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ABSTRACT

The objective of this study is comparision of methodologies for lead (II) analysis by
using conventional UV - Visible spectrophotometric and developed flow injection analysis (FIA)
method. This FIA method has higher sensitivity, accuracy, precision than conventional method
including uses an inexpensive instrument and less volume of sample. The mixture solution of
diphenylthiocarbazone (dithizone), sodium dodecyl sulfate (SDS) and sulfuric acid (H,SO,) were
reacted with Pb (IT), resulting in an intense blue complex with suitable maximum absorption at
wavelength 500 nm. The mixture was used to optimize and compare with a standard method.

The standard curve of UV - visible spectrophotometric method was done in the
concentration range of 2.0 — 15.0 pg ml" and the correlation coefficient was 0.9985. The suitable
solvent for dithizone is 75 % ethanol. The appropriate ratio of mixture between Dithizone: SDS:
H,SO, was 1: 5: 3. The optimal concentration of each solutions in the mixture was 0.0025 % (w/ v),
0.8 and 0.75 mol 1_1, respectively. The mixing order of these solutions were dithizone, sulfuric and
sodium dodecyl sulfate, respectively. The detection limit and the quantification limit were 0.39 and
1.30 pg ml’, respectively. The percentage recovery of Pb (II) was found in the range of 97.00 —
110.50 %.

The flow injection analysis method, the measuring wavelength was 500 nm. The standard
curve was done in concentration range of 1.0 — 12.0 pg ml" and the correlation coefficient was
0.9981. The optimal concentration of sulfuric acid, sodium dodecyl sulfate and diphenyl-
thiocarbazone were 0.75, 0.4 mol 1" and 0.0025 % (w/v), respectively. The optimal reaction coil
length of MC 1 and MC 2 were 100 and 150 cm, respectively. The flow rate of sulfuric acid,
sodium dodecyl sulfate and diphenylthiocarbazone were 2.0, 2.0 and 1.5 ml min_l, respectively.
The appropriate sample volume was 150 pl. The detection limit and the quantification limit were
0.027 and 0.090 pg ml". The percentage recovery of Pb (II) was found in the rang of 97.25 —
106.00 %. There was no interference effects from traditional ions. This methods was compared
with the standard method for analysis of Pb (II) by using all optimal parameters. It had shown no
significant difference at the 95% confidence. From the results, we could concluded that the
developed FIA method has an efficiency method for Pb (IT) analysis.

Keywords : Flow Injection Analysis, Lead, Dithizone
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Parameter Studied Range Studied Optimum Level
Wavelength (nm) 200-700 500
Mole Ratio (Dithizone: SDS: H,SO,) 1:5:1, 3:5:1, 5:5:1, 1:5:5, 1:3:1, 1:5:3
1:7:1, 1:5:3
SDS Concentration (mol 1_1) 0.1,0.2,0.4,0.6, 0.8, 1.0 0.8
Dithizone Concentration (%w/v) 0.00125, 0.0025, 0.005, 0.01, 0.02  0.0025
H,S0, Concentration (mol 1) 0.5,0.75, 1.0, 1.25, 1.5 0.75
Ethanol (%v/v) 60, 65, 70, 75, 80, 85,90,95,100 75
Mixing Order D:S:H, S:H:D, H:D:S, D:H:S, D:H:S
H:S:D, S:D:H (Dithizone: H,SO,: SDS)
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Analytical Characteristics Founded

Linear Equation y=0.0077x —0.0013
Slope 0.0077

Correlation coefficient : 7 0.9985

Linear Ranges (ug ml") 2-15

LOD (ugml’) 0.39

LOQ (ugml’) 1.30
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Parameter Studied Range Studied Optimum Level
Wavelength (nm) 200 - 700 500
H,SO, Concentration (mol 1_]) 0.125, 0.25,0.5,0.75,1.0, 1.25, 1.5 0.75
SDS Concentration (mol 1) 0.05,0.1,0.2,0.4,0.6,0.8 0.4
Dithizone Concentration (%ow/v) 0.000625, 0.00125, 0.0025, 0.005,  0.0025
0.01
H,S0, Flow Rate (mlmin") 1.0, 1.5,2.0,2.5,3.0 2.0
SDS Flow Rate (ml min") 1.0,1.5,2.0,2.5,3.0 2.0
Dithizone Flow Rate (ml min ) 1.0, 1.5,2.0,2.5,3.0 1.5
Mixing Coil [1] (cm) 50, 100, 150, 200, 250 100
[Pb(II) + H,SO, + SDS ]
Mixing Coil [II] (cm) 50, 100, 150, 200, 250 150
[Pb(II) + H,SO,+ SDS + Dithizone]
Injection Volume (ul) 50, 100, 150, 200, 250 150
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Analytical Characteristics Founded

Linear Equation y =127.96x — 69.935
Slope 127.96

Correlation coefficient : 1 0.9981

Linear Ranges (ug ml") 1-12

LOD (ugml’) 0.027

LOQ (ugml") 0.090
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PoINANGIATIEHIZTADIUNNHLRWIZAI wazlumsinserdsualane laqezaod
4 1 o [ a 4 a ns/} [
naoANt3en31 Hollow Cathod Lamp (HCL) d@n5UMIIUATIEH lavisyHatiue (autaasly

§ I~ A 1 [ a J a [ [
s 1.2) JudlumsmiumldiielumsimszdliumTanzasnan
A4 v o a ¢ |a & & o
MNMINUNIUITIUNTIUNMNIVBINUMIT AT YT Tavzdwidlon  F957199
a 7 a o qa/’ 1 = Aav [ Ada
msdazilsnalanzaznd  dunun luisenumsiselussduunnmaninssieau
~ [ Yasa d a o 9 a a o = A FIR [
nenumsl¥Isuaszilsna Tanzaziidremaia Inasunaruezn lada  nl¥swnuy

=X A

MsnaesUsenouFideusenineasazaiefled1auas 1,5 Diphenylthiocarbazone 43

ANuaulanziauITNsasIMIalsuia larizasn Tagnslgmatia Tiadu-
o = = [ d' = [ 1 aAa L

navuezu lada HAZUANUAAN I NHNANUANYIAINA1IVAINITOAIANUN 11NT TS
Y] aly Y

FEAUUIUA b

vsnalar v

§1Jﬁ 1.1 1A584 Atomic Absorption Spectrophotometer 01FIANMTINADTAOND T

=

= ' ) ax
“lNEﬂwJﬂ"li’1)‘ﬂL‘IIﬁ'JIl‘l/\l33ﬂ??ﬂﬂW%ﬂ%LWﬂﬁHllﬁ%ﬂWﬂ?ﬂ

(M : @:ﬁam?m Atomic Absorption Spectrophotometer U8d VARIAN s:u SpectrAA 220)



Yiaoa Hollow
Cathode Lamp i
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- = N udmsums
a d o Y
Wnsien wlvda
4918113

a L4
WUNTICH

]
A

4 {o & @
517 1.2 19599 Atomic Absorption Spectrophotometer ~ NiuiluAvslivasalindeaiu
A o a =) [ ~ o a P o YA 9 ~

nhnnnTanesiamernusigihimsinszidgaihiialdnengs

(N : fjﬁam?m Atomic Absorption Spectrophotometer U9 VARIAN i: U SpectrAA 220)

a L4 @ 1 a a o . . . I A
M5 AATITHEITA0819 Tagmatia INad A%y (Flow Injection Analysis) 111735
a 4 o 1 9 o (] ] o dy a )
NIAATIEUAITAIDYIN AWHANNITDY NN AU TuszuyTaduwansuazlsznev 'l
v v
aeduilsznouaie awaaalugdi (1.3, 1.4) dail
. a 4 k) v o
Ruzicka (1981,1988) ttag Fang (1993) szpumsunsizvazilsznenlidre  asdi
. A = o 9 1 a s Y S <
(Carrier) 1508131AN (Reagent) ; R %zgﬂu1Lm1qizuumi’mﬁwmﬂﬂu (Pump) yuIALAN

o

A P o A Ay < A 3 '
‘V]Lmuﬂ’Jﬂﬁmm}ﬁﬂﬂmﬁmﬁﬂwwuw1ﬂlu1ﬂmﬂ ﬂﬁ1il1iﬂﬂ3‘ljﬂﬂﬂ31llli’J‘U’E]\iﬁ'liﬁgfﬂﬂﬂg

[

Y
1u%290.5-10.0 mlmin"  MIndumsAede ;s  aggnladnluluszuuuaziilfase

=h.

[

M AN UA15AN (Carrier) 3015103 (Reagent) ; R Hazazgnas I Iadaaan
[ Aaaa A o v Y o [
mzaunulfnTiaesaia ; FC s lddyanmeeninlugilues FI-Gram aaaaslu

v 1 4 [
U (13)  Fenwugansenuildiavesdyanuzulsiulasasatuanududuvesas

Farzamnsniin sy Tesd lumsinlsunaimaed 1@
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gﬂﬁ 1.3 @52noUe19aeV09T2 UL Flow Injection Analysis
(a) @131 (Carrier) 13081540 (Reagent) ; R @15020819 ; S #2753339 ; FC
miﬁquﬂmﬁmswﬁ; w
(b) FI-Gram 711g0nms3nsiey

(17]111 : Ruzicka, J. and Hansen,E.H. 1981. Flow Injection Analysis, John Wiley & Son, New York.)

1:Pump,; 2: Injector; 3:Reagent; 4: Detector; 5 :Recorder; 6 :Waste
(ﬁm : IA399310 A School of Chemistry, The University of Hull, Hull, UK.

1 d' ya o = ao @ [ U
JEUINNKIY ll‘]JﬂﬂHTJﬂEJ M ADIUUANNA)
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51U 1.5 gasTassadeveslalsTau

I~ < [l o ] g/ 1 4
Ta'ls Tyudluveaddiiea liazaieii uaazate 18 luwen Tuiis aas Isvosutas
4 4 Y s A d' a 9 1
MIVDUANTZAAD 158 laenTazaedae 1109910 19 15 Tsuuaz a3 Useno UBIFouTEHIN
A ' = v Yo o ' H
Ta'ls Touuaz Tangnauleaz iazarei 39dealddrviazareluamsnanszminai
o 1 a 9 [ Yy [ 9 =~
weaneded WuNasUsrreuFetouvedlals Taunulanze: Iiaaaadu lavared
[ ] (=t 1 -4 (% a v o 1 a v A
AI0E1UFUTINAD 1A 130129 VUNUFHAvedTane didre1alumsdnTzridansanaiuy

Wunsa-aramiiu s alimsiszneudedousad la'ls Toudnasouwsuy

(http://www.chemindustry.com/chemicals/239610.html)

s 1.6 gaslaseadrsveslmfeonTadgadamla

U

Y

TaReyTaagadamaigas Iuana CH,(CH,),,0S0,Na  11iminogaa N

= 3 = A A A A ' <3| 1

288.38 yananuIal 204 — 207 odrwaiFed  Hluasduvseasulinauseuiuais 1l
52 9na91nM3111J{A5e1904 Fatty alcohol 11 Ethylene oxide 141g319maTasnsviiely s

v W a v Aaa 9 3 o W a I R =K a
AUREAN1NAIYIS U1 unans ”lmﬂumimﬂaﬂummamm Lﬂu@ﬁ%iﬂiuﬂﬁﬁﬂuiﬂ@]ﬂﬁn

v
(% o w

9
wu lumswannlugdfadulfdudiilhihsoihdusadhiu g

(http://en.wikipedia.org/wiki/Sodium_dodecyl_sulfate)
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= = a A Y AanA o 42’ =1 ~ v as
2) nfseumeuilszansnm uazanugndodve s NWAINIUTeUNEUNUIT
WNTFIU
ga a P Y o 42’ YY) 1 ~
3) 14355 UATILHN IARANTUNAT VA UA DI NI AN
1.4 VBUIVANISIAY
Q N . . . o o a J 1A o 1
MMINAUITZUY Flow Injection Analysis  @19SUMsAATIEHUTIMAzN Y 15U ag
v Y
@ o aaa o . . a o (4
91eN3911 50100 1,5-Diphenylthiocarbazone ttazvz ldnadouiniauiulaelszynd

v W l { ' @ [l g’ @ ' v W J a [
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Y
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A v ada d o 1
NHRUETUNUIFTAUATIEUAINAT
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UNN 2

o a

MUY

¢ A A a
2.1 giunsainsesienazasnil

2.1.1

2.1.2

qUn3ai - inSesile

1) UV-Visible Spectrophotometer, Shimadzu®, UV-1700 ; Japan
Software UV Prove version 2.0 Shimadzu®; Japan

2) Peristaltic Pump, Eyela®, MP3 ; Japan

3) Sample Injection Port, Upchurch Scientiﬁc®, V450 ; USA

4) Detection system, Thermo Separation TSP®, UVv2000 ; USA

5) Recorder, Kipp & Zonen®, DB50 ; The Netherland

6) Silicon Tubling ( 1.15 mm i.d. x 3.2 mm o.d.) Eyela®; Japan

®
7) PTFE Tubling (0.8 mm i.d.) Upchurch ~; USA

a3adl

1) f1301033 mmﬁ" 7 (Pb (II); BDH Spectrosol; England)

2) N3 ﬂ‘fﬁ‘k}!?ﬂ (H,SO,; Lab Scan; Ireland)

3) Tadenlaadadame (Sodium dodecyl sulfate; C,,H,,080,Na; SDS; AJAX
Finechem; Australia)

4) lolmoNauoanoaod (Iso-Amyl alcohol; (CH,),CHCH,CH,OH; AJAX
Finechem; Australia)

5) Ta'ls T (Dithizone; C HINHNHCSN=NC H,; Merck; Germany)

6775

6) 85149a (Ethanol; EtOH; Merck; Germany)

2.2 My

221

MsAsaNaITazae
1) MINSeNATaZa1eALNI Pb (I1) NFINANUYUTUA1LY

a M A Y Y 1 o A
m'iﬁli]ﬁﬂﬂﬁ’]ﬁﬁgﬁﬁliﬂﬁﬁ:@'lu@gﬂ? Pb (H) NnuANUVNYY 1000 pg ml ‘L!'lhl‘l]lﬁ]ﬂ

v '
nalF ldanudutu 2, 4, 6, 8, 10, 12 waz 15 pg ml' aremsdsulsuasarerindy

1517910 looou
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2). wssuansaza1elals Tou (Dithizone) NANAUTUA1IY
°'J . . 0’-" [ a Y
¥ala'lslau (Dithizone) 11 0.1 g NANUazaenazlsvlsunsale 75 %
ensuea UsuilSuasauasy 100 ml a2 ldasazarelals Tyunanuduiu 0.1 % (wiv)
9
nmiuimsRedeasazaislals Tauld ldanududy 0.00125, 0.0025, 0.005, 0.01 wHay
0.02 % (w/v) Tasmsthlaesazatela’ls Taunanududy 0.1 % (w/ v) 11 1.25, 2.5, 5.0,
Y
10.0 az 20.0 ml MUY 3MTUUTVYTINATIUATY 100 ml #3875 % BN I1ULA
3) wsendIsazate lyaen laagadaa (Sodium dodecyl sulfate , SDS) A1
Yy 9 '
WUTUA)
' Y 1
FalmdeuTaadadama (SDS) 11 144 A5H azansuazdlsuisuasdeiinduy
517910 Topauauasy 500 ml a2 ldmsazars Tsdey Taagadama NaNududy 1.0 mol 1
Y
Mmiuiimsdeveasazas Isasy ladgadamali laanududu 0.1, 0.2, 0.4, 0.6 uaz 0.8
-1 af = S A -9 o 5
mol I Tasmstlulaaisazarelmaen laagagamla u1 10, 20, 40, 60 uaz 80 ml AINEIAL
09/' Y] a 9 g’ o
1MIuISVYTINATINATY 100 mI drerinauilsieenlessu
= [ a d' Yy 9 1
4) 193uIaTa1enIAYaYIn (H,S0,) NANUATNTUAINE)
mseuINAIsazatenIadaysnaNudNdu 2.0 mol 1" dremsthlansadalsn
Y v [
WRYu 1128 ml hwlsuilsuesaieindunysieenlessuauiil/sues 1000 ml
Mimsthlamsazarensadaysmdudu 2 mol I' w1 25, 37.5, 50, 62.5 1ag 75 ml AUAIAY
k4 v '
nniulsudsuasdeiinaudsieninlesousunsy 100 ml vz lansadasndudu 0.25,
0.50,0.75, 1.0 1ag 1.25 mol 1"
5) @seuETazaeeNTIUea (Ethanol) NANUALTY 100, 95, 90, 85, 80, 75, 70
Haz 65 % (viv)  lasmstnleansazaigiensineannnuaudu 100 % 11 95, 90, 85, 80, 75,
v 9 v
70 1Az 65 ml Uy MnuYTVISIRIdeinduilsanlessy auaTy 100 ml
6) 1938UETAZAUUNTINBA (Methanol) NANWALTY 100, 95, 90, 85, 80, 75, 70
waz 65 % (viv) Iasmstnlasnsazatsmmsiueananududy 100 % w1 95, 90, 85, 80, 75,

Y Y v
70 1Az 65 ml MudwuNMTULTUUTIaIdeindulsiain lesou auATY 100 mi
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¢ o
23 AwmsimnzridSinaesidedsaalnsIilnums
= o 4 ' A A =
1) fNH spectrum YOIATIATTIUALAD Pb (II) 1HOAAINITAANAUAAULEIN
FI9AWEIAGY 200 - 700 nm  TagmsrharsazalenasgIuazng Pb (1) Nidudu 4, 6 uag
-1 [ 1 = A A A A
g ug ml” 1)IaAinmsganauuaangenueInan 200 - 700 nm MIANVEIAAURHIIZL
a 4 a q'.; A, aa a
Tumsdmsizinmlsnalangaznn Taeldatgiiadamla Ins Il Inwes
= A o ' ~ 7o o A L
2) Anyimanlasunilasdasdiuvedienuaia 3 @3 Ao Dithizone: SDS:

=2 ~ @ 1 =2 = o v A cr’::
HZSO4 ﬂﬁﬁﬂ]&ﬂﬂﬁl‘ﬂﬁﬂut!ﬂﬁﬂﬂ@iiﬁjuﬂlﬂﬂﬂﬁﬂ’diﬂﬂElﬂ'liﬁﬂ]eﬂi]gliENEI'I@]‘]J?L@H]HGWN3

Y
v A A .

77 @4l Ao Dithizone: SDS: H,SO, AUUMNI/ToumsudnsadIuaudnsain
aenp lUTl Ao 1:5:1,3:5:1,5:5: 1, 1:3: 1, 1: 7: 1, 1: 5: 3 waz 1: 5: 5 ewday ansazaned

=Y

1@ limsaneTagdseiIdtamaing I Tnwes

{ =~ 4 3 o a,
3) Anyimsnlasuuilasnnudutuuedsionuan 3§ TaedsanlaIns 1dIn-
wa3 TasmsthasacaieiasgiuaznIPb (1) Ndutu 2,4, 6,8, 10, 12 uag 15 pg ml’
ilifaamsqanaunaslaoisginadamiaIng Tn Tnwa3
3.1 msanwimanlasuulasanudutuvesasazarslals Ty (Dithizone)
AANWANTY 0.00125, 0.0025, 0.005, 0.0148% 0.02 % (w/v) MV Wa1sazarehn ldan
Y
msanuil liia Taedsg i @daan)a Ins TW Inwas
= A Yy 9 a aa o
32 msaawmsasuudasanudutuvesansazaie lsaen Taagagama
A Yy v -1 o o o A o =
(SDS) NANMAUTYU 0.2, 0.4, 0.6, 0.8 taz1.0 mol I auddy  1hensazaren liimsdnmn

ad Aaa

TagdsgdaalaIng Tu Inmag
= A Y v v (A A
3.3 msanmsnlasumlasnnudutuvesmsazaiensadalsn (H,80,) 0
9 9 -1 o w 0 = o =
ANUITNTY 0.5,0.75, 1.0, 1.25 waz 1.50 mol 1" mwday harsazateh llihmsdnulag
sy ddamlaIng Tu Tnwag
= ' v o A 4 =
4) ANYIANVUANANIZTHINAIMazBleNT oA I/eTIFudAle NS IMeaN
o q 9 = vy 9 = Y
awnsai i lalslavazas wasulasnnududuvesasazarsensiueananududy
100, 95, 90, 85, 80, 75, 70 LLa 65 %
= 1 ' @ o A J J A
5) ANYIANVLANANITHINAINAzMBINIIUa e oS uAIMEILeaN
0 Q¥ A Y Y A Y 9
annsai i lalsTeuazars wasulasanududuvesansazarswmsieananududu
100, 95, 90, 85, 80, 75, 70 UaL 65 %
= A o w ~ o’z o A .
6) aAnumInjasulasdrdulumsnanienudie 3 @ Ao Dithizone: SDS:

=1

I Y
1,50, dwunlFlumsnaniiaell Ao D:S:H, H:S:D, S:H:D, S:D:H, H:D:S uag D:H:S
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A

o 0 Ay ¥ o w dy o ==
AU mmiasm&‘n%mm1ﬂ°1flum’mﬁmullﬂmmﬁﬁﬂyﬂﬂm

a

sgdmdaanialng Tn-
a3

7) AnIns AT ILYeIMTINATTIUAETI Pb (D Taeld3E aulaTng Tnlin-
wa3 Taemsthasazaomasgunes Pb () My 2, 4, 6,8, 10, 12 18 15 pg ml"

ANAINL

24 FemomnzilinanzidiediWesueniuezinlada

1) ©eAUUY manifolds fimunzaudmiumsinszrlSuaag i

2) Anmnsnldeuasanudutuvesdionudig 3 & Taois Tladunat-
pxunlada Tasmsthazia Pb () ianududi 1,2, 4,6, 8, 10 uaz 12 pg mi" 15amns

A d‘ 4' ya a 0'1 = o 1A o w
AANAULTINANNYNINAY 500 nm Iﬂﬂi%?ﬁiﬂﬁﬂulfﬂﬂ%uﬂguﬂa%’ﬁ ATUHIUATIUAIINA

[
o

a 4 1 o w a J (Aa
AEAVOINITNATIZH (LOD) tazamiadliauemsins izl (LoQ)
2.1 msanemanlasunlasanududuvesmsazais la'ls Tau(Dithizone) N
ANUTUTU 0.000625, 0.00125, 0.0025, 0.005 LAz 0.01 % (w/v) MNSIAL
= A Yy 9 v (A A
2.2 msfnmmsnfasun)asanuduiuvesasazaensagain (H,80,) 7
ANNAUTY 0.125, 0.25, 0.5, 0.75, 1.0, 1.25 11z 1.50 mol 1" audey
= A ) a aa o
23 msanwmsalasuudasanuduvuvesmsazats Tsney Taagadame
(SDS) NANUTUDY 0.05, 0.1, 0.2, 0.4, 0.6 1182 0.8 mol I audIaY
= ~ [ =l :(3 @
3) Annsnlasunasnsims va (Flow rate) UDITLDAUANN 3 911
3.1 msanyimMsnasuuilaisaiinslia (Flow rate) yasazans'la’ls Tay
(dithizone) Tasldons1lumslva 1.0,1.5,2.0,2.5 482 3.0 ml min’
= d' (% [
3.2 msAnpmslasunilasdasinslva (Flow rate) vosasazarensaday-
30 (1,80, Tagl¥dasrlumsva 1.0, 1.5,2.0,2.5 uag 3.0 ml min"
= d‘ [ =
3.3 maanyMlasunasniims lva (Flow rate)  vosasazars Ta@e
Taagagama (sDS) Tagl¥oasrlumslva 1.0, 1.5, 2.0, 2.5 ag 3.0 ml min”
= d' 1 - .
4) Anymslasuudasanuenenguaisazale (Mixing coil)
msAnmMIasuasanuennenauasazats (Mixing coil) AN
50, 100, 150, 200 ttag 250 cm
5) Anwmaasuudasvinalsuasvesmsdiesanly
msaneIMsasuulasvinalinasvosansatednanly a1l luszuun

151105 50, 100, 150, 200 1A 250 pl
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25 Yszindsinadwanvuezinlada (Validation)
1) ANUUUUE (Precision)

Tagmsihensazatewasgiu Pb (N Tl iamimsganaunauuasianuenay

500nm vz ldamimsganauaauuaslumitenugevesdaynal (Peak Height)
Y ]
Mmsiadidiedeansazate Po () AUty 1,2, 4, 6, 8, 10 uag 12
-1 [ Y 9 o Y] " @ o 091 3 o 1 Ay Y o
ngml' Tasuaazanududuaziimsiamdyanalaenmsiid 5 ase han1a lddwom
1 S I o a 4 9 [
ANTIFUANITUAT ISRV VIO UN A (Percentage of Recovery)
I 9 a L4 . .
2) AN dUATIVEINIAATIZH (Linearity)

W3 BuAITazaIensni Pb (1) THraanudndu 1 - 12 pg ml’ 1 ldruszuy
TWaduasuozulada wauduasazaensadalsn msazarelwdoy Tadgadamaas
msazatelalslau  shldiasimsganauaduuasinnuenaay 500 nom  imstuiin
daana FI-Gram Mmsannsaumaduasid1msunimunigiuazng

a 4 a ™

3) MIANYI Repeatability Y945 3tATIZHNUTMMAZN I (11)

o 1 - o a 4

A3 ONENTAZABUIATIIUAZAINANMTUTY 4 1az8 pg mI HIMTUATIEH

a M o QBJJ o Y A Y o ) an
Ysmumsazaremasgiuazna () 1 12 a59 uazihdoyain 1d ldmssrunaneada

4) MIANYINTTUAIUVDIAITUNIU (Interferences)

3 a 9 a 4 A = A A

Wumsaylosewdnllumsdaszy  wednwasunILvedlovoumy

1 1 a 4 ] { 1
W'l linasemsimserivselu leeoundnunldun Ae Mn™, Mg™, Ca™, As”, He', Zn™,
sn”, Al waz cu’ awdey  msane lduamawseuaisunigiuazia Po (1N 1w
Yy 9 -1 3 Aa o 1 o a L4 = =} [ Ao 9
Wt 4 pg ml MINMWANAITUNIUANYG  imsaasizruazlseuieudyaiiala
Tunsdin hifineziiTosousuniueglumsazaomasgiuazna
5) m3iaAi00131ae33 Iaduwatuez i ladanlSeueunuituiasgu
TaemsnimswssuaNUTUTUVIETazaedIpeazAd Pb (I NS
= dgl 9 a A ~ F ) 1 09.:’ o o @ a o A A
wsenduludestfianmsnanududuang  amiwhlldmsianmlsnanznilaeish
Warnau ae 33 IWladunatuszunlada  nlSsumeuiuiTozaouiiausuyeusuanlaIng-

T Tnwas
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UNN 3

NamMIANH

3.1 : momneHlSnanzigedsadalnslinuas

(Y] [ J
wamsﬁn‘mmﬂﬂmummmsmmgmﬂzmlngmmuﬂ 1,5-Diphenylthiocarbazone

: Surfactant : Carrier

0.120

Abs.

0.000

200 300 400 500 600 700 nm.

d' [ M A 9 U A 4‘ A 4‘
31]7] 3.1 ﬁlﬂﬂ@]ill"ll’f]ﬂﬁTﬁJWﬁj@?Uﬁ%ﬂ? Pb (II) Vlulﬂfl]"lﬂﬂ"lﬂ"liﬁ]ﬂﬂauﬂaullﬁﬂﬂ“ﬁﬁﬂﬂ'fl"lﬂﬂ??ﬂﬁu

200 —700 nm (B : blank ;4 pgml ;6 pgml ;8 pgml’)

M3tiufinAIMIgAnaUAALLEIUBIES AT IUAZIINNAa T T ZnoUIT IO U
1,5-Diphenylthiocarbazone, Surfactant 1taz H,S0, WUNNAINMIAANAUATULEIZIZATIAIIN

817931 500 nm
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4 { Y 1 4
319N 3.1 Manlasunlaidnsaiuuedseua Dithizone: SDS: H,SO,

Mole Ratio Concentration Absorbance (Abs.) ,
Dithizone:SDS:H,SO, of Pb (!11) !
(ngml’) 1 2 3 Mean
blank 0.002 0.002 0.002 0.002
2 0.004 0.003 0.004 0.004
4 0.017 0.018 0.019 0.018
1551 6 0.030 0.030 0.031 0.031 0.9382
8 0.039 0.038 0.039 0.039
10 0.044 0.045 0.044 0.044
12 0.052 0.051 0.052 0.052
15 0.056 0.056 0.056 0.056
blank 0.002 0.002 0.002 0.002
2 0.013 0.012 0.013 0.013
4 0.021 0.022 0.023 0.022
1:5:3 6 0.029 0.030 0.030 0.030 0.9712
8 0.047 0.046 0.047 0.047
10 0.060 0.062 0.059 0.060
12 0.070 0.069 0.069 0.069
15 0.075 0.074 0.076 0.075
blank 0.001 0.002 0.002 0.002
2 0.004 0.003 0.004 0.004
4 0.020 0.020 0.021 0.020
1:5:5 6 0.026 0.027 0.028 0.027 0.9179
8 0.041 0.040 0.042 0.041
10 0.046 0.049 0.048 0.048
12 0.053 0.052 0.054 0.053
15 0.055 0.055 0.054 0.055
3:5:1 asazanomamsuendu s mduiodord
5:5:1 asazaedamsuondu lisihuiederi
1:3:1 msazaeRamsuoniu hisdhudeFeri
1:7:1 asazaofansuendu s mduiodord

A < =2 = [ 1 ~ o’z Y =
MINN 3.1 WuwamsanyimsilasuudasonsiaiuuesTouans 3 a7 A9

Dithizone: SDS: H,80, MinwamsAnymusasidiulumsnanvessionud 1:5: 1, 1: 5: 3

waz 1: 5: 5 1A Correlation coefficient : r” UAUNITY 0.9382, 0.9712 1Az 0.9179 MUAIAU A

uaadlumsnen 3.2 @uensd@Iu 3: 5: 1, 5:5: 1, 1: 3: L wag 1: 7: 1 wWuldisazaignams

Z [l I di} = [ ] ~ [ 1 A A Y
sengu isamdluiomernu luawisofzTammsganaunauudla
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Mole Ratio of Dithizone : SDS : H,SO,4

—e—01:05:01

—=—01:05:03

—i—01:05:05

0 I I I I I I I 1
0 2 4 6 8 10 12 14 16

Concentration of Pb(ll) (ug ml'l)

sU 3.2 msulasunlasveasnsdiu Dithizone: SDS: H,SO,

§ [ 1 o’ogj} Y 1
maasunlasuedns1@IuedsonuANg 3 @2 Av Dithizone: SDS: H,SO, WU

[ 1 A o 1 Y] 1 A ~ c’oﬂj @ A Y A
AT IUNKHNICTUVDIDATITIUAINGI AD 1: 5: 3 UDITIDIIUANI 3 A1 ﬂﬁlﬁﬂ'lﬂﬁﬂﬂﬂﬁu

A ' v o I Y 2 =
AAULALASMANNTUNUTUoIM ST UTUAT () MUz

M9 3.2 mslaouuilasdasidau Dithizone: SDS: H,SO, Apsaumstduns

. . . . . . 2
Mole ratio of reagents Linear regression equation Correlation coefficient ; r

1:5:1 y = 0.0040x + 0.0026 0.9382
1:5:3 y =0.0052x + 0.0028 0.9712
1:5:5 y =0.0040x + 0.0028 0.9179
3:5:1 ND* ND*
5:5:1 ND* ND*
1:3:1 ND* ND*
1:7:1 ND* ND*

[-v3 1 1 9 4 09.:’
ND* a1 li'ldiisannasazareendu
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Man 3.3 msnlasuutlasnnuduiuvesansazats la'ls Tau (Dithizone)

Dithizone Concentration Absorbance (Abs.) 2
Vo) of Pb (1D r
(ug ml’) 1 2 3 Mean
blank 0.001 0.001 0.001 0.001
2 0.010 0.008 0.009 0.009
4 0.019 0.021 0.020 0.020
6 0.032 0.033 0.033 0.033
0.00125 8 0.040 0.038 0.039 0039 | 29700
10 0.047 0.047 0.048 0.047
12 0.059 0.058 0.058 0.058
15 0.062 0.063 0.062 0.062
blank 0.001 0.002 0.001 0.001
2 0.008 0.010 0.008 0.009
4 0.020 0.021 0.020 0.020
6 0.038 0.038 0.037 0.038 | 0-9965
0.0025 8 0.049 0.050 0.048 0.049
10 0.067 0.066 0.068 0.067
12 0.080 0.083 0.081 0.081
15 0.107 0.108 0.107 0.107
blank 0.003 0.002 0.002 0.002
2 0.005 0.004 0.005 0.005
4 0.026 0.024 0.024 0.025
0,005 6 0.032 0.031 0.032 0.032
8 0.036 0.036 0.037 0.036 | 0.9681
10 0.059 0.058 0.058 0.058
12 0.075 0.074 0.075 0.075
15 0.102 0.103 0.103 0.103
blank 0.002 0.002 0.002 0.002
2 0.022 0.020 0.020 0.021
4 0.027 0.025 0.025 0.026
001 6 0.029 0.029 0.028 0.029 | 0-9300
8 0.042 0.043 0.042 0.042
10 0.049 0.050 0.049 0.049
12 0.070 0.072 0.072 0.071
15 0.096 0.097 0.095 0.096
blank 0.001 0.001 0.001 0.001
2 0.022 0.021 0.021 0.021
4 0.026 0.027 0.026 0.026
0.02 6 0.030 0.031 0.031 0.031 | 09472
8 0.044 0.044 0.044 0.044
10 0.049 0.049 0.049 0.049
12 0.069 0.070 0.072 0.070
15 0.092 0.092 0.092 0.092
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MINN 3.3 wamiﬁﬂmmﬁnJﬁﬂuLnJmmmLeﬁ'u%’ummmiazmﬂ"lﬂ"lﬂmu (Dithi-

zone) NANUANTY 0.00125, 0.0025, 0.005, 0.01 uag 0.02 % (w/v) MNNMIANYIL 1AM

2 1 1

Correlation coefficient : r UAUNINL 0.9700, 0.9965, 0.9681, 0.9300 Qs 0.9472 AUAAY

= Y 9 Aq Y1 A A Y 9
ANANANITANEIANUVUVUN IHANU VNS TY AD ANV U 0.0025 % (W/V)

Effect of Dithizone Concentration

0.12 4
0.1+ —e—0.00125
—=—0.0025
0.08 -
st —.—0.005
G
£ 0.06 - 0.01
2
o —x—0.02
<
0.04 -
0.02
0 T T T T T T T 1

0 2 4 6 8 10 12 14 16
Concentration of Pb(ll) (ug ml'l)

51U 3.3 manasumlasanududuvesarsazatela’ls T (Dithizone)

manlasumlasnnududuvesasazaitelals Ieuy (Dithizone) tWoHIAMUAUTU
d' d' Y 1 3 L= LY d' Y A
Mvunzanizldlumsnaassaeliiu wohliauniy 0.0025 % (wh)  Aldammsganau

A , v o & 9 2 A
ﬂﬁutlﬁ\illagﬂ']ﬂ')']llﬁllwu‘ﬁsll'ﬂ\?ﬂ"lilﬂulﬁu@iﬂ () Nwmuzay

519 3.4 msnlasuulasnnudutuensazaislals Tou (Dithizone) fomaumstduasa

Concentration of Dithizone Linear regression equation Correlation coefficient ; r

(% w/iv)
0.00125 y =0.0042x + 0.0043 0.9700
0.0025 y = 0.0076x + 0.0086 0.9965
0.005 y=0.0072x - 0.0107 0.9681
0.01 y = 0.0058x + 0.0009 0.9300
0.02 y =0.0055x + 0.0031 0.9472
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Man 3.5 msnldsuulasnnudutuvesansazae Imdey Tadagadama (SDS)

Concentration Concentration Absorbance (Abs.) 2
of SDS (mol 1y | ©F PP UD '
(ugml ) 1 2 3 Mean
blank 0.001 0.001 0.001 0.001
2 0.006 0.006 0.005 0.006
4 0.022 0.020 0.021 0.021
6 0.027 0.027 0.025 0.026
10 8 0.048 0.045 0.045 0.047 0.9626
10 0.052 0.053 0.053 0.053
12 0.079 0.079 0.079 0.079
15 0.082 0.083 0.080 0.082
blank 0.002 0.002 0.002 0.002
2 0.011 0.012 0.011 0.011
4 0.023 0.024 0.023 0.023
0.8 6 0.041 0.040 0.042 0.041 0.9973
8 0.054 0.055 0.056 0.055
10 0.071 0.070 0.071 0.071
12 0.083 0.083 0.082 0.083
15 0.111 0.112 0.110 0.111
blank 0.001 0.001 0.001 0.001
2 0.012 0.012 0.014 0.013
4 0.022 0.022 0.022 0.022
0.6 6 0.030 0.030 0.029 0.030 0.9784
8 0.045 0.046 0.047 0.046
10 0.059 0.059 0.060 0.059
12 0.069 0.069 0.069 0.069
15 0.075 0.076 0.076 0.076
0.4 asazaromamsuendu s mduiodori
0.2 msazanuRamsuoniu hisdhudedef
0.1 asazaedamsuondu hismihuiederi

A15199 3.5 Mmynasulasanudnduvesasazane Twden Taddadama (SDS)
ANuANTU 0.6, 0.8 Az 1.0 mol I' MInMsAnbUNeRIMITamnsganaunauIEINLA
Correlation coefficient : r” 111711 0.9784, 0.9973 1AL 0.9626 MUAIAY AIUNANWTUTY 0.1,

-1 ' z Yy 9 dyQ 3 o Yy 1
02 uaz 04 mol I'  Usingimisawanududuibnamsuendusosaisaazateii 1 i

[ 1 A A 9
ﬁ’ﬂJﬁi‘l’JﬂﬂWﬂﬁﬁ]ﬂﬂ’ﬁuﬂaullfffﬁulﬂ
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Effect of SDS Concentration

0.12 4

0.1

0.08 -

—e—1.0

0.06

Absorbance

—=—0.8

0.04 -
——0.6

0.02

0 T T T T T T T 1
0 2 4 6 8 10 12 14 16

Concentration of Pb(ll) (ug mI™)

51U 3.4 malaoumlasanududuvesasazars Tmdon Taasadaa

malasulasnnududuesasazars ladey Taadadama (SDS) o¥1AN

Y 9 A A 9 ' ' Y ¥ Aq ¥ ~ A
Wuduimingaunazldlumanaaosasll  menududuildawinzaniigadio  anw
- H [ 4 1 @ @ 4 I 1
Wudu 0.8 mol ' Aldmmsgandunduuawazmnudiusvesmauduase ) 0

mMugay

M99 3.6 Msasuulasanududuasazats IndouTaagadamla (SDS) doaaums

FUAT

Concentration of Sodium Linear regression equation Correlation coefficient ; r

dodecyl sulfate (SDS) (mol 1M

0.1 ND* ND*
0.2 ND* ND*
0.4 ND* ND*
0.6 y =0.0052x + 0.0023 0.9784
0.8 y =0.0076x - 0.0058 0.9973
1.0 y =0.0067x - 0.0060 0.9626

] Y
ND* Jaa1 i ldilosnnasazatguensu
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ms1eh 3.7 mauldeunlasanududuvesasazatensadaysn (H,S0,)

Concentration of Concentration Absorbance (Abs.) 2
1 of Pb (IT) r
H,SO (mol 1) (ug ml—l)

1 2 3 Mean
blank 0.002 0.002 0.002 0.002
2 0.009 0.008 0.009 0.009
4 0.020 0.020 0.020 0.020
6 0.036 0.036 0.035 0.036

0.5 8 0.044 0.045 0.044 0.044 0.9930
10 0.061 0.060 0.060 0.060
12 0.079 0.077 0.077 0.078
15 0.100 0.100 0.100 0.100
blank 0.001 0.000 0.000 0.000
2 0.011 0.011 0.011 0.011
4 0.021 0.021 0.021 0.021
6 0.039 0.039 0.038 0.039

0.75 8 0.046 0.046 0.045 0.046 0.9910
10 0.063 0.063 0.063 0.063
12 0.083 0.081 0.081 0.082
15 0.103 0.104 0.104 0.104
blank 0.001 0.001 0.001 0.001
2 0.009 0.009 0.009 0.009
4 0.020 0.020 0.020 0.020
6 0.033 0.033 0.032 0.033

1.0 8 0.044 0.045 0.045 0.045 0.9943
10 0.057 0.057 0.058 0.057
12 0.077 0.077 0.077 0.077
15 0.095 0.095 0.095 0.095
blank 0.001 0.001 0.001 0.001
2 0.010 0.010 0.010 0.010
4 0.021 0.021 0.021 0.021
6 0.036 0.036 0.036 0.036

1.25 8 0.050 0.050 0.052 0.051 0.9913
10 0.055 0.055 0.056 0.055
12 0.074 0.074 0.074 0.074
15 0.091 0.091 0.091 0.091
blank 0.002 0.002 0.002 0.002
2 0.007 0.007 0.007 0.007
4 0.018 0.018 0.016 0.017
6 0.033 0.032 0.033 0.033

1.50 8 0.045 0.045 0.045 0.045 0.9961
10 0.054 0.054 0.054 0.054
12 0.071 0.070 0.070 0.070
15 0.085 0.087 0.084 0.085
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= <4 = a Y v o |a
1IN 3.7 LﬂuNﬁﬂWiﬁﬂBWﬂﬁ!ﬂaEJ‘L!LLﬂaﬂﬂ’l'lmslmGllu‘lJ@Qﬁ"liagﬁWﬂiﬂ“]fal\!iﬂ
(H,S0,) AANWTUTY 0.5, 0.75, 1.0, 1.25 taz 1.5 mol 11 91pmMsAnulomIMTIaaINs
QaNauAAUIAIIZIA Correlation coefficient : r' 1WA 0.9930, 0.9910, 0.9943, 0.9913 LAz

o w =2 o A Y Y Aq Y1 A [ v o
0.9961 f1uaIAL i]1ﬂWﬁﬂ’liﬁﬂﬂ’mgﬂ'lﬂ'lfl'm'ﬁ]ﬂﬂ?TNLﬂlNﬂluWiﬂﬂ’lWlWN’lZﬁNﬁ’l’ﬂiﬂu']llﬂ

o = U
Mmsanyse l
Effect of H,SO4 Concentration
0.12 -
0.1
0.08 -
(] —e—0.5
(8]
g —=—0.75
2 0.06 1 ’
2 ——1.0
<
0.04 1 1.25
—x—1.5
0.02
0 ; ; ; ; ; ; ; ‘
0 2 4 6 8 0 12 14 16
Concentration of Pb(ll) (ug ml’l)

511 3.5 mauldeunlasanududuvesasazatensadaysn (H,50,)

U

malasunlasanududuvesasazaensadayin (1,80, wumaANuAudud

WIZAN Ao ANUdUIY H,S0, 1y 0.5mol I luimsfAnyiae il

d‘ d‘ Y 9 [ a 1 1 9
f11319N 3.8 fﬂﬁL‘]JafJ“L!L!,‘]Ja\1ﬂ’NllL‘UﬂJsllu‘lJ@Qﬁ"liagﬁ']ﬂﬂﬁﬂclfal}!iﬂ (H2804) ADAITUNIILTUAT

Concentration of HZSO A (mol l_l) Linear regression equation Correlation coefficient ; r2

0.5 y =0.0070x - 0.0076 0.9930
0.75 y = 0.0072x - 0.0065 0.9910
1.0 y = 0.0067x - 0.0067 0.9943
1.25 y = 0.062x - 0.0025 0.9913
1.5 y =0.0061x - 0.0053 0.9961
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M319N 3.9 miﬁmgm’nmeﬁ’u%}uﬁmmmmlaq’miazmm’ammaauazmmmaa

lumsazareans 1 ,5-Diphenylthiocarbazone (Dithizone)

Concentration of Alcohol Methanol Ethanol
(% v/v)

100 azany azany
95 azany azany
90 azany azany
85 azany azany
80 azany azany
75 azany azany
70 liiazane lsiazany
65 liiazane lsiazany

¥ o

3|
HansANEIANMTNTUYeIAITaza NS IUeatazNsIUea Tuns lniudi
aza1elalslou Fluwlfasern ldnumiuassaunssununinissieaiumsldlelyeia
< 1 1 [ v o = o A
uoanegoa uanuNilgmmsazaevesdrsaenannylals Tlsuazilyniiosmsazaeas
qu A v A o A = ' A 12 4 o
penFuios AU IUAA UM uNonaudITaza1e luane  Faninmsdauna
[ 1 ' o Y a = Y a 7 v o [
asnandouilinailymiiniimslyle Txedaueanssoailudivitazats Tumswaun
A @ A ~ o 1 1 o Y
52U TWadUIATY 11099 INMTHANYDITITAZAIYT BIIUA IUsZUDN 0 I usaiii 14
< dy = @ Y @ a a o ~ < [
asazaaihuio@eanuladein msizlumaiaTladuaasuezun ladailunmserdoiiog
A A 1 1A [l = 2 o & 9 == = d a
manaeuNvesdIsazatenieluneudisindlufey 39 uudesrnyIdeanegadaytia
A A gy = d' Y 9 '
au a9 ldunonsiveauaziunsiuea  TasAnuNANMANIY 65-100 % viv Using s
azarees la 15 TouTasmsazaeensiuoauazunsiuea luuanannuuaz sz ansnm
= [ -% a & A [ 9 dy = = 9
ey le Txedaneanogeadelinissienuaneuntiii  Judenldonsivea
A o R =X o Yy v A Yo A
esnndiatennuasany  uazanududuvosdisazalensIveaiazae laange
A A Yy ! v o 2 A ) Y 9
A NANANTU TN 75-100 %  viv vBaENT MR Aanuduaenldanududuves

FUean 75 % vy Iiludiiazaslals Tauimunzause i




d’ = o w ~ 4
M1319N 3.10 msuasundasdraumsnansienua
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Y

19 3 A7 Dithizone: SDS: H,S0,

Order of Concentration of Absorbance (Abs.) )
mixing reagent | Pb (II) (ug ml-l) 1 2 3 Mean '
blank 0.002 0.002 0.002 0.002
2 0.018 0.018 0.019 0.018
Dithizone: 4 0.027 0.027 0.028 0.027
SDS: 6 0.054 0.053 0.053 0.053 0.9520
H,S0, 8 0.061 0.062 0.063 0.062
10 0.073 0.075 0.075 0.074
12 0.079 0.078 0.078 0.078
15 0.092 0.092 0.093 0.092
blank 0.001 0.001 0.001 0.001
2 0.015 0.016 0.016 0.016
4 0.032 0.031 0.030 0.031
SDS: H,SO,: 6 0.040 0.044 0.040 0.041 0.9969
Dithizone 8 0.052 0.052 0.055 0.053
10 0.068 0.068 0.069 0.068
12 0.084 0.083 0.084 0.084
15 0.102 0.102 0.100 0.101
blank 0.000 0.000 0.000 0.000
2 0.016 0.016 0.016 0.016
) 4 0.027 0.026 0.027 0.027
.30, 6 0.049 0.047 0.048 0.048
Dithizone 0.9955
. SDS 8 0.064 0.063 0.063 0.063
10 0.077 0.077 0.076 0.077
12 0.097 0.097 0.097 0.097
15 0.115 0.115 0.116 0.115
blank 0.001 0.001 0.001 0.001
2 0.014 0.015 0.015 0.015
4 0.032 0.030 0.033 0.032
Dithizone: 6 0.048 0.046 0.046 0.047 0.9983
H,S0,:SDS 8 0.059 0.060 0.062 0.060
10 0.080 0.079 0.080 0.080
12 0.092 0.091 0.092 0.092
15 0.117 0.116 0.116 0.116
blank 0.002 0.002 0.002 0.002
2 0.013 0.013 0.013 0.013
4 0.025 0.025 0.024 0.025 0.9959
H,S0,:SDS: 6 0.030 0.028 0.029 0.029
Dithizone 8 0.040 0.040 0.041 0.040
10 0.072 0.072 0.069 0.071
12 0.088 0.088 0.087 0.088
15 0.113 0.112 0.112 0.112
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Y
%

[

H { o W 4 [
319N 3.10 - MI)asu)asdIduMIHaNTIOUANY 3 @7 Dithizone: SDS: H,SO, (#10)

.. Concentration
Order of mixing of Pb (I1) Absorbance (Abs.) 2

reagent -1
(ugml’) 1 2 3 Mean
blank 0.001 0.001 0.002 0.001
2 0.014 0.016 0.015 0.015
SDS: 4 0.028 0.025 0.026 0.026
) .04 .042 .041 .041

Dithizone: 6 0.040 0.0 0.0 0.0 0.9980
8 0.057 0.055 0.056 0.056
H,SO,

10 0.073 0.071 0.072 0.072
12 0.088 0.087 0.089 0.087
15 0.112 0.112 0.110 0.111

] H o w ~ 0’09.1} o g .
A1519% 3.10 msdasunasdraulumsnauvossauana 3 @2 ﬁf] Dithizone: SDS:

H,SO, (D:S:H)

S:D:H, H:D:S

0.9969, 0.9955, 0.9983, 0.9959 11z 0.9980 MUAIAL

NnnMsanymuNdwulumswaufe D: S:H, H:S:D,

Absorbance

Effect of Mixing Order

0.14 +
0.12 4
0.1 A
—e—D:S:H
0.08 4
—a—S:H:D
0.06 4 —s—H:D:S
D:H:S
0.04 4 —x—H:S:D
—e—S:D:H
0.02 4
0 T T T . . )
0 2 4 6 8 12 14 16

Concentration of Pb(ll) (ug ml'l)

~ = A o w = ¢
31]7] 3.6 Nan1sANEINSIasuulasd 1 UM sHaNT eI U

9
%

= o w ~ 4
m3asunlasddumsnauseIuUaAne 3 a3 1

%

S:H:D,

e D:H:S hl?a]}?h Correlation coefficient : r* HAUNINY 0.9520,

Y
AMIIAUMIHANT DI UANY 3

o A = Y 1 o w ~ s A A
A7 VILW?JTS’,E‘TEJVIi]SGlGIfoluﬂ"li‘Vlﬂﬁ?N@ﬂ"l‘]J AV IUMSHANTIDRUA NZaN Ao D: H: S

{ v 4 1 v o o3|
(Dithizone, H,80,, SDS) #l#mmsganaunauuasazmanuduiusvesmsiihuduas

) Muzay
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k4
%

Y { o w o v 1 1 Y
msnﬁ 3.11 mmJﬁﬂuuﬂawmamummmﬁmmuﬁm 3 ANDAITUNITLTUATI

Order of mixing reagent Linear regression equation Correlation coefficient ; r
D:S:H y =0.0058x +0.0105 0.9520
S:H:D y =0.0066x + 0.0028 0.9969
H:D:S y =0.0079x - 0.0009 0.9955
D:H:S y =0.0077x + 0.0002 0.9983
H:S:D y=0.0079x - 0.0104 0.9590
S:D:H y =0.0075x - 0.0270 0.9980

v W L4 . = =
NNAYANHY D LNU asazaelals Tu (Dithizone), S tnu asazaie Ix@aay Iaa-

¥adame (SDS) uag H unu asazarensadtaisn (H,50,)

m3ai 3.2 madasuutasanududuvesarsazaie Pb (1) AANMINYY 2-15 pg ml”

Alnsminasguniuduas

Concentration of Absorbance (Abs.)

N Mean

Pb (IT) (ug ml ) 1 2 3
blank 0.001 0.002 0.001 0.001
2 0.016 0.015 0.016 0.016
4 0.028 0.029 0.029 0.029
6 0.044 0.045 0.043 0.044
8 0.060 0.059 0.060 0.060
10 0.075 0.074 0.074 0.074
12 0.091 0.091 0.091 0.091

15 0.117 0.115 0.116 0.116
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Calibration Curve of Standard Pb(ll)
by Using Spectrophotometric Method
0.14

0.12 +

0.1 4

0.08 4

0.06 -

Absorbance

0.04 4

y = 0.0077x - 0.0013
R? = 0.9985

0.02 4

0 5 10 15 20
Concentration of Pb(ll) (ug mI™)

5Uf 3.7 manfasunlasanududuvesansazate Po (1) Annududu 2-15 pg mi”

- M Limit of detection (LOD) fi® mmL%’u%’umaqmiﬁéﬁqwﬁmmmmnwu
aunsasiuiulann
aumaduasai 1dnnnamlnasgiu y = 0.0077x - 0.0013
wldonaums y=3s,+Y,
y = Peak Height (mV)
S, = Standard deviation U9 Peak Height Blank (mV)
Y, = Intercept Tu regression line
UNUA y= 3x0.001 —0.0013
y= 0.0017
910 Standard curve laaumsiduns y =0.0077 x - 0.0013
x = (y + 0.0013)/0.0077
UNUATY = 0.0017 1@ x = (0.0017+ 0.0013)/ 0.0077

NAMIAUIN IdA1 LOD = 0.39 pgml”
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- A1 Limit of Quantification (LOQ) 79 ANV UTUVBIAINAINTDNTIVIA

a v ) <3| { o
Ysnald Taelimanuududuezanugndeuiluisens

wildanaums y=10S,+Y,

HNUA

y = Peak Height (mV)

S, = Standard deviation U9 Peak Height Blank (mV)

Y, = Intercept Tu regression line (y = a+ bx)

y =10x 0.001 -0.0013

y =.0087

910 Standard curve lAaUMIFUAT

UNUATy = 0.0087 18

namsfoalda LoQ

=130 pgml’

y =0.0077x - 0.0013
x =(y +0.0013)/0.0077

x =(0.0087 + 0.0013)/ 0.0077

$ a A a o o
VniN‘ﬁ 3.13 ﬂﬁﬁﬂ“hlT]Ji%ﬁ‘i/l‘ﬁﬂﬁ/\lﬂﬁ’JLﬂi”Ig‘I’TLL‘LI‘LIEBJ}ﬂuﬂa‘]J (Recovery) Ua3a15aza18

WAITIUAZNI Pb (D) TaegdseanlaIns I Inwas (n=5)

Sample No Concentration of Pb (II) (ug ml") Percentage Recoveries
Added Founded (%)
2 2.00 2.21 110.50
3 4.00 3.99 99.75
4 6.00 6.22 103.67
5 8.00 8.27 103.38
6 10.00 9.70 97.00
7 12.00 12.28 102.33

a A a L4 o
ﬂ"liﬁﬂ‘]eﬂﬂi%ﬁ"ﬂ‘ﬁﬂWWﬂ"IiﬂLﬂiWZﬁLL‘U‘UfQJ}@uﬂﬁ‘U (Recovery) UD3@150sA18UINT-

o 1 < 4 a 'd 9 [ . = 1
31UAN Pb (1) NUAOTIHFUANITAUATIZHUL VIO UNAD (Percantage Recoveries) uAoY

11979 97.00 — 110.50 %
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3.2 . maoadsnanzinaledsinadueatuezin lada

Y v v
ninmsanlgaseiuguidesnuunszouTadueadu dalduaadduzln s Tae
1msfa (Injected) A13azaromasgiuaznad Il luasazaredann (1,50, ; R1) e ldm
ﬂﬁﬁ?mﬁu 1,5-Diphenylthiocarbazone (Dithizone ; R3) Taglda1anusansand (Surfactant)
I YR A a a a J
(SDS ; R2) Wuarelumsiylse@nsamnmsiasiew (Enhancer) NNITDONLUUU
a o Y o I qgj 1 o
szuuTWasuwaaruil vz ldimsanyianudlu 1§ uduasuvesmsdnuiae lddrensi
a ada 4 . . 9 [ = 1 = A

M3seiiuITAATILH (Validation Method) A28msianmisilasunasnmimsganaunauuds

A A
NANVYIINAYE 500 nm

Injection Valve

(Standard/Sample)
P l MC1 MC2
R1
R2 D R
) )

3UN 3.8 myeenuuuszUINAdUIAYTY (Flow Manifold) d1m5umsiauunainlnadu-
WATUOYNNTIMTUNMTATIVIAYT MR
(R1,R2,R3 : Reagents; P:Pump, MCI1, MC2: Mixing Coils ; D : Detector ;

R ; Chart Recorder, W ; Waste)
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a = a4 v v o (&
M1919N 3.14 Wﬁﬂ'lfl'ﬁﬂ‘};l'lﬂ'lﬂﬂaEJULL‘]Jailﬂ'J']1]Lﬂlﬂﬂluﬂl@ﬂﬁ’liﬁzﬁ’lﬂﬂiﬂcﬁﬁw"iﬂ (HZSO4)

Concentration | Concentration .
of H,S0, of Pb (I1) Peak Height (mV) 2
(mol I') (ngml") 1 2 3 4 5 | Mean
2 300 310 300 320 310 308
4 580 600 590 590 560 584
0.125 6 760 760 760 750 760 758 0.9961
8 1070 1070 1090 1100 1120 1090
10 1330 1340 1350 1340 1340 1340
12 1600 1610 1620 1610 1610 1610
2 310 330 330 330 330 326
4 610 620 610 610 590 608
0.25 6 780 770 770 780 780 776 0.9928
8 1100 1090 1100 1100 1090 1096
10 1430 1420 1410 1440 1430 1426
12 1620 1620 1630 1630 1590 1618
2 340 340 340 320 320 332
4 620 600 610 600 610 608
0.50 6 810 790 790 810 810 802 0.9932
8 1140 1140 1150 1150 1150 1146
10 1460 1450 1450 1460 1470 1458
12 1630 1620 1630 1630 1660 1634
2 360 380 380 380 380 376
4 660 660 660 670 660 662
6 890 880 880 890 870 882
0.75 8 1190 1200 1180 1180 1190 1188 09963
10 1520 1530 1500 1520 1520 1518
12 1710 1720 1720 1710 1720 1716
2 330 330 320 340 330 330
4 610 610 610 620 620 614
6 790 800 790 780 800 792
1.0 8 1100 1100 1080 1080 1090 1090 0.9951
10 1420 1410 1440 1390 1400 1412
12 1680 1660 1650 1650 1650 1658
2 320 320 320 330 330 324
4 600 590 600 590 600 596
125 6 750 760 750 760 760 756 0.9954
8 1060 1050 1060 1060 1060 1058
10 1340 1320 1310 1330 1350 1330
12 1530 1550 1520 1560 1540 1540
2 300 310 300 300 300 302
4 580 570 570 560 560 568
6 700 690 680 680 680 686
1.50 8 1000 990 990 1000 990 994 0.9893
10 1290 1290 1300 1300 1290 1294
12 1480 1480 1490 1480 1480 1482
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A = A Y 9 v (2
M3 NN 3.14 ﬂ"liﬁﬂ’]eﬂﬂﬁ!ﬁﬂaﬂullﬂaﬂﬂ’l'lllL‘lJiJ‘lIM‘llENﬁ"Iiﬁ%ﬁ?fJﬂﬁﬂ“]fa“l{‘\!iﬂ (H2804)
AANWTUTU 0.125, 0.25, 0.50, 0.75, 1.0, 1.25 t1az 1.50 mol I :AMIANH UL DIIMITIAAINT
qanaunauuaaz IdA1 Correlation coefficient : r* HAMNINY 0.9961, 0.9928, 0.9932, 0.9963,

0.9951, 0.9954 11ag 0.9893 MUARY Aduaaalumsen 3.15

Effect of H,SO, Concentration
1800 -

1600 -

1400 +

1200 - —e—0.125

—a—0.25
1000 +
—A 0.5

800 A 0.75

Peak Height (mV)

600 -

—e—1.25

400 - ——1.5

200 A

O T T T T T 1
0 2 4 6 8 10 12

Concentration of Pb(ll) (ug ml'l)

s 3.9 manfasumlasanududuvesaisazarensadaiin (H,S0,)

msldsundlasanududuaisazatensagaysn(i,so,) momanududuimuz-

aunazlslumanaassso ) manududun ianmuzay As AU 0.75 mol 1

d’ = d' Yy 9 Y a 1 1
M1319N 3.15 Wﬁﬂ'liﬁﬂ‘]eﬂﬂ'lil,ﬂ’ﬁEluLLﬂﬁQﬂ’JHJHIiJ"UHﬂJ@QﬁﬁﬁZﬁW‘c’lﬂiﬂ%ﬁ‘]{}!iﬂ (HZSO4) ABDAN

AUMIFUAT
Concentration of H,SO, (mol l'l) Linear regression equation Correlation coefficient ; v
0.125 y=130.14x + 37.33 0.9961
0.25 y=131.91x+ 51.60 0.9928
0.50 y = 134.34x + 56.27 0.9932
0.75 y=136.77x + 99.60 0.9963
1.00 y=133.31x+49.47 0.9951
1.25 y = 122.63x + 75.60 0.9954

1.50 y = 119.80x +49.07 0.9893
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man 3.16 - mynasunlasanududuvesansazare Twden Iadgadama (SDS)

Cor(’)‘;ers’tlr)asnon CO;;;E%BOH Peak Height (mV) g

(mol 1) (ngml) 1 2 3 4 5 Mean
2 310 300 300 | 310 | 310 306
4 500 510 500 | 520 | 530 512

0.05 6 680 700 690 | 690 | 700 692 | 0.9427
8 940 920 930 | 920 | 910 924
10 1000 | 1000 | 1000 | 1010 | 1010 | 1004
12 1010 | 1010 | 1120 | 1000 | 1010 | 1030
2 300 310 200 | 300 | 300 308
4 500 510 520 | 520 | 500 510

o 6 770 790 780 | 790 | 790 784 | 0.9371
8 1050 | 1050 | 1070 | 1060 | 1070 | 1060
10 1180 | 1160 | 1150 | 1150 | 1160 | 1160
12 1190 | 1200 | 1180 | 1180 | 1150 | 1180
2 330 310 300 | 310 | 310 312
4 580 550 550 | 580 | 570 566

0 6 820 820 820 | 810 | 810 816 | 0.9469
8 1050 | 1050 | 1080 | 1080 | 1080 | 1068
10 1180 | 1190 | 1180 | 1180 | 1170 | 1180
12 1210 | 1200 | 1230 | 1240 | 1220 | 1220
2 350 330 350 | 320 | 300 330
4 580 580 560 | 550 | 560 566

04 6 850 840 830 | 850 | 830 840 | 0
8 1080 | 1090 | 1090 | 1100 | 1100 | 1092
10 1190 | 1210 | 1190 | 1200 | 1200 | 1198
12 1310 | 1300 | 1300 | 1300 | 1290 | 1300
2 320 310 300 | 290 | 310 306
4 540 550 540 | 540 | 510 536

06 6 790 800 800 | 800 | 790 79 | o gont
8 920 920 930 | 920 | 930 924
10 980 960 960 | 970 | 960 966
12 1000 | 1010 | 1000 | 1010 | 1010 | 1006
2 310 300 300 | 290 | 310 302
4 550 550 560 | 570 | 580 562

0 6 810 800 790 | 770 | 790 792 | o econ
8 890 870 890 | 880 | 890 884
10 920 930 930 | 920 | 920 924
12 960 970 980 | 960 | 950 964
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A = A Y 9 2 aa
AINNITNNN 3.16 m'iﬁﬂmﬂmﬂaﬂuuﬂmmmmmummmsazmﬂ«maﬂwwa—

Fawla (SDS) NANMTUTU 0.05, 0.1, 0.2, 0.4, 0.6 LAz 0.8 mol I INMIANHULBIINMIIAA

2

msganauaauues 92'18A1 Correlation coefficient : r HAWMAY 0.9427, 0.9371, 0.9469,

0.9652, 0.8921 118 0.8694 MUY Adttaadlua1s1an 3.17

Effect of SDS Concentration
1400 -
/>'\ i fAY
£ 1000 0.1
%) 800 - e 0.2
@
T 600 -
X 0.4
& 400 1 —x—0.6
200 1 —e—0.38
0 T T T T T 1
0 2 4 6 8 10 12
Concentration of Pb(ll) (ug ml™)

sifi 3.0 msnfdsumlasanududuvesansazae Imfeu Tadgadama (SDS)

{ Yy 9 a o y
msndsuulasanututuvesmsazare Imaey laasasamla (SDS) oA
T A P, ' , Y Y Aq Y1 A A P
Wutunmnzaunezldlumsnaaosae i manududunldanmunzay Ao anududu

o Aq Yo A A ' v o I Y} 2 A
0.4 moll ‘n“lwmm:i@@ﬂauﬂauuamazmmmauwummﬂmﬂumuma (r) NINUICTY

9199 3.17 Mmaasuuasanududuasazats Imasy Taagadamle (SDS) doaaums

GATEEN
Concentration of SDS (mol l'l) Linear regression equation Correlation coefficient ; r
0.05 y=76.114x +211.87 0.9427
0.1 y =94.086x + 175.07 0.9371
0.2 y=94.771x + 196.93 0.9469
0.4 y=99.971x + 187.87 0.9652
0.6 y =70.257x + 263.87 0.8921

0.8 y =64.114x +289.20 0.8694
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Man 3.18  mnfasunlasanududuvesansazars'la’ls Ta (Dithizone)

Dithizone Concentration Peak Height (mV) 2
(% wiv) of Pb (111) '

(ug ml) 1 2 3 4 5 Mean
2 300 310 310 310 310 308
4 660 650 650 660 650 654

0.000625 6 720 710 710 700 750 712 0.7854
8 730 720 730 720 720 730
10 830 810 800 830 820 818
12 860 860 850 870 850 858
2 340 340 340 340 340 340
4 730 710 710 710 710 714

0.00125 6 920 910 920 900 900 910 0.9657
8 1270 1300 1290 1270 1280 1288
10 1440 1400 1450 1460 1430 1436
12 1570 1540 1550 1560 1510 1546
2 360 360 370 360 370 364
4 760 770 790 790 790 780

6 1020 1020 1030 1030 1040 1028 0.9882
0.0025 8 1300 1310 1300 1310 1320 1308
10 1560 1550 1560 1570 1560 1560
12 1750 1740 1780 1770 1790 1740
2 370 360 370 360 370 366
4 750 750 740 770 750 752

0.005 6 1000 990 980 980 990 988 0.9753
8 1280 1260 1280 1270 1260 1270
10 1390 1400 1380 1360 1360 1378
12 1620 1610 1630 1610 1610 1616
2 350 340 350 340 340 344
4 700 670 690 690 700 690

6 960 970 950 950 940 954 0.9785
0.01 8 1240 1250 1240 1230 1230 1238
10 1340 1340 1330 1340 1330 1336
12 1590 1580 1590 1580 1580 1584

A15199 3.18  mM3nlasuulasnnududuvesasazats la'ls lsy (Dithizone) AN
WU 0.000625, 0.00125, 0.0025, 0.0054a2 0.01 % (w/v) MINAABINLIAA1 Correlation
coefficient : r NAUNINY 0.7854, 0.9657, 0.9882, 0.9753 uaz 0.9785 MUAIAL AdaAIIUAIT1

~ = o A Y Y Aq Y1 A A A = o
7N 3.19 %’]ﬂWﬁﬂ’]ﬁﬁﬂﬂﬁlfﬂgﬂ']ﬂﬁlilaﬂﬂﬂ?qﬂlﬂlﬂmuﬂiﬁﬂqﬂlﬁingﬁilﬂ'q@llwﬂﬂﬂHTGUu@ﬂllﬂ
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Effect of Dithizone Concentration

2000 ~
1800 -
1600 -
1400 -
1200 -
1000 -
800 -
600 -
400 -
200 +

O T T T T T T 1
0 2 4 6 8 10 12 14

—e—0.000625

—=—0.00125

——0.0025

0.005

Peak Height (mV)

—x—0.01

Concentration of Pb(ll) (ug ml™)

s 3.1 manlasundasanududuvesasazatsla’ls Tau (Dithizone)

msaneIMIasuulasanududuvesasazats’lals Tsu (Dithizone) 1ioWIAIN

A A 9 , 1 Y Y Aq Y ~ A
S}V UVILTTN'WﬁNVIﬂgalclfﬁlUﬂ'ﬁﬂﬂaﬂﬂﬁ'ﬂllﬂ ﬂ’]ﬂ')’]ﬂJ!allﬂJleUﬂﬁlﬁﬂ']!ﬁN1$ﬂ'3Jﬂq@ D AN

Yy 9
YWY
Y 9
UUU 0.0025 % (w/v)

M9199 3.19  mManfasuulasanudutuvesansazaie’la’ls Ty (Dithizone) Ao

AuMIdUAT
Concentration of Dithizone (% w/v) Linear regression equation  Correlation coefficient ;r2
0.000625 y=46.571x + 354.00 0.7854
0.00125 y=122.49x + 181.60 0.9657
0.0025 y=137.57x +171.33 0.9882
0.005 y =120.14x + 220.67 0.9753

0.01 y=120.31x + 82.13 0.9785
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3197 3.20  Manlasunlasdnsinis Ina (Flow rate) d1sazatonsagaysn

Flo}‘l ggj of Co;;;‘:ﬁgon Peak Height (mV) E

(ml min") (ngml") 1 2 3 4 5 Mean
2 340 320 | 320 | 320 | 320 324
4 490 460 | 470 | 450 | 470 468

. 6 660 640 | 640 | 660 | 650 650 | 0.9978
8 810 800 | 800 | 820 | 800 806
10 1020 | 1000 | 1020 | 1020 | 1010 | 1014
12 1180 | 1160 | 1140 | 1140 | 1160 | 1156
2 330 340 | 340 | 370 | 330 342
4 510 490 | 480 | 500 | 490 494

s 700 710 | 720 | 710 | 710 710 | 0.9960
8 840 840 | 830 | 830 | 820 832
10 1050 | 1050 | 1060 | 1050 | 1050 | 1052
12 1210 | 1210 | 1200 | 1180 | 1190 | 1198
2 380 390 | 350 | 360 | 380 372
4 560 540 | 580 | 560 | 550 558

0 6 810 790 | 820 | 800 | 790 302 | 0 oos0
8 1010 | 1010 | 1020 | 1000 | 1020 | 1012
10 1210 | 1210 | 1200 | 1230 | 1220 | 1214
12 1390 | 1380 | 1400 | 1380 | 1400 | 1390
2 320 320 | 330 | 320 | 320 322
4 480 510 | 510 | 510 | 510 504

) 6 700 710 | 720 | 680 | 710 704 | o ooes
8 830 820 | 830 | 830 | 800 822
10 1010 | 1030 | 1020 | 1010 | 1010 | 1016
12 1160 | 1170 | 1170 | 1170 | 1150 | 1164
2 290 310 | 310 | 290 | 310 302
4 450 460 | 470 | 460 | 450 458

0 6 660 640 | 650 | 640 | 650 643 | 0010
8 780 770 | 750 | 770 | 770 768
10 920 930 | 940 | 920 | 940 930
12 1130 | 1120 | 1100 | 1110 | 1100 | 1172

r 4 . v o d

M319h 3.20 maldeunaswasimslva (Flow rate) vosdsazatonsagayin <

8a31M311a 1.0, 1.5, 2.0, 2.5 4az 3.0 mlmin’  9InMsAnyuletimsianimsganaunau

HENIINEATINT Ina (Flow rate) vodm1sazateniadayina1es nu agldA1 Correlation
2 1

coefficient : r HAUNINY 0.9978, 0.9960, 0.9980, 0.9965 uaz 0.9919 MUAINL AdaAd Y

A1319N 3.21
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Effect of H,SO, Flow Rate
1400 -
1200 -
1000
E -—e—1.0
— 800 -
S =15
? 600
« ] ——2.0
o
0_ 400 | 2.5
—x—3.0
200 -
0 T T T T T 1
0 2 4 6 8 10 12
Concentration of Pb(ll) (ug mI™Y)

s 312 manfasunilassasims Ina (Flow rate) ensazanansadiayfsn

=2 a v Y a A
msanyIMslasunilaidnsims Ina (Flow rate) vesdsazatensadayfin ien
8a51mM3 11a (Flow rate) vosesazatensadayfsn Mmanzauioz 14 lumsnaassae i) s
Tiadasims Tna (Flow rate) vesasazaensadainiingean Ao 6a31m31wa 2.0 ml

min" Tivimsanmiae i

d‘ t:‘ (% a.l a 1 U 9
719190 3.21 mmﬂaauuﬂmamwmﬂwa (Flow rate) fﬂﬁﬁ%ﬁ?ﬂﬂiﬂ“ﬁal\!iﬂﬁ@ﬂ?ﬁﬂﬂﬁlﬁu@iﬁ

Flow rate of H,SO (ml min'l) Linear regression equation Correlation coefficient ; r

1.0 y =85.057x + 140.93 0.9978
1.5 y =86.800x + 163.73 0.9960
2.0 y =103.830x + 164.53 0.9980
2.5 y=83.771x + 168.93 0.9965

3.0 y = 84.086x + 124.40 0.9919
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M319n 3.22 Manfasuunilaasnsinslia (Flow rate) arsazate Imfen Iaagadama

Flov;];aste of Co;fcggtﬁ‘gon Peak Height (mV) E
(ml min") (ngml’) 1 2 3 4 5 Mean
2 330 330 330 350 350 338
4 530 530 510 520 520 522
10 6 690 680 700 700 700 694 0.9933
8 860 840 840 860 860 852
10 1060 1070 1070 1070 1080 1070
12 1180 1160 1140 1120 1160 1140
2 350 360 360 350 350 354
4 600 600 590 610 590 598
L5 6 710 720 720 710 720 716 0.9934
8 890 900 910 900 890 898
10 1110 1110 1110 1120 1120 1114
12 1270 1260 1230 1250 1250 1252
2 400 380 400 390 390 392
4 600 620 600 600 620 608
20 6 740 780 770 750 770 762 0.9942
8 940 940 930 930 910 930
10 1180 1180 1190 1170 1190 1182
12 1310 1300 1300 1300 1310 1304
2 360 350 360 350 330 350
4 570 550 570 560 540 558
25 6 690 690 700 700 700 696 0.9932
8 860 830 850 850 860 850
10 1100 1100 1100 1080 1090 1094
12 1220 1220 1200 1210 1210 1212
2 340 340 340 340 330 338
4 510 500 510 490 500 502
3.0 6 610 610 600 600 600 604 0.9899
8 820 830 830 800 800 816
10 1030 1040 1030 1040 1010 1030
12 1160 1170 1130 1130 1130 1144

< < o a aa
MITNNN 3.22 mnﬂaﬂuuﬂmamwmﬂm (Flow rate) vosmsazae laaey lnada-

Fala Noas1msIva 1.0, 1.5, 2.0, 2.5 4ag 3.0 ml min' 3NMINAABUIBINNMIIAAINT

A A Ao = aa o 1 @ Y
@ﬂﬂauﬂammwamﬂmﬂm (Flow rate) vodansazane laden Iadgadamanieg fu 9z 1a

A1 1: Correlation coefficient UAWNINY 0.9933, 0.9934, 0.9942, 0.9932 1A 0.9899 ANAIAL

aaanaluaisian 3.23
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1400 - Effect of SDS Flow Rate

1200 -

1000 -

800 -

600 -

Peak Height (mV)

400 -

200 -

0 T T T T T 1
0 2 4 6 8 10 12

Concentration of Pb(ll) (ug ml'l)

UM 3.3 msnldsunilasdnsinmslva (Flow rate) a1sazate Tadoy Taadadama

msnasunlaidasimilva (Flow rate) veamsazates Iwasy ladgasamla o
[ = aAa [ A A 9 =
905113 1va (Flow rate) voimsazae Iwdesu ladgasamanmanzay  Noglylumsdnun
a1l wuamnliaensimsva (Flow rate) vesansazarelwmdsuladdadanla (SDS) #

N P R FAa ] ﬁﬁ] é’mwmﬂwa 2.0 ml min’

M3197 3.23 MIlasunlasniims va (Flow rate) vodansazate lsnen Iaagadama ao

MAUMIFUATI

Flow rate of SDS (ml min'l) Linear regression equation Correlation coefficient ; r

1.0 y = 85.886x + 174.80 0.9933
1.5 y = 88.857x +200.00 0.9934
2.0 y=92.143x + 218.00 0.9942
2.5 y =86.743x + 186.13 0.9932

3.0 y =83.229x + 156.40 0.9899
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M31an 3.24  msilasuuilaidasimslva (Flow rate) arsazans’lals Tary

Flow rate of | Concentration .
Dithizone of Pb (II) Peak Height (mV) r
(ml min") (ngml") 1 2 3 4 5 Mean
2 300 320 310 300 280 302
4 490 500 490 490 490 492
10 6 670 650 650 620 620 642 0.9958
8 800 800 800 810 810 804
10 1000 1000 1010 1010 1010 1006
12 1120 1130 1110 1100 1110 1114
2 290 300 290 270 280 286
4 540 550 530 520 560 540
L5 6 820 820 830 820 810 820 0.9968
8 1050 1040 1040 1020 1050 1040
10 1270 1280 1290 1280 1270 1278
12 1460 1470 1470 1470 1480 1470
2 280 290 280 270 270 278
4 480 480 490 470 490 482
0 6 780 790 800 780 790 788 0.9665
8 920 930 910 900 920 916
10 1040 1050 1040 1050 1030 1042
12 1170 1160 1170 1180 1150 1166
2 280 280 300 280 280 284
4 450 430 430 450 440 440
2.5 6 740 730 730 730 720 730 0.9839
8 860 850 860 850 840 852
10 1040 1010 1030 1020 1000 1020
12 1140 1150 1150 1180 1140 1152
2 250 230 260 260 280 256
4 420 420 430 400 400 414
6 720 730 700 720 710 716
30 8 820 820 820 820 820 820 0.9798
10 950 960 920 940 940 942
12 1150 1160 1150 1160 1160 1156

Q13199 3.24 mMsaneIMTlasunlassniins va (Flow rate) e1sazaie’la’ls Tau

o513 va 1.0, 1.5, 2.0, 2.5 waz 3.0 ml min' 9nMsAn¥ILeHIMIIamsganaunau

WIS Ma (Flow rate) vodasazatela 15 Toua1aqdu 92'18A1 Correlation coefficient

2

1 UAUNIND 0.9958, 0.9968, 0.9665, 0.9839 1AL 0.9798 ANAIAY ALAAIIUAIT19N 3.25
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Peak Height (mV)

1400 -

1200 -

1000 -

800 +

600 -

400

200 +

Effect of Dithizone Flow Rate

——1.0
—a—1.5
——2.0

2.5

—x—3.0

2 4 6 8

Concentration of Pb(ll) (ug ml'l)

10 12

UM 3.4 msuldeunilasdnsinms lva (Flow rate) a1sazate lals Tau

[

m3lasuuilasdnsimslva (Flow rate) vesasazatelalsley ienidasims

Tvia (Flow rate) vosmsazane'lals Tou Aunzaunazlslumsnaasane 1 anlidaidaii

M3 a (Flow rate) vodasaza1e lals lyuimanzgay A 6451015 14a 1.5 ml min" 71 13

A A ' v o I Y] 2 A o =
ﬂﬁ@ﬂﬂauﬂal.lLLf?N!Lﬁ$ﬂ1ﬂ’)13JE‘T3JWu‘ﬁﬂlﬂﬂﬂﬁ!ﬂumuﬂﬂ (r) NIHUIETTY ‘lﬂmmiﬁﬂyﬂu

Y
Tupouno 1

M99 3.25 Mafasunlassniimslva (Flow rate) asazatslals laudemeaumsdunsa

Flow rate of Dithizone (ml min_l) Linear regression equation Correlation coefficient ; r
1.0 y =82.343x + 150.27 0.9958
1.5 y= 119.34x +70.267 0.9968
2.0 y =89.257x + 153.87 0.9665
2.5 y =88.600x + 126.13 0.9839
3.0 y = 88.400x + 98.53 0.9798
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M5 3.26 M3lasuntlasanuenenauaisazaley (Reaction coil) HuBAY 1

Length of Concentration .
React?on coil of Pb (II) Peak Height (mV) r
(cm) (ngml") 1 2 3 4 5 Mean
2 280 310 290 310 300 298
4 490 490 510 490 510 498
50 6 680 710 700 700 700 698 0.9952
8 820 820 800 800 810 810
10 1010 1010 1010 1020 1010 1012
12 1170 1160 1170 1170 1160 1166
2 370 370 380 380 370 374
4 610 610 600 600 590 602
100 6 780 770 770 760 770 770 0.9959
8 930 940 920 930 940 932
10 1150 1170 1170 1180 1170 1168
12 1300 1310 1310 1300 1310 1306
2 300 310 300 290 300 300
4 560 540 540 540 530 542
150 6 670 670 680 650 670 668 0.9823
8 810 300 800 810 810 806
10 1010 1030 1020 1010 1020 1018
12 1100 1080 1090 1080 1080 1086
2 300 290 300 290 280 292
4 540 540 540 540 530 532
200 6 680 650 680 670 660 668 0.9785
8 800 790 790 800 810 798
10 1010 1020 1020 1020 1010 1016
12 1070 1060 1090 1060 1060 1068
2 290 280 290 300 290 290
4 530 530 530 530 540 532
750 6 660 660 650 670 650 658 0.9753
8 780 790 800 790 790 790
10 1000 990 990 980 1000 992
12 1050 1040 1030 1030 1040 1038

MC 1 =H,SO, + SDS, MC 2 = Dithizone + H,S0, + SDS

A1319N 326 msanyimIsasuulasnnuenimenauaisazaly (Reaction coil)

WY 1 BIWANIZHINTaZaeazn1 Pb (1) WiouAled1saza1efIn H,S0, Loz

Sodium dodecyl sulfate 921881 Correlation coefficient : r

0.9785 1Az 0.9753 MUAINY  AFAIIUAIT N 3.27

2

FAUNINY 0.9952, 0.9959, 0.9823,
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Effect of Mixing Coil [1] Length
1400 -
1200
1000
z
E 800 - 50
2
o}
T —a— 100
X 600 -
] —a— 150
a
400 - 200
—x— 250
200 -
O T T T T T 1
0 2 4 6 8 10 12
Concentration of Pb(ll) (ug ml™?)

a = 1 . .
E‘IJ‘VI 3.15 miuJaEluuﬂa\immsln‘nwame‘iaszl (Reaction coil) e 1

m3lasunlasnuenvenand1sazalo (Reaction coil) MBIV 1 FIHANTLHIW
d1sazawazna Pb (1) wiowAloasazaiodanl H,SO, uaz Sodium dodecyl sulfate

mzaunazlylunmsnaassae i aAnueinevgay 1 NWuIZay Ao AN 100 cm

9199 3.27  M3fasunlainiue1Ine (Reaction coil) HUNGLAY 1 ADAIAUMTIEUAT

Reaction coil length (cm) Linear regression equation Correlation coefficient ; r
50 y =85.629x + 147.60 0.9952
100 y =93.143x + 206.67 0.9959
150 y =78.514x + 187.07 0.9823
200 y=78.029x + 182.8 0.9785

250 y=75.029x + 191.47 0.9753
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M5 3.28 MslasuuilasanueinenduaiIsazals (Reaction coil) HILAY 2

Length of Concentration .
React?on coil of Pb (II) Peak Height (mV) r
(cm) (ugml’) 1 2 3 4 5 Mean
2 240 260 260 270 260 258
4 420 410 400 410 400 408
6 610 610 590 620 610 608
30 8 690 700 690 680 690 690 0.9873
10 880 870 880 880 880 878
12 1120 1100 1120 1110 1100 1110
2 300 290 290 290 280 290
4 490 490 490 480 500 490
100 6 710 700 700 710 710 706 0.9888
8 780 770 780 780 780 778
10 1030 1030 1010 1010 1010 1018
12 1170 1170 1170 1160 1160 1166
2 360 350 350 360 350 354
4 600 580 570 570 580 580
150 6 750 760 770 760 760 760 0.9965
8 920 920 920 930 930 924
10 1140 1130 1140 1120 1120 1140
12 1300 1260 1280 1280 1280 1280
2 240 240 240 230 240 238
4 410 380 380 400 400 394
200 6 570 550 560 560 570 562 0.9886
8 790 770 770 790 780 780
10 980 970 950 980 980 972
12 1070 1040 1040 1040 1050 1048
2 230 240 250 250 250 244
4 390 390 390 400 380 390
6 550 550 550 560 560 554
230 8 760 770 760 760 770 764 0.9867
10 970 970 970 980 980 974
12 1030 1040 1030 1050 1040 1038

MC 1 =H,S0, + SDS, MC 2 = Dithizone + H,SO, + SDS

MmN 3.28  mslasuutlasanuennendudisazaiy (Reaction coil) Hug@Qy 2

INAUTENINTITazAeNaNUDIA1TazA10AzN 1 Pb (II) Wioudieasazateding H,S0, uaz

Sodium dodecyl sulfate HaufUaNsaza1s Dithizone 92 1aA1 Correlation coefficient : r° MAN

1110 0.9873, 0.9888, 0.9965, 0.9886 L1AE 0.9867 MUAND AdLaAdlUA1ITI9N 3.29
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Effect of Mixing Coil [2] Length
1200 -
1000 - /;
g
< 800 - 50
<
(@]
9 —=— 100
L 600 -
§ —A—150
Q400 | 200
200 —x— 250
O T T T T T 1
0 2 4 6 8 10 12
Concentration of Pb(ll) (ug ml'l)

d‘ = d' 1 . .
31]7] 3.16 wamsaneIMsasuudasnnuemnenduaIsazaiy (Reaction coil) i18Lav 2

msnasutlasnnuenvenanaIsazaly (Reaction coil) HUNBIAY 2 MUMNZANNDL
1$1umanaassas 1l aAnuemoremy 2 MWzay Ao ANNE1D 150 cm HINIAnN

Y
fFmsuluaouao

M9199 3.29  MIlasunlainueINg (Reaction coil) HUNBIAY 2 AOAIANMTIEUAT

Reaction coil length (cm) Linear regression equation Correlation coefficient ; r
50 y=282.171x + 83.467 0.9873
100 y=86.229x + 137.73 0.9888
150 y =92.486x + 192.27 0.9965
200 y =85.743x + 65.467 0.9886

250 y = 84.743x + 67.467 0.9867
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q’ A a @ ' Aq ¥ . .
M990 3.30 Msasuulasvinadsuasvesasaza1ea106190 1% (Injection Volume)

Injection Concentration Peak Height (mV) 2
Volume (ul) of Pb (EI) 3
(ngml ) 1 2 3 4 5 Mean
2 300 320 300 300 300 304
4 590 590 600 600 610 598
50 6 700 700 690 700 690 696 0.9654
8 810 790 810 800 800 802
10 930 930 940 910 900 922
12 1120 1110 1100 1110 1100 1108
2 340 340 360 350 350 348
4 600 580 590 600 590 592
100 730 730 740 730 720 730 0.9914
8 900 910 900 900 890 900
10 1110 1130 1120 1120 1130 1120
12 1220 1220 1240 1230 1230 1228
2 580 590 600 590 610 594
4 890 890 900 900 900 896
150 6 1140 1150 1170 1150 1150 1152 0.9883
8 1310 1310 1290 1290 1300 1300
10 1500 1480 1500 1500 1510 1498
12 1700 1700 1720 1720 1710 1710
2 680 690 700 690 680 688
4 1090 1090 1110 1110 1100 1102
6 1220 1220 1220 1220 1210 1218
200 8 1410 1420 1420 1420 1400 1414 09737
10 1650 1640 1630 1630 1630 1636
12 1820 1820 1820 1810 1820 1818
2 730 720 710 720 720 720
4 1130 1150 1150 1150 1140 1144
250 6 1270 1280 1270 1280 1270 1274 0.9731
8 1450 1460 1440 1450 1440 1448
10 1690 1690 1700 1700 1690 1694
12 1880 1890 1890 1880 1860 1880

A A a % 1 Aq ¥ . .
159N 3.30  msasundasvunalsinasvesa15@i0619n1% (Injection Volume)

2

nnmsiasimsganaunauuas 1aa1 Correlation coefficient : r NAUNINY 0.9654, 0.9914,

0.9883, 0.9739 118 0.9731 MUAIAY AU lUMI5 19N 3.31
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.00 . Effectof Injection Volume

1800 -
1600 -
1400 -
1200 -

1000 -

800 -

Peak Height (mV)

600 -

400 -

200 - —x— 250

0 ‘ ‘ ‘ ‘ ‘ ‘
0 2 4 6 8 10 12

Concentration of Pb(Il) (ug ml™)

U 317 manfasuntlasuunalsinasvesasaaee e ls (njectionVolume)
a a Y] l A 9 . . ~ A
m3ilasuutasvunalsuasvesa1s@ee19i 1y (Injection Volume) NHanNzauing
1Humanaaosanll UsSuasamsdesanldanmnzay s Usasasdiesanldlu

Y
M3AATIEHIIAY 150 pl 111 umsRnner luduaeude 11

5199 3.31 Msdsunasvualiiasa15@19619 (Injection Volume) ADAIANNT

TATER
Injection Volume (ul) Linear regression equation Correlation coefficient ; r
50 y =72.829x +228.53 0.9654
100 y =87.914x +204.27 0.9914
150 y =107.630x + 438.27 0.9883
200 y =106..400x + 567.87 0.9739

250 y=108..91x + 597.60 0.9731
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] a 1 1 a Jd a o
Gﬂi%ﬂﬁ 3.32 wamiﬁﬂmwammmaﬂeaamﬂuﬂmqG‘| aamsIAsITHUTMALN)

(Taefinuaroms 1¥ensazareuInsgIuazna Pb (1) 4 pg ml’)

Interferences Peak height (mV) % Relative height
None 730 100.00
Mg" 40 pgml’ 650 89.04
Mn"" 40 pgml’ 590 80.82
Ca’”" 40 pgml’ 640 87.67
As” 40 pgml’ 680 93.15
Hg' 40 pgml’ 620 84.93
Zn’" 40 pgml’ 660 90.41
Sn”" 40 pgml’ 630 86.30
Al 40 pgml’ 650 98.04
Cu”” 40 pgml’ 590 80.80

= a 1 =2 A Yy 9 a
HamsAnyINasUNIUYed lovouytanieg  Iasfnuinlinnududuveslooouyila
A AeANMYNTUYRIETUTENIAY 10 11 shimIRadsazatenIasg il lessusuniu
% M 1 a L4
nSeuieunuasazaeuInsguazna Pb (I wud leseusuniuinamssunaumsIns 1z
a 1 I3 4 YR 1 1 ' [}
Ysmna'leoouans  Tulosidudmssuniuduing (% Relative Height) Jifogsznanglusia
A a 4 9 1 [ d,; A 3+
80.80-98.04 % WIOWUMITUNIUMIAATIZHIINGRE linanlooouaen all Ao AL,

As™, Zn”, Mg, Ca’', Sn”, Hg', Mn~ uag Cu aWa19L
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Ms19N 333 AININGIOITYRNUAITAZA10NIATFIU Pb () NAMANdY 1-12 pg ml”

(n=5)

Concentration Peak Height (mv)

of Pb (II) Mean
peak 1 peak 2 peak 3 peak 4 peak 5

(ug ml')

1 220 190 220 200 200 206
2 350 360 330 340 340 344
4 690 670 670 680 700 682
6 810 790 790 820 820 806
8 1110 1110 1110 1100 1120 1110
10 1400 1360 1360 1370 1380 1374
12 1590 1590 1590 1600 1600 1598

Calibration Curve of Standard Pb(ll)
by Using Flow Injection Analysis
1600 -
1400 -
_ 1200 |
S
£ o000 -
=
(@]
T 800 -
I
X
S 600 |
[a
4001 y = 127.96x + 69.935
200 - R = 0.9981
0 T T T T T 1
0 2 4 6 8 10 12
Concentration of Pb(ll) (ug ml™?)

U 3.18 nywlasazaemiasgiu Pb (1) Aanududy 1-12 pgml” (n=5)
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nf3eufisuA1nNgIues (Peak Height) ¥09a15aza1011A3514AZN 2 Pb (I1) 71 14910
o . . ! i~ .
ﬂ’ﬁWlJWlig”lu AUAAUMIFUAT (linear regression) manuiuduasa (Correlation
o ! o v o a d 1 o w
Coefficient : ) UazMUIUMIATINAMIAVDINTAATIZH (LOD) HazAIIAIINAYEINT

In31erlSna (LOQ)

- A1 Limit of detection (LOD)  f© m1aJL*ﬁ’wﬁumaqmiﬁﬁwﬂﬁmmmmnwu
asasn ldanaumaduasai 1§nnnsminasgn y = 127.96x - 69.935
pazm lAnnaums  y=3S,+Y,
Lﬁ‘@ y = Peak Height (mV)
S, = Standard deviation U9 Peak Height Blank (mV)
Y, = Intercept Tu regression line
UNUA y=3x1.15-69.935 =-66.485
910 Standard curve lAAUMTIFUATY v = 127.96x — 69.935
x = (y +69.935)/ 127.96
UNUATY = - 66.485 1 X = (-66.485 + 69.935)/ 127.96

namsaalda LoD ~0.027 pg ml”

- 1 Limit of Quantification (LOQ) 79 ANUTUTUVEINIREWITANTIVIA
Usina1RTaefidnniuduazanugndeudufioensy
wlaninaums y=10s,+Y,

y = Peak Height (mV)
S, = Standard deviation U9 Peak Height Blank (mV)
Y, = Intercept Tu regression line (y = a+ bx)

UNUAN y =10x 1.15-69.935 = -58.435

910 Standard curve lAaUMIEUATY v =127.96 — 69.935

x = (y + 69.935)/ 127.96
UNUATy = -58.435 1 x = (-58.435 + 69.935)/ 127.96

namsdialdan LoQ =0.090 pg ml"
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$ a a a 4 9) Y
M3N 3.34  mMsAnplszanTammsimzuuudeundy (Recovery) UD3@1502A1Y

1AIgIUAZNI Pb (I 1ae7% Iadunaduezun ladda (n=5)

Sample No Concentration of Pb (II) (pg ml_l) Percentage Recoveries
Added Founded (%)
1 1.00 1.06 106.00
2 2.00 2.09 104.50
3 4.00 3.89 97.25
4 6.00 6.18 103.00
5 8.00 8.22 102.75
6 10.00 10.28 102.80
7 12.00 11.89 99.08

Aa A a 4 Y]
ﬂ”l'iﬁﬂieﬂﬂi%ﬁ"ﬂ‘ﬁﬂWWﬂ1i?Lﬂi1$ﬁLLUU§6uﬂaU (Recovery) VANATACAWYUINTIIU
' ' Y [
mﬁ’a Pb (II) ﬁ’)ﬂmil@m (Added) miazmﬂmmgmmﬁ’am"lﬂ“lumiazmﬂﬁaet’mﬁwﬁ
1 - o’/’ o a 7 A 4 a

ﬂ’JHJLGlsJIiJElﬁJ}uGluGD”N 1-12 pg ml1 fﬂ1ﬂuLm1miamswwﬂsmmmﬁaxmﬂmmigmﬁwm
% 1 g‘ o a & L] d' a [ 1 o’/’ o
m'lﬂclumiazmﬂmamqm IﬂEJ‘VIWmiZILﬂSWWGIJ?JEJN“VIL@]&JaQUl‘ﬂGI’J’éJEJNﬁ$ 5 A33 (n=5) M
miﬁuﬁﬂﬂ'wmmqwmﬁﬂ (Peak Height) iﬂﬂﬂ'”lﬂTJHJE;Nﬂlﬂﬁﬁﬂluﬂﬁmﬁhlé’]jﬁm”ﬁﬁ”lujm

-4 a o 9 o . Y, o A
Lﬂ@il%u@mﬁ’slﬂi”IS‘VimJ‘UEJ’EJuﬂﬁ‘U (Percentage Recoveries) "lﬂwamuﬁm"lumﬁm 3.34

2 = L 4 a 4 9 o [ 1
%QW‘]J’J"I?J?’TILTJ@?L“HHWﬂ153m51$°ﬁllfﬂ°ﬂﬂ@uﬂaﬂﬂgiusﬁflﬂ 97.25-106.00 %
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d’ =2 . a J a
M1319N 3.35 N1IANYT Repeatability VOINFAATILHMIUTU Pb (1) (n=12)

No. of experiments Peak Height (mV)

Pb (II) 4 pgml"

Pb (II) 8 pgml"

1 680 1110
2 680 1110
3 680 1110
4 680 1110
5 690 1120
6 680 1110
7 680 1110
8 680 1110
9 680 1100
10 680 1110
11 680 1110
12 680 1110
Mean 680.83 1110.00
SD 2.89 4.28
RSD 0.42 0.38

a J a
MIANYT Repeatability ¥04m5uas1evmlsuna pb (1) Iaeldensazaeanasgiu

' v
v A

v v 4 e a /o o o ]
AZNINANULUNUIY 4 Lag 8§ pg ml NINMTAATIZHIUIUNINUA 12 ATY (n=12) WUN

AUNABYDI ANNGIVDINA (Peak Height) NAMNINY 680.83 1Az 1110.00 mV MNdIA

' | 2% ' v o w & o J |
Llagﬁﬂ"ﬂﬁENL”]JH‘JJ”I@?:@"IU?(NWVI‘E (RSD) (M0 0.42 tag 0.38 ¢uany cdﬁqmum!,ﬁmmu—

v { o o T a 4 g} e
wasguduinsidr  ldeunsoag1dnaimsing1zddn (Repeatability)  voIn3

e rnilsunanziilaeds Ilaswaatuezun lagaduisngene ¢



56

lﬂ' ! 3 a Q'/ % 1 g’ ad a Q'J =
M1919% 3.36 mmi’mﬂimmmmiumaEmuﬂﬂmﬂﬂaaumﬂ%uazuﬂama

AudTezaeudaaaIng IW Inwes

Sample Proposed Method Compared Method  rtest

FIA AAS

A 3.48 3.66 -0.18
B 5.57 5.41 0.16
C 2.32 2.30 0.02
D 6.55 6.66 -0.11
E 1.32 1.26 0.06
F 6.62 6.75 -0.13
G 2.15 2.22 -0.07
H 3.82 3.67 0.15
| 2.01 1.98 0.03
J 1.15 1.32 -0.17
K 4.41 4.59 -0.18
L 3.38 3.09 0.29

D= -0.01083

Sd= 0.15474

t= -0.24256

a Jd a Q'J A a Y A, 4
21NMINATIZHNUTIAAZNI Pb (1) a1875 Iaduasuszunlada Ao 330

[ tg = = v Aag A ax a o = A
W@Juﬁlul‘ﬂiﬂ‘ﬂlﬂﬂ‘ﬂﬂﬂﬁ‘ﬁﬂﬂ@ii11.! flo YsoznoudauauyeuFUaa Ins I Tnwas 4o

]
[ = [

an a 5’3 a, a r'd ] 1 ] @ o
NATOUNNEDA NANITAATIZHNG 2 T Glﬁzﬂﬁﬂﬁ’Jmﬁ”IS“Vih],ﬂJLmﬂ@]NﬂﬂNﬁuﬂﬁ”lﬂﬂlu nIcay

e

AR 95 % 1ilaf Critical Value (1) fiilaninaisafiawiiy 2.20 uage |t | ila
INMIAUIN VAUMINY 0.24
NANUNIT t= D(\/n/Sd)
t= -0.01083(\/12 /0.15474
t= -0.24256
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UNN 4

=
agUdwamsann

41 aglwamsanm

lasimsfAnuimsaiansminasgiu wesasazaroninsgiuazna b (1) laeldis

a1laTns I Tnwasuaz it Iadunaduezin lagalusannududu 2-15 pg ml' uay 1-12

ugml’ Wun3uasg 1K A1 Correlation coefficient : riviIAY 0.9985 LAz 0.9981 AN

MmN 4.1 annenminzaylumsimizidSinaazoa Pb an IagdsaaIng In Inwes

Parameter Studied Range Studied Optimum Level
Wavelength (nm) 200-700 500
Mole Ratio (Dithizone: SDS: H,SO,) 1:5:1, 3:5:1, 5:5:1, 1:5:5, 1:3:1, 1:5:3
1:7:1, 1:5:3
SDS Concentration (mol 1) 0.1,0.2,0.4,0.6, 0.8, 1.0 0.8
Dithizone Concentration (%w/v) 0.00125, 0.0025, 0.005, 0.01, 0.02  0.0025
H,SO, Concentration (mol M 0.5,0.75,1.0, 1.25, 1.5 0.75
Ethanol (%v/v) 60, 65, 70, 75, 80, 85,90,95, 100 75
Mixing Order D:S:H, S:H:D, H:D:S, D:H:S, D:H:S

H:S:D, S:D:H

(Dithizone: H,SO,: SDS)
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MmN 4.2 wanlannmsdsadudsnmsianey laedsaa Ing Tn Tnwes

Analytical Characteristics Founded

Linear Equation y=0.0077x —0.0013
Slope 0.0077

Correlation coefficient : 1 0.9985

Linear Ranges (ug ml") 2-15

LOD (ugml’) 0.39

LOQ (ugml") 1.30

~ an A o o o A o ~
310319 4.1 AsalaIng T Inwes dmsumsialsunaaz fazminzauina
d' @ ] ~ 9 = :(09/’ [ ~ [ Y] a
#17na1 500 nm danarunlFlumsnauseuans 3 61 imunzausumsialsua
15222100 IUAZN (1) A0 Dithizone: SDS: H,80, Tusasiduiimzausny 1:5: 3
= Yy g = 7o o A A ~ A P’ '
msAnmInNuTNTuvesS AN 3 @ omamimanzaufgalumsdimiizd  wu
myazare Twdsy Taagasamandnu lurennududu 02-1.0 moll’  danuduiu
~ = [ -1 Y] A A= [] Yy 9
muzauigaliauiny 0.8 mol | msazarensadgaysniane Tugisnnududu
0.5-1.5mol 1" agiamngaun ldnnmsdnuiaumiy 075 mol I uazansazany
Ta'ls Toundne lugraanududu 0.00125 - 0.0025 (%wry)  dzimmMIzau lan
=1 = 1 [}
MTANHINAUNINY 0.0025 (% W/v)
TaimsAnmanududureidiiazalsoanoaoa owLeanddoa NN AN
4 o L [ a o 4 Y] g
msazaelalslou eldamsori ldszgndldnuszunTdadunaduioziauniu ladnwn
g ) [ [
anudutTuveaeniueaniludiiazatslals Toulusranududuszning 65— 100 % (v/v)
1 9y 9 A =1 ~ YR o w
WUNANMANIUN 75 % (vAv) vesdIsazaelensIuealiaumzanige  ladned ey
o’z [ o w { . .
TumswauSonudans 3 @1 wuswulumswaufivangay Ao Dithizone, H,80,, SDS uazla
Bimsadunsnesgulusanududuimongaufo 2-15 pgml” ldaumaduase Ao

Y =0.0077X -0.0013 damanuiuduasa© iy 0.9985
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d' A a Jd a ) ad a o
M519N 4.3 aanzimnzanlumsiasignlsuianzni Pb (1) Taeds IWadumau-

ozu lada

Parameter Studied Range Studied Optimum Level
Wavelength (nm) 200-700 500
H,SO, Concentration (mol 1_1) 0.125, 0.25,0.5,0.75,1.0, 1.25, 1.5 0.75
SDS Concentration (mol 1_1) 0.05,0.1,0.2,0.4, 0.6, 0.8 0.4
Dithizone Concentration (%w/v) 0.000625, 0.00125, 0.0025, 0.005,  0.0025
0.01
H,SO, Flow Rate (ml min_l) 1.0,1.5,2.0,2.5,3.0 2.0
SDS Flow Rate (ml min_l) 1.0, 1.5,2.0,2.5,3.0 2.0
Dithizone Flow Rate (ml min_l) 1.0,1.5,2.0,2.5,3.0 1.5
Mixing Coil [1] (cm) 50, 100, 150, 200, 250 100
[Pb(Il) + H,SO, + SDS ]
Mixing Coil [1I] (cm) 50, 100, 150, 200, 250 150
[Pb(II) + H,SO,+ SDS + Dithizone]
Injection Volume (ul) 50, 100, 150, 200, 250 150

Y {y ¥ a a a )
MIan 4.4 wan'ldannmsdsziiunamanaandlaeds Iaduaruszunlada

Analytical Characteristics

Founded

Linear Equation

Slope

Correlation coefficient : 1

Linear Ranges (ug ml™)

LOD (ug ml")

LOQ (ug ml")

y =127.96x — 69.935

127.96
0.9981
1-12
0.027
0.090
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33 Iasumaruozin ladadwmsumsiadsaazia pb (1) 1diinmsanulae

]
[ 3 I

A Y o = A Yy 9 A = 4
AATUUIUNAINNYNIAAU 500 nm ‘lﬂﬂ']ﬂﬁliﬁﬂ]ﬁ']!’waﬂ']ﬂ'J']ﬂJlsUﬂJGUlJVllﬁquﬁum@\jilﬂﬁ]u@l

g g

]
v A

e 3 ndszneu lddedaysn (1,80,) TmAsuTadgadama(Sodium dodecyl sulfate) 1oz

Qe

la'lsTwu (Dithizone)  tHomaNudNIunmMzaviga  @sazatela’ls Tanlddnm

] v
[ =

Tugaennududu 0.000625 - 0.01 % (wiv) ManuduIunmzauigaldun  0.0025 %
(wh)  dwmsumsazaensagaysnladnelusisnnududuseyndng 0.125- 1.5 mol I
wuhmnuEduimzasigadmsumsimsgiiasuwity - 075 mol 11 dwmfy
= Aa o YR ' Yy v -1 A
asazaty ImRon ladgadama ladny lugisnnududy 0.05-0.8 mol 1’ mimunzawy
1dunanududy 04 mol 1’
YR [ =1 d a <Y am a
IafnEIMIHaNAuYeIaNTAz AT IBIUANIY Tumsinszviaeas Iaou-
o = Yy A o 1 o [ =\ 1
PATUBLUN lada Tasimseonuuu TagliduriamsHaNaIsazaIsaeIdLMUIs oA
Mixing Coil 1 (MC1) HIHaNFEHINFITaza8ALH Pb (1) W%’auﬁ’aﬂmiazawﬁawwﬁ’aﬁﬂ
(H,80,) tag ImheuTaagadama (Sodium dodecyl sulfate)  tiag Mixing Coil 2 (MC2)
NEUTEHINETALAIINANVBIA1TAZAAZN Pb (I1) WiouAleaITazaIefIMIFalsn
(H,50,) wazImAsnlaaFadamla (Sodium dodecyl sulfate) — wernAvmsazatwlals oy
Y
(Dithizone) 1@mmsfneanuevesdriImMINayasaza1end MCl  uag MC2
Y
Tur9A0817 50 - 250 cm WURIANNEIVOIAHUIMTNANEITAZA1ENT MC1  uag
MC2 UMMHVIZFUNINY 100 4ag 150 cm MNE19U
[ <3 Y] a a [
ladnuonsusvesansazatedayin (1,50, TandonTaddadana (Sodium dodecyl
a 7 A Q'J a a %
sulfate) uaglals Ty (Dithizone) lumsdaszilSinanzidremaiia Tvladunasuoziun lada
Yo P v a4 < - 7o 'V w <
Tasimsanmalemsnlasuulasanuisvesansazargienuanalugioasus1vesasazaiy
1 - [ <3 1 o ] a J a o
FEHAINW 1.0-3.0 mImin WUBATUTINHMIIZANTMT UM AT 1T Iaazn) VYOIA3
3 J {1l v o <3 - o W a o 1
SI0UANA 3 TMAITUSATUST 2.0, 2.0 1ag 1.5 mlmin’ awdwy  USamsazaediedis
A Y= 1 [} v a @ L] A = Y
nladnwieglugae 50 250 pl - wuIlSumdsazaeied M aula Iy 150 ul
vag ldimsadensuasgulusanududuimuzauie 1-12 pgml” Idaumaduas
A a0 I 9 2 Y
A0 Y =127.96X +69.935 Haanuiluduase r m1nU 0.9981
=< a 1 YR A Yy 9
HAMTANEINATUAINYDY eRauriaa1e  1afny1 lessusunIunianuuTuues
loopursiiadaaennududuyeaaIazi iy 5 M1 nudnlessusuniuinamssuniu
a J |1a ) J <3| Y J
M uanerlsunaaziinnteslunnnlessunisg Wudsdife A, As™, zn™, Mg,

2+ 2+

Cca’, Sn”, Hg', Mn~ uaz Cu’ @wdau
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4 o { o a A a I Aa o'/ A A, a
dioiwan 1d limsssmuismsimagilsnaaznian 2 95 Ao 33 Inadu

o'/ = d' [ d?’ d' o o =1 = v A d! Y A Y
wavuezu ladaiwannin  vazdei lUiimsulSeufeunuisnasgiudeldiaon1ds
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Abstract

A simple flow injection colourimetric procedure for determining lead was
proposed. It is based on the reaction between lead in sulfuric acid with 1,5-
diphenylthiocarbazone and sodium dodecyl sulfate, resulting in an intense blue complex
with a suitable absorption at 500 nm. A standard or sample solution was injected into the
sulfuric acid stream (flow rate 2.0 ml min™*) which was then merged with sodium
dodecyl sulfate stream (flow rate 2.0 ml min™) and 1,5-diphenylthiocarbazone stream
(flow rate 1.5 ml min™). Optimum conditions for determining lead were investigated by
univariate method. Under the optimum conditions, a linear calibration graph was
obtained over the range 1.0-12.0 pg ml™ and the detection limit was 0.027 pg mI™
(s/n=3). The relatives standard deviation of the proposed method calculated from 10
replicate injection of 4.0 and 8.0 ug ml™* lead were 0.42 % and 0.38 %, respectively.
The sample throughput was 80 h™. The proposed method has been satisfactorily applied

to the determination of lead in water samples.
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1. Introduction

Lead (Pb) poisoning of person has been described as the most consequential
environmental health problem in the country [1]. Of most concern is lead’s adverse
effect on the nervous system of the developing fetus and small child ; thus exposure of
pregnant women prompts concern [2]. Although very low doses cause no obvious
adverse health effects on the fetus or small child, low doses are associated with a
lowered intelligency quotient [3].

A simple and accurate analytical method is required for the quantitation of lead,
which are present in the water samples. Several methods have been reported for the
determination of lead, including spectrophotometric [4-8], electrochemical method [9-
11], atomic absorption spectophotometry [12-14], chromatography [15-17 ] and
capillary electrophoresis [18,19]. These propose method are time consuming, imprecise
and require multiple steps of extraction and purification. Therefor, it is necessary to
develope a simply method for quantitation of lead.

Lead has been determined by using flow injection analysis through complexation
with 2-(5-bromo-2-pyridylazo)-5-dimethylaminophenol [20, 21], 4-(2
pyridylazo)resorcinol [22], arsenazo [23], malachite green and iodide [24] and meso-
tetra(4-trimethyllammoniumphenyl) porphyrin [25]. However, flow injection method
for the determination of lead in water sample using 1,5-diphenylthiocarbazone with
sodium dodecyl sulfate as complexing agent and enhancer is not yet available in the
literature.

This paper studies a rapid, sensitive and cost-effective flow injection method for
determination lead base on the spectrophotometric detection of the blue complex formed

by the reaction between lead standard in sulfuric acid, 1,5-diphenylthiocarbazone and
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sodium dodecyl sulfate reagent. The resulting of this complex is measured the optimum

absorption at 500 nm.

2. Experiment
2.1 Apparatus

The flow injection manifold consisted of a peristaltic pump (Eyela® MP3A,
Tokyo Rikakikai Co.,Ltd., Japan), and the standard or sample solution was injected via a
four way PTFE rotary valve with a 150 ul sample loop (Upchirch Scientific® model
V450, Oak Harbor, WA). PVC tubing (Elkay®, Galway, Ireland) with 0.8 mm i.d. was
used as a flow line for sulfuric acid, sodium dodecyl sulfate and 1,5-
diphenylthiocarbazone, and Y- shaped connectors were used for merging the reagent
streams. A mixing coil used was made from PTFE tubing with appropriate in length for
the recommended configuration. The FI peaks were acquired by using a UV-visible
detector (Thermo Separation Product®, TSP UV-2000, USA), coupled with a chart

recorder (Kipp & Zonen® BD50, The Netherlands).

2.2 Reagents and solutions

All chemicals were of analytical reagent grade and were used without further
purifications. Lead Nitrate standard (1,000 png ml™) was purchased from BDH
Spectrosol (England). Solutions of the desired concentrations were obtained by diluting
the stock solution to volume with deionize distillation water.

The solution of sodium dodecyl sulfate (1.0 mol I'™") was obtained by dissolving
144 g of sodium dodecy!l sulfate (Ajax Finechem, Australia) in deionize distillation
water and diluting to 500 ml. Solution (0.1 % w/v) of 1,5-diphenylthiocarbazone

(Panreac, Spain) was prepared by dissolving 0.1 g in 75% of ethanol and diluting to 100
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ml. Sulfuric solution (1 mol I"*) was prepared by measured 56.5 ml and diluting to

1000 ml with deionize distillation water.

2.3 Recommended procedure

Using the three channel manifold as shown in Fig. 1, a 150 ul sample or
standard solution containing lead was injected into the reagent stream consisting of 0.75
mol I sulfuric acid and 0.4 mol I'* of sodium dodecy! sulfate at the same optimum
flow rate of 2.0 ml min"* which were then merged with 0.0025 % 1,5-
diphenylthiocarbazone with an optimum flow rate of 1.5 ml min™. Subsequently, the
sample zone flowed through the 100 and 150 cm in reaction coil length of mixing coil
No 1 and mixing coil No 2, respectively, where the complexation was occurred. The
signal was monitored by the spectrophotometer detector at 500 nm and the FI signal was
recorded on a chart recorder.

Fig. 1

3. Results and discussion

The proposed flow system was undertaken development of FI procedure for
analysis of lead based on the complexation between lead ion, sulfuric acid, sodium
dodecyl sulfate and 1,5-diphenylthiocarbazone solution resulting in intense blue
soluble complex having an absorption maximum at 500 nm. The present work was
developed and optimized by an univariate method. The variable by variable method was
applied to select the optimum conditions for the flow injection spectrophotometic

determination of lead.
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3.1 Effect of absorption spectra

The absorption spectra of the complexation between lead, sulfuric acid, sodium
dodecyl sulfate and 1,5-diphenylthiocarbazone were recorded using a
spectrophotometer. The absorption spectra were studied from 200 to 700 nm. In order to
achieve the greatest sensitivity, measurements were made at 595 nm in further studies.
(Fig. 2)

Fig. 2

3.2 Effect of sulfuric acid, sodium dodecyl sulfate and 1,5-diphenylthiocarbazone
reagent concentration

The effect of varying concentration of sulfuric acid reagent solution between
0.125 — 1.50 mol I were examined. The highest peak height was recorded when the
concentration of sulfuric acid solution was 0.75 mol I"* and was therefore chosen as
optimum concentration. Further increasing in sulfuric acid concentration the peak
height decreased gradually up to 1.50 mol I'". (Fig. 3)

The concentration of sodium dodecyl sulfate solution was optimized. Various
concentrations over the range 0.05 — 0.80 mol I"* were investigated. It was found that
the peak height increased with increasing sodium dodecy! sulfate concentration and
reached a maximum peak height at 0.4 mol I, above which the peak height decreased.
Thus 0.4 mol I"* of sodium dodecyl sulfate was used subsequently. (Fig. 4)

The effect of various concentrations of 1,5-diphenylthiocarbazone solutions
(0.000625 - 0.01 % w/v) on the absorption of the Pb (I1)- reagents complex (as peak
height) was examined. The 1,5-diphenylthiocarbazone concentration which exhibited

the greatest peak height was found to be 0.0025 % w/v and was therefore chosen as
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optimum concentration. Further increasing in 1,5-diphenylthiocarbazone concentration
the peak height decreased gradually up to 0.01% w/v (Fig. 5)

Fig. 3

Fig 4

Fig. 5
3.3 Effect of mixing coil length and injection loop volume

These study were carried out at various mixing coil lengths between 50 — 250 cm
for mixing coil No 1 (H2SO4, sodium dodecyl sulfate) and mixing coil No 2 (H,SO,
sodium dodecyl sulfate, 1,5-diphenylthiocarbazone), injection loop volumes between 50
and 250 pul on the complexation produced were investigated. These were found that the
peak height increased with the mixing coil No 1 and No 2 length up to 100 cm and 150
cm, respectively. Both mixing coil lengths of 50, 100, 150, 200 and 250 cm provided
the peak height of 698, 770, 668, 668, 658 mV and 608, 706, 760, 562, 554 mV,
respectively. The optimum mixing coil length of No 1 and No 2 for subsequence
studied were 100 cm and 150 cm, respectively. (Fig. 6)

The influence of the sample/standard volume on the absorbance was investigated
by injecting volumes in the range 50-250 pl of 6 ug ml™ lead standard solution. It was
show that peak height increased from 696 to 1320 mV on incressing the injection
volume from 50 to 250 pl. It was found that the peak height increased with the injection
volume up to 150 pl, and the injection volume of 50, 100, 150, 200 and 250 pl
produced the peak height of 696, 730, 1042, 1218 and 1320 mV, respectively. The
appropriate peak height was reached at 150 pl. The most suitable injection loop volume
values for further use was 150 pl, respectively. (Fig. 7)

Fig. 6

Fig. 7
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3.4 Effect of sulfuric acid, sodium dodecyl sulfate and 1,5-diphenylthiocarbazone
reagent flow rate

The effect of flow rate of sulfuric acid, sodium dodecyl sulfate and 1,5-
diphenylcarbazone solution were investigated on the determination of lead standard
(6 ug mI™). The peak height increased from the flow rate of 1.0to 3.0 ml min™ for all
reagent streams. The peak height increased with incresing flow rate of each stream up
to a sulfuric acid of 2.0 ml min™, due to a sodium dodecyl sulfate of 2.0 ml min™ and
merge with a 1,5-diphenylthiocarbazone solution of 1.5 ml min™ above which the peak
height slightly decreased. Thus 2.0 ml min™ of sulfuric acid, 2.0 ml min™ of sodium
dodecyl sulfate and 1.5 ml min™ of 1,5-diphenylthiocarbazone solution were regarded
as the optimum flow rate. (Fig. 8)

Fig. 8

3.5 Analytical characteristics

Analytical characteristics for determination of lead were studies under the
optimum conditions. (Table 1)

Table 1
3.5.1 Calibration curve

Using the proposed FI manifold for determination of lead under the optimum
conditions, the linear calibration graph over the range of 1.0 - 12.0 ug ml™ lead was
established which can be expressed by the regression equation y = 127.96x — 69.935
(r*=0.9981 ) where y represents the peak height in mV and x is lead concentration in
ug ml™ after subtraction of blank. Thus, the amounts of lead in sample can be quantified
according to the above regression lines of equation. The detection limits was defined as
the concentration of analyte that gives the signal that different from the blank by an

amount equal to three times the standard deviation of the blank signal (s/n=3) . It were
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found to be 0.027 pg ml™. The quantitation limits (defined as ten times standard

deviation) were studied and resulted to be 0.092 pg ml™.

3.5.2 Reproducibility and accuracy

The relative standard deviation of the proposed method (peak height in mV)
calculated from 12 replicate injection of 4.0 and 8.0 pg ml™ of lead were 0.42 % and
0.38 %, respectively. The recoveries were determined with the standard addition
method in water sample. Lead ( 1.0, 2.0, 4.0, 6.0, 8.0, 10.0 and 12.0 ug ml™) were
added and mixed with sample, the water sample were analyzed using the proposed
method. The percentage recoveries of 1.0, 2.0, 4.0, 6.0, 8.0, 10.0 and 12.0 ug mI™ (n =
5) of lead were found to be 106.00, 104.50, 97.25, 103.00, 102.75, 102.80 and 99.08 %,
respectively, showing that the proposed method could provide acceptable method

efficiency and recovery of this analysis method was good.

3.5.3 Interferences
Effects of some possible interfering ions on the determination of lead were

investigated for the maximum wi/w ratio of interfering ions lead up to 10 : 1. Synthetic
sample solutions containing 4.0 ng mi™ of lead and different concentration of some
metal ions were tested, and peak heights obtained were measured. Most cations was
interfered, interestingly the foreign-ion caused an error had shown in Table 2 with the
percentage of relative height for determining the analyte of interest. These were found
that the percentage relative height of some possible interfering ions were in range of
80.80 — 98.04 % . Howere, the most serious interferece was from copper (I1) and

manganease (11).
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Table 2

3.5.4 Analysis of andrographolide from A. paniculata
The recommended method has been applied to the determination of lead in
natural water samples . The results obtained were compared favorably with those
obtained by FAAS. The accuracy was found to be high verified by the student t-test
[26] because the calculated student t-test value (0.24) was less than the theoretical value
(2.20, n = 12) at a confident level of 95% (P value of 0.05). The comparison between
the proposed FIA and FAAS method was accepted with reasonable agreement. (Table 3)

Table 3

4. Conclusion

The proposed FI spectrophotometric method has proved to be simple and
sensitive for lead determination. The linearity of the calibration graph is in the useful
concentration range for quantitation of lead in water. The detection limit of this method
was reasonable accepted. The method developed is simple, economic, rapid, providing a

good sample frequency of 80 h™, and is especially suitable for routine analysis.
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Injection Valve

(Standard/Sample)
P l MC1 MC2
g AN
= D R
R3 l

Fig. 1 Proposed FI manifolds ; R1, sulfuric acid ; R2, sodium dodecyl sulfate
; R3, 1,5-diphenylthiocarbazone ; P, Pump; MC 1, Mixing coil No 1
; MC 2, Mixing coil No 2 ; D, Detector ; R, Recorder ; W, Waste.
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Fig. 2  Absorption spectra of lead with sulfuric acid, sodium dodecy! sulfate

and 1,5-diphenylthiocarbazone reagent.
(B:blank ;4 ugmlt; 6 ugml™; 8 pg mi?
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Effect of sulfuric concentration
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Fig. 3 Effect of sulfuric concentration on the mean of peak height (n=5)
of 6 ug ml™* lead standard solution.
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Effect of sodium dodecyl sulfate concentration
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Fig. 4 Effect of sodium dodecyl sulfate concentration on the mean of
peak height (n=5) of 6 pg ml™ lead standard solution.



83

Effect of 1,5-Diphenylthiocarbazone
concentration

1050 -
1000 -
950
900
850 -
800 -
750
700 ~
650 -

600 T T T T 1
0 0.002 0.004 0.006 0.008 0.01

Peak Height (mV)

Concentration of 1,5-diphenylthiocarbazone (%w/v)

Fig.5  Effect of 1,5-diphenylthiocarbazone concentration on the mean of
peak height (n=5) of 6 pg ml™ lead standard solution.
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Effect of mixing coils length
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Fig. 6 Effect of mixing coil length on the mean of peak height (n=5)
of 6 pg ml™ lead solution.
(MC 1; lead, sulfuric acid, sodium dodecyl sulfate ; MC 2 ; lead, sulfuric acid,
sodium dodecyl sulfate, 1,5-diphenylthiocarbazone)
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Effect of injection volume
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Fig. 7 Effect of injection volume on the mean of peak height (n=5)
of 6 ug ml™ lead standard solution.
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Effect of Reagents Flow Rate
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Fig. 8 Effect of reagents flow rate on the mean of peak height (n=5)
of 6 pg ml™ lead standard solution.
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Table 1 Variables range studies and optimum conditions for determination of

lead.
Parameter Studied Range Studied Optimum Level
Wavelength (nm) 200-700 500
H,SO, concentration (mol I™%) 0.125,0.25,0.5,0.75,1.0, 0.75

1.25,15

Sodium dodecyl sulfate 0.05,0.1,0.2,04,06,08 04
concentration (mol 1)
1,5- diphenylthiocarbazone 0.000625, 0.00125, 0.0025, 0.0025
concentration (%w/v) 0.005, 0.01
H,SO, flow rate (ml min™) 1.0,15,2.0,25,30 2.0
Sodium dodecyl sulfate flow rate 1.0, 1.5, 2.0, 2.5, 3.0 2.0
(ml min™)
1,5- diphenylthiocarbazone 1.0,15,2.0,25,30 1.5
concentration flow rate (ml min™)
Mixing Coil [1] (cm) 50, 100, 150, 200, 250 100
[Pb(Il) + H,SO4 + Sodium dodecy! sulfate ]
Mixing Coil [I1] (cm) 50, 100, 150, 200, 250 150

[Pb(Il) + H,SO4+ + Sodium dodecyl sulfate +
1,5-diphenylthiocarbazone]

Injection VVolume (ul) 50, 100, 150, 200, 250 150
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Table 2 Effect of some interferences on the peak height of 4.0 pg ml™
lead standard solution.

Interference lons* Percent relative of peak height
(Hg mI™) (%) ; n=5
None excipient 100.00
(Lead standard only)

Mg** 89.04
Mn** 80.82
ca® 87.67
As* 93.15
Hg®* 84.93
zZn* 90.41

Sn** 86.30

Al 98.04
Cu® 80.80

* mole ratio of an interference ion : lead standard (10 : 1)
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Table 3 Accuracy of propose FIA method compared with FAAS method for
determination of lead.

Sample? Concentration of lead (ng ml™)
FIA® AAS* t-test
A 3.48 3.66 -0.18
B 5.57 541 0.16
C 2.32 2.30 0.02
D 6.55 6.66 -0.11
E 1.32 1.26 0.06
F 6.62 6.75 -0.13
G 2.15 2.22 -0.07
H 3.82 3.67 0.15
I 2.01 1.98 0.03
J 1.15 1.32 -0.17
K 4.41 4.59 -0.18
L 3.38 3.09 0.29
D =-0.0108
S.D.=0.1547
t =0.24

t-distribution  (95%) = 2.20

a Average from five determination
® Elow injectiuon analysis
¢ Flame atomic absorption spectrophotometry
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