BUNSEKI KAGAKU Vol. 56, No. 10, pp. 857-862 (2007)
© 2007 The Japan Society for Analytical Chemistry

X

857

EENBRFEKREREICH T 2 HRILEH O EFMHE

Fd dE-T, Mk 3, b EE!

BRIRIRYE T CoM~ > 7 Y7 ) 7 5 COD JlEHE (CODw,) 1I2B\WT, B4 OFRALEY O 5 O
B ) PR OZALZ Rz Bl A RILEY & T OBPEML 2 0 FHEEN IS E T AL S O 75 %

HROBFRIZAEH L7,

7 x /) — VEIZ CODyy 12 & ) BRI T SR <, FMNIZ7 =/ —VEL

WM EETLRYVFFIIFL YA ZFNT 2= VT —F ) (Triton X-100) BONF TS v OMRIZBWT

b7 2/ = VORRORBATMEND 2 ED5hr o7z, oA T PEFURITE VA O 7RI,
B B GG DO EROMAGDOETHYITE B 2 LA,

i
L) REMRARILEW L T

DRI % T AL MO D HROBEBIC OV T 52 L.

1 & E}

LB EERE (COD) &, AW X 2 KEHEH
DOREZRTRENRIBEDO—DOTH 5. WEITH W HIE
LR, WM, INEREEE 2 E DR X o T COD flid e
BZTHIENMOENT WS, ST, BALOMED?, W
W RO FIACE BV AT 2L 7% B2 T o
LD L. MERETICBT2ES A VEA) T A
(CODyw) BV JISHEICHERAENTE Y, CODy, IS
BOWCHEE, W, 770K R OTEA
) Y IO LD DA VR Y BILEW R &350 %
ERE DS, BTV I — VR OESIERED X 52
B T IS8T A E s T A S ) 74 (COD,) & Mg
L TRV ARIL AT b EIYIZZ v, CODg,
RO &gk # (ToC) WEE w5 2% oMEO A
BN X 2 KEFHEEOMENTRETHLDIHFL, HDH—
HOABILAEWIC X 2 KEHEOIREEL % 5 CODy, 12
B L CHRAL B DAL R % BRI MG 3 5 2 & T
R BEEEE LCHHTE L RERH L2 L2 5,
CODy, 1 & 215 2 OFFEALEY O 53 = O Kad 1L B
HIZBWTHLEETHLEEZEZONS.

HE S, ZHAI X 2KEORAM %GO MFICE
W, CODy, fli & TOC D ILELDS, 7 B B O KHR
ODREOREEHET I2HHFICHETH L LMEL T
5. ZNE TIZ CODw, BEIZBUT BREN R ARILEY
DRI DV TRE SN RDS, Rk UEEE LT
TN TWEYTY,

I E TORZEICB W THM 2 HRILEY & 2 D5

VAT RFEHE FMBA: 020-8550 H FIRIEM T LH 8-
18-33

&2 ALY O HEROBEMEIZ O W TOMEIRR
LRGNV ERs, RFRIZBWTH A OFEILEW DS
R 2 RS L 72 R0 S AL O & R O B
PR DWW THIZE &2 AT o 72, LRI BT 2 G O A BIL &1
D CODwy 12 & B3 RF, < ORERERD 1AL § 5 H
M ARG O3 & ISt % b & BRI ISHEE
T&HZ R EENT.

2 5 74

21 &&E, #HE

— 1 72 BT O CODy, W TITRE XD T D EL
iz, Ko CcOD DMlE Iz, 100C 2B 5
CODy, (JIS K 0102) & [ URIEBT, FEDORWT —F A
Hohsd copDMEREE (> M7 VEHAER HC507 B
7z, REEO CODy, MEIZLELR AR (0.08%
KMnO, /KE) KO B [FeNH(SO,)s* 12H,0 (12.0%),
H.S0, (15.0%), H:;PO. (0.9%), Ag.SO. (0.7%), H.O
(71.4%) OREW 1, TNENIEHRLLE ORI &Y
KAHME L7z, A E BIIZIHE T ZEICEY FI
RERoOW WM E H 7256 L a2l EiiE=NTd 5
CEEMEIDTHLOMEH L.

W DAL EWIE TR TRERD. Lo b oz Hwv
7o, ZZTHEAF UUFIIENROT VP IAFF T LY
FFY VT —5)V (DEO4: A&7 I 7V X8, Bt
Nikkol BL-4SY) MO+ 2744+ F T 2FL Y FTF VIV T —
7V (DEO8: H4 I 7V X8, ¥4  Nikkol BL-8SY)
i, FhZFhzFLyFF4 4 F (EO) WA 4 LOr8
OHGWALEWTH B, F72, K)FFTTFVL U F T T
V7 =)V EZ—F)V (Triton X-100: FEHZER) 1%, EO
HALOFEADY 9.6 DL HHALENTH 5.



858 BUNSEKI
2-2 BITERIE

COD DMI5E T FLAR MW E 218 DO IAETFNRIZHE > THT
57 B 100mL D F—)VE—#—IZBiE (10 mL),
AR (CODMHIZE > T2~20mL), A (I mL) RO
W% ZONERE TIA 728, REKTEBES 31 mL
EL7. To¥—h—ICHRTLE 58, ey BBt
L7z, WSS LG 72 e i & B b e 2 052 L 7.
TEHMITERM LR, E—h—2ERBEISTAL
BRI IO K % ¥ — A — PSR 6 & 3 & BRI A
FHO31ImLIZL72. OO COD iz COD Il % i#
THISE L7z, ARPERE % v 5 BRo 0 Z R I 5
BTHAH. LaL, RFETIAEEYOSHRIZONTONF
Wb WET 272012, BRREZ150555FT
LS EARICOWwT COD MEZE T 72, Ty, —D
DFEFHI D W TR 3 L EORIE % 1T - 72,

3 MR LELR

3:1 COD {& & SMER

2 70— & FEEER O DEOS 122\ T, &b
B 5 0 DWESRMT0~2%x 10 M OFEEHPI O CcOD
ZMWEL, MERZER L. So5h2RERITVTRY
B (MR 1.000 (A7 a—2), 0.995
(DEO8)} #/RL72. ZOZ EIFME LR TOS
IRRDP - ETHDIILERLTVAD.

RIfge TG e L-ERILAW® coD %, ThZho
LB DR D BT BB 720\ E TR 2 281 (1,
2, 3, 4, 54) IHTMWELZ. ARILEWORE,
RFINRYE Y ANVA VS M) oA (SDBS), Tilk N
TYIVF b)Y L (SDS) KUET 4 73 ¥ (Zeph) L
Fhdix10 "M E Lz, WEkrFr Iy 7 IRy F
Vi, (CeHpOs) OHALELT1IX10 'MERD LI

L7z. SDBS, SDS KU Zeph IZ DWW TIZEMF DL E
AL WD, 1x10 °M& L. HohEREE

Table 1 IZ/R7.

COD DEIX S T D THERIC & > TRAEZ -0 HEHC
LB OSROBREEZ R L T v, £ TENRELD
ALEMHSEEN R L 7234 O COD Ol &l el &
DHZEE > THMRERD. 22 THHMIZ, H12I1E
DEOS8 (1.000 X 10 *M) TIZRD X I il TRD SN
%. DEOS OAL/MAEDORIGKIER (1) DX HIcke 5.

CosHz500 + 38 Oy — 28 COy + 29 Hy,O (1)
145 ® DEOS Z & 57201238 571D Os %
%9 5. DEOS DIRED HIZE L mg L' HALIZHE T 5
L,

KAGAKU Vol. 56 (2007)
38 X 32.00 g mol ' X 1.000 X 10" ' mmol L.

=121.6 mg L'
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Table 1 COD valure and decomposition ratio of organic compounds
Theoretical COD valure D o .
Compounds for complete ecomposition time/min
I -1
decompsition/mg L 1 9 3 4 5
Surfactant
DEO4 89.45 COD/mg L 2.29+0.19 3.45 £ 0.15 4.89 +0.34 7.01 £0.51 9.17+0.15
(0.998 X 10~ M) decomposition ratio, % 2.56 3.86 5.47 7.84 10.25
DEO8 122.66 COD/mg L 415 0.11 6.03 = 0.06 11.03 = 0.45 16.03£0.67 2213 £0.83
(1.008 X 10~ M) decomposition ratio, % 3.38 492 8.99 13.07 18.04
Triton X-100 136.67 COD/mg L 22.37 +0.25 24.40 = 0.36 27.27+0.59 3717157  44.07 £0.67
(0.993 10" M) decomposition ratio, % 16.37 17.85 19.95 27.20 32.25
Sodium dodecylbenzenesulfonate 8.09 COD/mg L' 0.15+0.03 0.23 £0.03 0.18 £0.07 0.36 = 0.09 0.35+0.18
(1.001 X 10" M) decomposition ratio, % 1.85 2.84 2.23 4.45 4.33
Sodium n-dodecyl sulfate 5.65 COD/mg L 0.02 = 0.03 0.05=0.01 0.05 = 0.04 0.11+0.08 0.28 = 0.06
(0.995 X 10" M) decomposition ratio, % 0.35 0.88 0.88 1.95 4.95
Sodium laurate 54.86 COD/mg L 0.11+0.15 0.10 £ 0.04 0.13 = 0.06 0.19 £ 0.16 0.17 £0.06
(1.009 X 10 M) decomposition ratio, % 0.20 0.18 0.24 0.35 0.31
Tetra-n-propylammonium bromide 63.68 COD/mg L™ 0.69 £0.11 1.17 £0.06 1.69 £0.09 225 £0.03 2.76 £ 0.12
(0.995 x 10~ M) decomposition ratio, % 1.08 1.84 2.65 3.53 4.33
Zephiramine ) 10.97 COD/mg L 0.00 = 0.03 0.03 = 0.05 0.15+0.14 0.04 = 0.04 0.02 = 0.06
(0.994 X 10 " M) decomposition ratio, % 0.00 0.27 1.37 0.36 0.18
Simple organic compound
PEG200 37.02 COD/mg L 2.02 +0.07 3.59 = 0.09 5.32 +£0.10 9.68+0.94  12.60 =2.35
(1.119 x 107" M) decomposition ratio, % 5.46 9.70 14.37 26.15 34.04
PEG400 70.12 COD/mg L 2.92+0.22 498 £0.08 9.40 £0.28 17.17£2.08  27.80 = 3.30
(1.012 X 10 M) decomposition ratio, % 4.16 7.10 13.41 24.49 39.65
Phenol 22.54 COD/mg L 19.60 = 0.36 19.63 £ 0.12 19.43+0.29  20.13+0.35  19.60 £0.17
(1.006 X 10~ M) decomposition ratio, % 86.96 87.09 86.20 89.31 86.96
p-Cresol 27.15 COD/mg L 17.17 £ 0.06 17.48 £0.35 18.20 = 0.56 1833046 18.77%0.31
(0.998 X 10~ M) decomposition ratio, % 63.24 64.38 67.03 67.51 69.13
p-Nitrophenol 21.62 COD/mg L 20.07 +£0.12 20.27 = 0.40 20.37+0.12 2033025 21.13£0.55
(1.001 X 10~ * M) decomposition ratio, % 92.82 93.74 94.21 94.02 97.72
Sodium benzenesulfonate 23.15 COD/mg L 0.00 = 0.06 0.00 = 0.03 0.00 = 0.06 0.01 =0.06 0.04 = 0.05
(0.998 x 10" M) decomposition ratio, % 0.00 0.00 0.00 0.04 0.17
1-Heptanol 39.07 COD/mg L 0.35 = 0.05 0.39 £ 0.03 0.54 = 0.06 0.50 = 0.02 0.61 £0.15
(1.163 X 107 M) decomposition ratio, % 0.90 1.00 1.38 1.28 1.56
Carbonhydrate
D-Glucose 19.24 COD/mg L 6.10 = 0.40 9.35+0.24 10.64 = 0.30 11.23+0.24  11.33£0.26
(1.002 X 10" M) decomposition ratio, % 31.70 48.60 55.30 58.37 58.89
Sucrose 38.36 COD/mg L 9.65 = 1.05 17.63 £ 1.46 21.33+0.93  2327£0.35 2448 £0.84
(0.999 x 10" M) decomposition ratio, % 25.16 45.96 55.60 60.66 63.82
Starch, soluble 19.18 COD/mg L 1.30 £ 0.61 291 +0.38 6.08 = 0.42 897+0.52  10.23£0.92
(0.999 X 10~ * M) decomposition ratio, % 6.78 15.17 31.70 46.77 53.34
Amylopectin 19.28 COD/mg L 1.82 £0.09 3.23+0.14 5.56 £ 0.71 845£0.06  10.07 £0.45
(1.004 x 107" M) decomposition ratio, % 9.44 16.75 28.84 43.83 52.23
Amino acid
Tyr 35.71 COD/mg L 22.10 = 0.50 23.13 £0.85 2430 +0.50 2530 £0.50  25.10 £0.71
(0.992 X 10~ M) decomposition ratio, % 61.88 64.77 68.04 70.84 70.28
The error is standard deviation.
& 31% LILBWE o7z, L722557C, CODy, ETIEAR 3:3 FREEMUHORHEE

BRI D ALK FZIRIT 3% T & BA%, BIMRALKIR 2501
EKREPRDENEEZ BN,

Table 1 2*5BA F VRO A+ > o G HE#R
OWTIRWIN G FREIMEL, 545 TH 5% T L%
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Table 2 Decomposition ratio (%) of non-ionic sur-
factants estimated from those for its frag-
ment molecules

Decomposition time/min

Compounds

1 2 3 4 5
DEO4, calc 2.48 4.03 5.90 9.94 12.87
DEOS, calc 2.59 4.17 7.63 13.34 21.36
Triton X-100, calc 1575 17.45 2098 27.67 35.95

RENTVRVOIIX L, RUFF T TFLROIEAF
MR YER O 5 ER X 5 DR T 10~ 30% F
ETHY, HRBICENZ E29550 5. FEA F » WRmE
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5 5 COSHRFIEIEA F+ ¥ T E R O HC Triton X-
100 25 b R o TV 5.

A F YR TIE R O R GRS 5720, Theth
O FE G VER 53 O R\ FH L o LAl 2 AL &8 0 451
e T, REGEAOSFEOMHELRY I 21—V g
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YEVE, EO8 (EOTHE 96) oMb EEZSBT
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LIENNETHILLEEZ LN,
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7 3 /D% {1F CODy, ETIEFE S T WD, 1-
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Gly), 77 =" (Ala), 1Y ¥ (Ser), -7 ==)V7T
5= (Phe) KU 1-FT¥ ¥ (Tyr) ® COD MWED S5
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Table 3 COD valure and decomposition ratio of amino acid

Theoretical COD value

Amino acid for complete Experimental results
decompsition/mg L'

Gly 10.65 COD/mg L™" 0.26 +0.16
(1.024 X 10~ M) decomposition ratio, % 2.44

Ala 14.88 COD/mg L' 0.27 = 0.20
(0.979 X 10" M) decomposition ratio, % 1.81

Ser 18.72 COD/mg L' 1.84 £ 0.16
(1.009 X 107" M) decomposition ratio, % 13.41

Phe 37.19 COD/mg L 3.38 £ 0.26
(0.989 % 107" M) decomposition ratio, % 9.09

Tyr 35.71 COD/mg L™ 25.10 = 0.71
(0.992 X 10~ M) decomposition ratio, % 70.28

The error is standard deviation.

WRBIEDPH DTN EIPTHY, Tyr OFHTIET
= ) = VIR DHER DR3P RELFG LT EE R
CYOZR

4 B
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fEENRT V., HFNICT7 ) — VRPN A HT 5
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WCORBOIHRL, ARILEWOHRICKE LB xS
ZALMRATORER EOMAEERT A L0E TN
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Chemical Oxygen Demand Measurement
Yoichi KikucHI', Satomi Kakizakr' and Rie Koizumr'

! Laboratory of Chemistry, Faculty of Education, Iwate University, 3- 18- 33, Ueda, Morioka-shi, Iwate 020 - 8550
(Received 19 March 2007, Accepted 2 July 2007)

The decomposition ratio of various organic compounds in chemical oxygen demand measure-
ments using potassium permanganate (CODyu) was studied as a function of the decomposition
time. We focused on the relationship between decomposition behaviors of organic compound
including simple compounds as a partial structure and those of these simple organic com-
pounds. The decomposition ratio of phenols by the CODy, method was comparatively high for
a short decomposition time. The phenol moiety in Triton X-100 and tyrosine was decomposed
as well as phenol. The decomposition behaviors of non-ionic surfactants were successfully
explained based on those of simple organic compounds. As mentioned above, the relationship
between the decomposition ratio of simple organic compounds and that of organic compounds
including these simple organic compounds as a partial structure was revealed.

Keywords : COD; potassium permanganate ; decomposition ratio of organic compounds; non-
ionic surfactant.



