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AAP Aaminoantipyrine

AAS Atomic Absorption Spectroscopy

APIBP 2-[(Z)-[2-aminophenyl)imino]methyl]-4-bromophenol
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SAP N,N-disalicylidene-2,3-diaminopyridine
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SFODME Solidified Floating Organic Drop Micro-extraction
SIA Sequential Injection Analysis

SP Solid Phase
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TAC Total Antioxidant Capacity
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0.2641 | 0.5939 | 2.9229 | ool oudll il aiy) Jona
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(11)aad) a8 da gliial cupal) paall -12-4-4-3

e Jslae oo Yoy Jhiad) elal) daeas A5V 35hall el s G ad Cuall aaall 234
8 Ol il G el Jolae e Yo il elal) Jraad 4060 5 shaall o cpa e (1)l
Ustas (i o Laie 5 i) (5l sela e (ufisatl) (ila d Jan g1 3) Legs Aslall cdlia
LIS 8 A Jlaall IS i) i Laa LegiDla 5 (& ol 5 il S (oIS Jslaa s (1) 22s])
ool db (45 dpada Al el )5 el (mslay Jaddl Shadall slall Jglae (i il
Oibs il S GRS Jslaa s (1)asll Jslae (00 pan sl pde Al jall o2 (i (5 AY) il
el 1385 Jhea Cuse aaay Jany wiaall Jlaall slocalls lldl 0 Qdaill o) jaf 0 LegDlasy b
Jery Ghlall Jalxiy dia ) 4y (1)paad) il deaad) Jloal) aal) dashaie sl o )
Adle 50,
(112} as daghilal D cidal) Jalas -13-4-4-3

Je il el i€ Tla J 51 Gl el cinill Jabae waail i cgpal Bl Cag il 3
CllS 3 :1 (Ihaasdl) des Je Blsll s Jboall gaall dashie #8300 4
Al el I g el Gaalay Jarall Hhaiall el Jolas (o 15 Al a3 o5 (0ol 5sld S
O e H Alainy) Jiadll 2aiadll (e Alseaty Jolaall (e Aulie LS Huiaadl 5 dpads
slo JALl Jladl) (IS5 alacall 8 sasnall Lagidla s 8 Jeldl) cili S (a8 Gl Gacad
Jatl (5 AV Bl Cagplall Jh 4 5 dpcada Al ) cl) IS5 paedl (aelay Jare ki
 Hime a3

oilil) (a0 e a1l aale 31, 0.2 5uS) 8 ADA il Jalaa 2 (40-3) Jsaadl o
oRlias) (52-3) Sl b sl sl e 1,636, 2.022, 2.318 (H)uaadl 3 el sl
S Baly 5y i) Jalea a b

(1) aall el ¢y da gliial cidil) Jalaa (40-3) 2

3 1| 0.2 | (“silaade) (s 3858
198 | 9.1 | 255 H () L)
121 ] 45 | 11 H max (an) Hlainy!
1.636 | 2.022 | 2.318 ciadill Jabae
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BB 5 e ) (eadl

(11)2aad) da glaial Alal) J glaall B gaadail) g Apblasl) <l jlial) -5-3
(1123l 4 ghaial Apiaalall A -1-5-3

e ol g il LY (S ae (1])paadl Jelill Bl dpadall Q) duljy ek
gl il Aide (30 5k ae dpaalall Al A 8 Gl L adl Al da gl (]])aall
dpada daaed il s ol )il Sl CallS 5 (1) sl G 4nds Jelddl) e addad Al 5 sl
(41-3) Joaal) 8 LS 5 daliag

dudi Jo il do aaiad 3 gl ga (1)) da glaial dpdaalal) Adjal) 45 jlia (41-3) J i

) Jaaill Jslaa pH | dl sV
169 NH,H,PO, 5-2 | (=)
179 ESTag 45 | (1)
180 LR i 46 | ()
181 A 52-3.6 Lasll
182 <l 5 Huel) (ada 5 (11221
183 Gl siS s ouell sl | 4.8 SISV 3l

Al pallaa | el )5IS g el (aala 5 ()N

Ol g A gl g (1)l 580 i g 2 gaal) -2-5-3

e i A 5 AY) i) ae shliall Jaliis dis ) Sboall aall 48 da glaie 43 )laa o)
Sl Alimdl 3 3a3 U L al) (e dpaall eday ol s Sl L IS5 (1) paad) (4 Jelil
80 ie ouly yilid Sl SIS e adiia 385 plhadid il mia g Y Aeacadl da sl
157 e (1)l 73 sail juaall aaall i) jils Kae 196,15 die s aanny 7 il aale
s Sae

adiad 5 Al G h ae (I)yasll il deciad) Zaslaiall ¢ 4358} (42-3) Js2al) sy
Jalsiy diy Faoall sl 48 daghaie 4556 s (43-3) ol Ll 4 Jelilll e
o GBS e deli oaaiad Gl gAY bl ae ()aaall i dasad) ghlial)

. O g il AL

93



4S8l il

Jolnll o A 3k g (11)3aad) daghiial (11)paad) g Cpl g A0S LY 58 30 g aaad) &5 e (42-3) s

i
S8 pa pa
ol | i | cyitiay | it | 2% 2l
el | sl | gest| T
180 332 10000 10000 | (II)x=) | Spectrophotometric
181 390 1000 2000 | IS aasdl | Spectrophotometric
182 388 500 500 (I | Spectrophotometric
183 400 1500 2000 | SV aasll | Spectrophotometric
184 332 15000 1000 | (I)x=dl | Spectrophotometric
Al Al 3 80 196.25 157 (x| Merging-zone FIA

AQNSa Cad) S 9 5 AT (391 sk g (1T)2ad) da gliial (WY sdag 58Il 5 o gaal) 435184 (43-3) Jgo>

S BEgx A A
aadl | S | Gl | Gusl | sl .‘f‘ il
Polaale | Milaale | sl Sile | il Sie =

185 1-10 500 2000 Syl Phen | Spectrophotometric

186 1-10 760 1000 8000 | APIBP LLE-FAAS

187 0.5-4.5 | 485000 | 10000 | _Sual | KSCN | Spectrophotometric

188 0.25-4 | 10000 500 10000 | cmuiw CPE-FAAS

189 0.1-30 61720 1000 5000 TGA | Spectrophotometric

190 8-44 1000 2500 Syl | DMPAN | Spectrophotometric

191 0.2-4.8 1000 1000 2000 AAP | Spectrophotometric

192 0.1-5 2000 100 200 Phen | Spectrophotometric
Al il s | 0.07-4 80 196.25 | 157 Bphen | Merging-zone FIA
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4S8l il

(11)4aal) daglaial Julasl) 481 -3-5-3
iy hiall gkl ol i) LSl ol gall Slend JBA (e didail) 43S cupd
O S paall ey el sl Laglaiad sleaall A4S A8l me gl LS @ g (g0 5 laall
AlasS s cllgingg Ao ghially (I)yaal) pafl 4l Jollady HLal e 5 cllging Y aleall
Gy Jlaill QS paddiis (5 AT 5 e el oy lall (epxi Y Lain T8 plas aie gl padlY
pleall s Lilassll 3 gall lansd (44-3) Jsaal)

(11)aad) 830 alacall g dpilpansl) 3) gal) sl (44-3) g

$i 2 3alal)
(e sl et 1)
151 Ol syl S alls
4.5 2 (1)) cli,S
0.2 Sl 5lS 5 Huell adla
0.16 e sall S 5 )28
10 A ) 5 plaa

Ja shaloe 1 Glusys (1) waadl o5l il deanaall b jal) (sl da slaie 4kt L peny
JSI Y 52 165.86 4iS) AdlSill ()l (Lded Jo 1 sl al e 1 (e 8 ellgin a3) (sl 2aS 30l (S
Aipedi A oS HY 531,92 an 5l Julaill DS ) oK5 iy 5 86 Waaxe all) clidal)
(1) 2asd) da ghiial Julatl) 4y -4-5-3

e slaall b Legidlas) ooy jillis gl CadlS Jslaas (1)l Jslae Gia G5 oind)
5 30 535l 5 Ll i) ol 1) (alad) B (e Alaiay) e o 5 ) IS5 Al 25 gl
(Ol tlid S g (I uasd s b 8 Lay) 45 63 Jeesl) Alee Ao o () o ) (5 A
Cad g Glaliall Jala s ey Ay i sad) i) A shiey (1)aad) Gl Jilas de s 55 Gl
Ao shaiay (11)aaall Jalas e pus 45 jlia (45-3) Jsaall ond Aelidl i die 57 Lgd i) gyl
(5 oA Lt il g i el )
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4S8l il

6 AT Gl ga daaaal) st Lo glital Julail) Aoy 45 jlia (45-3) Jsa

Qo) Ay | Jelall ca,
el (Geldl) | (A .
193 30 2 Spectrophotometric
194 12 5 Spectrophotometric
195 20 3 Spectrophotometric
196 10 6 Spectrophotometric
197 60 1 FIA
97 20 3 stop-FIA
98 108 4533 FIA
99 10 6 rFIA
100 40 1.5 SIA
172 40 1.5 FIA
Al yall o2a 57 48 63 Merging-zone FIA

(1) 2aad) da ghaial Alal) Jglaall A& gaadail) -5-5-3
(1)) il el Jslaal) b (Gudail) -1-5-5-3

gl 330 o3 ) bl dallaall 3 (1) sl 08l 28 yha alag) 58 Al jall 038 (e (il )
A eanaal) Sloal) gaal) daslaia alaiuly GllA g sl (1)pasl Sl S o b puane Al d
) S8 AR el sl e glaial sa il (46-3) Jsaal) pm gy shliall Jalaiy Jis
s mand)l S Gy e 3858 75 e JiT o s lume il paily (Mlaake 31, 0.6
A shiall 3 plaall aie (e dgle Jgeandl &5 gl S Sl

Aol CRal) AT, Atall Jltaal) (8 (11)aaad) kil Uadl) dpu g Lo i) (46-3) o>

2l 58 | Alaaay) | dald) 5
Aleasy) | E% E 1 1
98.653 | -1.3460 |-0.0134| 0.6080 2.9 0.6
98.967 | -1.0328 |-0.0103| 1.0103 4.45 1
99.712 | -0.2871 |-0.0028 | 3.0086 12.15 3
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(1)) ppaist dlal) J glaal) & (gaadail) -2-5-5-3
Ol il G Al ae aY) Jeld 3 ([1) pasd) ) 4l 58) Agdee any ([1])anal) 53
St g lall cand ()l il deaad) hlidl Jalsiy diay Sloall Giall da ki
Ciad 5 Acadls A ) Jaeddl ladall elall JBH Jslaall aaEs Je 5.9 b de s Aliaial)
80 uS i ouls g Sl S 5 S 19625 anas el Jawell il 0.5 Al
S g il Sl 157 paad gl yaall Alias die 5 o 150 Jelis cale alasiuly 1 il aale
Ualas ae lgie Lany o 93 (47-3) Jsaadly (11)uasll & 3iad) Jal sall e a2l aladin) 484

) RAYI 5 sausY)
0 (1) aaad) ) 58y Aaal) 1 Jidal) Jal gad) Gane (47-3) s>
J)FAY) 5300y Aalaa Jaal Jalall
21 oy + 2Fe™ i — Ly + 2Fe™ o) lodide ion
HaS (e + 2Fe™ ey — S(s) + 2Fe™ g+ 2H g H2S
SO, ) + 2F€% gy + 2H,0() — SO 4aq) + 2Fe™ oy +4H g SO,
Mgy + 2Fe™ gy — Mg™ g + 2Fe™ ) Mg
Zng + 2Fe* g — Zn” o) + 2Fe™ o) Zn
SN** (g + 2Fe¥ o) — Sn™ g + 2Fe% g SnCl,
4Fe™ 1) + 2NH,0H (o) — 4Fe™ o) + NoO o) + 4H' 2y | NH,OH. HCI

Jaay Lae 2aall 3 e J) 8] die ) (oS s el 2 S Giaala g 13 sall sl sy
O e ool Al ) el ey el sl alaa M A e 73 saill (s ApilSa) (g
3alaS @l N g o sainall d8liza) () | Ay)le 3 shan dal se callai Cuy Sl a6 S Gle aladii)
S 53 Jisbae s ma A 25518 Jslaa L gy Lalie Jalad 435 yay ransi ¥ 2 saill ) Abia
15 s Gl

Alaaiuly clld s Fe(NO3)3.9H,0 dslall (1) aasdl & 55 (e b jane dpuld zila “—*h“
JesS 5 oua Jisall Jalal) Adla) 22y shalial) Jalais Jis ) A0 Aeaad) S ) sl da sl
s il (48-3) Jsall s (H1)uasd) Jolaa I %1 S 53 50K Hals Gl
8 o (g lne il paily (Mlaile 31, 0.5, 0.1) <3S 5 A )Y Slsall ciall e gl
Brall iaie e dgle Jgeand) o Al S il 5 pumaall SIS A G (e G815 75 0
A shaiall
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4S8l il

bl cial) A At Jllaal) b (111) ) il et Apusiy Apsla i) (48-3) Jgon

asiis (1) (1D)asd e s

) S8 | Ayl | 3,aldl 58
Aoalaginy! E% E . .
97.984 | -2.0165 | -0.0202 0.1020 0.95 0.1
101.741 | 1.7414 0.0174 0.4913 2.45 0.5
97.670 | -2.3305 | -0.0233 1.0233 4.5 1
100.145 | 0.1453 0.0015 2.9956 12.1 3

()3 (1) 4 e a8l lal) Jplaal) 2 Gl -3-5-5-3

3 )zl Jllae ci2d e shiall Bl Gog )l cial

}.}A.i

G Rl J205 5 iy ilad) cind) agliia I 03 aedl s 25 3 cpand ) Jlaal
, (Il 58 5 ) AdiSa Al laiu) (65 @l gl 5085 pula Cpal JauS 50 dil)
Ao shaidll ) i s el slae ¢re 1 audl) 061 38581 53 U3l Jaladl il La o
) oS S G BLAN O 5SH 7 odall Al s KU paad) ) AGIS Aaslil) Al Sl
(1) (11)aaal &8lSia 580 55 e 5 i Jillae SO 580 55 8836 e Guladl) 23, (11])u2a)

(49-3) Jsaal LS bl iS5 (il aake 1.5,0.5, 0.1)
) Gial) A, dulal) Jallaall (8 ASH yaal) afil Usdll) dped g palaian) (49-3) o

Lileiny) | E% E C‘{u‘*s il o 5’%{‘ JJS - oY) m
ke — Slaxle o\l

102.016 | 2.0165 | 0.0202 | 0.1020 | 0.95 0.1 Fe”*

102.912 | 2.9118 | 0.0291 | 0.2058 1.35 0.2 Fe¥+ Fe? | 0.1: 0.1

103.800 | 3.8000 | 0.0380 | 0.1038 - 0.1 Fe¥

103.449 | 3.4490 | 0.0345 | 0.5172 2.55 0.5 Fe”*

101.033 | 1.0329 | 0.0103 | 1.0103 | 4.45 1 Fe¥+ Fe” | 0.5: 05

98.620 | -1.3800 | -0.0138 | 0.4931 - 0.5 Fe¥

101.958 | 1.9576 | 0.0196 | 1.5294 6.45 15 Fe”*

99.855 | -0.1453 | -0.0015 | 2.9956 12.1 3 Fe¥+ Fe’ | 1.5:15

97.747 | -2.2533 | -0.0225 | 1.4662 - 15 Fe¥
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daaaall cila glaiall 3 yraral) ddana Blaa & Cili gD pakil) adati -6-3

58 42 5l 8 Aaa gall Akl 8 nenall Aane (ge 3salal sleal) 23000 aad 3 o n
B @yl g Sl R glaiay s laliall Jaliy Jun ) (Sboall sl deshia (Iosadll 55
JSI &gl oyl ad g ghaliall Jabaiy Jia ) (ol (sl dashiay ST (1) 5 (1)
A Al (ym jad (g Galiaial) iy Ansdi slanll 23 sai (B paall 5 (alaill (g paic S35 Fa glaia
(50-3) Jsanll b LS il il g Ll JSV el 5 ) S

8 parall dasal auall uuml\ Blaa zlgal b (| 1) 2l g (1)l g (11)owladd) 385 (50-3) Jga>

) almia¥ ) A |l ) aids | el o) i ]
4.4153 4.2373 4.2995
4.4755 4.4840 4.2995
4.4598 4.3607 4.4440 ( J"Snr‘j;) cu
4.4301 4.3607 4.2995
4.4097 4.3607 4.4440
0.0255 0.0780 0.0710 SD
0.5753 1.7890 1.6250 RSD%
A A RN
K Fe Fe® S Fe Fe®* oY)
10.6852 6.3062 10.6218 4.3156
10.6153 6.3062 10.5829 4.2767
550
10.6074 6.1504 103883 | 4.2378 | (" silsale)
10.6904 6.1504 10.3883 4.2378 n=>
10.6033 6.3062 10.6218 4.3156
0.03899 0.0763 0.10896 0.0347 SD
0.3664 1.2224 1.0357 0.8135 RSD%
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on] el Jany daseaall e shaiall plasivd o (52-3) Jsaall 5 (51-3) Jsaall s
lgtle Jpmandl &3 Al Gl 4 jlae caad 3 aall Gl laa A Galadll s aasll 3 58
g g M Gabaiell 44 (e lgle Jpanll &5 3l @lli pe daaadl) e shidl (e Lilias
fot s o ol 310,05 0o BBl p Dllaia) daiys 795 48 (5 sismy F 5 t <l LiaY
AVo 63 G, asay ate ) el Lee ¢ (Asanall) AL Ax el Al (e B CailS A gl
1 p ALY o 8 G o (o b)) A o s B Sl il (51 5k (o Al
L;Jmuamy\m@w\uujmpjFJun\‘_.uuumme (51-3) Jss>

Gsinn | ded F | F=(3°/5°) | (8%) i
daail) izl
&) P Ugandl | 4 guendl) 310%
- 0.8150 AAS
s | 0.0367 ] 0.1565 | 0.1301 Cu

6.2640 | sl casll

. 0.8150 AAS
A5 0.0262 ] 0.1565 | 0.1071 Cu
7.6076 | <asls S

N 1.9006 AAS
s [0.03570.1565 | 0.1280 Fe
14.8426 | Sball caall

‘5J£\@WY!M@M\H&MthJL:A\HDMMMA\MJI.M (52-3) Jy>

4\.:.:3.:3\ izl
&) P Dgandl [ 4 suadll 3-1o><
- 0.8150 AAS
B [0.0320] 2.3060 |  2.1468 Cu

6.2640 | sl casll

N 0.8150 AAS
Zgise | 0.0480 | 2.3060 | 1.8858 Cu
7.6076 | <l S

— 1.9006 | AAS
455 | 0.0361 | 2.3060 | 2.0685 Fe
14.8426 | sl cisl
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Al dglee (840 pall 5 dakal Sl AAISIL a3 (1) a5 (1) Cula

aa die Alle 3eliSy Jasd () ouladll ol Tilaa dniiaall a5l s jSlall Ay 5 )
LS e Slzmd sl dlee A g pall s Akl gl AASIL Ll it a5 shea Cuse
(AT e glaia Lgalaain

sl AL 5 Al Jllacall 5 o) sall @) 418 5 daacadl il glaiall 48K 4%
sladly Tas Aadiie <l ot Gaiad g Sae an B ) A el 5Y1 Ul
o) padl) el

Jallaall 8 (1) sl s (1) ouladl) 0 die 2 il Cilae § dearadll il shaiall o
b ¥ B3] Auldll Al

bl aas 3 Aidall Z3lal) 8 el die Alle A8y Jand Aaaaal) cila shaidll
Gk aall Goyeall slaa 8 aaally (uladll a8 die e Al dplan)

A el Caeadin) Al A (abiaia) 48 jla ae 48 i ga
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Summary

This study included designing a merging-zone flow injection and
microfluidic system for determining copper(ll) based on its reaction with a
specific Neocuproine reagent in the presence of uric acid as a reducing agent
and as a carrier solution at 454 nm. Also, a merging-zone flow injection
system for determining iron(ll) based on its reaction with the specific
Bathophenanthroline reagent at 533 nm. A homemade valve and
microfluidic chip were used for the determination of Cu(ll), Fe(ll), and
Fe(lll), and the constructed systems were used for these ions in sewage
sludge and aqueous solutions as applications.

The optimum conditions for a flow-injection system designed for the
determination of Cu(ll) were determined as a recorder voltage of 0.2 V, the
uric acid concentration of 150 mg/L with a pH of 7, a flow rate of 6.5
ml/min, a volume of the Cu(ll) sample 78.5 pL, a volume of Neocuproine
reagent 157 pL with a concentration of 600 mg/L, and reaction coil length of
150 cm. The concentration range was 0.4-40 mg/L at linearity r”* of 0.9978
and high repeatability (n=7) with an average RSD of 1.14% for three
concentrations within the calibration curve. The home-made valve was
working with zero dead volume and the system had an average dispersion
coefficient of 1.576 for three different concentrations and a sampling
throughput of 69 per hour. While the optimum conditions for the
microfluidic system designed for the determination of Cu(ll) were
determined as a recorder voltage of 0.2 V, a concentration of uric acid of 40
mg/L with a pH of 7, a flow rate of 5.2 ml/min, a constant volume of
microchannels in the chip for the Cu(ll) sample and the Neocuproine reagent
at 60 pL, Neocuproine concentration of 75 mg/L, and reaction coil length
of 100 cm. The concentration range was 0.5-25 mg/L at linearity r? of 0.9979
and high repeatability (n=7) with an average RSD of 0.976% for three
concentrations within the calibration curve. The manufactured microfluidic
chip was working with zero dead volume and the system had an average
dispersion coefficient of 1.773 for three different concentrations and a
sampling throughput of 62 per hour.



Also, the optimum conditions for a flow-injection system designed for
the determination of Fe(ll) were established as a recorder voltage of 0.5 V,
the uric acid concentration of 150 mg/L with a pH of 7, a flow rate of 5.9
ml/min, a volume of the Fe(ll) sample 157 pL, a volume of
Bathophenanthroline reagent 196.25 pL with a concentration of 80 mg/L,
and reaction coil length of 150 cm. The concentration range was 0.07-4
mg/L at linearity r* of 0.9968 and high repeatability (n=7) with an average
RSD of 1.260% for three concentrations within the calibration curve. The
manufactured valve was working with zero dead volume and the system had
an average dispersion coefficient of 1.992 for three different concentrations
and a sampling throughput of 61 per hour. The total Fe concentration was
estimated by reducing Fe(l1l) with a hydroxylamine hydrochloride solution,
and by subtracting that from Fe(ll) concentration, Fe(l11) was calculated.

The proposed systems were applied for the determination of Cu(ll),
Fe(ll), and Fe(l1l) in the sewage sludge and aqueous samples. The obtained
results were reliable and satisfied when compared statistically atomic
absorption technique.
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