LAa+x838 r‘%ﬁﬂg SAFRLFL
Master of Food Science

Tunghai University

LR o - A

Food Technology Section

BERZTLCEIZR* NS 5V
PRER -RERLZERA
Development of an electrochemical method for quantitative

determination of sunset yellow and tartrazine in foods

ig =g
Peng-Nien Lai

hEFE T AR
Advisor: Chuan-Liang Hsu, Ph.D.

PEAF-FREIER

Apr, 2016



FAEH X EHZEEE

R ZRBALIHERLARE BWFE BARZH

FaE EALE R AR 5

-?-F-B-

RS AN LS W N 8

Development of an electrochemical method for
quantitative determination of sunset yellow and

tartrazine in foods

hEAAETEL  FAERAFE
L E

BEF R A AT v M

15 % 39% ﬁ ?é %

FERR—LXEFEA+H




BLteXERXLAERE

RRFEARAARE BBE BARIAX

HBEILEF ERANERT
EES .2 S Y%L

Development of an electrochemical method for
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Abstract

Sunset yellow (SY) and tartrazine (TT) are legal synthetic colourants
that have been widely used in foods due to its low cost, high effectiveness
and excellent stability. However, excessive addition of sunset yellow or
tartrazine in foods may be harmful to human beings. Hence, monitoring
the concentration of SY and TT in foods is very important. In this study, a
screen-printed carbon electrode (SPCE) that modified with atmospheric
non-thermal dielectric barrier discharge (DBD) plasma was fabricated and
used for the quantitative determination of SY and TT. The process
parameters of plasma treatment were frequency at 60 Hz, input power at
21 kV, exposure time for 60 mins, electrode spacing for 0.5 cm, and using
oxygen as working gas (500 sccm). Through cyclic voltammetry (CV), the
operating conditions of this sensor: pH range were tested from pH 2 to pH
10, PBS buffer as electrolyte, the temperature was tested from 25°C to 55
C, and the scan rate of CV was from 10 mV/s to 400 mV/s. The optimum
detecting conditions were pH 4 in PBS buffer at 45°C "and scan rate was
0.1 V/s. The calibration curve of the sensor was y = 0.0037x + 0.3479 for
SY and y = 0.003x + 0.4640 for TT with correlation coefficient of 0.9988
and 0.9955, the detection limit was 12.2 ppm and 34.1 ppm. The recovery
of the sensor was between 55.2% and 123.3%. The proposed
electrochemical method could both rapidly and sensitivity determine the

concentration of SY and TT in foods.

[ Keywords] sunset yellow, tartrazine, cyclic voltammetry, oxygen

plasma surface modification
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3978 - p jx% (Sunset yellow, SY) ~ & ¥+ (Tartrazine, TT)
A e e N
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e o B REHERI FTNP A g 0 HApih
PR GAREIAGR R A AT S

4GRS S B s R *r\;;:gﬁg_rqﬂg;ﬂqgg;g‘wt,
Hepa r ¥ AT EREIRG A c BESET FE &G Baia
#FRE o REFH BN L ER Y 2 FAZE 50 ppms A f FHEA
AL Bk~ B 5 R AR A 7 T A 100 ppm s AR SR S K RS
& %7 3 74238 300 ppm s SR~ AR R 3 ¥4 500 ppm - £ B
FDA = # ehp jT% ~RIEE * P 7 7P £ (Acceptable daily intake,
ADI) % 5mg/kg bw/day ~ 3.75 mg/kg bw/day(*ité— ) o ¥ B+ pEen

FHREHT AL E ST A REDT N R T
e oo 2 RS e %%‘z;é:;ii pRFHEPRE 5 0~25mg/kg -

PEE -RIFEXSTEHELT N E %%;y(ﬁaz(Nevado et
al., 1997 ) ~ @ # (Silva et al.,2007) ~ % % ™ *% (Skinner and
Fowler, 1995) & s > F1t 5 #iplH 2 B & 1 o pFER Y *
iR G &Y G Fd RS Z 5 Ak ITE - A RERZ V3
PURABRATIEEE c AP RBRFELAFTICTI0l £ > F FF S F
% 1011903531 5 " & &% ¢ MRk > 2 > F* LWL 2 )
* o & 47 (paper chromatograph, PC) ~ &k k& 47 (thin layer
chromatograph, TLC)14 % & sz 48 & 472 (high performance
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%021~ £ 4 #4575 > 2010) -

Table 2-1 Different types of coal tar colors.

% -
Tk sd 7%

(indigold color)

a* §Fd -5

(indigo carmine)

AR 7R E22) -3
B F kiLd F a8t i2d 2
(azo color) (cochineal)
Grgdma v
(tartrazine)
25478 v
(sunset yellow)
B R G s g \
(xanthene color) (erythrosine)
ZF Pz ki &% %4 = B M
(triphenylmethane color) (fast green)
G F4 -8 A
(brilliant blue)
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% 2-2~ @ REEd FME A (¥ 0 2010)

Table 2-2 Properities table of coal tar colors.

SHEERZERE (0M100g)

1l 1
™ mn“ﬂmg@ﬁﬁ B ;;:; E|m
BEE] i) £\ & ' o
& ‘I“El 240 5=, |EH| | K| B i
pin ¥l s
AlB o'C 15 (30|60 | 30 | 30 | 30 |30
TCl|Cc|lTc | TCc|Cc|T|T
ERiIEsik "
{cochineal |2|2|1|3[1]1[2|1/1]|2|3]18.8|23.5|37|53.2| 8.3 |0.07|B.7 .
red)
E%Hé?iﬁ 411|3(012(3(|4|4 43|83 |98 1317.8|0.02|mE| 37 18
\erythrosine |
. = 411 F
ﬁﬁﬁﬁg i 312121413313 (4)|12(4) 34|125|36| 48 | 4.2 10.04] 11 "
(tartrazine) =
HEEELK .
isunset 3lz2|2|14|3(3(1(03|12|3|87 |19.8|25| 29 (0425 2.8 -
yellow) “
EREE1R

{brilliant 414|13(413(4|3|3|3|2(4|253| 64 |68(70 | 39 | 38 |[187(|30
blue FCF)

ERAEE2Wk

{indigo 101 (4(2|2(1(0|2|1(3|0 067|081 2 @WE 0 |01 Eﬂ
carmine) G
EFE3GR "
(fast green|2|2 (2|21 (33|03 |3|3|318| - |-| - - - e
FCF) *

PR cd (g ) 3 (HmE ) 2 (Hjarm) ol (EFEE) 0 (i)
AREA (A) {8 05% =k DEEASEE (EREGH)
FAER (B Sk C 0%



%23~ 8% FdRELALRPHFS M LFHEHRA(E 0 2014) -

Table 2-3 The name of food colorants in different nations.

A4 S0 16255 Cochineal Red A F e, 1023  EI24

B 5k 45430 Erythrosine #& 3%  E127
fFRzEeEw+% 16035 Allura Red AC # & 40 55 EI129
2R EEWiE 19140 Tartrazine =645 E102
BEREERR 15985 Sunset Yellow & 5%  EINO
R G =% 42053 Fast Green FCF ke 3 5e E143
EREE—K 42090  Brilliant Blue FCF 7e& 13  EI33
R E s 3k 73015 Indigo Carmine &2 5% E132



FRE R H T EHBEESL G PRE T A 1 FI R
AR AL AR F R hF S Aopa e FLRY AR

BEBMERPARLE 8 SR 0A BRFRES 2 IR ERER
fF+ F e fedg o+ - Hhid S AT DNA R % 0 S
% 4 1995 & = 2 (B AL € % 95/M45/EC Bidp £) ¢ &
BLEIA AL F AG AT (50 2012)

Faé%?xm?ﬁ;#b;’eiif]t%c BE Y A 1S BT E K AR kAR
g o 7oAk AK S mv)gkiﬂ NEE PR T A g%éfgﬁ'é:)% ° 2007
# ’Hﬁlﬁi McCann D 7 7 28 FL %5 4 AC * ’g"‘ A 15

HEd 48 582 L 68 ~40 Benipfl 18 0 MR FH R
Ed A sl S A S f@&ﬁpﬁvrmﬁw RREEY .3

¥+ 8 Y 3% (McCann et al., 2007) -

7

2007) ~ 4% T "5 (Yadav et al., 2013) % stk o 3T & KUEF 2B R
B AR AR S A BAAMLT] 8 S e b T MR B S ik G o B
2010 # 7 7 Bp 4HE AR RN TS DA - ST 48 5

H }fEﬁJ‘ ¢ 7 7 #@ac(Nevado et al., 1997 ) - & # (Silva et al.,

FIRER P FR P F AL R F R L RE SR
IR T s ARG 2 AR FF RIS 0 2012) 0 &7
ALES R AR RE A G A BT PR G YR S0

LOWALENE I NA I FS RS AP Ao
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65% 5 & § % #|(Ahlstrometal., 2005) > FF 5 4P % ant &> £
b Pw“ P EATES A1 8 6 bR SR oo
Boengs 8 RUE S AP LR $ ¢
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(1) P %% (sunset yellow, SY)

PiEF X LRF Aoz RY 7L F 4 T 8 E 2 sunset
yellow » %5 % SY » & F 34 5 CiHioNoNaO:S; » 4p ¥ 4 + £ &
452.38g/mol > B>t is & HEF ¢ W] o BN AeB] 2-1 0 FPE (- )
Pigw sl d bR & 233 K40 -7 2 i8> BB
eofgo A 25 CPREeAfER 5 119, 0%C-k) 0 3. 0%(50%2 p%) > 20%(50%
H b )T, 0%(50%7 = fiE)eF a3t a0 ¢ Ao kAR RS ¢
Bl s ok (8 % 0 2008) -

r’/?ﬁ"}& SY Qi*%f?f?fizibif?iﬁﬁ‘f'ﬁ“%%%#%ﬂ%%%
FL)FFS A F
]4‘:"1%%%; y s
PERH AR A AL R
%@‘%M‘ﬁ%‘ﬁ?‘fié%$6°

ik
~
s
3
% i
pa
W
(‘.5
|l
=
T
™
&
!
=
S
0
<

fﬂ ‘I’Jﬁ'\:

BSR4 ¥ ¢ WX R B0 2005 £ B om F F 65% & & F I A
= % % %7 % ¢ (Ahlstrom et al., 2005) > iT# k. 7 — & F7e05F IR >
’ﬁ éﬂ M2 2 5% % b (Balakrishnan etal., 2016) o & B 4> ¢t 57
F 4 Om[i*r Fehqge R & 4p B o World Health Organization (WHO)&
SY z_& p % 3##P> ¥ (Acceptable daily intake, ADI) = 0~2.5 mg/kg
RI2 % SY 1 ADI % 0~4 mglkg o ® B+ FE4-47 Fihd Gt

=k R et AR T 0 X R

se

Rb

!

-

Lo v & AR B D B R § N AR
el F 4% SRR AOR P Bd AR B (R) ¥ PR
B~ wFie £ 5 100 mg/kg o
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1.

FOrpE R R k< 2 £ 5 200 mg/ kg °

BN oK RELF C BRI C RRBE R A > B LIFRH
¥ % 50 mg/kg -

PR R kR FEM R # T 25 90mglkg s * T H
Mgk s Wit a k@ Fl am gk ~FE N HEDE

85 Rt LFR £ 5 100mglkg -

(R AT LT S SN S S AT A R
# % 500 mg/kg o

2

C RN RARAR & A POR S B S F P B esFi £ 5 300

mag/kg

R o B R * 5 25 mg/kg -
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Fig. 2-1 The molecular structure of sunset yellow (SY).
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(2) #& 5= (tartrazine, TT)

1% 15
%ﬁ\ﬁ@2£°%ﬁﬂﬁ‘)ﬁ F 9 R LIERAE A SR
K~HW P 2R MR R AR g o AR EF S 0 HoK
BB A BRI F MAPER S o BMR o RBR
e < Bk B & 427+2 nm (Jain et al., 2003) -

%

» ¥ < tartrazine ° ‘1F| B TT » & F ;% 5 CisHoNsNaz0oS, >

TT@%?ﬁi%‘ﬁ?’NfK%r%#?ﬁ%‘/z%%‘&f%( )RR E ¢ F
g Az x%“%?ﬂi"‘lﬁ&r"‘ﬁ@:‘w T ] m,J \i%%?ﬂf
i -tk A ER AT PR N AL AR A
~ 2 RS rReg ‘%5/\% A F AT REASREY o HAESR

VARG EZTRFER* o

i *"? e E,Jﬂ

World Health Organization (WHO)¥ EU Scientific Committee for
Food (SCF)i£: TT 2. = p R F#HEPE (Acceptable daily intake, ADI)
% 0~7.5mg/kg > P B~ AP s FeaT 00 < kR aik B ey

v

£ 0w R bk G

LB o Bk AL B I RRERE A B ek
SORCEE P RSB B G AR s AkLaE SRt 8 s A F

qu?% ~EeELFPE ¥ B < % # 100 mg/kg ;

2. Wb R R ELET LS S S
M 0 Bx % § 50 mg/kg °

3. v T aMmp EF AR AT £ 80mglkg -

4. * *v:“%f?f > ’}4%3’%“%%7%51% ~ L ERRAE & AR A < % & 500
mg/kg °
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5, # 3 H s ;%vifk%’?]gﬁm’ * £ 300 mg/kg °




Ny
o™,
NEOgS

B 2-2~ W IFE SIS -




2.1.3 @ LR 2

RS S F A R R RN i
(Membrane filtration) (Minioti et al., 2007; Gosetti et al., 2008) ~ FH4p %
P~;% (Solid-phase extraction, SPE ) (Bonan et al.,2013; Chenetal.,2014) -
B i B4 3 P~(Microwave-assisted extraction, MAE) ~ 42 5 & # 8% 5 B~
(Ultrasound-assisted extraction, UAE) (Sun et al., 2013; Shen et al., 2014)

ok A

BlE G A kKR E (Spectrophotometry) (Berzas Nevado et al.,
1999 ; Kaur & Gupta, 2012) ~ & & & 7 (Thin layer chromatography,
TLC) (Kucharska & Grabka, 2010) ~ £ M 7 /& ;= (Capillary
electrophoresis, CE) (Xu, 1996; Prado etal.,2006) ~ % »xi 48 & 472
(High performance liquid chromatography, HPLC) (Gosetti et al., 2008 ) »

AR ERE RS RHE KR FAS E 0 - kiR L
FPARARDREATES S FRELLRF N £ TERS T
S P EMUBLET A 9k 0 2011 & Soylak % A 1% Ak kB2
Rl R 5-¢ 0 Allura Red » < gxf1* SPE & {7 S a2 » it &
506 nm 2. T & BHE*LE 5 2.35 gLt (Soylakeral.,2011) - 2011 &
Sorouraddin % 4 41 * double beam photo colorimeter f& P¥# ip| & &
THRFIRAY TR FIRMET P AL DRRBILT €7 LR
K EFMEREETAA 0 HPIEFSw T E 43 97%F] 103% 2 B
(Sorouraddin et al., 2011 ) - 2013 # Turak and Ozgur 4| * SPE i /g 4¢
Flik o fs o v i HPLC 14 % & Sk Sk B 2 A PP Allura Red 7 %
PonceaudR 2. e Z £ > B4 RHELE L B 43 0.059 3] 0.102 7 %
0.198 3 0.341 ug mL' 2. & » w3 4 3+ 98.75 3 100.37% (Turak &
Ozgur, 2013 ) -
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TLC Z 4 fj Hernm 72 8 A BT T 2 8F 2 /2903 o0
RS E B DS REgisRERTHG05 21 o8 ERR
POBRIGEFRLENEREIR G I UV kiR T @ ¥
# MRS > FEd A defiretention factors (Ry) k 2| ¥77 e e & W4k
oM RET -SRI BFIA LI L TR EFTEAS
17 © 2014 # de Andrade % * §|* SPE F4p S B~ fhacl ¥ ey & &
fg o Rl BAEEILE g -RIES A8 4p 38 7 4 3t(de Andrade et al.,
2014)

B PR AR & ’l"?m?};%’g,'? ¢ 27 8 B UV-Vis-PDA-MS % 7
FieplE - R IFEHR* o ads Cgt 2 Cgo 2008 # Gosetti
A igdp Cig F A2 iR Ap k47 5 sua e & & wF)P 9 E110 1
2 E122 % % ¢ 21997 & Gennaro % A ] * i 4p § 4.2 7% 40 & 47
gk B e Ap 5ok 2 ¢ E(70:30, viv) ~ S mM & F e E h
orthophosphoric acid # # pH Z 6.4 > UV-Vis #& BB £ K T_5 520
nm- 4 3 E122~E123-E124 = .7 f e1% ¢ #|(Gennaro et al., 1997 )°
2003 & Gonzalez & A J|* Cpifie g A4 37 P H &7 3 K
A AL E R F S ORISR R S B N (TR kI R P AR
% 4 # # 4p i (7 & 3 (Gonzalez et al., 2003 ) 2014 # Jurcovan ¥ Diacu
* AR E M2 R AR A 1T % S e PR R BIC 4G P e Red Allura 12 %
Ponceau4R & 2% & M gt 2 gtk 8 A GEE P Witk i E 4
i# 7 #& Bl(Jurcovan & Diacu, 2014) - Gan & A #2013 & chpFiz -4 5

P NP T L E ﬁ*%::ﬁ BB ’Q'[;J%“ T'F'i’ig’ﬁ TSR E A
B e et SN T RIE o Mk~ Rk~ RE B A 2 1
A5CE @+ KB FFJ RHEP - S TED100F 2 > A1 045 g

m g "8 (7R /)ﬁ MR IT A RIE A 3 SRR Z#’”éﬁ‘ﬁl‘vffﬁ
Big o LA » FEDIMBE > ARG SEAILE FHHRP -

R v jprier Cig (T BT E L R Y 7~ fpdei® o de4p > 5 2
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KT UV-Vis BB E 5 417 nm ~ 426 nm P &7 e0p % F 1Y
2 ® %% (Ganetal,2013) -

SR Y RIS 2L FEE TS 1011903531 B 2 2
Te R FIORL KT FEFR %
R¥tiztipl 2 28 c iR 2V EmRELSL S 8 BEFFI A
FEOMERH I ¢ AR A
StePE-RELICEER IS4 FF CEREA

G g LR o m Ay g R - ?‘ﬁ—ij%ﬁi?‘],ﬁ‘ﬁ o (T % A
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TEERERE

221 BB ERE

R P E(sensor) 5 R BRI E B R o T H RS R
T ~ s 3R 1Tk SLenE R (B0 2003) o BT R
[ R = g(IUPAC)a%;,g,/EJ FEETECE RN & SNPIP IR =
> REREH SRR R E -

7
]
IR
Elx
2=
|
I
9\
i
\ -
9
\_
A
™
5,
e
A
—_
(@]
(@)
®)
o
=
=
@)
=
c
=
=
~

% g fi& ~ i (transducer) o & &~ X T BIRE e LA L B L
%agﬁﬁﬂwmm% R R e RE AN ?uimﬁééa%
(F £ 51999) szt ¢ AR B gL 7

B F IR P B R (ST @fﬂ\ﬁ’?.rzéﬂz%z;z\
Poig £ plenp o B RIZ4oR] 2-3 47 o 3T E KRR BALAER Y ¥
FARGDRT 8 FFIRFASNEFRAS AR R

—

BORIE
£ AR RIE R BT e T RS LR A LR Rn A eTis & amE

.
A °
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R BHE A 27 SR TR T A RE
Pl gl Ao B~ RUR S R R BT RECE A R
PO RSN A Rl e 7 R
7 #&(Electrochemical electrode) 2. & i3 55~ & & 21 55 (Optical signal)~

4%

k7 B4 2 55(Optical-electronic acoustic signal) (Farre” et al., 2005) -
R PR L EE TS UL 5 2 5 A B 4732 R R B (Physical
sensor) ~ 2 1= g iP| % (Biosensor) % it & gt P 2 (Chemical sensor) (Zheng
et al.,2003) -

PRI E AU R P T an fde AR R e LR 1 T
@ﬂ%%wﬁﬁoiﬂﬁhﬁﬁﬂﬁﬁ%mb&ﬂ ~RT R RE
BREMARPE-TENARPE - AT PE - RE A AR PIER -

FEPERPEY AR AN P EE Y e 4T A5
m&%dmﬁ’ﬁJWLQEf+V%@@mﬂ$ﬁﬂ%Jﬂhm%@p.”1§
R AL

it & g Pl £ % (Chemical sensors)id ¥ ZAp WA/ » FFAEF X #H
FRIPB g P FELTE 0 3 EREZ BRECE
mmygwg@w?n:ﬁﬁﬁmﬂgﬂ%@{%a\ﬁaaﬁﬁ,
e H o B - Y At ERPIBRRHERR 2T Y
A G2 BEAE(E » 2001) 0 A B

(1) & it B R PIE (Electrochemical sensors):

SERCTIE RS SRR S EEIECE LY SR
egm g BN R PR o

QERZT HHi-ERPIE (Piezoelectric crystal chemicalsensors):
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Rz ug\{fﬁ%}g} Bl E ~ pH meter ~

f’“f -}#}'{3
=H
gm
2
(“
|+
&
da
IR
A
D
e
M
=5
1\*‘
]
Ag_
34
pi
&k
_Tng

i
Ak

3

(3) & it B kPl E (Optical sensors):
SRR 227 S SR S S SR S A
R e
(4) 2 4 - B RPIE (Bio-sensors):
17204 PR 2 AR B 6 R Rt
LCIERE F e Ey Y LR

(5) # & %4 (Surfaceacoustic wave, SAW)it & g jp| %
FI* % F 4 (100-300 MHz) -4 30 18 7 F Rl 2 BT &
Ui éirﬁilﬁ»*};ﬁ-f <k gL qﬁgli}élﬂﬁ °

(6) i &% 5 (Microchip)sic i & g ] B (Micro-sensors):

%ﬁrll}}\; P E(7
B om WA R RIE o - R A s A
SERLPE ALY AP LECERPIEEE 2

fo b & o

CEERELD K LA A AN R R
#iRY § R REI R R

RTIES A

—\
=

|

4 P R P B (biosensors) #_d E 4+ B |4 (specificity) 2. 4 F= FFis =
Hed VM Y S R 2 B T AUEL 2 3 3~ i (transducer)
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AT 2 'l”\jffr'ie’g > 1996 £ TUPAC lp‘%fi*;ﬂ}&/?ljﬁii%é T4
PRPEBL - BRY A SPAAU AR ANEERAEEL TR

BTN R AL LR A A2 FRREY o - R4
55 3 it % (Signal
u'urﬁ;‘g\: » Hoe o4
PrEp 2 L FR2PFRERIB O F 5 BRI ITY iR S B
A5 EEE S ME R R EY 2 Ao M (antibody) ~ X 48
(receptor) ~ Pifit & (75 A 2> FA VA P yE A2 eh3 & -
P B JACR H R RE P FROT]SF - G BN BES
BHE R UEF G FRRALE L H A AL -

$» ¥+ =~ 2 (Biological recognition element) ~ f

2

= g

transducer) 2 31 5L a2 % (Signal processor) = 1

BRBRY 58 SFE MAL D §ib o - 03T R F e

MBI FRER2 0 YRR LFE

2. £ B+ (repeatability) :

iR et oo A4 z\:rﬁifﬁ?ﬁ'

3. & A& (linearity ) :

T oW AT IEEE MR 0 - a3 0
R RSP R UAFE RN 0 PG LY 2 R
;!p_'.
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& %A (Stability)

BB LR Y A SRR S R R
BT o ga%’“ﬂ% ZEESBESRERPIEEDL Y

SAF AP RIRIL Y T R R R R R
Fend et FRlb Tt g 2 2 1 angiant 6| £ 3 P88 %
Fook PR aE L RRIE L& Ak
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222 T VBN 2

?“%ﬁﬁ%%{ﬂﬁi EFRREOT s Tin T ILiE-
FHREERGOAP D2 B F RRIEL UL FCL Y AR TR
ﬁﬁﬂ%ﬁﬁ’%ée%mwuﬁﬁ R R T T £
ei47 8 (Electroactive species)sc 53 & & #&% 2 T A & 0k B (¥ >

2011; Bard & Faulkner, 2001)% i* & & 472 P w &% chk & - & B 2>
S SEAVE I & R LR [ Al U

1. et gl &
2. e TR

3. VA i BRI R AT R

j‘ﬁjm s mq_, it igﬁ*ﬁ/? li,‘ggmq_"fé_ﬁ = ﬁ_,’]‘j—?_,:‘? ru o —,t—' KRN o
SFHAcH 2-4 17 0 = B ARA W] 5 3 17§ #&(Working electrode, WE)
%+ % & (Reference electrode, RE) Fr#f 24 T #&(Counter electrode, CE) ;
H 4wl % (Zoski, 2007) 5 -

1 ERABTIIFNE S ST ~BIBEATR Y hT R T
RBA RS N E A A N RGEE o RS
i FH L iR L%%Ex;’ Fli EALE Juehd b T o
FRTEFELF AR IR HRIBER F 2R Kk



FE S F o BB Z&j?’}éi?f“gﬁﬁ‘%%ﬁfﬁwﬁ
Fio g AR FEF TR E 2R T 4R (Ideally non-
polarlzed electrode) ; % = RIEF FHERLITMH 2 5 5=
#2442 42 5 (Nerest equation) 3 B 16 8.% 5 & o - 4&
¥y TR 4% M 4(AgAgChH & 4 & & (Calomel
electrode) > 4 & T iAp > % 4 § #&(S.H.E)7 = 0.244V ;
UF AT pEEREL &S H E)% =5 0199V -

94*‘57}}5

TS B FEEa T g
FlL e et > @ A F 1 TR AR D 0 F o
HF SRS L TR FAPTEF A B

TiEa RBl e — BF 9 £ 3RE # BT H&R(Zoski, 2007) ©

6”34
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electrode electrode
ref In cell notation
Evi vs. Working or

indicator

Reference

electrode —= Reference
Auxiliary or
counter
electrodes

B 2-4~ % & = 7 4% % %% Bl(Bard & Faulkner, 2001) -
Fig. 2-4 Schematic representation of the principle of the three-electrodes
system (Bard & Faulkner, 2001).
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RIFELAT3 233 SN AR T UFRNA o doR] 2-5
AT A BA AR TEE R 26 32 NTEAG OEITR R
BB RERT A G TE A DR L Ry ARRI AR RS
RO FEARREFL AFRRRY TR R TG4 HLR

'

]
Rind R B EHEY R eRE L E A2 ER

B4R BN 0 - RE T o RU S R AT G AR R
hds {5 5 B9 10°M 2 108 M)- & 5 % i p[4&*L(Skoog et al., 2007)

SOEV UL AR ?f:['ﬁ] AR EFLERTVET AL

TEERY AR E O o R B F i
= A%k R % ;2 (Cyclic voltammetry, CV) ~ > & &K % j* (Squarewave
voltammetry, SWV) ~ jig & "% iR % ;% (Differential pulse voltammetry,
DPV)~ & |4 ik % ;% (Linear sweep voltammetry, LSV) & it 5 [EFus 4772

(Electrochemical impedance spectroscopy, EIS) % » & < gki# * ik 45

% f A 5 R R 123 (Voltammetry)e— f80 5 5
. R

Frilens 2o REZ 2 5 DI 7 i [
=

L le R K Ao B2-6 A7 REEF T2 B AR %
IFIR R RRY OFIL T eMII R BEin Y A ERR
¥ J&(Bard & Faulkner, 2001)’ TALTFES - HHRARZ 2 LRPER
Fop et Ut > FIV U AR LT PR R ERF R 0 AT
TR RE 2 AdFf uEARY Y 0§ R AR R D AL
f R BT WY AREN IS D (B E T (i) ;
Fied > F 2R R e L 2R HR -1 2R
AN RET R R P ST E AT ER Do &

ETRREZ Z R T R TR S4B 2-7 TR IR Frdy B

29



3] 5 $HAE4ES 4 4] (Symmetrical saw-tooth waveform) » # ¢ & 7 — &
TR ¢ gART (E) T B(Ew) T RE (B~
FEFOW) e mafFf2is o JI* T - BT IERE T E DA 2-
8 e % » B I hF A & 7 &% T (Anodic peak current, [p?)iv ~
&% 7 = (Anodic peak potential, Ep?) ~ £ & 7 /i (Cathodic peak
current, /) ~ £ &4 7 > (Cathodic peak potential, Ep°) o #-7 x5 %
BRKRE 2GRS THBOV NFE O RARREZEEE L
e R T2 ST UL A R IR it R R

i T TR L A e R A -
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(A)

Electrode Solution Electrode Solution

__Vacant \ 4
MO

@JL
!

Potential ——
Energy level
of electrons
@ Y Occupied
MO )
A+e—> A
(B)
Electrode Solution Electrode Solution
Vacant
@ A = MO
Energy level
. of electrons
Potential —_—_— ——

} :
® _4_l_. :\)gupied / —1’_

A—-e—> At

Bl 2-6 ~ ¥ Bl A B2 7 &% o 25 Ff Bl(Bard & Faulkner, 2001) - (A):& &
F & o (B)¥ it £ & (Bard & Faulkner, 2001) -
Fig. 2-6 Representation of (A) reduction and (B) oxidation process of energy

levels in A solution (Bard & Faulkner, 2001).
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@ t

B 2-7~ B KRE T @R GGE > 2011) -

Fig. 2-7 The relationship between potential variation and time (#* ° 2011).
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Bl 2-8~ i R% 2L =BT MRG0 2011 -
Fig. 2-8 The relationship between potential variation and current variation

2 5 2011).
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223 T £ 1 (T ERANE BB

SURICREE I BER R LRl TSt F s SN T2t 0
ERehd ¢ F 5 ATk AART RO T Xk Pl o F)
BEE - BB A AhiEARY e R Y BIRRSF A F LB R
P TR WML 2 x TR RS R T o o)
L SR ST CANEIE N I RNV SRR TR Y Ik P
T AL ITRIRE & P o

¥l TR tee 77 4F &9 & > 733 8 (glassy carbon, GCE) ~
% & ~ 3342 & k| 7 (dope boron diamond, BBD) ~ & %% ~ B 4 S & 4142 o
HY R endits 21 1 R R BRI F TR T E ]
Vobd odrinde AR F o A FH SRR 2FER AR
AR AL S AL VAR SRS S 2 A

R RRIBEFTAITALE T B Pl - TS
R RTERR AL G AT IRIE R T F A dr By ¢ 0 TR
PERTREFELP A Y BAF S FH T RSP L B

R "EERFHABETLEL TR PETEL G liil‘*‘}é'riri oo oae-
# B A B+ F 57 & (Wang & Hutchins-Kumar, 1986) - 2 7 i i
Fak% G BTET (e GAREE LM BT fgu_maﬁwm Pei#
wEAK o

N—

bl

.

PR RITARE F TR ~ KA R~ F 5 B AT 4 |2 (Bernalte et
al,.2012)> 71 R 1 B A TAR B AT G (AW AL o 3 phdp I F
FREBETH R A G AT TR AP T COC=0 %-
COO%)' B3 3 FRAdme i ®RB ' 2af nwisl PR
JFreTiRni e o BRI R AR > E- R A RPHR S DT IS
(Cascarini et al., 1998; Li et al., 1996; Takada et al., 1996) o bt ¢k » 4%
ERTARE G LB F R AFE L AR S SRR

35



2

#.-k 1+ (Cascarini ef al., 1998) > g kit 4 & € B3R L2 L2 JRETR

Jf?_é P ERE RPE LR AR E ML -
v F 2o § AR S KRR

«3>»

W RE LT E TN
P\ -

& ¥
,’ S A2 18 0 1 500 (co/min) e B iE O~ FORIEHEY 0 ¥
AEBRIREERL G ERATRREE €T gd BB

%ﬁ@maaﬁﬁcia’%?@ﬁ@@@ﬂﬁ@W$4ﬂ’@—ﬁ
+ T

2 LA B AR AR R R R 5 A
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TICEAREY L ERR A G L k- AR Y B

R T L ?i?J%Fﬁ%@o#iﬁ@ﬁ
T2 =80 A WA F B 42 (Chemically modified electrode,
CME) ~ ¥ 2 12 47 ;= ~ DNA 12 47 ;> (Barroso ef al., 2011) o H ¢ b g §
RLenig AF > 2 5 B i3 4R 2 & H ch 50 5 B 812 4 F (Modifier)
BRCEFERHFTIRA G IR E S FR FRE A R E LD
&f%ﬁ%?ﬁ%aéuﬁﬂffﬁ%bﬁﬁaamﬁmbéﬂiiﬁﬁ :
FLRRPFRE VE-HRABATHRAL B N ERS
AER LS E BT IR L & (LS 5 2001)

}

1 W= 2[4
2. F AdFenisR i B
3. 7 4pind Mp g
¥R TR ME R
TR pAME N PR £k

I

FRLOCFRBATHES Z2LEF A 51T e fa(Damien, 1994) :
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1. ¥ & = *7/% (Monolayer adsorption)

B3 AR E BRI T R4 3 o 5% 5 Lane ¥7 Hubbard

# 4 enig 47 > 2 (Lane & Hubbard, 1973) » # RIZ 5 1% T &
PR B EGAE 2 Fiet 4 aekil o Higr 4 2 57 g
3P RF A CHEEREEY ARV RS AT IRE

o BEMLBAERE S D R R A AL
AB S Tt g D3 N g - & 0 AfFR iRy Y R
A o @B AR g TR o

=K

2. + % 413 & 2 (Covalent modification)

0‘2;’3/\—,1?%\'% \1);5[7! LLﬁ*%L”"TU}Eﬂ?
o HF b £ IR SE Y hpH
W IERE B A P A TS5 o

GER RS THEA B BT RS KRR
- ER-Y

=H
"
&
x
Ag*_
=
N
Y
-
=
135&‘(

3. B 4~ *+ i 4F ;% (Polymer modification)

ERC ] dﬁg*%ﬁt—liz}ﬁé‘giﬁﬂr‘g&\—ifgﬂi’@g{
> & Fific B & 47 (Nafion) (Cha et al., 1993; Martin et al., 1982) ~
R Getex(PVP) S 33 232 R e ¥ A ¥ BT 14
B BT AR ITH A PITRNFL TR o

4. F v & vk (Electrochemical deposition)



BAFT HE R F R g £ g RaE 2 RS




CEIRORPIT AT AR - BTSN TGS
AN N s kEFRA - AR P g R
¥ % et & Lo #(Arrigan, 1994 5 Gilmartin & Hart, 1995) :

1. E#H M ehip ik %g(Selective preconcentration)

R UHE AL BT R AT AR A B 0 i TITE R AR %
B B

2. %1% E # 14 (Permselectivity) :

3. iF & 12 w|(Selective recognition) -

e UEES S TR R S TN R
ded R~ R E AT T F L AT T iR RIS
R THET L ﬁamm%w1ﬁﬁﬁl%oﬁ#w¢y
G TR B L BB &aY LiEE (Enzyme) s B %
%§%~ﬂ’ﬂ#£¢@”**#%wﬁﬁoﬁﬁd
AR - 3E L FEd RIEEF & X B (Substrate) (F * {507
éiia%’@ﬁﬁﬁﬁﬁ#?kﬁiF~ﬁW1ﬁk@ﬂ
A £ U -

o

g

4, % i )i * (Electrocatalysis) :
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THMF RLR A HMTEE G DAL PR
EHEMETR 5 RALSTHFOETREI AT EA
‘ii"%. K EL—,»@{,;};»’F* %ﬁ‘“} HBE LT kF RS
B AP ATRAGE B En E IR DGR
Z. P ik -

T # (Plasma) :

>

THRUALE D L ETIEA R BRI T RS T
FRtEAG RAE o AT RS A EAY Y o F S B
BRTHTHAL FMI T~ d A mA R kg
?ﬁ%ﬁﬁfﬁ§’@ﬂ%ﬁ@;%“’&?ﬁ%&i@i
FRAER o Rl F R W e e
fk (2% 52004) -
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2.3 ’é{i%

T 4B 5 41920 # pF > Langmuir % % 3 (5§ 1835% T F % P 7
o FRERZINTFEY DR EE e Fip o 35 1929 & pF
Langmuir * ¢ % (plasma) &k it § FEZI § T 3 TR % (F
1969) -

231 THUE

& " BALE R S A R AR
BB kA b u@ﬁ%%’éﬁiﬁﬁﬂitﬁmiiﬁ S
E LT LA B A

—é;ﬁv;f%’;igb{gl)gz—i_gg;t,},ﬁzéxég},%z-iﬁ\u;ﬂﬁ%“g
TR F g FF T AR ’ﬁ,’*'g ST mé\viﬁ_}@';%*’F
e g R RK B 0 T F il Brbrdk & R
R E P [ R Ay > A pd
FriERETRDERALS SR DTHEME LT
Bk TR T 100%PE A TS oS AT R R RTE

LIS TAFHY 0 R REI- WEE L AR

TREARAM PP g EpdF HF A2 1 84 2
4=+ (molecules) ~ /o + (atoms ) ~ = jris 4= 5 (excited species ) ~ &
+ (electrons) ~ & 3+ (positiveion) ~ f &3+ (negativeion)~ p o
# (freeradical )~ UV & ~ ¥ Rk X 45 B e = > FIH 258 30 30 i 3

S [

SN I SR X AL TS ACTE RPIE

42



2.3.2 i’,%i = R

WAL A R

T

/:], =

A

P
9

¥R i

o

N0
Yo

N

NN
)

AR gl bt B

CERA T

(g

%o

=
A

o
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2335 FRRBHT 0 FTIEL 6% 2B

Lt L SEPBEE Y LA HPESEE L AR d L AH R

2B AR IRA T LR R G Rt PRl A K - Bk
A 5% g 0 F]Pt iT A j\’ﬁ; ERHplim BAF 20 &u%ﬁ;}m;}\

Bk K LS Ndod 240 @ TR B A ERE ¢ 6 4K
BOEFBA - MRFIFR O FF A P10 um 2 B(E E
2004) » #F § WEIIHA A LD 0 E e FE LR IS4 i AR
gr‘ié%%}%ﬁw} G E AR PER SRS S F R H# SR REE
*éﬂ%kﬁ@%ﬁﬁ’ﬁﬁﬂiﬁﬁ;ﬁﬂmaﬁﬁﬁo

TR A TuEARE Y 0BG FF N E b e AN E
i”,—”k\éﬁz&‘fvﬁﬁ““%i ;ﬁd ¥ F B e L
H

it e P F AP RNV EE o p K ff%z;ﬁ'] T
STAE S B P AAT (8% 02004) F O RhoBl 29 1R o

% B (Crosslinking)

%f#a FRRA 3 (= 5 ;g)@}tﬁi,ﬁgigggﬂjﬁn e A 3
B2 P IR E o BERA A F 2 BB ES
Hedoo cig BB A BH 4v o - WK R Y anf 5 I H(He

2. 4 %] (Etching)

I TRF Y T AT BHERES A6 EE
BEEG > BB RS R I EBE AN G AT B2

\_



Rt ARDIT LA F 2Bl BdE R A ARG A
AFren A o AEE A BFOERY Y o Bd TRE L
AR A A EMF M - HEAH A G Y g
R FRT R EBFAHERF IR W FRF DT R
TFREREF M EF R MOcE §) 7 AR RIEZH R D

BRF&FG R a2 L3270 Riomg 4 k5o

3. T ## (Deposition)

HF S 23 RRREE MG WITE 1 F5 8 (i
CZHZ\C2F43§--€F’§ é‘?jﬁ'} m@ﬁ_ﬁg\i‘ ’ B‘:;E'Sg‘g‘f”

REBEIFLESA LG 28— k3 A3
MRS AT 26 F T RF ARBE /AR
H2 Fearig®4 o

4. % @ F it £ i (Functionalization)
RRRAHEAGTAACIAAE ;A BHB F A
ARG AT ROEAEY P A AR RSB iESE A

BT R B Tk G ARF B F MR E £
TRt  BPROT R AEEEFF Bf WA a5 1R
it ’—ﬁ;i#?*ﬁﬂ};}%%%ﬁé Oz‘Hz‘Nz‘NHg%ﬁ;ff?’gg’ oW
Lenk BF st 2% 7 7 -OH~-COOH~-C=0-~-NH, & F &t 4>
UREFE G AL T LETIER R A B A S Hrkk

E- HH A M A G PE AT RERERE

“%ﬁ%ﬁﬁ@djﬁiﬁi?ﬁﬁ@?%%%@ﬁaﬂgaﬁ
B F e B 2 LT B~ RIPGE (70 F 787 3 o Cascarini De Torre
£ A £ 1998 &% § aﬂf},{cggﬁ FEOCRE A G TR TR
BAAF R SFRE LG BT g RS L Rk F

2000 # - Li £ Horita # RF 3 5 © “chzaf«zm« L a2 4 o i’fgr@éﬁ:’
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BEFRLFECR2Z A DTI PR AKER > ¢ 7-C=0- -
COOH % Fac 28 s Li 5% 41996 #pF4|* RF 3 T ,z&:%ﬁrﬁg%a
HT#ehal (FFA05F F 0 1 (PB4 L L5torr 2 TH R A

AL > H-C=0 ehf iy 4% % o & 2005 & pF > Okajima % 5 % f
FF RN FEERRERE P HRAESFIOW: 5 523 5 1110
AR 5 1 A4 € A2 S ahquinone i A0 e
PF3 f® chT % @ (Okajima et al., 2005) -

A

Ror b g P RS § T RIS R e ] 1‘%:3.
FH GO A G AEE *g‘;;gg(c-o\c:o % -CO0 %) @ £ 3}

2=

FroaZig 2 ffonidiowniy s 70T i (Cascarlm
et al., 1998; Li et al., 1996; Takada et a/., 1996) > & 7 i
PRED BN RFRPIOT G o ERE AR gRIBARA
F s RETR ERERRL CALRRARAM M Gd F FRRY
B fsnTRE IS N 3 F A oA A RET RE R R R 4
BHEE VP T R R E S A G R FRT T BB RER
SRR IR AR bR F T

N m 1345 o

e
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24~ ¥ R ESHF A G mIZ > E(E E > 2004) -

Table 2-4 Common surface modification techniques (£ % > 2004).

Physical Chemical Radiation
4y 32 R Mt AL | A EES

Langmuir-Blodgett # /% | £AKE | TEEXE
ILZRIM | EIE
K¥RE | 4

AET R
ETR
y A &R
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M

M M: - Inert Gases
- Monomers
-P-P-P-P-P-P-P- - Organics
- Reactive Gases
Energy -P-: Polymer Chain
Glow
Discharge
Termination of
Free Radicals
(A) Crosslinking (B) Etching (C) Deposition (D) Functionalization
(Degradation) (Grafting)
P -M M-
PPNt MMM MM M MM
-P-P-P-P-P  P-P- -P-P-P N_P-P- -P-P-P-P-P  P.-P- -P-P-P-P-P  P-P-
-P-P-P-P- P-P-P-

B 2-9 ~ @Jﬁ;%&@:'ﬁ{@#ﬁ#ﬁ%%}(i & 52004) -

Fig. 2-9 Mechanism of plasma surface modification (£ % - 2004).
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24T B L2 RPIS FI R ET

FI*REERRGT FIAMPFRNERER DVRFY 0B
Wwd 20 BE2Z T 5 - &Y 1990 £ FF > Dominguez % 5 K *
Differential-pulse polarography # Bl & & ¢ P j2§ M2 B fHFw o 2 &

B o RlE R REY SUER #F 5 0.1-10 ppm (Dominguez et al.,
1990) » B ¥ i jg* chfF Bl o - BT BE K B4 F 4
R ERAA PO EFTTRAR B ] F RATDORE o

-

2009 # Zhang % % f1* J B2 A TR B[R T RE G B 4F
FTHRERAE > EERTIR FL AR A0 P EE AR
e E2F2 3t BRFR 4 FRREF BAZ Z TR
B B AREEEA R RS LR R
MEpEg > ATRRBAST NI IREAFHT RN F MER AR
Fyekisn g kF e BFR*RIARTELRT #5404
FhoomA2 18320 F i BE A Y ~ 10 £ 5o dihexadecyl
hydrogen phosphate (DHP){& » 4v » 10 = 2 3 33 -k 1 * 423 4 &
TWRINAEBRADF2Z >S5yl 2FRABRTIEE G B4 o
%% &5t pH 8 e PBS buffer £ § & chZ ATk > W PISIEFF P E
% 5 25ngml'F Sugml! ®¥FF 5 02 wgml! 3 40 g mL!
(Zhang et al., 2009) -

} 7&“}

2010 # Song Ir k¢ * 5 B2 KAl p R TR BRI TIEL 5 1B 4>
R Y hp JE g o AREERITRE > F B O FT
AR S P ER AR R AF 2y P RRE R4 F T
BRFBAEL DT AP TR P ETEARIFRER RS,
PR OKEE OSBRI LB SRR R KRR X e M DRAVER 0 B
TR B 2 T edR 2 o] P B AR ihh B Zhang ¥ A A RARE 0 R
RIARTREHIE Y e g2 2 3¢5 k3~ DHP - # F i)
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4B 2-10 #771 o RIPREFE RS A B R A B 5 1.2 mg L' 7
125mg L' 122 125mg L' 5] 256 mg L' 2 ¥ (Song, 2010) -

50



Fig. 2-10 The mecl
yellow (Song, 2010).
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2011 # Ghoreishi % * @& * % E=% ¥ s ¢ '}fﬁﬁﬁi”” T T WP
t 4L ¥ & Tartrazine 14 % Brilliant Blue » & B]2- % £ & F B ¢
ErZERirite FRIVASRE TS REUZ 1‘@1‘%% i H
AFCBRRE D F P RRF RAL DT IIAER EKEY R EN
S RAFFER - AR Y 0 S EA FRE E T Lie Song 1A
Zhang & A J1* S EEZ AR EF R A B4 LARTRYT
el fey P EHR N FERA KR Y 0 L - AT RARE e B3R
G DB T78% (w/w) F &4 (graphite powder) ' 2 2% (w/w) % BE
AREE e r 10T 2 23T k2B I RIARTEE LT 30
kg oo FoK A EATRE 218 0 4v » 20% (W/w) paraffin oil - ¥ PR &2 [
i * 20% (w/w) paraffin oil 12 2 80% (W/w) % & k& TR e R &35
2 HRPE LB S 2mm T iy Y o TR ARG .rg%ﬁg
R o T E R Y chEERa R 5 pH2 hPBS ¥ A o B
FEE et ke il FAcR S 111 g A pmol B MRPEERE 0.1
wmol 1" 3] 30 £ mol I'' 2 @ (Ghoreishi ef al., 2011) o

2012 # Medeiros & % & * % & k| % 7 #&(boron-doped diamond,
BDD)# BliE# 4l ~ &+ ~ %k P hp EF S RIFF MNERE - &
Blen VERF B E BRI BRI e RE
PR M2 RIFT S FRFS %‘J’f‘él}i’%ii CBRF D 5 IR
RERBAA T AP TS FF HER - 2 azo colorants 7
BDD T &% o & 2 B R F BB BIACR] 2-11 2757 o v ke @ % b
TICE BRSNS H e % @Rk Z £ (Differential-pulse polarography) e
%% e fRR 5 0.1 MHoSO4 0 1% & 5k St p] ) &k e |2 45 [f] & %
50 pEE 0049 ymoll' 329 pmoll!; ®#HFF 035 ymoll! 7
9.1 pmol I'" > #&ipH&*TE 5 0.0131 gmol I 2% 0.0627  mol I'!
(Medeiros et al., 2012a) o
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2012 & Medeiros % 4 & * /& K| - T - R PR HF
FAERP AP ER CRIFERUERE - oY % 0.1 M HSO,
£33 T fRiR 0 B AT che JAh - o S Lo pf et flow
injection (77 FVIB TR o JIF gk SRR D kR R A S 5
PEF 1 umoll'#150 ymoll'; ¥+ 5 umoll' 5160 gmoll >
R E S 0.8 umol 1'% 2.5 umol 1" (Medeiros et al., 2012b)
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Ry—=N=N—R; + 4¢~ + 4H,0' — RNH; + RNH, + 4H,0
_Q-so,ua SO;Na

) 0]

Brilliant Blue

Azo Colorants

NaO;

~” e

Bl 2-11 ~ azo colorants & BDD 7 &% & & & * & 1% 4] Bl(Medeiros et

¥ s DB

Fig. 2-11 The mechanism of the electrocatalytic reduction of azo

colorants (Medelros et al. 2012_ ‘o
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2012 # > Ghoreishi % 4 ] * % ¥ &k F B A S T & > &P
B chp 555 02 RIFS B Hpla S IREFR T EE
FReth Y ERRURAR RS P EE A RE A
BRF D CRRFRASNTEE TINAEER TRESY P ES
R RIFFRERCVE AN £ RiFEHSBRe & £ F

Plebe HFA WL DH-05 A 1%\ 4 4 » 50 22 0.01%e &
G A RTEHIALT A 5SS AL EHPARE
FREEISAHRE/L924mm 54 403 2 & o g T iRenBl T
WA 1 B0T7g e r 2FAWE RS DN T RBIRA
¥4 2.%5 > 4v » 400 p 1 paraffin oil 325715 > KE > E % 5 2 mm 7
RAF Y TR AR TR RS OER o v R N ERR G
pH 4 «7 PBS ¥ #73 i o P % D PIAEFERE 0.1 gmol 1" 3] 2
pmoll'; B+ 0.05 ymoll'#] 1.6 ymoll' ##HE*TE 5 0.03
mol 1" 72 % 0.002 1 mol I'(Ghoreishi et al., 2012) -

2013 # Ye % * 4 * A -cyclodextrin ( 8 -CD) ~ poly
diallyldimethylammonium chloride (PDDA) ~ graghene (Gr) % 47 4L i2 4%
PIFR T AR T ARRIBEAR Y hp T e R RiFER o iRl 0

SHEHRACRERE A F B O FR AR S pER NE
REFF EF2 5 RBRFR-JF CRRF BAZ PR IRATR
&Y P ER R REERRAR o 42 D A S SN n s B LB
graphite oxide (GO) nanosheets *r » £ £ 7k 2 5 » @ * LH A BT
%ﬁ%f—%w%’1¢%BCD§&ﬁ»i%%ﬁﬁ,&ﬁﬁ
PDDA R {r > 5= = {3 4 » 0.2 g L-ascorbicacid (L-AA) =2 8 TR & F
- B R GO R AR =5 Gr 21 > 12 15000 rpm # i# 3w 10 &~
S50 d KA SRR RS RO R SRE Y Gk o £ % P R
Fhe®] 2-12 77 c B EFRBPATRA G BAF2Z T 0 £ L RPFRT
Bl § taER R EHRRE NI I R RFRYRFIARYT
AERT G "/\%ml‘f?«f’”’ FEIRZ B AEE R G HEF IS LA~ ]
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mg /3-CD-PDDA-Gr~950 y lanhydrousalcohol~5 (wt.%) Nafion-117
50 plz B R*RIFRRTEERT - B P I3 plB&F%
FEE BT 5% S TEF % o 5-CD-PDDA-Gr 1% 4 15 e g
A6 iRl P R R F B RF R R 20130 A ¢ fren
F gtz s PBS WAk o 0tk Suenig R R PR 5
0.05 gmoll'# 20 gmoll'; ®#% 0.05 xmoll' 20 pmoll' - #
PIHRPLE S 0.012 gmoll' 4% 0.014 gmoll'(Yeetal, 2013) o
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Stirring for 30 min

B -CD-PDDA-Gr

O /75 Zammmy S\ \

B 2-12 ~ 3-CD -PDDA-Gr £ = 7 & Bl(Ye et al., 2013)

N / & A N
Fig. 2-12 The proposed scheme of the formation of 5 -CD-PDDA-Gr
| I | N sl s — -
composite. (Ye et al., 2013).
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@ §-CD-PDDA-Gr
= @.RDI

Fig. 2-13 The mechamsm of the electrocatalytic reaction of 3 -CD-

| I | N il b — -

PDDA-Gr modified GC electrode. (Ye et al., 2013).
o o T T
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2013 & > Chen % 4 * alumina microfibers i3 &% 5 ¥4 3 1& > & P
TG g EFFI R BRRPD N LBEERICTIRE A F
e  FRLRGEREI L e P ER O REFAFERAF R A
FUERREFBAZ DT EE TINARRI RS P ERIRRK ¥ Y
& * 1 alumina microfibers % ¥ * g & &2 3 ;U o B 7T
g AI(NO3); OH,0 ¥ 4r » 32.5 1 3 33 k11 s 158 g fik > #=%
A RS > 11 autoclave e T 100 T3 24h {8 0 iBp T 2 B
ke o B2t 80CIRB P 24 ) PELS 0 12 500°C B IRAKE 2 /) PE o
alumina microfibers ® # % * {62~ 0.1g4c > 09g F & *° » £ 4~ 0.3
% 2 paraffin oil F3HF > RpPE L THRY > T F BTG e r
alumina microfibers 77 & 1T 5 ¥R 2 o pL = }§L MEBAR S 01 M
PBS buffer (pH 6.5) o ¢k seenig Rl AU # B 5 1 0.0005 1 mol I'! 3
0.1 gmoll! #pH&*TE 5 0.00016 g mol 1! (Chen etal., 2013) -

2013 # > Gan % A f|* S35V §F A B AR T IET KRR S
PSR SRRSO RS E SRS PRERUEPER TR
Higplen> g 0RfrR =y » F B Y > BT LR T 4
CPEREAREF ORREFATCRAFBEIFCRRFBAL
TR R OATLR RSP P ‘§E)§°@[§J€‘J i itipo 3 it
el N AR A ."1""’}5" i#3% g L& Ti(OBu), % ¥ Ti e
Kip o T @ * cetyl trimethyl ammonium bromide (CTAB)i® 3 4 =
mesopores I o L PERSE B 4o T 400CHEHSF 8 4 2 TiO,
nanoparticles - B "} T DR FH I L P 02 g T & ’fﬁ ~02 g
mesoporous TiO, ~ 1 g 7 & ™ % 035 £ & paraffinoil > &> 4 Rz
FJle R TREE L AD LS 3mm TR o RN 2
v eE AR 5 0.1 M HaSOy > 1% gtk 2 &5 48 12 eP T 1tk RIR
A B EE hF B RBIHCR 2-14 17 o gk SLehR RIS
BPE% 5 0.02umoll!F]2.05 gmoll!» #ipH&*TLE 5 0.006 u
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mol I & 5% e RIS FER 5 1002 gmoll' ¥ 1.18 gmol I >
¥ RHE*LE 5 0.008 ymol I (Gan et al., 2013)
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HO O
NaO3S <\ /}- N=N /' \ NaOss@N_N Q
— - -I].4 _— O

SO;Na SO3Na

OH O
NaQS@N=N 7 .\I—QSL Na -&-H — N; sONzN - 30,
B =N

NaOOC NaOOC

B2-14-BFTEpER23 “RRF RHBH (Ganeral,2013) -

Fig. 2-14 The mechanism of the electrocatalytic reaction of (A) sunset
yellow and (B) Tartrazine (Gan et al., 2013).
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2015 & >Songyang ¥ * 4] * CTAB functionalized Montmorillonite
calcium (CTAB/MMT-Ca) % & gt % 3t 2 15 > H B4R P chp £ 5§ 3
oA IREBRITRE S F B FT ISR T
e rpEROREFALFTCRRFIFROIFCRAF RAL DTN
MELR T HE ST PEEER o CTABMMT-Ca 8l 2 5 1B~ 5¢g
MMT-Ca 12 %2 2.5gCTAB 4t » 50 % = ek 2 f5 > &3 8 T #3508 fo
FRS P 5d jgiliBigte ¥ ke 80 CRAEZ T ki
¢ » =% CTABMMT-Ca { & - @ ®H L 2 01¢g
CTAB/MMT-Ca & % & #= R feis » 4e » 0.25 % & paraffinoil » & 4 /R
fobo g B A pk o S E A AR S L TR 2 B Ao
Fr® ek %k 5 pH4 acetate buffer o 4t % Sentk RIS R 5
0.0025 gmol I ¥ 02 gmol I ¥ pHE L E % 0.00071 g mol I
(Songyang et al., 2015) -

AFTT R A AL F AR DAEA B o e
_;E;’: jl%ljfﬁ? —r'\lbgljﬁm——%é %PE-? J{_,gp'\?}'t)( ﬂ\,{ﬁim“}éﬁ;
"‘7;\:7\ %ﬂﬁ;%gmﬁ,ﬂ?’léﬁ;iﬁk ]}E‘ﬁs‘_sﬁétéi,\ﬁ/ilb\ ﬂ'ﬁyﬁﬁf‘

ArEHBT LT RRILPEF o F FTRT NBEER R R
FFRHPCZLEOLRBETTIREG BA T R RRETR T RO

B ®HE G R OBR s R ET M i Y e 3R
FA*E FRRBE R R AR S EF S B o ATy
WD LA 2R T RGP GRS B - sk -
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225 DB O ENKR O TES A BT o

Table 2-5 Literatures of electrochemical methods for detecting colourants

in foods.
i A R A4 & (ppm) * ik
SREEZ K RLE/ SY: 0.025-5 Zhang et al., 2009
PIT 1B TT: 0.2-40
SRR K RLE/ SY: 1.200-125 Song., 2010
FIR R AR and 125-256
SREEZ K RLE/ TT: 0.0534- Ghoreishi et al., 2011
BT R 16.029
RFEE R R SY: 0.022- Medeiros et al., 2012a
& 312
TT: 0.187-4. 86
REFEE R R SXET 12 Medeiros et al., 2012b
& 22.619
1T S
32. 058
2k g3/ SY: 0.045- Ghoreishi et al., 2012
B T AR 0.905
[T e
0. 855
B ~-CD-PDDA/ SYSR ) 7= Yeetal, 2013
AT 9.048
wy ¥ 0273
10. 686
Alumina SY: 0.0002- Chen et al., 2013
microfibers/ 0. 045
BT AR
L N T SY: 0.009- Ganetal, 2013
/T AR 0.927
TT: 0.011-0.63
CTAB MMT-Ca/ | SY: 0.001-0.09 | Songyang et al., 2015

b7 A
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3.1 R %5

AR TR 2R R BT A REp A7 A A
WE BT o FEE SRR Rk EIET LAl 8 F

sy R RIS R e

3.2 R B #

1. fi% fs (acetic acid, CH;COOH) # & 99-100% > § * ¥ 5-4ks¢ § 44 -

P& o
2. Hkpk(phosphoric acid, H;PO,) % B 85%> § A % F4k;% g4k P Ao
3. i (boric acid, H3BOs) # & 99.5% » % Lis@Z N g4k p & o

4, ¢ ﬁg(ethanol CszOH) J‘?}i 059 » -g 22 I N \—)'i- LRI L: g,
S

% 1 4p(sodium chloride, NaCl) & 99% » J. T. Baker » % [ »

)}

Brfi @ = 4 (sodium phosphate, dibasic, anhydrous, Na,HPO,) * &

o

99.1% > J. T. Baker » % & -
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7. ¥ B%(methyl alcohol, CH;OH) & 99.9% > MACRON > # & -
8. By ik 4&(Ammonium acetate, C;H7NO2) # & 99% » Fluca > % B -
9. % A% (hydrochloric acid, HCl) ' B 35%: 1 i 5 g 37+ > 2 %o

10. & % 1 4} (sodium hydroxide, pellet, NaOH) ** & 98%°'MACRON>

2R

11. P %+ (sunset yellow FCF, C;6H10N2Na,0S;) % & >95% (HPLC) »

Fluca’ 3 I -

12. P iz % (sunset yellow FCF, C;6H0N2Na,04S,) # & 90% > Aldrich »

R -

13. 1& 5w (tartrazine, CisHoN4Na309S5) % & >99% (HPLC) » Fluca > #

14. & ¥+ (tartrazine, C1sHoN4Na3;09S;) & & 98%» Alfa Aesar» % B
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33RFRA

1. & i & & 47 %k (CHIS800C, CH Instruments Electrochemical Analyzer,

Austin, Texas, USA) °

e B | % #&(SE100-MD, Zensor R&D, A& & FLH i x5 Lo & o
L) o
Ag/AgCl ¥ #&(RE-1B, ALS, Tokyo, Japan) °

0.5mm¥ £ 5 THE(EHEFF LT > o )

BV 2R B R B (6805 Linear AC power source 0-300V /45-

500Hz 500VA » & & T F i3 '128 » 5¢ 5 578)0

b

BEFEREBGEIBRIRTSL P 0 S#) o

-,

MFC Readout Power Supply(PC-540, Protec Instruments, & & > >
) e

Mass Flow Controller (5851E series, Brooks instruments, PA, USA)
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HEPA Capsule (12144,Pall Corporation, 7+ % » 5 4) -
FRZPH(ZRLTLR)(FRFEET LS 3147 > 54

4. pc# S g (Model P100 ~ P200 ~ P1000 ~ P5000, Gilson Pipetman,

Connecticut, USA)
5. % 27 #FE 4 (C-1000F =4 ¥ FEL G a7 59 0 0
) -
6. il K (CY-130> B RBF L2 > 57 > L)
7. A2 -k @3 % % (Barnstead EASYpure 1T, USA) e
8. B #xii kAR K 17 & (HPLC)
# +:(Luna C18, 5 um, 250x4.6 mm, Phenomenex, USA) -
#iF (LC-10AT VP Quaternary pump, SHIMADZU, Japan) -

fsy? Z % (4 channel degasser, GASTORR AG-14, Fischer analytics,

Germany) o
g P B (UV-VIS DETECTOR SPD-10A, Shimadzu, Japan) °

7 #L 2 (Chromatocorder 21, SYSTEM INSTRUMENTS CO., LTD,
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Japan) -
9. &A1 + X T (XS 6250C, Precisa, Switzerland) °

10. f&d& & 3+ (inoLab pH Level 1 » } %‘tfiﬁﬂkf;}*ﬁ AP, He s 4
) o

11, TREBELEBMH-1 37441 £ 5 A28 5 S0 S8

12. #cF 3 7 24 # E(COLOR SQUID, IKA » 3k %5 FA & > L¥
2) -

13. 423 #i£7% B(S510R-DTH » ZH R EBF L@ > 509 > L@ o

14. & + ~ 47 = T (BL 1208, Sartorius >/ #¥4 754F B> 3 "L @ >

FOUEY JF

15. & = ¥ # 4 = *h L 3 & (Spectrum 100, PerkinElmer, USA) -
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34 HEH

AT LT B 2R E5F 4 AP EF (sunset yellow, SY)
113 RAFE (tartrazine, TT) > 7 L B4R S § hikpliE 2> & 55 F
TREAFHT M FFEHFAREY RY TR EE v T RRD
B fs L ¥k SRRl % & HPLC & (7 vE e 3 m F 5 28 H4c B 3-1 97

‘/'I"\ o
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TILERA A & HPLC
|
AREREHRAGHRS

154 B Fal

ARERDE
T AR 2B
TALS KA A TS
RIAKETER
% 3# {4
A
REABEBRELFHRE

12 dh sy B AE AZ Rk
|
AL B ] A A TR S

|
BRI ER

B 3-1~ hFTg 2 B %A -

Fig. 3-2 Procedures for determination of food colourants in the study.
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RICERBIRR

AR BRRE RS S L1 F A

BARITRH
AR GE F AT BB NI FRES  cBF AR
BWERBHY 4o r 10ml # #3712 01ml #Fp$F > LFZE R pH
ZTREFERRLFS O FRBREEIFH I LI CF s 5F
TR EZF A LT FIFLF LF BT PR R T R
A FFEE RIS AL G SF S RER LB REY & T

FCAE I A A

AT Y OTARL - TR A AL AT ITRRERERH T &
LFFRABEFOR R TR 3 TR 74 1 E(Ag/AgC)
T #erTiRs v £ 55 o PTG~ 47 8048 5 (CHI 800C
Electrochemical Detector) » & f* £ 3% & 958 4 @] 3-2 #1777
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electrochemical
analyzer

reaction
chamber

-
N
|

oS

electrode

j;’[

computer

thermostatd stirrer

B 3-2 & 1 Bieipl ik s & Wle
Fig. 3-2Schematic diagram of the electrochemical detection system.
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6% ,‘f%":i’ﬁléﬁ%@hﬁiﬁ’lﬁd?’fﬁ =

AP g REFRRERMTERAG B4 o F A
TR RPN RFFRFIRGEF R F SENERTIEL
2500 (ce/min)eryn £ :&8 ~ & Bt e > B {F X 15 A s
o RETRERBE  RLEd FREHBIK Lt Tw i
F@HWﬂm$W$+W%$?%4%%ﬁ&@%ﬂﬁﬁ&éT%
W AR o T ’3]%,3‘ CLeiZE fEdo ] 3-3 #7om o
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~— (5)
(1)
L
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|
I L O L= SR E
|
|
I 7o
_lDDD I 2.F RveRE
@ 7 3R E
(2)
NS~ — 4852w

B R
5.F B4mHY

6.1k i B

B 3-3 R R AT LW (R 2013) ¢

Fig.3-3 Design of plasma generating device.
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375 F TRV RRER TR S i S 4FH

AEEFEFAIEEe 30 ?,?@%Bfﬁé&\ —‘Ljﬁ';%:: A AR R
ZBINA R FHG T AT TR R R TR G
T W& - B PIEREEFITR Y ITOT R o

371 § § TR BAFRRE R T BT

S
i
o+
-Ei-
%r
Y

FF R RBERRERMTRYE ARET LT R
fﬂﬂgﬁ‘+w§%nﬂif%%é.:%%ﬁﬁwwﬂ*%ﬁ CHI 800C
Electrochemical Detector ##8 & 3T /i BLT & (7 f B4 7+ o F
PRt AR LR T T R FRPIRER P B 2T A
R A2 5 AR R RBAEF N {HBREEEERT

@%@m@ﬁifﬁmmaﬁ@ﬁiiiﬁﬁﬁo

3125 F R RBHRETRHTIHRL P FHEE

F

AEFERE F T RSN R TR S B A DT R G
OkV ~10kV ~15kV ~21kV > # x5 OW~104W -~ 21.7W ~ 41.6
Weo s igaris > % L1 FiRR&RLFARRIDEF -~ BiFT D
TR ELA o B K hg % 41 CHI 800C Electrochemical
Detector #48 % LT /n ML T 2 (T B A 9L o 5 I Eoif § hE
Rpars 5o {HBRFEIF RIPR*FDT RS P B

— 2=

T
AT RETE § T jﬁ‘n}fﬂ?o
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373§ F R BB RRT R AR B4R T

AL VRE FTRG A RRET R TARDOPET B pE R
0~90 48>+ B4t > fI* R EHERITZLHKPIPEF R
BE PR AMEEL > ®A X HRnE S ® CH 800C
Electrochemical Detector #ix#8 & 3T /iU 5L 38 {7 4 ] & 45 V4 2 o

DB T FRRBEPER -

3-7.4; ;Fr'g: ,féﬁﬁ#lﬁ?,ﬁ,d%ﬁiﬁﬁﬂgﬁéﬁg%

ARGV RE F T RS ERE R T RDTIRE B 4 ik
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7% % (phosphate buffer solution, PBS)( Ghoreishi et al., 2012) - ¥ ¢t > if
7 5% i * Britton-Robinson buffer, B-R buffer (Wang et al., 2014)

1 % acetate buffer(Al-Ghamdi & Kooli, 2013) % % 73 %2 (7 p % &
MERFR FS R R ATV RE3IEEEAR P IR

£~ & Buenig e AR o

WEREDBCT O ARTHFARTCFFL 04V ~-14V . Fiid
0.1V/s > & %] gifs % % #=7% ;% (PBS) ~ Britton-Robinson & ##7% /%
% Acetate 3% A % (T 5 & }?&%ﬁ,p % 0 PBS 3 #5 R ehfie > LA bR
P~ NaCl5.844g 12 2 NayHPO,14.2Qg > 4v » 2 33 -k @ H % 23 %2
fsofl* a3 PHNBERAFPHE > B ¥ L4+ ke g o Hi
B i dod 31~ & 32477 o BRI AR HEIEF hHpH 215 >
TERHILEETRRREZFE  (HRAGFEFE ERI PR ED
THRT ¥ BATNTRETE F T jfz@éﬂ? o
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#. 3-1-Britton-Robinson ¥ % /% iz * (Britton & Robinson, 1931)-
Table 3-1 The formula for Britton-Robinson buffer. (Britton & Robinson,
1931).

Stocks solutions: Titration of 100 mL of a solution of 0.04 M H;BOs,
0.04 H5PO4 and 0.04 M CH;COOH with 0.2 N NaOH.

NaOH NaOH NaOH

pH pH pH
(mL) (mL) (mL)
0.0 1.81 35.0 5.02 70.0 9.15
2.5 1.89 37.5 5.33 o 2 9.37
5.0 1.98 40.0 5.72 75.0 9.62
> 2.09 42.5 6.09 R 991

10.0 Y21 45.0 6.37 80.0 10.38
12.5 2.36 47.5 6.59 82.5 10.88
15.0 2.56 50.0 6.80 85.0 11.20
17.5 2Ol 52.5 7.00 87.5 11.40
20.0 3.29 55.0 7.24 90.0 11.58
22.5 3.78 LS 7.54 92.5 11.70
25.0 4.10 60.0 7.96 95.0 11.82
27.5 4.35 62.5 8.36 ¥ 2 11.92
30.0 4.56 65.0 8.69 100.0 11.98
325 4.78 67.5 8.95
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% 3-2 ~ acetate ¥ 7% ;& fir > (Burgess & Deutscher, 2009) °
Table 3-2 The formula for acetate buffer. (Burgess & Deutscher, 2009).

Stocks solutions
A: 0.2 M solution of acetic acid (11.55 gin 1 L)
B: 0.2 M solution of sodium acetate (16.4 g C,H,O,Na or 27.2 g of C,H,0,Na.3H,0

inlL).
xmL of A+ v mL of B, diluted to a total of 100 mL

X y pH
46.3 3.7 3.6
44.0 6.0 3.8
41.0 9.0 4.0
36.8 13.2 4.2
30.5 19.5 4.4
25.5 24.5 4.6
20.0 30.0 4.8
14.8 35.2 5.0
10.5 39.5 5.2

8.8 41.2 5.4
4.8 45.2 5.6
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383 TN H A SRS SF I ML R HRE S

faa ¢ f1* 10ml> 0.1 M = PBS (pH 4)i® 5 # 4 0% 75
o RIRAIRBEE S A5CT KR TBBRREZ AR R R
5 04V I 14V e Rl IF BRTRIEIDF 288 0 & B
20mV/s ~40mV/s ~ 60 mV/s ~ 80 mV/s ~ 100 mV/s ~ 150 mV/s ~ 200
mV/s ~250mV/s ~300 mV/s ~ 400 mV/s i F i€ {7 53k R & 2 e -
W il 2 BeE R oo {RRRlEER BRI R R
WNT T PATOT RE T F F E’Z%'Z@ﬂ? °
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B BT R R G RE Y B TT

AR R %Y Gan £ X 22013 #3203 24T 4
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Current / 1e-6 A

Potential / V

Bl 4-1~ 35 §F REBARRERI TGP F R 2 00F 0 (@) M
] i A e B | BRSO e PR 2 F RipiR 0 (b) AR
PIR AR e P 5 2 SHERR S (0) 115 § LR 4R RETHT
iFde B 050 0 (d) ERE M T RITFE B R

Fig. 4-1 Electrochemical behaviours of SPCE after oxygen plasma
surface modification. CV responses of the SPCE after oxygen plasma
surface modification in a 0.1 M PBS (pH 8.0) buffer at 25°C. (a) oxygen

plasma modified SPCE + 500 ppm SY, (b) bare SPCE + 500 ppm SY, (c)
oxygen plasma modified SPCE , (d) bare SPCE. Scan rate = 0.1 V/s.
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Current / le-6A

) B T S S S T T T
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Bl 4-2~ §F § T RS pREH T ﬁ%ﬁﬂﬁ%%%—“% 2 2 gix 3t 0 (a)

PRI ARI L e R R 2 K R R (b) RARE
| AR %4‘55?]?"\31‘#*%:‘% 2 B EmsR s (C) 1 E F ?,jﬁ“%}é"ﬁ B R T
Tt fo B A% 5 (d) BRE R TIRFE R R o

Fig. 4-2 Electrochemical behaviours of SPCE after oxygen plasma
surface modification. CV responses of the SPCE after oxygen plasma
surface modification in a 0.1 M PBS (pH 4.0) buffer at 25°C. (a) oxygen
plasma modified SPCE + 500 ppm TT, (b) bare SPCE + 500 ppm TT, (c)
oxygen plasma modified SPCE , (d) bare SPCE. Scan rate = 0.1 V/s.
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Current / 1le-6A

0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80

Potential / V

Fl4-3~F §F TRBA R TEIRAP FF TIRLTR

et o (@) 21KV (b) 15KV ; () 10KV ; (d) 0KV -

Fig.4-3 Effect of the plasma intensity on the oxidation peak current for
determination of SY. The oxygen plasma treatment time for SPCE was
set for 60 min. CV responses obtained through 0.1 M PBS (pH 8.0) with
500 ppm sunset yellow at 25°C. Plasma intensity was: (a) 21 kV, (b) 15
kV, (c) 10 kV, (d) 0 kV. Scan rate = 0.1 V/s.
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Current / 1e-5A

Current / 1e-6A

Potential / V
Bl 4-4~ 5 F TR RRR TR PR ET TR TR
2t o (A) 2 (@) 15kV s (0)21kV ; (c) 10KV ; (d) OKV i 47 t5 4
RIRBEE 2 TIELE B o (B) TR RE 2T R 094 V-114
V3 < fRALE -

Fig.4-4 (A) Effect of the plasma intensity on the oxidation peak current for
determination of TT. (B) Magnify the figure 4-4 between potential 0.94 to
1.14 V to see TT peak. The oxygen plasma treatment time for SPCE was
set for 60 min. CV responses obtained through 0.1 M PBS (pH 4.0) with
500 ppm sunset yellow at 25°C . Plasma intensity was: (a) 15 kV, (b) 21
kV, (c) 10 kV, (d) 0 kV. Scan rate = 0.1 V/s.
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Fig.4-5 Effect of the oxygen plasma treating time on the oxidation peak
current for determination of SY. Oxygen plasma intensity was set for 21
kV. CV responses obtained through 0.1 M PBS (pH 8.0) with 500 ppm
sunset yellow at 25°C. Scan rate = 0.1 V/s.

Different lower-case letters indicate significant (p<0.05) differences

among currents generated in PBS buffer with different oxygen plasma
treating time.
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Fig.4-6 Effect of the oxygen plasma treating time on the oxidation peak
current for determination of TT. Oxygen plasma intensity was set for 21
kV. CV responses obtained through 0.1 M PBS (pH 4.0) with 500 ppm
tartrazine at 25°C. Scan rate = 0.1 V/s.

Different lower-case letters indicate significant (p<0.05) differences

among currents generated in PBS buffer with different oxygen plasma
treating time.

93



4.1.4 5 7? % lﬁ AfF ﬁlk’iﬁ:EPﬁ,lj fﬁ *ﬁﬂ’&ﬁ'ﬁ%‘f

b G RRUAEAY > § DiROTIEGERF T RO A § &
B oo RGP TRREOT RS TR FER 05 AT 3 DA 0 g4
B2 TR KPP EF % 4oB 47 277 > (@)~ (b) ~ () ~ (d)A
W05 12 324 T RFFEILE (@) A B AF (4] ) » 71 T e
TOoNAELEL A u 5 256 4 A~187T uA~153 AN 121 A e T
2509 A d BE T AFHRKTUTFERY 0 TR IEEET
ER T IEARE o

BAPIR i 22T o RAFE R kg R Aol 4-8 1T 0 L
Tk R% 474 S500ppm & % 0 &2 pH4 7 PBS & #=3 dp £ 0T i
e E (@) ~ (b) ~ (c) ~ (d) (e)/\ LE 0512324113 (e)A
2 &7 (control) » #THE I ehF A EL AL A B 5 0720 A~0.61 A~ 0.52
A ~048 A control 2T 325 041 A -

B ARG B A AT I 0 AR HTRFIET
gmmﬁgﬁam;% £ofiipl Ao HTBFIETAL DT R A
BoFIM AR TR IR 2T € 5 R i B IS AF R E R T R
B FREUAOuERY > pd RIHEEFBETIRL G ETERE R
$4 %> HEF T i A C-0~ C=0 2 -COO % )# +c -
ARG NT AT Bt BAETRA G DT EF 2 BT d
7ﬁ@%ﬁ%«ﬁ’ﬁ&?ﬁ@&@ﬁ%mf’iﬁé%%&%’
T AT AR IR E RBITINELA e P E R oD
WA TEEIES 3cm-2em-~1em~05cm o 4 i ] o] e T i
HE FEA S G 18% ~35% ~ 47% ~ 61% ; R ¥ F L il e T oL ik
2wl 5 6%~ 35% ~ 36% ~ 50% 0 sttt iEH 05 AL F F R R
T AR ENIE kA o

94



70 4=

—— 0.5cm

80§ — 1em -
] |

50 “ — 2 cm ( ) _
-« I — 3cm
& 404 -
1 ] control i
v 1 :
: 304 E
- TE 4
] - a3
Z ] g
E 104 F
O

00 045 050 0% 060 065 01 075 080

Potential / V

Bl 4-7~ % § i:iﬁ%@ﬁi%%hﬁ&%ﬂ?’féi@ﬁﬂ TEF R R P JE
FTHRAZEE 2&FE@05cm; (b)lcem; (c)2cm; (d) 3

cm; (e) ##lke o

Fig.4-7 Effect of the oxygen plasma electrode spacing on the oxidation
peak current for determination of SY. The oxygen plasma treatment time
for SPCE was set for 60 min. Plasma intensity was 21 V. CV responses
obtained through 0.1 M PBS (pH 8.0) with 500 ppm sunset yellow at 25
°C. The electrode spacing of oxygen plasma modification was: (a) 0.5 cm,
(b) 1 cm, (c) 2 cm, (d) 3 cm, (e) control. Scan rate = 0.1 V/s.
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Fig.4-8 Effect of the oxygen plasma on the oxidation peak current for
determination of TT. The oxygen plasma treatment time for SPCE was
set for 60 min. Plasma intensity was 21 kV. CV responses obtained
through 0.1 M PBS (pH 4.0) with 500 ppm tartrazine at 25°C. The
electrode spacing of oxygen plasma modification was: (a) 0.5 cm, (b) 1
cm, (¢) 2 cm, (d) 3 cm, (e) control. Scan rate = 0.1 V/s.
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Fig.4-9 Effect of the oxygen plasma trearment on the formation of
oxygenated functionalities of SPCE.
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Fig.4-10 Effect of the different electrolytes on the oxidation peak current
for determination of SY. The oxygen plasma treatment time for SPCE
was set for 60 min. Plasma intensity was 21 kV. The electrode spacing of
oxygen plasma modification was 0.5 cm. CV responses obtained through
(a) PBS with 500 ppm SY, (b) PBS, (c) acetate buffer with 500 ppm SY,
(d) acetate buffer, (e) B-R buffer with 500 ppm SY, (f) B-R buffer.

Scan rate = 0.1 V/s.
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Fig.4-11 Effect of the different electrolytes on the oxidation peak current
for determination of TT. The oxygen plasma treatment time for SPCE
was set for 60 min. Plasma intensity was 21 kV. The electrode spacing of
oxygen plasma modification was 0.5 cm. CV responses obtained through
(a) PBS with 500 ppm TT, (b) PBS, (c) acetate buffer with 500 ppm TT,
(d) acetate buffer, (e) B-R buffer with 500 ppm TT (f) B-R buffer. Scan
rate = 0.1 VI/s.
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Fig. 4-12 Influence of pH on the oxidation peak current for determination

of SY.

The CV responses of oxygen plasma modified SPEC to 500 ppm SY
were evaluated in 0.1 M PBS at various pH value. The error bars
represent the standard deviation of triplicate measurements (n=3).

Different lower-case letters indicate significant (p<0.05) differences
among currents generated in PBS buffer with different pH.
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Fig. 4-13 Influence of pH on the oxidation peak current for determination
of TT.

The CV responses of oxygen plasma modified SPEC to 500 ppm TT
were evaluated in 0.1 M PBS at various pH value. The error bars
represent the standard deviation of triplicate measurements (n=3).

Different lower-case letters indicate significant (p<0.05) differences
among currents generated in PBS buffer with different pH.
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Fig. 4-14 Influence of temperature on the peak current of SY in 0.1 M PBS

(pH 4.0) buffer. Scén rate = 0.1 V/s.
The error bars represent the standard deviation of repetitive
measurements (n=3).

Different lower-case letters indicate significant (p<0.05) differences
among currents generated in PBS buffer with different temperature.
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Fig. 4-15 Influence of temperature on the peak current of TT in 0.1 M PBS

(pH 4.0) buffer. Scan rate = 0.1 V/s.
The error bars represent the standard deviation of repetitive
measurements (n=3).

Different lower-case letters indicate significant (p<0.05) differences
among currents generated in PBS buffer with different temperature.

108



42318 A NRPI S EF B B E FFEM

AEIFEA P HRRE 2 E S BlR R UELA 2 [ el

o WRPIIEEZIpHA2Z PBS WA R > RBIER 5 45C > HFw @

& %) 5 20 ~ 40 ~ 60 ~ 80 ~ 100 ~ 150 ~ 200 ~ 250 ~ 300 ~ 400 mV/s >
#-3p 10 Jeen % I 4o R 4-15 ~ B 4-16 #1or o

B 4-16 ~ B 4-17 & %] 5 500 ppm P % ¥ ~ 500 ppm #& 5% ¢ =
TR s SRR o d SR T UE S A ke enle B
B2 T AR i dy ik AT DD G L AR o R B g v phdp
WP RE T g R BTN R IR IR AR
LA EE PR RELHRRIE R MRl o (30 0 2011) 0 VUM AR
B gAY > NI E A F P TR Y BERD AR
Frde 7 2 RRIGRATLE R FEIRRIDEE o

-—\

-~

Bl 4-18~ Bl 4-19 2 p 5% - REF+F ¢
Rl S AP B ICE £ 2P v Sl Il SUN- I
AP AT A G TR A

>
(adsorption control) #+4] » RIH A% T BT T V&
»=N2F2y V Co* [ 4RT

B naR3EBEFL2E5VE viFREF VI3
PR COYL BB R LR R T % 5 ¥l oAb 4T 48
%’; b SR (dlffu3|on control) 4] > Bld S o7 3]
h
S

=(2.69x10°) n3> ADo"? y 2 Co*

IRYnERFESEOAZTREREAGH Do G HichE v
AFREST OCOYERRER - PR IMEEFREF D PR



SR S SRR BRI EE R R A5 1k
LIPS CE NN L AL : e H

H

FhEFELRPVIBIRPIOFRET > AR TOT PR o ARE

@ R AR R F R R FRE O EE G AR

Fo B ART i 2 R (# 0 2011) o AR hdFd i K 20 mV/s 3
400 mV/s chde s B dAc e Bl Y o wxiE & 100 mV/s i e
AR GE TR

110



Current / 1e-6A

60 P CE W B YT Sk S WY W SEN VY S Py W S L W CS ON R LNY W VY 1O B o S Ve KRR TR I S (LN P ML T T |
-

— 20
e 40
] —e60
5.0 4 s

100

40
L — 250

3.0 1 mV/s
20

1.0 4

Ty

Potential / V

B 4-16 ~ T i“ F % sidFde i FHBRIP TR B2 H G

Fig. 4-16 Cyclic voltammograms of SY solution mixture in 0.1 M PBS

(pH 4.0) buffer at 45°C : influence of scan rate on the peak potential profiles.

(numbers 0.02, 0.04, 0.06, 0.08, 0.1, 0.15, 0.2, 0.25, 0.3 and 0.4 V/s
represent the scan rate).
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Fig. 4-17 Cyclic voltammograms of TT solution mixture in 0.1 M PBS (pH

4.0) buffer at 45°C: influence of scan rate on the peak potential profiles.

(numbers 0.02, 0.04, 0.06, 0.08, 0.1, 0.15, 0.2, 0.25, 0.3 and 0.4 V/s
represent the scan rate).
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Fig. 4-20 Scan times-current chart of the stability of oxygen plasma
surface modification of SPCE detecting SY.

The error bars represent the standard deviation of repetitive
measurements (n=3).

116



2.35

2.15

1.95

1.75

Current (£ A)

1.55
1.35
1.15

0.95
0 2 4 6 8 10 12

TR

B 421~ § F T RG AR b TER AR R R LARF

Fig. 4-21 Scan times-current chart of the stability of oxygen plasma
surface modification of SPCE detecting TT.

The error bars represent the standard deviation of repetitive
measurements (n=3).
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Table 4-2 Comparison between electrochemical and HPLC method.

FUREIE- HPLC
B peit PR SR L
3 A 4 1% T RO B
s &R RO B 3 04 32
BN SN ey o

128




—a

A

j\pi "‘l L—-PBT} N IL‘g/J‘ OU%I?J :JP; ‘}“}*—’:,'KEF}I?NJ *ﬁﬁi\;}
RREBABE RREEY AL FI R EFERET AT
ET%‘P‘MT}B‘,@J«‘—;—;/&

7

=
| ey

']

L5 R BB FRRERMTIEBA B EER @ % e F 5
41°6W(21 kV) %f&ﬁa&[”o 5 AA ’|}éﬂ;pﬂ§f"’3? 601”\

TERPDEE CRIFTRGEE G REY DHE S
4,02 0.1 M PBS¥®37% > S ER 5 45C > i i
F0.1V/so

3. PERERFT DERECV T/ MELREY AL w5
SY: y=0.0037x +0.3479, R? = 0.9988

TT: y = 0.003x + 0.4640, R* = 0.9955

Bt R B 2 EF Rkt ERSRBLY o RES
#iﬁﬁlé%’53%%‘ﬁ*‘ﬁﬁ‘*%ﬁ§%§"#lo
o bR KRB AR ERSRPIOREFE BRI
SRR A A -11.4% ~ 18, T%2 B > 4% A i BT
BRI OHNEEALARE AT OREIAK kR
TN I TAE S N - &j‘ﬁﬂ’{ i R E 2P FLERG B e
By 5 RAFRE - BIFEH ~ FURC R H B > 72 R F IR
Bk ERFHRAITAELRE o TEP P B ILF AHHR
FAvear LR AR > L 2 R a g el T #’ti/‘éolv
SRR RE o ¥ AT Y L At FRTEE AN R
& 2 ¢h4e ~ 100 ppm 2 % 500 ppm B fEEEZ P EF >~ REFE
HEARORPIEET o BIFT F I hw fo & W 4355, 2% ~

X

=

129



113. 6% % 94, 1% ~ 102.9% > P %% #F3enw iy & B 43 96, 4%
~ 123.3%4 % 88.5% ~ 106. 2% o p* ¢t ”ﬁ 3B Z PR akFaEIZH
Bd o HOER Y &30 ppm T oo

o~ f\m
?FQ .

—
=

E

EC
o

(w.

d 3P m SR AN, a R ES ORI R,

'i'i%‘ﬁ'ﬁ'lf"%r‘%f—%i"%ﬂ—’_%‘ S SR E{ FGlaE o 4p
r
o

k)
-k
7 TR

;\j“""‘?grﬁ‘g -}Ei?ﬁ?ﬁ"} 1§m< bj’g*ﬁ;ﬁlzigf‘/—\ :‘g‘
D REFL L e T ERUAFROB TR R %
S NE RNBACEE Lo BB T A B FERLE

ﬁz,@w%nk%§§ﬁw’$%&gzu¢§ﬁ%&o

e =
‘;fr«“
%

130



34

T 1992 Rpl R AT A LA RY o 2RFARE 120

TR~ 3§ aEl ~F B AL-20040 7 ’j&]*%& &i%%jv}ll—?)@?’ro
I E4pfliesk o 212 1 90-94 -

BORIE S R E4L B R o 2008 a‘_—.r.,fl‘4\:3ffl o (b8 1 FHIRA o 82-
89 o

FREE 1969 T HIFTIE o hR Ak € U 4RI 0 79 0

—*

FHER 22011 - R FRIDE L o T 3 FlE RSP 0 101-117 -
£MF 2014 B s RT 2R ST EHF IR 47814 ¢
W 2200l NERPIBEMIFEL N o L F T 2 59:199-200 -

haR B AP 20040 7 #ﬁz@amﬁm}% LR SRy S e (P Y
¢ - 17:21-34-

B EE 20120 a4 % IR o _E_!‘ﬁﬁf ﬂ{’a');”ﬁ PLF o0 63-71

P 2013 #@#/&E}@*"&ﬁbﬁéé&pﬂﬁwﬁ o & &
B4 RS AT LY o 2720 ¢

FEBCME A 2014 PEFY o B2 LR E KT 4053 11416

FER o REE 01999 0 T HRBIE o it 1 w71 150-161 -

131



T EE 220000 PR D AEPELAT cMEZE A D P
<o 11t 817 o

T REMFE 2002 F Wb B R E— sz; o FLE HE 0354
52-59 -

FIRZ <2010 & BiFd 2% > o 4 FFRAHLGFF T2 o 121-
125 -

PR 2008 RFAF R PBLEE B FAF AP
148 KA R e 12401112 ¢

Hphl s g &P 2200l RMAT T FRBEDIELRT - ¢ FILF
¢ °59:201-206 -

TFAr 201401 e S A AP B G i H L § 015152
57

B2 02004 LEMURIICESR L2 hT ISP 2319321 -

132



Ahlstrom L. H., C. S. Eskilsson., and E. Bjorklund. 2005. Determination
of banned azo dyes in consumer goods. Trends in Analytical

Chemistry 24: 49-56.

Al-Ghamd A. F., and F. Kooli. 2013. A sensitive procedure for the rapid
electrochemical determination of Eosin-Y Dye using Voltammetric
techniques at a mercury electrode. Journal of Materials and

Environmental Science 4 (5): 762-769.

Arrigan D. W. M. 1994. Tutorial review. Voltammetric determination of
trace metals and organics after accumulation at modified electrodes.

Analyst 119: 1953-1966.

Balakrishnan V. K., S. Shirin., A. M. Aman., S. R. de Solla., J. Mathieu-
Denoncourt., and V. S. Langlois. 2016. Genotoxic and carcinogenic
products arising from reductive transformations of the azo dye,
Disperse Yellow 7. Chemosphere 146: 206-215.

Bard, A. J., and L. R. Faulkner. 2001. Electrochemical Methods:
Fundamentals and Applications, 2"¢ edition. John Wiley & Sons.
New York, U.S.A. 1-87.

Barroso M. F., N. de-los-Santos-Alvarez., C. Delerue-Matos., and M. B.
Oliveira. 2011. Towards a reliable technology for antioxidant
capacity and oxidative damage evaluation: electrochemical

(bio)sensors. Biosensors and Bioelectronics 30(1): 1-12.

133



Berzas Nevado J. J., J. Rodriguez Flores., M. J. Villasefnor Llerena., and N.
Rodriguez Farifias. 1999. Rapid spectrophotometric method to
resolve ternary mixtures of Tartrazine, Quinoline Yellow and Patent
Blue Vin commercial products. Fresenius' Journal of Analytical

Chemistry 365: 383-388.

Bernalte E., C. M. Snchez., and E. P. Gil. 2012. High-throughput mercury
monitoring in indoor dust microsamples by bath ultrasonic extraction
and anodic stripping voltammetry on gold nanoparticles-modified

screen-printed electrodes. Electroanalysis. 25: 289-294.

Bonan S., G. Fedrizzi., S. Menotta., and C. Elisabetta. 2013. Simultaneous
determination of synthetic dyes in foodstuffs and beverages by
highperformance liquid chromatography coupled with diode-array
detector. Dyes and Pigments 99: 36—40.

Britton H. T. S., and R. A. Robinson. 1931. CXCVIII.—Universal buffer
solutions ‘and the dissociation constant of veronal. Journal of the

Chemical Society 1456-1462.

Burgess R., and M. Deutscher. 2009. Guide to Protein Purification, 2
Edition. Gulf Professional Publishing. U. S. A. 24-38.

Cascarini de Torre, L. E., E. J. Bottani., A. Martinez-Alonso., A. Cuesta.,
A.B. Garcia.,and J. M. D. Tascon. 1998. Effects of oxygen plasma

treatment on the surface of graphitized carbon black. Carbon. 36(3):

277-282.

134



Cha C. S.,J. Chen., and P. F. Liu. 1993. Improvement of the adhesion of a
Nafion® modifying layer on electrodes. Journal of Electroanalytical

Chemistry 345(1-2): 463—-467.

Chen X. H., Y. G. Zhao., H. Y. Shen., L. X. Zhou., S. D. Pan., and M. C.
Jin. 2014. Fast determination of seven synthetic pigments from wine
and soft drinks using magnetic dispersive solid-phase extraction

followed by liquid chromatography—tandem mass spectrometry.

Journal of Chromatography A 1346: 123—128.

Chen X., K. Wu., Y. Sun.,; and X. Song. 2013. Highly sensitive
electrochemical sensor for sunset yellow based on the enhancement

effect of alumina microfibers. Sensors and Actuators B: Chemical

185: 582-586.

Damien W. M. 1994. Tutorial review. Voltammetric determination of trace

metals and organics after accumulation at modified electrodes.

Analyst 119(9): 1953-1966.

de Andrade F. 1., M. I. F. Guedes., [. G. P. Vieira., E. N. P. Mendes., P. A.
S. Rodrigues., and C. S. C. Maia. 2014. Determination of synthetic
food dyes in commercial soft drinks by TLC and ion-pair HPLC.
Food Chemistry 157: 193-198.

Dominguez F. B., F. G. Diego., J. H. Mendez. 1990. Determination of
sunset yellow and tartrazine by differential pulse polarography.

Talanta 37(6): 655-658.

135



Farre” M., R. Brix., and D. Barcelo. 2005. Screening water for pollutants
using biological techniques under European Union funding during
the last 10 years. TrAC Trends in Analytical Chemistry 24(6): 532—
545.

Gan T., J. Sun., W. Meng., L. Song., and Y. Zhang. 2013. Electrochemical
sensor based on graphene and mesoporous TiO; for the simultaneous

determination of trace colourants in food. Food Chemistry 141:

3731-3737.

Gennaro M. C., E. Gioannini., S. Angelino., R. Aigotti., and D. Giacosa.
1997. Identification and determination of red dyes in confectionery
by ion-interaction high-performance liquid chromatography. Journal

of Chromatography A 767: 87-92.

Ghoreishi S. M., M. Behpour., and M. Golestaneh. 2011. Simultaneous
voltammetric determination of Brilliant Blue and Tartrazine in real
samples at the surface of a multi-walled carbon nanotube paste

electrode. Analytical Methods 3: 2842-2847.

Ghoreishi S. M., M. Behpour., and M. Golestaneh. 2012. Simultaneous
determination of Sunset yellow and Tartrazine in soft drinks using

gold nanoparticles carbon paste electrode. Food Chemistry 132(1):
637-641.

Gilmartin M. A. T., and J. P. Hart. 1995. Sensing with chemically and
biologically modified carbon electrodes. A review. Analyst 120:

1029-1045.

136



Gonzéilez M., M. Gallego., and M. Valcarcel. 2003. Liquid
chromatographic determination of natural and synthetic colorants in
lyophilized foods using an automatic solid-phase extraction system.

Journal of Agricultural and Food Chemistry 51: 2121-2129.

Gosetti F., P. Frascarolo., E. Mazzucco., V. Gianotti., and M. C. Bottaro.
2008. Photodegradation of E110 and E122 dyes in a commercial
aperitif: A high performance liquid chromatography—diode array—
tandem mass spectrometry study. Journal of Chromatography A

1202: 58-63.

Jain R., M. Bhargava., and N. Sharma. 2003. Electrochemical Studies on
a Pharmaceutical Azo Dye: Tartrazine. Industrial & Engineering

Chemistry Research 42: 243-247.

Jurcovan M. M., and E. Diacu. 2014. Development of a reversed-phase
high performance liquid chromatographic method for simultaneous
determination of allura red ac and ponceau 4r in soft drinks. Revista

De Chimie 65: 137-141.

Kaur A. D., and U. Gupta. 2012. The review on spectrophotometric
determination of synthetic food dyes and lakes. Gazi University

Journal of Science 25: 579-588.

Kucharska M., and J. Grabka. 2010. A review of chromatographic methods
for determination of synthetic food dyes. Talanta 80: 1045-1051.

Lane R. F., and A. T. Hubbard. 1973. Electrochemistry of chemisorbed
molecules. I. Reactants connected to electrodes through olefinic

substituents. Journal of Physical Chemistry 77(11): 1401-1410.

137



LiW. Z., S.S. Xie., L. X. Qian., B. H. Chang., B. S. Zou., W. Y. Zhou., R.
A. Zao., and G. Wang. 1996. Large-scale synthesis of aligned carbon
nanotubes. Science 274: 1701-1703.

Li X., and K. Horita. 2000. Electrochemical characterization of carbon

black subjected to RF oxygen plasma. Carbon. 38(1):133-138.

Ma M., X. Luo., B. Chen., S. Su., and S. Yao. 2006. Simultaneous
determination of water-soluble and fat-soluble synthetic colorants in
foodstuff by highperformance liquid chromatography—diode array
detection—electrospray «~ mass  spectrometry. = Journal  of

Chromatography A 1103: 170-176.

Martin C. R., T. A. Rhoades., and J. A. Ferguson. 1982. Dissolution of
perfluorinated ion-containing polymers. Analytical Chemistry 54 (9):
1639-1641.

McCann D., A. Barrett., A. Cooper., D. Crumpler., L. Dalen., K.
Grimshaw., E. Kitchin., K. Lok., and L. Porteous. 2007. Food
additives and hyperactive behaviour in 3-year-old and 8/9-year-old

children in the community: a randomised, double-blinded, placebo-

controlled trial. The Lancet 370: 1560-1567.

Medeiros R. A., B. C. Lourencao., R. F. Romeu., and F. F. Orlando. 2012a.
Simultaneous voltammetric determination of synthetic colorants in

food using a cathodically pretreated boron-doped diamond electrode.

Talanta 97: 291-297.

138



Medeiros R. A., B. C. Lourencao., R. F. Romeu., and F. F. Orlando. 2012b.
Flow injection simultaneous determination of synthetic colorants in

food using multiple pulse amperometric detection with a boron-

doped diamond electrod. Talanta 99: 883-889.

Minioti K. S., C. F. Sakellariou., and N. S. Thomaidis. 2007.
Determination of 13 synthetic food colorants in water-soluble foods
by reversed-phase highperformance liquid chromatography coupled
with diode-array detector. Analytica Chimica Acta 583: 103-110.

Nevado J. J., J. R. Flores., and M. J. Llerena. 1997. Square wave adsorptive

voltammetric determination of sunset yellow. Talanta 44: 467-474.

Okajima K., K. Ohta., and M. Sudoh. 2005. Capacitance behavior of
activated carbon fibers with  oxygen-plasma treatment.

Electrochimica Acta 50: 2227-2231.

Prado M. A., L. F. V. Boas., M. R. Bronze., and H. T. Godoy. 2006.
Validation of methodology for simultaneous determination of

synthetic dyes in alcoholic beverages by capillary electrophoresis.

Journal of Chromatography A 1136: 231-236.

Shan D., Q. Shi, D. Zhu., and H. Xue. 2007. Inhibitive detection of benzoic
acid using a novel phenols biosensor based on polyaniline-

polyacrylonitrile composite matrix. Talanta 72(5): 1767-1772.

Shen Y., X. Zhang., W. Prinyawiwatkul., and Z. Xu. 2014. Simultaneous
determination of red and yellow artificial food colourants and

carotenoid pigments in food products. Food Chemistry 157: 553-558.

139



Silva M. L., M. B. Garcia., J. L. Lima., and E. Barrado. 2007. Voltammetric
determination of food colorants using a polyallylamine modified
tubular electrode in a multicommutated flow system. Talanta 72:

282-288.

Skinner S. L., and J. F. Fowler. 1995. Contact anaphylaxis: A review.

American Journal of Contact Dermatitis 6: 133-142.

Skoog D. A., F. J. Holler.,, and S. R. Crouch. 2007. Principles of
instrumental analysis, 6™ ed. Belmont, CA. 647-653.

Songyang Y., X. Yang., S. Xie., H. Hao., and J. Song. 2015. Highly-
sensitive and rapid determination of sunset yellow using
functionalized montmorillonite-modified electrode. Food Chemistry

173: 640-644.

Song Y. Z. 2010. Electrochemical reduction of sunset yellow at a
multiwalled carbon nanotube (MWCNT)-modified glassy carbon
electrode and its analytical application. Canadian Journal of

Chemistry 88(7): 676-681.

Soylak M., Y. E. Unsal.,, and M. Tuzen. 2011. Spectrophotometric
determination of trace levels of allura red in water samples after

separation and preconcentration. Food and Chemical Toxicology 49:

1183-1187.

Sorouraddin M. H., A. Rostami., and M. Saadati. 2011. A simple and
portable multi-colour light emitting diode based photocolourimeter
for the analysis of mixtures of five common food dyes. Food

Chemistry 127: 308-313.

140



Sun H., N. Sun., H. Li., J. Zhang., and Y. Yang. 2013. Development of
multiresidue analysis for 21 synthetic colorants in meat by
microwave-assisted extraction— solid-phase extraction—reversed-
phase ultrahigh performance liquid chromatography. Food
Analytical Methods 6: 1291-1299.

Takada T., M. Nakahara., H. Kumagai., and Y. Sanada. 1996. Surface
modification and characterization of carbon black with oxygen

plasma. Carbon. 34(9) 34:1087-1091.

Turak F., and M. U. Ozgur. 2013. Simultaneous determination of allura red
and ponceau 4r in drinks with the use of four derivative
spectrophotometric methods and comparison with high-performance
liquid chromatography. Journal of AOAC International 96: 1377-
1386.

Wang J., and D. L. Hutchins-Kumar. 1986. Cellulose acetate coated
mercury film electrodes for anodic stripping voltammetry.

Analytical Chemistry 58(2): 402-407.

Wang M. 1., Q. Sun, Y. Q. Gao, X. B. Yang., and J. W. Zhao. 2014.
Determination of Sunset yellow in foods based on a facile

electrochemical sensor. Analytical Methods 6: 8760-8766.

Xu Y. 1996. Tutorial: Capillary electrophoresis. The Chemical Educator
1(2): 11-14.

Yadav A., A. Kumar., A. Tripathi., and M. Das. 2013. Sunset yellow FCF,
a permitted food dye, alters functional responses of splenocytes at

non-cytotoxic dose. Toxicology Letters 217: 197-204.

141



Ye X., Y. Du., D. Lu., and C. Wang. 2013. Fabrication of B-cyclodextrin-
coated poly (diallyldimethylammonium chloride)-functionalized
graphene composite film modified glassy carbon-rotating disk
electrode and its application for simultaneous electrochemical

determination colorants of sunset yellow and tartrazine. Analytica

Chimica Acta 779: 22-34.

Zhang W., T. Liu., X. Zheng., W. Huang., and C. Wan. 2009. Surface-
enhanced oxidation and detection of Sunset Yellow and Tartrazine
using multi-walled carbon nanotubes  film-modified electrode.

Colloids and Surfaces B: Biointerfaces 74: 28-31.

Zheng M., A. Jagota, E. D. Semke, B. A. Diner, R. S. Mclean, S. R. Lustig,
R. E. Richardson., and N. G. Tassi. 2003. DNA-assisted dispersion
and separation of carbon nanotubes. Nature Materials 2: 338-342.

Zorbas V., A. Ortiz-Acevedo, A. B. Dalton, M. M. Yoshida, G. R.
Dieckmann, R. K. Draper, R. H. Baughman, M. Jose-Yacaman., and
[. H. Musselman. 2004. Preparation and characterization of

individual peptide-wrapped single-walled carbon nanotubes. Journal

of the American Chemical Society 126(23): 7222-7227.

Zoski C. G.. 2007. Handbook of Electrochemistry 1st editon. Else-vier,
Amsterdam 33-77.

142



‘ff]’ﬁé'z"‘ ~ P ;‘g‘{#ﬁ_o
Appendix 1. The characteristics of Sunset Yellow (SY).
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BRHEEEAR
Sunset Yellow FCF ( Food Yellow No. 5)
o]} 0
o o
Na* O Sws 0" Nat
N{’N

T 1 CisH1oN2Nay 048, & - 452.38

1. & B ARz 5REBEASS%E -

2. 4p B Ragd disodium 6-hydroxy-5-(4-sulfonatophenylazo)-2- naphthalene-

sulfonate ~ b &% AL &% T LR (R ) BB srian -
Aooh B b & B R SR -
3. & Bl EAS 0.1 g At 0.04N BB ARIE A » B SRR 2 B A £
i Fo 484 nm B ME A7 e AL 0 bR AME B 0.054 L/(mg.cm) -
LB OB OB ASTESAK BUERNTE -
5. B2 M B E (1) iR EBRAS 20~3.0g isMT BN EE 2 RN
PN 35T EEE  HHARAEF (%) -
(2) bty Raide ol @ MADN2 g HEEH T - R E &£k
TR RAEE ; EFHTA-IRES -
R E - B ARBB(AMNE N2 A A 15%TF -
KR EBEY RALS 2 WHREL RERAREAFRBET ARSI E L, (W
ARG E 2 » HAT oK REHEAE 02%ILTF -
L HE R AARRRER RS TReeE 25F 0 BASUAT -
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Bdg b 8 1.0 g A5 55 48 F » Ao AGE AR i 100 mL - 4454 S it -
2 Bz iy
Rk SRR S mb 0 Aok HEEE AR 100 mL - R EAR R -
(3) Trisodium 2-hydroxy-1-(4-sulfonatophenylazo)naphthalene-3,6-disul-
fonate #8255 = & 8
Ht trisodium 2-hydroxy-1-(4-sulfonatophenylazo)naphtha- lene-3,6-
disulfonate 4 £ 5 1.0 g » pugiSaE m 100 mL - R4 B0 -
(4) B M zsl
2-T#A ~ HEA ~ Ak A S sk(ek F 0.880) 64 T00 2 300 1 300 2 = ks
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102 549 F 4 HEF & 1021950290 S A-EH151E
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WAEMAFE WA - FFMEMEE R EAKRREME 17T 2
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GBI B W AR AR ERRE T Bk B
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todh 2 B RHGRHE HBEEE 0 B 40-mm B R AN -
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FaPdMSm A F RERRAMBAREEN T2 - BHEERERO]
mL BEAE SR A7 R AR L o fROAT Bk S itk Ae R BRARAE - 3
BlEAREEA) UTFAMEARGRLTE e S 248
(%) » HERA S%EATF -
tadh F Hpl & F 2 F (%)= 100X Lx D X (Au+ Ap+ Ac--An)/As
L:4adh "HitE &, 2MmF
D: iz & FiEE(%)
Ay +A, + A LRSS B E R S AT R
A REERZRAK
b. #% Trisodium 2-hydroxy-1-(4-sulfonatophenylazo) naphthalene-3,6-
disulfonate#® #7242 0.1 mLEE #4508 47 B L - bl iide &
4R ) H EEAEAE 0 A s Bbfr § - Trisodium 2-hydroxy-1-
(4-sulfonatophenylazo) naphthalene-3,6-disulfonate 5 3+ A 8% » #z
P HeEFEXZ S ERALUNLT -

DA A & AR AT iR E # & F 4-amino-1-benzenesulfonic acid -
3-hydroxy-2,7-naphthalenedisulfonic acid ~ 6-hydroxy- 2-naphthalenesul-
fonic acid ~ 7-hydroxy-1,3- naphthalenedisulfonic acid ~ 4,4 -diazoamino-
dibenzenesulfonic acid & 6,6"-oxydi-2-naphthalenesulfonic acid= 4 & »

3 05 Ykt T -

(1) dafmiEmell
Bl B #1055 g SEFEFE A o EARAN0.02IMBS B SR IE 100 g » fH4E
i do TR -

(2) BREmzY
Ht 4-amino-1-benzenesulfonic acid » 3-hydroxy-2, 7-naphthalenedisul-
fonic acid - 6-hydroxy-2-naphthalene sulfonic acid-7-hydroxy-1,3-naph-
thalenedisulfonic acid ~ 4.4’-diazoaminodibenzene sulfonic acid A
6,6 -0xydi-2- naphthalenesulfonic acid 45 £ & & #) 10 mg - # #5455 -
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1986 H 18 SRS 879718 R ETE
994E10 H20H B THE0991903645 BEAEIEIE
102429 F 4 HEHE &9 1021950200 S5 TE
Ao B AR g R (7.7 — 1000)E 2L 100 mL - 4§28 F 5 10 mL + joff a4k
ER(T.T—=1000) 8 100 mL - F 242 g - &8 HR 1.0+1.5-2.0
2.5 B 3.0 mL 45 B4 100 mL %5 8 #10 & Ao B 8E 458 72(7.7—1000)
TR MR R -
(3) fedptnsm2EY
FHEpAEIER AT 0.2 N B8 4RIE R
et B F &R
(4) BE %
525§ Bude bR AL AR R 20 ul o 4 BR T P45 HeAT A
AR RE AR+ RS oh TR AT A S U G B R SR R R MR 2
it L F P A E S & b 4-amino-1-benzenesulfonic acid -+
3-hydroxy-2,7- naphtha lenedisulfonic acid ~ 6-hydroxy-2-naphthalene
sulfonic acid ~ 7-hydroxy-1,3-naphthalenedisulfonic acid -~ 4,4’-diazo-
aminodibenzenesulfonic acid & 6,6"-oxydi-2-naphthalenesulfonic acid
BE
i &b F d-amino-1-benzenesulfonic acid » 3-hydroxy- 2,7-naphthalene-
disulfonic acid ~ 6-hydroxy-2-naphtha lenesulfonic acid ~ 7-hydroxy-1,3-
naphthalenedisulfonic acid ~ 4.4’ -diazoaminodibenzenesulfonic acid A
6,6"-0xydi-2-naphthalenesulfonic acid = 4 & (%)
CxV
= mmeeeees x 100
M
C: a2 ehig £ 4452+ 4-amino-1-benzene sulfonic
acid ~ 3-hydroxy-2,7-naphthalene disul fonic acid » 6-hydroxy-
2-naphthalenesulfonic acid » 7-hydroxy-1,3-naphihalenedisul-
fonic acid ~ 4.4 -diazoaminodibenzenesulfonic acid & 6.6°-
oxydi-2-naphthalenesulfonic acid 2 i B (mg/mL)
Vi dh £ E 2 # Ak (mL)
M : # &b 2 3K E (ng)
o T AR A A R
R #r48 © C-18 on silica gel » 5 um » /948 4.6 mm x 25 cm
AT EA  C-18onsilicagel » Sum » M4 46 mmx 15cm
TRAeHEEHE - k& 4350m
FEEpAREL © A RO B R bk A 8 (linear gradient) » 2~
100 % (4 %/min)
F#Ep487#E ¢ 1.0 mL/min
9. FEEEE{E— (1) ¥EE(aniline) i Eik 28 Y
BT EBRE Heo AR P AR TS A 2 KRR R S 0.1 ¢ A4S E 100 mL &
BHE o SR ILBARSLR o SRR P EIE T he AN BEEEE 30
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102 4£ 9 F 4 B2 &0 1021950200 0S5 TF
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AR s ER A ALY -

(2) AR sh = B4k

(3)

=(1)

FHRAR R E R 5101520 & 25 mL » 53] 4 100 mL %5 1
AN BESARTE TR I0mL 28 F 28888 2nEH
AR IGAR P S AP - HEAE 5 3 he 50%:EA0s7E A | mL & 0.5N
R EEANER 0.05 mL > G2 > FhakoRiE TR R 10 548 0 ITER
LR B (diazotization) - BHFHEN ERIEZ R FEZRBANS
0.05N R & (2-naphthol-3,6-disulfonic acid, disodium salt);%#% | mL
BN siaf 4y 10 mL 2 25 mL B8 - sk EUE R A o #
NEEFHRY O BUAKTE AL E LY MEEBE IS 54
e84k (coupled) =42 830 - FHEIN BaE% 10 mL - 588
i 10mL AR @k 2ml» BAsREHE 25 mL 20580
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F A A R 510 nm BRR AR - SURGE R #EAR R RE 100
mL 2 KB E(g) WA e ag -
Ak
B dh#) 2.0 g AT+ EANEK 100 mL 2 570k 3 2
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47 F B 1 RUME(diazotization) » A EE N E AL SIERE
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ARBUHRME  HAREFRY BUKEE - AEEEA 0 RY
ok m AR 15 4 - AR Eb(coupled) = fiEidE - BER T HR
10mL ~ sEE49E 7 10mL A R B%E 2mL » BlAKERZE 25mL
L EE - FBb e SR R EER BN 40-mm B
o Ak R 510 nm AR AR - T PIRFH A LR AE R T AmE
fb—# 35 F k248 (%) L EFHEA 001 %t T (LA ¥RE3t) -
Hrdh PR L— RS FARME A E(%) = 100 x Wa/W

Wi o e R i s R dideat F KBS 8

W s 2 B E(g)
ZEkz shik
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102 4.9 F 4 HE#FZEFE 1021950290 SR A SZE

(2)m) 52 %

B HE— 40 4 7 & K 3 R B (Soxhlet Extractor) 2 43 % » % R405 E
0.5g W AMBI - RADY 28 HEMTW) ENRRERS
PARG #FsbAb2 Tk 150 mL 3@ R 5 /N BFiE 0 KIS B TakR
WMEHSmML EN A EF 2 AEm(W)) » KSR AR
105C$e M 1§ (W2) 0 AT 7t H X RABEE Bd(%) » HEB
£ 0.2%LF o

BEE H (%) = 100x (W2 — W)/ W,

11. 8 PERAS 1.0g 0 AT 0 B RERK(FER A-24) 5k Ay
(Pb)JE £ 2 mg/kg AF -
12. B TRAGIS g MR 0 HBHRE E -20(MEA-8) R E X oAt

B (LAAs3H) B A2 mg/kg A F <

13. B A E ‘RADYLS g HHEME 0 hoAKEARILE LT E250 mL - A8k F RILR
50 mLAE Bl Bk 0 AR B B & KRk (6) T ERIE s = LA
H(MERA-1)E ¥ 2 » HmL20.INZ fibskik4a E #1131 mg=
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Sunset Yellow FCF Aluminum Lake
1. 4 ¥ ' % Sunset Yellow FCF 10 %634 E -
o) B EFARK RE-
BRREAKFTES 05 BT -
KBEMAIAHRAZERES @ EAL2 %BUT (UCL>S03) -
b2 D2 ppm BAF (24 As,O33F) °

€ 4 B 4£200ppm AT o

4% 500 ppm BLF o

HA4 20 ppm 2L (A Pb )
7. 4R 20.05 %BUATF °
8. H fb & & @ Riftad -
9. LR R EF 130 %TF (135 C 6 8F)-

S i

10. % B RESHE (L) 8-
11. A B EeE o
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Appendix 2. The characteristics of Tartrazine (TT).

7946 H 18 BRI AT 870718 L EETE
102 9 9 H 4 HERZ A58 1021950290 BEAEHETE

§09004 aEHEGNR

Tartrazine (Food Yellow no.4)

0
Q
N L[xﬁo
Na*® O T0"Na’
F2 ¢ Cig HoOg N4S;Nay & 53438

1.5 B ASerd CsHoONS:Nay £ 85.0% 8L k -
2.5b B Arange~ehikdn &% -
3E Al
(DA Bz AR D 1000) B 2% & -
(2) A b 2 BEL R (] 100) R £ 5% &, 0 BUgbi 2~3 i) » i w#® 5 mL
ZARPEF BEIFE -
(3) A% 0.1 g Avf Bk 4573 1 2000) 100 mL 754 > §Febig |
ml Ao E 480G 200004 8 100 mL 27 Bk 0 e 426
~430nm & » B ELE F AR -
478 AR 0.1 g Ea A 100 mL » s e T -
5. KFBY - RADH g BT BN E ST REE(NMEE A1) F TR
Figdy, etk Er e AKFREHERTALH03%-
6. FICY BT ¢ Bk n ) 2 g MEARE o RN E A EREEY TR
Buia®B fadtimEr LA d A i Ao B 2 48 5 (5 % L
Cl & SO4 31 B 42 6%LTF -
7. W THRARGO0Sg Mg EEERME Y TH ) Bk E 2 A
a1 As)O; 31) A 2 ppm A TF -
S E &8 RARZ2S5g R EETRSEP TELM ) B ERTMHER
WaERE  BROQOARCREx AmasELBmai s
4 500 ppm BAF + 45 25 ppm SATF + 42200 ppm AT » AL E
4 M (2L Pb 3t) 20 ppm LT -
9, HhfAE ' RAD010 g BB LA FRSZ P THHLe &, EH0K
Fz o et d £ A 3%UT -
10.EZ0RREE © A 135008 6 /0% » JLl Kk & F R 4421 10%( i 4f A-3) -
IL.ZEBBE ' RALH 15 g WAL oAEFEEEE 250 mL» FHRL
e 50.0 mL 1 B b s B E A sk T TR Rk
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TOE6 B 18 HEE a7 879718 S EsTE
1024E 9 B 4 HEEETE 1021950290 B A EE

D= fibdkiE C E ¥z -H mL z 01N = fiuskimsn £ 13.359
mg =L CiaHoOuN4S2Nas =
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§ 09005
AREEmEEBER

Tartrazine Aluminum Lake

1. 4 ¥ . Tartrazine 10 9gLL Lk o

2. 4 B OReERhR &R

3. BRAERAKRRES 105 %ULTF -

4. KREMBACHRAKEEHBEDE BFHE2 %GAT (L Cl> SOs3t) -
5. i t2ppm A F (B4 As,O33) °

6. £ & K 4E200ppm LTF -

4% 500 ppm BAF ©

H 4t 20 ppm BAF (LA Pb ) e
7. 48 $0.05 %BLATF
8. H & & & ' FIFRd -
9. % B & EF 130 %F (135 C o 6/hEF)e

10. 4 B RaNmiE (L) % -
1. A B EEH -
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Appendix 3. The characteristics of Tertiary-butyl Hydroquinone.

101 5 11 H 19 HEEET5 1011903531 884
102 79 F 6 HEFFEFE 1021950329 BE A SEE

frdh ¥ ¥ B 2 F ik
Method of Test for Colors in Foods

1 @A E - ARy EAERANE LY FEH 428 -
2. Bk e ERAERSEE K > E KB H (paper
chromatograph, PC)~ i & & ##7 (thin layer chromatograph,
TLC) & & # #& 48 A& #7 4& (high performance liquid
chromatograph, HPLC) 547 = 7 ik -
2.1, A
2,11, 38 7B - BEER - LA - GohEE - 2K(25%) & S
P o ik T AL Tt 25C 7T 18 MQ + cm 24
)
212, B z@YE -
2.1.2.1. 80% T BRER ¢
RAFS-ERET A 2L80 1 20 (V) L fiR 4 -
2.1.2.2. 70% L EE 0%
BB Fd TR L7030 (viv)Z bR g -
2.1.23. & 1%a Kz T0%TEER *
BE A 4mL » Ao 70% Z 8E 757 4F m 100 mL -
2.1.2.4, 5 1%B4EE = T0% L BFIEM ¢
BREEEE 1 mL 0 Av 70% Z B dE A 100 mL -
2.1.2.5. 10% & A :
Bg 7K 40 mL o Aok 88 F K48 s 100 mL -
2.1.2.6. 25% fAbdmiEik ¢
FEE A A4 25 g 0 Aok BT ACEAE AL 100 mL -
2.1.2.7. 6% B EE 5 -
WS 6 mL v Avd T A 4E AL 100 mL -
213, REmrz Ay
2.1.3.1. AR BCGEA S ~ FiEAH ORI ER S )
¥ 45 AR B EE 20~200 mL - hoili B 5 3 T K AE A3
BEi o A CEE  APREPHE S BEMKEEE
FRLE Bk FRERETHARRER -
2132 MR- EHAEARL
¥ & 42 B AR BE 20~200 g » SRap S 5% » 3T 3 H ik
AR -
21320, wREEHEL
WA S BEXHEMTK  BREAARKRE
M imMERDEEY  REEHSELZ
21322 BEFEHREE
I
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101 52 11 H 19 B8 1011903531 sk
1029 F 6 HEEFEFEE 1021950329 B EEIE
W AAY 4~5 R E2 0% ELER » R RS - K
B2~ BUS HR A A 1% Ak 0%
LEER—RRBARB 2L - 66T HR - L %4
BEmi Ao o B EEPA RS S LA BimkiET
KEBRBEEHRAARER BN EFAENT  HUs 1%
BEEE 2 T0%LEER—RABRRBEZE > S0 H
He o WA 10%EAER o RBERTE  mEMEFK
ERBEEAFBHEIIER
21323 Rk~ FE - UBRHERD
el o N8 3~5 5 F 2 BB RS B 1R A nk 3k
&R A AR BUR A ARSIER R Bk R
FEAEEE 213226 = kA -
2.1.3.2.4. 330 ~ T BRAmoh & H{ 5
A b i S A RRVIE AR B R AR 0 S LA AR SRR
BLAS » tacfl b 7% 9 2 Cak A sLhRIR AR i ik = B KR
o BAR 213228 2 FiE Y RERER -
21325 #F#BHR
BB A SR 2 80%LEEENE - M E 24 ) eFibeF
iR BEARIHANKSLABRREERES
1/5 HBhoas) 1/4 B8z 25%RALMERE » A 10%4
AERAE Lt > BAGTRF P 0 BB EX A dhEIR
HERAS B RE BT R 6%EEER R P Ao 0 1A
B o GobBER F AT 0 UL O%EEELE IR ARG
HEE o BUHBEEE R b Auik o fFAATIEMERIE R -
2.1.3.2.6. O F#%E -
B ALY SEEZ T REHR  AHBEE  RE
BIERIEAHBREEEZR RN BFERERAEFET B
Ao 10% &8 K50 2 R ian it - BHH % - SEiRIE
% BUE R AR E AR -
2133 KAREAERSL:
% e 42 EAARIEE 20~200 g R 21324 602 F 5 Y
HERIER o
2.2, BERF Ly EEEN K
2.2.1. & &8 47 ik (Paper chromatography)
22.1.1. £ 8 :
22111, BBt -
2.2.1.1.2. s k& 254 nm & 365 nm (£ 375 nm) -
2.2.1.2. B AR -~ A KQ5%) ETHE - LA - AR E REY
FRARESR D TR FT AN 25C T I8
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101 5£ 11 H 19 B85 655 1011903531 §Eavds
102 £ 9 B 6 B aFE 1021950329 B0 HE1E

MQ « cm A F) 5 fr 4o & 75 98 (New Coccine) ~ £ H
£1 &, + 5% (Erythrosin) ~ ‘& H i & m $&(Tartrazine) ~ £
M ¥ & & %% (Sunset Yellow FCF) -~ & H & & — 3%
(Brilliant Blue FCF) ~ f B & & = %t (Indigo
Carmine) ~ £ H] & &, = #%(Fast Green FCF) & fr Fl 4z &,
9 + % (Allura Red AC)# B4 F 45 5 & -
2213, S RAEMM
22,131, JEER  RATHIES -
22132 £mE S MERY -
22,133, Z¥# ¢ 100mL -
22134, ik e
2.2.1.3.5 B4 o
22136 £ BEAMBAFSREAMEZIAFEMLLS
TR BT 5] SR -
(1) BB @ A A & X (Soxhlet)dd H 2 » Lo @£
o BihEE c RE L% HNERTFTEMR G BE > 2L
FHEF KTkt o dSds iy RIE RS -
(2) Bl A H - RBLAEEH 10 g BT i
K 1 ~4 mL- it Aol § F 8 F KR & Mk 2 45C
it d iR 30~060 gaEngerid - RE 8% - H
BEAMEBAKRERY » o BRELE% > AR
MmEHETK RAASEETRES PR BEMER
% . %, -
2214, #EB =AY
22141, #Fa A EE
Bg K 1 mL o+ pod#EF K48 L 100 mL -
22142 1IN BEAgE 5k -
REEELE 6 g Aok BT A A 100 mL -
22143 05N BEEg & -
IN BB R R L Z B T AKAFE2 15 -
2.2.1.44 5% & AKiEi
BLa, Kk 20 mL » Aud- & F 2Kk A 100 mL -
22145 1% 8 K%k -
SYE KRB TRIAGBET RKMHFES AL -
2.2.1.4.6. 10% 8488 57 :
BLEEEL 10 mL » o 8 7K 4k s 100 mL -
2.2.1.4.7. 05N & KER -
Bog sk TmL o ho#f-FK4E A 100 mL -
22148 253% 850
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101 £ 11 H 19 B85 1011903531 k4
10249 B 6 HIFIFETE 1021950329 B EHEE
BLEEEESETFK L2575 (viv)Z bR g -
2.2.1.5. BRES -
(1) ETAE @ ZaF 05N FAKER6:2:3, viviv) =
(2) ET& @ &% ¢ 05N B85 8 7(6:2:3, viviv) »
(3) AEA - B NEE R8T AR(6:5:5, viviv) -
(4) 25%Z BRI ¢ S% AR, viv) -
2216, REERZ AN
BARaE T S AYEABERELEY 100 mg - HaEH
E o £ ERHN00mL ZEALP  AEBETREMEL S &
HEES01%  MAERERR -
22.1.7. szl ¥
R G R EBGRER T 5~20 mL » EEARP » ho IN B
B | mL {8 AR - a A E8 0.1 g #8318 B KE
LA 30 54 o R EEZ LG UKL ITRE
ERBANA BT o e 1% AER S mL o KRS v
# 30 54 EEFIERE  ERES o o 10%BESELE R
2mL - {E ZEEM - BIRAMNELL 0.1 g 84 - EHAKE Lo
B30 54 ERFend PHRBEMERRLE REZEL
g AT 1% R KB R BEEEE EBERE
# 05mL - #AEMR -
2.2.1.8. 4ER]H 5
BURSME T4 2~4 om ERASEE g SHE4H
fa 1.5~2cm B AimE A MEFBETRISHSGEHESY
05 cm BB &RAGESRIRNG L - MEEAELH
BEEEBRREAN  BERETEHE > BRI e 4
BHEMESABETHA lem K FE2 - BRHERSH
LHEH 13~25 cm & - R EGE  RMiR E R 2 s gk
i B Ao AR & AT R b iR ] 2 o b BTN R AR
ST EE » 1FiE—F 4T o
2.2.2. 4 & R 4 i%(Thin layer chromatography)
2221 # g
22.2.1.1. RS -
22212 %54 R 221128 -
2222, Rk OBREE - AK(25%) - BEER A5 - LAY - ESRET - THEA
(methyl ethyl ketone) ~ 2-% § & Z & (ethylene glycol
monomethyl ether) ~ F 82 & B B4 AR E & 1 X
BF KB MM 25CTH 1I8MQ « cm 24 E) § £
4r @, 7355 (New Coccine) % 5] 2.2.1.2.80 = 8 IH BB
iR on o
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101 5E 11 H 19 B85 1011903531 84
1029 B 6 I EEa 1021950329 SRS iElE

2223, BREHH
22231 £mERMERT -
22232 ikt -
22233, A4 F 2.2.13.6.8
22234 Mg Ry e BEE 02mm - 20%20cm -
2224, WEZHY
22241 INBEEEEMR © B 2.2.142.8 »
22242 1% KE% B 221458 -
22243 10%E5 88507 - B 2.2.1.4.6.80 -
2225, BAEEY:
(1) BdE . B5 © FaF @ aK(4:5:1 & 3:1:1, viviv) »
(2) E/RBE ¢ ZEE @ ZAK0:10:1, viviv) «
(3) T :2-FAATEE: LA AK(Q20:15:12:1, viviviv) =
(4) FaF: L8 @ BRAE ¢ 2K(15:10:5:3, viviviv) »
2226, BEFERZEY D F 2.2.1.6.85 -
2227 kA R 22178 -
2228, &5 5
ey AR AT 3 2 om 2 i E 0 B8R 1 em S R I B HAE 4
0.3 cm Z AR RARREE R > ERIz - MBEABRARM
B B AN ERMESZAERIRT % 05~1cm »
BB 8~15cm #Z B E 3t - ek E A= mEbehfi
BB AR G AT R e MR B 2 0 L BTN S 0 B 4
TERE fFil—FHEE -
2.2.3. Haiie4a B 4 i#E(High performance liquid chromatography)
2231, £ E:
223.1.1. Saukia g ik
223111, #r B ¢ k=48 5tk 8 % (photodiode array
detector) =
223112, B# % T Atlantis T3 » 3pm A4E 2.1 mm = 10 em »
ﬁﬁ]ﬁuﬂd @
2232, RME BEAAKR)MFEARER | BEEEE5%) ~ BhER
#,=4%(diammonium hydrogen phosphate) & & & — #,
4% (ammonium dihydrogen phosphate) 34 4% F 3% # 4%
% PEFER A B AT FEEFARQEERR 25T
i 18 MQ » cm 24 L) f A 4x & 55 3R (New Coccine)
¥R 221202 BIRYHBARER -
2233, BRAREMH
2233.1. Z¥# ¢ 100 mL & 1000 mL -
22332 jEBE : FL4E 0.45 um > Nylon #+ 4 -
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1014 11 H 19 HEFE 55 1011903531 fhids
102 F 49 B 6 a8 1021950329 BE 515
2234, R@z@my
22341 INEEEg SRR © B 2.2.1.42.8 -
22342 1%&KE®R " F 221458 -
22343, 10%B88% 50 © B 2.2.1.4.6.8 -
22344, 1M &5EE5 7 ¢
Hai B 67.4 mL o jw 8 -F K 4E AL 1000 mL -
2235 fEpAaga Ay
22351, feE4gEE A
AR — 84k 115 g RufBE 8, —4% 1.32 g A E#ET
KIS ARAE A% 1000 mL o 24 IM s 5 A pH £ 2 6.0
SAE B E 0 BUR RS Sy AR A -
22352 #$hiiEn B FEE -
2236 HBEER2 &Y
RERae i E S AHBREE LSS 100 mg - 54
o AEHI00mL ZEMF - AT RERIETE 4
B ERR - BER T A EETAMREER 10 pg/ml » #154E
R -
2237, Mz imH
2217 A ko DR BEE S o B
2.2.3.8. sER#Ee :
H R PR BAR R E A 10 L o g BEAG Bk AR B AR
B ART PR RATRAR R AT+ AR R AR R IR A AR
e 27 G B R R RO ] SE L AR ] 2 -
o AT AR & AT B E ARAF
k—tmpEgyia B 0 Ak 254n0m -
A Atlantis T3 » 3 um » M 4E 2.1 mm x 10 cm =
B AR L 30°C -
e AR C A B B RO T PR AT E 4

&% Fa (min) A (%) B (%)
0—4 90 — 50 10 — 50
48 50 — 40 50 — 60
8 — 12 40 — 20 60 — 80

12— 12.1 20 — 90 80 — 10

12.1 > 15 90 — 90 10 — 10

F¥4aiik 0.7 mL/min -
R 3E
I b AP EmmER TR - KA TR -
2. AjfAR AR B H SER(LC/MS/MS) it fTeE 8% L $ E R B
) (multiple reaction monitoring, MRM)## X, % # 4 $f 4o it & o
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Appendix 4. Scope and application standards of food colorants in
Taiwan.

F () #a xe&H

Ik | & 1 R db g0 B RTRF 18 F MR
001 |RH & &R ABTHERESPRETRE 2B EH M £ &
Cochineal Red A TIER - L S=F RS 3]
( New Coccin) HH - A B E
£ BHAKR R
v~ B
TBERF
FAFEA -
002 | Hézd ik ABITHEEEBFPRTRT LB EHNE - £H
Erythrosine 3 LR A#HE
YT
£ BKE K
o B
W E S RF
FAFEA -
003 |[FRHaEEHREE AL THEEALPATRE 2B AHAME L4
P TR BRB-4HT
Erythrosine I B
Aluminum Lake A #HAKR %
B B R
FAFER -
004 | R & &k RALTHEBELPRTEE L8| £ 885 £ &
Tartrazine FiEH o BRAM-LHT
IR
EEHRE %
g B
Lo - R o
FiFER -
005 |ERAwEmiEE AeTHAEETLPATREEEZEAHAH A&
k& A - BRE 4T
Tartrazine Aluminum R ¥
Lake £ BFK R - ek
g B~
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woEE - RE
FAFEA -

1006

iRk
Sunset Yellow FCF

AR THERERPAETRES LA
A -

A HAB AH
BA¥-4HT
I 0
£ 8RR =k
o B h
TaRE - RXE
FAFEA -

1007

ERELREBR
%

Sunset Yellow FCF
Aluminum Lake

ABTHEEESHFPATRET 2R
R -

¥ SRR
BRELEHF
W EEHE
& B KR R
v~ HE ok i
FABLE XY
i I

1008

AR e =5
Fast Green FCF

ALTHEBRLPRTET £
FHEA -

EHNELH
ERIF-4 8T
B~ EBHRE
EHAKR %
g B
FHER -

1009

EREL=RER
*

Fast Green FCF
Aluminum Lake

ALTHEBAELPATRELE
wiEH -

L SOE RN
LA #HD
B AHRE
AHEARR %
B f
wolEE - RE
FAFRA -

1010

R E e
Brilliant Blue FCF

AbITHERERPAETRE A
A -

X -SoE RS
B RE-4#T
8- L HHE
EHAR =k
e s B~
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LR T X &
AR -

011

TREE—MNER
&

Brilliant Blue FCF
Aluminum Lake

ARTHERRTSFATET LA
EHERM -

S HAR
B R4 Ha
B~ A BHE
£ B KR - =k
v Bl
BB CRF
FAER -

1012

EHE& %

Indigo Carmine

AL THERRLFPAERT 24
A -

AR
BRE-EHT
R
£ KR
vig Bk v iR
wmERF
FAFEM -

013

ETRES_MEBE
%

Indigo Carmine
Aluminum Lake

AbLTHRERRLPATRET 28
THRA -

EHNBEH
&R AHE
M- AR
£ EARR %
g B R
R T- R
FIFER -

014

B- HENFE

/3 - Carotene

ALTHEAELTRETRE L
THEA -

£ ENB - L&
SR EHE
B~ ABHE
£ KR %
g Eb o~
ToMECRF
AAFEH -

015

B-47-8'-# § ¥ &
/3 -Apo-8'-Carotenal

ABTHERAELTPRAEEELA
THER -

ER - JoE RS
BRM-4EMT
fa~ A HHE
£ #H KR -k
v 4~
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woRE - RHE
FAFER -
016  |B-#1-8-AB UL |ABTHERARDFPATEE LA L5 0 £ 5
5 FHEA - BRBE-EHa
B B AHEE
-Apo-8'-Carotenoat » A BEARFE - sk
Ethyl v s Bl v
Rt R
AR -
017 |4-4-Z8-5-H A8 AR THEERLFRERE @ | A58 L4
* TR - BHE-AHS
Canthaxanthin $- A SEHE
£ KR %
o Bk
woBERE
TR -
1020 i BR ALITHEBERELPRTE T L8 A& 8 4
Laccaic Acid FHEM - S R4 & T
I B
AR %
g Bl R
L X
FAFER -
1021 &) 3 s A 1. A db 7T {8 B 7 0 & 48 B4
Copper Chlorophyll M E Custd 0.04gkg LATF -«
2.A ST A B ER - SRA
b BEA05gkg BAF -
1022 |47 3 & Kb I A b =T 15 A #4285 0 A & Cu
Sodium Copper 4 0.15g/kg BATF o
Chlorophyllin 2. AL T 4B R AR R BROK R 28T
b EERS  REARKRA
FolCu 34 0.10gkg LATF »
3. R s {E AN ARG - FEAR
A E M 2 Wk B A E L Cu
3t A 0.064g/ke LATF -
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4. R LI 4R R A O 4 BRI
A&l Cuttd 0.05gkg 2L°F -
S.A ST A AR EK - SR RE

b HEA 05¢gke AT -

1023 |43 4k Fodn AR ERRSPRERE 28 258 £
Sodium Iron FiEA - EHE-E&T
Chlorophyllin A A MHE -

A EHAKEK %
- TR
FAFER -

1024 |fALs AT EMA S PRERE L84 8 8- 4

Iron Oxides 1A - BRE-4E#HT
- A8EE
£ BAKK -k
o Bk R
TR -

027 |ERacw+iE AR THEBEALPATEE LA AHME A H

Allura Red AC BER - BRAELEHT
A~ EBRE
4 KR ok
v~ M s R
BB SRF
FAFEH

028 & (A& B2 KRBT A a2 dh Rak o A s M- £ 4

Riboflavin A ¥ 1A Riboflavin # 4% 10mg/kg @& R4~ 4+ &5
PLF e - £ 8 E -
2. AR ANE fah AL b E #ARR %k
&% 5 B & 24 Riboflavin #+ % S6mg|-% ~ # 4 ~ &
kg BATF o FoBE Y
FAFER -

029 i FoE AL AR LRGSR AR | AR E L5
Riboflavin A & B4 Riboflavin 3+ % 10mg/kg @& B4~ 4 5 3
Phosphate » Sodium | BUF - RN
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LA SITE RN T R AR

++ A & p4 Riboflavin #+ % S56mg/

R
w% . M R

R AN I 3 I

M & L4 lutein 314 10 mgkg LA
"F o

o T
(45 Mkl E L) A8
lutein 3+ % 7.5 mg'kg AF =

AT RANARGEREOH A

R L§eEs - BAME L - KA

kg BAF - BB RE
FAFEA -
030 |=—f1bsk AR REEERTRETET 2 E(LHAE5 L5
Titanium Dioxide FHH - S RM-4HT
P~ ABRE
A H KR - %
i &
R R S 4
FAFER -
031 R wtRE AL THERTLTYATEE AL 48
Rk A e BRME-4EHT
Allura Red AC - R HBE -
Aluminum Lake & KR sk
v B B
LS RE
RAFAE A o
032 |4 ABIHEHES - BRERTLA
Gold SR TRERE TR ESER -
(Metallic)
033 |¥%%& C AR AR R A b 2 G R SNk A R A B
Lutein B~ AE lutein 3t A| & RE-£#3F
25mg/kg BAF - R
ARG R A R - B|EHFAKR %
g7 5 A = 04 lutein 3+ 4 15 mg/kel*s ~ % & - &
ELF L RE
CARBTTHERANER - BEHEE | AEEA -
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oo B E - & B L lutein
A Smgkg LAF -

6. AL 4R H A 0 B E L lutein

3t A 2.5mg/kg LAF -
T ABTTHERZBEINE B

Aluminum Lake)

R-BHREETSITRERER
WEER -

034 |&mEmast ASTHERADERAES D A A|LHFRH- L5
( Synthetic lycopene 3t & 50 mg/kg BAF ° BRME-4EMT
Lycopene ) CCRIE N ¥
£ EBRR %
g Hh B

FAFER -
1035 v obh AR AR - SRR S PALE R A AR AR
Quinoline Yellow  [BZ EHMEEM - BRE-LEHS
d A RR ok
o kR
womE - REE

FAFAE R -
036 |2 ds B A ALTHABER - KA DPRT|EHNE L4
Quinoline Yellow  |BHZ@EFHEA - HRMAEHE
Aluminum Lake A A EHE -
.
A I3
woBERE

FATAER -
037 |RRA&aENRER AL THERRLTRTGEE L8| A8 M8 45
e FHEMA - HRM-AE T
Cochineal Red A B AERRE
Aluminum Lake £ OB ER - =k
(New Coccine we . By B

omE - RF
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038 BESTRABE | ASTHMMER - BEK - Ke
Potassium aluminum |sh A 0 F4E A &4 12.5gkg L TF -
silicate-based
pearlescent pigments
039 |EdEak % — 8 #3824 (Plain caramel) ©| 4 & 2 5 £
Caramel Colors THEERLTATREEAIH|I KA - AH T
A - B~ RS
¥ oM BEEE A Sulfite £ HAREF
caramel) : iFER -
IR EEESRTRTEEE SR
A e
¥ =% : & B £ ¥ (Ammonia
caramel) :

I, RSLTERAMETRET - sk
RHEBFART  RE-F
o R AR REA 02 gkg X
'F o

2. ASEER N EIEZ B
WRRHEEBTRAE REA
0.5 g/kg BAF =

3. AL T AR - AL~ &
i AEs 1.0gkg LT -

4. ASTHERANwLEEH  AE
B 1.50kg LT -

5. ALV E R ekl - EEEILA
AT B EILHME I AEA
20gkg BATF -

6. A B4R R e~ FLEE - W
i AN A REMES A
¥4 50gkg LLF -

7. AGLE{ERAAKRRE BES
75 gkg BAF -

B. KL A &EE ~ B TR

v R ARG AEA 100
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gkg BLF -

9. ASBITEANKBRAILEE AE
A 150 gkg AT -

0. ABTHBMEE - adtd¥a
(R ads B EAsH) - gt
B oFE - HHREERS
Be R L kol A2 A 20.0
g/kg ELF -

IN.ASTHEAYEG  AES 250
gkg LLF -

12 AKBTERPKENTRS AE
% 300 g'lkg AT -

13. R T4 A Ak e ~ &4 - 42
B~ AL BB R
(B BRE - BEATE
F) R fde T (o F4E - RRAE
F)- ik B BRAMT Ao
Tab~ Bk TE - MR
o~ R Bt R O~ #
MPR(ROEHER) > ik
B B4R B W Sh o~ EeRH - 3R
KoMER - TT ARG RS
ek AR LA B A KK
B AEA500gke BAF -

4 AR TERAMNREEE S AEAR
60.0 g'kg ATF =

¥ v dA 0 T HR G- 4% B & 4 (Sulfite

ammonia caramel) :

Lo AL =T (5 R A ndl Bk A&
A 1.0gkg BLF -

2. AT ANRAE . AES 12
gkg LLTF -

3 ASTTHERAARE - R - RE
FHAEAEISgkg AT -

4. ALV R AR L - IREEILA
AT - mEEEFLLME AT A
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2.0 g/kg BAF -

5. ASLI{E R AEEE - Bprage
(o ERE - M FEF)ALR
T FHE - REE) AE
B 25gke LAF -

6. Aou [ {ERAFLEE - i - AR
W R EBEMEL  BRES 50
g/kg ELF -

7. ASTHERANAKRERE - hEtE
REAE A AT EAMBK
K HEHTSgkg AT -

8. AL A F Mk~ ok
Boopedk B ARG E A 100
glkg BAF -

9. ASBVERMNEE - AE¥ T
HA(FaEH8AEH) - &
IS E R L3 T F S
HEBRAMAS AE S 200
gkg LLF o

1W.ABTERLZ REA 250
glkg LA -

1A B =T 48 F 7 @& 6p B & i b 8
oo s =5 300gkg AT -

12,4 & o 6 B 7 3eds A B s
Shc R BECBREMTF
T 5h > ik~ R - AREEER
BB TTRGLAESL
RCREE - S8 RAEMEWE%
B RAEA500gkg AT -

13. 4B TEANES: AES 600
g/kg LATF -

it ARBHERAT > R ZRLLA  FAHER LR DR -
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Appendix 5. Scope and application standards of sunset yellow in
China.

A calcium hydroxide
CNS'  01.202 INSH 526
Thk WL 15 )
i ks A/ e K AT e kg ik
01. 03 g COSEIREILRD REE R G AT
S A LR L
13.01 BURC b BUORBRLR e i R A
&) LS5 T
13.05. 01 Zare e CRLER BTl PR AR B
A5 potassium hydroxide
CNS% 01.203 INS% 525
LheE WL T
ik P A FR/ 3 e KA e /kg &t
13.01 WA LBy Bty BRBLAT R e B B
ESIPIN TR
13. 05. 01 Fm i (GFLRE) Bor el FROEPT S BT
L] ¥ o A B sunset yellow, sunset yellow
aluminum lake
CNS+5  08. 006 INSH 110
Lhee A5
ik L S L KAEA He/kg &IT
01.01.02 AR 0.05
01.02. 02 ] I R SR A L 0.05
01.04. 02 L CRERESL. W 0.05

AR B e AN T RS
Bk i HI LD

03.0 RS (BRSO3, 04Tl 0.09
b9

04.01. 02. 04 ACRBEL CICRPEGERE 0.1
e

04.01.02. 05 B 0.5
04. 01. 02. 08 Ela e 0.1
04.01. 02. 09 Fermitk R 0.2
05.0 AR AR TS P RITSsE )y 0.1

il COAG T, wl SR
ST LAMEER (R4t
05. 01, 01nf n il i, 05. 04
MR TR
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05. 03 BERL T3 L AC 0.2
06. 05. 02. 02 R 0.1
07.02. 04 KEa 1Rk 0.1
07. 04 i\%d;%ﬁ;h‘l’uﬁ*ﬂ- UXBRFF2 0.1
iy
11.05. 01 TK R 0.5
11.05. 02 FeAb RIBRB IR 0.3
12. 10 AR 0.2
12.10. 02 - [ R 5 A PR 0.5
14.02. 03 PRI (D o 0.1
14. 03. 02 R TR 0.1
14.04. 01 TR R 0.1
14. 04. 02. 02 WIRPORE CRLEE SRR ORE, 0.1
FUR ZRR B AR CRL
PR R TORD
14. 06 [BEENVEEES 0.6
14. 07 FLER R OB 0.1
15. 02 AL 1 0.1
16. 01 Rk 0.025 W TR G, B A
Hssn
16. 05. 01 AR/ dh 0.1
16. 06 HEAK B i 0.1
AL hE emulsifying silicon oil
CNS% 03.001 INSH
ik 3
kS i SRR/ Sy I KA fg/kg 1o iE
14.0 PORIZE (BRAh14. 01035k 0.01 PAZE — Wik ke il [
K MRAICR g o 35 A58 A
ik
16. 07 HAb CREELEND 0. 20
FLER S calcium lactate
CNS%5  01.310 INS'S 327
T %Iﬁﬁnfﬂj Pia b FLALR) BT MR ). R
)
BHKG fr i SRR/ Sy R I RAE I fg/ ke T&iE
05. 02. 08 BB B S FRHE PG TG B
12. 10 LA R (IRMESE 10,0
TREL
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Appendix 6. Scope and application standards of tartrazine in China.

Frag o B AR (AL tartrazine, tartrazine aluminum
lake

CNS5  08. 005 INS5 102

Dhkg )

TR T TR/ 2k I KA A g/ kg #IE

01.02. 02 PELSAE S R d N 0. 05 DLk

01.04. 02 WHPEIL COFREPETL. W 0.05 REE Uiy

BREHRFL AL e TR
JOEHR R S AL

03.0 AU (BRA003. 04T H 0.05 DUk R s i
UKD
04.01. 02. 05 P S 0.5 DREE Suniy
04. 01. 02. 08 BRI 0.1 PAFF R vE
04. 01. 02. 09 HETE S 0.1 PARFER T
04.02.02.03. 02 hI (IS 0.1 LA R T
05.0 af il W RIS 0.1 PARFER B UE
I GG 5 FAR TS
1) CAEBER (B4
05. 01. 01 i ] 4l )
06. 05. 02. 02 R A 0.1 LAFF R B E
06. 06 By, WinmsLae4  0.08 PARFER T
P
07. 02. 04 R LRk 0.1 DYse>3in7s
07. 04 R ER (URDEE 0.05 DYsE-31a78
LRERREIEL)
11.05. 01 TSR R A 0.5 LR T
11.05. 02 oAt T A B 3 0.3 PR
12.09. 03 ;’r‘?ﬁ*-‘lf{% CnFFAR¥E. FIF 0.1 PLFF R
¥
12.10. 01 [ 44 524 i kst 0.2 Uk s vh, MR
WAL
12.10. 02 e #9052 £ TR} 0.5 LUk e i
14.0 PRI (BRAM14. 01ELEER 0.1 PARFRR TR, AR
TR v A5 RO A
15. 02 A 0.1 AR T
16. 01 R 0. 05 VAP, Wl T3
¥ uﬂl'dnJﬁiﬁ(fmhu
16. 05. 01 N 0.1 AP
16. 06 fZ A fr i 0.1 DYsE- 3 v78
52
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e s AR S EFJ R2Hk ADIRFE -
Appendix 7. ADI of color additives in USA.

mice and albino (CD)
rats (2 long-term
studies with in wrero
exposure)

Certified Year ADI Pivotal Study(ies) ADI Dose Level
Color Approved {mgfk% (ADI basis) (pivotal study)
bw/day”)

FD&C Blue Mo. 1 1969 12.0 2-year plus bioassays Rat — 2.0% of diet (20,000
in Charles River albino | parts per million {ppm))
rats (in utero exposure) | Mouse — 5.0% of diet
and CD-1 mice (50,000 ppm)

FD&C Blue MNo. 2 1987 2.5 2-year plus bioassay in | Rat — 0.5% of diet (5,000
Charles River albino ppm}
rats (CD) (in wiero
EXposure)

FD&C Green 1982 2.5 2-year plus bipassays Rat — 5.0% of diet (50,000

MNo. 3 in Charles River C[D-1 | ppm)
mice and albine (CD) Mouse — 5.0% of diet
rats (in wters exposure) | (50,000 ppm)

Orange B* 1966 MNone N/A N/A

established

FD&C Red No. 3 1969 25 2eyear study in rats Rat — 0.5% of diet (5,000
{strain not noted), ppm)
supported by 2-year Dog — 2.0% of diet (20,000
study in dogs (beagle) | ppm)

FD&C Red No, 40 1971 7.0 21 month study in Rat — 1.39% of diet (13,900
Charles River CD-1 ppm)
rats

FD&EC Yellow 1969 5.0 2-vear bioassays in Dog — 2.0% of diet (20,000

No. 3 Charles River CD-1 ppm}
mice and albino rats
(CD) (in wiero
exposure); 2-year
binassay in dogs
(beagle)

FD&C Yellow 1986 3.75 2-year bioassays in Rat — 0.75% of diet {7,500

No. 6 Charles River CD-1 ppm}

*approved for use only in casings or surfaces of frankfurters and sausages at levels not to exceed 150 ppm by

weight of food.
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Appendix 8. Recovery of real sample detection.

A Eati s e A N

B e 3R (%) = — e T B , x 100%
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