAld A uNfaz U LAz IURARL I UANVDIATY LLAZATIVIARADIT U
a :’ v { o @ 1 3 3
dasvdnlunsazyainualadeianun 5 A3

d' o =\
3.4 ADIHUHNNINIFIVY

a a o o .
3.4.1 madyuadl auginvimans aortunalulalwszremndniigunns

aanseie

Jd a 4 a 4 a 4 @ a1
342 quivSmsuazmiesioInmans ansIngimans aofumalulatnszien

mdudmanmsaansz
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ai =) = an d' S 9/ v aa Y
MINN 4.1 L‘lJiEJ'IJW]EJ'U“U“H']ﬂ@lgﬂ'lﬂ“lfﬁﬂ'mm5UiJ‘t]'lﬂLLﬂﬂ'U“U']'Jﬂ'lJ"Ifﬁﬂ'l‘luW']\iﬂ'liﬂ'] [150]

A YUINBYNIA (Particle Size : pm)
FamfwIeunnunaudn / 15.14
Silica Gel 40 63-200
Silica Gel 40 : 200-500
Silica Gel 60 15-40
Silica Gel 60 40-63
Silica Gel 60 <63
Silica Gel 60 . 63-100
Silica Gel 60 63-200
Silica Gel 60 extra pure 63-200
Silica Gel 60 200-500
Silica Gel 100 63-200
Silica Gel 100 ‘ 200-500
Silica Gel 60 F254 63-200

a . X da v 4
3. IRTEHNIBNANUNRIEZYHIATBIFWIHAILIATDY Autosorb
4 % % o
1o o 14910 1510A%DT U (adsorb) LazAwas (desorb) whia lu Tnsiauvasaynin
aa - & ] a 4 4 o
FANMMAS SUINLAALTIFFUAZUNTITOUYUIA 200 1T TABIATIZHAILATOL Autosorb 79
= d ' = a d a
uaaslugdii 4.6 vztuindunsmuns Ao YSinansueavesuuia luTasauuuiives
aa & - v g (% 14 a aa 3 ! 3 [
aymadan Feaziinsiaisvedavouie lulasnuuuiigan (Fud 1) duan PP Yssuin
a v LY 14 ~ an 1 S A
0.05 uazazlimsdaisoesdvone lulnsuuurivessanegvanysaliiien PP, Ui
J ' = 1=y 4 14 4 ~ 14 3 o
0.8 uazA1 P/P, 11091 0.8 fio USummisuesves uune Tulasuuuriveuia Tulasiou (Fud

Y oo o A a o o o & ' A a
2) daduiiniu A YSuramsfgesuude lulasou e PP, 110310.8 Ao YTanmms
= 7 oV a g 3 o v =]
agasunia TuIasouuuivesuna lulasou (Fuh 2) uazar PP, Uszuin 0.05-0.8 Ain M3
- o 74 a aa 4’: - A A o ¥ P 9 A 1
Arasuvoune lulasauuuiagan (Fuhn 1) Fuilehidoyan 1da1ngda 4.6 1unua1n

. ¥ ’
quMST 4.1 azenInsofIamamnunAduRavesFan 14

S=2(1\-/I"‘—N0Amx10‘2° 4.1
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[ ¥ ] H
M9 4.2 WS ousuRuAR duAT USInsgnu LazvIagNIUYDB YN IATAN AT BuI N

unavudfugan luniansdi [150]

wsilmes FammTen Silica Gel 60 Silica Gel 60
VNNV (40-63pm) (63-200pm)
Specific Surface Area (mz/g) 386.43 ~500 ~500
Mean Pore Size (A) 175 60 60

a d a é Y =
4. AATSHANNUIGNENNAUA X-ray Fluorescent

a 4 a & aa ~ a .y =
%'Iﬂﬂ'li'Jlﬂi'I&”H‘H'lﬂ31%U5f!ﬂﬁﬂlﬂﬁ°ﬁﬁﬂ1ﬂlﬂiﬂwgﬁuﬂ'lﬂllﬂﬁﬂ‘ﬁ)']'lg{'lmﬂﬂuﬂ X-ray

Fluorescent #11130¥11Snannnusgnivesdant 1dgana 99.4 % dauaaslumiiei 4.3

o sl o aa A a dy g/ a o 3 a
131NN 4.3 /o5 IFUAVDIFANNASINVHNINUARLU? Iﬂﬂjlﬂi'lzﬁﬂamﬂﬂuﬂ X-ray Fluorescent

msiamsedld ANUENTU (% : wiw)
Si0, 99.4
ALO, 0.327
Fe,0, 0.0596

¢ : .
5. Innzvimsiasulanemndin Thermal Gravimetric Analysis

a 4 o aa P
%‘lﬂNﬁﬂ'li')Lﬂi'l&’ﬂﬁ')UW]ﬂuﬂ Thermal Gravimetric Analysis ﬂlawammm?wmmmau

]
@ o

Y A o ' :’ . 1 ae v o a
dawaalugl 4.8 ssfniniminngaymie (Weight loss) Tug29gaunnidindt 150 °C iia

: & a ad 1 4 . . P dy
NNMITLNVMINT0a150UNT 052110 1A (volatile organic compound) #11uidlousin
¥ [] .
n3EUIUNSINT oY uazdpunshminigeynIv (% Weight loss) 930 11239 150 - 800 °C

Yy o
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1106

em-1

gl 49 aulnafy FTIR veseymadamiieiouninunaud

. d‘ : '4 3 q’» g » 3
7. JnneimiBnungiheilenludamdlemaiia ICP-MS
A o an A a :g 9 a < ) A n!y 9/ a

i gamiwTenduninunavinuimszinidsinasgnduitleuniemaiin ICP —

9 o P 4 ) ] a < o & @ an
Ms Idnadauanslumiaied 4.4 FaalSeufeunanisinsizisigidudeutudanmluma

9/ a o 1A A a A I=) an

Msf MnramsAaneiwyhidSinavesInfen (Na) g dissminlunszrumsmiousam
A A w det a g s w - =) ' 2 o 9
Tnaasausifinatudndamilsie ImAounalss (NaCl) uazauisousn InRounaelideon 14

a Aan : Y * o 3
Tnesihgamudederhnduiionn lumeuaas lsdmusaazaieni1d
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M1 4.4 ﬂ?mmmgﬁﬂmﬁauiuwmﬂ%mﬁm?uummmawﬁ'n Ans1zvAemaiia ICP-
MS wWSsueuiuganilunenisdi [151]
AANdu
Tawizdi Fanmluniemsd
ﬂuxﬁau %8m~?im‘%uu Silica Gel Granular Silica Gel Spherical Silica Gel
VINUAL9 Silica Gel, Silica Gel, Spherical Granular Micro
Premium Rf Standard Grade Spherical
Na 3916.3 ppm 200 ppm 0.015 % 298 nglg 530 pg/g 65 ppm
Mg 184.9 ppm 40 ppm No No No No
Al 1393.1 ppm No 0.02% No No No
Ca 720.7 ppm 180 ppm 0.1 % 90 png/g 1100 pgk 110 ppm
Cr <1.4 ppm No No No No No
Mn 20.5 ppm No No No No No
Fe <32 ppm 34 ppm 0.005 % 18 nglg 60 pg/g 4 ppm
Co 324.4 ppm No No No No No
Ni <3.5 ppm No No No No No
Cu <16 ppm No No No No No
Zn 277.0 ppm No No No No No
Sr 6.6 ppm No No No No No
Mo <0.4 ppm No No No No No
Cd <0.4 ppm No No No No No
Sn 169.1 ppm No No No No No
Ba 296.1 ppm No No No No No
Pb <6.8 ppm No No No No 1 ppm

No A9 14518911
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] b4 ]
M3 4.6 wadovaylaerhminfigywiouas % Carbon loading ¥8e¥an1-08 15 IndanTue

gainn il 1500 - 8000 °C Tavdmszvdumaiia TGA

Sovazmuindoues 1o Inamu (ewiw) | Jevarlaohminfigamy %) Carbon loading (%)
0.00 0.0000 0.0000
0.01 0.5231 0.4143
0.05 0.6067 0.4805
0.10 0.7744 0.6133
0.50 1.8259 1.4462
1.00 1.9465 1.5417
2.00 . 3.4688 27474
3.00 4.5607 3.6122
4.00 6.4339 5.0958
5.00 6.5105 5.1565

4. 3!ﬂi1$ﬁﬁzjﬁﬂﬁ%’u5’mmﬂﬁﬂ Fourier transforms infrared Spectrometry
nnanafuveseymndani-oels Inddu lnedtmsoudretreny InunmaonTus
Tudgauanslugli 4.13 18anlnnsufidigfo
. w1 O-H fia Fufause leTasiusendialanadi 3500 om”
4. 1oy O-H o lussuiulssuin 1600 cm”
A. wouMsFuYes sico-si ayluszuulizais: 1100 cm’”
R upumsduves c=Cc lumsisznevezTandneylussuilszina 1600
(A2 1400 cm’
ynannasuvesdani-ee IsIndan Mmnadufuduonmlnaiuvosdamiinion
snunaut e uoumsduves c=C egluszuulszana 1600 4Az1400 cm’ Faa1910 C=C
lulaseadrses lsundinvesee Is Indaudauanalugilii 4.13 ﬁ“amfu%mgﬂhmmimﬂﬁauaaiﬁ

nddu vueymnvesFam Id
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560

30 .

45 |

49 | %7
25 | 1637 1438

30 |

%T 25 |

20 J

15 ] 3483

10 |

5

oD 1106
45000 3(1!10 2(180 15;30 1dzu

517413 aulnadu FT-IR voedan1— oals Indaw 0.10 % (wiw)

413 Anmsasanvasain
4.1.3.1 finy3eaazmsnaouselsinaauiitanzas
ieviee 15 Inddunndeunueynmadanififesazmsmden 0.01, 0.05, 0.10, 0.50,
oaey "y o ) é
1.00 , 2.00, 3.00, 4.00 48 5.00 % (w/w) 3z ladan1 — v ls InaAuAwTadlugIN 4.14 Fasedl
Q, o [ A o Aan as Ay A 1 T
Snuazihioymadun ndwinmhdam - vels Indduniesazmamdey dne inussgldlu
F v

WaeaAsI9 AN 3 1LY udmareuiunassudaszANUdUdY 50 ppm MASoNINTITAT MY

) Q.

r=s . N . & aa - ad A v Q. . .aaa 3
wasguuaadionlalilnaslsa aan — oo s Inddunegnelunasanitnineeinjisondy

]
s A

aaesudasy Ideskaasusinea TandTuy flGimdesfauanslugiii 4.15 Fal§Aserfifatu
wamsdaaumst 2.25 Tagvasansaafafimiendud 2 vutn fe nasansaefavinaidusing
quénanenielu 1.0 uae 2.6 mm Aaaalugilfi 4.15 dmaeansanavinaduringuinme
ety 1.0 mm 1933msaseiauuniy dauvasansisavnaduruguénaanely 2.6 mm

gy [ Y a
haﬁmsmammmv@mmmﬂ
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M0 4.7 NMIANYISDEaTMIRARLDe 15 INAAUNMLIzUvIaDanI e lnenageauny

AaRIUdETEANUTUTU 50 ppm

YUIAVDY 513 fovazns AMSADA
HABAATITIA | NATOY 1AL i anmuys | Audvnuu | Audoauuanasgu
iy 159U WATF U yosrunit

(mm.i.d.) (% :wiw) (x) (sH (S) (SX)
0.01 n.a. n.a. n.a. n.a.

0.05 15.5 0.28 0.53 0.12

0.10 1.0 0.22 0.47 0.11

0.50 6.5 0.30 0.55 0.12

1.0 it 1.00 5.1 0.09 0.29 0.07
2.00 2.5 0.05 0.23 0.05

3.00 2.1 0.06 0.24 0.05

4.00 Ll 0.07 0.26 0.06

5.00 0.8 0.14 0.38 0.08

0.01 n.a. n.a. n.a. n.a.

0.05 13.1 0.08 0.28 0.06

0.10 1.1 0.08 0.28 0.06

0.50 10.1 0.04 0.20 0.05

2.6 1w 1.00 5.1 0.06 0.24 0.05
2.00 2.4 0.03 0.16 10.04

3.00 2.0 0.00 0.07 0.01

4.00 1.5 0.01 0.11 0.02

5.00 1.5 0.00 0.04 0.01

0.01 45.0 0.21 0.46 0.10

0.05 22.6 0.20 0.40 0.10

0.10 16.8 0.17 0.41 0.09

0.50 9.1 0.15 0.38 0.09

2.6 fin 1.00 5.0 0.07 0.26 0.06
2.00 4.0 0.07 0.26 0.06

3.00 3.5 0.11 0.32 0.07

4.00 2.5 0.08 0.28 0.06

5.00 2.0 0.00 0.00 0.00
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dohvasanstetavaduriugudnateniolu 1.0 uag 2.6 mm vmageuiuanssy

@

= ' (Y < o 3
amzmmﬁ’fni’fu 50 ppm Tﬂﬂmiqmmznm‘lumm'nmﬂ 10 U SIUUIHDDANTIVIAN

aa ag r d { ot 1 o o
559Fan1 - 0015 IndAU 0.01 % (ww) vz limunisifeuuilasfios drunacansiaiah

=2

aa a < a = o oS = 1 ]
U559BaN1 - 9015 INAAUN 0.05% (ww) zmumsildoundasiondvrudufimious la
Y v a an ad [~ i
FAY LY DANTIVIANUTIFAN — 90 15 INGAY 0.10 - 5.00 % (w/w) szAuM s aountlag
o o s :; é :i = dl ) dl d' :; & s
Fgaun dauaadlugun 4.15 Faszezmeinamsilasundasmnfenuinigane vasansiaia
d’ aa as o ' 4
NUsI9BaN1 - 0015 INAAW 0.10 % (wiw) Tasnaeaasrviavinaduriuguinatanmely 1.0
mm 1M1AU 11.0mm uazvasaasniavuiad@uriugudnaianislu 2.6 mm 110 1.1 mm
¥ [
AMud1eU aariuSeraznmndoves It Indauimuizand MU TS suaeans 13 3AvUIA
[} 4 - 1
duruguena1snielu 1.0 uaz 2.6 mm Taensnagouuuugy Ao 0.10 %(w/w)
4 o @ ] L4 [ a
Wethmasansivieviaduiiuguinailenieluy 2.6 mm vIadoUNUAABIUBATE
o a ) - a PR oS v oA [~ v
ANUTUTU 50 ppm TAeN1sRAA0LSIRS 0.5 mL udiaszozneiifansdsudnuiazsiui
v o Qaa ad =} o = o oS Py
H00ANI93ANUITIFANT — 09 15 INAAU 0.01 % (ww) ssimsldoundasionduiudud
1 (Y o o aa ad <
Ao ludaay azvaoans193aNUs393an1 - 0015 INAAU 0.05 5.0 % (w/w) IZIHUMS
4 a o v o da o o & 4 4 a
Wasuulasdranuawralugdn 4.15 Tagssozmeifiamsddsunlasmndenuinigano
[l v
¥aeAn31IANUITIEAN — 0015 INAAN 0.05 %(wiw) IAWNIAY 22.6 mm AetiuSooazns
At 4’ o Y a @ [l o
wdovesls IndAufimuizaudmsuniseiounavaasnavmaduriiuguinatsniolu 2.6
mm 1ABNISNATDULLURA AD 0.05 Ye(w/w)
M shAuRdsvessTeEmsinamsilasuduazievaznismaouea InTsaau 110
a ) 9 Y] a 51 1 v Y ag ] 3
M3197 4.7 wwaoans v Tansiawaaslugdi 4.16 szimudinisasaaiadaoisnisquie
9/ 1 4 9 PR at et Y v ay
yuaduruguonaentely 1.0 uag 2.6 mm Idszezmsnmsldeudilndifvsiundovazms

wieuiy uanmsasavialasiinsianassudasyidigrasansaviavuiaduriugudnats

1
P o 1

ol 2.6 mm 1Aszozmenisnldoufindogeniiitqu uazfevasninndovon Is Indaudn

0.05 % (w/w) Mszoznemsilasudgeiga

q
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M990 4.8 AsAnEISzeznaRmzaulunmsasiriavevasaniinia laenaasuny

ARDIUDATLAUITLLU 50 ppm

a1 AundesszozneiAnnsaond (mm)
nagayu Iaen1sgu [0.10 % (w/w)] naaaulnsn1sRa [0.05 % (w/w)]

(W) YUIA 1.0 (mm.id.) YUIA 2.6 (mm.i.d.) YUIA 2.6 (mm.i.d.)

1 - - 22.3

2 - - 22.4

3 . . 224

4 - - 225

5 8.0 7.7 22.5

10 1.2 1.1 -

15 11.3 11.1 -

20 11.3 1.2 -

{ o ' s 4 aa a
11NA13197 4.8 WM UNMARARTIITATNUTIITANT - 0015 INAAU 0.10 % (w/w) TUIA
1 o . a 1 1 w
Wurugudnatsniolu 1.0 uag 2.6 mm uagnadoy laeTsMsTuNLINANAINITATINIR 5 - 10
] = a 1 9 aaa v aa ad 2
wfl aaeSudaszazaseg MUfATIRUFEN - oolsIndan lUamuszseniamsduves
e q 4 a 4 ad X 4 4 4 & 4 &
msazate Hildszoemeiifanislfoudiiudusee iWenauinauw wazis A luim 10
a & g P 1 FY a = A & g [
W Fadunar imugaunsizdimdnin 5 i aaeniudullumssuniunsasiia
Q aaa s ada a a A aa A o 9 a a
aunsavhilfnsedueels Inddwnamsa land Tuudgadimvios mlnszeennnalaoudgs
[l 9 @ a A A P 9 1 o a
uazdawaldmsasrvialSumnasiugaszi ldunnnanuduess
4 ) s 4 aa as ' o
diomasansrniafiussydan — oals Infiau 0.05 % (ww) vAduAIugUINA1
el 2.6 mm umagUR AR UBaszANNNdY 50 ppm TAensRadieU3u1As 0.5 mL ud7
[ = ar =] .l A a °
Jaszoznmmslasuddlonarilumsasiada 1, 2, 3, 4 uaz 5 W wuhAaeIUBTIzIE
aaa v aa aa L) - 4 a o g
UFAseiuFan - oo Is Indau dviuiineluaa 1 i uasdomunmlumnniaiu 2,
A ' A a 1 Aag I a ¥ 3 a a o aaa g
3,4 40z 5 WIAnUIseeznaifamslfoudn lumuiutansiinaeiudaseiilgnsey
5 : ’ <
polsIndanunualasiudl dufunalunisasiviaaneiudaszdronasanaeansiaiai

U393%80 — 9015 INAAU 0.05 % (w/w) A03TMsiavg lifiamssunuanasanes v
[ 4 ] ]
FaiuditesudenNzmsounaoani1aianuss3¥an1 — 00 15 I1naaAN 0.05 % (w/w)
4

] a, = v g
v urauona1anely 2.6 mm uaznageulasiinmsiamszlaaailunisasiedasg

U

~ A Y ) w

AoUszunm 1 W vSeten msizausooumanududuldnuindiniinamsaioeis
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M19N 4.9 n3Any pH muzanlumsasiaiadsunanasiudaszanudiudu 50 ppm vos

Ma0AA293ANI U598 aN1 — 08 15 1NAAU 0.05 % (wiw)

AN anzlunmsasinia
1§ pH (sznine 1-2) 3450 pH (10.05)
Aundv (x) 16.1 2222
anuusdsu (8% 0.20 0.07
Aufleauuunsgm () 045 0.26
sufiouuunIRs g LYeIR IR (S X ) 0.10 0.06
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a s a = ) o aa an
MINN 4.10 5&’831’]1\11’1”’]@1ﬂﬁlﬂﬁﬂuﬁ‘ﬂﬂ\iﬂﬁ@ﬂﬂi?ﬂ?ﬂ‘ﬂﬂi51}“]!?1?'11 - @@I‘ﬁi‘ﬂﬁﬂu 0.05 %

(wiw) WoasrviadSuianassudaseanuidudy 0-100 ppm

AnututuveInansy anudufuresnaeiudaseiinsiniaday | szevniamiciinamsalfoud
Sersefiwsou WgIAdda adn Ins I T3
(ppm) (ppm) (mm)
0.00 0.00 0.0
3.00 2.98 1.6
5.00 5.00 3.0
7.00 7.02 4.1
10.00 10.08 5.6
13.00 13.03 6.4
15.00 15.04 8.1
17.00 17.05 9.0
20.00 20.10 10.0
23.00 23.00 11.0
25.00 24.89 11.9
27.00 27.11 13.0
30.00 30.20 14.8
33.00 32.90 15.9
35.00 35.19 17.0
37.00 36.88 18.0
40.00 39.74 19.0
43.00 43.05 20.0
45.00 45.21 20.9
47.00 4731 21.6
50.00 50.23 22.4
60.00 61.92 24.4
70.00 70.93 26.9
80.00 79.82 28.7
90.00 90.32 30.6
100.00 99.57 326
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Wethwanisnstetanaeiudaszlugrsnnududy 0 - 25 ppm 1 MIAIAILLANATS
v - a o ad 9 a a o -
senIszezneiinamslasuulasdn ldninmsnaassazsseesnsiifanisidouudasdi
9 ° =) ' . 9 @ P A L] A
Tdnnmsdmasmioniay - residual ldnadanaluaisiei 4.12 WievhumaeansiWiiieg
U ) o [ ¥ @ da
N13NILIIBYDIAT y — residual 019 MguiiNotudunnuduiufizudunssvesnsvidunss
{ [Y a T @ o d { o]
nngilii 4.21 ldnsdsuanslugiii 422 wuhenuduiufveansnngud 421 dhuduass
a a -~ [} J o [}
WUNIINGUN 422 MINT2NWy — residual ogsEUY MUY 1dFI9vRImINAvEIHaDA

A dnnaanslumsen 4.13 uazvaoaasiealidnyuzdumnslugii 4.23

M990 4.12 LAy —residual vosvapaRs Y IR lUMIRT IS Iminne uB Azt 0 - 25 ppm

anudnduvesnassudase seozmaiiianseAoud (mm) y — residual
(ppm) 1INNINARDY INASAIUIN (mm)
0.00 0.0 0.0 0.00
3.00 1.6 BRE 0.10
5.00 3.0 2.5 0.51
7.00 4.1 3.5 0.56
10.00 56 5.0 0.56
13.00 6.4 6.5 -0.14
15.00 8.1 7.5 0.57
17.00 9.0 8.5 0.49
20.00 10.0 10.0 0.04
23.00 1.0 1.5 -0.53
25.00 1.9 12.5 -0.54
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Y o

-:i o d? @ ad a
NATYUUYUAIUNADARNTIVIANUIT EJWI‘ijTLlEJ fTL‘U’ﬁfTHJﬂI‘VI‘SIﬂIﬂLEJ'VI‘ﬁJﬂ’]'IEJLmﬂﬂNﬂu

9

)

p019 i doddynieadanse zquAUFay 95 % Faaaslumisied 4.14 (t, =-2.262 9

cal
+2.262)
= = | ad @ a a A & )
91nN151) T8 UM TN NNBY0IEN15A519TARABTUBA T NIATINTUAIENDBA
v @ ad a aa a G} [ A
asdafuasumsgiugI-amiaminIng W Tawmiveanmswiduvesnnusysiu nse F -
test 1ot 1FauyATIULUDMUAEINIUDITD (one tailed test) NTZAUANMFOITU 95 % DIAMAIN
[ } 4

saszmify 9 nudrinnuulslsiuvesitairasivianaesudass s suiudaenaea

asrvtaduituaspugi-ddidamalnTns W lamni Tanuuandieduedis uidedidgmig

anARsEA AT oI 95 % Ranaaalua1T 19 4.14 (F._ <3.18)

cal
P = - S . aa o o a A a 4oy
WowSoufeun1sniudg (repeatability) 10935n15A529 ARRBT UBATE NS BNATUALY
Y
naoans193a laeiinisasieda 10 S luudazanududuluna lndifesdy szmuisofuan
@ P & N o o . . !
%RSD, 1Adsuaasluaisieh 4.15 Fuileri %RSD, w1 1uaai Taold Horwitz’s equation 12 1Aa

HORRAT fivloendn 2 maﬂummmmamu% (HORRAT,,,. <2)

1 [l 1 ] ¥
A19199 4.14 B2IANITONY t-test AL F-test V0IMIA53AUS I naoS udaseiwsouiu T

TmavansrnianlSouieuiuismaspugi-3adasn Ins I Tamwns

armududuvesnasiusaseinsouin IMmInageunuana
(ppm) FrannuFeiiu (ppm) ttest ot F-test: F_,
0 0£0.0 -1.633 0.00
3 2.9£02 -1.541 2.92
5 - 48+03 -1.255 2.97
7 6.8+0.3 -2.261 2.95
10 o 9.9+0.2 -1.363 3.12
15 15%0.3 0.096 3.12
20 19.8+0.3 -1.364 2.83
25 2474023 -1.881 2.88
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M319N 4.15  UAA9 Horwitz’s equation 4102 HORRAT iei/Seuifioy %RSD, 4830135053950

USmnneiusassinioududaonasanitnia
anudutuvesnasiudaseiwiouiu Horwitz’s equation 119 HORRAT
(ppm) %RSD, %RSD, s HORRAT 91AM3H1UIN

0 ] . ]

3 10.9 7.4 1.5
5 8.8 7.6 1.2
7 6.2 8.0 0.8
10 3.2 89 0.4
15 3.1 8.9 0.4
20 2.1 9.4 0.2
25 2.0 9.5 0.2

3 ¥
A =

WethwamsnsiadalSuiaanuduiuveinaosudaseiwsouiulasasiaind1033

8 aa o

wasgg-3dibaomdnIng I lamms (x) funasansida (y) Minaeanswmelsedua
o 3 4 3 A 1t a a o v o oW
anudwduasveans i lagunmsidunssiie y = 4.989x wazmdudsednsanduinsimiiy
' 1 ¥
0.999 daaaslugdi 4.24 udnhmwanisasrntadiuiunasiudassmdouiiulusieny
: ] ¥
Wty 0 - 25 ppm WIMIMIANULANAIs ENINYSIIRA TNt UYBInABT UBATE AT an Ay

Taunsaviaa1e35unsgiugi-dmdaan Ins T Tamwns (x) uaznasanslnia (y) oAy

U

1
I3 ]

— residual AUEAIIUA15197 4.16 uaziian lAuwaeans 1WINDANIINTZI10UDY y — residual
[ o 4 v s [y d a :; Y] a
soU9 MU iNeBuiun NudNRuTIFuduassveIns WaINg U7 4.24 9z Idnsdauaaslugdd
=1 t v @ Pai =Y o 3 a @
4.25 WMUNANNFUNUTURINTNINGUT 4.24 TanuitluduaseTunnzannsvasugas
= ) ' § ) . 1 as a
Tz 4.25 TNMINTLLUBI y - residual DYTOUY AIPUE FIMUIBANUTINITATIVIAYTN

oA A A a 4 [ o ' ' o ag ‘a4 aa a =
ﬂa@iuﬂﬁiz'ﬂlﬂiUuﬂluﬂﬂﬂﬂaﬂﬂﬂjqﬂ?ﬂ‘111LW]fWHQﬂ‘U'J'ﬁlJ'W\53"]'Ng'J—'JfTL'Uﬁﬁlﬂﬂi'ﬂiiﬂiﬂlﬂ'ﬂﬁ
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) ’ 1 b1
WowSsufsuanuiswsddimsasvanassudassiduaslutivnog19devaog

a4 aa a

A329335Rs § g I3 A0 amn Tns T TawmToinmsmifuvesnnuudsysiu Taold

AUYATIULVUMUATINIYNTD Nszaunnudeiu 95 % aamanudassmiiu 9 wudiem
] 14

anuulslsuvesdiinmsnsisianneiudassiiuasluidiededrenasansireiaduds

vaspug-Imdaan Ins T lnmsitianuuandresdueds lifived fymeadanszduany

10111 95 % AaudaslumsIen 4.17 (F_ < 3.18)

'
) Q ~

H l v t 4
ﬂ]ﬂ\‘iﬁ 417 YNA ’3'111!,51?61.1’14 t-test LAY F-test YBIMIAs10 AU unae3 wanszmnaslui

Ap614 Tawldnasansinians suieusuiBumsg -8 daanln ns T lamys

anududuvesnasIudasy sy WMInadeuneana
(ppm) Frmrmnieiiu (ppm) t-test : L, F-test: F,
0 2.9+0.2 -1.084 2.55
3 59+0.2 -1.455 3.14
5 : 79402 -1.353 1.84
7 9.9£0.2 -1.501 2.42
10 12.9 £0.2 -1.622 2.40
15 17.0£0.3 -0.271 2.86
20 22.8+0.3 -2.000 131

' ¥ ] b1
dWenlSeuoumaniudivesdinisasintanassudaseniduaslutidliesedrevana
Vv
a5293a lae1n1sasa93a 10 Frvesudazanududulunalndifosty  srauisasivaw
[ ! 4 4 o o . . 1
%RSD, ladsuaaslun1sieh 4.18 Fuliorh %RSD. 11fuIn1aeld Horwitz's equation 92 14#1

S g ' 4 1 I Y Y
HORRAT d28n1 2 maghmmmmamﬂﬂ (HORRAT,,\c <2)
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131971 4.18 LTS Horwitz’s equation LAz HORRAT ten/3ouifioy %RSD, ¥84N1571529 30

=

' ¥
UTunanasiudassiduaslutidied lnsldvasansiosa

amduduvesnaeiudase iy Horwitz’s equation 182 HORRAT
(ppm) %RSD, %RSD,, ..o HORRAT 91AMIATUIN
0 109 - 7.4 15
3 5.4 8.2 0.7
5 4.0 8.6 0.5
7 3.2 8.9 0.4
10 25 9.2 0.3
15 2.8 9.1 0.3
20 1.8 9.6 0.2

)
=)

WewamsasvtalSuimanududuvesnaeiusasziifuasluiligredalag
nsdadisituasgugi-iadaann Ins T Tawns () funasaas193a () siwaoansim
Wovszfimsanuiudunswesnsid IRaumsidunsefisy = 0.976x +2.959 uazen
Futse Ans anduiusivniasy 0.998 Aauaaaluglil 4.26 idnimanisasiefadSumaney
Saseiiiuasluidaectslugaeanudude o - 20 ppm W IMIMANUUANATIITEH IS

y =y

mmn’fn%uﬂjaaﬂaa?u%ﬁs:ﬁxﬁuaﬂuﬁywﬁmdwTﬂﬂmaﬁﬂmu?%mmgmgaﬁﬁ
WamnIns T Tawn3 (x) uazvasansissa (y) e y ~ residual fauanalua1sedi 4.19
uazmﬂ'wﬁ"lﬁ'uwmaﬂﬂswﬂgﬁa@mﬁﬂszmwm y - residual 3819 AU teduSuANTURUT
Waduassvesnsdlungili 4.26 IRnsmdauaaslugUd 427 szfudinnuduiusvesns
Tusingufl 4.26 Tanuiudunssadunsizannsmdauanslugud 427 Tmsnsinoves y -
residual 045017 fgud Famnoanuimsasnialiunasiusaseiduasuwededa

noeansaialian liuandresiu3uesgugd-3adaan Tns W Tamms
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Size (Lo) Result [n Size (Hi) Result Below
(um) (%) (um) (%)
0.05 0.00 1.32 0.00
1.32 0.00 1.60 0.00
1.60 0.04 1.95 0.05
1.95 0.21 2.38 0.25
2.38 0.56 2.90 0.81
2.90 1.16 3.53 1.97
3.53 2.07 4.30 4.04
4.30 3.28 5.24 7.31
5.24 4.71 6.39 12.03
6.39 6.24 7.78 18.27
7.78 7.53 9.48 25.80
9.48 8.51 11.55 34.31
11.55 9.05 14.08 43.36
14.08 9.15 17.15 52.51
17.15 8.93 20.90 61.45
2.90 8.47 25.46 69.92
25.46 7.83 31.01 77.75
31.01 6.91 37.79 84.66
37.79 5.67 46.03 90.33
46.03 4.21 56.09 94.54
56.09 2.72 66.33 97.27
68.33 1.49 83.26 98.75
83.26 0.65 101.44 99.40

101.44 0.21 123.59 - 99.61
123.59 0.06 150.57 99.67
150.57 0.06 183.44 99.73
183.44 0.09 223,51 99.82
22351 0.09 272.31 99.91
27231 0.07 331.77 99.98
331.77 0.02 404.21 100.00
404.21 0.00 492.47 100.00
492.47 0.00 600.00 100.00




d’ Y aan ad 9 3 &
MITNN U2 MINITIWAIVDIDYNIAFAM —Bﬂiﬁiﬂﬁﬂu AWIDERSNITIAADU 0.10 % (wW/w)

148

Size (Lo) Result In Size (Hi) Result Below
(um) (%) (pm) (%)
0.05 0.00 1.32 0.00
1.32 0.01 1.60 0.01
1.60 0.07 1.95 0.09
1.95 0.24 2.38 0.32
2.38 0.59 2.90 0.92
2.90 1.21 3.53 2,12
3.53 2.16 4.30 4.28
4.30 343 5.24 7.72
5.24 4.97 6.39 12.69
6.39 6.63 - 7.78 19.32
7.78 8.08 9.48 27.40
9.48 9.16 11.55 36.56
11.55 9.67 14.08 46.23
14.08 9.57 17.15 55.80
17.15 9.01 20.90 64.81
2.90 8.15 25.46 72.79
25.46 7.18 31.01 80.14
31.01 6.08 37.79 86.22
37.79 4.83 46.03 91.05
46.03 3.53 56.09 94.58
56.09 2.31 66.33 96.89
68.33 1.33 83.26 98.22
83.26 0.70 101.44 98.92

101.44 0.38 123.59 99.31
123.59 0.27 150.57 99.57
150.57 0.21 183.44 99.78
183.44 1.14 223.51 99.93
223.51 0.06 272.31 99.00
272.31 0.10 331.77 100.00
33177 0.00 404.21 100.00
404.21 0.00 492.47 100.00
492.47 0.00 600.00 100.00
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AENALA Fourier transforms infrared Spectrometry
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MI19A A2 MIANEITZEZNMAMNIT ANYBIMARARI 2V AT LS I §TaNT — 08 15 INAAYN 0.10 %

ww)lunsasiniadSiunassudase 50 ppm naaeL IRuN13 Y

NaeANsIIAIUIA 1.0 (mm.i.d.) NAARTIVIAVUIA 2.6 ( mm.i.d.)
TTULN ANNANR FTUTN AN ada
nm | ey | fiiens | $wouede | e | d5e fifants | $waunds | 3 | Ure
§i | Waeud | wesnrs | wdo | fow | g wWieud | weans | wde | Gon | g
737990 7139990
(W) (mm) (n) (x) (%) | (mm) (n) (x) (%)
1 79 7.5
2 7.9 7.5
3 8.0 7.5
4 8.2 7.3
5 5 79 10 8.0 7.9 7.9 8.1 10 771 75 7.6
6 7.9 8.0
7 8.4 7.9
8 8.5 7.4
9 7.8 7.6
10 7.9 7.7
1 1.0 1.0
2 10.5 11.0
3 115 11.0
4 12.0 10.5
0 | s 1.0 10 112 | 11,0 [ 110 | 115 10 1.1 | 11.0 | 11.0
6 11.0 1.5
7 1.5 10.9
8 15 1.0
9 10.5 11.0
10 1.0 11.2




M5 22 (M)
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#a9ANITITIAVUIA 1.0 (mm.i.d.)

HA9ANIINIAVUIN 2.6 ( mm.i.d.)

ITUTNN AMana FTUTNN AMNADA
nm | ada | Fidens | $naunss | g | 5y | fifans $mounds | o 3 | 15y
i wieud | wesns | mdv | Hou g | WEeud | wesms | wie | dou | g
733937 9373930
(W) (mm) (n) (x) (%) | (mm) () (x) (%)
I 1.0 1.1 ‘
2 10.9 11.0
3 1.5 1.0
4 12.0 10.9
15 5 1.0 10 113 | 110 | 111 1.5 10 1.1 | 110 | 110
6 1.1 1.6
7 115 11.0
8 116 11.0
9 10.9 11.0
10 11.0 1.2
I 11.0 1.1
2 11.2 11.0
3 11.5 11.0
4 12.0 11.2
20 5 1.0 10 13 | 1o | 112 115 10 112 [-110 | 111
6 11.2 11.6
7 1.5 11.0
8 1.6 11.0
9 11.0 1.0
10 1.0 1.2
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mInii a3 MsfinyIssuznmimuzauvenasans 1 iniiussadant - o 15 Indau 0.05 %

(wiw)lumsasavdadsuiunasiudase 50 ppm nageulasnisia

Y08ANTINIAVUIA 2.6 (mm.id.)
111 szEnuiiAa AMNNADA
ata msidond T Sy —— Aundy oy | ey
(u#) (mm) (n) (;) (%)
1 22,5
2 22.0
3 22.5
4 22,5
1 5 22,0 10 223 225 223
6 225
7 22.0
8 22.0
9 22.5
10 22.0
| 22.5
2 22.5
3 22.5
4 22.0
2 5 22.5 10 22.4 22,5 22.5
6 22.5
7 22.5
8 22.0
9 22.0
10 22.5
I 22.5
2 22.5
3 22.5
4 22.0
3 5 22.5 10 22.4 27.5 22.5
6 22.5
7 22.5°
8 22.0
9 22.5
10 22,5
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H02ANTINIAVUIA 2.6 (mm.id.)
a1 szuznaiia AMNana
afail nadoud | $mounfwesnisaieda Aundy Jutioy 5oy
(i) (mm) (n) (x) (%)
I 22.5
2 22.5
3 225
4 22,5
4 5 22.5 10 22.5 22,5 22.5
6 22.5
7 22.0
8 22.5
9 22,5
1o 22.5
| 22.5
2 22.5
3 22.5
4 22,0
5 5 225 10 225 225 25
6 22,5
7 22.5
8 22.5
9 225
10 22.5
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M31990 a4 M5l pH AuzeulumsasindadSuiaaasiudaszanududu 50 ppm ¥4

NaoAn293ANUIIFANT — 08 15 INAAU 0.05 % (wiw)

15 pH (1.79)

iy pH (10.05)

Jovay TLUENN fmnaia ssugned fmeaia
a3 ady | Wdans | $wounfe | Aunde P! 50 iians §maunfs | Aunde g | sy
wdou ] wdeud BNy AT VIR . ST wiheud BIM3 doy | g
73797A RRLRL]
(% : wiw) (mm) (n) (%) (X) (mm) () I (X)
1 16.0 22.5
2 16.0 22.5
3 16.5 22.0
4 17.0 22.5
0.05A 5 16.0 220
6 16.0 22.0
7 17.0 22,0
8 16.5 22.5
9 16.0 220
10 16.0 225
1 16.0 220
20 16.1 16.0 16.0 20 222 220 22.0
2 16.0 22.5
3 16.0 22,5
4 16.5 22,0
0.05B 5 16.0 22,0
6 " 15.5 220
7 15.0 220
8 16.0 22.0
9 16.0 22.5
10 16.0 225
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1. MIAUINAIYIINNUEBIY (confident interval :CI)

3BN1IAIUIN
A

¥ v )
99910 n < 30 32 1¥N15L0AL9v04 t lumsmiRufidiutaeldidu IR sUnfdionmun

seautiodnty Taeld x Tumsdssunae cr

d

fiszduanuiesiu (1 - 0100 % nieszauanudoty o5 % 12'ld

Cl =x+t,.—/—
5
Ay msm'Jinﬂﬂsmmﬂaasuaﬁ?ﬂmmfl’wffu ppm Glumilaw 4.1.4.1
X = 4.8
s = 0.42
n=10

14 [
M A 1

11091379 tillonundmtaeIdidu i wnfudazdne =0.025, v =9 2218 t = 2.262

438 i(2.262. %%_J

ClI
10

CI + 03
14 [ ¥
AU ADAAIIVIATINIINTI TS INURAR T UB AT E RN b 5 ppm 1Ay

4.8 + 0.3 ppm NITAUANUHDINU 95 %
2. MINATOUVTUNAFIUGA I t — test (paired ¢ — test)
25MIRIUIN
A 1 v o [y [ a oS oA =]
esnnlunisnanesazldmasaasindadmsuasiadadSuimnasiudasuassoy
nn a & y t ] a v @ dao
WoufuITuasgugi-IddaadnTns I a3 dedoyaves 2 nquiiedisiinnuduiussy
A wan1sAsIeIaded19@eIfuIN 2 35 Assaunnududunatosedui lundagn S04
paired t — test JUAITNATOU

U MInsindsnunasudasanududy 5 ppm Turaded 4.1.4.1

AUUATIU
&
Hy @ Hp = 0 we Hy, = W, - W,
H : H, # 0
Angaved t issRuilod iy WO05UAEV=10-1 = 9 HMTUTUNATIUTDING AO

tc:n't. = ﬂ:t()_()zs '= +2.262

n1saaaule



valfiers Hy e t 1 lAannsduan ) SAmnnndi +2.262 wievoundt — 2.262

IBNITAIUIUAT t

Fnsesivia
UGERE gi-3ddomning D D-T D - D)?
57999 T Touuns
(ppm) (ppm)
5 478 0.22 0.41 0.17
5 5.00 0.00 0.19 0.04
4 5.00 -1.00 -0.81 0.66
5 477 0.23 0.42 0.18
5 471 0.29 0.48 0.23
4 4.98 -0.98 -0.79 0.62
5 5.36 -0.36 -0.17 0.03
5 533 -0.33 -0.14 0.02
5 476 0.24 0.43 0.18
5 5.24 -0.24 -0.05 0.00
> D =-193 (Y (D-D)? = 2.13
52D
n
-1.93
10
=-0.193
/(D - D)’
S = 4f——F—
n-1
3 2.13
V1o -1
= 0.486
o D = anuuendesenInilSuanaoiudaseinginiadnenasansiaiasy
Wuwsgwg-Iddamn Ins I Taums
D = fumdsresnnuuenaeszninlSinanassudaseinsniadierasansiaia

=}

AIBnasugI-IfdamnIng I Tawms
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s = aAndeaununnsguvenNNIAnA1TEINYSinanas U ase finsiesadae

v @ ad o aa a =
HapAnIINIANLITUIATIINgI-ITHamln Ing Tv Tamns

agl o, (- 1.255) TAreyTugaaves t (> -2.262 uag < +2.262)

A\

] k4
Auitasivianasiudasziiaiouiudrenasansiedaduitiasgugi-3a

3 '
ar aaa s =

WiamdnIns I lawmiianuuandrsiueds lifihfoddameadafissaunnuaesiv 95 %
3. MINAXDUANNAFIUAI F — test

BNIAILIN

v v ¥
NAABUANNNYIUDIITAT v TAnaeS uBase S oududlovanansia3anyss

a4 aa

wasgugI-admdaminIns I Tawns

Y

1 MInsIndadSinunassudaseanuidudu s ppm Tuaded 4.1.4.1
AUUATIY
2 2
H, : S, =32
2 2
H, : Sl >32
we s = anwlsdimvesmsasiadievasaniiaia

= 0.178

sz = anuudsdsuvesmsanyiadisitumas grugi-Ifidamn Ins W lnwms
= 0.060

o Ly

A1Ingaues F nszautedify 0.05uaz vV, = 10-1= 9, V,=10-1= 9 dwiu

L)

ANVATIUNIAATIN YN AD

crit.

F,n9unile =  Fy, = 3.18
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nsaaauls

wilfiars H,iie F 1 ldanmsduan (F_) TAwnnandt 3.18

cal

MU F

= 297

asl  F,, (297)fawdesnn F_, (3.18)
L ,

¥
5] 4

AaUANMUNEIYe9IT IR TaRasS uda s s MaS suTuRIevannns 1 Safuss

a @ a

nasgug-Itidamiln ns I lans danuuandrsiueds iitodfanisadafszquau
15011 95 %
4. MIMUINUAT %RSD, lnelsziiiuge Horwitz’s equation 0z HORRAT
I5NIIRIUIN
W MIasadadsuimnasiudaseanududy s ppm lusiadon 4.1.4.1
] b4 14
as1vdanaeIudsEnIsuTuAIEnanansIRILiin1TATIda 10 S1luudazady
Yy 9 Y = as o LY dw
Wuduluna lndifesnu sruaudail

- MIIAIUIN %RSD,

S
r pu—

% RSD =(
X

J x 100
1o s=0.42

X = 4.80

% RSD r=[2':(2))x100

=8.8%
- IR expected %RSD, 910 Horwitz’s equation
expected %RSD, =0.66 x 2 x C*"*”
1 C=xx10""=4.80 x10 -5
-0.1505

expected %RSD, =0.66 x2x (4.80 x 10 ")
=7.6%
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- MIAUINATHORRAT
HORRAT = % RSD ,
% RSD expected
8.8
7.6
=12

o & ) 4 - o '
Aeur1 HORRAT Yioen1 2 dseylunaaiiioensu1d (HORRAT, . <2) a3i51n27w
Mewp9I5MIsnIialSuanneiudasealonasansinTaseusyid

5. MIMUINFBBALMIIAUNEY (% recovery)
] 14 ]
U M3asanIalTinunneiudasynianlwihdiedesnnududu s ppm luwaded

4.14.2
% Recovery = [C,(;_Cz] x 100
3

C, = anudnduvesnneiudaszndsnnfifunaoiudass = 7.9 ppm
Yy 3 oo 3/ :‘ Y v = ' a a a
ANUUNTUVDINRDT UDATEANA W TWAI0 19N luRunaes ud sy = 2.959 ppm

Yy 9 a4 a A a :‘
ﬂ'Nlll‘llll“llu‘l]@ﬁﬂﬁﬂﬁuﬂﬁiz‘ﬂmuiu‘lﬂ = 5.00 ppm

% Recovery = [wj x 100

5.00
=98.8%

[ 3 ) a 1Y = A a 1 P!

muummuuwma'ﬁmsmamﬂﬂimmﬂa@suaﬁszﬁ’wwaaﬂmnagﬂummmm

YONTU (% recovery ,, = 80 84110 %)
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Funasuiling
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go1uNng

3z 3am s
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Qo =2
UTYUANE

AT NN IZAY

Yszaumsaimaiinu
W.f1. 2543
W.f1.2544-2546
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NUMSIden Ay
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UNAIOTURY QUIAT
8 NUATWHT 2521

dunevupInen 19 iadouda

MU.aH) T Ivuainsey aueIneeanas
VINOGENA 11 1a85 1909 aNADINN .6, 2544
TsaSoudondninurdy w.a. 2540
Frnglunsidnseediolinserdnni 18ud GC-MS, FT-IR, UV-

Visible spectrophotometer, AAS, Particle size analyzer , TGA 1182 HPLC
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