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A Study on Production of Chlorophenols by Chlorination of Drinking Water

Abstact—Chlorination to polluted water can produce chlorocompounds which may impair human health. It
has been discussed that chlorophenols would be one of undesirable substances in drinking water. This study
was undertaken to investigate the production mechanism of chlorophenols by chlorination in the disinfection
of water and to determine pollution levels of phenols as precursor of chlorophenols and chlorophenols in some
sewage, stream water and tap water in the vicinity of Seoul from January to September, 1979. By chlorina-
tion with hyperchlorite to phenols in distilled water, o-chlorophenol was predominently produced at the con-
centration of less than 10 ppm of free chlorine. o-Chlorophenol, 2,6-dichlorophenol and 2, 4-dichlorophenol
were also produced by chlorination with the concenration from 20 to 100 ppm of free chlorine. From the
concentration of 100ppm of free chlorine to 200ppm, o-Chlorophenol was vanished and 2, 6-dichlorophenol
and 2, 4-dichlorophenol were determined. Phenols originated from night soil, municipal sewage and stream
were determined at 49.15ppm. 0.095ppm and (. 003 ppm in average respectively. About 87 and 88 per cent
of phenols in sewage and night soil were biodegradated by aeration for 10 days and 74 and 51 per cent of
phenols in sewage and night soil by spontaneous settling for 10 days. From the tap water in Seoul during
summer, 1979, chlorophenols were identified; they were average 0.042 ppb of o-chlorophenol, 0.033 ppb of
2, 6-dichlorophenol and 0. 003 ppb of 2. 4~dichlorophenol respectively. With the above result and discussion,
it is considered that chlorophenols should be controlled from the source as well as chlorination in water

purification.
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500g & FAEAAX ] AAG F 1979 89 19HE 99 57 (F 30U Feb)
A4=5 oF 100~120mi/min & 2,000/ & E3F & soxletd 4 petroleum ether & 2%, X
3} gas chromotographic method & 73 4 3o 34 o},
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Chlorophenol3tgtE0| MAdnt &QI——<<t0] Z4) 3+ phenol 3} 8ol d44E0 2 chlo-
30 & o

rophenol 3Fg-E 2 A 3= = A - 37 $15ke] phenol 3H-f-=-&-<4 (10ppm) of
0, 0.5, 1.0, 2.0, 5.0, 10.0, 20.0, 30.0, 50.0, 100.0ppm)Z F& A3} o}& Table |
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Table [ —The production of chlorophenols by chlorination
(unit : mg/l)
Phenol Chlorination Residpal Chlorine  Residual fe}ziirzﬁon E‘éﬁcg}gznd Chlorophenol
Added (Clz added) chlorine  demand  phenol rate (%) (phenol g/Cle ) produced
10 0 0 0 10.0 0 0 0
10 0.5 0.18 0.32 7.67 23.3 7.06 0.17
10 1.0 0.56 0.44 7.53 24.7 5.61 0.27
10 2.0 1.3 0.7 7.17 28.3 4.04 0.43
10 5.0 2.12 2.88 6. 50 35.0 1.22 0.67
10 10. 0 4.03 5.97 4. 00 60. 0 1.01 1.97
10 20.0 6.62 13. 38 2.25 77.5 0.58 0.91
10 30.0 7.73 22.27 0.92 90.8 0.41 0.07
10 50.0 17.11 32.89 0.17 98.3 0.3 0.03
10 100.0 39. 47 60.53 0 0 0 0
The condition of reaction : pH, 6.8
Temp. room temperature
m Flg 1 "+ 7L o g Z—i 79’- Oéﬁl:} Chlorophenol Chicrine
ZF F&Fd ‘%01 F7kgkell whe} phenolak or mg, |
1o AEo kT Phenol damand
o} Z+A ke %9 %% 10 ppmye] g/, — Chloraphenols
/ﬂ chlorophenol o] _;,qv‘_i xg}—]E"Io—l 01,1‘. 7 0.0 - —— Chicrine demand 50
ol 28] gda¥F 52l %72 chlorophenol & o.0f, e
s s, o or 30
oluwje] thin layer chromatography} gas ;' %-_ \ - ‘o
chromatography 2 3#o1x chlorophenol 9 \ -
P 50F \ e
Z2= 18 Fig. 2 2 33 7o) 4.0 N e 20
% Q44= 10ppm o] 3ol A= o-chlor- 3.0
phenol o} F2 A= %, 20~100ppm ol 20 )
A= o—chlorophenol, 2, 6-dichlorophenol 2 Sh
2, 4-dichlorophenolo] A4 5 1 2.7 200 ppm o PR 3 40 50
C.%Z . Chiorination, M9, )

o A1 2. 6-dichlorophenal 3} 2, 4-dichloror-
phenol o] A =S5z, 500 ppm ©] Aol A=
Sgeld gl 445U

Fig. 1—Relationship between reduction of phenol and
production of chlorophenols by chlorination

ol chlorophenol 31§82 A 2L £}-5 Table29} 7,

Z o 4% 10 ppm ol A} = o-chlorophenol ko] 3.6 ppm 4 A ¥ 9l 2™ 20 ppm o 4 & o-chlo-
rophenol 0] 4. 69 ppm, 2, 6-dichlorophenol ko] 1. 34 ppm ¥ 2, 4-dichlorphenol -2 0. 67 ppm
P PP p PP

AAE Gk, 50~100 ppmel] A =

dichlorophenol 2k-& 3.92~4. 45 ppm & &, L& 3L

o-chlorophenol o] 4.50~2.10ppm &2 7Z+4%F ubd 2, 6-
2, 4-dichlorophenol #-& 1.42~3. 02 ppm & &

27 Z7484 . 100ppm off A = vl el 3k3HEo] 0. 32ppm 2§ 4 ¥ 9l 32 200 ppm o] A = o-chloro-

phenol & &A= 2457
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Chlorination {gpm) stendard ! ' » min) 8 16 24 32 (min)
A Retention time Retention  fime
Fig. 2—Thin layer chromatogram for chlorophenols Fig. 3—Gas chromatogram for chlorophenols produced
chlorinated by chlorination
Table [ —Chlorophenols produced by chlorination to phenols
(unit : ppm)
6-Di- 2, 4-Di-
Cle 0-chlorophenol chlorophenol chlorophenol Unknown
10 3.6 trace trace —
20 4.69 1.34 0.67 —
50 4.50 3.92 1.42 trace
100 2.10 4.45 3.02 0.32
200 - 2.68 2.45 4.04
500 - — - 9.67
1000 — — — 9.98

Chlorinated to 10 ppm of phenols

ppmoE 7% _/;_O}Oﬂr)r 500 ppm ol A FE 9 055:_/}:—1701] Ax= u]%]“?l
#9 5 o—chlorophenol, 2, 6-dichlorophenol % 2, 4-dichlorophenol & :

Phenol 3! Chlorophenol 3tEt82| 2HE &£F—1) phenol 3£ 295 24 : 7
ozBH WadE Fno S 28X #4429 phenol 3352 LEEE 233 A
t}S- Table 3 7 7ttt

Z 4 8.3 % &= phenol 8§80l 3 49. 15ppm,
ppm, 3F4=ol = 3 F 0.095 ppm 2} 3 Fel Z FFdA
7 5 S et

9) phenol 3159 AEA=ZA ¥ Z shepol]l Wt APA o2 Z7] (aeration) ¥ A
ol u}x] (spontaneous settling) A7 & el phenol 3359 AEA=E =A% AFE x29
Fig. 3 % Fig. 49 2vr.

shenol BE-& A7)l weh ase] thest ol Fastslsh
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Table [I—Occurance of phenols in night soil, sewage and stream

Sample Sampling point I;:lzp sve zjf::;:;xce:n1:ration, . :éé 4
Raw night soil Shin chon dong seoul. 6 49.15 26.75~68. 40
Night soil from flash ” 5 8.59 2.59~17.80
to toilet, septle tank
Municipal sewage " 6 0. 095 0.041~0.111
Han river stream Ku eu 6 0. 0008 0. 000~0. 002

Duk do 6 0.0012 0. 000~0. 002
Bokwang dong 6 0. 0032 0. 002~0. 005
Roryang jin 6 0. 0022 0. 001~0. 004
Young deung po 5 0. 0030 0. 001~0. 005
Ka yang dong 6 0. 0082 0. 005~0. 015
Table IV —Biodegradation of phenols in sewage and night soil
(mg/D)
Experimental Sewage Night soil
period
(day) Spontaneous settling ~ Aeration Spontaneous settling Aeration
0 0. 066 0. 066 52.99 52.99
1 0. 065 0.033 45.71 49. 09
2 0. 048 0.017 45.32 46.10
3 0.031 0.015 45.06 44.81
4 0.025 0. 014 43.38 44.29
5 0. 020 0.012 42.99 43.70
10 0.017 0. 008 25.84 7.14
16 0. 0085 0. 004 15. 09 2.47
24 0. 0046 0. 000 8.96 1.38

Temperature treated was 14~20°C.
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o sterel A Fr1 A6 oF 88%, AdWA Al F 74%°) ZaE ez, B
Aol <F 87%, AQFA Al oF 51%9) ZaE mYTh
7% 29 % 3ol #hE phenol 313129 Za g A2 AA7A S Yo,

2

O |

:

#-x Al BOD g phenol g2 Z7] A8t dglo)
45%9 chlorophenol 33&9 29% &7 : AL 5WA ANETF A2 E 24 <A
G953 AXE A3 chlorophenol 3¢E& 4% A} ©}& Table5 2 Fig. 59 7
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aschromatogram -2 ¢ ¢ o},

A
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rlo plot

=z

& FEEF 294 phenol-& %7 0.801 ppm, o~chlorophhenol -& H 1 0.042 ppb, 2.6-
dichlorophenol -& 3§ F 0. 033 ppb, 2, 4-dichlorophenol & = F 0.003 ppb ¥ v] 2<l 5] 3}g+ B
2+ F{ 0.005ppb 2 Y] FA G

ofe] & it Al &4 E phenol SES S E 1.0~5 0ppb & ZHebd @) <k 20~309% <]
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Fig. 4—Reduction of phencls and BOD in night soil

; . Refenfion time i
by spontaneous settling and aeration. (min)

Fig. 5—Gas chromatogram for tap water impurities
absorbed by active carbon (temp. 100~
200°Cchart speed 0.5¢cm/min fiow rate
2. 5ml No/min attenuation x 32).

Table Y —Chlorophenols in tap water

(ug/D
Exp. no Phenol ~Chorophenol 2,6~ 24~ Unknown
P €no o-t-horopheno Dichlorophenol Dichlorophenol
1 0.320 0.018 0.012 0.001 0.001
2 0. 855 0. 039 0.041 0. 006 0. 005
3 1.245 0. 070 0. 045 0. 008 0.010
average 0. 801 0.042 0. 033 0.003 0. 005

(Seoul, Aug. 1979~Sep. 1979)

phenol ;}q}go] A2 Aolwl AHeolelx sAlth chlorophenol 3}g-E-% 442l phenol &
_'{ L=

] =
FE) A Az 2FoR Q1% phenol 31EE2] chlorophenol 3Hi-F 2] Holuk-g2 T4

phenol o] =% w847 A= Aojsiet,
Z Z=243)} phenol o] ¢l 28 Eolely] %o 2xo] A p-chlorophenol o] A4l 2 150~180°C
9] 31204 o-chlorophenolol Fi= A=l Jched,

AR FEAF AL g FAA e dast Sty 10ppm ol AE o-
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chlorophenolo] &A= 3, 20~100 ppm o 41 & o-chlorophenol, 2, 6-dichlorophenol 3 2. 4-di-
chlorophenol o] A1 45} 3, 200 ppm ¢4+ 2, 6-dichlorophenol 3} 2, 4-dichorphenol 0] 34 = &
o—chlorophenol & =} 5 o] A4 = g},

= AR A4 dxaEE W0ppm o]t A AAH g 3¢ 2 FxdEo] 98 45T
o] 4= phenol 3§+%°] o-chlorophenol 2 2, 6-dichlorophenol Aol= o] AT 4 3l A
Zsih,

phenol @ chlorophenol 8352 od® 24438 dojo] AgzHE Jofz Zeojzz A

el AL ohn kA 3 Aol 2 A8 eAEE Ve ot

744oll ) 45 phenol BFES] TR ALHEA AFeA 2ot %‘Hzr°°-1°ﬂ/‘i ul 23]
E 2ASEEY] dgoletn Aol dor FAFE] =it woMdsE 2 29 ER T
g Zlo| o,

317451 8o 42 phenol BHFZe] ©%F ot mi WA AXFA FEel 10~100zg/l o FZ
L e

4549%9) phenol =7k 1~5ug/l el 7 Fel ole]
£ % 0.08~0.10pg/l2 FA5 1+ AA] ©]Z2] phenol o
A d% a7 zAE ol oF b

w3t 4o A Z43 chlorophenol 8ko] Az 4 &
chlorophenol 88529 Ao A& o] u] g Iﬁ_ }_ Q]
A5 & 2AFL 8

= &= chlorophenol 3}%&
Eute o 7)Ao ol

!

Bl shol s A o Fol At
9gom®a v}k chlorophenol & 2.

bR
o
fo
o
el
[ ox
rlr ¥

Aol gk AgAel dA AAsa v deaFoz A chlorophenol
ARA e Wi oz Fu ZAFelA AAs=

E=] =

=R seg A2 | aaE o0& A5 = chlorophenol 3389 7|4 & =4 A T3t 5
o] tiate] phenol @ chlorophenol 3859 oA EE Z43%led] B A5} 37 2 A28 o
At

1. phenol §-8-289) (10 ppm)ell tsfe] ZwlEo] Fass gPyon A4S FUg At 10
ppm ©] st 4= FZ o-chlorophenole] A4 3, 20~100 ppm ol 4 o-chlorophenol, 2, 6-di-
chlorophenol % 2, 4-dichlorophenol o] 245 l.2.™, 200ppm o] A+ 2, 6-dichlophenol 7} 2, 4~
dichlorophenol o] A4 = % o},

9. chlorophenol 3322 7244l phenol &5 2A4& 54 (4LEEA)S 2% )
290 2HE A& o]l 27 7x] zAste 2 A JEuo]AE 3 F 49.15 ppm, 3 A
A 0.005ppm, 28z §3] 4 FrEAAFAAAE FF 0.003ppm o] FH= A .
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3. phenol B}gE-o] A Foll o] A iz sl A 102 7kell Z7] Ao oF 88 %, AdwF
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4. 4FF 49 chlorophenol 3}§F52] EA & holste] & Ax} A (ME5HA) A5 A
o—chlorophenol ©] 3 ¥ (. 042 ppb, 2, 6-dichlorophenol o] 3} 7 0. 033 ppb, & 2, 4-dichlorophenol
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o] ol 4 wo} Ao d L AaasFoR 5% chlorophenol 3H3HES A4 3tk Ao Fal
5 % vk,
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