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Abstract : One pulp manufacture facility was selected as surveying facilities to examine the
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discharged rate and generation mechanism of dioxin in bleaching stage wastewater. The analytical
method was established in the wastewater and the sample was collected and analyzed. The outlet
concentration of bleaching stage was increased 5 times for 2,3,7,8-TCDF and 7 times for OCDD,
and the discharged ratio between PCDFs and PCDDs was surveyed about 2:3. The 2,3,7,8 - TCDF
and 2,3,7,8-TCDD were mainly detected in acid wastewater of bleaching stage that is known as the
typical discharged patterns of chlorine bleaching stage.

Key words : acidic wastewater, PCDDs/PCDFs, bleaching stage

HEE e dgde] wagel wit gxHos
.M £ AZHALH, 2 FoE tol g4l go] HlgEzo
_ ] 2 A4EE 7199 AE Atk thelSae Qi)

FAToR MISHIL AT S FTHA ANTAL gqugd) QA 445 HEAY AR
* Corresponding_author- A S8 &7, SEAY Az 3 Fo| BY Sel

Phone : +82+(0)32-560-7096, Fax : +82+(0)32-568-2037 NAEZA 5 AP AoE YA JoH, 2 -
E-mail : shinsun@me.go.kr

— 266 —



AAFFFe vtol &4 wWiE Ad ¥ FA4 vAUFD 267

Hatxo g o) AE AEANl ZAHHY] 41
4, 1A, BY, fAEd € 9 F e ol
o A& vehls UlEu3el & Z(endocrine disruptor
chemicals, $RF28) FE FARFARVILEER
(persistant organic pollutants, POPs)E B2 AlHEY
24 tgol H1 Qe FALPE AP

t}o] 24 FEPCDDs) ¥ FARPCDF)= FEIT
oA 3 =4S Jehle gAgEEdR ¢EA 9
o, olF 714 FAo] A% ojAME 23,783}
T}o] $A(TCDD) .2 ¥&A] Aoy, HT WHOoNA
T 12,3,78-2593810}0] $4(PeCDD) 8] 4 F7HATE
0.594 1.00.2 23,78-A193lt}o] 2 A(TCDD)9} 2&
248 /I B2 yrista Ut ol dAEE
AL zbe visiME =499 At A7 tiidolA]
o, o2 BE Tl gdoxe 54L& B AHA4%
HolA o] ¥ ¥ Zge] BN dA7vt I
g3 9k

ol EAe 19659 HEG HAYGA A"
the) ol S4lFE A nHA eHAtRE <l
o de] gezon, 19773 vid#=9| OlieFo]l &
ZA Ao vlEEHe TARAF e tol&alf
7} 2gH] on R FoZN HUE 2745 tol
S HYRATE MBS BAZAZ HFEH7 ARE
At

%3} 19743 W. Sandermann®ol] ]3] B . A A A
Mol Bl A to| AT 2 FAFI HEE &
Ackar AGEHUA, 249, o=, B FoA o] ¥
2ol g A7t AFE Rk 19853 7HE, 29W
9 AAFZ UFFE Be SABKEAAEY &Y
Aol A 2,3,78-AFE8IT}] &4I(TCDD) ¥ FHFHTCDF
7t AEgo 2R, v FAFEPAT AAFTAL A
A e Asludge)o] Wk FAHQ] FAE AXE)
Al e, 2 Aol 29d Mol AR
" A ARGME HaE L $£F9 2378443
t}o] $A(TCDD) ¥ HFHFTCDRH7F HAEHAo,
o] 7|89 AZEde & gyez e
u, BerjHo] tho] LA R(PCDDs) 2 FAF(PCDFs)
o] dgo g UFHEA ARG To]SA F
A7t FEASA == FEATL GusiA o) F
o1 9lck

B ddye d4ag83gs s e ¥
Z . ARAAFE AFH - B3 GolSAle] wEEA

Vol.14, No.3, 2001

dANZE FEgoEA, BAF02 WEHT 9
Hol84l A& NEe AR 2AEE AT
7 a5,

Eorfr ol

2.+ H
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tolg2le A8y $£&, A € GCMS 433
2 Fig. 13} o] AAM3 1T 7HEARAE
2 =/A PR A/ (high resolution gas chromatograph
/high resolution mass spectrometr, HRGC/HRMS, VGiit,
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(resolution) 10,0000 4 Table 18] ZHAo 2 BAMHY
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Table 1. Analytical conditions

PCDDs/PCDFs
o GCMS VG Co., Autospec Ultima
o Injector temp. 250°C
o Column DB-5MS(60m < 0.32mn ID X 3.0¢m)
150°C (1min)—210°C (10°C /min,
8min)—235C (3C/min, 8min)
—310°C(6°C/min, 20min)
O Carrier gas He, 2.5mL/min
O Injecton port Splitless
© Ionization type ElL
© Ion source voltage 36eV
o Ton source temp. 260C
O Resolution 10,000
O Monitoring SIM, 5 function

2.2. CHOISA 2D} FA|

o Edd to] 4l B4 Aie 2 vjde EF o)
g of7te] alolg Ho|i glon), AF A o4y
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2378-X 8ol A FEE 4985 8G8E] 17
% o3AY 4 F=E JehieH, 23,7828 o] 4
Ao EQ57PsEe FFE e 4E2Fx0) tol
AFe EXASVRMRHAISFE #3519 SASVIMEE
g 231 2§ 19T Table 2= U2 EPA
8290 % AE FAAY o]&Ale] #F £4 wwd
of AANE EXFFIAXNE Helstad Jehd Aotk
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L A7 - A7)

Sample

- over 3L

< Spike the internal std. Sng
37C14-2,3,7,8-TCDD

Filtration

Solid phase
Liquid phase™ | - Extraction with toluene and dichloromethane
Soxhlet toluene for 16 hr
< Spike the 15 kinds internal std. Sng
('C-2,3,7,8-TCDD and so on.)
- Concentration of less than mL
Sulfuric acid + Washing with 50~ 15mL n-hexane

- Add the 2ml n-hexane

Silicagel column chromatography
- Silica gel, 3g
-+ Na:SOq, 2g

- Concentration

Alumina column chromatography

< Spike the sylinge std. 5ng

GC/MS Analysis

treatment » For 1~3 times

- Washing and concentration up to 100uL using N, gas=

+ lem ID x 30cm
- Elute the 150mL n-hexane

- Elute the 100mL 2% DCM with n-hexane

- Alumina, 14
€ - Elute the 150mL 50% DCM with n-hexane
+ Na:SOs, 2g
Concentration + Less than 100uL

(°C-1,2,34-TCDD, “C-1,2,3,7,8,9-HxCDD)
- Concentrate about 40~ 100uL

Fig. 1. Flow chart of PCDDs/PCDFs in wastewater.
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®3, AlgEA Ad slgAgd A 0.005 ng-TEQL7}
A2goma 1 oldle ¥E: EAZE 71359
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Table 2. Detection limits of international official
methods

. Method Tetra- Hexa-
(matrix, sample amount, P H Octa-
concentrated amount) enta- epta-
EPA 8290
10 pg/L. 25 pg/L
(Water, 1L, 20ul) pe/ pe/l 50 pefL
EPA 8290

(Soils, Sediment, Pulp,
Ash, Tissue, 10g, 20uL)

I'pgls 25pge 5 pgg

Japan
, L 1 .
(Wastewater, 4L) 05 pg/ pe/l 25 pall
Japan
0.1 L 02 L 05
(Water, 20L) pe/ pe/ pe/L
This Study IpgL  2pgl  Spgll
3. F3 % 1§
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o2 ZAEGY 53], 2378-AM43FHTCDRHS
0.0322ng/LollA 0.1580ng/LE o 5u) A%, FYsirio]
22(OCDD)& 0.0794ng/LA 0.5745ng/L2 THiAE
HEFrt 718 Ao2 ZAEACH, EWFTAHF
ol ol4A7t F2 FAH WEHULE ¢ + A
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@ Sampling(alkali wastewater)

. Clz . C102=8 )
+ Retention time=60min
+ Temp.=55 C

Cl; and ClO; Bleaching step

- NaOH
+ Retention time=120min
- Temp.=65 C

Alkali extraction step |

l

ClO; Bleaching step 1

+ Retention time=240min
- Temp.=75 C

- NaOH
« Retention time=120min
- Temp.=65 C

Alkali extraction step IT

ClO; Bleaching step#| I

- Retention time=240min
- Temp.=75 C

@ Sampling(acid wastewater)

Fig. 2. Sampling point in A facility.
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500 WOutlet of Bleaching”
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(a) 2,3,7,8-Substituted isomer concentration
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(b) Toxic equivalent concentration

Fig. 3. Discharged distribution of PCDDs/PCDFs in

bleaching stage.

E£3, B AN Ag AAE WREFEA
580 747t 85% o 89%2 yeht vz §a”
JRHAAHNN Faln Y= H5E WY 40~135%
% 50~120% & EF wEshs Fog vkt

2378-AFo) A =457 S (toxic equiva-
lent factor, TERHE &3 T=& H7ig 54571
WFrre, GAENTY AdeA 00078 ng-TEQL,
AAHNFA FTAE 0.0514ng-TEQLS t}o)]LAl
F71 WEEo] AAEHNY F oF 6ul o)de] o
LAF 27t FHEAEE ¢ & Aok =3, B
FA AddME 2,3,78-A9315%HTCDE), 12,3,7.8-
2 g3t}o] S (PeCDD),  1,2,3,4,78-F A 3}}o] 24l
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Table 3. Discharged distribution of 2,3,7,8-substituted
isomers in bleaching stage

2,3,7,8-Substituted Inlet Outlet
isomer Conc.(ngll) % Concingl) %
2,3,7,8-TCDF 0032 1955 01580 1295
123,78PeCDF 00000 000 00203 166
234,78PcCDF 00000 000 00000 000
12,34,78-HxCDF 00049 296 00251 206
1,236,7,8-HxCDF 00028 172 00253 208
234,678HxCDF 00036 216 00392 322
123,789-HxCDF 00037 224 00572 470
1,234,678 HpCDF 00041 248 00301 247
12,34,789-HpCDF 00041 250 00366 301
OCDF 00091 551 00811 665
2,3,7,8-TCDD 00000 000 00072 059
123,78-PcCDD 00034 205 00000 000
123478HxCDD 00073 442 00414 339
123,678HxCDD 00000 000 00259 212
1,23,789-HxCDD 00044 268  0.0401 329
12,34,6,78HpCDD 00059 360 00575 471
OCDD 00794 4815 05745 4711
Total 0.1649 10000 1.2619  100.00
Internal std. recovery 85.09 88.84

W, Fig. 4 2 5& BYTA A - Ty Al
ST A FH(TCDFs) ¥ 8935 & F(HxCDFs)2] o] A4
£ Z=nfEOYe® Jepd ZFolth Fig 494 B
W, R AddME 1,2,78-A1938FIHTCDP) ¢
2,3,7,8-ALASHFRHTCDR) 0] wiEsar glou), Fgd
AE 12,78-A193FHTCDR) o] AEH R ge g4l
o 1247, 1347, 1,378, 1346 2 1246493
FHTCDRF o] WiEHn o, 23,78-A19sHt

=i
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Y, FodAE 234678 2 123,789-5d3FS
(HxCDF) ¥t olJg} 12,3468, 134,678, 124,
6,7,8- 1,2,3,4,78- 1,23,6,78-583%IMHHCDF) 59
do)a7l AEPE BoFa Itk 182, 39RY
5 G40 AN§X ] Aujgel &g o] HHE F=
o] Wy} o] A AHoE dZFHol, ¥WFH
AgoA A4 to]&4l B4 HTFEA A A
Ax thej&Ale] = sl FES FUAEL o=
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Table 4. Discharged distribution of 2,3,7.8-substituted
isomers(TEQ) in bleaching stage.

Inlet Outlet
2,3,7.8-Substituted
isomer Conc. % Cong. %
(ng-TEQIL) (ng-TEQ/L)

2,3,7,8-TCDF 0.0032 4123 00158 3074
1,2,3,7,8-PeCDF 00000 000 00010 196
2,3,4,7,8-PeCDF 0.0000 000 00000 0.00

1,2,34,7,8-HxCDF 00005 627 0.0025 4.88

1,2,3,6,7,8-HxCDF ~ 0.0003 359 0.0026 5.12

2346,78-HxCDF 00004 461 00039 7.63

1,2,3,789-HxCDF ~ 0.0004 474 0.0057 11.15

1,2,3,4,6,7,8-HpCDF 4.0x10-5 051 00003 0.58
1,23,4,789-HpCDF 40x10-5 051 00004 072
OCDF 1.0x10-5 0.13 8.0x10-5 0.16

2,3,7,8-TCDD 00000 000 00072 1395

1,2,3,7,8-PeCDD 0.0017 2164 0.0000 0.00
1,2,34,78-HxCDD  0.0007 935 00041 8.05
1,23,6,7,8-HxCDD 00000 000 00026 5.04
1,2,3,789-HxCDD  0.0004 563 0.0040 7.80

1,2,34,6,7,8-HpCDD 6.0>x10-5 0.77 00006 1.11
OoCDD 8.0x10-5 102 00006 111
Total 0.0078 10000 0.0514 100.00
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Fig. 4. TCDFs Chromatogram in bleaching stage.
(Up : Inlet of bleaching, Down : Outlet of bleaching)
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Fig. 6. Discharged distribution of acid wastewater in
bleaching stage.
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