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ABSTRACT 

 

SPECTROFLUORIMETRICS PROCEDURES FOR DETERMINING 

KETOCONAZOLE, SULFANILAMIDE, ENROFLOXOCIN AND NORFLOXACIN 

IN WATER SAMPLES. Currently, due to the high intensity of human activities becomes 

increasingly important the development of analytical procedures for the determination of 

chemicals with biological activity, particularly in relation to water resources. The high 

medication and the need for animal productivity increase to supply the market demand, 

causes the huge amount of disposal of substances with biological activity as effluents or 

excreted by organisms in the environment. This discharge causes risks of contamination 

of groundwater and surface waters, directly affecting the ecosystem and consequently, 

the human health. The aim of this study was to develop and validate analytical procedures 

for quantifying the presence of drugs ketoconazole, sulfanilamide, enrofloxacin and 

norfloxacin in water samples using fluorescence spectroscopy methodology. In this work, 

we seek to employ solvents with low potential for contamination to the environment and 

analyst targeting the principles of green chemistry. The spectrofluorometric procedure 

proposed for the direct determination of ketoconazole, monitored is the emission intensity 

of the solution at 380 nm when excited at 265 nm. Recoveries for the determination of 

ketoconazole using direct procedure ketoconazole showed variation between 93.7 to 

128%. In sequence, the indirect procedure developed for the determination of 

ketoconazole using cerium (IV) as the oxidizing agent was developed. In this work, the 

emission intensity of cerium (III) produced in the oxidation reaction between 

ketoconazole and standard solution of cerium (IV) was monitored. The emission intensity 

of cerium (III) in solution was monitored at 360 nm when excited at 250 nm. The emission 

intensity was proportional with the concentration of ketoconazole in the solution. The 

spectrofluorometric procedure for the sulfanilamide determination was developed by 

monitoring the emission intensity at 345 nm when excited at 245 nm. The recovery of 

ketoconazole in tap water samples procedure using cerium (IV) ranging from 93.03 to 

104%. In the development of spectrofluorimetric procedure for determining the antibiotic 

enrofloxacino, the emission intensity of the antibiotic was monitored at 448 nm when 

excited at 370 nm. The recovery in the determination of enrofloxacin in water samples 

ranged from 93.3 to 101%, indicating no matrix effect in these samples. The procedure 

for the determination of norfloxacin was proposed using spectrofluorimetry. In this case, 

the concentration of norfloxacin was obtained by monitoring the emission intensity of 

solution at 446 nm when excited at 370 nm. The emission intensity of norfloxacin solution 

was proportionally to the concentration in solution. The norfloxacin recoveries was 

evaluated in water samples and ranged from 93.9 to 108% in water samples. 

 

Keywords: antibiotics, antifungal agents, validation, surface water. 
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W@"@=HKO�B@">B"LF?N?Ĥ=">B"@KHE?DIH?GI>?"̀�[��!ZM�"?"�[��!ZMg"G=H"qM!c"E=F?G"

AFBA?F?>?@">IHKID>=M@B"}=HKGB@">?"@=HKOX="B@L=pKB"BG"N?H�B@"}=HKGdLFIQ=@">B"g[Z"Gq["

Q=GAHBL=KM@B"Q=G"�QI>="QH=FP>FIQ="Z[!Z"G=H"qM!\"

W"@=HKOX="B@L=pKB">B"BDF=EH=�?QID=">B" [!ZMV"G=H"qM!"E=I"AFBA?F?>?">I@@=H}BD>=M

@B"?AF=�IG?>?GBDLB"Ug"GC">B"BDF=EH=�?QID="BG"N?HX="}=HKGdLFIQ=">B"Ug[Z"Gq["

KLIHIJ?D>=M@B"@=HKOX=">B"�QI>="QH=FP>FIQ="Z[ZZ!Z"G=H"qM!\"



 !"
"

#$"$%&'()*$"+*",-./.&0%"+*"*1-%2&%3.451%"6789:;<=7"."789:;<=>"?%&"@=;A"2%-.?"

B-*B.-.+.$"+5&'51+%=$*"C%&'?*$"+."$%&'(D%"*$,%E'*"*?"/.&)*$"C%&'?F,-54%$"+*">8<"?@8"

4%?B&*,%'=$*"4%?"G45+%"4&%-H+-54%";8<"?%&"@=;I"

#"$%&'(D%"*$,%E'*"+*"1%-2&%3.451%"+*" 8;<=9"?%&"@=;"2%5"B-*B.-.+."+5$$%&C*1+%=$*"

.B-%35?.+.?*1,*"!>"?J"+*"1%-2&%3.451%"*?"/.&D%"C%&'?F,-54%"+*"!>8<"?@8"',5&5K.1+%=

$*"$%&'(D%"+*"G45+%"4&%-H+-54%";8<"?%&"@=;I"

#$"$%&'()*$"+*",-./.&0%"+*"1%-2&%3.451%"6;8L:;<=7"." 8;:;<=>"?%&"@=;A"2%-.?"

B-*B.-.+.$"+5&'51+%=$*"C%&'?*$"+."$%&'(D%"*$,%E'*"*?"/.&)*$"C%&'?F,-54%$"+*">8<"?@8"

4%?B&*,%'=$*"4%?"G45+%"4&%-H+-54%"<8<<;<"?%&"@=;I"

#"$%&'(D%"+*"G45+%"$'&2M-54%"6N*,*48"LLOA";8<"?%&"@=;"2%5"B-*B.-.+."B5B*,.1+%=$*"

> 8P"?@"+%"-*$B*4,5C%"G45+%"*?"/.&D%"C%&'?F,-54%"+*";8<"@8"4%?B&*,.1+%=$*"4%?"GJ'."

+*$,5&.+.I"Q%-.?"B-*B.-.+.$"$%&'()*$"1.$"4%14*1,-.()*$"+*R"<8<<;S"<8<;S"<8;<"*";8<"?%&"

@=;"B%-"+5&'5(D%"$*-5.+."."B.-,5-"+."$%&'(D%"*$,%E'*"+*";8<"?%&"@=;I"

#"$%&'(D%"+*"G45+%"4&%-H+-54%"6N*,*48" 7OA";8<"?%&"@=;"2%5"B-*B.-.+."B5B*,.1+%=

$*"> 8P"?@"+%"-*$B*4,5C%"G45+%"*?"/.&D%"C%&'?F,-54%"+*";8<"@=;8"4%?B&*,.1+%=$*"4%?"

GJ'."+*$,5&.+.I"Q%-.?"B-*B.-.+.$"$%&'()*$"1.$"4%14*1,-.()*$"+*R"<8<<;S"<8<;S"<8;<"*";8<"

?%&"@=;"B%-"+5&'5(D%"$*-5.+."."B.-,5-"+."$%&'(D%"*$,%E'*"TU&";8<"?%&"@=;I"

#"$%&'(D%"*$,%E'*"+*"15,-.,%"+*"4F-5%6VNA";8P":";<= "?%&"@=;"2%5"B-*B.-.+."

+5$$%&C*1+%=$*"!>"?J"*?"/.&D%"C%&'?F,-54%"+*"!>8<"?@8"4%?B&*,%'=$*"4%?"$%&'(D%"+*"

G45+%"$'&2M-54%";8<"?%&"@=;I""

"

WXYXZ[\]̂_̀ab_cd]ef gh\hf hf _̀d_\bachij]f ]̀ef hchkad]ef g]\f
_eg_̂d\]lkm]\ab_d\ahff

"

n.-."."%/,*1(D%"+%$"C.&%-*$"+%$"4%?B-5?*1,%$"+*"%1+."+*"*345,.(D%"*"*?5$$D%"+%"

4*,%4%1.K%&"*"$'&2.15&.?5+.8"*2*,'%'=$*"'?."C.--*+'-."*$B*4,-.&"253.1+%=opqrqsqtpq

*345,.(D%"*?"!><"1?"*"?%15,%-.1+%=$*"."*?5$$D%"*1,-*"!<<"."><<"1?I"u$"*$B*4,-%$"+*"

*?5$$D%"2%-.?"%/,5+%$"B.-."$%&'(D%"+*"*$,%E'*"+*"4*,%4%1.K%&";8L<":";<= "?%&"@=;"*?"

G45+%"$'&2M-54%"+*"<8;<"?%&"@=;8"*"$'&2.15&.?5+.">8P:;<=9"?%&"@=;"*?"G45+%"4&%-H+-54%"<8;<"

?%&"@=;I"

#$"2*1+.$"+*"*?5$$D%"*"+*"*345,.(D%8"/*?"4%?%"%$"25&,-%$"2%-.?"*$,./*&*45+%$"+*"

?%+%"."2%-1*4*-"?.5%-"$51.&".1.&H,54%I"#$"2*1+.$"+*"*345,.(D%"*"+*"*?5$$D%"2%-.?"

$*&*45%1.+.$"*?"+52*-*1,*"1?".",*1$D%"+%",'/%"2%,%?'&,5B&54.+%-"C.-5%'"*1,-*"9><"*"v<<NI"



  !
!

"#$#%&'(')*+,-./012-13+,'-)+2-2'1
!

4!56789:!9:!;<75=>?@:!9?!@;<5?=;9?95!95!7=?A?@B:!C:;!9575=D;<?9:!5DE=5F?<9:G65!

9?6!H:<9;IJ56!95!H:<H5<7=?IK:!9:!D5;LMNOPQRLSPTUMVMWOMOXQRYPZ[LMOMO\R]][LM\̂XR\L]M_̂M

:7;D;̀?9:6a!b!C?;c?!@;<5?=!9?!H8=>?!?<?@d7;H?!C:;!9575=D;<?9?!H:<6;95=?<9:G65!?!=5F=566K:!

@;<5?=e!5<7=5!:6!>?@:=56!95!;<75<6;9?95!95!5D;66K:!5!H:<H5<7=?IK:!9?!6:@8IK:!E?9=K:e!E5@:!

Df7:9:!9:6!Dd<;D:6!g8?9=?9:6e!?!C;D!95!95C;<;=!:!H:5C;H;5<75!95!9575=D;<?IK:!h=ie!

?9:7?<9:!:!E?=jD57=:!=!k!lemm!H:D:!?g85@5!g85!95C;<5!?!C?;c?!@;<5?=!hnopqrqsbt!57!?@e!

ullvia!

46!=56d98:6!:A7;9:6!9?!H8=>?!?<?@d7;H?!65=K:!?>?@;?9:6!56789?<9:G65!:!F=wC;H:!9:6!

=56d98:6!5D!C8<IK:!9?!H:<H5<7=?IK:!9:!?<?@;7:!?!E?=7;=!9:6!9?9:6!9?6!H8=>?6!?<?@d7;H?6a!

t:D!:6!9?9:6!9?6!H8=>?6!?<?@d7;H?6e!H?@H8@?G65!:!956>;:GE?9=K:!9?!=5F=566K:!h6xie!>?@:=!

5675!g85!95>5D!65=!;<C5=;:=56!?!98?6!>5̀56!:!956>;:!E?9=K:!9?!=5F=566K:!huy6xi!C?7:!g85!

5>;95<H;?!?!?86z<H;?!95!:87@;5=6!:8!?<:D?@;?6!h{qpnb!57!?@e!ul||ia!

b>?@;:8G65!6;F<;C;Hj<H;?!567?7d67;H?!9?!5g8?IK:!95!=5F=566K:!:A7;9?!<?!H8=>?!

?<?@d7;H?!:A75<9:G65!?!bs4nbe!E?=?!?>?@;?=!?!5c;67z<H;?!9?!=5@?IK:!@;<5?=!5<7=5!?!

;<75<6;9?95!95!C@8:=56Hz<H;?!5!?!H:<H5<7=?IK:a!n5=;C;H?G65!?!5c;67z<H;?!9?!=5@?IK:!95!

@;<5?=;9?95!5<7=5!?!;<75<6;9?95!9?!C@8:=56Hz<H;?!567?7;67;H?D5<75!6;F<;C;H?<75!h}~q4pbe!

ull�ia!

1

"#"#%��(�2012'1)'���')-./01
!

�?=?!?>?@;?IK:!9:!56789:!9?!=5H8E5=?IK:e!5D!=5@?IK:!?!;<75=C5=z<H;?!9?!D?7=;̀!95!

?D:67=?!<?!9575=D;<?IK:!9:!?<?@;7:a!�;C5=5<756!?@dg8:7?6!9?!=5C5=z<H;?!9:!?<?@;7:!C:=?D!

?9;H;:<?9?6!5D!6:@8IJ56!H:<75<9:!|l�!9:!>:@8D5!9?!D?7=;̀!?>?@;?9?a!46!=568@7?9:6!

:A7;9:6e!956H:<7?9:6!9?g85@56!:=;F;<?@D5<75!65D!?!?9;IK:!9?!6:@8IK:!95!=5C5=z<H;?!9:!

?<?@;7:e!C:=?D!H:DE?=?9:6!H:D!?!g8?<7;9?95!9:!?<?@;7:!?9;H;:<?9:!<?!D?7=;̀!?DA;5<7?@a!

!

"#�#%�)0�'2+*',(01 �-)-1 2'(')*+,-./01 20�1 -,-3+(0�1 �0)1
'��'�()0�3�0)+*'()+-11

!
�?=?!?!:A75<IK:!9:6!>?@:=56!9:6!H:DE=;D5<7:6!95!:<9?!95!5cH;7?IK:!5!5D;66K:!9:!

H57:H:<?̀:@!5!68@C?<;@?D;9?e!5C578:8G65!8D?!>?==598=?!56E5H7=?@!C;c?<9:G]OMLMVMWOM



 !"
"

#$%&'()*+"#,"-./0,"#",+0&'+1(02+34#"("#,&44*+"#0'1#"-//"(".//"0,5"64"#47#%'1+4"2#"

#,&44*+"8+1(,"+9'&2+4"7(1("4+:;)*+"2#"#4'+<;#"2#"%#'+%+0(=+:">?@/"A">/3 ",+:"B3>"#,"

C%&2+"4;:8D1&%+"2#"/?>/",+:"B3>?"#"4;:8(0&:(,&2(".?EA>/3!",+:"B3>"#,"C%&2+"%:+1F21&%+"/?>/"

,+:"B3>5"

G4"8#02(4"2#"#,&44*+"#"2#"#$%&'()*+?"9#,"%+,+"+4"8&:'1+4"8+1(,"#4'(9#:#%&2+4"2#"

,+2+"("8+10#%#1",(&+1"4&0(:"(0(:F'&%+5"G4"8#02(4"2#"#$%&'()*+"#"2#"#,&44*+"8+1(,"

4#:#%&+0(2(4"#,"2&8#1#0'#"0,"("'#04*+"2+"';9+"8+'+,;:'&7:&%(2+1"H(1&+;"#0'1#"!./"#"I//J5"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"



 !"
"

#$%&'()*'+,%-'.#'&,$%/01%$)*2,$)&%-#3$3-

(','$*)+345%-('-&',%&%+36%0-

"

789&:;:<=>;?@:ABC->DE><=;CD<FE?<:-GC-<>=C<CH:@CI-J=?I?@:HGC-:-K:=;?@-G>-
>L<?=:ABCM>K?DDBC8-#;C<>G?K>H=C-G?;>=C-

"
N"OPQRSRTUV"OV"WVXYZRXPS[V"OP"VSO\"\"]PZ"̂[R_R̀\OV"Y\Z\"\"PaWR[\TUV"P"PXR]]UV"OV"

WP[VWVS\̀V_"bcdef"QVR"Vg[RO\"PXYZPh\SOVi]P"̂X\"]V_̂TUV"Y\OZUV"OP"WP[VWVS\̀V_"S\"

WVSWPS[Z\TUV"OP"jklmnjmio"XV_"pij"PX"qWROV"]̂_QrZRWV"mkjm"XV_"pijs"N"X\[ZR̀"OP"PaWR[\TUVi
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/("+'1%&";8%.(02c7'0(B"()"/'7'1)'34(";d'5+(02c7'0(BG"5,27%1,0,1/("%",7'++4(",7" eF"

17C"@8+,2$()*+,"L),"%"'1.,1+'/%/,"/,",7'++4("+(-2,)"+)52,++4("0(7"("%)7,1.("/%"

0(10,1.2%34(C"f%&",-,'.("5(/,"+,2"/,$'/("%("-%.("/%"52(.(1%34("/("-627%0("/,$'/("%("

%)7,1.("/%"0(10,1.2%34("1("7,'("2,%0'(1%&"("L),".(21%"("-&)(2g-(2("/("0,.(0(1%9(&"

7,1(+"2,%.'$(C"@"60'/("+)&-O2'0("1%"0(10,1.2%34("/,"JGJF"7(&"N*F"/,7(1+.2()"7%'(2"+'1%&"

;D'R)2%"WB"/,"'1.,1+'/%/,G"+,&,0'(1%/("5%2%"(+",V5,2'7,1.(+"+,R)'1.,+C"

AJJ KJJ WJJ

J

FJJ

>JJ

 JJ

AJJ

KJJ

AJJ KJJ WJJ

h

ijk

S1
.,
1
+'
/
%/
,"
;1
7
B

l0'/("=&(2'/2P0(

imk

h

h

"<=&"JGJJF
"<=&"JGJF
"<=&"JGF
"<=&"FGJ

"<
>
?@

A"
JGJJF

"<
>
?@

A"
JGJF

"<
>
?@

A
"JGF

"<
>
?@

A"
"FGJ

l0'/("?)&-O2'0(



 !"
"

#$% &'&# &'# #

(&&

)&&

*&&

!&&

+&&

#$% &'&# &'# #

,

,

$
-
./
/0
1
"2
3
-
4

567"-17"8
%#

, ,

,

5
9
:;

<
"-17"8

%#

=.>?@A")B"$CD.E1"FA"G13GD3E@AH01"F1/"IG.F1/"259:;<"D"5674"/1J@D".3ED3/.FAFD"FD"D-.//01"
FD"GDE1G13AK17"#'+L#&%<"-17"8%#B"23M 4"

"

;"GDE1G13AK17"N"?-A"JA/D"C@AGA"D"AO@D/D3EA"F1./"PA71@D/"FD"OQAB"R"D/E@?E?@A"

S?T-.GA"F1"GDE1G13AK17"2=.>?@A"*4"AO@D/D3EA"S?AE@1"3.E@1>U3.1/"3A"D/E@?E?@A'"/D3F1"S?D"

/1-D3ED"F1./"AO@D/D3EA-"GA@IED@"IG.F1%VWXYZ[\X[]̂_̀abc]̂aX[def[Y[dgf[Xha[]Yi_̀aXj[ka./"

1/"OA@D/"FD"D7NE@13/"G13E@.J?D-"OA@A"A"A@1-AE.G.FAFD"F1"A3D7".-.FAKl7.G1"D"@D//13m3G.A"
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ầ
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�z"(]!(̀\a_j�"c]\_̀\a^k̀�&+1;"�"a]( "j�"a]\ k" ]̂̂à\adc" \]b̀\ad " a]~~~"
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!

!

"#$�$&�2�64/,&0./&),/709./&,+&3925;.&0(&1.21,2-)(5;.&0.&(2(64-.&2(&
19)�(&(2(67-41(&8()(&.&(&0,-,)+42(5;.&0,&2.)36.<(142.&

!
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