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Kinji Smimapa : Chemical and biological characteristics of
Chlorinated organic compounds in spent
kraft bleaching liquors
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Tablel. E QO ER T ICHEEI N LK D

Identified compounds in bleachery effluents’?,

Acidic compounds

Phenolic compounds

Neutral compounds

Formic acid

Acetic acid
Dichloropropropenoic acid
Trichlorobutenoic acid
Arachidic acid*

Behenic acid*

Linoleic acid*

Linolenic acid*

Oleic acid*

Palmitic acid

Stearic acid
Dichlorostearic acid

9, 10-Epoxystearic acid
3-Hydroxypropanoic acid
Glyceric acid

3, 4-Dihydroxybutanoic acid
Erythronic acid
3-Deoxythreopentonic acid
Arabinoic acid
-Glucoisosaccaric acid
Oxalic acid

Malonic acid

Succinic acid

Tartaric acid
Hydroxysuccinic acid
Fumaric acid
Chlorofumaric acid

4-Chlorophenol

2, 4, 6-Trichlorophenol

2, 3, 4, 6-Tetrachlorophenol
Pentachlorophenol

Dichlorocatechol (isomers)
Trichlorocatechol (isomers)
Tetrachlorocatechol

Chloroguaiacol

Dichloroguaiacol (isomers)
Trichloroguaiacol (isomers)
Tetrachloroguaiacol
6-Chlorovanillin

5, 6-Dichlorovanillin
Dichlorovanillin

Trichlorovanillin

3, 5-Dichloro-4-benzaldehyde
Chloroprotocatechualdehyde
Dichloroprotocatechualdehyde
Chlorosyringaldehyde**
Dichlorosyringaldehyde**

Chloro-1, 2, 3-trihydroxybenzene**
Dichloro-1, 2, 3-trihydroxybenzene**
Trichloro-1, 2, 3-trihdroxybenzene**
Chloro-1, 2, 4-trihydroxybenzene™*
Dichloro-1, 2, 4&-trihydroxybenzene¥*
Trichloro-1, 2, 4~trihydroxybenzene**
3, 4, 5-Trichlorosyringol**

Arabinose (anhydro sugar)
Xylose (anhydro sugar)
Glucose (anhydro sugar)
Mannose (anhydro sugar)
Methanol

Chloro-1-(2-hydroxy)-isopropyl-4-methyl

benzene

1, 3-Dichloro-2-propanol
Glyoxal

Acetaldehyde
Chloroacetaldehyde
Dichloroacetaldehyde
2-Chloropropenal
Chlorobutenal
Chlorobenzaldehyde
Dichlorobenzaldehyde
Chloroacetone

1, 3-Dichloroacetone

1, 1, 3-Trichloroacetone

1,1, 3, 3-Tetrachloroacetone
Pentachloroacetone
Hexachloroacetone
2-Butenone
Trichlorocyclopropanone
Trichlorocyclobutenone
Dichlorocyclopentene-1, 2-dione
Dichloro-1, 2-benzoquinone
Tetrachloro-1, 2-benzoquinone
Dichloroacetic acid methlester
Trichloroacetic acid ethylester
Dichloromethane

Chloroform
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Table 1. (23 %) (Continued)

Acidic compounds

Phenolic compounds

Neutral compounds

Maleic acid

Chloromaleic acid
3-Chloromuconic acid

Chloro-3, 4-hydroxybenzoic acid
Dichloro-4-hydroxybenzoic acid
Chlorovanillic acid
Dichlorovanillic acid
Dichlorosyringic acid**
Chloromethoxyprotocatechuic acid
Chloro-2-thiophenic acid
Abietic acid

Dehydroabietic acid
Chlorodehydroabietic acid
Dichloroabietic acid
Dihydroabietic acid

Isopimaric acid*

Pimaric acid*

Palustric acid*

Dichloroacetosytingone**

Dichloro-1, 2-dihydroxy 3-methoxybenzene**
Chloro-3, 4~dihydroxypropiophenone
Dichloro-3, 4-dihydroxypropiophenone
Chloropropioguaiacone

6~Chlorovanillyl alcohol

Dichlorovanillyl alcohol (isomers)
Trichlorovanillyl alcohol

Dichloroconiferyl alcohol
Trichlorodehydroconiferyl alcohol

Carbon tetrachloride
Bromodichloromethane
Dibromochloromethane

1, 2-Dichloroethane*

1, 1, 1-Trichloroethane*
Trichloroethene

Tetrachloropropene (isomers)
Dichloropropadiene
Trichlorobutatriene

Methyl chlorobutene
Tetrachlorocycropentadien
Hexachlorohexatriene

Toluene*

Chlorobenzene

Dichlorobenzene

Tetrachlorobenzene
1-Isopropyl-4-methylbenzene (cymene)
Chloro-1-isopropyl-4-methyl benzene
Calamenene**

Chlorocalamenene**
Chlorodimethylpropyldihydronaphtalene**
Dichlorodimethoxypropylnaphthalene**
Terpens*

Chlorotrimrthoxybenzene
Trichlorotrimrthoxybenzene

1, 1-Dichlorodimethoxysulfone

1, 1, 3-Trichlorodimethoxysulfone
Trichlorothiophene
Tetrachlorothiophene
Dichloro-2-formyl-thiophene
Trichloro-2-formyl-thiophene
2-Acetyltrichlorothiophene
Dichloro-2-propionylthiophene

Note) * Identified in total mill effluents.

** Identified in spent bleach liquors from hard wood kraft pulp.
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Table 2. 8 B % #

Bleaching condition.

Chlorination Caustic Chlorine dioxide
extraction (E) treatment (D)

Pulp sample® (gr) 100 —_— —
Chlorine (%)®° 3.6 — —
NaOH (%)* — 2.5 —

ClO, (%) — — 1.0
Consistency (%) 4 6

Time (hr) 1 1 2
Temp (4(®)] 20—23 70 70

Final (pH) 1.8 9.7 2.1

Pulp yield (%) NDs NDs 96.5
TOS (gr) 1.1 1.8 0.4

Note) a: Beech wood kraft, Kappaa no., 18.6.
b : Based on amount of oven-dried pulp.
¢ : ND : not detected.

H=), 16% (7 F), ¥t 4 RE  170+2°C, FEEER @ 90 43) 27V, EERHERIIEECE
KED, BBHERBED o7 (Kappa i 18~60) 2 I U1z, N7 I2R#EE, 1040y FR7 ) —VTH
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1976 ick -1,
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Table 2 ITRTHRBIC UIe DS 1o, ZERLIEFKIZ Carvert O FE®ICL VM L7, C, D BT
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using Ultrafiltration and adsorbed chromatography.

{
5.0 LCIz—dosage, 120% of demand #
— o— Buna
--- & ——Akamatsu

4.6 F

4.0k A
o
3 35}
=
[=]
3
o 3.0Fp
©
a
R
%) L
8 2.5
o4
fog
Q
2 zof
<O
Lol
o
H
w 1.5F
X
=1
=
=]
= 1.0¢

0.5

"D
. N . )
Q 10 20 30 40 50 60 70

Kappa number of pulp

Fig. 5. BEARRKOABBRIKS (TOC) &
7@ Kappa ik OEZR
Relationship between Kappa number
of pulp and total organic carbon
(TOC) in bleaching spent liquors.
Note) C: spent chlorination liquor.
E : spent caustic extraction liquor.
D : chlorine dioxide treatment liquor,

V=T Y /M 500ml K, £A4 VYT 4nE—
10T ; #ESTE 10000) THEE L, BATH
BB LTV 3 ES TS B I URIERET S
7e¥, hu—7 48— (T 1avil, HIP10;
SYEST-R 10000) THEN L, BAFEICE AT
DONIB B ETHEL, ZORSTFRIIH
Mgk, BRICLEM1g%2 10mlio X Fv
oy VFIIERL, Rz-Fr QD) hiciE
HEBLTES, LB EREOIE L, Gl
—FNTHRER, HEERLUL (H). RA2B
BEEXUBEREEGbELBEEFIRANT A
(8.5¢ X100cm) [ HHE L 7 HMBEOARBEEH
Amberite XAD-4/2 (1:1) (100m/) Z@BE
BECERED, MBCHEINEOREY SR
EYCAEE LT, MR A s EE LT
B LT SRR T, BREEER LM, BER
0.1%NaOH-# % / — (200 ml) Ty L(L),
* &/ —EERCNE DHS KL, =Frx
— F VT AU TES T (L) 258 L 70,
Fig. 4 It ORBEER L 72,

W2l R EER

1 A#Y =R

TFELCT A VM 77 P EARKTICHE
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Relationship between totol organic
chlorine (TOCI) and total organic
carbon (TOC) in spent chlorination
liquors of Buna and Akamatsu.

— 12 — HRELRBHAERE $H3405
3.0y
» Buna
4 Akamatsu
2.5
20pF
a
3
a
5 156p
ke
&
o
L0
N 1.0p4
o3
o
}—
0.5
0 1 1 1 1 ] i
0] 10 20 30 40 50 60 70
Kappa number of pulp
Fig. 6. »v7® Kappa & EAREKRST O
AFRIEE (TOC) & &L 0B&
Relationship between Kappa number of pulp and total
organic chlorine (TOCI) in the spent chlorination liquor.
Note) Cl;-dosage, 1209% of demand.
3.0 Table 3. FEARERKDD TOC L7
O Buna -
& Akamatsu Kappa fli& O BLR
Relationship between total organic
’ carbone (TOC) and Kappa number
of pulps in each spent bleaching
liquors.
2.0k
a -
c liquor a b c
3
E C 0.018 0. 270 0,953
R 1ot E 0,069 | —0.464 | 0,998
‘é D 0.017 —0, 261 0. 960
C+E-+D 0.087 —0.005 0,981
o Note) Y :TOC, X :Kappa number.
Cl; dosage : 120% of demand.
Q ]
9] 5 7.0
TOCt(% based on pulp)
Fig. 7. HAREKMOEAKKRE (TOC) &
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MUTHW2EBRHE (TOC LT & W7 HOBEY 7= vBEOBFEE Fig. 5 KR L, FEHL
BEEED TOC &7 @ Kappa i DRI, —ELBEEHTCLET 5 & hHIBRICHD, i,
E>C>D QI cHBYBROBOBED S, TOHIEIITFES9:33: 8 &R, 90% M LoHE#YIZ
C, EIIER LT, ¥R L85, TOCR 7D /= vBiREALTHEML, 0®F
HRERRICENTHICEZFCED SN, SIBORNICI 3EEYMBOZEIZNBERTRERD O
2, C,E,DOREWTHIT L L, 20ERDLTHITH -1,

ARYOREFIIERMEME LTHER LTS, Fig. 6 BXU 7 K CEEHMOLFRIERE (TOCD)
Esov7m Kappa ik X UBERD TOC LB FEENENR LI, TOCl i3 TOC &M@k, BEY 7
=y BIRWFA L TESRICEM L7z, TOC & TOCI OREId C BRICOA—EDHEMNED LH T
3, CHOORRIANVTHOREY) 7= VB L, BEERPCERLT2EBRYETFRULESCLZR
LT3, Table 3 ic&EE#RD TOC(Y) & Kappa ffi (X) BoBEELERL):, T/, C,E,DEA
BEROLFBHE (TOS) & TOC oOfficid Fig. 8 K RnTHARNAD Oh, ERREBILFERYON
50% % 5T,

B & 0 BRI CHEMB XN 3RS RRNESTFROYETH 5, Table 4T A=Y OEEH
BEE,DS n-~FH Y, TFNI-—FUBIUEBRIFVCLIZBZRBLEER L. T, HRO—
#% Fig. 9ICR Uiz, n-~FH VHBHEROTE ) F=v, v 7 EBOmBERR SR, RiEmLY
D—EHY 7= v MEMICHRT L EER LTINS, HBPORBRI SV IIE LG 2.2%, TOS &
T 32% 2R LT, B ORMUERHIKEE THRNES TR THS S LiEES i, Y

104+

TOS % based on pulp

L b 1 ] I

0 1 2 3 4 5

TOC % based on pulp
Fig. 8. EHEKhOLBRIRE (TOC) &

LY (TOS) BLOBR

Relationship between total organic carbon (TOC) and total
organic substance (TOS) in the bleaching spent liguors.
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Table 4. TA=YM» NT 7 57 VEBREP LD i-~FH 2V, TFNVI—FTN
BLUBBR T F LOZRMTYE
Organic extracts from Akamatsu kraft bleaching spent
liquors by successive extraction with n-hexane, ethyl
ether and ethyl acetate.
Sample n-Hexane Ethyl ether Ethyl acetate Total
liquor % % %
1 0.03 ¢ 0.34) 0.41 ( 4.66) 0.83 ( 9.43) 1,27 (14.43)
c I 0.03 ( 0.42) 0.32 ( 4.51) 0.39 ( 5.49) 0.74 (10, 42)
il 0.02 ( 0.45) 0.22 ( 5.00) 0.20 { 4.55) 0.45 (10.23)
Av 0.03 ( 0.40) 0.32 ( 4.73) 0.47 ( 6,94) 0.82 (12.11)
I 0,03 ( 0.34) 0.33 ( 3.75) 0.94 (10.68) 1.30 (14,77)
E I 0.04 { 0.56) 0.28 ( 3.94) 0,43 ( 6,06) 0.75 (10.56)
i} 0.03 ( 0.68) 0.19 ( 4.32) 0.19 ( 4.32) 0.41 ( 9.32)
Av 0.03 ( 0.49) 0.27 ( 3.99) 0.52 ( 7.68) 0.82 (12.11)
I 0,03 ( 0.34) 0.22 ( 2.50) 0.58 ( 6.59) 0,83 ( 9.43)
D I 0.03 ( 0.42) 0.20 ( 2.88) 0.29 ( 4.08) 0.52 ( 7.32)
m 0.03 ( 0.68) 0.16 ( 3.64) 0.10 ( 2.27) 0.29 ( 6.59)
Av 0.03 ( 0.44) 0.19 ( 2.90) 0.32 ( 4.73) 0.55 ( 8,12)
1 0.09 ( 1.02) 0.96 (10.91) 2.35 (26.70) 3.40 (38.64)
Total )i 0.10 ( 1.40) 0.80 (11.27) 1,11 (15,63) 2,01 (28.31)
0.08 ( 1.81) 0.57 (12.95) 0.49 (11.14) 1.14 (25,91)
Av 0.09 ( 1.33) 0.78 (11.52) 1.32 (19.50) 2,18 (32.20)
Note) 1 : Kappa number 57, TOS 8.8, I : Kappa number 40, TOS 7.1,
Il : Kappa number 25, TOS 4.4.
C : Spent chlorination liquor, E: Caustic extraction liquor.
D : Chlorine dioxide treatment liquor.
( ):%, based on TOS.
Table 5. 7+#, w77 37 M ERBEEIOIBRASPBBLUOREZ o= b
7574 —THHLIE7 5 7 v a YOLESE
Elemental analysis of the fraction (H, L;, M ; Buna pulp
spent bleaching liquor) obtained by ultrafiltration and
adsorption chromatography.
Yield (%) Elemental Analysis
Fraction
12 ot C H Cl
H 1,66 47,82 48, 4 4,8 12,2
Ly 0.28 8,10 —_ — —
M 0.97 33,27 38.0 4,1 6.2

Note) a: based on pulp (Kappa no. 18.6).

b : based on TOS, Ash:H;1l.9%, M;3.2%.
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1.0p
g C o
o E RE
A D s
I’ ,n
0.8} ;S
----~ gthyl acetate K
-ethyl| ether S

— == n-hexane S

0.6

0.4}

0.2

Amount of extract (% based on pulp)

20 30 40 50 60
Kappa number of pulp
Fig. 9. 7H=v#s 57 ' EARKRP LD, a-~+4 v,
ITFNIZ—-TIWBLIUESRTF viiBHEE v
Kappa ffi& O EF
Relationship between Kappa number of pulp and the amount

of n-hexane. ethylether and ethyl acetate extracts from each
bleaching stage liquor (Akamatsu).

AEBE-RANCER LB RIKE, RIGKEFERS LCHRBENEEN 199, HBEEIN v
7°0.09% (TOS H7=0 1.3%) T, V7=V EOEEBILTP >, BRPORERKN 10 ppm TKE
i Gppm)w EEZ ZEMFIL LT, =—FVANELRIE TOS 0¥ 129 T, Y /= vEick
FILTHEML CERICERORMBENR SN, BRI F VIRBEIERRICE 4EN, §Y 7=
NTICENRBBEER LT,

2) BERHOITH

EHERETE 3T ENMCHE, EBT A7), GATBIUVESTRSZHRNCHT 2FHRE
LT, B4, BES a< 777 1 — (Amberite XAD) HAHE L HEERIT Uico BEHLE
e 50— R LAl { DR H5h 2100108,

THMOZREEERE Fig. 41K -7, LM BXU Il 77 7 ¥ a vHO T — 57 VHEEE) T4
Bl & FDENENOTESTEZE Table 5 IR U, MmATHO H RBRT2EREALFV Y 7=
VICGEOERMEBER LTS, Fig. 10ic&C, EBXUDEREH,M, LIKARLLLEDET 57 v
2 VOEE Kappa i DBEFEERLI, H7 57 Y3 VIICERET 30% Tk TH -0, E
BRI T3 50~60% ICHA LTz, %/, COHT 57 a VIR F=vr n7h b BIETE NI,

AEBMCEDIHBLU L 0EG L v ho ) /= vyEEOBEE Fig. 11 KR LU, FIERY
7=V BOEMCE - T35 5 50% IKEinLicoicdtL, BERNSBO—EEER LK,
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3.0
HZA
L 2]
2.5} M1 i
P R0
%
[5) —
e . ool 1 Fie 10, sEmasEmbcmn
$ ) TEEAOHTFRA
§ 1.5} B o°0° - Distribution of total organic
2 va0e PEIW carbon (TOC) within the
% 7— / different relative molecular
_3_ 1.0p me / mass fraction in spent chlo-
£ / oo rination(C). alkali extraction
= % %‘33 (E) and chlorine dioxide tr-
0.5 Sa00 9ge ~ eatment (D) liquors.
o551 / ?é Note) H, L, M : see Fig. 1,
/ £ é R : adsorbed part with
0 I Amberite XAD-4/2,
oI 11 I .
¢ £ b C4E4D I : Kappa number 18.6.
I : Kappa numaer 36.0.
50 ( P
./
S _—"Tir0s
5 40 [ J
o ./
= -
o
=
] 301
)
z
<
T 20}
&
2 Fig. 11. EHERMOLFBRYICHTS
< 1o o o -~ BT ICELTFORE L
o 0
Li/TOS 7" Kappa fli& OB
| \ . , Relationship between Kappa number
o 0 20 30 20 50 of pulp and the ratio of H and L; to

KAPPA NUMBER

total organic substance (TOS).

FHETHBEIN RS BRBENEMZRBO D EESDE N, £, SEOEEPHHREELE

L LW HESRD S hiz,

®3E By FH S

BRTDEZIFERATH 5 n-~FH+ VBLU T F Lz —Fuiiiiyhee og8ER Lm0 HEE
ZOWTHHT Uiz, £/, 2R SOREFICOVTHETOBRET 72,

FT1H = B
n & i

FEDEERMG), 6) DHMBEHEER L, MHEEI 2 @EIEDOLDT, 100STBHLTS, #R7
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nw b7 ALRKEHNOE -7 DEDONITNSBOEMER Ui,

@ & %

SIEFREL ORPICSER L oh, ELRARUTOLEDTH S, MMKRKIER, KDRMERXE
THL/B0IC L, TRThKE, PECH OV Y AV VERHA LIS 7 2 2B U OETHICBERR
Lco THOLOMEBBHROT /A 2 ik 2 FFERFIT, E7: Bis-TMS-Tw b7 <4 FickD
TMS FEEF gL, ¥R/ <77 (B GC-5A) BX U GC-MS(IMS-D 300) TH#T L7z,
IS OFEBEDFEITE LD (TR »Too BT LTI 3 %0OV-17 on Gaschrom Q(100~120 mesh) %
FHELIH T A H 7 & (2mmX200cm) R, 77 AEE 100~280°C (FiR 5°C/min) T 4T L
fro TRANY P AVEIEDS A VLBER 75eV &L, NMR SMTiRBEAETF NMR 222 b oy —
#— (JNM-FX 100) %R L7,

@8 FIVHLET = = (PCB) DT

BAEE#HE PCB MRS IKHE, TH <Y CEERE 95 (Kappa ffi 18~60; 10 @ -~
VI E S ) -y T v TRE (V) ASMEBRTT7 0 ) ONA T Ay 0T b 5T 4 =) R0, Bil
#AE KD ZEIC X 2BfE%, ECD-GC (BTHBERBRLBATR /o< r7570-) THIT LI, ¥
7o, THALE 7 = = VIBIO GIROD K DT 1o 7V =V T v THE-~F ¥ Y IHBEEZERREE L,
RIELT v F ey (SbCl) % 0.5ml MATHEL, 220°C T 1hr MEAEEE Ui, O TRIGAER
eV EVIRIERL, 10% BEAMS X OREKTHRR®RERL, ECD-GC wTahir L, AURE%E
PCB & (KC-500) iIc20THIT, o UoTHIy 7 « = VvBREREE BN TR LckER S I
L7, h7aiid OV-17(1.5%) BLU QF-1(1,9%) on Chromosorb W 2FEHE LI HFF AN T &
(2mmx300cm) ZHEHL, 77 LBEIZ200CEL, #+ ) ¥—FRCBEMESEERY, HiE S0
mi/min THIF L7,

@) WMEEEICLLER

REREREYE (IS) & LT n-Octacosane (0.2mg) Z—EBOMLHICHEM LI, 20O IS itHd 5
HIRS DL Kd - ¢ Veratrol 1. 10, Methylstearate 1.25, Trichloro-3, 4, 5-trimethoxy-
benzene 3.30, TN EhERT ) - OHEFHEILEY, BUHR FEERERLEYOT-—/EEMEICCH
COMERPERUTER L, ¥—/HEBRERA V77 —4— (TG4 AX) TREL,

B EROEK

(a) A AL Vanillin, Vanillic acid

5-Chlorovanillin, 6-Chlorovanillin & X ¥ 5,6-Dichlorovanillin {3 Rarworp &OFHWO iTHE - T
AR LT, BAERERENZN, 162—164°C, 166—168°C 3 L1F 191—194°C (GTEREN? 163°C, 167
—168°C, 191—192°C) TH b, ThoDLEMIIMSY® B LT NMR X7 P VvOSERDP S b,
ENENHEINI, T, TAODTAFE FEDAVEF VVEANDOERIIBRLEE X HT0,
AFMEBEIUTMS LFEEEDGC-MS A7 bV KRR LT,

(b) #EF AL Guaiacol

Guaiacol #DEE/IHIT Guaiacol, Vanillylalcohol & X PEF (L Vanillin ZE 1 o kb, &
JEHWEE U T &Kk L7z 5-Chlorovanillylalcohol, 6-Chlorovanillylaleohol 35 Xk ¥ 5,6-Dichlorovanilly-
lalcohol & ¥, Grer HU® L 7F Rocers BV DHEILIE- TAR LI, Tbh b, BEREKRHTE
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HET AHRBRBICHDELFERVEDRREZRML, 5°C DT THAE#LBELLRIEEE, 1~
41 EOERBRAZ ZNENEGR Ui, JUSERBIIEROEZRMMEE LD, v I F VAT aBL
CHERBI/u< 7774 —ThHEE BRELUL, AERBAELUTRARS PVITE 51,

4,5-Dichloroguaiacol : m. p. 70—72 (CCEMENY ; 72~73°C), MS m/z : 196(12), 194(65), 192(M+
100), 181(12), 177(100), 149(39), 183(14), ( ) MIFE— 7 (%) 2RT,

4,5, 6-Trichloroguaiacol : m, p. 110-112°C (CCik{Ei™® ; 110°C), MSm/z : 230(33), 228(100), 226
(M+100), 215(33), 213(100), 211(100), 187(17), 185(39), 183(39), 149(22), 147(33),

Tetrachloroguaiacol : m. p. 126—129°C (CC@Ekfii? ; 128~130°C), MSm/z ; 264(35), 262(73), 260
(M*56), 251(11), 249(48), 247(100), 245(79), 219(40), 217(33), 183(20),

() Zo{boIERLAY

Trichloro-3, 5-dimethoxy-4-hydroxybenzene(Trichlorosyringol) & DX FNT—F v RV ¥
v LS L7 2,6-Dimethoxyphenol 8 X U# D 4 F {4 Grrer 510 OFETEELRE, Kl
Lize BIEIT mup. @ 121,2~122,2°C CCERANS ; 121~122°C), {§:H##f (RT : »-Octacosane 1234
Zi8 ; (0.62, MSm/z ; 256(M+100), 241(M+—15, 76), 213(M+—43, 16), 198(M*—58, 36), NM
R(20% in CDClg) 5 : 5.81 ppm (1 H, singlet, OH), 3.93 ppm (6 H, singlet, OCHs) %% m.p.:
53.6°C (CCERELY ; 54°C), RT :0.55, MSm/z : 270(M+100), 255(M*—15, 68), 277M*—43, 31),
212(M+*—58, 48), NMR (20% in CDCls) 5:3.93 ppm (3 H, singiet, p-OCHs), 3.91ppm (6 H,
singlet, m-OCHg)o LD w277 74 ¥ FEWFH G ERE 3 OB T4V =77 &R
L7z,

Dichloro-3, 4, 5-trimethoxybenzoic acid methylester : 3, 4, 5-Trimethoxybenzoic acid & 15%=
Ty lbR TR A & ) =T A F bk, FREEREICERENL L7, m.p.:68.9°C, RT :0.69, MSm/z:
294 (M*,63), 279 (M*—15, 11), 263 (M*—31, 100), 251 (M*—43, 13), 236 (M*—58, 12), NMR
(20% in C¢Dg) 5 : 3.60 ppm(3 H, singlet, OCH3), 3.48 ppm (6 H, singlet, m-OCHj), 3.42ppm (3
H, singlet, p~OCHjy),

Dichloro-~3, 4, 5-trimethoxybenzophenone & X 8 Dichloro-3, 4, 5-trimethoxybenzaldehyde : 3,4,
5-Trimethoxybenzophenone % 7213 3,4,5-Trimethoxybenzaldehyde @ 5mM % 10m! Y& F+
VICEERL, BBRICIED Uik 10 mM %A, 5°C DIT TR LSS 1hr iR L 10, ERIGH
% 2ml ¥ TRERME, KicECTERTLIEEABL, KR, vVASVAZAZawb
757 4 —-THE L, A7HF  m.p.; 63.5°C, RT : 0.63, MSm/z: 278(M*, 64), 263(M*-—15, 100),
248(M+*—-30, 3), 234(M*—46, 4), NMR(20% in CDCly) ¢ : 3.95ppm(3H, singlet, CHg), %% :
m.p.:76.8—77.6°C, RT :0.65, MSm/z:264 (M*, 100), 263 (M+—1, 48), 249 (M*—15, 64),
221(M*—43, 12), 208(12), 193(22), 178(30), NMR : (20% in CDCls) 5 : 10.39 ppm(1 H, singlet,
CHO), 4.04ppm (3 H, singlet, p-OCHy), 3.91 ppm (6 H, singlet, m-OCHg),

1-(Dichloro-3, 4, 5-trimethoxyphenyl)-1-ethanol : 2 CFE#l L 7= Dichloro-3, 4, 5-trimethoxy-
benzophenone % U8 [ LD RFE/LATHF P O LATETOR L TESN S HIRERYT, RT:
0.76, MSm/z: 280(M*, 40), 265 (M*—15, 100), 249(M*—31, 20), 202(22) TH otz VTHLD
772V AVEERB2 QORENSTA Y b= LT
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Dichloro-3, 4, 5-trimethoyzphenylacetic acid methyl ester : 3, 4, 5-Trimethoxyphenl acetic
acid methyl ester % Gierer S0 DOHFETCHEFELLTHEHM L7z, RT:0.74, MSm/z: 308 (M*,
60), 293(M*—15, 10), 278(M*—43, 8), 249(M~*-59, 100),

1-(Dichloro-3, 4, 5-trimethoxyphenyl)-2-propanone:1-(3, 4, 5-Trimethoxyphenyl)-2-propanone
ZGierer 510 D FETHEF/LUARL ., RT:0.71, MSm/z: 292 (M*, 12), 277 (M*-15, 16),
249(M+—43, 100), 243(M*—58, 17),

Dichloro-3, 4, 5-trimethoxymadelic acid methyl ester : 3, 4, 5-Trimethoxybenzophenone %
BN kO LS L2, RT :0.85, MSm/z: 324(M*, 52), 279(M*—45, 20), 265(M*—59,
100), 249(40), 235(18), 222(60).

BlbE~zb D055, FiA, NMR 227 P LORINTHENMEAESHR, WIhbREREL LU TR
T&TF, TRAI OB ORI

WA KR EEE

1) a-~+4vHHiy

KM DB RCEZT THERT 2ESF RS, v~ VPSR, THATYH VT H
LM L7 C,E, D ZREARKROMILYE Fig. 121t - THBIL, &7 57 v a YORMEHEGC-
MSTREL, Fig. 13 BLUVMUIKE7F /v a VOH A/ a= b/ 5 0%, ¥, Table 6 &7
77vavORBLIERAER LI, INHRVTHOERO TR AR bV EORBD SREL .,

Bleaching spent liquor
(Akamatsu)

n-Hexane Extract
dehydrate with Na,SO,

concentrate to 5 ml
with KD evaporator

evaporate to nearly dryness

Concentrated Extract

Silicagel column chromatography
(column: 150 X 4 mm)

I | L
n-Hexane Benzene Methanol
20 ml 20 ml 20 mi
Fr T Fr II Fr I

Fig. 12. 7h <Y HEARKD n-~+4 vl sk
Separation procedure used for the
bleaching spent liquors of Akamatsu.
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n-Hexane o4l
Fraction 1 c23 l
T
C17 C27
Cl16
c28
c22
C29
C18
Cl15
c21
h} 30 Fig. 13. 7H<YHMEHREKD n-~+
c20 + vihii# (Fraction 1) @
c14 €32 HA7a= 77 4
LA Gas cheromatogram of Fraction I
k L separated from n-hexane extracts
of bleaching spent liquor (Aka-
i 1 1
5 - = ETyT matsu, Kappa no. 25).
) Note) C 14-32: carbon numbers of
Retention time (min.) hydrocarbon,
10
Fraction II
12
15 16 18
____1/7\/\__
8 14 N
11 13 60
k3 L
30 40

Fraction I

(i

10 20 30 40

Retention time (min.)

Fig. 14. 7H~YHBEORERKD n—~+4 v iiE# Fraction IB LTI OAFR7a=w +J 7 4
Gas chromatograms of Fractions II and Il separated from n-hexane extracts of

bleaching spent liquors (Akamatsu, Kappa no. 25)

Note) Condition : glass column : 200 cm %2 mm (ID), Packed : 3% OV-17 on Gaschrom Q (80/100
mesh), Temp. : programed from 100-280°C at 5°C/min.
Peak 1) 2, 4, 6-trichlorophenol, 2) 4, 6-dichlerogunaiacol, 3) 3. 4-dichloroguaiacol, 4) 4 5~
dichloroguaiacol, 5) 3,4, 6-trichloroguaiacol, 6) 3, 4, 5-trichloroguaiacol, 7) tetrachlorogua-
iacol, 8) palmitic acid, 9-10) unknown, 11) trichlorocetecohol, 12) stearic acid, 13) tetrachlo-
rocatecohol, 14-17) unknown, 18) S-sitosterol, 19) unknown, 20) 3,5-dichloro-4-hydroxy-
benzaldehyde, 21) 5-chlorovanillin, 22) 6-chlorovanillin.
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Table 6. TH=UHNT 777 FEAER
D n-~F4 v H MY OREER
Composition of #-hexane extracts
from spent bleaching liquors of

Akamastu pulp.

Fraction | Percent of the Major
no. total extract compounds
1 18.9 Aliphatic
hydrocarbons
1 29,0 Free fatty acids
{Chlorinated
phenols Terpenoid
I 52.1 Polar lipid
Chlorinated
phenolics

777 v a v BIgIHRRIGKEE GRRE 14~
32 TR, FHEESD) BERST, FERRMLK
FREFMICHT LT SN - fe Hill
BB I UREA SV TRHEHOT F VI TR b
o, BHERCKFEROEEIEZT <Y Mick
DBEET ZIRTERKRID BERICBTL
o b @B L URM BRSSO — 57 U TReE
LicbDLHEL, RV EVIEREBOT 72 v
a2 YILIINE 30% T, TksidiER{L Phenol,
Guaiacol, Catechol ¥§, Fatty acid B X
B-Sitosterol TH -tz BED_RART A=Y
BOWDhY s MHKSY Thd, 777 a v
Mit» 2/ —NMEHEBTRG0%% 5D, A7 0
277 ALRBORBOY - LB INT,
FEAEOBUMHEEZEZ ONS, I
D& LT, Parmitic acid, Stearic acid @13
W BoEF#L p-Hydroxybenzaldehyde % X
UL Vanillin OFERED Shicss, Eh
DRIBL DRRIFIIFEER T &2 - 7,

Kappa fi0R1E2 9D TH < vl v s
5B LA CEERD n-~ 4 vHihis PCB 4
WS itk b 7 ) — 7 o SR, ECD-GC
THI LI, £O%E, Fig. 15 KRETXS5kP
C BHBICH { 2D DEST DEAEDED Sl
V7= vBEPICIBARE YT « = VSEDERE
THI DT, INLPEM, EEIET PCB

— 91 —
PCB Standard
KC 400/500(1 : 1), 04ppm
|
i
1
 — 1 1 J
¢] 10 20 30
I
n-Hexane extract
2ppm
e
| !
o] 10 20 30
Retention time (min)

Fig. 156, RYER{Le7 = =0 (PCB) & n-~
FH vl (7T H <y ERAEE
Bk offi rza<w b5 A
Gas chromatograms of polychlorobiphenyl
(PCB: KC-400/500) and n-hexane extracts
(2 ppm)from the spent chlorination liquor
of Akamatsu pulp (Kappa no.. 18.6).
Note) Condition : glass column 300x90.2 cm,
Packing : 1.5% OV-17, 1.9% QF-1on
Chromosorb W, Temp. : 200°C.
Detector : ECD.
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2ERTHHRENS 20EIDERITTIY, AERTVFRVIRED n-~F ¥ v HiileiEHRb
L, £045E% ECD-GC T4 Lic, DR, ‘é‘/\f@;ﬁﬂ’c 1 ppm X1 C Decachlorobiphenyl
(DCB) Wi ¥Nidir -7z, Fig. 16 WEDHHHERT, DT LD, NMVTERDIZY 7=
SOPCBRERLIENTHES D EHEE L, i, 2,4,4-Trichlorophenol [ #-~F4 VHiH#HDOK
IRAMCED S ALt DS, AERICHEEE N L7 Pentachlorophenol(PCP) itwx /o= b/ 57 4 —ickD
BHESED DN T XD -1,

2) =Frxz—FaHits

TR T X OEMUN C,E BEREKO T —F VUSRI i~ 34O 2hERI10ET, 2%
BYIDKI 8 B Th - 1o, S CROHEIILYE # FAbB LT TMS(EERKEL, GC XU GC-
MS Bick DT L1z, Fig. 17 81U Table 7 KA FA{HOH R aw b7 6 LEAES UL 3
EINBHMGOHTFR, ARG, STEBICERMBERLI, B40la0EER ZH 6 D
G CIEHY BRMHIE (RT) Ev2R <7 PREROENS LB U TIT 72, F1, ERIZAHE
BEIRIC K o 1o, HEBERILAHZRLC, ZRODTRRRY MVOBBIC OO T FIGR~R 2,

REABBB LU ZOERMMI P(¥—2)1,3, 6 KB/, P3IM*;170), P6(M*;204) 137
AV N A A VDL, —BIXUZEERBRLEEERETHLLBY oM, VLV FOIVRE Y
NERERBBRFBICBOTA 2EREES DI 2L hd, ASORMRA 2 BRIER(EHLHEE
Lz,

P43 M*210 5L05212, 241274V b =744 % 3:3:1 TRL, m/z195 (M*~15) BLU
167(M* —43) KA A V&R Lo, EREDHED S, 2,4,6-Trichloroanisol L L7, T DS
st Phenol i {bEMAIEMRM ZNED - e,

P12 M*240 (EEH3) BLUEMENA A v & LT m/z225(M*—15), 167(M*—43) ZRL, &
RO 1,3,5-Trichloroveratrol @ = x 227 bvd —FK L7z, TMS {LEE&EOMF T, Tri-
chlorocatechol @ TMS {3t N, P12 B/ 7 vouikmikoERMHEFEE LR, BB,

Standard DCB
N\ Fig. 16. PCB 5 XU n—~ %4 > Hil}
PO ERLMBERY D H =
VA=A A AN
Gaschromatograms of PCB (KC-
500),n-hexane extract chlorinated
by SbCl; and standard decachlor-
| obiphenyl (DCB;1 ppm).
Note) Glass column : 300%0.2 ¢m,
Packing : 1.5% OV-17, 1.9%
QF-1 on Chromosorb W,
Temp. : 200°C, Detector :
ECD. n-hexane extract : 10 mg
obtained from spent chlorina-
_ tion liquor of Akamatsu pulp
0 10 20 30 min (Kappa no., 36).

KC-500

n-Hexane Extract
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Table 7. 73+#/,Sv7y 77 VEARBKRGTO L F v —F A EY R OFEERS
Organic compounds identified in ethyl ether soluble
fraction of beech kraft bleach effluents.
lj’leO.ak Parent Compound gﬁ;rglff:é Formula RT* | M( )b Sg;llcoeglgtr;ltlilgnc
1 | Benzoic acid CeH;COOCH, 0.11 136 120
2 | Unknown — 0.17 — 80
3 | Monochlorobenzoic acid CsH,CICOOCH; 0.21 170(1) 15
4 | 2,4,6-Trichlorophenol CeH:Cl3(OCHg) 0.25 | 210(3) 25
5 | Unknown — 0.28 | 210(2) 60
6 | Dichlorobenzoic acid CeH3sC1:COOCH; 0.32 | 204(2) 80
7 | Unknown — 0.38 | 244(3) 15
8 | Uuknown CeH4(COOCHp)? 0,40 | 194 70
9 | 3, 5-Dichloro-4-hydroxybenzoic | CgHyCla(OCH,)- 0.45 | 234(2) 70
acid (COOCHs)
10 | Trichloroguziacol(isomer) CgHCl13(OH)OCH, 0,47 | 226(3) 35
11 | Dichloro-3, 5-dimethoxy- CsHC1;(OCHg)s 0.48 | 236(2) 50
4-hydroxybenzene .
12 | 1,5, 6-Trichloroguziacol C¢HCl13(OCHg)g 0.49 | 240(3) 480
13 | Trichloro-3, 5-dimethoxy- CeClg(OCHy)s 0.55 | 270(3) 920
4-hydroxybenzene
14 | Unknown — 0.57 | 236 160
15 | Palmitic acid C1sH5COOCH;, 0.61 | 270 80
16 | Peak 13(unmethylated) CeCl3(OH) (OCHg)s | 0.62 | 256(3) 240
17 | Dichloroacetosyringone R-COCH;, 0.63 | 278(2) 220
18 | Unknown — 0.68 | 216 360
19 | Dichlorosyringic acid R-COOCHj4 0.69 | 294(2) 640
20 | 1-(Dichloro-3, 5-dimechoxy-4 R-CH,COCHg 0.71 |292(2) 70
-hydroxyphenyl)-2-propanone
21 | Stearic acid Cy;HgsCOOCHj 0.72 | 298 180
22 | Dichlorohomosyringic acid R-CH,COOCH; 0.74 | 302(2) 100
23 | Trichloroacetosyringone R~COCH.Cl1 0.76 | 312(3) 30
24 | 1-(Dichloro-3, 5-dimethoxy-4 R-CHOHCH;j 0.76 | 280(2) 45
-hydroxyphenyl)-1-ethanol
25 | Unknown R-CH,CHOHCHj3¢ 0.79 | 294(2) 70
26 | Unknown R-COCH,OH* 0.80 | 294(2) —
27 | Dichloro-3, 5S-dimethoxy-4- R-COCOOCH;, 0.82 | 322(2) 150
hydroxyphenylglyoxylic acid
28 | Dichloro-3, 5-dimethoxy-4- R-CHOHCOOCH; 0.85 | 324(2) 440
hydroxymandelic acid
29 | Unknown — 0,83 | 370 400
30 | Unknown — 0.92 | 358 140
31 | n-Octacosane(l. S) — 1.00 — —
Note) a: Retention times were quoted relative to #-octacosane.

b : Molecular weight was determined from molecular ion of the methylated
derivatives by mass spectrometry. Figures in parentheses show the numbers
of chlorine atoms calculated from the relative intensity of each isotope ion.

¢ : Approximate values calculated by multiplying the response factors.
d : Tentacive identification only by mass spectrum.
R-: 2, 6-dichloro-3, 4, 5-trimethoxyphenyl-.
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13

26 29

L H I\

5 10 15 20 25 30 35
RETENTION TIME (MIN.)
Fig. 17. 798072 57 FEHBERD T F VT — FVTEY
(A FNALE) OFRI m= b5 4

Gas Chromatogram of ether soluble fraction (methylated)

obtained from beech kraft bleach effluent.

Note) Condition : glass column 200x0.2 ¢m, Packing : 2% OV-17 on
Gaschrom Q (80/100 mesh), Temp., programed from 100°C to
280°C at 5°C/min. Each peak number was listed in Table 6.

Guaijacol DEZPHEMAD = 2R Z PR DNTIRRETHRNLS,

3,4,5-Trimethoxybenzene QIEF{t#id P11, 13, 16 icAD SNz, P1I(M* 236, HEHK2) 12
3,4, 5-Trimethoxybenzylalcohol Z3ERMB U7 & k4 2 HEBMAEIE—D RT =22~
27 bAI5RL, 1,2-Dichloro-3,4,5-trimethoxybenzene &S#E L7z, P13 3 z—F Ao FER
ST M?2I0CER ¥ 3)%RL, RO ERUL { M*~CHy(m/z 255), M*— (CHg+COJ (in/z 227) i
#7574 Y A K VAR U, CRRARESED.EA 5, Trichloro-3, 4, 5-trimethoxyben-
zene LEELI, BE—FHk 0 TMS (LABKOMES, S, <hid Pyrogallol X HRELAZ DT
75 <, Syringyl HizHR 2K LW St (Fig. 18 ik Syringol # Fau{tHo~ 2 24

FVERLI). ZORSOEEAFESE 2, (@) 3,4,5-Trimethoxybenzaldehyde, (b) 1-(3,4,
5-Trimethoxyphenyl)-l-ethanol, (c) 3,4,5-Trimethoxybenzophenone ¥ k¢ (d) 3,4,5-Tri-
methoxybenzoic acid 2R €12 LI EOBFD Clo ZHMUTERILYT 5 &, RIRERHO—D &
LT <TDEsH & Trichloro-3, 4, 5-trimethoxybenzene DAERKIGFED S, 2D &S, P13
REBHALRFRICOKERE, dLLBINVK=VELETEY ) YEABPOIRELLbD EHEL K,

P17, 19, 23, 26, 27 D<A A7 P IIBEOTEA A Y & LT m/z263 & TA Y +b—F 4%
m/z265BXT267% 1:0.6:0.1 D4 4 viREHLTRUM (Fig. 19-1), P17 (M*278, & 2)
BAR—2AAVELTAFAROBRBCE - TELSE m/2263 252, SRES S OHLED 5 Dichloro-
3,4, 5-trimethoxybenzophencne & [EE L7z (Fig. 20), REEIC P19 13 M* 294, ~—2 A4 #+ ¥ m/z263
(M+*—0OCHjg) %=L, Dichloro-3,4,5-trimethoxybenzoic acid @ » Fa{t#&E%E L7z (Fig. 20),
P2313 M* 312 (ERH3) BIUEEAL & LT CHLl Ofiftic ks m/z263 (M*—49) 52,
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100
al M202
HaCO/<f:>C:_10CH3 187
50h 3 Té|14
78, 129 159
53 HBIJ' | 172 |
0 Lide b Al
0 100 200
100 ‘
187 M"202
o4
HsCO~” OCHs
50 OCH3s 159
129 144
73 o113 || l |
o 1 T /
0 100 200
100
cl M7 236
o]
22
HiCO OCH:s 178 !
50 | 3
s P 198 193
t
i 15 l 147 ‘ 206
o L1l . L1l L IIII L
0 100 200
100
193
cl ci 178
H3CO OCH3
50 b 3
M 236
149
59 73 97 113 221
0 oty | ] |l
0 100 200
100 _
Cl M270
Cl Cl
H3CO OCHs
50 OCHS 255
212
227
195
0 . I il
0 100 200 ME

Fig. 18. i # bt Syringol (X Fit#¥) D=2 2T v
Mass spectra of chlorinated syringol (methylated).
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INTENSITY

+ + +
C=0 CHz HCOH
Cl Cl Cl Cl Cl Cl
HsCO . OCHs H,CO OCHs HsCO OCHs
OCHs OCHs OCHs
I I Jils

Fig. 19. 7+ #0727 57 FVEABEERSO
BRI I TAY M A v

Characteristic fragment ions found in the

mass spectra of chlorinated compounds in

beech kraft bleach efluents.

Note) T :m/e 263, T :m/e 249, and TI : m/e 265.
Each fragment shows chlorine isotope distri-
bution pattern indicative of two chlorine

atoms.
1000 263 gigo
1 Peak 17 : Cl ) o]
. HiCO~0OCH
] i Ochs
] M* 278
O’ Bt \ \ I, n ; . .
50 100 150 200 250 300 350 400
]
1000- M'294
] Peak 19 N Cogcm
] 263 3C00CHs
1 | OCH;
: 277
251 ) 1
O] I . l\ i {I i .
50 100 150 200 250 300 350 400
(;H:C(
1000 €=0 6
Peak 23 S 263 ¥5.0
HsCO™ 0CH; S
Hs M 312
141 ‘
] e e ||
50 100 150 200 250 300 350 400
1000 - COOCH
J‘ Peak 27 |263 o
] | ClCl
. ) H:CO" 2 OCH,
i , | OCH;
Oi B b bt it i il b w[\‘\ I M 322
50 100 150 200 250 300 350 400 M/E

Fig. 20. Type-1 O8NS T 55 AV b4 4 VERT
D<A~y b (Fig. 19, Table7 21)

Mass spectra of chlorinated syringic compounds
showing typical fragment ions (Type-1. see Fig.
19). Each peak number : see Table 7.
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Acetosyringone @ # FLDIEH NI IC X Y ERLT 5 Trichloroacetosyringone @ * Fu{t#& [
—® RT BXU<wz2ZA~RJS bvERLU (Fig.20), P27 3 M+ 322 (E#E¥ 2) T, COOCHs £D «Bf
Zhc Lk B m/z263 (M*—59) OR—RA A4 v H&xL7, <% Dichloro-3,4,5-trimethoxymandelic
acid @ # FALPERK 7 0 ABUCTRILLELS Licl QLEMERE RT SLU w227 b
R U7z 2 &» 5, Dichloro-3,4, 5-trimethoxyphenylglyoxylic acid @ x F ki #EE L1 (Fig.
20),

P HLU 2 ZHEBOEEL 4 v & LT m/z249(100%) &T AV b—74 4 v 251(60%), 253(10
%) 5% 72 (Fig.19-1), M* Reh & m/z292 (EEK2) X308 GEEK2) T, XbHiC
M*—COCHs B &8 M*—COOCH; (ZJFB a5 m/z249 BR—2A4 4 v E LT @EDONI, ARE
mEDREL S, #n£h, 1-(Dichloro-3,4, 5-trimethoxyphenyl)-2-propanone X7 Dichloro-
3, 4, 5-trimethoxyphenyl acetic acid @ x F it FE L1z (Fig.21),

P24 B XU 28 1334 A & LT m/z265(100%), 267(67%), 269(10%) ICH#AIIL7 574~ b
A4 A v (Fig. 19-) AR U7, i M* 280 T %% 2 277 L, Dichloro-3, 4, 5-trimethoxybenzo-
phenone % /K# (LRI FR T b ) 7 ATHEREICK DETMIEL THER L 72 1-(Dichloro-3, 4, 5-trimethoxy-
phenyl)-l-ethanol & RT BLU w22 ~<7 b B~ L1 (Fig22), #%#iz M*324 (ERHK
2)8X0 COOCHs EDHMICKE 7574V b EEZLNLEEN m/z2656(M*—59) 41 &+ VAR L,
SRRER L DR D & Dichloro-3, 4, 5-trimethoxymandelic acid @ x Fuit# & wR L 72 (Fig. 22),

CHs
1000 c=0
]
Peak 20 Ens
Cl Cl
249 H3CO OCSCHa
3
olu | 0613223 J M'ZW
8 t u . L L T T
50 100 150 200 250 300y S350 400
- COOCHs3
1000 ;
[N Peak 22 | eor L CH:
@ 1 : 249 = ClysyCl
4 ] | / HiCO™ OCHa
= 1
Z
, : ’ [AeIs
ol Slpthiist - oot Attt U - ‘
50 100 150 200) 2006 300 350 400
(;H3
1000 HEOH
‘ CH>
Peak 25 Cl. A Cl
249 HaCO OCH3
OCH:z
M 294
l |
0 T s st st tbsctaan byt ssabavtgasuspisbianea 0 ULl it \l.,\ ‘ .
50 100 ‘B0 200 200 360 3560 400 M/E

Fig. 21. Type-TI DB T T 7+ v A & VERT
WAD<wzx~2s b (Fig. 19, Table 7 28R)

Mass spectra of chlorinated syringic compounds
showing typical fragment ions (Type II, see Fig.
19). Each peak number : see Table 7.
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265 CHs %
1000- e
; Peak 24 , oo [15.00
: . ClocH
HyC0 2 0CHs
- OCH;
: 5 saq || M280 -
q 202 oyp 249 I
. 0 P T 4o
£ 50 100 150 200 250 300 350 400 M/E
z
z :
“ 7o
z ‘oooj Peak 28 1265 COOCH; 15.00
HCOH
1 g
} i H3sCO~~OCHs
1 202 555 i' 279 M 324 OCH:
0 ; N o P Pt I . 0.00
50 100 150 200 250 300 350 200

Fig. 22. Type-MDBHMNIST 572 Y b4 & VERT
maAD< R A7 + v (Fig. 19, Table7 &)

Mass spectra of chlorinated syringic compounds
showing typical fragment ions (Type I, see Fig.
19). Each peak number : see Table 7.

Fig. 19-1 ~M /R LcA A ViV ) YEVEE S DEER SV OERERES D X F I LFHEEkD
BHNL 772 Vb A v ELTEETL D, ZNo6D4F YEFRL, =27 v 77 A%50E
THZEWED, BERSEBBICHETT A2 LB TE S, COMIC Palmitic acid, Stearic acid %
ERS LT A RMERETERE (R 12—20) IHEMNA A L LT m/2T4BIU8T 25254, C
NoDAA VYEFERLTZRAZ 0% 77 A580EL, CHOORWROEELAERTS L& DICERD
TARRY PV ERELTRE L,

EREERD T —FAABRRAO > BT GC THRELLRSBEON 10% 3EFRERLAHBEDTH
foo A DBESOEIZ VT 100g B DEHFEDO SO S 920pg ILF T - TNT, Co—Co>Co—
Ci>Ce—Ca>Co—Cs (0~ 6 BIKEBERT) OBKRES DILAYOMICHL Ulc, EERBEICH LI
WTRBFELTNS ) F=vas - FrlHoEmTcoFE LOEIZED SN -7, ERQE
BOCHBIUEREKTHET S &, fiBRBFCHRLTI-F A EMETH 2, 2EREXET
3 fEiTis v, #FEAL Syringol Zhidvd L7 = / —VHBEEETHBDIK L, BETRERL7 =/
— VR YRS £ Y BT,

AREPTEESBD SNV ) YFAREDSDRGD I B, Ce—Cs ¥4 TS (Peak 22, 23,
24, 27, 28) OFERAEIHEDRONIEVRGTH S, 2, F24 Y /= volERtici R4
BT % C EEE SN T 2 ES FHEBBREMEC 3RS TROERS TH - 7.

Fi%E B FHH

B hIc T 2 TS O LSENTEE B L U2 0BISHYD O BEEEBIC OO TER L,
E1H X B
1 BoFR O HEsE
TH=TY 7 77 b7 OEAMEICLDERTEEREAFVY S= (PCOL) Bo&¥DkSicL
THE LI, EREEASATTEMEEEHACT pH2 IKHEHL, £33l 7= v amuasl i,
TNEKER, KiCEEBIRETeT Y 7 VFa—TFICAN, WKRKBT72hr BT L, HEEEELI, TOD
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BAREX1g 2 10m! DA F eV vTICERL, SRz —70hicEE, £ U5HhRYTRLTE#
L, T—7ik, BEEGEREL, S/, JOoFEE LTI V7L 0HABLLC, ERCERER
ArBE (FESTE 100000 THE, RELLESTREEHEEERE, S Lx PCOL s s
FgRICHESR U7 (B-H),

B S=v (MWL) 8XUF4 ) 7=> (TL) @7 =V BLTTHHOAB LY, Brorkwar O
HEED X OREF SOHED XD HR L,

@ SFELSHEOBE

Fwr—3x4vavsaw s 77 4— (GPC) KIRY 5 — 4 — X GPC-300 BEEEFEM L1,
SEPEEBRITI DT 2 F bk, BROOFE THF LIz, MALBEK K22 TESHORE TR
¥ 1g % 10-3N-NaOH(4 /) AL, RAAHBEE GIF) ¥ —~"—f) ik ->T, SESFE 20000,
10000, 5000 35 X TF 1000 D 24 ¥ 7 4 v & —EDO LS EE LICH 2 BED 53Rk,

3 FEEoAR

BEDDHED 2BZ1C Ui, PCOL @£ F{LHEEEKIZY /= vidvrEyvzg/—n (1:1)
WERL, YTV A4 vDT—FUERE2EeVvBETHA, BEFHE 2T 3hr LEE, ZRETRK
ETICHEARET AREBLZ 2EBOELTHEM L, 7F V{LBEEARRE 100mg i) ¥ v
KEEER (1:1) 4ml &AL, 40°C OB/ NAHT 2hr MBEH-HHE L, FHICIOHEBELUTHEY
Utco %1z, BILBAHT VA Y IEKRIC PCOL ZEM L, KBEMLFIVHRT b)Y LERMLTIT - e

@) BREEoEER

et 7 = ) — M KEEE Y Gowpsumip D de; FEB® T, 2 b VUEERRa UALT vV EDNEC
JZEEEW T, ABRERSIUREIIRT 7 R oBREETOEE, IEINBRRRCIIBHEE® T,
BERER YY) VAL IBEERTE TENFNER L, Fi, 7=/ —niKBEICHLUTPAL
DORIED e RFICHEST HXKBERED, GuErer OFHBICEEF/ VE/ 7 anvl I FRIE Kk - TK
Wi

(6 TRy ERICRERILSHE

PCOL # &t B-H % Hartiey SO HHEEH - TUTOLS KRB L, I0mI B 7ot -t v
— 7T, 3%} 50 mg ICKEERS] 1g, 3N-NaOH8m! #£fnz, #&& 5 FT170°C, 2.5hr B L 7%,
Rintk, RNEGEBLOBEL, LBRIEEEZSOEEHEET pH 2.5 CHffik, SEERMRBIKEITH
WU, =Frvx—F G0X2ml) THI L. SRR ER, EHENLTHRAKLVBESESR L. &
B#fld # F ik, TMS {LFEEER L L, GC-MS Sifricft Lz,

6) DTk

FEARRR IS Klason lignin SEBOROBIKMEEEREZ 9w 75 74— (B LC-3) 4t 7 3
eItk RdIc, #7 &1% ISA-07/S2504(200x4 mm) ZEHEAL, HEKICAYBEERK 1) pH
8.000.15M), 2) pHS8.5(0.2M), 3) pHS8.5(0.3M), 4) pHS.0(0.4M) %2ZhZ4 20min, 20
min, I0min, 30min DA F » 775 Vv THEL, » 7 ARE65°C, H#E0 6mi/min & Ui,
h 5 AR EREE (5% €/ 28/ -T2V, 4% FYBIKIAE ZFIGHE (CRB-3A) TRA
%, 150°C cing L, 4 U323k 3ektas (FLD-1) THiEL %,
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F2H BREEER

1) {LFAkE

BSOS TR BEROEEEROD 886%™ 2 ED TN E L bh TN, Table 8 IKTA<TY S 7 bt
N TEABERPOERA + ) 7= v (PCOL) B L URBED MWL, TL QiE#aisgRiER L,
PCOL D4#IIKE, KEDRD, BEOHEN, # b+ vEORHE L UHAEE 10%), XK 0.5
%) DIFETH 5, ¥, Table 9 I Foibds L CEIT L PCOL OREESFHEER LI, 2 Fit
KD A bV BREHET 505, Chid PCOL D7 o/ —whl/KEEES v R v EICk B H 0D
EEZOoND, FIERT =/ — W HKBERIZ 125 %7R U1, %12, PCOL £ LU ZOETERHOL
b/ ve/ s und L FEIGIKIEMARL, 7=/ —vH/KBEICH L o8« RS FD H
WER=VE, KBEBELAELEDN TS EERLT,

PCOL D#EEEREIT VA ) M TIKRGREZT 5, Fig. 281cT7 0% ) BE EREREOBRET
Utzo T PH K B A DN THRERBREL C#MLL, T, HBiKXDBERER 20~30%
Wi U7z, Bravoan EZERESICAMULAYD, $50RF/ VRHTF I —VICHEAL TV BERIIES
KTV H ) THRSIREZS 5 EELTOEBY, & TS MASY 2 ELZ L UBE-ERESH LV

(%)
100{

80F

60

Chlorine removed, % of the theoretical

40F © 100°C-3hr
. * 25°C-3hr Fig. 23. PCOL DR MEHK D pH
20F & D&
Dechlorination rate of PCOL
o ' L . . ' : under a pH range of 7-13 at
7 8 8 10 1 12 13 25 and 100°C for 3 hrs.

pH of test solution

Table 8. &8 /' =vOrLESITE Table 9. » FuibBLUEBTCAEY /=
Analysis of lignin. (PCOL) DILFSFHTE
Elemental analysis of methylated
coL MWL TL and reduced PCOL.
C 80,02 62.91 63, 52 PCOL
H 5,20 6. 21 5,73
0 29,97 23.12 22,58 Methylated Reduced
OCH,g 7.24 15,04 12.70 c 51.81 49, 24
Cl 10.60 - - H 5,16 5. 46
S 0. 47 - L6l OCH; 14,82 6.16
Ash 1,20 0 1.93 Cl 11,56 11,01
Note) Each lignin was prepared from Ash 1,14 0.75

Akamatsu wood meal.
Note) PCOL : Akamatsu wood

chlorinated oxilignin,
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BE/ yPhTa-—VEBELEELELIOTHES D,

BABEHE: (rESTFE 1000~20000) XD HIE L/ PCOL O4T-EAHH% Table10 KR U7z,
PCOL @ 84%135>F & 10000 LI EDLEM TH 720 12, T2F kD GPC % Fig. 24 iR L1
BRRY 2F v Y Z2BO RS EER LK), PCOL Oy~ 2712 1200A itk b, A—&ETTH
ELI: MWL © TL WL TESFFEBORDTH - 7o,

PCOL £kt B-H ) /= va&E#%, WhWws Kuson | /= v EBES c# U TERLEER,
B Krason ) 2= 63%, BANEEY) 7= 0.24%, HBERZENEN58%, 0.67% % &HL T
foo Eto, 2O ESKBOLNIBINKSGHRICEINDIEOW LAY v~ + 77 5% Fig. 251R Uiz, C
NIIMOEHER & ik LT, Glucose #3075 <, Galactose A3Z M AR LT, $7-, IR, UV &
XU NMR 227 bATid MWL SRR ONS 7 = 207 oo VRIBHIC RT3 HIERIS K &
B, 7a— FIgz7 PIZERLT0 S C EBEE SN . ZNORBESTFRSOERBENSEL
THY, 7o b Y 7=Vt UKRESEELTNEZ EARLTN S,

@) 7oA Y HERL R LR

PCOL 51 B-H OBEEEICODVWTOMRAERZZEABNE LT, 7ok ) MBS #RA

Table 10. PCOL o4F-B43G BHADHREEIT 572, & OBILDBERYO T —
Distribution of molecular FNTARTIL 14~18% T, ik BHEIEVE
igh L.
weight of PCO L, *F s 50 TMS LEBEE Ui b
Molecular weight Weight percent % GC #1708 GC-MS T#47 Uiz, Fig. 26 ic
—20000 8.6% PCOL OBLAMBERY O 7 n= b7 5 A %,

20000—10000 75.4
10000— 5000 7.2 Table 11, 12iCHED L < REE I KRS 4,
5000— 1000 5.8 RERY, 9TBBIUNELZR U, T2, B
1000— 8.0 (CAMBYRICEESRY SN EERER LAY

COUNT

Fig. 24. 7+ F it PCOL, MWL X TL (7 A=)
@ GPC

GPC elution curves of acetylated PCOL, MWL and
TL (Each lignin prepared from Akamatsu wood).



— 32 — MERBRIBTREHE F3405

D{LFrEE Fig. 2T KR L, HELAHO * F (b FREKE DLICE DEBIC DN TERT .

Bt MO FER S & LT, %L Guaiacol @ Fvitiyo BYeAD: P4, 5, 6, 8, 128 L1518
(Fig. 26) iILBH LN DT, ThZNOBEEOHEREERK L. HFAA4 Y M 206 (EFEH2)
DSt P4, 5, 8 T, P 8i2 Veratrol ®iE#E bic Xk v &k L7: 4,5 Dichloroveratrol &RT, <=
AT P3—F LTz, Vanillyl alcohol Z4EHR(btk, # FtLIBEICIEP 8DBEHI, P4 LHBE
DP5HBEMRT 5, Guaiacylethyl carbinol DIEHRILA KM X4 & LT 4,6-Dichloroguaiacol A3

Gal
. Xyl Glu

B

Fig. 25. EABEEPROESFES PCOL (Th=Y) 8LU B-H (74)
DREBIKIBRY T OEOHRER I o< + 77 4
Liquid chromatograms of the hydrolysis products
from PCOL (Akamatsu) and B-H (Buna).

Note) Rha: Rhamnose, Man : Mannose, Ara :
Arabinose, Xyl : Yylose, Glu : Glucose.

29

30 1 6l\7 15

Retention time {min)

Fig. 26. PCOL © 7w ) BR{LMB I BERHO T F v L —F VEE

PO AFMEB XU TMS (LFEBEEKOF R o< b S T4
Gas chromatograms of products (ether soluble fraction)
formed by oxidation of PCOL with alkaline cupric oxide.
(I : methylated. II : silylated)
Note) GC condition : glass column 200 x0. 2 cm, Packing : 3%) V-17
on Gaschrom Q (100/120 mesh), Temp. : programed from 100°C
to 280°C at 5°C/min. Each peak number was listed in Table 10,
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Table 11, PCOL @77 ) {hE{LRE (L HMEER Y
Organic compounds formed by alkaline
cupric oxide oxidation of PCOL.
Peak No. Compound RT® M+ )e

1 2, 4, 6-trichlorophenol 0, 245 210 (3)

2 m-hydroxybenzoic acid 0.281 166

3 p-hydroxybenzoic acid 0. 323 166

4 4, 6-dichloroguaiacol 0. 332 206 (2)

5 3, 4~dichloroguaiacol 0. 357 206 (2)

6 3,5, 6(or 3,4, 6)-trichloroguaiacol 0,388 240 (3)

7 S5-chlorovanillin 0.410 200 (1)

8 4, 5—-dichloroguaiacol 0. 410 206 (2)

9 vanillin 0. 428 166, 182, 194
10 3-(p-hydroxyphenyl) propionic acid 0. 442 180

11 3, 5~dichloro-1-hydroxybenzoic acid 0. 457 234 (2)

12 4, 5, 6-trichloroguaiacol 0. 485 240 (3)

13 vanillic acid 0. 497 196

14 acetovanillone 0. 497 180

15 6-chlorovanillin 0.514 200 (1)

16 5-chlorovanillic acid 0.531 230 (1)

17 homovanillic acid 0. 531 210

18 tetrachloroguaiacol 0.543 274 (4)

19 unknown 0. 566 208
20 unknown 0. 594 270, 282, 224
21 6-chlorovanillic acid 0. 628 230 (1)
22 unknown 0, 637 238
23 5, 6-dichlorovanillic acid 0.671 264 (2)
24 unknown 0. 686 210
25 unknown 0. 705 278, 252
26 5-carboxyvanillic acid 0.743 254
27 unknown 0.771 266
28 unknown 0,786 296 (1)
29 n—octacosane — fad
30 catecohol 0.222 254
31 protocatechuic acid 0.528 370

Note) a: Retention times were quoted relative to »n-octacosan,

b : Molecular weight was determined from molecular ion of the methyl

(Peak 1-28) and trimethylsilyl derivatives (Peak 30-31) by mass

spectrometry.

¢ : Figures in parentheses show the number of chlorine calculated from

the relative intensity of each isotope ion.



2~4¢C

MERBRETAERE B30T

0~1Ci

0~20C

Cl CHO - COOH COOH
: OCHz Cl : Ci i OCHs § OCHas C’\:Cl
OH OH OH OH OH

I

11 I

I\ v

Fig. 27. R A Fv V7= (TH=YH) OT % ) HERILE
B EHEOERILEY

Structures of the chlorinated compounds obtained
from chlorinated oxilignin(PCOL)by the oxidation

with

alkaline cupric oxide.

Note) I :Peak numbers (in Table 11) 4, 5, 6, 8, 12, 18.
Mm:1, mM:7 15 1IV:16, 21, 23. V :1L

Table 12. PCOL D 7v4 ) ER{LERLIEH DO LK E

Amounts of oxidized monomers estimated by
gas chromatography and mass fragmentgraphy.

Amount of each compound(%)?
Peak No
methylaced silylated
1 0.1 0.1
2 0.3 0.3
3 0.3 0.4
4 0.2 0.3
5 0.3 trace
6 0.2 0.2
7 small trace
8 0.3 0.2
9 0.2 N.D.?
10 small N.D}
11 0.4 0.6
12 0.5 0.3
13 1.5 1.3
14 0.2 0.3
15 trace trace
16 0.7 0.5
17 small trace
18 trace trace
21 0.3 0.2
23 0.2 N.D?
26 0.2 N.D.
30 N.D.} small
31 — 0.7

Note) a:Based on chlorinated oxylignin(COL).

b : Not detected.
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"Bona® 2 Lird, P4134,6- P5IT3,5-RILKIIEE LI, ZRARBHRULFERE (M*240) i3
P66, PI2ikREOHTz, P12 I34HRESD 4,5,6-Trichloroveratrol & RT, vz &R~ b Ad—FHL
DT, P 6 RMLAHE LOTEEERS, 3,4, 6-BMKREIEE LIz, Veratrol DIFEFEKRAKD w2 2
~7 vz Fig. 281TR L7,

P7,9, 13, 15, 16, 21, 23 {3 Vanillin, Vanillic acid 3 X0ch SDER{L#TH - 72, Vanillic
acid BB BHMOFRDTH BDICH L, Vanillin ZLBESTH -7, COBEARBERtHICER
SN, AP MWL EE—&E T CHRE L& SOFHKAE Vanillin Thi &5, PCOL oF
b LONBEEIE BILEZT T AT LIt bDEFEA OGNS, P16, 2113 M* 230 GERE1)
ZRLl, OCHgy L0 COOCHg D e BHRNIC X 5 M*—31, M*—59 BS#HIR I, AREREDOHED
5, 5-B X1 6-Chloroveratric acid @ # Fa{b#g&FE Lic, BEEIC P23 13 M* 264 GEXREK2) %
RL, SERESREDREDS 5,6-Dichloroveratric acid @ # Fuv{b# & RE L,

m-% X U p-Hydroxyanisic acid 23P 2 5 XU 3 KEBRED SN, AIEORBEIELTIRBES»
TRV, EHRLEWE L TIRIES EDHED 5 3,5-Dichloroanisic acid ®x Fv{t# (P11) @ &

BED BN,

Protocatechuic acid(3,4-Dihydroxybenzoic acid) it » F it T Veratric acid &7857%, X F
MEFERBROAN CTEDELEOARERT AT LIITEIID, UL, TMS {t4 (M*370(23%), m/z
355(M* —15, 15%)) ORE&HEEM S P31 5 Protocatechuic acid TH A EAME LI, TOEEL

167 177 I
100p 143 o 100 192 cl
OCHs cI7Y OCHs
BOF 115 OCHs 5O 149 Hs
79 172 51 86443 225240
I
o e U b 0 [ ||| g liu b | - Bl
[} 100 172 200 ) 100 200
100r (] 100 206 ¢
187 @OCHz 191 C'\@
50+ L gg 128 OCHs
'>—_ 65 93 129 OCHs 50 23 163 OCH;
2 L [ L f [ 65550 L il L
Z 0 L4 || I ., 0
goo 100 200 0 100 200
Z 1001 191} |206 Cl 100 295 2400] Cl
sol cl OC?iSHa . 162 CPS 0CH;
9o 128 163 50r 1o 07 OCH;
40 ggpi13 148[ 109 h ‘182
0 l ok i bl ll iil 0 1 || 1] |
o] 100 200 ° 100 200
1007 Clya, C 100 cl M 274
191208 OCHjs ClL ALCl
sol OCHs ol H.CO"5~0CHs 259
128 163 OCH: 494
113
148 216 231
, l 167181 % |,
0 1y || | 0 . T ”l
100 200 M/E. 0 100 200 M/E

Fig. 28. %At veratrole D7 R RARY biv
Mass spectra of chorinated veratrole.
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S INT, AT - NVEBOBBRERNT VA Y KA EZT R TV T LERKE L,

Pl1RRESO<TRAZ~7 bvBXURT OkE,D, 2,4,6-Trichloroanisol & HE L 7chs, fadiE
T =/ —vidBb shiah -7

FOMICEREZ T TR OARERY & LTk 3-(p-Hydroxyphenyl) propionic acid, Acetova-
nillone, Honovanillic acid, 5-Carboxyl vanillic acid & X 7¥ Catecohol ps#plidh, #hFhoE
BDTRZRY PVEOHBPORE LI, ZN5RDITNG ) 7=V OR{ESEYE LTHRESNTY
BB ThH2, Th, P0BIU2513 M 224, 252 %RL, =R A7 bvDiEH» 5, Benzene
monomethoxydicarboxylic acid # X ¥ Benzenetricarboxylic acid @ * Fu{tgL#EEI NS DS,
EROFNELBSTEID 127, Tablell TEAHE Ui,

DRERHONT, FERHEERHOBRRENTNGE 9% LU 2.5% (8 PCOL) TH b,
BRI AHOEE R 0BT TH oo COMDK 25% 133EFEA Guaiacol BEDTVR, B4DRISE
REBRD S 1.5% iChic» T, '

WiC, T7H#7 77 b7 OBEAREKR (C BLXTE) »OoBAABTHELEDFHE (B-H) %
T h =y & FRRICE{LE U 78R Fig. 29 XU Table 1312k L7z, PCOL @B 4 & RRICHERLL
ZZGTORNLEMRSRBICER Lz, $i, BERMHRETESFO -7V BT TARAD SN T
ZIEATH » 1z (Table7), Trichlorosyringol 3sEk4r& LTSN, ChhB(ba o Ei
ERBZIT,

20 30 (min.)
RETENTION TIME

Fig. 29. 7 #0727 7 7 MEARKRHOEIFESD
T ) HEBMLERER (b R (2 Fov{bd)
DHAIa= 7 A4

Gas chromatogram of methylated derivatives of products
formed by oxidation of H fraction (prepared from bleaching
spent liquors of Buna pulp) with alkaline cupric oxide.
Each peak was listed in Table 12.

Note) Condition : glass column : 200 x0. 2 cm, Packing : 2% OV-17

on 80-100 mesh Gaschrom Q, Temp, : programed from 100°C
to 280°C at 5°C/min.
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Table 13. B-H (FF# 77 57 FERBRRESHFE)
DT A YRR SRR L R E R

Organic compounds formed by alkaline
cupric oxide oxidation of B-H fraction.

Peak no. Parent Compound RT? M+*( )b %)rg:aesr;tga;lllon,c
p-Hydroxybenzoic acid 0. 31 166 0.5
2 Monochloro-3, 5-dimethoxy-4- 0.35 202 (1) 0.2
hydroxybenzene
3 Unknown & Peak 1 (unmechylaced) 0.38 152 0.6
4 Dichloro-3, 5-dimechoxy-4- 0.39 236 (2) 2.5
hydroxybenzene
5 Unknown 0. 43 194 0.2
6 Vanillin 0. 44 196 0.2
7 3, 5-Dichloro-4-hydroxybenzoic acid 0. 46 234 (2) 0.8
3 vanillic acid 0. 49 196 0.3
9 Homovanillic acid 0.52 210 0.1
10 5-Chlorovanillic acid 0. 54 230 (1) 0.8
11 Trichloro-3, 5-dimechoxy—4- 0.55 270 (3) 5.3
hydroxybenzene
12 Peak 8(unmethylated) 0.57 182 0.2
13 Unknown 0,58 208 (1) 0,4
14 Syringic acid 0.59 226
15 Unknown 0.61 224 1
16 Palmitic acid 0. 61 270 ’
17 Dichlorosyringaldchyde 0. 65 264 (2) 0.7
18 Unknown 0, 66 170 0.8
19 Unknown 0. 68 210 0.2
20 Dichlorosyringic acid 0.70 294 (2) 1.5
21 Stearic acid 0.73 298 0.4
22 n-Octacosane(l. S) 1.00 — —_

Note) a: Retencion times were quoted relative to n-octacosane,

b : Molecular weight was determined from molecular ion of the methyl
derivatives by mass spectrometry. Figures in parenthescs show the
number of chlorine atoms calculated from the relative intensity of
each isotope ion.

¢ : Approximate values calculated by multiplying the response factors.

TOEIE, SHFEADFERICOBUENOERSBEE LTS C L RERPFLEESTORE
BERCAHERRT 2ERELC I EARLTNS,

Fig. 30ic PCOL, B-H & 2hFNOKED MWL ZR—&4THM L1 ERE ki Li-H 2 7 o
< 77 & (Fi#E ECD-, %&Q FID-GC TRE) 2Rlic. MTHO AR LS, HHERLHIE MWL
LD EHOEARAERTY, HeORIORBRELBNETHEZ LM, ERDOEFTRID
AEEEI7 o b ) 7= ViIchEL, ZLOVAERZZETOEbDLMETESNS,
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3 - PCOL
MWL (Akamatsu)

10 — BH
--~- MWL (Buna)

Retention time (min.)

Fig. 30. PCOL, MWL(7 # =Y )# XU B-H, MWL(7 )
DT v ) R SRR LR (T — F ATEL)
DHRIT vz 75 A

Gas chromatograms of the product (ether soluble

fraction) obtained from PCOL, MWL (Akamatsu),

B-H and MWL (Buna) on oxidation with alkaline

cupric oxide.

Note) GC condition : glass column 300 X3 mm packed with
10% CDMS on Gaschrom Q(80/100 mesh), Temp. :
210°C. Carrier gas : extra pure N, 80 ml/min.
Detector : ECD (——) and FID (- ).

Peak no. 1) 6-Chlorovanillin, 2) 2-Chlorovanillin,
3) 5-Chlorovanillin, 4) Monochlorosyringaldehyde,
5) 5, 6-Dichlorovanillin, 6) 2, 6-Dichlorovanillin,

7) Vanillin, 8) Acetovanillon, 9) p-Hydroxybenz-
aldehyde, 10) Syringaldehyde, 11) Acetosyringone,

BHE

2

BEOREETOEBIERAHOLERGEN 2 BN TRERS OB, BOFE LSS FROOLERE
BCOWTHTL, ROBEDHEEE,

1) BERPICAR T 2 HBY (RESTHEBERLEY) BRIV TORMRE L EEXE D, —FES
FEUT TR/ VD Kappa fifid o EEBPBOTRSTHETH 5,

2) REH OV TORERSO—IRINEATR TESFLEZY, AR LT a8, V1 o5=v
BOZELAROWZT 5, AREETERISEBRHON 2% IKEL, BY IkEkoESSFHE
5B,

3) BASE, BEZ/ o= /57 —BXUBRAMAEDESOEMEICLY, HENDEORES
FUBHET, EEOLIROIRETERED DBREICEE O ESF B L CESFIRS O EITY, &
BREROSTFRAHMEW LML,

) n-~FY UHME (ThH=Y) BREEHO 1.3%B% 5D K0T, Rk ESR EXRtr
=/ —VEB L URHEREE S A T, ECD-GC IZ X 2 3L HF 055, PCB OEHA R Sl
EOW AN
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(6) TFNVI—FNREHE (7F) © GC-MS HMficky, Table? IWRTFEROFEFRER(E
BERED L 12#EE L2 . FERS T Trichloroguaiacol, Trichloro-3, 5-dimethoxy-4-hydroxyben-
zene, Dichloroacetosyringone, Dichlorosyringic acid % Xuf Dichloro-3, 5-dimethoxymandelic
acid TH - 7zo BAFRS TRER S NIBRAIBON 70% BFERER LAY T, WBI VT kg X
720 3Tmg LiEEINI, EEMYI 77 M VT BEEBERRSO X FLPD T X AT PLTES
BRI 7574V 14 4 Vi3 mfz249, 263, 266 LENENDTAY P —TAA VY TH o1,

6) ESTHRSESERYD 30~50% % 5 5 EELHRERLAY T 10% 2B T HAERERL,
MWL ZHBLTA b+ o v D 50% Dl LB U ligt LT 5, KBOEEREN» S, EREL
BRTVWBLIRX/ Y, AT a—n, L3 VEEEEE ULARRES(LFEEE L DERMPLHEEL
Tzo FFEIZ MWL ® TL tHBRUTESTFRTH -7,

(7 BERMOBSTFBASET VI ) ERICABRICIRL, ER0ESI LR, BRI 30~40%,
B0 RIFERLYT, FIETIRERL Guaiacol B XU Syringol #, %#F T3 Vanillic acid, Syrin-
gic acid BEERAE LTRY b, BRINI ERILAYORBS EEEHOESFRSOHH» 5
bRESIN TR &5, BRILEHST ) 7= Y MESTERERLAMEERT 2 LEA SN, &
72, SRERMIENET, BRBESEULSEELTHA L RSN,

EIR BRERLEMOEM

i

B1E

ARICBNT, 757 MEABRKRTIKIRY 7= Y OEE I DERT 2 SRS ERIERLAYIER
LT3 Z s, BRUFERAMLE LLBSTERMOMEREEWLPIC LI, ChboER{LY
DPEEEREQEZEDIERMAHORBLHETHEE X SN 54, BLORHRL ST
o BRCHE—RICERTERSS D, BARETH S 00, BEMRESZOBHICALSD T
5, THLNERPD, BRI TOFBERAYMOLERLELHOBFEERNL, Z0ERE Y
FO—T R LEERLE P OEERNBDEEL SN,

BEOEHEABRER LSO ERICET 2HEMISDIEN, Voss301D o 3EUKOBIICEEE 5L 5
777 VT OEAEHFICONTHRF L, BAFERLT « / —VEZ KAWL ¥ 5 C & RED
LWEHEL TS, F7, Rarson SBO-MO MBSO BRERFENPEOERELLLTEE
EZBNELT, BroERKFOBBELREE LTS,

POVTEATRTOERBREICE~ L Hie, FELTY /= rtiHEORTR 28, B{ts
JUMNEBTS 20U, ChoRIBICKD, V7=Vl « / — VKBRS H v ¥+ v E D
WRTBLELEBIC, V7= DESFPZRTHBEBEDOHERLAE L, KPT A H Y iCxtd 2 M
PRI 5, €ORR, ) 7=V RERPCERBEEELZ 0SS E LTHERT 5,

WERLEICEZFENERMELT, 1) B P FOVERICEZ A Z /-1, (2) T—FufEsD
HRIcLBH 7 a—-mEBLUF /v, Q) BUKERSHY?, @) FEEOHZIC K HHREBUWIS,
B FEELAHUWLS, 6 [RWERLaH™, (1) ERWRIKEY & O FhdbehThoBERL
SYEEL) BHFLNE, CNOREFVHELKERER Y /= v ERAV L ERPLBEI T,
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ARRDY T, BATBROBEOF—BRLBCAV SN 3ERMRETOEBER(LAYDERICET
SEBMAMRARLCELABNELT, eFvBEBLT7 57 b2 ERL, EHERME, pH,
A, WMEEN, AHEESHERERNLAYOEBICRIZTESBICOVTRE Lz, &5k, thb
DERCEHLERCIRTEL 2LES L OBEEIC OO TEE L, ¥4, HENBICkDEZ ST
AT MALEIRICONT, ZDERBEROBREZT - 12,

B2E ERULERGEOE

EFNGEBLTI 77 b TEAY, BRESEVERERCADOERICRIZTEERCOOTHR

Hli,
W1H E B

1) FHEB LURE

BEFKRERERMNCER L, AHEBKDICRYNEDERAREREAS, BLE0.5% BEICH
flfc, a— FEEES IO EREEEZAYD, EBLRINCAV 2, Benzylalcohol (BA) {3TiHR
DERGE, REAZ 77 b AT REREAL 7 F IO T Ay b EnNENFEM L BOEZRAL
o

2 EXxoHE

AREER T RO RIEZ % Table 14 TR Uiz, BEEMDEIKEZBRKTHRLT 100m! OFFE
RECHZKZAML, 200m!AHBEHEORNZ=AY 72 adhTeFvHE (BA 200mg) LEALE
B TR LSS O IR IEEL Ui, E1, AT OBASRBE S EoREERY, S TB LY
BRBEELED®R =7 vPHEIARICLE L, pH ORI FHER D SRS FEBD NaOH &
WBAEMATIT - 720

3 & b

BERERIGKR T, RIERO—BEFRR xRy FTHRRL, pH SERBERE (2 — FESEW) %
HIE Uteo RIBERBIZ 2 nokvs (20x2ml) THHL, SiO #7467 aw 777 4 —T Kl
%, GC-MS THiT Lic, » 7 OBAREIEE, FUSEICEEKENAT 150ml & LT, 55000
BEIZLTBW Y 7)) Y IRELZERLTERSAB (1G4 7727402 —) L, ZOAHEES
DOFRER (%40, 10, 75ml) X HW LIk, TNTIICELK LT, 10% KL (Gml), 6% HiOs

Table 14. # #* 1t & # (Aml) BXU10% NaSO3 (Gmd) iz, &
Chlorination conditions. TR, BREL R4 A B & ORIBAERY
Consistency 4% (pulp), 0.2% (model DOAHICHE Lo, BRI D TOC, TOS % X 7 TOCI
compound)
Temperature | 0°C, 25°C, 45°C. DRSE T HIHRD FERDIPITHE - TIT - 2o HWHEAL
Time 60 min(pulp), 10-180 min 7 = / — 1% (PhCl) 12 2,4, 6-Trichlorophenol,
(model compound)
pH 1-5 (Final pH) 1,5, 6-Trichloroguaiacol ¥ L7 Trichlorosy-
Cly-dosage 50 to 2009 of Cly-demand ringol DAEREBEN R/ uw /76D E—7
based on Kappa no.(pulp)
Initial molar ratio(MR) : HEP S, BRETHOH UDHIER L IRBRICE
(Clg) /(Sample) : 0.5t05.0 )
(model compound) WTRD o,

v ATt Sephadex LH-20(A4 7 4 1 16X
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300 mm) /W, YAFH UK Q1) THEHRLRL, mBRIcE UV £=2— (BEE 280n0m) %=
Aonte, S0, FBHRO7 727 v =2 Cmd), hoLFRER (TOC) £HlEL, Thick-TH Vv
7aw b5 AEER LI,

R va R ADERBIERLERE 10ml 254 YRERIZHEL, b Ysas g RS KR
W, BHEEAN Y FXR—ZAH RS TCIT -7, ECD-GC iziz 20% Silicone DC-550 on Chromosorb
WAW-DMCS (80/100 mesh) ZFE L H I A4 F 4 (3mmX 3m) ZRAWL, &7 AEE 80°C, +
+ ¥ —H A 60ml/min THHFW £1T -7,

B2 BREEE

(1) Benzylalcohol (BA) oiE# (L

BREZB SV TFHARRAER 21D, BHFI /=07 vELTHERT Va—-VOBA%
AL, chiERbickD, HREH, BHREEOBICRKIGEERTRIEIMLTHLIEELILND,
L TRZOEROD Cl §#E, pH Zibk XURBERMICOVTREL, BA BEEX—FIL, =
H, EATTHROTHEALE 05 h 63 T TEMS L&D Cly HBES X pH 4k & RN
L OB%% Fig. 31ICR LIz, £ 1.5 €T Cly ikiNTid, BRI 1hr DIRICEfIREEELD,
ZTDBRIEBWA LI - 7ehs, =03 TiE Cl [HEIE Lhr %ELHIHE L 72, RISKEOEWK pH &
RMBEOHEIMCHE - T OBERIICEIIL, Cl MBEMNLEZHREATH b—ELiL -7, 2O pH DET
BEREBRSORBEVECERICLZ DT, ChoDEREBDOBALER LTV 5, Fig. 32 KXk
M 1hr B XUEFBEE-ETTHRERELEA L ORBERY L Cl HEBEOELER LI, Cl
BEREEIRMEBCEALTEL LD, =15 T TRARMIK, TN EORMTRESHICHEML I,
HRHE BA 2=k 1.5 D ETRRIBED LESICHEEINILAA s/, TNE & biC, Mono-, Di-
B XU Trichloro-BA (21 Zh o, p-EfER) MEHIN, CThooERPOER Clh mNENSE
WHT1, 3BLVASDEEENEFNEREN 57, CLIRMBEMSEAT 21C50T, ThbDERL
EYMOERBSBLO TS LR, ThENNE L CREAEZILL0LELI LN,

TRBEETH S o- 8L p-Chloro-BA DR E Cly IRINE L X UG & O BE#%% Fig.
3BITR LT, ChiRmBOBMICED, ZhoD/tEMDERERBAL, BRBIGETARENELL

125 13.0
)
[« %
a
g 100} / 425
. A T . ,
S L * - = Fig. 31. ~vyar7na—nvolE#
N O ) ° { RIS T OB ERINE &
S 7s5pMAL == 420 g ’
S VA S £ o pH 0% AL
EC/ BT ° 5 Chlorine consumption and pH of
N A A ° j ! reaction solutions in the react-
B8 80F 1 QT 1.6 1 .
g P g AT A i ion between benzylalcohol and
E Cl; under various Cl; -dosage
8 25 e 1o with reaction time.
3 Note) Initial molar ratio
(Cl}/(BA) : @0.5, O 1.0,
1.5, A3.0.
0 1 I ] 0 o .
o0 o0 50 200 Cl; consumption

------ Change of pH
Chlorination time (mins)
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b, ZORFHOEBE ESITHDER L,
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<
60 o 3
o 30 g 175 ¢
S gl <
< £ 5
- s =
5 40 205 50 E
—_ 3
] 5 Z
% o 3
o 2 &
°|‘ 20 10> F2s O
I
H 1
]
-‘ |
I O 0] -0 1

0

Cle-dosage (molar ratio)

Fig. 32. bRV ILT v a—VvERICEBY 5

BRRNNEORE

Effect of Cly-dosage on the formation of chlorinated
compounds from benzylalcohol (BA).
Note) Initial sample conc., 0.2%, Time : 1 hr, M-, D-,
T-BA : mono-, di-, tri~chlorobenzylalcohol.
— ¢« — o« — : Residual BA,— : Yield of chlorina-

ted benzylalcohol,

120
Chlorination time (min)

180

: Cl; consumption.

Fig. 33, o, p-7muxvyr7mipa—i

ERICKIZTERRNEOEE
Effect of Clp-dosage on the formation
of o- and p-chlorobenzylalcohol from
benzylalcohol at various reaction
times.
Note) MR : Initial molar ratio.

CORRITLERE (21 LE) ©EEE MARET

i, Cla ¥ Lethd (Fig. 31 2) @r0ERPOEEBHETT L EE2RLTNS,
DX, FUNRES LU pH 23R (L BA OERicRIZTEELRIT U, Fig. 34 WHEREO,

BBLELCOEED Cly, HEE, HE/L BA 04&RES LURBED pH OF(LER LI, BRED
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2
Jiso E
30 -11.2 130
~ | g
g T 5
@ El
o 20F 4.0 4110 8
® 5 E
£ 5| 2
2 g §  Fig 34 BEINY ILT N3 VOER
]
fa’ 0} 8540 3§ KERETREOEE
© ) H Effect of chlorination temperature on
£ ! the formation of chlorinated BA.
ol do s ! d5g Note) Initial sample conc. : 0.2%,
’ Time : 1 hr, M-, D-, T-: mono~, di-,
Temperature ('C) tri-chlorobenzylalcohol.
50 126
2
£
< 40 |- -1100 s
2 _ 5
k=] ~
£ Q. N
g 30 . 175 I3
s ~ S
£ I B Fig. 35. BRI~V INT
5 20 f \\o 150 2 3 — v DERRIC
® 8 k29 pH OE#
> 2 Effect of pH on the yield
wor '1 % 5 of chlorinated benzyla-
o S lalcohol and Cl; con-
sumption.
O 1 1 1 L - O
o 1 2 3 4 5 5 Note) Initial sample conc.:
0.2%, Cl; -dosage :
Final pH of solution MR : 3, Time:1 hr.

LRI XD, Cly BERERNCHENL, £h& & dic Monochloro BA @@ L, Di-BX¢ Tri-&
HlkpEm Uz, 251C, 45°C Tik pH OEMRIET BRSO, $f, Fig. 35 iCRLIKHIE, X
BEOER pH 25515 L, Clh WHEBEICEHEMMOLRBRZBL L, TNITORRES»S, &
WEFICLD, BA OHiR{batodnts zDREAESMICEC D, N LORIBRE Cl IRNE,
TRE, pH B LURIEHBICREBINI 2 LN LR 57z, & AR O Cl B LUEET
TORIGTRIEHED pH OE A2 b, EREIRSIEFRICILO, HHRDERYEERT S C & 0H
HHN,

20 237 rnvToENL

BEEORRLTFBITT A=Y 37 b7 24 OBERLEHTTREL, BRIOBHRE
L&Y EEE 725 TOC), PhCl %5 k¥ CHCly DA aE & OEFRIZ WO THRET Ui

Cly INE & RIEREZ-—EiIc Uiz 2 3@ TOCl kv PhCl A L ) 7= v & L oMK% Fig. 36
R Uz, MFEES Y 7= Y EICHPI L TERNIZIENAR Lz, TOCl oz L <, Kappa {f
7520 25 40 1IN 512 o T TOCL OARERK 3 {5112 » 72, —F, PhCl OLRKER 2 555T
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3o0r

B O Buna UKP
[ ] Akamatsu UKP
2.5+

Fig. 36. 74, 7Th<v#
S0k x1 »¢,v7 Kappa
ToCl CERBREEKHROD
15k 13 TOCl & &L TPhCl
& DR
Relationship between
1.0pk PhCI 12 Kappa number of pulp
(Buna and Akamatsu)

and amount of TOCI and

o
N

Amount of TOCI (% based on pulp)

Amount of PhCl (% based on pulp)

0.5 o 2l PhCl in the spent chlo-
/' n/ rination liquors.
~ Note) Cl;-dosage : 120% of
0 1 L L . L y 0 demand,
0 20 40 60 Temp. : 25°C,
Kappa number of pulp Time : 1hr.
2.5¢ /
©
x107*
—g 2.0} o a
g 413 2
S TOCI-A <
% o
8 1.5t o 3
N TOCI-B ]
= ‘7}’ 42 &
Q Y o] ~
e ! =
F 10} %;f
5 o
2 5 %  Fig. 37. TOCl %X t¥ PhCl e &
é “ PhCI-B | . 8 BIERRNEOZE
< 05F PhCI-A £ Effect of chlorine-dosage on the
formation of TOCI and PhCL
l\ . Note) Pulp: Buna-UKP, A : Kappa
0 L L do no. 41.3, B : Kappa no. 22.5.
150 200 Pulp conc, : 4%, Temp. : 25°C,
Clz-dosage, % of demand Time : 1hr.

Hot, 2FIT, V5= vEERIGEEE—ECLT, Cl RNEEEA & sOEEE Fig. 37 ITRL
tzo TOCI B Cl RINBICHS L THMLcDkxt L, PhCl 4B Cl RINESERERE
XL, 120~150% TR E7S 5t B0%BLLTH KT 200% Ll LD Cla #RiND & %13, TH oD
BLETH 7o, CNLOHEMND, 0% LT TIE Clg 28007 IcRIE N, PhCl 24E8KT 2D R+
SRBTH DI L, 200% L ETIRARE D Cly A—FEAR L PhCl 2L OBEEZY 122D DS
T 50D EHESNS, FROHEITNILBA DERIERTLHEINT S,

1EH# LMD Sephadex LH-20 it X35 vARI n= + 75 s% Fig. 38R L1, ZORKRRS»S
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2 - 100

P —— Buna

------ Akamatsu - 75

Amount of TOCI (ppm)

Absorbance at 280 nm

Elution volume {ml)

Fig. 38. 74, TH=YHM7 77 + W TERERD
FNARBI R NI T A
Gel filtration chromatograms of the spent
chlorination liquors of Buna and Akamatsu.

Note) Sephadex LH-20, eluent : dioxane-water (1:1).

1.5 -
r @ O Buna %0
0O Akamastu
= z . . -
3 3 Fig. 39. 77, ThH=UHI 77 bs3
€ 10} QUTeg i P 7B EBERT O TOCl 5 X
5 S U PhCl £pkickizd pH ©
2 g, P ©m
3 — £ »
NS . = Fffect of pH on the formation of
~ o5k 110 E TOC!I and PhCl from Buna and
8 \0 Akamatsu unbleached kraft pulp
L by chlorination.
Note) Cl;-dosage : 120 % of demand,
Temp. : 256°C, Time : 1 hr,
ot 13 2_'1 ;5 40 Kappa number of pulps :

@ O 33.4 328
Final pH

Hohinddic, BEERBON 8% MR FHEROET &G L TEH D, 280 nm ORINGHE & TOCI
HEDBBL LTV,

DEIE, EERIPERICRITT pH 5 KPIREDOEEBIC OV THRE L7, Fig. 39 ik pH & TOCI
BXU PhCl OAREDOEFEER U, PH 2816056 2.5 K EH T2 &icky, TOCl B&LU PhCl
ERERENENAEMEDOR 70% H LU 3B% Kb Uic, pH BESICERT 2 &, ER{ILAHDER
R—BIE T35, Fig. 0 K hoDBEBDOS VAR nv + 77 sxRk T, Rk pH2.5 TOEHEA
Tld, BLTFRABBIL, Fig. 90RES—H LT, HENSE T TOERLIEREAESIC
BREAINTEY, €D 7= yHRS®RIT IO THEE, 45°C ToEHR/LICX S TOCl XU PhCl
ERBROCDLEDZNGEMELT, W3HEBIU L4EHE L (Fig. 41), T/, Th o OMBERK
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Buna Final pH

E
c
o
0
o™~
®
8
c
©
£
[=]
3
<
£/ ) . . , ! .
10 20 30 40 50 60
Elution volume (mt)
Fig. 40. B3 2 pH T T, »Su7 2R s L 2o
Rk o3 D 0> F B4
Gel filtration chromatograms of spent chlorination
liquors treated at different pH conditions.
Note) Sephadex LH-20, eluent : dioxane-water (1 : 1),
6 e o Buna q 30
o Akamatsu
Do
= L PR
_g 4F e 2035
Qsreere T ] 0
g g
2 £ Fig 41 BEEEEeE® TOCI % kU PhCl 0
g 2r 77 g ERICRBTERLBEOESE
i ./‘ : Effect of temperature on the formation
./' of TOC] and PhCI from Buna(Kappa no.
; 33.4) and Akamatsu (Kappa no. 32.8)
o L . ) , s kraft pulps during chlorination.
o] 25 45 Note) Cl; -dosage : 120% of demand, Initial
Temperature (°C) pH : 1.8, Time: Lhr.

Druw T FaAhsb, BEOLFICHD, BOTHBCERTIHENEML L (Fig. 42), COC
ERERERMUBRERLEROERERO—2TH B LERL TS,

SNV TEEROE ST B C Lk, EREANaS VERIKBEBERT I CEBELMONTED, £
D—2& LT CHCly BERT W10, Ch bDERBERTCHEIN TR, LiL, KEK
MO FY AR YOERIDONVTIRE S ORFEBD ik, HMEZOPALIIKEINTHS,
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Buna
— 45°C
----25°C

Akamatsu
—-45°C
----25°C

Absorbance at 280 nm

10 20 30 0 50 50 70
Elution volume (ml)
Fig. 42. 25°C £ XU 45°C TN T AR (LB U7 o
R ERS Do FBAT
Gel filtration chromatograms of spent chlorination
liquors treated at 45°C (——) and 25°C (----:- ).
Note) Sephadex LH-20, eluent; dioxane-water (1: 1),

(x10%
15p

Fig. 43, {EENE¥R DD 7 v ofv sHERIC

10k A BiZg /27D Kappa ffi& 5%
m/"/‘J MEOKE
B Effect of Kappa number of pulp and
-/l/. Clz-dosage on the formation of chlo-
roform (CHClg) in the spent chlorina-
tion liguors.
Note) Cl,-dosage; A 120 % of demand, B

1 { - L 1 1 80% of demand. Sample; Buna
10 20 30 40 50 UKP. Time; 1 hr, Temp.; 25°C,

Kappa number of pulp Initial pH; A 1., 7,B. 1.9.

Amount of CHCIs (2g/100g pulp)

CHCly @imE v 7oK, KiE, PH, Ch iRMEL LU Cl LOBEMMRSOERICERASN
318 —EDEBREET TUELTE BN BERICONT, CHCly OEREERIEL #REFig. 43
KRL1c, ¥, CHCly & TOCI £ B0 B%H% Fig. 4 (R LT, BEAREAESLURY) 7=V
NN TFDEEICE D CHCly OAERDRD bitic, 4, CHCly ApE(E TOCl & s HBERMRS
Ronl,



— 48 — WERBRBI RS H3405

3
2
3 2p
=]
(=)
S
Ny
&
Z L
§ Fig. 44. HERMEHEHICERT 5 TOCL L 2
== N »Y:
Relationship between total organic
oy — chlorine (TOCI) and chloroform (CH-
250 500 760 1000

Clg) formed in the liquor on chlori-

CHCIs amount formed in spent nation,

chlorination liguor (#g/100g pulp)

3T BRABCBITMEERS

BEMATET, BRI 7m0 ) F=v RS, FEEPBIEEOREEZET. CNETOHE
BT, ChoDRIBERAMIC TR F b BERT 2 EbH LN, £2T, ZCTRIhLD(EE
FE LR RS E DBEIT DO THES L,

Bl ® B

(1 = *

EEABLTZ 77 b 7REZEE LS O%HH L7, Benzylalcohol (BA), Stearylalcoahol(S
A) BXU Cellulose ($4) ZFNMBEORRATLHEA Lic, BAFEA )+ (Gmerina arborea sp.)
MOER, ERRE2HRIKB T H <y HiclE UTRI L,

2 X I

SA, BA BXU W7 OERIEEMNBEIREEU ., 7, Cellulose & SA 2RDILSTEAELTHE
FEit L1z, 500m! BORMHET 7 % adhic Cellulose 3K (18) xx/—n Gml) ITHRBEL
7c SA(0.2g) ZTAIKEAR, BRETTHRELZARICERSE, HOT, 0.5%EXKK (200m) ZHML,
HATCLhr XKWL TERTERML LU, BED Cl ZRETTHRER, /727 405 — (1G3)
THBL, BEEK TE/—VTHELK, 20%, COBEEY v/ AV—fMIERKHEL, n-~+4
YEBEIUVZFvL—FN (F12hr) T, #iliHE oNg {25 TERRAN L,

3 4 #r
BRLOFBERMERIETH 2BHR B JUCBIGERE—RINICRO LS IKERENZ19,

BEHEL ¢ Lignin-H+Cl; —Lignin-Cl+HC1
B AL G « Lignin-Clg+ HO—Lignin-OH+ 2 HCl

Fr, BRCTIEBTERSTANTY) V= rvs LfURT 2 LIBT3 &, BREIGCHEEShRER

(S-CD) 2#%k8s, KEAPERDENS,
S-Cl=A—(B+C)
TZ7T, A EMCl &, BRERUERbO Cl 8, CIEY ChBARYT, ¥/, EXOBEHR
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#E (SR) BHTHSOFE® i > TRAL ORD I,
SR(%)=(BH#REGICL - THBINTERE TERHER) X100

T, HRFADSTIIFEOFEROBICR LI FETT -1,

TRFNVOEER IR, MS BIUT VA Y IKIEHD GC-MS Mt I & b T -7 T VHYPED
BRI D = 2 70t Fig, 45 1K - THEEER L7, SA OB A B0 50 58D 71 F
(AlOs) ZFELIcH 7 MTBERDEZEAL, 50m! OPUEMERTHEL TS 757V a vELR
FAHELUTER L, BA OBAKREHA A7 o<+ 77 4 —THRKENZ2RE-IBICHTEIRT
NVEOBERDI G, TOEREZRE L, TATFVEDYy /{LiLBEZ 2N NaOH &T 1 hr &L TT

of:c

l Sample ,

Chlorination®

L Reaction products 7

dissolve in CHCI3
5% NaOH extract

I |
L NaOH layer l CHCI; layer
topH 5
ether Washing
extraction - dry up
dissolve in
]_______I n-hexane
Ether l Water I
layer Al,03 column
chromatography
dry up
methylation ]
I 1
GC-MS n-hexane ethanol
(or CCls)
GC-MS GC-MS
Fig. 45. 257UV T a—w(SA), RvInvTiva—n(BA)
BRI Oy EEE
Separation procedure for the chloprination products

of SA and BA.
Note) a:see Table 2,



Amount of total chlorine consumed by substitution (S-Cl), % based on pulp

Total organic chiorine (TOCI),(%)

3.0

2.5

2.0

WERBREHARE
Kappa no. of pulps - A
o 13.2
o 32.1
F A 411 A

0 100 200 300

Chlorine-dosage, % of demand-

1 " ) 1

a
a
1 2 3 4 5

Amont of total chlorine consumed
by substitution (S-Cl),
% based on pulp

%340 &

Fig. 46, BEMRIGIKEBEIN2ERE
SCH L H/EBFME BXU
s9v7 Kappa fili& O ER

" Relationship between Cly-dosage

and the amount of total chlorine
consumed by substitution (S-CI)

Note) Sample; Buna UKP, Time;
1 hr, Temp; 25°C.

Fig. 47. B@FIGICHBSNAERE
(S-CD LR @ 2H#E
#a& (TOCY) & DK
Relationship between TOCl and
total chlorine consumed by sub-
stitution (§-Cl) in the spent chlo-
rination liquors.

Note) Sample; Buna UKP, Cl;-dos-
age 120% of demand, Time;
1hr, Temp.; 25°C.
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Hofi MR EEE

1) Bis L UBIRE

PSUTEABORY 7= e FREEERS XCRAEIETH D, o RBEICEST 5 BHRD
Khb, CNHDFERD ) 7= Y IELICRTREP VOB RIZTEEECOVTEESL OWE
BILINTE LY, ik, BIDEEHEICRELXEZ 2 L0EE» L, FHIETEICNETES
JHZT, BERIIEEEYD 5O AES? SMEHEINSE—HT, BRY /=it 3BIERBOEE
HHHSLICEN TN B9,

Fig. 46 i€ Kappa QR 2 7 FHMREHS 77 b7 2ERLLIcE &0 Cl RNE & BRRE
TN RERE (SCD OEFEER LY, S-Cl BRI~ /= VED VTR, Bingic )
UTHEGENCHEM U, %72, BY S= v v 7t 5138 SCl BlamiclikLi, T OEMIIER
D TOCI DEF LR —FKL TS, S-Cl & TOCl OBEfE% Fig. 47 \WR L, MEDOMIKIZE
WHEBBZEAR S, S-Cl Of50% 4 TOCL & LTRIES Nz,

DElL, HEOBHERE (SR) thkiZT Cl iRMNEL XU v 70 Kappa fiDE&4 Fig. 48 ioRL
foo WMEB LY V= BoEMicE b2 SR [l LR L, HEXMicBARIEHNEEE 2 @A%ERL
foo SR CRITF Cly WMBOELEIIHB T, HEREXRBD 5005 160% ZTHRMEZH LI L%, SR
REWERLI, —F5, V7= vEOBE T Kappa fiT25~30DEINICH L, SR IIFH 12% DK
PRE NI,

Fig. 49 i€ pH B XUORBRED SR ICRITTERIC OV TR L, && pH #1605 2.5 £&<
HZEICKD, SR B 15% EA U, T, WED 0°C 5 46°C kb HT AT Lickb, SR i
10~18% @ FEAR LIz, MROT L7245, SR i@ TOCl LFEFICL BT ERLL, CNHD
BErD, SR KBEEKZITERE LTERRBNE, pH SIUCMRERETONECEBHLME

LA Al
20 =2F A&
(a) =FPE

—fkBEEZd> SA BLU BA Z—EHPI LD Cly Rinic X 38R L D, BRBIUBEE
EEBTIRTFVERIEERG 52 L@ NI, CNRERICUSORICTERT LAV EVEEI

Kappa number

100
A 41.4
o a 23.1
X ° 13.2
&
S 1k
5 e
s
2 °r Fig. 48. HHREHRE (SR) LERRMEDOEHA
& ' &
i Relationship between substitution
T . , , ' ratio (SR) and chlorine-dosage in
0 50 100 150 (%} the chlorination of Buna pulps

Chlorine-dosage, % of demand different in the lignin content.
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Temperature (°C)

0 25 45
80 T T | -
!'.
70 b R
e .
(%)
o 6o} 4
g
S
2
£ 50 P <
£
>
w
40 F o 4 Fig. 49. 74, TH= Y237 b7 D
BRLCBYIBRERR B LIEZT
pH BLUBEOXE
0k & R L, Effect of pH and temperature on
1.6 2.1 2.5 SR in the chlorination of pulps.
pH (final) Note) Buna (O @), Akamatsu (O D

By a) FERRBOTNVa—VHTIRFVERRT 2D EMEEEN D, 8K SA LKEBKRHFTHEL
CEHLIEMS, e vh3 O Cly 2RINLUKBAERGEEERICLD, BB hETicaML, &
HBRIT/ 2 2 TAFMEL GC THITF LIz, ZOEMEME LT <2227 Pid Stearic acid
DAFNVZRAFVDENS E—F LI, dEBRTAVIFERANTHET A/ a= b5 57 4 —KED2E]
Lo, PREAGEREIBIED IR 222 povid 1725 cm-1 2 2 2 T ORILER Lz, T O¥E R NaBH,
THELINY, LIAIH, TRET 2L SA £ERLL, S5iC, 7y sk, BEREZXFIL,
FHERET 2 F VLLEETD, GC THMT LT, ChOoDRFEHZERAOZNEHET 5 C LK X
Y, %B@ Stearic acid LU SA s ht, 2D Lh SRR BETESIZ Stearic acid &
SA BB TRFUVERELN, Fig. 50 itz Dz 254D IR =2 A7 b WERLED, Fhb
RERBERP LB NIERE—F LK,

Fkic BA ZERLL, 2 OSUMERHEBEE L I aBI L, £ OBIERIE » F vtk GC-
MS T L, ERLREEROBOMTH 5 2HA LI, Fio, MBI I #FVBRET L
FHFARREBIaT b T T o —THEERL, GC-MS THF L7, n-~F+4¥ Y1z Benzene
3 X ¥ Monomethxybenzene OERIHTH Y, Fi, <V VEREH»LIE Fig. 51 KRT LS
W ODDORADBRADMICZEERE BA Holz 270 & ZOERPO -7 RS,
EFL A1) 7c Benzene 3EEFHIEMKINIC K 5244 LiEE X1 3 28, Monomethoxybenzene &
BEREEZHESHTEE, TATAOERBEAENIIOBTS 205, BEEIN/DOIF3BHREITTS
»izo %72, BA & SA OZFEBEAYHERRIKI G VBEOEFIKTLET S &, B ERY
DMz, SA-Benzoic acid (F7-i3, BA-Stearic acid) = x FrOERILEEE BB &N, T b
DERTAFNVIBATBRO T VA ) MBEF T TR KA BEZIF 0 - ke, Fig. 52 K—BDH
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HENROOIWEBEERU 10,

CNETCRTELZATVERCEEEREZTEREZA S, CL BingE, pH, RKEEE, &
BIEERMOBRIC OV TET ORI Z1T -7, #HE% Fig. 53, 54 L0 Table15, 161CF o,
ST 5 Cla RINES 2T 1 RIEE L OR& pH 23D ETE 22 F 4@ 310 bl -

WAVE LENGTH (NM)
3.0 40 5.0 6.0 770 80 9.0 10

117712~13 1415

STEARYLALCOHOL

ESTER FRACTION

1740CM—*

STEARIC ACID

1700CM~!

1000 285
] 252 5.00
. -
t -
2R
=z
[ -4
2 ]
) ) 10.00
50 100 150 200 250 300 M/E
%
1000_ 0 M+ 536
-] ]
] CH3(CH2)16CH2-0-C-(CH3) 15CH3 5.00
. A
l: -
(72}
g
I'.L_J -
= i 453 509
0 Lt e e e <0 00
350 400 450 500 550 600y,

Fig. 50. 277V AT a—vofRMBICE DB LN T X FLVED
FRABBINR R VB ITTRRNT b

Infrared and mass spectra of ester fraction
obtained from chlorinated stearylalcohol.
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100 200 300 400 500  SCAN
1000 _
_1
7
i L p
, |
1 b
i ‘ /
2 1 /\
! ‘ 5 \
RNV,
=z
= 0 — T — T \S T ——
0 5 10 15 20 25 30 35 N
1000 105 % PEAK 1 7
_ CHz @ i—zs.oo
> 9
E t<0)
[72]
z
= L
z
= 0 ‘ ,;..‘rfiam
250 300
%
00
10 0 a L15.00
-0-C
>- |~
=
wn
&
W 246(1) !
Z 5 . : 0.00
250 300
%
245 (M+-HCl
1000 : ) 600
ct %x10.0 {
O &
l->: CHzOC'@ /
17
Z |—
- i
= i M 2[5?0(2) X
= 0 ity SSUSESHES RSN | M——— e N
900 250 300
PEAK 4 N
139 ci-2 cl ”
1000 0 ~9 00
- 111 + CHz-0-C- x10.0
159 SH2 279 iM=-HE)
£ P | @'C“Z /
7] 125/ }
g 8 . 1‘ i M+314
SNSRIV WM ARPIF SN TSN VR N S SN 1 W
50 100 150 200 250 300 M/E

Fig. 51. ~v o7
a—DiEER
LI & D
Fohicx R
TNVEDH R
sa=+7 7
LB XU =2
27 poav
Gas-chromatogram
and mass spectra
of ester fraction
obtained from chlo-
rinated benzyalco-
hol(each peak con-
tains its isomers).
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Cl:1~3 Cl:0~3 GHa  CI:0~3CH0H j:0~3 CHO
@ @ @ @ Fig. 82. 257 ynwrTa—ni
FURYIVTVT —
61203 GOOH DERIAEIC L DB S
|-| 0 Cl:m NS OIS
@ —¢ -0-¢ —@ Chemical structure of reaction
H n+m:0—-4 products formed from mixture
of stearylalcohol(SA) and ben-
cl:0 0 H zylalcohol (BA) by chlorina-
@-5 0-C —(CHz)16CHs tion.
H Note) Initial molar ratio to sam-

ple (SA/BA, 1:1); 3.0,
Time; 1 hr, Temp.; 25°C,

CH3(CH2)16- C (o] Q—(CHz)lsCHa Initial oH; 1.6
111 pH; 1.0,

H
Temp. 25°C MR 3.
Time 1 hr
S
§
bt " . " N 1
® 0 1 3 b -~ 10 1.0 2.0 3.0 ‘
5 MR (Molar ratio) PH Fig. 53. X 57 J AT a—D
f ERNEIC X ERS
o
o} LT ATIVEBIRKRIZT,
3 ‘ (CoHs)20 e . ‘ET
> B ™ o] jﬁﬁﬁﬂu%: PH, émﬁﬁ
KUBERNOEE
‘ Yield of ester fraction of Ste-
" i arylalcohol(SA) at the various
: CH.COOH chlorination conditions.
Ow— CHCl, —8 Note) Standard condition; Cl,-
5 7o = T + = dosage; MR : Initial m‘olar
Temperature (‘C) Solvent conc. (%) ratio of chlorine to SA;3.0.

2o Cla IRIEOHEMCHE - T, SA OBAICRT 2 FVERBIIHA LD, BA TREVLSG TIE
REHRBIRNT 20, 2 FAVRBRMOER LR, Ch RIMRE—E (=vik3) KLzl s, Bk
E@m<m5KOﬂTIXTWE&iEkbLO$\®% R PH 232.0 $ T R F VB SHER L
Dzt L, BA TR pH SEL B IEONT, TRFLVDERBEML Lz, S5, =Frz—F
WERIBRICMA S E T2 FVOERIBMAT 585, 2 oaki s, FlE, 439 YSE2RMLTLE
BEFDONR P oTe =T VRMTIRERD XORBOAESB T — FVBICER LT 2120, &
%%KTﬁEﬁﬁm%iﬁéC&&Hbmﬁ%twtﬁiéhtoukm@ﬁ@b,—&WCIXTWQ
ERBEMEEREEETTHATILEIONG, TRATFLVORERERT SA OE4 25%, BA
DIFBE23% TH-to
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MR:0.5

MR:10 z 3
o N\ = VAN

1 2 3 4
MR:15 P\ W
, Fig. 54. <v LT a—vOERbit

3 BIZLDERT B2 FVRIC
: ‘ RIFTHEFRMEOLE
MR:3.0 /\ Gas chromatograms of ester

fraction formed from benzyl-

alcohol (BA) by chlorination

at various concentration of

chlorine.

Note) MR; Molar ratio of chlorine
to BA, E : Esters substituted

E-O E-1 E-2 E-3 with chlorine, 0-3 : numbers
M+ 212 M+ 246 M+ 280 M+ 314 of chlorine,
SCAN
20 30 40 50 60 70 80 90
1000 : | IS P ! L | X I " 1 s i L 1
B CH20H
(0]
_ o~
—o—NOH
_ CHLORINATION
OH
N-HEXANE, ETHYL ETHER
CH3(CH2)16CH20H EXTRACTION
N HYDROLYSIS
3
T M*298 METHYLATION
1 GC-MS
] 1. CH3(CH2)12CO0CHs
g 2. CH3(CH2)16CH20H
i 7 N 3. CH3(CH2)1sCOOCH3
z \r - TTTTTTT T T TS~ T
z , ) : .
) 1 2 3 4 5 6 MIN.

Fig. 55. +wvo—X—XFT7 )T a—nz270{tHho
MK RMBEARG (A FDDHF 270w+ 75 A

Gas chromatograms of methylated products of ester
fraction extracted after saponification from cellulose
chlorinated under the presence of stearylalcohol.
Note) - ; before saponification.
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Table 15, <y JvFra—woEHRNICE
I ZATIVERIKKIZTERGNE
BLUREORSE

Total chlorinated esters formed on
chlorination of Benzylalcohol! (BA)
at various chlorination conditions.

Table 16. v I T7Tra—wdDiEHElbick
DiERENIIRFVBEEPH B
R EDEL

Total chlorinated esters formed
on chlorination of Benzylalcohol
(BA) at various pH region.

Total chlorinated esters(%)® pH Chlorine Ester®
Clg-dosage consumed?

pH1.2¢ pH4.5 Initial Final (%) (%)
(MR)? 0°C 45°C 0°C 45°C 0. 81 0. 63 110 21,0
1.0 2 4 0 o 1,61 1,20 98 14,7
15 5 1 0 o 2,98 2,58 70 4,5
3.0 12 23 3 ‘ 5.98 5.25 55 0.0

5.0 8 18 0 0 Note) Temp.; 25°C, Time ;1 hr,

Note) Time :1 hr, Sample conc. : 0. 2%
a : Initial molar ratio(Cl,)/(BA).
b : Based on total chlorinated

Cl,-dosage ; initial molar ratio 3.0,

a : Based on sample,

b : Based on total chlorinated
products.

products.
¢ : Final pH.

DEIC, wo—REELTFEIEDLZT N
WROTEEMZE X 5 k£, BXern—2 &
SA DREMDERE EBD LD ITIT 72 K
TSR S RFIHD SA B X U208 0552
LA DONIL L ZTTHHAE L, O

Table 17.  # Y F (Gmelina arborea sp.)#
777 MERANSVTOANFH VI
MORFESE

Elemental analysis of n-hexane

extracts from unbleached and
bleached kraft pulps of Gmelina

arborea sp.
HEREE 7 VB Y KSR, BT —FrH
_ Cc H OCH; Cl
HAETD, #ibsE 2 FuinE L, GC-MS T
e } . UKP? 80,13 | 13.20| 3.14 0
SR Ufco iR @ isin L 7o SA e L 19% BKP* s0.95 | 1372| 295| 138

T, SA B LU Stearic acid # FIL T R FHs
¥1:100kETHR N (Fig. 55), SA @
ERIEOWVTIIRIATH 545, Stearic acid v o—2 &2 2700 CGEAMBSRMERE) Lz
DICHKT B EfE L, T, SA T 5 ChimMENE VK2 LT TR A FVERIBED SR
PR AN

b RKEAZ 7+ T

2OV FEEE TR ICAM R T T 2 T VAR T B WD B 50 & D I B fod, BHAVTBRU
E B ICOWTH T ORRETT - fo, SGFEERARTE A ) F M LEN L2 B0 SRIEWRLAYZ
BATOD, CD7 57 MEFANVTE n-~FH v THBT S L, 3~5% ONE Girovy) THER
RO MR i, Table 17 IWRITHBLOER T 57 b w7 O n-~F 5 VlIRHO LRI
AR U, WECEX D258 L, TIFhTssae b 374k, RVYEVTHET
B ETRFUBHE6 ~0BE O NI, TNET A ) THKSERR, BB hERicHgL, £hdn
AFABLOT e F LB LT GC-MS Tt L, 2R, @MENHRE XU 7va— 588
BDoN, LOMRRERIZ6, 8HLU0EFTEHSETIRAYTE > (Fig. 56), —F, REB7

Note) Kappa no. a:38.7, b:17.0
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CH3(CHz)26C00CH;  M™438

1000
> 10.00
=
wn
z
u
=
z
OB S — e 000
300 350 400 450 500
1000 %
. 1 2 L15.oo
= 87 L
5 ]
2
wi b -
e
Z 0— a1l vl|.l |.|. ey .|‘ . r ; L0.00
50 100 150 200 2
Me466 %
10007 CH3(CH2)25CO0CH:
1 115.00
> ]
ol
= 1 L
2 ]
g 1
. L
Z 4
0 . : SRS MMM | efL0.00
300 350 400 450 500 /g
Fig. 56. » )+ (Gmelina arborea sp.) t47 3 7 FEH LT D
n=~FY VHFBED Fohic £ 27 VIER O ke
B (A F B L OT € F (L) D GLC £ L ¥ GC-MS.
Gas chromatograms and mass spectra of methylated and
acetylated derivatives of acidic and neutral products after
saponification of ester fraction (Gmelina arborea sp.).
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1000
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>
=]
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i
0 ITIvI'I‘I'I‘I']'I'I'Ill‘l'['i‘l‘lv[‘!'l'l'l'ITIL'l'l'|‘;'ITWPI-I'I'I'I'I-[‘I‘I'I'l-l'l'l‘l‘l'[
550 600 650 700 750 800 850 900 950 1000
Fig. 57. AV F+ (Gemelina arborea) ¥47 5 7 VEH/ LT
LOBOENIZRATNVEDTRRART b
Mass spectrum of ester fraction obtained from #-hexane
extracts of bleached kraft pulp (Gemelina arborea).
50 100 1
1000 sttt et e S0 10200 SCAN
13
- 15
20
A 18
- 9
=
5 -
Z
[
=
z b 1
2 5 19
1712 17
" HIan
_ 3 4 5 6/\}\/ \/
1WA
0 : . T
¢] 5 10 15 20 25 30 min

Fig. 58, 73 M2 7 7 bron 7PEENE (T F 12— FVAHEERE) OMKRERS
(AFnfb) ORI 75 A

Gas—chromatogram of ether extracts (methylated) from the hydrolysis liquor
of extractive-free spent chlorination liquor (Buna wood)

Note) Parent compound : 1, 3, 5-dichloro-4-hydroxybenzoic acid, 2. Benzenedicarboxilic
acid*, 3. unknown, 4. myristic acid, dichlorosyringol (OH-free), 5-6. unknown,

7. trichlorosyringol, 8. unknown, 9. palmitic acid, 10.

5, 6-dichlorovanillic acid,

11, Dichloroacetosyringone, 12. dichloro-3, 5-dimethoxy-4-hydroxyphenylethane,

13. dichlorosyringic acid, 14. unknown, 15. stearic acid, 16, unknown, 17,

1-(di-

chloro-3, 5-dimethoxy-4-hydroxyphenyl) -2-propanol, 18. dichloro-3, 5-dimethoxy-
4-hydroxy-mandelic acid. 19, unknown, 20. #n-octcosane (IS).

M/E
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F7 VT D a-~FY VB S TRATVRBHINE R -/ ERS, O R TAIERL
TRETERUIDOEHEE LI, 22AFVBDvRR~Y bk Fig. 57 WiRLc, 9FE—27 B m/z
816~824 ITH SNz, BARS THBRIERTE I, -7,

THM2 57 v EARERK (CHE) #BEFEH3) T, TFVI—FATH R o= b7 7 A FITES
FRODRE INE 25 ETRATREZTY, ZOREEKRE 7 vA ) TIURSRLER, BERET
TI—FAMAZTS &, O —FHMHED 20~30% YT ANERT HUz-F A BTN ES
Nz, TNEREBL, #Fribik GC-MS i35 &, Fig. BBIC/RT 7 m= b7 7 Ad@ohic, K
ST LOFAE LRSS, BRI —F R RIcHR SN TO A L, EHRL7 =/ -0,
BRILT = 7 = AV R VBHBERSE LTHRE IR, Ch DS BEAIRTER LT XA T
BICAHRTEIEDEEZIONS, 7, HEBpCHE SN 7: Palmitic acid, Stearic acid o fafisHH
BbEi 2T UICHRT S SHEEI NI,

S toR@II—BRHNREEIBOERLEKETECEN TS, AMBRRIMT, B4024 7DLRT
WHHERLTHNAT EZRRLTHS, LRATVOERKE, 7B LIUBK~NOEBICOVTRSR
DHEBETDH 5,

CR A E ]

777 b T ORRBERICOWT, FRERMCAHOERICETIERELZORT v v v 2B
HITT L EHNT, SBERCRELERHEROBEERH LR ELTIE/T 5,

(1) Ch mMBESVIEBEY 7= &z TOCl Xt PhCl OARICA X1 ZEBERITT,

2 —EOEREHLET LM 5L, TOCI i3 Cly FINEICH LT#hnd 20wt L, PhCl o4
KidER LERINSERED 120~150% WMRHCRAEER L, 50% PITH XU 200% LI ETRAR
BBELIRBD LI,

(3) BUEEE, %K pHOBECBL T3, HRHEE, & pH KB 3% T TOCI & X7 PhCl
DHERMBIEARTSZ C BRI 5T, T, BEOD Cly FINZHT TREGKMBESFERLEY
DEFRBICEBESL TS,

4) HEFE{LEEETO TOCl &3 TOC, CHCly OARKE &S EMBEFHEER L,

(B5) HBERD 80~90% RESFHEBOBS SHE LTV,

6) BHREGICHEEZINIEREE, CLRNEOBINCH - THELLY, BElkdo TOCl - BHLE
BRICH o1, T/, WBRIWE pH B LUHRERBERRIGERET 2B E2RL,

(1 —HKBEEZ S DRIDO—PIERLTETER, BIEKELEDICI ATV RGER D, &
DLRFMEGEERT S, ZNODERT A FVREQTIRTRIKSMBREZFIIL D,

8 TRFNMHOERERIEBERLAPOZN S ERIELL, BRRIBBZOERIEZETT
ZBOTRFVERBRBD DN/, i, BEOSVTILEASZLTTL, AMBSHNTEEDO X F v
b d ek 2 W BB b h i,
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FAIRE FRERLCSHOEMFNESE

BlEm

il

757 bV TEABRREOEEANA AT v w4 3EC MRS S RAETAEIRIC 20T ITbhTSE
FWOID BRI, g PR TSRO BBO SN, BEBE E LT, BIsR, BR{elE
B, TEMEVRBLCEREY =/ — VSIS DICSNTE Wow-19 Sl BRdmeE LT
1, WA, = 2EOMRBLIAE, 7 F 0T (B, Salmonella, typhimuria), Hv (B, Aspergillus
fumigatus), 3 Vv 3 (B, Daphinia magna) SOEEMH—BINCEI SN T & 10000178 &
7o, BYEORME LTE, HWEEURD 50% £ TS 5BEEERT LG, TLm £ 50% O FLLICE
T ARERT MST, LTy SR IN T 21019,

FBIED/SA AT v 4 BKE, KR, pH, HERZFOLOERCEESN L L0, BRBLY
DIFENFICHANEZNID, HHRTHEOROAAFT » 24 ROMREBBH SN T 3, I4E, Fu
EXFHEEMV Ames FR DS, 757 VT OEBIERERICERERBTENS 5 &
WEahweo-18e ARGEOFIHPRAERBREOHREFRICE LT HANETIESED SN TN 318
B, ZOERBBIIRBRTS 5,

BEMMEEZT I, HE2VERFFCOPEEVIBERTERINS “EAHREHE” BARDHE
LEADN7 v 2ERTEE THLE SN A8E, cNOR3BERCERINE 2D M5 7V ERETER
L B8, AHPDY 7= v SEAMREOYEO—D THY, EHERTOEHRL) /=viz2o1t
G LD S URESBERE L HAI NG, T ONREPERELIZET 2HRERESIITL,

BATEBEROYIERREBEOREERICRINI LOK, HAETRTHLEBRERI T VLR
170, AHRHRTESIC C-Cl HEUHE IV 1o, —Riicd SRR T ERESEOR
BFEROENTNG, &, EFHER L, SO FRERILGYOHIBEIEH ST 218018,

FRTE, (ECROHERE TRIEENZORAOLTVEER < I EAERA2TOM, BREMSELN
ZEMESE7 77 a ¥, BERAMPSWShICSh B THRELAYS LU N 0 OFERS D
THRIEEEYISPIC L LD & Ui, BERHDOELRIDH 5 DIIREET, DEREOERTY,
ZTOEYFENELLPTNEVLN TN S, KERTOBE A AT v 24 BEED + —2 VOEHFT
MELdOTREL, BRPOBELOBRAELT T I Y 3 VIZ OO TOIEEFT - 72 ITEE 1D,
INSDRD S, FEEOEMNIEHEICET 2EBNENLEXL > ELebDThHs, REREHELT
BEEEAT v Y (ChEERLABERRERARESWW gl DRHSNTOD), X4 HBX0 1
B R L, RERGEECH T 2 EEL BN EORBRET . X5, ZhoDEgIC
L ASBELEREICET BB AT - 7c. ZNOABL, AUEEEFBERLAYOLEEELOH
FiCDOTER L,

w2Em B i3

EHER Ty VOBEBRATEERICRETHEEE LY, e LhicHT 28 BMAERALT, T4
WFBERRIEDOSE 7 77 Y 2 v B KUREMOELI FREFCSHDOBILFMET - 7o
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F1M £ B

1 AxHAY

HEREORERIARTHER LTS
HMEREAH 7 (Kappa i 18.6) %
H o LTk, RRIREL
Th-Iedbnk, ERHECC-E-D
DEH Y — v AR - TR A
L7, CEIUDEKRIIERN ALK
EiAD, BERED $— IEHICT
> lebDEERRIE Ute, FMED <4
AT v IKER LT VESTE
FLAYE Tablel8 IR L, Th
5D b, (x)HNE7 77 FEAEK
HICEESHREINTNE RS T H
%, (o )MDLEHETHRERAES
ZDEFER L, TOMDBRARE
BENICARL-SDTHY, HER
HHeRRY, IR, MS, H-I5 kL r 18C-

Table 18.
Compounds used

NAXT v A CER LAY

for bioassay

0, m, p-chlorophenol®

2, 4-dichlorophenol®

2, 4, 6-trichlorophenol*°
2,3, 4, 6~tetrachlorophenol®
pentachlorophenol

1, 5, 6-trichloroguaiacol*®
tetrachloroguaiacol*
trichlorosyringol*
trichloropyrogallol
tetrachlorocatecohol*
tetrachloro-o-quinone*°
chloranilic acid®

3, 5—dichloro-4- .
hydroxybenzoic acid*

S5—chlorovanillic acid*
S—chloroferulic acid*
dichlorosyringic acid*
chlorofumaric acid*
chloromaleic acid*

2, 4-dichlorobenzoic acid
tetrachlorophthalic acid
pentachloroanisol
tetrachloroveratrol
phenol

guaiacol

syringol
p-hydroxybenzoic acid
vanillic acid

syringic acid

abietic acid
dehydroabietic acid
oleic acid

Note) *:identified in spent

bleacing effiuents.

° : purchaced chemicals.

NMR 27 pvELV GC, TLC THRA L, 20t 2 ORBEATHESERESEBOLEY
BROAFNMEBFERELEICER U,

2) BEEOSHE

(@) BALBEBEI v~ bS5 4—

RItE (B2 RERS) 2@KLL, BITOHET Fr. 1.0.10 258 L (Fig. 59), CELTVER
B (&5 2HWMBTcIEY -4 7T pH7 KRAE%, FABESE (Amicon fsn—7 7 4 /¥—
Model DC-2, E%F5 10,000) TEASFEH (Fr. 1) %58 Lic, Aiig%EAmberite XAD-4 (100
ml) BEEEL, KEREEDE 0.1% NaOH-x % / — vk (200ml) THREEL, FEHELF v
T—FAER Fr. OI) CREBICHM Ui, BIEKRESNEOHEER Fr. D) 2203 LRBET
TEBLUTHRBIE L, #hEFho 7 57 v 2 voll&iz TOC bkt

() FwBB\ruwr I 7T 40—

FITE (2) THEEL, Fr.l 8L UP 0% Sephadex LH-20 %ML 724 5 & (16X300mm) kb,
UhFHv ik (A1) THEHL, BERED 280nm OBRES UV == — (ISCO, UV-5) TEE:
BE UTco IEMKE 10m! Fo5EL, 2% 38 (Ly, Ly, Ly) 8L, Theh% 40°C ITF TRE
REHRFRL, SBREINEZIICTE / —WICHER LR A YvEhicEits, SREEL A
AT v e LI,

(c) FHHEEmRL

TFHO C,E, D BAER Q0;608 ~vFABY) ZHhAIL, BET (0°0) T 1/10 ¥ TEmME®E,
PH3 T n-~F4 v, Fr—-FuBLUHB L F VT, §BLERICERBE Uiz, Mk,



— 64 — WERBSTERE £3405

0.3}
2oz} o
oo
[}
z
[0l
<"1}
k=]
=3
% 0.1}
/go/o/ Fig. 59. iEH2 5 v YOBERE
/o E2OBRF
| ) L s L Relationship between the
o 1 2 3 4 5 activated sludge’s volume
Sludge volume (ml) and its oven dried weight.

Bikig, HEEBRETTHRE, FRE, SXEBEELCLSELD
KT &/ —VCHERL, S Y RhicEs U THRBREL
7o

(B) NAAT y A1

@) W=7 v VOFEE

ERRICHEA LENER 7 » VREERTHREOMEDT X
MEFRLDBEEZT2EOT, TOEPIERI VTR
FUSHEINTORIOWY, RSO FES TEgEEL
a5, ERICERTZCL—ERERRL, BLSEEC

Fig. 60, <4 27 v A icERA L SOKE LIS DEREBTBENL, 44T v &4 ITHAL
BRE o 2T v VOBMBE ZDEKE DEFEE Fig. 59 ICRT
Incubation vessel used for
bioassay. ABRERELL DA 3 HLNTHER LT,
(o) A E &M

WNAZT o2 RERRESBBIERSDY OHEELREZICL, DTFIRTREER O,
(FEHR 7 v JEE) : 1000 ppm
(BEEE) : Glucose/Pepton(l : 1) 500 ppm
(GUEHERE) : 10~1000 ppm
(RIG7RE) « Fig. 60 IRy HBEBEEML, EBK 100ml, BLURET 23 CO, NHy 4 2 0RINA
& UT, 10%NaOH, 20% HaSO, %% 1mi fIZ=ICEML 72,
(PR ERFEEE) - £8% BOD WE#EE (TOA Electronics, BODR-6) %L, EE 25°C, <7
FF I RET—RETTRAT v YORRIC X 2 HMERREE HBTH Ui

(c) HFROME

fHZE# (Inhibition ratio : IR) JWRICX L HE LI,

IR(%)={(A-B)/A} X100

(A: BEOAEED Y b o—VERAGHTOR 5 » YORERINE, B : BEICRENRMI MR

ETOAT v VOBRERNESET) IR 3H81%, 2, 5 10hr hicHE L7 (Fig. 61,
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16
INHIBITION RATIO(%)=21=(38) 100
F14 - =A-B 100
L12
: SLUDGE + SUBSTRATE
2:SLUDGE
- 3: SLUDGE + SUBSTRATE
g + INHIBITOR
= 4: SLUDGE + INHIBITOR
4
<C
=
"%
]
Z B
o
>
X
S
Fig. 61. [HE®R (IR) O
T OEH
1 "5 —5 1‘5 Measurment of
0 2 inhibition ratio
INCUBATION TIME (hr) (IR).

@) oo

SEWHWT 77 v a VERBERET S & S ORMBER TOC F70ix TOS 2HHELE Lz, ¥, fHx
DEFFRADONALT v 24 FENLD 5% T F VT —uiklEE FRL, 10~100 ppm 725 &
DICEICHRINL, AREBDLE /) —wvEavro—vfilikbRmlrz, BER S » VERNT 5 ERH
i, &HBURHE HySO, %7012 NaOH IcTHHED pH IR U e, 7k pH 217 5 & % LT 0
BRI X 572, pH 4-5: Acetate Buffer, pH 6-7 : Phosphate Buffer, pH 8-9 : Tris-HCl Buffer,

(&) kx&AicksanEitAmn

e A £h (ERGsSHE) <, BEKE 27 mm, KE Bmg EEEE) OLOEERALE, O
ERER) =7 v vERBIC, 5/I(125mg/l) OBE T TRRET -, ERAKE LTRFEFKE
FERL, 7Ry T TR Chr) %, I pH A6, 7, 8ICHM L, B3I % T2/ —
NEBRERNT, TrERRM Lz, SHEEER 25+3°C T, 24hr SO TEAE(3 BOFE) Ui,

@) Zothosir

AW BH RS o= b5 7 4 —TiT» 12, &% alditol acetate 1ZZE#1%, 3 $ECNSS-M on
(hmmmnqumnwm)%%ﬁbtﬁazﬁéA(mmwicm)%ﬁﬁb,waAﬁﬁl%f,¢
V¥ —HR (N OUWHE S0mifmin THY Lz, Tuh ) HBLEABRIIRITE 2 WOERICH -
77 7 FU 21T Lundquist @FHEEED itk 5T -70
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20,»

OXYGEN UPTAKE 02 mg/0.1 mg SLUDGE/10 HR

£

st Fig. 62. HH=z5 v YORRBICK
E3H pH 08
Effect of pH on oxygen uptake
4r o INITIAL pH of activated sludge in solutions
@ FINAL pH havi H adjusted with NaOH
0 aving pH adjusted wi a
N and H;80, (1), and in buffer
0 . L L L L 1 solutions (II).
4 5 (5} 7 8 9
PH OF TEST SOLUTIONS
Table 19. jEHR 7 » YOEBERIWERICKITC, ERLUDREEROHER
Toxicity of spent liquors of C, E and D for activated sludge.
Tocal organic Inhibition ratio(%)¢
carbon (TOC) 100 ppm 200 ppm 300 ppm
(g/kg pulp) pH 6 pH 8 pH 6 pH 8 pH 6 pH 8
Cc? 5,29 (32)d 18 4 38 57 10
Eb 9.13 (56)d 12 2 14 20
De 1.92 (12)¢ 7 0 9 18 3

Note) a: chlorination spent liquor,

: caustic extraction spent liquor.

: spent liquor of the chlorinc dioxide treatment.
: %, based on the amount of TOS in the liquor
: measured ten hours after incubation.

[ - -

ol MR E EE

777 b7 ITHEKORERICETAME,IS, pH REHCKEUEEBLREZIERTHEC &
PO TNA9 Fig. 62 it KEWH pH TTEMR 7 v V4 F3# (Glucose/pepton ) L7z : XD

R BICRIEST pH OFEAR L, NaOH & 7213 HeSO, TH#

WOPIH pH % 4 ~ 9 ITRHHK, =7

y VERMUTHERT 2 &, S pHB3WINS pHE [JHIKEE » 7, FREIT 12~15mg Os/100mg
27y «10hr (Fig. 62-1) %RL, ¥ pHICEESNT, LEN—EOTFRELRLADICHL,

BREHRTT pH 25075 &, FREOR/MER pH4 ML,

BRARER 7TMECED N, FREIR

0.5~19.5mg O3 OEETAEENER L (Fig. 62-I1), ¢ OEREAFEHRX 7 v YOEE pH 12t
MEMTIEED, dUBEAOL S BYMETHEELTTNE, O pHB4~9Th-»Thd, FRITHT S

FEICHEENLIINC EERLTV S,
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Sample liquors

(C and E) TOS (g/100g pulp; C:1.1g, E: 1.9g)

pH 7
Ultrafiltration . .
and dialysis [———=Fraction I (High molecular
weight fr_action,
(Cut-off Mw ; 10000) freeze-dried)
J (TOS:C:0.31g, E: 0.89g)

[ Adsorbed chromatography1__‘

(Amberite XAD-4, 100ml)

Eluate with 0.1 %
NaQH-MeOH, 300ml

Non-adsorbed
Concentrate to 20 ml,
add water 80 ml,
acidified to pH 2,
ether extraction (48hr)

Fraction Il
(TOS:C:0.54g, E:0.59g)

l Ether extractive

Fraction II
(TOS:C:0.19g, E:0.29g)

Fig. 63. 7 77 bV PEERKOSTHE:
Analysis of bleaching spent liquors.

Note) C: spent chlorination liquor,
E : spent caustic extraction liquor.

FEANEBEDC, EBLUDERE 100~300 ppm (TOC) BETHH pHE 6 B XU BICHEHLT
WNAFT w A %RfT -l E0ERR 7 v YORERERIC KT BHER (R) % Tablel9 ITRL
7o IR BOShOREKTHRETOERYBEICHALTELIAL S, pHEZEY 2EEX pHE6 O L &
ICHER LTI ITIENMERR Lc, RBBEEOHEMICEET 2 ANBOHRIEKLHERD IR fEiceh
FNOBRPBERTIZEIREID R AN 3, TR, 200ppm (PHE) % flick 3L, C:418,.
E :266, D:36&70, CHkdbmEmL, BickEET a0 D 9% L LY CBLT E BERBICEE
Tz,

EEBFRARMCOVTXLRELVREETS 72, CBIUERKERAAE, BREI/ v+ 777
4 —BIUEAMHIcIY, 3FicHE] Fr. 1.10.I, Fig. 63 B2 L, ROV THAA AT v+
A4 %£§T -1z, Fig. 64 HE7 Table20 IKRT X 51ig, Fr-1 B LOMICIBEERHED 61T, Fr-1T
DHICHEMNBHE SN, CEED Fr-T 235ic v5iEET Fig. 65 IR TX3IC3EDT 77
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2ok Fraction I i Fraction 1II.
V)
£
o
o 1
2
Il
- 3
3
c 10p
<
oo
z
© 2
4
OO 5 10
Incubation time (hr)
Fig. 64. /HEk2 7 v YOEERLEKRICEIE 3 Fraction 1,11, 10
yilal-2
Effect of Fraction I, I and I (see Fig. 63) on the
oxidative activity of ativated sludge.
Note) Oxygen uptake curve of 1. sludge + substrate,
2. sludge only, 3. sludge + substrate -+ inhibitor,
4, sludge -+ inhibitor,, Inhibitor : Fraction I —II,
200 ppm (based on TOQOC), Sludge conc. : 1000 ppm,
Temp. : 25°C, pH : 6.0, Substrate : 5000 ppm.
440
430
E
c ~~
2 8
T- [ {20 8
© 4
3
s S
g 10 2
3 £
<<
H II 1 40
@] 50 100 150

Elution volume (ml)
Fig. 65. Fraction 1 XU 0 DX VAB7 o=t J A LHER

Gel-permeation chromatograms of fractions I and II,
and the inhibition ratio of each fraction.
Note) M : monomer (vanillic acid), D : dimer (dehydrovanillic

acid). Bioassay was conducted at 50 ppm (sample) and
at pH 6.0.
v av Ly Ly, Ly i3 E L, ThEhIK20T, 50ppm(pH6) To IR ZHIE L HEEE R URKHIC
Tltce BFBINELNEE Ly, Ly TROBOEESBEE SN, Fr-1 JEROERICFFLTND
BATHSTH B, EERS v ViexdaHME 1000 ppm OFEE T2 EDONE P -T2, Y
F=vDEABEFFEYRIBSICENIREINT VD, EPRBICH L TRERETH S, Fr-1 27
A EBEABEABE LU VALY v —EBIC L AT ¥ F Y ¥ R0 T X DIESFL LIRS0 = —
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Table 20. CHEIUEBRKIDEAZLH, BE/ o= /774 —
WICHETHEINK7 77 Y a vOFER
Toxicity of each fraction prepared from the spent liquors

C and E by ultrafiltration, adsorbed chromatography and
liquid-liquid extraction.

Yields(%) Inhibition ratio(%)°
Sample . .
liquors Total Fraction Fraction
a
(gl') I b bi b mb 1 II m
Chlorination 1.1 28 17 49 0 38 .0
Caustic cxtraction 1.9 47 15 41 0 31 0

Note) a: % based on oven-dry pulp(100 g).
b : % based on the amounts of TOS in the liguor.
¢ : Measured the hours after incubation at 6. 0(initial).

Table 21. Fr. 1 o7nrh Y HER{biAR{LS Table 22. n- ~+4 v, zFrr—FrELT
BEIUCTY Y 2ERY (=F Frle = 7 A Hhih B Dt
WIE—FOERE) OBHRER Toxicity of the fractions extracted with

Toxicity-bioassay of products decomposed n-hexane, ethyl ether and ethyl acetate

by means of alkaline cupric oxide oxida- on activated sludge.

tion and acidolysis(dioxane-HCl1) of Fr.I. ciers .
ysis( ) Inhibition ratio(%)"®
1 @
Alkaline cupric| Acidolysis with Yield(%) s =0 100
oxide oxidation | dioxane-HCl ppm |50 ppm | 18ppm
pram
Yield (%) 14—17 12.8 Hexane | 0 08(2.3)* 7 10 —
Ethyl
a 35 22
IR ther | 0-26(Z.49)%| 18 46 67
Note) a: Bioassay conducted at 50 ppm Ethyl 0. 32(9. 22)» 0 5 5
acetate
and pH 6, 0.
Residue — 0 0 0

Note) a: %, based on TOS in the liquor.
b : Measured ten hours after
incubation at pH 6(initial).
c : Not determined.

FAAEESE Table 21 IGRT & D IKAEMEETE LIS, INOOFRIEFFRIVEEDE
ELTHREBELTOHEC EERELTNS,

Fr-M 327 » VOEBAREITL@E AR Lic (Fig. 64), IR T v VthOBEYHBERRS
D—PERBERLE LTHEL TV B L EERLTN S, Fr-TI i3 TOS H7zh 16% O¥EEH, Bl
KRABICEIDERUIMEET VT 4 b= T 27— PICEBRLT GC S LR, REBEERL IR
Arabinose : Xylose : Mannose : Galactose : Glucose 2 1:4.1:1.4:10.7:30 C, #oOfEEKEZ
Hiz b, Xylose /075 Galactose 2% - 1z,

n-~FH v, VIFNMIT—Fk XUEHR T T TERM U R O #EAR) < foki R % Table
2 TR LT, BEHERSOREIIEETHE I - FVRARBICE -7, T, MNBHEOBEERLS
HHRFEETHEE L,

BI#ET Fr-T (F7/cid, T—7omiti#) CEROTRERLAYBEENTOICEZER o i L
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(28)

100 A
o °
Cl
r ~e A A
e\
ook oyl
Cl
° Cl
eor CIANOCH:
OH
40 A ¢
oNa d i
~ HsCO OCHs
§ OH
© 2O CONCENTRATION ; 50 PPM A
= pH; 6.0 . \\\A
o
TIME; 10 HR
z ot N
’é 100F o
z ° COOH
L ®
% m£3ﬂ
OH
60 - ° COOH
°
oW
40 b OH
4 CooH Fig. 66. &7 = / —VEB LT
\A ° a © cl BHRMT =/ =nhrHY
2r ™~ HiCOA OCH, BEOMERICR TS g
OH Effect of pH of test solutions
%\ including chlorinated phenols
0 L L . L 1 (A)and chlorinated phenolcar-
4 5 6 7 8 B boxylic acids (B) on the inhi-
PH OF TEST SOLUTION bition ratio.

Fo TTTEINEDMEL DD DMK ONTHERBRET - 1o Fig. 66 ICERLT7 = / —VH
(2,4, 6-Trichlorophenol(TCP), 1,5,6-Trichloroguaiacol (TCG) ¥ &+ Trichlorosyringol (TCS))
BIOEHEILT « / —FvR v (3, 5-Dichloro-4-hydroxybenzoic acid, 5-Chlorovanillic acid ¥
& U Dichlorosyringic acid) %&—& (50 ppm) RN L7z S EOMEEN 5 XU pH KEFRICOVT
~Ufco 9140 pH SSEEGHIR (PH4~6) D& %, #3550 pH ZB I, IR BEWE GROER)
AU, Tovs VIR (PH7~9) g 2 Sk pH i3 5.8~T IKBHIL, B IR 252
Foo TRNOOMBRBERMT =/ —ABICERMT = / - h R VBRI BEMNT B $HERTC
&, FZOBEMEBETFICHRNT EER LT, HHEOBMIRENZNOIFBEDOENCEDETR
STV hs, —EQBEMERLNIEh T, UL, A M FYVENEING 2t - THEEMETT 24
MAED bhtc, e, BEEDOEMYEDOR T v VicH T AMEMREREREO pHICXk - TRELE
BEHT DL EDBFSHITIE 572,

WP OERS T, BOEFENEEIRT TCS it20 T, FRRRMEE (10~50 ppm) X3 2 IR O]
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100 0 a] ] ] ]

Cl

OCHs

Fig. 67. Trichlorosyrin-
pH 6.0 gol OIHE R &
FEREZEAL

Relationship between
inhibition ratio and
incubation time at var-

12 ious concentrations of
trichlorosyringol.

Inhibition ratio (%)

Incubation time (hr)

#gE(bE Fig. 67 WoR L7, IR BIRMEICEFILTHEART 248, RBE 25ppm LITFTR 11hr ZIRIIC
EHRIRBHEETEDICH L, 50ppm Tid 15 hr PIETH 100% OREFSE#EL T, ZOX3K
HHBRERENOBEIUANCHENER G ERA Y 2, Table23 ik Fr-1 THED SNAFREAB LU Z
OBEEKSO IR 2R Ui, FEEHRILETEH S Phenol, Guaiacol, Syringol %334 2 EE/L#nc
W TIEEM: %R L7, Tetrachloro-o-benzoquinone (EE¥rhh St X T isLy), Tetrachloro-
catecohol # X7 Pentachlorophenol 381 pH Zhb b b PEEETOHROEREEL:, LbLE
o, BEwAEHEET AL, Tetrachlorocatecohol T4, Fig. 68 ICRTES5CERNELLIETTAS
CEBEH LN, A5, BBEHRSTE 7 = / — U iKEBEA X F 4L L1z Tetrachloroveratrol,
Pentachloroanisol 1275 % & EHtEidZERICHE Uic, T, BERILZBRNE (2, 4-Dichlorobenzoic acid,
Tetrachlorophthalic acid) XU R/L"#EE (Chloromaleic acid, Chlorofumalic acid) iciz%E
A AL O oo CNODRRIET = / —VIKBEOHEESSBHICTROEEERIT LE
ARLUTW3 (Table23 £R),

PNV TTEBROBERS E UTHEEN TS Abietic acid, Dehydroabietic acid 3 XL 7F Oleic
acid FEHRILT = / —VEAEHE T2 L BRSBTS 572, Fi2, IO pH BEHORORSICK XD
EELRI LI,

EfEREEEE (R) ORGER~ 50, HeORE (25~10ppm) O EHRE7 =/ —n ZH
v, BREHEHE IR OBFRERD L (Fig. 69), A—EBRRKTOLARNRAICIDEEELZTBLEL
>had, MTRTLIK, BRERKOEINCXD, IR BMBRTLCEBE- D LBLLN,

DEI, T/ —VHKBEOKEFHOBEEREZE L, Fig. 70 X873 & 51T, Trichloro-3,4,5-
trimethoxybenzene {3 100 ppm FMLTH, FEHER T v YOFRECEABR SN - DI,
Trichloropyrogallol & X ¥ Trichlorosyringol TIZZ#NEN 50 8L U 100 ppm FHinik kv, FEi
SERKHEEIN, HDEORBRIARNICHES LAEROMB LU 7 « / —VKEEOBHNER B HEEN



— 72 — MEABRGAERE $3405
Table 23. EHF7 77 v a VICED OGN BHSE L2 DEERSOHEEEAR
Toxicity of the compounds present in low molecular weight
fraction and their related ones against the activated sludge.
pH of solution Inhibition ratio(%)?
Sample Hours
Initial Final
2 5 10
Control 5,20 6.03 0 0 0
6.63 6.04 0 0 0
8.31 6,13 0 ¢}
2, 4, 6-Trichlorophenol® 5,12 4,39 100 100 100
6.08 4,94 66 69 58
8.15 6,71 0 9 4
1, 5, 6-Trichloroguaiacol® 5.10 4,50 100 100 95
6.03 5. 85 63 71 74
8,20 6. 20 17 29 20
Trichlorosyringol® 4,98 4,85 100 100 100
5,99 5,95 100 100 86
8.10 6,28 40 49 24
3, 5-Dichloro-4-hydroxy- 5,10 5.90 100 100 100
benzoic acid® 6.06 5.55 70 70 35
8.04 6,58 40 28 0
~ 5-Chlorovanillic acid® 4.73 6. 40 73 72 58
6,03 6,53 27 28 17
8.12 6,55 o} o 0
5-Chloroferulic acid® 5.16 5. 48 80 51 16
v 6,01 5.32 0
8.03 5. 65 0
Dichlorosyringic acid® 5.01 6.36 40 25 27
5.92 6,32 40 40 15
; 1 7.56 6. 46 10 8 0
Tetrachloro-o-quinone®-¢ 6.01 4,70 100 100 100
8. 00 5.19 100 100 100
Tetrachlorocatecoholb-© 6,02 4,96 100 100 100
8,02 5,44 100 100 100
Tetrachloroguaiacol®- 6.23 5.70 100 100 93
8. 20 5.88 75 68 70
Chloranilic acid 6.76 5. 55 0 0 0
8,29 5,78 0 0 0
Phenol 6,02 6.18 0 0 0
Guaiacol® 6.11 6.23 0 0 0
Syringo]_h 6.01 6. 44 10 19 10
p-Hydroxybenzoic acid® 6.02 6.52 0 0’ 0
8.00 6,51 0 0 0
Vanillic acid® 5.20 6,22 0 0 0
Syringic acid® 5,92 6,02 0 0 0
+ Ferulic acid 5.32 5,30 0 0 0
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Table 23. (-03%) (Continued)
pH of solution. Inhibition ratio(%)?
Sapmle Hours
Initial Final
2 5 10

Pentachlorophenol® 4,91 4,89 100 100 100

8,25 5.00 100 100 100
Pentachloroanisol 6,22 6. 10 0 0 0

8.33 6.25 0 0 0
Tetrachloroveratrol 6.02 6.11 0 0 0

8, 43 6. 43 0 0 0
2, 4-Dichlorobenzoic acid 5.86 6.20 0 0 0

8.53 6,53 0 0 o]
Tetrachlorophthalic acid 6,10 5,20 0 0 0

8,55 6.19 0 0 0
Chloromaleic acid® 6,00 5.83 0 0 0

8. 65 6,12 0 o} 0
Chlorofumaric acid® 6.00 5.55 0 0 0
Abietic acid 6.04 6.33 40 37 19
Dehydroabietic acid 6.05 5,48 20 16 0

7,55 5. 60 0 0
Oleic acid 5,98 6,59 0 13 21

Note) a: Concentration of sample : 50 ppm. Temp. : 25°C,

20

b : Found inspent bleach effluents.
¢ : Concentration of sample : 25 ppm,

[ T a---a
I” “‘\
T Kl S (o]
, .
16F <
A
- a a
g ! o]
E /
o 12 ; II
= H
= !
o .
> K
z 8F /
L /
(& J
> /
> S
o
ar o
A m o
A T = 00— — — Q==
o . ..p g . . n
4 5 6 7 8 9

PH OF TEST SAMPLE

Fig. 68. &= 7 v YORRE I KiZ
g tetrachloro-catecohol %
SUAKD pH OFE

Effect of the pH of solution inclu-

ding tetrachlorocatecohol on the
‘oxygen uptake of activated sludge.

. Note) I :Buffer solution only, I :

Buffer solution+25 ppm tetra-
chlorocatecohol, If : 25 ppm tet-
rachlorocatecohol without buff-
er solution,

Sludge : 100 mg, incubation
time : 10 hr.
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100 p

80 p /
100 PPM
50 PPM /
} Fig. 69. {H#M7 = / — v OREESR
HEHER IR) OB

g
Relationship between the inhibi-
+ tion ratio and the number of chlo-
rine atoms in chlorinated phenols.

)]
o
T

Inhibition ratio (%)

N ~
o (=]
\ '
—y— O
—.——\
N
w
0
hl
Z
=]
F3
o
o

. -—
E
[T
> Cl
5]
g OCH5
@ OCH;
od
£
(o]
o
Rl
~
oo
£
N
© Fig. 70. &= 7 v ¥ OEERAL
< OCH, ERCRZT 7 =/ —
= HKBEROYE
z H=60 Effect of phenolic hydroxyl
o o Pl " groups in trichloro-pyrogallol,
3 b syringol, and 3, 4, 5-trimeth-
oxybenzene on oxygen uptake
L in various concentration in

0 20 40 80 ‘80 100

the range of 0-100 ppm.
CONCENTRATION OF SAMPLES (PPM)

PERL, EHRT v VOBREBRUERICHELESZ 2 EER LTINS,

CNFETICEER 7 v VORFREEOSEARKE N OERN TS 5 REME DL F M L IAH oH it
WEEZTLLLERTE L, D¥IL, AFHEEAL, ThooRSOBUBHARET, BlEX
5y et AEEN L OEEEE MR L, Table 24 K EFEF VB ICONT, RFEESL LU pH
EEZIEED e A X ADTERE XURESHER U, BHRL7 = / —VEI 3~5ppm THINEE
ERU, PERET TR 4ppm BINT, 24hr BIRIC 100% DT Lice EHRLT = / — BRI CHR
+5&, TCP>TCG>TCS OIET A F Y vEDENLEMD, DTN EHMMMET Uiz, T,
p-Chlorophenol, 2,4-Dichlorophenol # &8 TCP Ol#ih &, EHEHDZ N LAHITHEROHM D
SN, FEEHEE /L Phenol 04, 8ppm (pPH7) TD 100%HKFRIHS 48hr TH 7D
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Table 24,

b A XA & B atEERR
Acute toxicity test of HIMEDAKA.

Bioassay®:®
Sample ppm
pHé6 pH7 pH8
Control — 0(96) 0(96) 0(96)
Trichlorophenol 2,0
3.0 100(12) 60(48) 20(48)
4.0 — 100(24) —
8.0 100(12) 0(48)°
Trichloroguaiacol 2.0 — 0(48) —
3.0 100(12) 80(48) 40(48)
4,0 — 100(24) —
8.0 100( 6) 0(48)°
Trichlorosyringol 2,0 0(48)
3.0 60(48)
4,0 100(12) 80(48) 40(48)
5.0 100(24) 0(48)°
Phenol 5.0 0(48)
6.0 40(48)
8.0 100(48)
guaiacol 30.0 0(48)
50,0 60(96) 20(96)
syringol 50.0 20(96) 0(9¢6)
3, t}aDichloro—4-hydroxybenzoic 100, 0 20(96) 0(48) 0(96)
aci
5-Chlorovanillic acid 50.0 10(96) 0(96) 0(96)
Dichlorosyringic acid 50, 0 20(96) 0(96) 0(96)
p-Chlorophenol 5.0 90(96) 10(96)
10.0 100(96)
2, 4-Dichlorophenol 5.0 100(12) 40(24)
10,0 100(12) 100(12)
Oleic acid 50.0 100(96) 0(96)
Abietic acid 5.0 50(48)
10,0 100(24)
2, 4-Dichlorobenzoic acid 20.0 0(48) 0(9¢6)
Chlorofumalic acid 50,0 0(96) 0(96)

Note) a: Mortality %(Hour).

b : Fish density ; less 125 mg/liter, Static bioassay ; 5 fish/liter. Temp. ; 25-28°C,

O, content of the water was maintained at saturation.

c : Tris-HCl buffer solution(pH 8).

%t L, Guaiacol, Syringol Tt 50ppm (pH7) T 96 hr #OETERRBENFN20% BEITF 0% T

BEETH -7, BEHOERILT =/ —VHTROTHOEETE,

5~10ppm TH->Th 96hr BOFHTHRIZOLTH - 72,
—%, BHRILT =/ —WVANVKVBEOFT®IIER Y = / —VEICHELUTHEL, 7=/ —VEORRE
BEDOI0EED 0ppm (pH7) ORMNT,

96 hr BOFETIFDSNT,

pH 8 OBEIKP T EDEEH

ANRFOEBEAILS
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EFEBEDON:, N pH Z 6 IKAM T2 & 96 hr HOETHEG 10~20% IC LR Lic, ZhODE
ERPOBEETH, 100ppm TH 96 hr JOAMBERE RoNT b1, ZDOMOEABE LT,
Abietic acid 253 FEHAZR L, 10ppm(pH7) T 24 hr HDOFTEH 100% Th - fedicxt L, Oleic
acid, 2,4-Dichlorobenzoic acid, Chlorofumalic acid i 50 ppm (pH7) C, 96 hr ROETERIZT
0% TH -1

PLEMEN-ERER DL TH D0, eAXHICHTIHRMEE LTI, 27 v VDL & LERICERL
7 2 /= VSR EMAERL, £OBMMER pHIZRUEKEL TV, —F, EFR7 =/ -
FYBRIERAT v VIt LcBE L BRVEZETH - o,

HIFE AWEHEL L CEREK

EHR 7 v VP HIEOKME © + 2 hOBEMICL I3 ESFTBLOES TERLEHOIFEB LU C

NOSERLEVD e A £ HICB T ZEBEICOVTRE L, HERLAHOEN L EHE LU,
1 ® &

1 & #

TARTCHEEF U OERLRE L,

2 FwHRF v I BNMRR

EERT v VRWELA—D DEFEMAL, UTOERFHTTHARBR L,
(R7 v YEE) 3000 ppm (FE#E3 HB XU 5 HBiICZ 21 300 ppm 238N L 7).
(FEBRE) :750ppm (GEEIHABLU L BHIKENFN 300 ppm 28BN L72),
(R BE):30°C
(K [§):10H
(B #):300m! BZ=A7 723l BK (150m) 2MAbDEERE S (1800 rpm, #H®E

i) ETHEBERL, —ERKEEICH 0 min gk L, FBEO TOC :HE L TEEOMLEELR

i,
( pH J:##ipH%6, 78XV 8Ic NaOH B LU HaSO, THEI Lic,
(GABHEEE) : 26~50 ppm

(3) TIBOKMIBIC X B R

HREFEEERHEOA S =V AdBLXOERBR U LEBERBERELLOOEERL, LBRNER
WegIHEBKLIEMA, </ 32F v A4 7T (1hr) &, OB (Toyo H#kNo.5¢) iT
T2EBELHBLIC, TOAHKIE 220~330 nm DT, UV BRIRFEICHEE L2 3 RINSHESN
1o to, HERENZ 10~50 ppm DREICIE 2 X 21, COMMKEKERL, BUAKTABLILbD%:
SEERORE & Uico RO UEARHRE BIBMEE D O RO IBEBHRH SWE L. HEBEE 200 m!
BEM7 72 IPICESE, BRUT, 28°C O Y+ -2 —hTHEREL, 24hr &0 UV BRIX
ARE Ui, UV o s LTREE S 2 MO HbE RO,

@) A X AT XD EEERER

HEEREHT B T4 & LT, Syringol, Syringic acid, Trichlorosyringol I X% Dichlorosyr-
ingic acid #FHAL, 5% T & / Vi E Lic &Rk % Tris-HCl &% (pH 8)Hic, 5% X0 15ppm
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Reaction solution

Centrifugation

Supernatant Precipitate (Sludge)
pH 5 f\omogtenizing
e
add 1.8 in aceton
Centrifugation
ether
extraction
Acetone Precipitate
Ether Water add LS
ether extraction Fie. 71
i ig. 71. i 7w Y
S||102 coltumn . Si0s column g E R 5 v VIR D5
chromatography chromatography *FFPA‘
| Separation procedure for test
ECD-GC ECD-GC samples treated by activated
A (B) sludge.

BETHRMUI:, 3, BO0TFRAELTT A VERMA Fv) 7= (PCOL) 2RV, #EEKic
100 3 X ¥ 500 ppm EE TAMR L, NaOH T pHS KA L7z, 1hr =27 L —¥ 5 v LTERRERE,
A X HEMA, HREOHBERMCIE-T20 HREHF L.

(5) 4> ¥

ZRRIOMEER 7 v VIC X BRI Fig. 71 I8 > CRABREHRD» SREZEN, FETZC ik
FHete, TEOKMEROBEACE—ERHCEOUVEREEZRIEL, ERICKIRER» SBRRRS
EELT

BATFRADE A £ HICBT 2EBEEICOVTE, 20 RHEAER, A& HEMKCHBL, X524
hr % L, Fig. 72 WRTHFETT 2 b vhkeIF 4 F—THHRL, ChE2BLHBLT, TV
BXOERLTVAESTROSEZEN L TR, 72 /HfIHEPORME L F v 2—FVRIRAL,
VY AT VAT LI AR ST T 4 —THER, TMS tFERE LT GC THHT L,

PCOL @ERIC DN TId b # X A% B E, BRLBRET v ) ERILATBRILS R L, 2R
RO 5-% XU 6-Chlorovanillin % ECD-GC 2 XD HIELT B, HRI BT LI 7 4
—1Z1310% CDMS on Gaschrom Q (80/100 mesh) ZFHE LA 72 H 5 4 (3 mmx300cm) % H
W, BE 210°C, ) v—#AFE 60m//min THF LI,

FoHi MR L EE

1) EHERT7 v VIiRkB58E

7= ) —ViEREBEAE G OBERLEMIIENER 7 v VORERILER IR EERE RS, KBPH T
T 15hr HEHR T v VTERK, EELT =/ -V (TCP, TCG, TCS) %7 nuikirsTHEL,
EINEA RS 7 FER TR Fig. 73 IRT L5 pHich b 5 TEHEOABSPEM S, ERETIR
DMEHED DN ole, ZLTHERFEZERLT, UHEBMAER L THBEELZRIT Ui, CORER
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Test solution

I

r =
Himedaka _V_V_ater
homogenizing Centrifugation
in acetone r :
Centrifugation _Sipernatant Precipitate
! | pH 5 I
Acetone Precipitate add L.S wash with water
extract with
concent- ether
ration
;
add .5 Ether Water
extract
with ether I
Si02-column Si0z2-column
chromatography chromatography
lTMS
TMS
GC
GC
Fig. 72. & »x & 4 B & © & i &
Separation procedure for test
samples treated by HIMDAKA.
120 -
;\3 ° o} °
~ De L)
£ 100 | a o 7o)
g °A oa o
- .
£ [ 2
2 s ©
ol
>
[«]
Q
& e Trichlorophenol
60 | O Trichloroguaiacol
o Trichlorosyringol
1 1 i L [ 1
4 5 6 7 8 9

PH of test solution
Fig. 73. ZFEESRS GERML7 =/ — ) OREINRE
ERBH D pH & OB

Recovery ratio of inhibitors at the
various pH of test solutions.

TERF v VOBEEDEMISKRESBETILEELIONEDT, ZNENORBOEET TO MR
LEEDOHLEROBBEER I, Fig. 74 WRTXIK, avite—ATREHIZ1IETH%, 3BT
100% 2L SN2 DI L, FERILT =/ —8 (S0ppm) RT3 &, HEOHILEIR2 AT~
20%, 10 A T# 80% & ik L7z, Phenol, Guaiacol, Syringol 2E—BRNL -84, HEBL~DZ
BRIEEALEDONE 5T,
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......... control

g 4 Fig. 74. B&RDOEBEOMLICRIZT
2 y a BRILT = / —VIRIMOBR
S 60 N Inhibitory effect of phenols and chlo-
N

rinated phenols on the digestion of

°
* # substrate in the medium.
80 b I\ 4 4 Nate) @ Phenol [l Guaiacol
o A Syrinol O Trichlorophenol

‘\
-2 \ ] Trichloroguaiacol
A > [ S L | A Trichlorosyringoi

Bioassay was conducted at 50 ppm
Reaction time (day) and at pH 6.

Decomposition of substrate

100

1
0 2 6 8 10

A7y JEEOBETR S0, Mk Table 25. &M% 7 » SIHE LR

Bithtk, 3BBXUS5B%D2H, Hi 7 2/ — OISR
= Recovery ratio of chlorinated phenols
CEHZAT 2 Y (% 300 ppm) 20 treated with activated sludge.
Z, 10 BRE & 3E Uic, IRmako -
Recovery ratio, (%), A/B?
miRER % Fig. 7115 - TH LIciER SAMPLE

2 day 5 day 10day

% Table25 {TRL7c, HHEMLT =/ —

o e L TCP (Phenol) 82/12(15/0) 73/12¢0/0) | 41/19(=)
MBI 2 AETR 85~90% 28 LBIED 10 Guatacol) | 77/ 8(10/0)| 60/17(0/0) | 50/18(=)
SEEh7z0iexd L, FEE F /L2 TCS(Syringol) | 80/10(20/0)| 65/20¢0/0) | 58/20(=)

10~20% b Lz, EEEI0HETS Note) Conc. of activated sludge 3000 ppm.
H:7, T .1 25°C,
BIZ I 40~60% 8 B LTI 0ic 38 r op

a : Test sample recovered from supernatant

L, #ERSBETRLALRESAE (A) and from sludge (B).
(M ote, TNOOERBERIT = / —VEOBSFRHEER LTV S,

(2 LIEEMEMIC X B DE

FEPCREBEEROBREDBERL, FEMETHIE5{ OFRYEIRTIEIED TS, £
BICHERLEZERG 7 = vk Ao B Ok = + 2 0480 RTHE LT, Vanillin &kt 5-Chlo-
rovanillin & #hFNOBOK 20ppm 2T+ 2 TMEL2E &0 UV BIXDOE/L% Fig. 75 KR
Uiz, ZORER, Kiihikic ko, @ 7uo7e FAREEZDGTHVEF L VERIZENT S, @ £
LB DsoMiRT 5 ¢ & D3 bvtz, ® ORIGTIE, Vanillin 3 X0 5-Chlorovanillin Fi#E & & 12
ZH URISEETHE LI, @TRIER OO EIIEL Ml N, K% 120°C(30 min) T
BEOELABEI NS OMEEERIBNI LD S, ThooRERIEEESICE - TEIEEC th
T2bDEEZ N5, Fig. 76 B XU Table26 WlHLT7 =/ — VANV K VBB ICERNLT = /
— VIO S EMEA R Uiz, p~-Hydroxybenzoic acid # Xt Vanillic acid i33%3 3 A TR HESZ
% L7cds, Syringic acid B2 h & ICEAETERMAIR Lic, —7%, 5-Chlorovanillic acid {3 10
HEODEETE 60% L % 2139, 3,5-Dichloro-4-hydroxybenzoic acid & Dichloresyringic
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5-Chilorovanillin

Vanillin

Q
8 240 280 320 360 240 280 320 360
5 (nm) (nm)
%)
a
<
- Vanilli . 1k
anillic acid - .
-Chlorovanillic aci
0 day 5 d

—— 3
————— §

240 280 320 360 240 280 320 360
(nm) (nm)

Fig. 75. F+EOKHEHEIC L 2 vanillin, vanillic acid, 5-chlorovanillin
B XU 5-chlorovanillic acid D RMIIC B 5 EAHTIR
227 P VDEAL

Changes in UV-spectra of vanillin, vanillic acid,

5-chlorovanillin and 5-chlorovanillic acid on inc-
ubation with the water extract from soil.

Note) soil : A, layer of Karamatsu forest, sample conc :
10 ppm, water extract: 0.5 g soil/1 H,0.

acid Q10 B THREAENMEINL D o7, ThREBHENOBETS, EREMENIZILX
D, 7=/~ NVROPENESMEEDECENT I EERLTOS, ERLT = / — A EOMEEE RS
BE2ANVEVBBEDBNEL T, CRRBREOSFEREDY, TTH—EEHRBETECL, +/ v,
AT I MEEEEH U TEEROBARALETT 200, TOSRBBIERTHI LK EEERL
o5Nb,

@) A F Aty s ERE

BB BRI AEREREOTMRENKE VWL ZEZ 5 h 5, Kifhic—EEED Trichloro-
syringol (TCS), Dichlorosyringic acid (DCSA) &+ hoDFEERIEHT H5 Syringol (S),
Syringic acid (SA) %¥EMBL, TOHRTe A4 7% 20 FHEABLILL SO A X HERN~NDOERES
Fto, Fig. 72 K- THRUAER%E Table27 KR L7z, SHBHKBI0RAET, SBLUSALD
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a
1009 —— o
S
Y Fig. 76. H7 =/ —WVANVEVED
g LIRS X B A
g Recovery ratio of phenolcarboxylic
3 acids and their chlorinated ones
-2 from the medium treated with
water extractive of soil (Ao-layer
of Karamatsu forest).
Note) @ p-hydroxybenzoic acid,
W vanillic acid, A syringic acid,
O 8, 5-dichloro-4-hydroxybenzoic
Reaction ti acid, []-5-chlorovianillic acid,
eaction time (day) A dichlorosyringic acid.
HBERB LG A FHOTTH oI IhiL< Table 26. TIEDKHFHEMELAERL
1257 DICH L, TCS TRIEMED 7 ~15% 7 = ) VDR
N Decomposition ratio of chlorinated
23, DCSA TR5~9% M * X HDEAL phenols and chlorine-free phenols
SEINS N, 20 B EHTI HEM HIicH treated by water extracts from soil
(Karamatsu forest ; A, layer)
BLOIKHL, #ERBDERLI COM Decomposition ratio
a
FRBRBAMRI Lk, Flde A &h Sample of sample(%)
) N 3day | 5day | 10day
FOEARBIC L DB ESG 570D P idHL
- Trichl h 1 2(100)| 35(100)| 73(—
DT, S ATICD 5 EREE (romopopheno (100)) 35(100)) 73(=)
. , . Trichloroguaiacol 4(100)| 40(100)| 68(—
BB, £, BEKTOREEILTE ehlorog (100)) #0(100)) 68(=)
e Trichlorosyringol | 10( 72)| 25(100)| 77(—
12 BICoNT, W < 15 3 HAKS - (Sichloresyringol | 10( 72)) 25(100)) 77(=)
oo HENRE O RED A& DCSA © 5 48 Note) a: Bioassay was conducted by using
S pde bl e . water extracts from soil(Karamatsu
TCS JVERUMSBAIER -7 COTER forest, A, layer). Concentration of
AEDLEBEDRENCKY, 4 5 HEEE sampl ; J0 ppm.

pH; 7.0,
BicddsBEREZENHELESE L DN

B, L Lighn, ZCTRRBADRENBRADEEMICDOTHLPRE LTORBOOTERBEOR
RICHENEI N T B,

EATHRERILAY(PCOL) OEBEKERTTHEB Lt e A £ A%ZT v ) ERILERRILIE L,
AMREIPD 5-% LU 6-Chlorovanillin B 5> ERKEEHRAZ L7, PCOL OREZDT M7 Y HR{LA
B LAMERR D 5-8 XU 6-Chlorovanillin D AREOEKIZ Fig. 77 ICRT & 5 IC—EDHBEEHRN
BEET %, Fig. 78 itk # £ #tho PCOL 0EME H# L Vanillin & LT) %2R L%, PCOL #EE
BIUSHERESEMNT A ek, BRI Vanillin 0&RESERL, PCOL BEELTVEC L
MNEE XN, 20 BEET LcBOLe A XA KER LTS PCOL tHBKIKEH LTS PCOL @
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Table 27. &%t Syringol ¥ L7 Syringic acid @ & » & #th~OERKK:

Accumulation of syringol, syringic acid and their
chlorinated compounds in HIMEDAKA.

Amount of the test sample accumulated in
HIMEDAKA (%) /Residued in water(%)

' Sample and TCS (S) DCSA (SA)
cong.
Time(day) 5 ppm 15 ppm 5 ppm 15 ppm

0 0/100 (0/100) 0/100 (0/100) 0/100 (0/100) 0/100 (0/100)
10 7/1 (0/0) 13/2 (0/0) 5/0  (0/0) 9/0  (0/0)
20 11/0  (0/0) 15/0  (0/0) 4/0  (0/0) 8/0  (0/0)

Note) %, based on the original sample, TCS : trichlorosyringol,
DCSA : dichlorosyringic acid, S : syringol, SA : syringic acid.

80|

~—

o]

¥

N

£ 60

.E

(]

>

<

o

=

Q 40f

0

S

ks

-

c

3 20F

£

) ]
Q0 ) ] 1 1
0 25 50 75 100

Amount of PCOL (mg)

Fig. 77. PCOL B&& 7w ) HB{LRBILaIC L D AR S W B
5-, XU 6-Chlorovanillin 8 & OE&

Relationship between the amount of 5-, 6-Chlorovanillin
obtained from alkaline cupric oxide oxidation of PCOL
and the amount of PCOL.

WHDT VA WELEBILEBMON 27 0= b7 A 3BLLEBLTW, 202 &6, KEHkD
BRIL) 7=VvHDBTHEH, EEINL LHESN
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Amount of 5-,6-chlorovanillin (2g/100 mg fish)

Breeding time (day)

Fig. 78. PCOL Dk » # H{xkh~DEEM: - EEYME & 4 £ H kD
PCOL (5-, # X ¢¥ 6-Chlorovanillin & LT) E& OBE%

Relationship between the amount of 5-, and 6-Chlovanillin
accumulated in HIMEDAKA and breeding time.

Note) 5-, 6-Chlorovanillin was formed by alkaline cupric oxide
oxidation of chlorinated oxilignin (sample).

BAE E ]

FEHER S v VORBBILELIKIZTHEREZFALT, THH2 77 b v EAREL SHE L
BT 77V 8 VICOWTHERRBRET -7, EETEOBERKQE(C), Trh ) HERE(E), X
CZBILERNB(D)BROREKETIC>E>DOIETHEEREBL L,

BRED Y F v L —F VEIARICEENSERRS e Eh, BEAEH 4-6) ThESLU TR Y
MR (pH 7~9) X OB0WEEAER Lic, BHEETARASRFICHERT = / — VST, Amberite
XAD-4 BHRICXZWE/ 0w b 77 4~k D, BEMCERST S EBTE, BRPICEETNT
WEERRA B XUZOMEHREICONT, Feo pH ZH T TREOEMHEBET >0, TOHKE, &
SR RBUMNTE L, BABRBXU 7 =/ —viEKBEOEESEERHEEL TV 3 L HEESHL
feo BT 777 aYEERIZIZEAEBEELEVG, 20700 ) B LRBLABELTT Y FY
Y 2EBRPRIEWER L, $, e A AEIANEBERRD» S, BELT =/ — B 3~5 ppm
THREWNERLAZDICE L, BELT =/ — v hvE VBRSNS, EER T v ST 2HER
SRR 5 1 BEETR Uizo SBT3 IERMGIZIZEAEERE b b7, FMicET2 pHOE
BE YUORHAERE, 7/ —VHEKBREOERRIEER S » ¥ &R UBINER L,

DE, SVTERPICEENIRSOSEEEEBREERE U/, EER 7 v VB XULEOKIN
I 2 DNERBOME, BRI 7/ —vBIVERMT7 = / — v AR Vv EBRBREI Y TH -
72o BICHBRZHEETH -1 2, BAEREBIU7 =/ — W IEKBEOEERSBEICEELEZ
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BZEREN T, BoREYEOERLERE B, X FAEHANT 20 ABHEE®, Ml
BE, BYBOCERMAMNERTIC EMMEESN:, T, KEEESTEZLSHOBALLE:
MNOEHIND LHEEIN,

BoiR ARERCESHORNRSR

I

Bl

777 VEAEETOES T ERERCEORREROEAERYEY Ths, i, ESTFRIEHE
SEEPT7 = /- VEKBREDIERIC LD, AYREEZE LEHSICEBLRIZLTVE, 355, Th
5 DORABEMRETERTCERINIBAD BN TN S, 22 TR, £ABRREEE DY, BE
D FEEE JPERLICH T 2R L ERIERLABOSERBIC OV TRE Lic, Atk XLUBEY
OSBRI LR H 5,

e T EEIKOEIRNEIRAFOREOLEEE LTHHI ATV 3, BRTRI AV —
AR PEPORIEEMEBEETH Y, BAVEESMF, dLRBREL, BOMELED L DO
e S DN T B BRPE T dp 5 199~209

PV TRAM OEBBRICERELT, EABIC X3 Y 7=y O oREBRESE L { BIEShT
2200-38 )= v OWALERGE, BOEIVR=VESEOEREMLERILTERLL, 72/
—VHKBRED SKBBR SN ERC T LIRIDEFHEINE®®, 207, ANVE=ZVEPT = /
— VAR BEOEE D RICEELREHZE LTS,

ERRENCEARBER UL BICEET AR, cnoBEARMEEZZFECitky, DX
S ISBEEERT ODI OV TETABBEIN TN,

»oT, REWSHEFPCREL LCLREIERAIhERIER L& TH % PCP, DDT, BHC £0
EABRSBICET 0L 2pOHESH D, SEPDORESSEEBESEE SN T H00-09

FRCRESTERCA +2 ) 7= v BIUBESTFERLSDEGRE LT, EA8umIck3cnd
OMRBEH TS L L HICERMEDORIETN LESILIT DD THRE L,

B2E BATHISOHRE

TA=YMEREA TV ) S =y (PCOL) KIFHESERGE T THEAGREL, BROREBLESLT

ZNICE-THEE B ) 7= Y DA OO TERE LTz,
F1HT E B&

n #® *

PCOL BrUxDBITE LA F{LEY (Red-, Me-PCOL) D FELIE 2R 4 ZDOERD), 3
Wk »72o -8 L 6-Chlorovanillin, 3,5-Dichloro-4~-hydroxybenzoic acid, Trichloroguaiacol,
Trichlorosyringol, 5-Chlorovanillic acid $ & t¥ Dichlorosyringic acid (3% 2 #E%5E 2 ZGICHE - T
Sk L7, 2,4, 6-Trichlorophenol, 2,4-Dichlorobezoic acid, Guaiacol, Syringol, Vanillin, Vanillic
acid # X ¢¢ Syringic acid XM EOBRREEZOT EEM L,
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@) BARRHnE

PCOL D43Ri3, 400W EEKET v 7 (B HA00P) T E4EE 240~600 nm (Max. 360 nm) @
NFAEER L, HRHEZEMESEREED NaOH(100m) fic, 200~1000 ppm EETHEML, AF
H5AGEPICHE U, BEEERINELD 40cm DT, 20AHE4RESE (5rpm), ERKIC6
Bk y FATRERBHR» S35, REIIRHERNICS 60 U, BRELRIERS AP TH2ERL
BAET -1z, ®FVLAHED S ORIMBNEIC L 2 RBERA A VEBIUVERA 2/ —VEODREK
3, WIBBHRRGER (shii UV-A ) helR 250~500nm (Max. 254nm) © 30W K7 v
T O TERIRRAEREL 7,

@ & r

AHRB L CEABOTIN A <7 P WOERBIZEF NV EP S-3 T SEFTHEL .. Bk
DATESH IR ) YEEER (pH12) ic##M L, Sephadex G-100 i &3 ¥ LA BT HIEL
foo Fto, Tood ) HEBRIGEBGEE, REAREBRETEME, 8m/® 3N NaOH iE#L, 32
7aF—tsVv—7RT, B2ROERDETEIFRICH » TIT 70

AR —NDEREBI o b n—7Hickd Aver LOFEN CTHIELR, THbE, R 40
m! ZTHAEER - BHEBICIDERIMATEEL, 26m! OEBEER, COHIT15E )
vE (5md), 4%B<vHYBAY UL (5ml) ZNA, 10min #%, 4%y - UHE 4 BHBOER
(A0md) EMA . B Y/HYBA) Y LADEIPLTHE, COERK Smlic 2% 7netn—7§
(5ml) &EFE 25md) #mi, #ESBMLET 45 min fufl, Kok 50ml iZZFRL, 570nm
B BB S IREE Ui, BEBEE Fig. 19Tk L, $707 5 V2 I3k E#EE L.
LB R ERE (COD) i JIS (K 0102—1971) 19 - TRIFE L7c, FEBOSHTIZILNT 5 OJ7kae
ick b, REHATE 100m! GRUE 1050 mg) %GBT pH2 2L, TFArz—FATHeHE (92hr)
Utco WEBERZ LIcHIERNC 2 N T Y 2 =7 KREMA, HMEERROT ve=U 4EE L, BETTE
Bk, n-7 5/ —0 (2mb), EHK O.2md) HkUEKNRES L) va (2g) £MA, 2hr I
LTTFNzaFnE LT GC TMT LIz, $h, T—FAMliNE COLE BRI av 77 4~
(LO) T Uiz, GC 5341 Tenax GC (60~80mesh) %75 27 7 & (100x0.2cm) ML,

0.6
o/
0.4
e .
c
o
™~
0 0.2
ud
L . :
/4/’ Fig. 79. % /7 —VEBOHK
0 s I " " " . A '} Efv‘i .
Q 0.4 0.8 1.2 1.6

Calibration curve for
Methanol (mg) methanol,
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[ initial pH 7.8 [
0.6k 0 hr L

3 hr

Fig. 80. &5ma@ POCL BH
##ApH7.8, 11.2) ®
UV-I R 2R7 bv D
B

Changes in UV-spectra of

initial pH 11.2

8 04f 5h
s PCOL upon irradiation.
£
‘g Note) PCOL dissolved in alka-
b= 0.2 line solution (initial pH
7.8 and 11.2)at the con-
0 L + 1 v oo 390 centration of 250 ppm
240 260 280 300 240 260 0 was irradiated by a 400W
Wave length (nm) UV lamp.
1.0
S (
~ .
= /
c o 0.8¢+ \ pH:8
5 \'\_@8__. € Control °\ \.
M SN ~.pH 7.7 £ 0
o —-0.4© * . 8 C.6F
bt ..pH 10.2 « \
5 =
g -0.8 . 2 o4 o J
5 4k
H 11.2 s /
é -1.2 2 § Void_vol. / \
= \
o *~_pH1Z 8 L pH 128\,
3 1.6} e < 02 ".\\
g A / Lo N
& 20 °fx” 4 . R R
0 50 100 150 200 250
4 8 12 16 .
Irradiation time (hr) Elution volume (ml)
Fig. 81. #4434 PCOL Fig. 82. #1ff pH8 & k¥ 12 TEAMET L PCOL
Rk (intial pH WDy VAR v b T A
6.8~12,7) @ 457 Gel-filtration chromatograms of PCOL irradiated
nm ic B 3R at initial pH 8 and pH 12.
2~y N DEL Note) Irradiation, with a 400W-UV lamp for seven
. hours in the presence of oxygen; eluent,
Changes in absorbance phosphate buffer (pH 12).

of PCOL solution (con-
centration in grams per
liter) at 457 nm.

Note) Samples were irra-
diated in aqueous
NaOH adjusted to
the desired initial
pH.

A (100~230°C : 5°C/min) T T, F+ ) ¥—# R (Ng)50mi/min TiT-7, ¥/, LC 2 Zorbax-
ODS 47 4 &8 E LT 0.3M B+ MU v (pH2) A, &R 0.7ml/min Tff -7z,
W2l RRE EE
BERPOTEECMETH 2, SHTHBIESRLEY (PCOL) o7 vk JHEERE AR (UV) R
L, BE pH B2 o 0ARICRIE T EBC OO TRE L, UV BatzZig/c POOL oARB LT
TR (457 nm) KB 2WHEDOE[LE pH L DBFRE Fig. 805XV 81IiRL7, UV BHIKL?
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UV irradiation 3 hr 4

10 15 20 25
Retention time (min.)

Fig. 83. PCOL DAoL DAREIN

BEMH (FFLVIRTL) OH R

VA= I A N

Gas chromatogram of butyl ester of
organic acids formed by the irradi-

ation of PCOL.

Note) PCOL was irradiated by a 400 W

UV lamp for 3 hr at initial pH 11.

Parent compounds; 1, Acetic Fig. 84. PCOL %4 ss MBI L DER XN

acid, 2. Butanol, 3. Unknown, 4. . _

Oxalic acid, 5. Maleic acid. P2EBBOBGKs av T 5 A
Liquid chromatogram of organic acids
formed by the irradiation of PCOL.
Note) PCOL was irradiated by a 400 W

UV lamp for 7 hr at initial pH 11,
Peak no. 1. Oxalic acid, 2. Unknown,
3. Malonic acid, 4-5. Unknown, 6.
Maleic acid, 7. Succinic acid, 8.

Fumalic aid, 9, Chloromaleic acid, 10.
Chlorofumalic acid, 11-13, Unknown.

||

¢] 5 10 15 20
Retention time {min.)

EABEEOLEIZ pH IREL, EoHERIEBRESELIBOL, ) 7= Y OFEHOMER
BHECTOE C EARE U, BROBERT 457 um ORROET (e & pHOERIKIDER
%0, pH11 DI T, 14hr BETHE 0.1%) dEecpetl, BHKSK LS -7, fiipH8 &
£ 12T 7hr UV BEMIE L7 PCOL X V582 n= b 45 A% Fig. 821Kk Lz, pH8 Ti3h 3
DICESTL, TOMBEDLFVE—FARMBYO GCHF» s, BPED Vanillin KLU Vani-
llic acid DAERNED LN/, PCOL ODEANEHROEZIFD NP7, —F, pHI2TRE
BRBEORHEL, DEYhOERERE ST LK, Fig. 83, 84 WRTXHER, Y208, <
VA VBRI EDHERT 5 LR UTc, AHGR® 3EER ) /= v OERNEIC X 2 R0 B
P OEU LIRS DEBRERE LTINS,

UV Rgteso PCOL i@ pH & COD o#{t: OB#E% Fig. 85 ;R L7z, PCOL hD_EB#HAGR
LiEEDH 5 COD fHid, pH8. 55X 12.7 T 10hr Bitd3 &, 2N 80% B LU 70% DR H
ZaR L, B0 pH KEESEY Shic, COD oS RIAKORESLHBBOAERE B CEAEZR LI,
CNSORRIT UV BT K 2B aERs PCOL 05 ABETH A FEROZEKSNHEREERCL,
MEDERBRITECHRT E72DTHBHZEERLTO S,

F7, UV B3 EEoRBEIRC LT3, Fig. 86 C&ZEHNH pH TTORKEEMEBRERELSL D
BfR%ZR L7zo pH12.7 Tid 7 hr R T 1002 DIERBHE L /-Dlic L, pH1L.2 5 XU 8.5 T3, A
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160 PH8S .
pH 12.7 ©
[
120 g
. pH 8.5 S 100 8 — ¢
s \.\!\ ° g [- o/_A_ CwfmmmemTesmTITIIIT I b
& \a « 8o} o
H11.2 RS el
€ 0 \g 2 /o o/o
g T ° R ok A"’ /
= Py pH 12.7 ‘\\\\\\\\v 3 ,( ° elnitial pH: 12.7
g — é & / a pH:11.2
- 40 - Na \A 2 40-/’ ° pH: 85
4 b
—_ 02 £ 20}
=g
2 " ) 1 o L N N N . I
0 2 4 6 8 10 0 2 4 6 8 0 12 14

Irradiation time (hr)

Fig. 85. HABAMRIC K B (LENBMEERE
(COD) MEkFiEd, BEBLU
pH D%

Relationship between the decrease of

chemical oxygen demand (COD) and the

Irradiation time (hr)

Fig. 86. #AMESMIC K 3 BER/L
Amounts of chlorines removed
from PCOL under various initial
levels of pH upon irradiation.
Note) Concentration of PCOL was

pH of the test solution upon irradiation 250 ppm.
in the presence of oxygen and nitrogen.
I O Ha 1 Hr 3 Hr 5 Ha 7 Ha
6l 6ci F —pH 8 ( 10N NaOH)
i — pH 11 (0.1 N NaOH)
2.¢i
6 Cl
5 Ci
6 Cl
lz2c B
5 10 15 5 10 15 5 10 15 5 10 15

Fig. 87. PCOLFmO BN BB LR O T 71 V) HBRILRER (Lo
BIDOH 22 v b7 T 4

Gas liquid chromatograms of the products obtained from the
irradiated PCOL upon oxidation with alkaline cupric-oxide.

Note) 2Cl, 5Cl1, and 6Cl were 2-, 5-, and 6-chlorovanillins, respectively.
PCOL solutions (intial pH 8 and 11) were irradiated for seven
hours by a 400 W-UV lamp. The conditions of the GLC: glass
column, 300 cmx 3 mm packed with 10% CDMS on Gaschrom Q
(80-100 mesh); temp., 210°C; carrier gas, N, 50 ml/min.

BHTZNZN88% BV T75% T, ZD%kl4hr FTORBEIHLTHLTH -/, UL, KPS

SR X ST, BHLBNCANEDERN PCOL 570k Y kS BEZY TRELTH 5,

& pH

TTEUVRFICL D EZACNEZEY T A ERRAETH -7, T, RERMYNZDORERE THE:

T5E, WFNO pH T THZOREIERETH - 72,
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Table 28. BEB LUCERFEXT T UV-RH L7k PCOL XU
BEE7 LA R RSN BERB XA 5/~

Amounts of chlorineand methanol formed from PCOL and the related
compounds in presence of an oxygen or nitrogen atomosphere.

Oxygen ) Nitrogen
Chlorine(%)i Methanol(%)i Chlorine(%)i Methanol(%)} "

PCOL 62,1 20,3 60, 2 12,5
PMWL — 27,0 — 1.0
RED-PCOL 31,0 .7 27,2 3.6
ME-PCON 36,1 8,8 37.0 5.0
Guaiacol — 25,6 — .0
Syringol — 83.5 — 3.3
Vanillin — 41,2 —_

Vanillic acid — 63.8 —

Syringic acid — 95.0 — 2,8
5CVe 31,6 27.6 46, 4 11,0
TCP® 57.3 — 59. 1 —_
TCG® 74,0 65,4 57.2 61,0
TCS¢ 80.5 84,0 79.0 73.1
DCPHBA:® 68.7 — 80.9 —
5CVA' 81,1 57,0 80. 2 41,7
DCSAs= 83.6 68. 6 91.2 48,1
2,4 DCBA! 13.6 — 20. 4 —
Me-DCSA' 38, 4 26,5 46,4 16.8

Note) Samples dissolved in 0.01 N NaOH (polymer : 200 ppm ; monomer : 100 ppm) were irradiated
by a 30 W low-intensity mercury-lamp for one hour ; a : 5-chlorovanillin; b: 2,4, 6-trichlo-
rophenol; c: 1,5,6-trichloroguaiacol; d : trichlorosyringol; e : 3, 5-dichloro-4-hydroxybenzoic
acid; f :5-chlorovanillic acid; g : dichlorosyringic acid; h : 2,4-dichlorobenzoic acid; i:
Dichloro-3, 4, 5-trimethoxybenzoic acid; j: based on the theoretical values. -

PCOL RBLHEMTP 5 10.6BDRKEEREHTHH, HiCRfckSic, $70% OERZ TV )M
KRR 5, BD OMIKSFEOEROMRER 2720, pH8 XU 11T T UV RatmEL
7z PCOL 27 %Y ‘ﬁwmﬂ@(tﬁ}ﬁ@ L, SERSBOEFE( Vanillin % GC T247 L1z, Fig. 87
AT &S 1C, REREE XD pH ORI T, %L Vanillin & 2HOER Lk, £ 0REE
UV ESC XD FERERER ST 55, CORMEE pH TTXDREIC #TT5T L2 RLT
AF- | '

DEI, XHMBICBY ABBEEOEBICOWTHEI Lz, PCOL © UV @aicky, HRePthE®
A TA b+ VEDOSBIET 52 EMEn b, UV BHICKS ) 7=V D 2 b 2 Y VEHRR
BRBEICHERINNO I NTE D, VT PAMORBNLPREER T THRELE > T B, Table28 1L
BREBICONT, SR FIHRBEEBRULATVAVERPTUVERH L SICE#T2ERBLT A2
—VDEFRBER Uice 4 PRV VEONRIT UV BEEBEOREEBES JURMOZEE O B&ic X
> THEERI T, BEREL DV LEYMOERSHIAT TORKRICEI S 2 2/ —VERBRBLET
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Absorbance at 280 nm

100

80

60

40
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HERRETA#RS H 3405
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0.8p .
. S AN
Nitrogen A M Q  Original
o ‘o

Is 1

0.6p A A
AR\
A

° , @

0 50 100 150
Elution volume (ml)

Fig. 89, ZEZLIUBRAZTHI T TERARE
B L7-Bso PCOL ¥k (9% pH
13.0) o vABsa= b5 A
Gel-filtration chromatograms of the PCOL
irradiated in nitrogen and oxygen atmos-
pheres at an initial pH 13.

Note) Irradiation, with a 400 W-UV lamp for
three hours; column, Sephadex G-100;
eluent, phosphate buffer (pH 13).

100

Absorbance at 457 nm (g/l)

Fig.

Fig. 88. &Ampstic X 2E%
WL A & 2 —VER
& DELR
Relationship between the
removed Cl; and the
amount of methanol
formed on irradiation of
chlorinated compounds.

Note) Samples were irradiated
by a 30 W UV lamp.

0-8[ o PCOL
4 ME-PCOL
* RED-PCOL
0.4r
~ge=— *0-=--0
o"‘-_o—-—""""'

[}
Ky

1
ol

1

1

n

-0.4}F ‘\:\o
N

-0.8} °.
-1.2¢ .
- — in oxygen @
---. in nitrogen
~1.4%
. . L " L
8] 2 4 [} 8

Irradiation time (hr)

90. &t (RED) 743 2 Fuib
(ME) s PCOL %4
SRCE LGB LBRORE

Changes of color in PCOL, reduced
PCOL (RED-PCOL), and methyl-
ated PCOL (ME-PCOL) upon irr-
adiation in oxygen and nitrogen.
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H otk BELABUTREEDA 2/ —NVOERBED O, PCOL PESTEHERLEYUTRERE
BT TEHLCOERORESZD SN, BROFEENA 3V VEOHRERETS d D LEZSH
b, T, CORBRBEBESRVERIC, JOERTH -, Fig. 83 WWERILY = / —VE%E UV
R Lict # DBRFRBIUX & —wERBOBFRER Uiz, MEOHICEWRIIHERERASE D 5 h
720

PCOL @ COD WERIEHRBHMT ORI TR/ISL, pH12.7 (10hr) TOLETHI10% LT
1ih -1 (Fig. 85),

o0, ERBELLT N Y EKEDT PCOL %2443 &, Fig. 89 XU 0 ICRTLSL, &%
FAbd X5 457 nm B OEIN GEAL) BEESNE, chid, BEBRT TR PCOL oFEHES
T B R B R L SHR S BT LT 3 DICE L, ZRT TREBHED HMRIUDE S
NB—FT, FEDA b N EOMEIC X D IS N B LEMEDPEATICK D, FiiclcHBMDs
HRINE-DEEZ NS, BEHTFERNT =/ — BRI 2 X5, UV BRHICKOESFILE
HZ Lo ZHOOEDTRIGE, BbL, 72/ v 7Vand CCLEADOMMRICKY, £KT 3
FOINCE>THERCENEEDTH DD, 1 7=V ORSHBOFRERME LT VANVDERT
32 &3 ESR OBELSHHOHICIN TS5, HEH T TS pH FARTORMICL-TH, B
a1, COD DBREHBVEEBRBROLEBRBERBIIEAEEDONE Lo Edd, TNODERRIE BRI
FINAREIBIC L2 DD EHEES I,

KrinesTaDp B L U GIERER 5 29~208) (3 7= o
(%)

DN BERARBICE FTLELT, e-hR o 1oor
SVERDT « )~ VEKBESTESHEELT o—°
S /

WAHZ EERELTVWS, PCOL @ UV R 2 sof o
XAARICET B CNOOEREOERERE~S £
7w, PCOLRKELTTHRF P v oLy § 60 I
TV ARV CREBRUAFMLRELTEEL § o
ZHERY (Red- & LU Me-PCOL) o UV M g a0} (//A ________ A-momm— - A
S X BB, BUEE, A FUaESosm 2 o PCOL

_. 5 e RED-PCOL
HENZ DV TRHRE Uiz, Fig 90 8 LU IR 5 A ME-PCOL
E5ic, BB LU A F 0B %2 72 PCOL
TiRd LOYBICHANT, BRERDRERRIZE = L =
Tl &7, BHERICEY S A P VED Irradiation time (min.)
SMER (T Table 28 ITR L7k 31, PCOL @ 50 Fig. 91. &% (RED) B XU 2 F V{L(ME)

%BLITFIcHD Uiz, 2,4-Dichlorobenzoic acid PCOL DRIMRIRIC L BHRD

iy
X178 Dichloro-3, 4, 5-trimethoxybenzoic acid Rate of chlorine-removal of reduced
DEHLT = ) —NEKEEE S 2 10LEHT (RED-)and methylated(ME-) PCOL
. . with irradiation time.
i3, W59 % 3,5-Dichloro-4-hydroxybenzoic Notes) Samples were dissolved in aqueous

0.01 N NaOH at the concentration

acid ® Dichlorosyringic acid & & LT, UV of 100 ppm.

RENC L DEMRTEERE IO A2/ —vBIFFE
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BB TH 72, CNODEBREED A PRV AVEOMERIGIENTS, AVEZLEPT =/ —
WEKBE BRI EZRE LTV AL EERLTD 3,

B3® REOESE

BENEZETIEARKPOBEAT 757 ¥ s vEBRUBBERLASERNRE L, UV MK 5E

FlbEhid Ut & EEL & OBIRIC OV THRE Ui,
W1 X B

1 & e}

HBUHRBRICUE LSO LA UERILT =/ -8, BRET =/ —vavRVBBEBXO TS, Th=
YHEAEE (GERNER) oxFrz—FfiiigefER L,

(2) SSlampnm

BELDHO UV BHEHFEORBROBICE -~ RBRSIMEF/ARZ 7 B0W) E#ALx,
CE¥OT—FVHER20mg % 100m¢ @ NaOH(200 mg) i, F/-id NaOH(200mg)+ 4 v 7'
AT a—n (IPAYI00mI (1:9) IKEREL, £0hmo0ml ZREFICED, e UV BRn
Lt £z, EFVERMCESHIIEE 10mg % 0.25% NaOH (40 ml) gk, RARICKEETT
MBI, BHRERZLRBESRABAEK T TIT -7,

(3) HHREB

HEIR TS E T » VRERL, ZOEEBRERCNTIHERE (IR) 0E(tr b, BHEOFE
B%fT -7 T—FAMMHO UV HaEAR RGBT pHs KRk, -7 THhiliLik, 2h
ERET 40°0) THREOKER, BHZz2ml 22/ —MICERLI, O T8/ ViK% FERL
T, BIROFH/ A AT v &4 IR, HEE (R) 2RD 7, HEORDEDROERE %R URIE
% UTskoic IR EEREICUTRD I, 7 vbaid UV SR, FHHEICT pH 6 KRS Lk,
HERlET ok T, zoEEHERES IR ZHE LK,

o RRLELEE

HIRET, BAFERLT =/ — VBB XUEHRILT = 2 — v v ¥ v BB AT LEEER T
ZOK, HEERPT =/ —MEKBEOBPEERREERLTNE L E, IRERLT =/ —VEK
KT, HAERBCHALTEEMERT S E2lohit Ui,

HR(7 =/ —¥ (TCP, TCG, TCS) # UV BHEMAEI THE UL EOREXEE IR D
ETROBF%E Fig. 9210R U, BulHRE 10~30%, 45~60% & XU 70~80% T, IR 124 40%, 80
%d LT 95% WD Ltc, BIEERE T0~80% DL E0, MHRMOY VA8 vt /% &% Fig. 931
RUfze BICE ST, EF M7=/ —VEIZ2~3 BAEAOEF TSR - T h, ZOBERIIE
RBEVBEVTNOBHKATORNICL - THESRIINE LD ONI, RFLBICE 24K
BORABRLZ 27 b VvORF D, KEBEELBLLTNEZ LD ON, BATIET = /7 —vik
KBELEELTWAC EodEES NI, T4, TCG £ TCS @ UV RHERHD TMS {LHEEEic
ST, GC-MS M LR, LPBOKF 31— VOERSHERSH, £ b3y AEOKBE~DERD
T -T2 LB o, Fig. 94 12 TCG o UV B4 (1hr) o GC-MS oflExRd, #
FMBREE L 7ok (Peak 1,2) BXU 2 v vENKBEREBRUKS (Peak 3) sBlizhi,
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Fig. 92. BABRSRICX 3 iERBEMEROBEFR

Relationship between amount of removed chlorine

and removal ratio of inhibition ratio (IR).

Note) TCP :2, 4, 6-Trichlorophenol, TCG : 4, 5, 6-Trichlo-
roguaiacol, and TCS : Trichlorosyringol.

Elution volume

Fig. 93. EXZEKIT THABSH LR TCP, TCG BXU TCS
DIV AHBI a= T A
Gelfiltration chromatograms of the TCP, TCG and TCS
irradiated in nitrogen atmosphere.

Note) Samples (100 ppm) dissolved in 0,01 N NaOH were irradiated
with a 30 W UV lamp for 1 hr; Column: Sephadex LH-20,
Eluent, dioxane: water (1 :1), M: monomer, D: dimer compounds.
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Fig. 94. #4185 L7z TCG @ TMS FHt4hod GC-MS
GC-MS analysis of irradiated TCG (TMS derivatives).

Note) GC condition; column 100x0,2 cm, 2% OV-1 on Gaschrom Q,
Temp., 150 to 200°C at 2°C/min. Sample (100 ppm) dissolved
in 0,01 N NaOH was irradiated with a 30W UV-lamp for 1hr.
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Table 29 i Z DDE T DILEMCONT, BEREL IR OBBRERLI, ERL7 =/ —an
K VBBERBRIERE 20~50% T, EEEMEEALERBDSREL L T,

Tetrachlorophthalic acid, Pentachloroanisol % X 7% Tetrachloroveratrol {3/E#ER 5 v VOEE
LRI VBB A £ REBVERATHEH, 2O0BAE LTATHIET » / —VHKBEE S 7
RO ERBFoND, UV BHick - T, CCl #EEPHELTHLOKBESERTWE, chod
MERHEERET S LHEEIN S, L LES5, BIERE 10~30% O RENEAERMICHERE 4 <
BHONER ot Eh, EERPOFARBILA <7 b vk LU TMS LiFEKic L3 GC-MS i
5 HKBEOBAIZRD SN T, COCERIEFRBE L 2 ERMVKBRERT ST, BTG
BOEERE LTERLTOSSOLHIE SN aple 99, UV-REHILE L ERILAHO
2o EHER 7y VT 2EE

WA = — 7 TR S OB TH Toxicity d°fb;h§;i_‘;zf§‘;_ compounds
Rbazasd, BHERT v Vi LTEEER

Removed

Sample Cl IR®
TT739YavTho7, Fig. B iczcnxz—7 2
3, 5-Dichloro-4-hydroxy 24,5 5
NiH#% NaOH, #7:(% NaOH-IPA O benzoic acid 80.5 0
HoEEhTcUVREELALE2D IR OBDERE 5-Chlorovanillic acid 46,7 0
FURHSAIORR % 77 L 2, NaOH-IPA %Tit 79.9 0
6-Chlorovanillic acid 55, 4 8
2hr OQWT, 55~100% FTH:MBEINID 788 o
iwx L, NaOH RTOHRIHIEDP -7, T Dichlorosyringic acid 42,5 0
C 191D : s Dichloro-3, 4, 5-tri- 45,0 0
¥ 5 RUPPCB o UV RAHC & 5 B ROET, methoxybenzoic acid
NaOH-TPA oFE#HEE #E L T35, NaOH- Tetrachlorophthalic acid 13.7 0
IPA ¥R 2 hr UV JREHLEE U 72 KIS AL B 4 Tetrachloroveratrol 22,0 0
. . L N Pentachloroanisol 11,5 0
RBREVARIa= b5 7 4 —BXU GC AL
. B . . Note) a: conducted at 50 ppm(pH 6).
5, T—FUHIBHBESRLTHE, EEEES UV-Irradiation ; 30W low-intensity -
JCES THBERLAMMELA L RDRTH mercury lamp.
100 I3
T |
00
S st
(=]
R »
o T :
5 oof g Fig. 95. = — 5 v Hi#ch DRLERR S D%
= ABAIRICRET, WY -4,
Zg E Ao Trva—voE
E 40 - ' ! Effect of solvent on the removal
- - “+ of inhibition ratio (IR) of ether
= E - NaOH-IPA extracts.
é 20F 3 NaOH Note) Ether extracts (250 mg) from
g spent chlorination liquor (Buna
pulp) was dissolved in 100 ml
0 L x s — —A of NaOH (200 mg) or NaOH
0 30 60 90 120 180 - (200 mg) -IPA. Samples were

. . . irradiated by a 30 W UV lamp.
Irradiation time (min)
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e DAL PICIE 5 T,

CNODEDPD, EROBERMICOBERL T 3ESTHBRERLAHOLEED—DLLT, C
NS oS % Amberite XAD-4 O & 5 18 AR EH IS HOTEME L2 D%, NaOH F /i3 NaOH-
TIPA ICIFELT, BRBHEKSTC UV BHT 2 Lickh, HROCEREESLTE2CE8U6H

i’Cfg 2 7‘\’-0
Baz #E -]

2757 FEAERTOSSFERERLAHN SN A ERRIENMETEENT, TH-YH» SRR
L7z PCOL %#EEKET v 7 (A00W) THIAMUEL T,

ZORR, DEOXINTEBHASHIIE 1, (1) BRPOBSTHRSOIMEIE T VA VERE, &
BEBEDTHRNICRT 5, 2hEAB @) FE, 3 BRER @ * P rvE0sREIU
(5) FEZOMED, LHEBBOEREN S BSFIUSHETL, 6) COD B T 3,

—F, ERERTCOMSTREES, B2 3ol BAFESIUHEEOERLIE D S hic
75, COD OFLPHBEBROARET pH FTThRI DIt » o1, '

PCOL OiEILE LU * FALMBAERYI, WIS ERIGICEREERL, IVR=VEPT =
/= EKBREOFEESEESHEEZ LT B EREEIN T,

X5iC, EFUVHBRICKBZERDD, A PFVVEESDIEERLT » / —VEIEEBRT CORSE
TRA MV VEDOHBRERT LI 0DITH L, ERICEGUTRERORESRC D, chdA bFy
WEDHREREL TN 2L LPBY i, HEEEELE TS PCOL ERREHAD UV Ritics
TEABRIGHED S, BMESETT, FERLEGHID, DM AHRERT S LBTDLNIK,

BATHERNT = / —VE (EFVHE) OFRR S » VICHT 3RERMEERER, UV RETIR
ERPEET A LICKY, BT T2 LBBRIN, 20K, BROMCA P+ BELEEL, &
B O—BIL 2 ~3 BEROEHIFRACEN LI, T, 7=/ —VEKBERIREDL, # PFVVE
BIUEEORBSIVKBEICENT 2 LZDEL, BAFEESEET 3 L#EESN

HHRS(ESFERERLAM EZAVTF V- FATEBRBEBHRT T, NaOH ¥ 701t NaOH~
IPAQ1: 9) FHrh< UV BEBRETZC Lickd, $ERMCESET I E8BO LN, i, 2O
EA R TIE 280 nm QRIAkbN, ECD-GC 4iid & bESTFERLT = / —VEBREAETH
FLTHBZ EMHESPEN 57,

Bom W &

EEAAMBRRA TS ) 7= ¥ IO BHE, —K & X0 UlEED I 57 L, ABHO
20~30%%F DTN 5B, 757 PEET/ VLT 54L&, choD ) 7F=viBAHEML, “Vv7EBEY /=
SRRBEICE TR 50 Y 72y (FAYF2Y) LRMARS BB EET S BEY /=
I EREIIC X A EAMEIC X D, WRLRE S & bICRIMEEEY, HATHLEATIThES
EREOATRAGE b ORGSR ABEERL, BERRICHEN LT 5, ¢ OBBERILAROINLE
), EEPERIEIC SO TIRAH 2 TIOEREICHIEIED 5T 5 5, HEE EEPRE~OY
W HOVWTRRBROBENL (BINL TV 5,
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buED BKP OEMEERIIN 4505t (K EHED ©, £20R3 a8 ERLEHE L THR
INBERETEE, 2OBRBBFtRENLSE, ZhoDH3503F M, Halkk, TEESOHEEE
2EORDEEL NI, BRHRMEERRBRIEELIN TN,

FREFIEARKFOTRERLEGYIC L B KEEREHILT 5 0 OERNER B2 C LEERNE
LT, BREAVOILFHEE, ERRE AHFNEES X UCRARSMCOVTHRE L, UToES%
B S iz Ui,

1) BEEhOFBERLAY

BRhicEi s 2 ERERLAYR, REASVIOREY /= VB 5, ZOEREOTRIMNTRET
B3, BRYO—BRIERIERICTBEEL 2D, 2OREBRLERYO 0% 1KETE, BYOREBR
KIEHT, MBNESFRSDP RS, BRRSOSBEREE LTRASBGESTFE 10000), RE
702 bJ 574 — (Amberite XAD-4 #]5), K4 HoME&bICkZHEEZRE L, HRNITH
SFBICESFRAOZEETY, SEARBRERDASTESGEHALIIC Lic, 7 vy 0E
HEEHE A & D = — Fuiii#E GC-MS 4347 L, FEERER AW ERLLE L FEORSDLPHE
ZHOMIT LI (B24R Table7 ), TERSI V) YEVBEEEL, 20X FVILBEEKREER
MICED, BEHE<=275 72 PELT, mfz 249, 263 BLC 265 (OTHLEREDOTA V b
—TAXVERT) OC—-2ER Uk, WRILT7 =/ —VBEUCERLT = / —VHVEVBRIELRS
T, FOBRLBAIBRIELTHET B &, C—Co>Ci—C>C—Ca>Ce—Cs (0~3 : HIBRER) DIET
B Ui,

BATFESOEHIIER/ILA +V ) S'= v T, BASRBICLZHESTE 10000 L ET, BEEHOHF
D 30~50% % DT, BEEEMIIS, ChdRY 7'=v 0 C—C DEBMMITEEMIAE
EELIMET, /Y, #73-VBIU L2 VBBER2EGOERCABE KR L 1. 2#TER
MWL, #3V /=Y kX DEATTH -0 ThETNH ) HRIEARILSRL, £ %E GC-MS T4
LR, BERA0IRER MWL 02ho#1/100 T, [z anic) /= v O{LE#EdiEyE
MELTHNB L EDBPE LIS -7z, HERHID 30% 1ZEFE /LA 72 Gualacol 8L U Syringol T,
DK IIEER LSO Vanillic acid ® Syringic acid BERSTH - 7o T DERLABOK
i, BERAPDz—F iR ICEESBEDR N TV ARSI TH S,

2) BRERILAEHOER

EFRILSVERCET 2EREZH AT 2 ENT, SEOERMBEFCDOTRE L, V7
BE) 7= VBB LCERRNEIARERLAYOREL 155 TOCl 5L UHELT =/ — 1 (PHCD
DERICEDRESBHEERITEREZ > T, TOCl Ry 7= vBOHERFMEBEOE Mic L FI L
TEBHICER L0kt L, PhClOARERBERERED 120~150% RIMEHCER &8 543, 50% 2
T, 200l ECREDERBREFL (B Lico

HBNEER L UE pH A TOERLTE, BRERMAYOERIERETR L, ERNEEERT
@ TOCl §ix TOC % CHCly 0&£RE & FVHRBRRSED b, i, ® TOCI O 80~90% i
BEATERDRS LKA LT,

—BKRBEEET 3 (LAMO—BREBEER(LES Y 3 L, B, BIRKIEE EHRZRTF ARG
®Z0, KO XFEPEER LI, COERT R FVGREETIRORHTIRINKSBEZT L
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Mol ¥, TSI XTVHRERRDEHOERNMEHT TERICER LI, I6K, EED/Y
VFEAZHET TS, AMBSETEED X 7 {bighst Ry 2 TR SmE I,

3) HBERLAEHOEYPHIELE

B PICIER T ARAICO0T, FEIER 7 v VI 2 BEBRFEEICRIZTHER, XAk
b, TEBEHOKMM T 2 hO)IC X 358, S5t X S HER~NOEREFIC OV TE
HizHEt Lice 7IM VT ORBEATERORERTE COESD O THBIIMET Lic, BRTOEE
BB B TICHER(L 7 = / — VRS T, TFAT—FUTHET 555503 Amberite XAD-4
BHSICRE SR ZC ICE DBRMICHBET 2 C LM T &7, BIHTPRKEETZEBRIT OO TEER
BT - 1R, BHMEImENTH, BAEEBIU 7 2/ — v KBEOFEENEELREE
BLTOD EHEEINK, BHT7 77V a VEEKEEERITWVD, o077 vy VERILHERILS#
BRUOTY F) v Rk BERBEHEEER U,

X ZhiITB pakEERBL S, HENLTY » 2 — A2 3~5ppm THEHRLRLZOIHL, &
FIL7 = /= ANV EVBTRESET, BRI v VCEENAFT o4 ERBR B\ ERL
Too Bfe, AEMKIRIEIT PH, #HAEXRBIU T2/ -2 EBKBBEOEEIFE®ZT » PO L & L@
B TH - 1o EER T v VB X ULBOKME © 2208 >N ThRE LR, Bt 2 EER
It g LT, EEMT7 2/ —VEBIUERLT = 7 -2V E VBRI OO THMRET, i
BBCHECAD NI, T, BAEERBIU T =/ —MWHKBEOBEERIMRECEELE5Z 5
HETE - Tote, BABERSOERELAL 12D, X FAERNTERBEOIT LR, Bkt
AHICOAERTIEASED S, B, KEESSTERLABOBETELESHLERSNS
LHEEI NI,

) FBRERAEHORIRSE

SRR BERRAOMRIBT A ) BE 3 LU BRRBFEOBKEHONET HREHUTH -
too OB, BIERE, 4 FFUAEONME, FEZOMHEKC I ZEBBOER, BEOBRA/LEO G
¥FL, COD M L, —F, EXBERTTO UV BHTHFEROBRMIIET 5F, BIER, #
F O NVEDOHR, BB ICEEDOBEELNED SNy, COD o HEBEOARIES pH T
THRDOLNE P T,

BEAAFV) S = VOBITE XU A FLLEE BSOS SRS ICER AR U, HoR
=VE, 7/ —VKBESOEESEELFHESE LTV,

i, * bRYAEESOEERIT =/ —VERERTFREIT TORE TR A & 7 —VvOEKSE
B oNTODICH L, ERLAYTIIEROBEMSRI D, chdA P 32V VEDSEERE LT,

BENFEFNT =/ —VBEOERER T » Ve T 2 BEREHICRIZTEEMR,E, UV BEICX5H
BREMBIZEDBD L, Z0OB, BEZOMIC, # FFyVEODRPIEN T 585 7=/
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Chemical and biological characteristics of Chlorinated Organic

Compounds in spent kraft pulp bleaching Liguors

Kinji SuimMapa@

Summary

1. To investigate the chemical constituents of kraft bleach effluents prepared in the
laboratory from beech wood, the organic compounds in the effluents were separated into high
(H) and low (L) molecular weight fractions by means of ultrafiltration, adsorbed chromato-
graphy, and liquid-liquid extraction. The following chlorinated aromatic compounds from L
and the oxidative degradation products of H fractions were isolated and identified by gas
chromatography-mass spectrometry (GC-MS) and chemical analyses: 2,4, 6-trichlorophenol,
mono-and dichlorobenzoic acids; di-and trichloroguaiacols; 3,5-dichloro-4-hydroxybenzoic
acid; 1,2-or 1,6-dichloro-3, 5-dimethoxy-4-hydroxybenzene; trichloro-3, 5-dimethoxy-4-hy-
droxybenzene; 5-chlorovanllic acid; dichlorosyringaldehyde; dichloroacetosyringone; dich-
lorosyringic acid; 1-dichloro-3,5-dimethoxv-4-hydroxyphenyl)-2-propanone; dichlorohomo-
syringic acid; 1-(dichloro-3, 5-dimethoxy-4-hydroxyphenyl)-1-ethanol; dichlero-3,5-dimet-
hoxy-4-hydroxyglyoxylic acid, and dichloro-3, 5-dimethoxy-4-hydroxymandelic acid. In the
case of L fraction, about 70% of the organic compounds identified consisted of chlorinated
compounds, which yielded 37 mg based on oven-dried unbleached pulp (1 kg). The main
compounds found were trichloroguaiacol; trichloro-3,5-dimethoxy-4-hydroxybenzene; di-
chloroacetosyringone; dichlorosyringic acid; and dichloro-3, 5-dimethoxy-4-hydroxy-mandelic
acid.

2. To clarify the effects of the chlorination condition on the formation of chlorinated
organic compounds in bleaching spent liquors, beech, red-pine kraft pulps and some model
compounds were chlorinated under various conditions such as Cly-dosage, pH, tem-
perature and lignin content. It was found that Cly-dosage and lignin contents in pulps have
a potent influence on the formation of total organic chlorine (TOCI) and chlorinated phenols
(PhCl) during chlorination. The amount of TOCl in spent chlorination liquors increased
with increasing Clz-dosage, whereas the largest amount of PhCl was formed at a Cly-dosage
of 120—150% of demand. At a given Clg-dosage, the formation of TOCI and PhCl increased
with increasing temperature and lowering pH. The amount of chloroform produced as
volatile compounds and total organic carbon (TOC) in the spent chlorination liquors were
found to be parallel to TOCl. The Esterification reaction was also observed during chlorina-
tion. The effects of the chlorination condition on the ester formation were similar to those
on TOCl and PhCl formation.

3. The toxicity of the organic matter fractionated from beech kraft-bleach effluents
was bioassayed by using an activated sludge. The toxicants were included in the spent
liguors of the chlorination (C) and caustic-extraction (E) stages, whereas the liquor from
the chlorine-dioxide stage was almost free of toxicants. The ethyl-ether soluble fraction,
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which accounted for a substantial portion of the toxicity of the kraft-bleach efluents, was
more toxic in the acidic region of pH 4-6 than in the region of pH 7-9. The chlorinated
low molecular-weight corhpounds present in the liquor were primarily responsible for the
toxicity acting against the activated sludge and were well adsorbed by macroleticular resin
(Amberite XAD-4). Some of the chlorinated low molecular weight compounds and their
related compounds were synthesized and bioassayed for their toxicity under different pH
conditions. The results showed that the toxicity intensity was stronger in the acid region
of pH and that the organically-bound chlorine and phenolic-hydroxyl group of these com-
pounds seemed to play an important role in their toxicity. The high molecular-weight frac-
tion in the spent liquors showed no toxicity, but became toxic when it was decomposed to
low molecular-weight compounds by alkaline cupric-oxide oxidation.

4, To resolve the problem of water pollution caused by the colored matter consisting
of high molecular-weight compounds in kraft bleach eflluents, photodegradation of PCOL
(chlorinated oxilignin prepared from red-pine wood) and model compounds were studied.
Decolorization of PCOL with UV (ultra-violet) light irradiation was significantly dependent
on pH. Dechlorination, demethoxylation, and the formation of organic acids occurred with
irradiation in the presence of oxygen resulting in the reduction of chemical oxygen demand
(COD). In a nitrogen atmosphere, PCOL was slightly polymerized, and its solution changed
to a dark color. Dechlorination and demethoxylation took place, whereas the reduction of
COD and the formation of organic acids did not occur in a wide range of pH. By reduction
and methylation, PCOL became resistant to photolysis indicating that the carbonyl and
phenolic-hydroxyl groups played an important role in photodegradation.

In the chlorinated model-compounds, containing methoxyl groups, the cleavage of the
C-Cl bonds in the presence of nitrogen promoted demethoxylation reaction. Chlorinated
compounds like PCOL were decolorized easily, and they decomposed because of the high
inductivity of the C-Cl bonds in comparison with the nonchlorinated bonds upon being
subjected to oxidative UV-light irradiation.



