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Determination of Chlorophenols from the Industrial Wastewater

Seung-Woon Myung’

Department of Chemistry, Kyonggi University, Yiui-dong 94-6, Yeongtong-Gu, Suwon, Kyonggi-do, Korea 443-791

The most common five chlorophenols were monitored from the industrial waste water. By modified USEPA
Method 3510, the samples were extracted with organic solvent, followed by analyzing using gas chro-
matograph/mass spectrometer (GC/MS). The analysis were performed to the industrial wastewater which sam-
pled from the paper and pulp, petrochemical, textile and dying, and leather industry. The comparison of the
residue chlorophenols between before and after the treatment of waste water was performed. The limit of quan-
titation for 4-chloro-3-methylphenol, 2,4,6-trichlorophenol (2,4,6-TCP) and 2,4,5-trichlorophenol (2,4,5-TCP)
was the concentration of 0.1 ng/mL and the one of 2,3,4,6-tetrachlorophenol and pentachlorophenol (PCP) was
0.5 ng/mL. 2,4,6-TCP was detected from samples most frequently. From the paper and pulp industrial waste-
water, 2,4,6-TCP was monitored at 43% sites, and also other chlorophenols were detected more frequent than
other industries. From the sample which was performed the waste treatment process, the concentration of
cholorophenols was decreased remarkably. The results of the residual chrolophenols determination will be
applied to trace the contamination sources and prevention of chlorophenols contamination.
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2.1. At & 7|7

Aol AR HolsRF BFEEQ 24,6-trichloro-
phenol(2,4,6-TCP), pentachlorophenol(PCP), W%
=Z=Z AFEE  4-chloro-3-methylphenol®} phenan-
threne-d10+= SupelcoAH(Bellefonte, PA, U.S.A.)% A
THeR e, 2,4 5-trichlorophenol(2,4,5-TCP)$} 2,3,
4,6-tetrachlorophenol(2,3,4,6-TeCP)= Riedel-de Haen
AH(Sigma-Aldrich laborchemicalien, GMBH, Swiss)
AFS AR

7h FFEEL WEkEe] FAste] 100 pg/mle} 10
pg/mle] EFN} FFEFNS wHEo] ARSI W
F- %254 (phenanthrene-d10)%= z} ¥&Z 3 742w
HoZ HEkEZ 8|48l 100 pg/mle] FFH-S THE
o] ARgEIH o, BE BFEHL 5°C o]3ke] diofA
R =

7t f718e 2HEeks Aok FYste] Akgst
At tEFZ2d e JTBakerAHN], USA) AES
ARgailom, R ERE v AR T Baker
AN, USAN}E AEFS Ao, dshtEss
ABPEFS Junsei ChemicalAH(Tokyo, Japan) A&
< ARSI 3, FEAE w5 o A dAa
7AE £ 99.9%9] AF(ERF S ARSsit

fre] AF2 100°C oldellA] 2417 o) 7+
Hol = ollx] Bzek = ARgERlem, 250

N A7l e T4 WEIF HEZE AR FHof
Ue AE ARSI el od#Al= Whatman
(GF/C) 12 pmE ARE-3I3om™, WhatmanAt #3-<]
AFAAGAE AR - Pz A Re] Lf BAG o7
st ARE-SIGTE WFE 2= Watershl AlE-S ARS-
31993, WH¥|= Edmund BuchlerAHGermany) A%,
QAE2)71= Heraeus SepatechAt] Varifuge 3.024)
= AR&SRiTh

RE
3ol o

| o

8

2.2, EMxA

LA ARSE Tk ZepE e /A R A (GC/
MS) A]2H-& Agilent 6890N GC/HP5973N MSD
wdo)on BEazAe vt 7).

717 AzrkEIZ (GOl AH-E 23> DB-5MS
EAE dyoezy Zo|rt 30 m, W7de] 0.25 mm,
AAFE] FA7F 025 pmolgler, ol5A 7AE &
F7141(0.9 mL/miny& ARSIt A EFYF] &5
= 210 °Collr, FHYHE RS AR
om FAE A8 %S 2 o)t AY QB &
e X% 60 °CoAM 187 HEE F 10 °C¢/
min?] SLZA0F 280 °C7HA] 57l 3 o]
oA 587+ wF2A 3 tH(Table 1).

AHFEA7IMS)E A=A (quadrupole) w213
o] AkgEASH, ol WHE HAFTAWEL
electron ionization) &4 70 eVe] AA} oA 7} A}
L5903, o)]&%don source)d] &EE= 230 °C,

ISTD
Abundance 16.23
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Fig. 1. GC/MS chromatogram of five chlorophenols and ISTD.
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Table 1. GC/MS Operating Parameters for determination of chlorophenols in the industrial waste water
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Conditions

Column
Carrier gas
Injection port temp.

DB-5MS (30 m X 0.25 mm X 0.25 pm)

He (99.9999%) at 0.9 ml/min
210 °C

GC « Injection mode splitless, 2 ul injection
. Oven temperature initial rate final
P 60 °C (Imin) 10 °C/min 280 °C (5min)
« Transfer temp. 250 °C
« Tonization mode Electron impact (EI)
» Electron energy 70 eV
« Ton source temp. 230 °C
* Analyzer Quadrupole
MS

Detection mode

» SIM ions

Selected Ion Monitoring (SIM)
Solvent delay : 6 min

Time (min) Selected ion(m/z)

6.0 196, 198, 200

13.0 230, 232, 234

15.0 160, 188, 264, 266, 268

transfer line &%+ 250 °Col3ith. AEWwozE
SIM(selected ion monitoring) WPHo| ARE-E9loH, 3
N ZFOE ol B4 o]Eo] HAEHUAL ol
£ Table 10 YeRASITE

2.3. A2 Fxi2|

H4 AR 200 mLE FH3] 1.2 um ZEHE AE-
sl HEE 3 YHEEFEZISTD)?! phenanthrene-
100100 pg/ml) 25 WS 7}eh7, ASPIEE 20 g
QolZ F 6N-HCIS AHgsle] AES| pHE 22 273
sttt F28ull tEE2mE 5 mLE 718 & W
HE7]olA] 10859 WHkAZ] & 10853 WA|El 5
< BYAZ F fr18 S e 8V 2359
th o] FFL F ¥ wEEQ B39 f718v=
2500 rmpollA 5% St AR F, g
EF 2 g& 2olFo] EAZA, GOMS 95171
Aol dazWE ARgSte] &ai7t 05 mL7t 2 w7t

| FEAAT,
3.zt o n&

3.1. Validation

AsPlERe] ABS Aske] 4-chloro-3-methylphenol,
2,46-TCP, 2,45-TCPl| th3lA] 0.1~10.0 ng/mL <
oM AFFAE Ao, HAE el 2

= BF 0994 o]Aoldtt. 31, 2,34,6-TeCP2} PCP

= AZIAZE T2 Wl HIs 4] eobA 05~10.0
ngml % WA AFHAL e B
o AR 2L e SIM modeS AH-SIShE
H], 4-chloro-3-methylphenol= m/z 77, 107, 1427}
AREE O o] FollA m/z 1072 A0 ZE o] §
HoH, T F /e BAAEIECE AMEEHIUTH

2,45 TCP9} 246-TCPo| WalAE m/z 196,
200 o]&o] AREEA, 2,34,6-TeCP2} PCP:=

198,
m/z

Table 2. Quantitative equation and characteristic ions for the determination of chlorophenols in the industrial wastewater

Working range Y=ax+b Quantitation limit

Chlorophenols Ton(m/z) (ng/mL) ) 5 (ng/mL) at SN>5
4-chloro-3-methylphenol 77, 107%, 142 0.10-10 0.0153 -0.0028 0.10
2,4,6-TCP 196%, 198, 200 0.10-10 0.0105 -0.0015 0.10
2,45-TCP 196%*, 198, 200 0.10-10 0.0097 -0.0019 0.10
2,3,4,6-TeCP 230, 232%, 234 0.50-10 0.0067 -0.0021 0.50
PCP 264, 266*, 268 0.50-10 0.0047 -0.0035 0.50




36 e

Table 3. Extraction recoveries, precision and accuracy for the determination of five chlorofenols (n=3)

1 ng/mL 5 ng/mL 10 ng/mL
Chlorophenols  Recovery  bias RSD  Recovery Bias RSD  Recovery Bias RSD
(%) (%) (%) (%) (%) (%) (%) (%) (%)
2,4,6-TCP 92.5 16.0 8.8 98.9 -4.63 1.2 92.0 0.790 1.6
2,45-TCP 88.4 19.6 8.7 96.2 -3.48 2.1 90.9 0.690 1.7
2,3,4,6-TeCP 71.6 22.1 9.1 79.1 -1.46 1.3 82.1 0 2.0
PCP 166.0 11.3 14.3 75.9 2.34 8.8 88.8 -0.829 2.8

230, 232, 234 2 m/z 264, 266, 268°] Z}z} EAo] Table 4. Concentrations of chlorophenols from the

eow AMulgo] Az 9 o] oleoT AMLHYTH petrochemical industrial waste water (ng/mL)
(Table 2). Sample dchloro-3-  246- 245 2346 L.

methylphenol TCP TCP  TeCP

2 AYox A3lHEFe Ao 3]4&(bsolute

Al-l N.D ND ND 10 13
Lo Lo i Z7F =
recovery)~ % &=(1 ng/mL)_, 4k =06 ng ALo N.D 0.2 0.2 ND ]
mL), =& F=(10 ng/mL)ylx FE=HASH, 1 ng/ A2-1 N.D 121 ND 12518 589.5
mLe] PCPE A|¢Jsls 71.6~925% H<le] Hm= A2-2 N.D 32 05 3.7 17
. . A3-1 N.D ND ND ND ND
ok T 2~0 O AT SO oA AI
i S5EE UEMiRl, R sRelM 29 A3-2 N.D ND ND ND ND
(bias® VERH Y= 11.3~14.7%°190 57+ w59} = A4l N.D ND ND ND ND
L FRiME ml$- B& Gl U (RSD%E A42 N.D ND ND ND 08
= A5-1 N.D ND ND ND ND
Erd)E eItk (Table 3). A5-2 N.D ND ND ND ND
A6-1 N.D ND ND ND ND
3.2. A|lZ BN Z1} 2 sy A6-2 N.D ND ND ND ND
EFEASS GOMSE AMgste] 248 Axgs ﬁ;g E-g E-g E-g E-g E-g
Fig. 13} 7t} 4-chloro-3-methylphenole #|d WA A8-1 N:D N:D N:D N:D N:D
L= 998X HEHIAUTE 24,6 TCPS} A8-2 N.D ND ND ND ND
L o o 1y A9-2 N.D 21 ND 28 26
= Agole AFe] ges A 2,3,4,6- A10-1 N.D ND ND ND ND
TeCP= 13505, PCP= 158024 AZHYI W3 A10-2 N.D ND ND ND ND
#EEAS phenanthrene-dl0 = 1623w Agw AL NP WD ND D N
224 20 ool AEsAt she AsERTE A12-1 N.D 02 ND ND ND
Z Belgo], A 2 AR xgo] gt Al12-2 N.D ND ND ND ND
AfakelaaA), A - 9 TH®), 71 - I9F 2}3; E-g E-g E-g E-g E-g
O, Xﬂfl . %*.E%%*(I_))EE%LFA HeAgede A A15:1 ND ND ND ND ND
7] A -] Alg7F AF =] EAESICE g, Table A15-2 N.D ND ND ND ND
4~TA “A1-17S HEA AL Eslr] Mol A= A17-1 N.D ND ND ND ND
) o A17-2 N.D ND ND ND ND
] 2= CAT_9 = HZ= LA o
Jd Ao, “Al-2 A]‘?L ArAeg S AR F A18-1 N.D ND ND ND ND
of MEHE HFE u|sith. A18-2 N.D ND ND ND ND
M), AesietadAIAE 17448 A8} A A19-1 N.D 02 ND ND ND
A19-2 N.D 03 ND ND ND

o] BEAEYET, 2,4,6-TCP7F 571 A4 A=
o T AslulsRol Histe] widastA AEEHAT
(Table 4). 53], A2A 89 Z$= AFHzs] A =5 Yehiglen, 43S 28 A4d=4 9 Hloj
A ZolA 24,6 TCP 2,34,6-TeCP % PCP7} 121, ® %7} 2A=Honz AHgs S 9six A&
1251.8 ¥ 589.5 ng/mlLe] TEE HEHO] & 29 F3 F dAest] FHsict ¢, A2y

w2

o
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Table 5. Concentrations of chlorophenols from the textile Table 6. Concentrations of chlorophenols from the leather
and dying industrial waste water (ng/mL) industrial waste water (ng/mL)

dchloro3- 246 245 2346 4chloro3- 2,46- 245 2346

Sample - thylphenol TCP TCP TeCP 'CF Sample 1ethyiphenol  TCP TCP  TeCP FCP
C2-1 N.D ND ND ND ND Bl-1 L4 Mo N ND WD
B1-2 N.D ND ND ND ND
C2-2 N.D ND ND ND ND BAl ND ND 03 ND ND
C25-1 N.D N.D N.D ND ND B4-2 N.D 0.2 N.D N.D 0.9
C25-2 N.D ND ND ND ND B5-1 N.D ND ND ND ND
C27-1 73.7 ND ND ND ND B5-2 N.D 02 ND 09 ND
C27-2 51.0 ND ND ND ND B7-1 N.D ND ND ND ND
C28-1 23.0 ND 06 ND ND B7-2 N.D ND  ND ND  ND
BS-1 N.D 03 ND 22 ND
C28-2 N.D ND 05 ND ND Bao ND ND ND ND ND
C32-1 102.6 ND ND ND ND Bo-1 ND 02 ND ND 11
C32-2 N.D N.D 0.5 N.D ND B9-2 N.D 05 N.D N.D 1.1
€351 N.D ND ND ND ND B10-1 N.D 04 ND ND ND
C35-2 N.D ND 08 ND ND B10-2 N.D 03 ND ND ND
C37-1 N.D ND ND ND ND Bil-1  ND ND ND ND ND
C37-2 N.D ND ND ND ND Bil-2— N.D ND- ND- ND - ND
B12-1 N.D ND ND ND ND
C38-1 N.D ND ND ND ND Bl12.2 ND ND ND ND ND
C38-2 N.D N.D N.D ND ND B14-1 N.D N.D N.D N.D N.D
C41-1 N.D ND 08 ND ND B14-2 N.D ND ND ND ND
C41-2 N.D ND 04 ND ND B15-1 N.D ND ND ND ND
C43-1 N.D N.D 0.6 ND ND B15-2 N.D N.D N.D N.D N.D
C43.2 ND ND ND ND ND B16-1 N.D ND ND ND ND
B16-2 N.D ND ND ND ND
C46-1 N.D ND ND ND ND B171 ND ND ND ND ND
C46-2 N.D ND N.D ND ND B17-2 N.D N.D N.D N.D N.D
C48-1 N.D ND ND ND ND B18-1 N.D ND ND ND ND
C48-2 N.D ND ND ND ND B18-2 N.D ND ND ND ND
C50-1 N.D ND ND ND ND B19-1 N.D ND ND ND ND
C50-2 N.D ND ND ND ND B19-2 N.D ND ND - ND- ND
B20-1 N.D ND 29 ND ND
C62-1 N.D ND ND ND ND 302 ND ND 66 ND ND
C62-2 N.D ND ND ND ND B21-1  ND ND ND ND ND
C66-1 N.D ND 1 ND ND B21-2 N.D ND ND ND ND
C66-2 N.D ND 07 ND ND B221 N.D ND ND ND ND
C72-1 N.D ND ND ND ND B22-2 N.D ND ND ND ND
] B24-1 N.D ND ND ND ND
C72-2 N.D ND ND ND ND bad N b NXB NpXP
C74-1 N.D ND 02 ND ND
B25-1 N.D ND ND ND ND
C74'2 N.D N-D N-D N-D N.D B25_2 N‘D N.D N.D N‘D N‘D
C113-1 N.D N.D N.D N.D ND B27-1 N.D N.D N.D N.D N.D
C113-2 N.D ND ND ND ND B27-2 N.D ND ND ND ND
C116-1 N.D ND ND ND ND B29-1 N.D ND ND ND ND
C116-2 N.D ND ND ND ND B29-2 N.D ND ND ND ND
C117-1 N.D ND ND ND ND B30-1 - ND ND - ND  ND  ND
B30-2 N.D ND 05 ND ND
C117-2 N.D ND ND ND ND R3L1 ND ND ND ND ND
B31-2 N.D ND ND ND ND
R N - B32-1 N.D ND ND ND ND
AR Fells w27k AA3 A AEHEeH, 4 g, ND ND ND ND ND
chloro-3-methylphenok A& ZHEEA] it} ggi% EB EB Eg EB EB
A - AATEBRIM iz s 307 A3 B351  ND ND ND ND ND
AF7F £4%JEd|, 4-chloro-3-methylphenols 171 ggg% EB EB Eg EB EB
- AEHUNL, 2,4,5-TCP= I A4, 2,3,4,6- B36.2 N.D ND ND ND ND
TeCP @ PCP= 2l AAold AZEdon, o B37-1 N.D ND ND ND ND
o e e o B372  ND ND ND ND ND
e & Ml HEHATH(Table 5). A - A4 B38-1 N.D ND ND ND ND

R

FANA AHE H5e ARPoT dsERe ¢ B38-2 N.D N.D N.D N.D N.D
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Table 7. Concentrations of chlorophenols from the paper
and pulp industrial waste water (ng/mL)

246 245 2346
Sample  pep pcp ecp PO
D401 ND ND  ND ND
D-40-2 ND ND  ND ND
D411 241 ND  ND N.D
D-41.2 ND ND  ND N.D
D-42.1 ND ND  ND N.D
D-42.2 ND ND  ND N.D
D-43-1 ND ND  ND ND
D-43-2 ND ND  ND ND
D451 160 ND  ND ND
D-45-2 ND ND  ND ND
D471 201 ND  ND ND
D472 252 ND 044 ND
D-50-1 ND ND  ND ND
D-50-2 ND ND  ND ND
D511 ND ND  ND ND
D51.2 ND ND  ND ND
D541 ND ND  ND ND
D-54-2 038 ND  ND ND
D611 106 ND  ND ND
D-62.2 ND ND  ND ND
D-65-1 028 ND  ND 132
D-65-2 ND ND  ND N.D
D721 ND ND  ND ND
D.72.2 ND ND  ND ND
D-73-1 ND ND  ND ND
D-73-2 ND ND  ND ND
D81 276 ND 043 ND
D-81-2 837 ND 081 ND
D-82-1 078 ND  ND ND
D-82-2 064 ND  ND ND
D-83-1 ND ND  ND ND
D-83-2 031 ND  ND ND
D001 ND ND  ND ND
D002 ND ND  ND ND
D011 ND ND  ND ND
D012 ND ND  ND ND
D-1021 046 ND  ND ND
D122 ND ND  ND ND
D1031 ND ND  ND ND
D1032 ND ND  ND ND
D141 ND ND  ND ND
D1042 ND ND  ND ND
D1051 ND ND  ND ND
D1052 ND ND  ND ND
D061 132 ND  ND ND
D1062 025 ND  ND ND
D1071 ND ND  ND ND
D1072 ND ND  ND ND

D-1-1 086 ND  ND 2.62

D-1-2 ND ND  ND N.D

D-2-1 ND ND  ND ND

D-2-2 ND ND  ND 3.56

D-3-1 049 ND  ND N.D

D-3-2 050 ND  ND ND

D-4-1 048 ND  ND ND

Table 7. Continued

2,4,6-

Sample TCP TCP Tecp TCP
D-42 N.D N.D N.D 1.16
D-5-1 N.D N.D ND ND
D-5-2 N.D N.D ND ND
D-6-1 N.D N.D ND ND
D-6-2 N.D N.D ND ND
D-7-1 N.D N.D ND ND
D-7-2 N.D N.D ND ND
D-8-1 N.D N.D ND ND
D-8-2 N.D N.D ND ND
D-9-1 N.D N.D ND ND
D-9-2 N.D N.D ND ND
D-10-1 N.D N.D ND ND
D-10-2 N.D N.D ND ND
D-12-1 N.D N.D ND ND
D-12-2 N.D N.D ND ND
D-13-1 N.D N.D ND ND
D-13-2 N.D N.D ND ND
D-14-1 N.D N.D ND ND
D-14-2 N.D N.D ND ND
D-15-1 1.39 N.D ND ND
D-15-2 1.28 N.D ND ND
D-16-1 0.11 N.D ND ND
D-16-2 N.D N.D ND ND
D-17-1 N.D N.D N.D 1.31
D-17-2 N.D N.D ND ND
D-18-1 N.D N.D ND ND
D-18-2 N.D N.D ND ND
D-19-2 761 N.D 064 ND
D-19-3 N.D N.D ND ND
D-20-1 N.D N.D ND ND
D-20-2 N.D N.D ND ND
D-21-1 N.D N.D ND ND
D-21-2 N.D N.D ND ND
D-22-1 0.42 N.D ND ND
D-22-2 N.D N.D ND ND
D-24-1 N.D 0.59 ND ND
D-24-2 2.23 N.D 091  ND
D-25-1 0.6 N.D ND ND
D-25-2 0.41 N.D ND ND
D-26-1 N.D N.D ND ND
D-26-2 N.D N.D ND ND
D-27-1 1.39 N.D ND ND
D-27-2 0.14 N.D ND ND
D-28-1 0.84 N.D ND ND
D-28-2 N.D N.D ND ND
D-29-1 N.D N.D ND ND
D-29-2 N.D N.D ND ND
D-30-1 0.43 N.D ND ND
D-30-2 N.D N.D ND ND
D-31-1 N.D N.D ND ND
D-31-2 N.D N.D ND ND
D-32-1 N.D N.D N.D 1.26
D-32-2 N.D N.D ND ND
D-36-1 0.26 N.D ND ND
D-36-2 N.D N.D ND ND
D-38-1 N.D N.D ND ND
D-38-2 N.D N.D ND ND
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Hol] A2 Ao= et

715 - FEFHC) AFAEE 2000 AFelA AHH
HRE, 24,5 TCP7F 7 AelA HEFo2ZN T
2 ANB9dE & S BIioen, 4-chloro-3-
methylphenol7} 37 A3 elX #leA2]HE-& AXA
oro AlEoA] 23.0 ng/mL~102.6 ng/mLE JERNSL
o HeAEEES ARl Foll= AT FAEAY
AR e¥trh. 3k, 234,6-TeCPS PCP= A3
AZEHA] &ATH(Table 6).

AR - Bz dg= 5670 AN STt
(Table 7). 17330 wpe} o] oF 43%%1 2470A]3d ]l
A 24,6 TCP7F HEHAAL, 24,5 TCP= Ul A4,
2,3,4,6-TeCP= 1A%, PCPE 6/ Aol A F3l
o] HAEEAt ATAHFT8E AX7] el 24,6
TCP7} AEHANE A F3E vy Fo A2
Foll= dsplze] gol dA3] ZAEAY, AEFHA
e A0E Yeihth EdsE, AA
4= tslA+= 4-chloro-3-methylphenole] =7 0]
O] F2|A] gobA] o T SAEE YolE 4 §l

At

2 Iyl
CEE TF

A5 Bk Fstolse] BAME sfaal
Fo H487 Fo A%, AUEE Yhle GO/
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