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Fig. 1: Structure of tris(2,2’-bipyridine)ruthenium(II).
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Fig. 2: The mechanism of chemiluminescent reaction of tris(2,2’-bipyridine)ruthenium(III).
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Fig. 3: Schematic diagrams of HPLC-CL system. P, pump; DG, degasser;
I, injector; C, column; D, chemiluminescence detector; ECR, electrochemical

reactor; PMT, photomultiplier tube; DP, data processor.
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Fig. 4: Structure of samples.
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Table 1: Relative chemiluminescence intensity of all samples. Sample: 10
pM. FIA conditions: carrier, water—methanol (3:7, v/v); Ru(bpy)s®" solution,
0.5 mM Ru(bpy)s®" in 10 mM sulfuric acid; carrier flow rate, 0.8 ml/min;
Ru(bpy)s®T solution flow rate, 0.3 ml/min; ECR, 150 pA; PMT biased at
—700 V.

Compound R. L. L.
2,4-Hexadiene 100
2,5-Dimethyl-2,4-hexadiene 514
Sorbic alcohol 114
Sorbic acid 0
a-Terpinene 83
a-Phellandren 42
Abietic acid 40
1,5-Hexadiene 0
1,4-Hexadiene 0
~v-Terpinene 9
2,5-Dimethylfuran 217
Cyclohexene-1-one 0
3-Hexene 0
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20 RuO000ODO0O0OO0OODOODOOODOODOOODOODOODOODO Fig. 500000V O
O0000024-Hexadiene O OO O0O0OO0O00O0O0O0O00O00OOMN 0000 218 nm
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00000000000 DODODOOO0 20000000000000000 UVDOOO
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O00UVODOO0 20000000000 24-HexadieneOOOOOOOOODODOO 8
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Fig. 5: Chromatograms of sample(a), sample(b), and sample(c) with UV
and CL detection. HPLC conditions: eluent, water—methanol (7:3, v/v);
Ru(bpy)s®" solution, 0.25 mM Ru(bpy)s*t in 10 mM sulfuric acid; eluent
flow rate, 0.5 ml/min; Ru(bpy)s*t solution flow rate, 0.3 ml/min; column,
ChemcoPak Nucleosil 5C-18.
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Signal-to-noise ratio

50

Fig. 6: Effect of the pH on the chemiluminescence intensity for aliphatic con-
jugated dienes obtained by FIA. Sample: 2,4-Hexadiene (M), 2 nmol; 2,5
dimethyl-2.4-hexadiene (¢), 0.2 nmol; sorbic alcohol (O), 2 nmol; a-terpinene
(o), 2 nmol; a-phellandrene (e), 2 nmol; abietic acid (¢), 2 nmol. FIA con-
ditions: Ru(bpy)s®" solution, 0.5 mM Ru(bpy)s*" in 100 mM sodium sulfate
containing 1 mM sulfuric acid; buffer solution, 100 mM phosphate buffer;

buffer solution flow rate, 0.1ml/min; other conditions are same as in Table 1.
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AU AL

A

Fig. 7: Effect of the organic solvent, (A)methanol and (B)acetonitrile, on the
chemiluminescence intensity for aliphatic dienes obtained by FIA. Sample:
1, 2,4-Hexadiene, 2 nmol; 2, 2,5-dimethyl-2.4-hexadiene, 0.2 nmol; 3, sorbic
alcohol, 2 nmol; 4, a-terpinene, 2 nmol; 5, a-phellandren, 2 nmol; 6, abietic
acid, 2 nmol; 7, v-terpinene, 2 nmol. FIA conditions: carrier, organic solvent—

water (7:3, v/v); other conditions are same as in Table 1.
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Ooo0OouUvVOOoDDoD CLODODO0DO0O0O0O0O0218 nmO238 nmO254nm 0000 UV
O0000D000DoDO0oo0ooodcCLO0bD0ooooOoDoDOoOon Figo. 80000O0CL O
000 2,5-Dimethyl-2,4-hexadiene 0 0 0000000000000 O0OOOOOOUV
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Table 2: Detection limits and relative standard deviations obtained from the
standard solutions by HPLC. HPLC conditions: eluent, methanol-water (8:2,

v/v); other conditions are same as in Table 1.

Compound D.L. /pmol® R.S.D./ % emae (Amaz)

2,4-Hexadiene 1 1.4 23000 (227 nm)
2,5-Dimethyl-2,4-hexadiene 0.6 1.0 23000 (241 nm)
Sorbic alcohol 1 1.8 23950 (228 nm)
a -Terpinene 2 1.2 3600 (262 nm)
a -Phellandren 1 2.3 2500 (263 nm)
Abietic acid 6 6.1 - - )

“Detection limit (S/N = 3).
bSix determination at 100 pmol.
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Abs. at 218 nm
Abs. at 238 nm

Abs. at 254 nm
(U8)
Relative luminescence intensity

45 > lz 5 J

| | | | | | | | | | | |
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(=]

A B C D

Fig. 8: Comparison of detectable compounds between UV detection at A)
218 nm, B) 238 nm and C) 254 nm, and D) CL detection. Sample: 5 uM.
Peak identification: 1, sorbic alcohol; 2, 2,4-hexadiene; 3, 2,5-dimethyl-2,4-
hexadiene; 4, a-terpinene; 5, a-phellandrene. HPLC conditions are same as in
Table 1.
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Fig. 10: Scheme of the electrogenerated chemiluminescence detection apparatus.
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Table 3: Normalized luminescence intensity of monoheteroaromatic com-
pounds. Sample: 10 pM. FIA conditions: carrier, water—acetonitrile (3:7,
v/v); Ru(bpy)s** solution, 0.5 mM Ru(bpy)s*" in 100 mM sodium sulfate
containing 1 mM sulfuric acid; buffer solution, 100 mM phosphate buffer; car-
rier flow rate, 0.8 ml/min; Ru(bpy)s®" solution flow rate, 0.3 ml/min; buffer

flow rate, 0.1 ml/min.

Compound N. L. L ILP./eV©®
pH28 pHT7.1
Pyrrole 29 36 8.23
2,5-Dimethylpyrrole 1090 8 7.69
Thiophene 0 -8 8.85
2-Methylthiophene 0 -8 8.59
2,5-Dimethylthiophene 2950 476 8.1°
2,5-Thiophenedicarboxylic acid 0 0 -
2,5-Dimethylfuran 99 16 -
L-Tryptophan 240 112 7.5
3-(Thianaphthene-3-yl)-L-alanine 686 3200 -
Pyridine —4 —16 9.26
2,6-Dimethylpyridine —4 —8 8.9
Thianaphthene 0 0 8.2
Dibenzothiophene 0 0 7.93

®The first ionization potential as measured by photoelectron spectroscopy or electron

impact® for each compound as reported in the literature [19].
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Table 4: Normalized luminescence intensity of di-,tri-heteroaromatic com-
pounds. Sample: 10 pM. FIA conditions: carrier, water—acetonitrile (8:2,

v/v); other conditions are same as in Table 3.

Compound N. L. L
pH24 pH71 pH94
Imidazole 36 53 188
Pyrazole 40 42 16
Thiazole 24 14 6
N-Methylimidazole 24 34 18
2-Ethylimidazole 24 34 80
4-Methylimidazole 16 114 200
L-Histidine 0 3520 628
Histamine 8 168 64
Cimetidine 48 117 1030
(-Alanyl-L-histidine 16 120 196
4-Hydroxymethyl-5-methylimidazole 0 68 120
1,2,4-Triazole 20 12 0
3-Amino-1,2,4-triazole 0 242 24
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Fig. 11: Cyclic voltammograms (A) and electrogenerated chemiluminescence
intensity—potential profile curves (B) obtained at a glassy carbon electrode at a
scan rate 100 mV /s (reference electrode Ag/AgCl). (A) (a) 1 mM Ru(bpy)s**;
(b) 1 mM Ru(bpy)s*" + 2 mM DMT. (B) (¢) 1 mM Ru(bpy)s*; (d) 1
mM Ru(bpy)s®>" + 2 mM DMT. All samples were prepared with 100 mM
NaH2POs—Acetonitrile (1:1, v/v), pH 5.0.
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Table 5: Chemluminescence intensity of thiophene derivatives and related com-
pounds. Sample: 10 pM. FIA conditions: carrier, water—acetonitrile (3:7, v/v);
Ru(bpy)s®T solution, 0.5 mM Ru(bpy)s®" in 10 mM sulfuric acid; carrier flow
rate, 0.8 ml/min; Ru(bpy)s®" solution flow rate, 0.3 ml/min; PMT biased at
—500 V; ECR, 50 uA; efluent pH value, 2.2.

Compound CL intensity / mV L P. /eV® Epa /V®
Thiophene 0 8.85 -
2-Methylthiophene 0 8.59 1.57
3-Methylthiophene 0 8.70 1.59
2,5-Dimethylthiophene 116 8.10¢ 1.45
2,5-Dimethylpyrrole 17 7.69 0.67
2,5-Dimethylfuran 10 - 1.20
2-n-Butyl-5-ethylthiophene 154 - 1.43
5-Methyl-2-thiophenecarboxaldehyde 0 - -
2,3,5-Trimethylthiophene 140 - -
3-Acetyl-2,5-dimethylthiophene 0 - 1.59
3-(Cyanomethyl)-2,4,5-trimethylthiophene 181 - 1.41
Dibenzothiophene 0 7.93 1.43
n-Butyl Sulfide 0 8.22 -
Ru(bpy)s?* - - 1.21

®The first ionization potential as measured by photoelectron spectroscopy or electron
impact® for each compound as reported in the literature [19].

® Anodic peak potential.
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Fig. 12: (A) Chromatograms obtained with HPLC-UV detection. Sample:
(a) The mixed solution of 100 uM Ru(bpy)s*t and 50 uM MTA; (b) The
mixed solution of 100 uM Ru(bpy)s®** and 100 uM DMT. (B) The relationship
between decreased DMT (O) and generated MTA (H).
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Fig. 13: Stoichiometric study of the reaction of DMT with Ru(bpy)s®". Sam-
ple: DMT(M); oxalic acid(Od). FIA conditions: carrier, water—acetonitrile (1:1,
v/v); Ru(bpy)s®T solution, 0.5 mM Ru(bpy)s*" in 10 mM sulfuric acid; car-
rier flow rate, 0.5 ml/min; Ru(bpy)s®" solution flow rate, 0.3 ml/min; ECR,
50 pA; PMT biased at —400 V.
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Fig. 14: The proposed mechanism of the CL reaction of Ru(bpy)s* with DMT.
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Fig. 16: The relationship between chemiluminescence intensity and position of
carboxylic group. Sample: 10 pM. FIA conditions: carrier, water—acetonitrile
(1:1, v/v); Ru(bpy)s®" solution, 0.5 mM Ru(bpy)s** in 100 mM sodium sul-
fate containing 1 mM sulfuric acid; buffer solution, 0.4 M BR buffer (pH 7.5);
carrier flow rate, 0.5 ml/min; Ru(bpy)s**" solution flow rate, 0.3 ml/min; buffer
flow rate, 0.1 ml/min; ECR, 50 pA; PMT biased at —400 V.
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Table 6: Relative luminescence intensity of all samples. Sample: 10 uM. FTA
conditions are same as in Fig. 16.

Compound R. L. L
Pipecolic acid 182
Nipecotic acid 108
Isonipecotic acid 50
Piperidine 16
Cyclyhexanecarboxylic acid 0
Methyl pipecolinate 10
2-Methylpiperidine 13
Proline 135
Diethylamine 23
N-Methylalanine 195
N-Methylglycine (Sarcosine) 76
N-Methylaminoacetonitrile 1
N-Methylbenzylamine 46
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Fig. 17: The relationship between reagent consumption and position of car-
boxylic group. Sample: pipecolic acid ({); nipecotic acid (4); isonipecotic
acid (O); piperidine (H). FIA conditions: carrier, 50 % acetonitrile-0.4 M
BR buffer (5:1, v/v; pH 8.3); Ru(bpy)s*" solution, 0.5 mM Ru(bpy)s®" in
100 mM sodium sulfate containing 1 mM sulfuric acid; carrier flow rate, 0.6
ml/min; Ru(bpy)s>t solution flow rate, 0.3 ml/min; ECR, 50 uA; PMT biased
at —350 V.
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Fig. 18: Effect of the pH on the chemiluminescence intensity for piperidine
derivatives. Sample: 1 uM, pipecolic acid (¢); 1 uM, nipecotic acid (¢); 1
uM, isonipecotic acid (O); 1 uM, piperidine (H). FIA conditions are same as
in Fig. 16 except for pH of BR buffer. Inset: background level as a function
of pH.
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Fig. 20: Effect of the pH on the chemiluminescence intensity for selected sec-
ondary amine compouds. Sample: 1 uM, N-methylisopropylamine (¢); 1 uM,
N-methylalanine (o); 1 uM, N,a -dimethylamine (O); 1 uM, N-methylglycine
(e); 1 uM, N-methylbenzylamine (H); 1 pM, methylaminoacetonitrile (4).
FIA conditions are same as in Fig. 18. Inset: background level as a function
of pH.
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Fig. 21: Effect of the pH on the chemiluminescence intensity for selected ter-
tiary amine compouds. Sample: 1 pM, TPA (H); 1 M, N,N’-dipropyl-L-
alanine (O); 1 uM, N,N’-dimethyl-1-phenethylamine (¢). FIA conditions are
same as in Fig. 18. Inset: background level as a function of pH.
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Table 7: Parameters of calibration graphs and precision values obtained from

standard imino acids solution with HPLC—CL. HPLC conditions are same as

in Fig. 22.
Compound Linear range / pM D.L. /nM R.S.D./ %* r?
Hydoxyproline 0.01 - 20 3.0 0.3 1.000
Sarcosine 0.02 - 20 12 2.6 1.000
N-Methylalanine 0.01 - 20 2.7 0.8 1.000
Proline 0.01 - 20 4.6 1.1 0.9998
Pipecolic acid 0.02 - 20 10 1.9 1.000

r2: Determination coefficient.

¢Six determinations at 50 nM.
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Fig. 22: Chromatogram of the mixed solution of five imino acids. Sample: 50
nM. Peak identification: 1, hydoxyproline; 2, Sarcosine; 3, N-methylalanine;
4, Proline; 5, Pipecolic acid. HPLC conditions: eluent, 5 mM sodium oc-
tanesulfonate prepared with 10 mM phospharic acid—acetonitrile (98:2, v/v);
Ru(bpy)s*" solution, 0.5 mM Ru(bpy)s** in 100 mM sodium sulfate contain-
ing 1 mM sulfuric acid; buffer solution, 0.4 M BR buffer (pH 9.1); eluent flow
rate, 0.5 ml/min; Ru(bpy)s®" solution flow rate, 0.3 ml/min; buffer flow rate,
0.1 ml/min; ECR, 150 puA; PMT biased at —300 V; effluent pH value 8.1.
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Fig. 23: Chromatogram obtained with HPLC—CL detection for a 10 times
diluted human serum sample. Peak identification: 1, hydoxyproline; 2, sar-
cosine; 4, proline; 5, pipecolic acid. HPLC conditions are same as in Fig.
22.
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Table 8: Contents of imino acids in human serum.

Compound Found / uM®  Recovery / %°
Hydoxyproline 3.65 £ 0.14 94.2 £ 3.7¢
Sarcosine 0.60 £ 0.01  112.6 4 2.5¢
N-Methylalanine - - d

Proline 95.10 + 3.29 110.7 £+ 4.0°
Pipecolic acid 0.33 4+ 0.05 92.0 + 5.4¢

“Values are means for four determination + standard deviation.
®Values are means for four operation + standard deviation.
¢Added 5 pM.

dAdded 2 pM.

¢Added 50 uM.
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Fig. 24: The structure of a-solanine and a-chaconine. The suger group for
a-solanine consists of R; = (-D-galactose, Ra = (-D-glucose and R3 = a-
L-rhamnose, and R; = (-D-glucose and Rz = R3z = a-L-rhamnose for a-

chaconine.
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Fig. 25: Effect of the pH on the chemiluminescence intensity obtained by FIA.
Inset: background level as a function of pH. Sample: 100 ng/ml, a-solanine
(#); 100 ng/ml, a-chaconine(A). FIA conditions: carrier, water—acetonitrile
(6:4, v/v); Ru(bpy)s>*t solution, 0.5 mM Ru(bpy)s*" in 100 mM sodium sul-
fate containing 1 mM sulfuric acid; buffer solution, 100 mM phosphate buffer,
carrier flow rate, 0.5 ml/min; Ru(bpy)s** solution flow rate, 0.3 ml/min; buffer

solution flow rate, 0.1 ml/min.
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Fig. 26: Effect of the carrier flow rate on the chemiluminescence inten-
sity. Sample: 100 ng/ml a-solanine. FIA conditions: carrier, 20 mM phos-
phate buffer (pH 6.0)-acetonitrile (65:35, v/v); Ru(bpy)s**solution, 0.5 mM
Ru(bpy)s®*" in a 100 mM sodium sulfate containing 1 mM sulfuric acid;
Ru(bpy)s*" solution flow rate, 0.3 ml/min.
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Table 9: Parameters of calibration graphs and precision values obtained with
HPLC-CL. HPLC conditions are same as in Fig. 27.

Compound  Linear range / yug ml=! r? D.L./ngml~'® R.S.D./ %’
a-Solanine 0.005 — 10 0.9999 1.2 2.6
a-Chaconine 0.005 — 10 0.9999 1.3 2.4

“Detection limit (S/N = 3).

bSix determinations at 10 ng/ml.
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Fig. 27: Chromatogram obtained with HPLC-CL detection for a standard
a-solanine and a-chaconine solution. Peak identification: 1, a-solanine; 2,
a-chaconine. Sample: 1 pg/ml a-solanine and a-chaconine. HPLC condi-
tions: eluent, 20 mM phosphate buffer (pH 7.8)—acetonitrile (65:35, v/v);
Ru(bpy)s®" solution, 0.5 mM Ru(bpy)s®" in 10 mM sulfuric acid; eluent flow
rate, 0.6 ml/min; Ru(bpy)s>" solution flow rate, 0.3 ml/min.

Table 10: Camparison of detection limit and linear range obtained for a-
solanine using the present method with those of some previous reported tech-

niques.
Method D. L. Linear range Reference
GC-FID 3 ng - (32]
HPTLC-FL 10 ng - [33]
Enzyme biosensor 0.5 uM 0.5 — 100 uM [36]
HPLC-UV - 1.0 — 50.0 pug/ml [35]
Capillary ITP - 0.5 - 100 oM [37]

Present method 1.2 ng/ml (1.4 nM, 24 pg) 0.005 — 10 pug/ml
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Fig. 28: Chromatograms obtained with CL detection for a 20 times diluted
tuber B skin sample (A), and with UV detection for a two times diluted tuber
B skin sample (B). Peak identification: 1, a-solanine; 2, a-chaconine. HPLC

conditions are same as in Fig. 27.

gogoobbbodoooobobooouoboboooooobobboooooboooboooo
a -Solaninel] a -Chaconine 000000000000 0OCOOO0O00OODODOODOOO

goood

66



600

O o-Solanine

— O o-Chaconine

3 500r - 1

: i

>

=400 -
=

-

; 300 . —

% —I &

5 200}

O

=¥

100
0 1 1 1
I I I v

Fig. 29: Extraction profile of a-solanine and a-chaconine from potato tuber
with different extraction solutions. (I) Water; (II) 0.1 % acetic acid; (I) 1 %
acetic acid; and (IV) 5 % acetic acid. Values are means for four operation +

standard deviation. HPLC conditions are same as in Fig. 27.

Table 11: Contents of a-solanine and a-chaconine in potato. HPLC conditions

are same as in Fig. 27.

Sample Content® (mg / 100g)

a-Solanine  a-Chaconine Total PGAs®
Tuber A peel 21.8 £ 0.1 48.4 + 0.5 70.1 + 0.6
Tuber A pith  0.30 £ 0.01  0.45 + 0.01 0.75 + 0.01
Tuber B peel 254 £1 220 £ 2 473 + 3
Tuber B pith  3.21 + 0.08 4.97 + 0.15 8.19 + 0.20

%Values are means for four determination + standard deviation.

bTotal PGAs = a-solanine + a-chaconine.
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Fig. 30: Structure of amitrole.
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Fig. 31: Effect of the pH on the chemiluminescence intensity for amitrole ob-
tained with FIA. FIA conditions: carrier, 5 mM phosphoric acid (pH 2.8);
Ru(bpy)3T solution, 0.5 mM Ru(bpy)s*" in 100 mM sodium sulfate contain-
ing 1 mM sulfuric acid; buffer solution, 100 mM phosphate buffer () or 100
mM borate buffer (), carrier flow rate, 0.5 ml/min; Ru(bpy)s®" solution flow

rate, 0.2 ml/min; buffer solution flow rate, 0.2 ml/min.
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Fig. 32: Effect of the current on the chemiluminescence intensity for amit-
role. FIA conditions: buffer solution, 300 mM borate buffer (pH 9.2); other
conditions are same as in Fig. 31.
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Fig. 33: Effect of the carrier flow rate on the chemiluminescence intensity for
amitrole. FIA conditions: buffer solution, 300 mM borate buffer (pH 9.2);
buffer solution flow rate, 0.1 ml/min; other conditions are same as in Fig. 31.
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Fig. 34: Effect of the acetonitrile composition on the intensity for amitrole.
FIA conditions are same as in Fig. 31.
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Fig. 35: Chromatogram of standard amitrole. Sample: 100 ng/ml amitrole.
HPLC conditions: eluent, 8 % acetonitrile and 5 mM sodium octanesulfonate
in 5 mM phosphate buffer (pH 2.8); Ru(bpy)s>" solution, 0.5 mM Ru(bpy)z>"
in 100 mM sodium sulfate containing 1 mM sulfuric acid; buffer solution, 300
mM borate buffer (pH 9.2); eluent flow rate, 0.5 ml/min; Ru(bpy)s**t solution

flow rate, 0.2 ml/min; buffer solution flow rate, 0.1 ml/min.
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Fig. 36: Chromatograms of river water spiked samples. HPLC conditions are

same as in Fig. 35.
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Fig. 37: Chromatograms of A) river water and B) tap water spiked with 1 ppb
and 2 ppb, respectively. HPLC conditions are same as in Fig. 35.
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Fig. 38: Structure of domoic acid.
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Fig. 39: Chromatogram of standard DA solution.
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Signal-to-noise ratio

Fig. 40: Effect of the pH on the chemiluminescence intensity for DA ob-
tained with HPLC. Sample: 0.1 ug/ml DA. HPLC conditions: eluent, 5 mM
phoshate buffer (pH2.7)-acetonitrile (9:1, v/v); Ru(bpy)s>*t solution, 0.25 mM
Ru(bpy)3®T in 100 mM sodium sulfate containing 1 mM sulfuric acid; buffer
solution, 100 mM phosphate buffer; eluent flow rate, 0.5 ml/min; Ru(bpy)s®"
solution flow rate, 0.3 ml/min; buffer solution flow rate, 0.1 ml/min; ECR, 80
pA; PMT biased at —550 V.
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Table 12: Comparison of analytical characteristics obtained for DA using
the present methodology along with those of previously reported HPLC tech-

niques.
Detection method D. L./ ngml™! Linear range / pug ml=! 12 Reference
FL detection 1 0.04 -20 0.998 [51]
MS? detection 8 0.025 — 10 0.9994 [50]
Present method 0.4 0.001 - 0.5 0.9995
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Fig. 41: Chromatograms obtained with HPLC—CL detection for a) a mussel
sample spiked with 2 ug/g of DA and b) blank, and with HPLC-UV detec-
tion for c¢) a mussel sample spiked with 2 ug/g of DA and d) blank. HPLC
conditions: eluent, 5 mM phoshate buffer (pH 2.7)-acetonitrile (9:1, v/v);
Ru(bpy)s" solution, 0.25 mM Ru(bpy)s*" in 50 mM sodium sulfate contain-
ing 50 mM phoshate buffer (pH 6.9); eluent flow rate, 0.5 ml/min; Ru(bpy)z*"

solution flow rate, 0.3 ml/min.
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Fig. 43: Effect of the pH on (A) the chemiluminescence intensity for PA and
(B) the background level obtained with FIA. Inset of B: noize revel as a func-
tion of pH. Sample: 1 uM PA. FIA conditions: carrier, water; Ru(bpy)s*"
solution, 0.5 mM Ru(bpy)s*" in 100 mM sodium sulfate containing 1 mM
sulfuric acid; buffer solution, 0.4 M BR buffer; carrier flow rate, 0.5 ml/min;
Ru(bpy)s" solution flow rate, 0.3 ml/min; buffer flow rate, 0.1 ml/min; ECR,
50 pA; PMT biased at —500 V.
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Fig. 44: Effect of the carrier flow rate on the chemiluminescence intensity for
PA obtained with FIA. Sample: 1 uM PA. FIA conditions: carrier, 20 mM
BR buffer (pH 8.6); Ru(bpy)s®" solution, 0.5 mM Ru(bpy)s*" in 100 mM
sodium sulfate containing 1 mM sulfuric acid; Ru(bpy)s*" solution flow rate,
0.3 ml/min; ECR, 50 pA; PMT biased at —500 V.
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Table 13: Chemiluminescence intensity for amino acids obtained with FIA.
FIA conditions: carrier, 10 mM acetic acid solution; Ru(bpy)s®" solution,
0.5 mM Ru(bpy)s*" in 100 mM sodium sulfate containing 1 mM sulfuric
acid; buffer solution, 0.4 M BR buffer (pH 9.8); carrier flow rate, 0.7 ml/min;
Ru(bpy)s?" solution flow rate, 0.3 ml/min; buffer flow rate, 0.1 ml/min; ECR,
50 puA; PMT biased at —450 V.

Compound Concentration / pM  Chemiluminescence intensity / mV
Serine 100 19
Glycine 100 22
Threonine 100 43
Asparagine 100 46
Lysine 100 98
Alanine 100 110
Glutamine 100 133
Aspartic acid 100 161
Cysteine 10 15
Tryptophan 10 23
Valline 10 34
Glutamic acid 10 38
Isoleucine 10 45
Tyrosine 10 50
Leucine 10 52
Phenylalanine 10 61
Methionine 10 108
Histidine 10 157
Sercosine 1 48
Hydroxyproline 1 183
Pipecolic acid 1 199
Proline 1 250
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Fig. 45: Effect of the addition agents on the chemiluminescence intensity for
PA obtained with FIA. Sample: 1, 1 upM PA; 2, 1 mM CuSOy; 3, 5 mM citric
acid; 4, 5 mM tartaric acid; 5, 243; 6, 2+4; 7, 1+3; 8, 1+4; 9, 14+2+3; 10,
14+2+4; 11, 15 mM sodium octanesulfonate; 12, 1+11. FIA conditions are

same as in Table 13.
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Fig. 46: Effect of the pH on the retention time for PA and proline. Sample:
1 M, PA (W); 1 uM, proline (OJ). Separation factor (¢) = (PA retention
time)/(proline retention time). HPLC conditions: eluent, 5 mM sodium oc-
tanesulfonate in 20 mM phosphate buffer-acetonitrile (98:2, v/v); Ru(bpy)s*"
solution, 0.5 mM Ru(bpy)s*" in 100 mM sodium sulfate containing 1 mM
sulfuric acid; buffer solution, 0.4 M BR buffer (pH 9.8); eluent flow rate,
0.5 ml/min; Ru(bpy)s**t solution flow rate, 0.3 ml/min; buffer flow rate, 0.1
ml/min; ECR, 50 uA; PMT biased at —500 V.
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Fig. 47: Chromatogram of PA and proline standard solution. Sample: 1 uM.
Peak identification: 1, proline; 2, PA. HPLC conditions: eluent, 15 mM sodium
octanesulfonate in 20 mM acetic acid (pH 3.5); Ru(bpy)s*" solution, 0.5 mM
Ru(bpy)s** in 100 mM sodium sulfate containing 1 mM sulfuric acid; buffer
solution, 0.4 M BR buffer (pH 10.2); eluent flow rate, 0.7 ml/min; Ru(bpy)3>"
solution flow rate, 0.3 ml/min; buffer flow rate, 0.1 ml/min; ECR, 50 uA; PMT
biased at —450 V.
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Fig. 48: Chromatograms of (A) a 10 times diluted human serum, (B) a 100
times diluted apple juice, (C) a 100 times diluted cow’s milk, and (D) a 1000
times diluted beer. Peak identification: 1, proline; 2, PA. HPLC conditions

are same as in Fig. 47.
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Table 14: Contents of PA in various samples.

Sample Found / uM® R.S.D /% Recovery / %°
Human serum 0.62 £ 0.02 2.5 -

Apple juice 3.3 +0.1 1.8 99.2 £+ 3.8¢

Cow’s milk 1.8 £ 0.1 2.8 109.7 £+ 3.4¢

Beer 1 28.6 +£ 0.5 1.6 -

Beer 2 62.8 + 2.2 3.4 97.7 4 6.84

®Values are means for six determination 4+ standard deviation.
®Values are means for four operation + standard deviation.
¢Added 2 pM.

dAdded 30 M.
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Fig. 51: Reaction scheme of phenols with TTA.
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MELTING POINT APPARATUS, YanacoOOOOODODODOODODOOOO

000 105mgD'HNMROOODOO CDCls, D000 TMSOS8 0.86 — 0.890 3H, t,
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7.13 - 7.150 2H, d, J = 8.0 Hz, Phenyl-H(T1 O O O O O Calculated C: 74.15, H: 8.66,
O: 8.590 S: 8.61; Found C: 74.200 H: 8.68[10 0 0 040 — 41 O [
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Fig. 52: Effect of the (I) TTA concentration, (II) carbodiimide concentra-
tion, (I) basic catalyst concentration, and (IV) reaction temperature on the
derivatization efficiency. HPLC conditions: eluent, 10 mM phospharic acid—
acetonitrile (2:8, v/v); Ru(bpy)s®" solution, 0.5 mM Ru(bpy)s** in 10 mM
sulfuric acid; eluent flow rate, 0.8 ml/min; Ru(bpy)s*" solution flow rate, 0.3
ml/min; ECR, 50 pA.
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Fig. 53: Effect of the (A) pH, (B) electrolytic current, and (C) flow rate on
the chemiluminescence intensity. Inset of (A): effect of electrolytic pH on
background level. Inset of (B): effect of electrolytic current on background
level. Sample: 1 pM, TTA (H); 1 xM, TTA-OP (O); 100 uM, DMAP (e).
FIA conditions: carrier, water-acetonitrile (4:6, v/v); Ru(bpy)s*t solution,
0.5 mM Ru(bpy)s*" in 10 mM sulfuric acid; Ru(bpy)s®" solution flow rate,
0.3 ml/min.
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Fig. 54: Chromatograms of APs and BPA obtained with (A) 20 pL. methanol
addition and (B) 20 upL acetonitrile addition. Sample: 50 ng/ml
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Fig. 55: Chromatogram of APs and BPA obtained by HPLC—CL. Sample: 50
ng/ml (4-nonylphenol, 500 ng/ml). HPLC conditions: eluent; (A) acetonitrile,
(B) 10 mM phosphoric acid. Ru(bpy)s>" solution, 0.5 mM Ru(bpy)s*" in 10
mM sulfuric acid; eluent flow rate, 1.6 ml/min; Ru(bpy)s®" solution flow rate,
0.3 ml/min; ECR, 1 pA. Gradient program: 0 — 10 min, 50 % A; 10 — 25 min,
60 % A; 25 — 35 min, 70 % A; 35 — 50 min, 80 % A; 50 — 60 min, 100 % A; 60
— 70 min, 50 % A.

114



934 0OOODOO
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Table 150000
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Table 15: Parameters of calibration graphs and precision values of standard
alkylphenols and BPA with HPLC—CL. HPLC conditions are same as in Fig.

55.

Compound Linear range / ngml~! D. L. /ngml~! R.S.D./ % r?

4-n-Butylphenol 5 — 1000 1.4 1.3 0.9996
4-t-Octylphenol 5 — 1000 3.5 2.5 0.9996
Bisphenol A 5 — 1000 2.3 1.3 0.9972
4-Nonylphenol 10 — 1000 5.7 4.3 0.9997
4-n-Octylphenol 5 — 1000 1.5 2.9 0.9999
4-n-Nonylphenol 10 — 1000 4.4 5.1 0.9952

“Six operation at 50 ng/ml.
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Fig. 56: Chromatogram of APs and BPA obtained by HPLC-CL. Sample: 50
ng/ml (4-nonylphenol, 500 ng/ml). HPLC conditions: eluent; (A) acetonitrile,
(B) 10 mM phosphoric acid. Ru(bpy)s>" solution, 0.5 mM Ru(bpy)s*" in 10
mM sulfuric acid; eluent flow rate, 1.6 ml/min; Ru(bpy)s®" solution flow rate,
0.3 ml/min; ECR, 1 pA. Gradient program: 0 — 10 min, 50 % A; 10 — 25 min,
60 % A; 25 — 40 min, 70 % A; 40 — 50 min, 80 % A; 50 — 60 min, 100 % A; 60
— 70 min, 50 % A.
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Fig. 57: Construction of photochemical reactor for post-column reaction.
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Fig. 58: Effect of the UV irradiation time on the chemiluminescence intensity
for phenyltin compounds. Sample: 10 uM. PT, (1); DPT, (2); TPT, (3); TBT,
(4). UV irradiation time, (a) 0 min, (b) 1 min, (c) 3 min. FIA conditions:
carrier, water—actonitrile (1:1, v/v); Ru(bpy)s?Tsolution, 0.5 mM Ru(bpy)z*"
in 10 mM sulfuric acid; carrier flow rate, 0.5 ml/min; Ru(bpy)s®" solution

flow rate, 0.3 ml/min.
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Fig. 59: Absorption spectra for UV irradiated solutions of TPT. Sample: 0.1
mM TPT in water—acetonitrile (1:1, v/v). A sample solution was irradiated

with UV for a given length of time at a batch method.
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Fig. 60: Chromatograms of UV irradiated TPT. Sample: 10 uM, TPT; (e) 0.1
1M, oxalic acid in water—acetonitrile (1:1, v/v). UV irradiation time (batch
method), (a) 0 min, (b) 5 min, (¢) 30 min, (d) 60 min. HPLC conditions:
eluent, 5 mM tetradecyltrimethylammonium bromide in 20 mM phoshoric
acid-acetonitrile (7:3, v/v; pH 3, 6 M NaOH); Ru(bpy)s®"solution, 0.5 mM
Ru(bpy)s®" in 10 mM sulfuric acid; eluent flow rate, 0.5 ml/min; Ru(bpy)s**

solution flow rate, 0.3 ml/min.
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Fig. 61: Effect of the pH on the chemiluminescence intensity for oxalic acid
obtained with FIA. Sample: 1 uM oxalic acid; FIA conditions: carrier, water—
actonitrile (1:1, v/v); Ru(bpy)s®Tsolution, 0.5 mM Ru(bpy)s®" in 10 mM
sulfuric acid; carrier flow rate, 0.5 ml/min; Ru(bpy)s®" solution flow rate, 0.3

ml/min.
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Fig. 62: Effect of the UV irradiation time on the chemiluminescence intensity
for benzene derivatives obtained with FIA. Sample: 10 uM, benzene (H); 10
uM, toluene (O); 10 uM, phenol (e); 10 M, aniline (O); 10 M, nitrobenzene
(#); 10 uM, benzoic acid (o). FIA conditions: carrier, 20 mM phosphoric
acid-methanol (4:6, v/v); Ru(bpy)s”*solution, 0.5 mM Ru(bpy)s®" in 10 mM
sulfuric acid; carrier flow rate, 0.5 ml/min; Ru(bpy)s®" solution flow rate, 0.3

ml/min.
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Fig. 63: Effect of the UV irradiation time on the chemiluminescence intensity
for phenol derivatives obtained with FIA. Sample: 10 M, phenol (e); 10 uM,
catechol (¢); 10 uM, hydroquinon (¢); 10 uM, pyrogallol (O0); 10 uM, (—)-
epicatechin (o); 10 uM, (—)-epigallocatechin gallate (l). FIA conditions are
same as in Fig. 62.
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Table 16: Parameters of calibration graphs and precision values obtained with
HPLC-CL. HPLC conditions: eluent, 20 mM phosphoric acid—methanol (8:2,
v/v); Ru(bpy)s**solution, 0.5 mM Ru(bpy)s®" in 10 mM sulfuric acid; eluent
flow rate, 0.5 ml/min; Ru(bpy)s®" solution flow rate, 0.3 ml/min.

Compound  Linear range / uM 12 D.L. /pmol R.S.D./%*
EGCg 0.1 - 50 0.9999 0.8 2.8
EC 0.1 - 50 0.9997 1.2 3.3

?Six determination at 1 puM.
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Fig. 64: Chromatograms of tea using isocratic elution system with A) CL
detection and B) UV detection. Peak identification: 1, EGCg; 2, EC. HPLC

conditions are same as in Table 16.
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Table 17: Contents of catechins in different teas determined with HPLC—CL.

HPLC conditions are same as in Table 16.

Sample EGCg / uM  EC / uM
Green tea 1 142 £ 3 7+ 5
Green tea 2 299 + 2 119 £ 3
Oolong tea 74+ 3 30 + 4

Values are mean for four determiantion + standard deviation.
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Fig. 65: Chromatograms of tea using gradient elution system with A) CL
detection and B) UV detection. Peak identification: 1, EGCg; 2, EC. HPLC
conditions: eluent, (a) 20 mM phosphoric acid, (b) acetonitrile; eluent flow
rate, 1.0 ml/min; other condtions same as in Table 16. The eluent composition

started at 100 % (a), then linearly increased to 20 % (b) in 40 min.
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Fig. 66: 00000 00. Ru, Ru(bpy)s®" solution; W, waste; P, pump; UVD,

UVdetector; ECR, electrochemical reactor; DP, data processor.
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