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Factors in THM Analysis
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ABSTRACT

The examination of the pollutants originated from domestic sewage, industrial and agricutural
activities the existences of some toxic heavy metals, organic matters and pathogenic microorgan-
isms. A recent report of WHO brought out that such pollutants are in existence with above roughly
2,000 kinds of chemical substances and amongst them about 750 chemicals have been indentified
by drinking water. And above 600 kinds of them are organic pollutants and in addition these
include carcinogenic mutagenic and poisonous substances. This is not intended to embody a study
of broad confined to various approaches on organic materials, and therefore will be THM produced
on injection of chlorine at water filtration plant. To specify the relations between THM and factors
having an effect upon THM such as TOC, Cl,, Temperature, pH and reaction time, first of all
the recovery ratio for analytical methods of THM (Head sapce, purge and trap, Liquid/Liquid
Extraction methods) was investigated. Provided that by using it,the correction coefficients are obtai-
ned, the accuracy of data might be able to be enhanced through analysis.

The result of the experiments are given in the followings.

1) Among three kinds of analytical methods, recovery rate was higher in order of purge and
trap Liquid/Liquid Extraction, Head space. There is no great difference in recovery rate
among three methods.

2) The higher the concentration of TOC, the more the amount of THM.

3) The higher the reaction temperature, the more the amount of THM.

4) The longer the reaction time, the more the amount of THM.

5) The higher the pH, the more the amount of THM.

6) The higher the concectration of chlorine, the more the amount of THM.

Keywords : THM, TOC, Cl,, temperature, pH, head space, purge and trap liquid/liquid extrac-
tion
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Table 1. EPA method of purge and traps

Method 501.1 502.1/601 503.1/602 624
Sample size 5m/ 5ml 5mi 5mf
Purge time 11 min 11 min 12 min 12 min
Dry purge time Off Off 6 min Off

Purge flow 40 m//min 40 m{/min 40 m//min 40 m//min
Desorb time 4 min 4 min 4 min 4 min
Desorb temp. 180C 180C 180T 180C
Bake time NS* 7 min 7 min 7 min
Trap mat’1** T T/SG/C T T/SG

* NS :not specified.
**T : Tenax, SG : Silica Gel, C: Charcoal
g Asle] THMe] k2t 1, 0.5, 0.1, 0.05, 0.01
mg/l7} §15 % slod zF A58 A B, C, D, Bzt
sfaich.
n WELL] Dﬂ I~ ):J

[}

A ](50 m/4)
micro syringe . HAMILTON(USA) 10 w/
7Ve-zmagetE aeb ! Verian 3700, column .
30 mXx0.53 mm, ID NON-PACK, coating :
RSL-160, 5 um, oven . 50C isothermal injec-
tor . 150, detector : 200C, ECD Ni63, flow-
rate . N,, 10 m//min, split rate : 100 : 1
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820 #ete] spemmebE aepa]el| Fqlsled s}
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gk

o Purge and Trap Concentrator (PTC) ! Tek-
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o 7}2xzm@vbe a2by]  Liquid/Liguidd  Extrac-
tion¥} Folgh
2) 43
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o WEdE

o THM *]§-£) : Liquid/Liquid Extraction®}
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Table 2. Analytical methods of Han River water

Item Analyzers
S0,7? LC-DIONEX SERIES 4000i
Ccl- (USA)
NO,
Ca, Mg, K, Na ICP-LABTAM 8440
Mn, Pb, Cd, Cu, (AUSTRALIA)
Al, Zn, Si AA-PERKIN ELMER(U.SA)
CO; 2 HCO;, TDS] KS M-0100-83
TOC YAMACO MODEL TOC-1LW
pH HANNA 0.00~14.00 (USA)

Conductively METROHM 660 (SWISS)

Temperature Mercury thermometer

Table 3. L/L extraction (recovery ratio)

Conc. (ppm) % Recovery ratio AVE.

1.00 94.1 939 926 931 942| 936
0.50 914 926 915 893 927 | 915
0.10 904 902 913 894 918 | 90.6
0.05 889 89.1 886 893 389 | 89.0
0.01 88.1 879 889 899 90.1 | 890

T-AVE. 90.7

Table 4. Purge and Trap (recovery ratio)

Conc. (ppm)

1.00 95.6 94.1 946 942 953 ) 948
0.50 921 915 926 909 914 | 917
0.10 91.6 919 899 903 917 | 911
0.05 90.7 913 893 898 900 | 90.2
0.01 90.1 89.0 89.1 884 886 | 890

% Recovery ratio AVE.

T-AVE. 914

. =zt % 33

1. THM 24{ahy

4 ubye] 3988 Table 3~5%9F ot o] A
HAx G52 THM) 5x7) %olilsE 3
FE 9A Folrle S ¥5 29leH, Purge and
Trap, L/L Extraction, Head Spacedo|t}. o]e} %t
2 Ails THM FAloll 203 434 YA 4
= Ag F “THM &3 A]Xizg Ag= Al
THM" ¢} #A| 2o s Al&5 THM2] <& Fri
AHeha] A 7 9lg R Ak
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Table 5 Head space (recovery ratio)

Conc. (ppm) % Recovery ratio AVE.

1.00 928 916 913 908 921 | 918
0.50 90.0 900 896 914 909 | 904
0.10 89.9 89.7 908 909 893 901
0.05 894 889 900 898 90.7, 898
0.01 88.2 863 884 892 876 | 879

T-AVE. 90.0

Table 6. Variation of THM concentration upon

TOC
TOC (mg/D) THM (ug/D

1 0

0.1 7

0.3 135
0.5 245
0.7 43.0
0.9 63.0
11 69.0
1.3 75.5
15 92.0
1.7 108.0
19 110.0
21 114.0
2.3 124.0
25 127.0
2.7 136.0
2.9 141.0
3.1 143.0
35 152.0
4.0 176.0
45 186.0
5.0 191.0
55 199.0

Temp : 20C, pH:7.2.
Cl,: 10 mg/l, Reaction time : 70 hr.

7t upgel wAASE TFoh,

L/L Extraction-> 100/90.7=1.1025

Purge and Trap 100/914=1.0941

Head Space¥ 100/90.0=1.1111°] Xt}

[ ]

2. TOC

TOCE 0~55mg/lE WHAHLR W AETE
20T, pH7.2, 94 10 mg/l & shod 70417 ub-&-414
THM-S 243k 23} Table 6, Fig. 134 39tvl Fig. 1
s} 7+l TOC 1mgw THM -§ak(ug)e]l 7o
Ad 17 g5l E el 9loa) TOC7Y 25

200
175} .
150+ *

125+

100+

THM (ug/D

75

50}

2F /o

oV .. .. P, e

2 £ G
TOC (mg/h)
Fig. 1. Relationship between TOC and THM.

mg/lFEle Frdads B ook

o] Alglell 41 THM/TOC(ug/mg)= B4 o2 52.
7ug/mgolth AR A% A W A A
2ol3= TOCS] THM 2Ajeke] 77} 24~40 ug/mg,
23~32 pg/mgeletal B.aElo] glc}. o7z} ulms
Haf THM/TOC7} <7ke} zlol7l gle AL #
Ago 4 el TOCAEZ B Yty 3 HHejg2
TOCAH-o] apol7} Qlal BE f7]Ee] das) wb
2-sto] THMS At o 7ol 71dsdnx
A} 7ks] ™ THM A3 ekalzle] z7de] Mz &0l
7o) mahite] ek flelo 2 Hozich

el THM/TOCS] 7t ztelz} #Aciat Ajelrt
ofuju] 7]e} THM <A 7=Fo Jepd 73 vl
sto 2 THM=} TOCehe] #4415 THMFP(ug/h=
70.7X TOC(TOC<2 mg/D), 814X TOC(TOC>2 mg/
D olghe HES defd F qrh

3. 2 U HEEAIZH

TOC~7} 3mg/l, pH7.28] A8& d4= 10mg/
Zalabar 5, 15, 20, 40C 2 WA 7 Aj7kd
THM®) AJAdeke Table 7, Fig. 29} ¥t} Fig 29}
zro] 27} 10C A5 winbe} 15~1.78 71=F2
THMo] A== 718 B 4 glow ubgA|7le]

Aol A5 s AR wort ANES Aol A

il

Fig 8ol A vlehd &1 2 wh-3-x] 7k THM A A
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Table 7. Variation of THM concentration upon tem-
perature and reaction time

Temp (C) | Reaction time (hrs) | THM (ug/l)

5 1 4.2
3 7.0

5 13.0

10 225

20 325

40 425

80 58.6

120 69.4

15 1 7.8
3 114

5 18.2

10 27.0

20 439

40 63.8

80 85.6

120 102.8

20 1 125
3 19.2

5 23.0

10 40.3

20 65.3

40 103.1

80 171.0

120 189.0

40 1 16.3
3 231

5 34.1

10 54.3

20 93.0

40 159.9

80 202.1

120 226.5

pH:72, Cl;:10mg/l, TOC : 3 mg/l.

3o BAZ Ao dshie ohew 2o

THM(ng/l)=.8t*(0.25 % 0.05T)
toRbEAZE T 2%(C)

4. pH

TOC7} 3mg/idl A#5+E pH5~1022 7}7}
A2 F A5 10 mg/l-E F33HE 20152 F-7| 3]
7047t 3- THM AA4=s A A7 Table 8,
Fig. 33 #skc}. Fig 3o+ ¥3i= wpe} #bo] pH7}
3 ol3lellAy= THMe] 2o A=A ¢ 7~85

el A Aol vlg Frleshe WS

250

225 40T

200 .
20C
175
150

125
100 *  15C

50

THM (ug/l)

25

40 80 120 160
Reaction Time (hr)

Fig. 2. Relationship between TIME and THM.

He+=d o]7& THM9] A Aduh-g-o) base-catalyst
reaction?] Haloform reactioneletz Az}t=l= 2 )
33t A3z glojzich w3 G4r) Sl A el shw

<3 o] HOCI % OCl 7} A5k

Cl;+H,OHOCI+H+CI-

HOCI—=H" + 0C1

20C o4 HOCI?] sja)ilksy K=27X o] g
pH Histell u}2& HOCI®} OCl 9] ok ukgrog
HE] pH7} 5542l 4+ HOCle] 99%, OCl o] 1
%o 9.5 oA+ HOCI °) 1%, OCl o] 99%

Table 8. Variation of THM concentration upon

TOC

pH THM (ug/l)
5.0 21.0
55 36.5
6.0 56.4
6.5 93.0
7.0 131.0
75 164.8
8.0 193.0
85 214.6
9.0 239.0
95 243.0
100 252.0

Temp. : 20C, TOC : 3 mg/L.
Cly : 10 mg/l, Reaction time : 70 hr.

Korean Journal of Environmental Health Society, Vol 18(2)



88 Sang Ho Nam and Un Gi Lee

275
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Fig. 3. Relationship between pH and THM.

\

THM (pg/D

Table 9. Variation of THM concentration upon Cl,

Cly (mg/l) | Residual chloride (mg/l)| THM (ug/l)
0.5 0.02 7.5
1.0 0.05 8.8
15 0.1 12.3
2.0 04 16.2
3.0 1.2 459
5.0 1.9 59.8

10.0 3.6 145.2
15.0 5.2 184.4
20.0 12.1 231.0
30.0 14.6 272.0
40.0 17.2 282.6
50.0 225 290.2

Temp. : 20C, pH:7.2.

ole},

2882 B8 4oEd 7
A A 2xHe AL Q7] Wl pHAF @
ETE A% fElshd vl A4S Hw Q)
ﬂﬂﬂi@“%hw+?§22¥ﬂﬂlllmHﬂ
oW THM ko] Z7ket7] wifell B8 94
Held 749 pH 72l A = 7le] $E 7 3

pHe} THMA A 2katel 2AAE Moz vield
b33 i)

THM(ug/l)=0.06pH** (pH<6.6)

0.05pH* +30 (65<pH>8)
78.5pH ™ — 20 (pH>8)

$ HOCle] OCH B}

5. CL

TOC7} 3mg/I<l A58 &5 % 20C, pH7.28

IS BN S 0
0 20 40 60

Cl (mg/D)
Fig. 4. Relationship between Cl, and THM.

3l GAE 05~50mg/lZ 543+ A3} Table 9,
Fig. 49} 739tc} Fig 45 2 Trussell o] 94
Folgpe] Fvlshd ARl ane] Fx7) ol THM
A Ajefo) wolxlhe Bae} 72 7 3e viekiic)
FLE 44 F9l Aol Humic acidsre] oA s}
&3t THM-& A8k e F718 =& 77
€°] ¥gkw]o] THM A fo] H 2702 Alg v,
o] uhg-o] FhF HE|l F, AL o] o 2
mg/lo]d-H= 79 wldl A o2 THMe| A1 =ic),
28y 20 mg/l o) del e g9t ukss) THMS
AAES 9l Humic acid?b ¢17] o-Fol Al
E7b owlg =2]A zdEe old e i
g e HEE ARdie) kg BS
piA=
G0 qF daxe} AFganete] Il AFrdyE
o] 7} glov) arFxel 7% Fig 4ol4 e w}
9} 7Fo] THM(ug/D)=04X Cly(mg/Ds] 77} A
5w, Foid ket A% THMae) fA=

THM(ug/l)=94 X C1.>*(mg/l) (Cl,>20)
082X Cly(mg/l) (CL,<2)
135X CL*¥(mg/l) (2<Cl,>20)

6. ST HAx2o 23t THMZAY
2~52] THM <dgkqlzte} THM HA¥efste]
A7} AA AGziel Ae) RAFQ ke A%E
E%in‘i”l ool el HES}7) flste] = A
2] olstatd A& FAlste] Table 103}
75 5 dgich &) TOCs THMS zhz)
mg/l, 3.2 pg/lela o] S pH72, A4
10mg/tZ 38lo] 20T oA 70417F wbeA]#A

e
flo oi

~
i

)
e

mO
o
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Table 10. Physicochemical characteristics of Han

River water

Item Unit Result
S0, 2 mg/! 118
Cl- mg/! 6.26
HCO, mg/! 2.7
Co; ? mg/! 0.04
}‘ICO;; ) mg/l 2.7
CO, 2 mg/! 0.04
Ca mg/! 15.0
Mg mg/! 2.88
K mg/! 2.22
Na mg/l 6.43
Al mg/! 0.45
Cr mg/! ND
Cd mg/! ND
Pb mg/! ND
St mg/! 0.68
Zn mg/l ND
Cu mg/! 0.002
Fe mg/l 0.10
Hardness mg/l as CaCOq 49.3
TOC mg/! 1.52
TDS mg/! 142.0
Conductivity ps/em 214
pH (20C) — 8.0
THM ug/l 3.2

ND : not detected.

THM -2k8 Hash] 415pg/iolgdct w o]
&7}o)| Humic acidE 78 TOCE 3mgle =
AT Ab7)9} e x7102 dho] £-A493% A3 115
mg/l2] THMe] Ad=c)

o] AxtE Fgdl Bl o e AeE o
S

AR, @re] darTds tnEd gAd=
THM/TOC=(41.5~3.32)/1.52=25.2 yg/mgo]c}. o]
e 22 A¥ AR 1 52.7 ug/mg= <F 1/2v) 9]
A 7o TOC d#o] e} ubg-s) 4
THME #44382] X3l F7|8ar) 23] 9l
Ho2 AExch

=5, g7bre] Humic acid® 7} TOCE 3
mg/l 2 #7319 7] Wl Fo Humic acid 7}el] 2%k
TOC #7}eke- 3~152=148 mg/lo|v}. 18] 1,
48 mg/iell thEF THM/TOC =hAfeke-(115~41.5)/1.
48=49.7 pg/mg o]t} o] Ax}e} 22| A3 Al 52,
7ug/mgH Bl B oul Ao] zhe whAurg vje}
ot

AR, FelE TOCAHEL 148mgl, AR
THM 115~415=735 g/l °lc}. ol#ig =AL
Table 691 4] <F 80 mg//2) THM-& w3l g 7 2]
AR 235 Bgioh

ol2{gt AR w|fe] 2~52] THMWA <idkal
Aol HE AEY Azbe AlEiXe] 9l iRy

o] o)stata AR o9& TOC AMEo=2 9%
THM 4430 A% 4o o137 gierke
< o4 ook

V.3 =

THM Aubdiol] gt #5832 ofdkalzlele]
Ao et Mg H3 ofgn e AnE
g %= gleio)h

1. §]—T—° Purge and Trap, L/L Extraction,
Head Space ¢2 % ¥oton, 1o oigl Ha@ x
‘474]"“ 7+7k 1.09, 1.10, 1.11¢]ck THM® ¥%7}
FET5 A2 Aol FAE ephdont J3
o g Ed A ubzre] £ 2= gdgdvh

2. TOC9 X7} 25 mg/i7t#*)= THM #A§o)
el mla A Aol ot L oAk koA 3}
Zahsich

3. TOC 1 mgd A=+
52.7 pg/mge] 1,

-H

mio

THM(ug)2 J#xe=

THM(ug/l) = 70.7 X TOC(TOC<2 mg/l)
=814 X TOC(TOC>2 mg/l)

ghe WA S 2k
4. =% 10C A4l 1.5~17902] THMo] Ay
#ch.
5. 8F2-ex vl uhoa]

‘K

Al o JJr @t

THMFP(ug/)="7.8*(0.25+ 0.05T)
Hk-8-A)7Hhr), T &%(C)

2k THM gAdekste] 2

6. pH 3 o]&}lel A+ # 2] THMeo| WA= A] okt
I, pH 8 $-3271 2= F748) Zrbstclr} 2L o] Aol A
9]-1:}-{ Z718 anf/}

7. A4 Fglgko) 0~2mg/lol A= THM A&
o] o} of 2~20mg/lolAle A9 1284 B
A vld e THMe] HA =1 20 mg/l o] Ao
A 24 THME] 2ago] o)z},

8. g7}e] faxe]A TOC 1 mg/id A= E
THM(ug)&-  49.7 ug/mg 2. 2.4 %%“‘r’foﬂ Humic
acid& 7pste] & 527 pg/mgt & Apel7t gl
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