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Summary

This study was carried out to investigate the characteristics of
trihalomethane(THM) formation in the chlorination of groundwater in
Cheju Island. Factors influencing THM formation was described. Water
quality such as the concentration of organic matter(total organic
carbon, TOC) and bromide, and the characteristics of THM formation in
the chlorination in spring water and groundwater sampled according to
the altitude at two regibns, respectively, were investigated. In
addition, the characteristics of THM formation in Cheju Island was
compared with that in other areas. The spring water was sampled at
the region(SA) which lies adjacent to Aewol-up and Cheju-shi, and at
the region(SB) situated at Cheju-shi. The groundwater was sampled
from the well in Chochon-up(GA) and Kujwa-up(GB). The results
obtained from this study are as follows:

The concentration of THM formation increased with increasing pH,
reaction temperature, reaction time, and the concentration of humic
acid, bromide and chlorine. In the absence of bromide, only
chloroform was formed.

With increasing bromide concentration, the concentration of the
formation of total and brominated THM increased but the concentration
of chloroform formation and bromide contribution ratio to the
formation of brominated THM decreased.

The concentrations of TOC and bromide of spring water and
groundwater were higher at the regions of lower altitude. Especially

they were very high at SA region of the altitude below 50m and



bromide concentration was high at GB region.

Generally the concentration of THM formation of spring water was
higher than that of groundwater and it decreased in the following
sequence, irrespective of altitude: SADSB>GAMGB. The characteristics
of THM formation with altitude was as follows: At the altitude below
50m, the concentration of the formation of total and brominated THM
was highest at SA region, a greater part of THM formation was
brominated THM at SB region, and the ratio of the formation of
chloroform and brominated THM was similar at the others. Among
brominated THM, dibromochloromethane and bromoform at SA and GB
regions containing high bromide concentration and
bromodichloromethane and dibromochloromethane at SB and GA regions
containing low bromide concentration, were formed mainly,
respectively: At the altitude in the range of 50~100m, the ratio of
the formation of chloroform and brominated THM was similar in spring
water but chloroform was formed mainly in groundwater containing very
low bromide concentration: At the altitude above 200m, chloroform was
formed mainly.

Comparing the ratio of brominated THM among THM formation in Cheju
Island with that in other areas, Seoul and Pusan, it can be known
that the former showing 51.7% was much higher than the latter showing

6.7% and 28.8%, respectively.
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M3tthe Zo| dF A o] ols) uwha RAcrh(Rook, 1974: Stevens 5, 1976).
FEE Fo THMY 221 1972d Y dzst=2] Rotterdami| TEEolA
Rook(1974)ofl &3} UAE odct 7% 19743 v]=Z2] New Orleansk| +%&
o] &8AIS} LAY E Alold] &2 HBUAE A2 Arte d¥zA A
27 URFHAAMFE THYo| ozt ZA7F i F5 At 2elx S 2 23
313 glafisdoll oyt =gqto] FuiEle] nl= BHEIH(EPA)2 1975d HF
807 TAIE Q2R £5E 54 THMRAIE AAlslden, olg Ao
& Foll 23 6954g/L7t2 2] THMe] Exi3tE ¥<lstltH(Symons T,

1975).

2L 7T e AoR Rt 228 19799 EPAE £ %E F
£ 3 100ug/LE FB3IER, ZF BeFold THMERE d ¢4

o FAZIES 23312 UEF 513 Qlth(Veenstra, 1980).
A 5(1987)2 EPAollA A3 e A7 fsiE Bt HEe =4
gt 7Hlo] THWs =7} Img/L ¥HH S&+E 3HF o 2L 70d7E opdd
Chn 7HR3tE & wf, 1 nbEwk THiol 2J3f 13.7%¢] #|x7t F71=



A3 "go] glcka st
HE BAB R HEeE BEfddEs HeEEY THWs:Er7 dBE
0.025mg/LE |2 x Zlo] w3k AE Ao (A,
2 d¥T 0.1mg/LE A d 4
3 ol 2| GRS FHIIII(HEE EEE 1981), FHIoe CHCLs
0.06mg/L, CHBrCl» 0.1mg/L, CHBr.Cl 0.

O

3mg/L, CHBr3 0.09mg/Lo|3lE =&
4 £A7NES FAsEch E3 ZF AES Y3 TIME 0.1mg/LolstE A
Aste] A&ty glth2aperied 2, 1992). Juvrte THME=EE
0.35mg/LE 7R3 om, MARAZ|F(WHO)= CHClsof thshad 0.030
mg/Le] guide line2 MA3I UrH 2R AT, 1992).

altetol s 1990, 1. 11, HAAIE NS 2 84138 HEEFUIE
Sol#atgo] A= o] THIol tizh H&71&E 0. 1mg/LojstE st
olrh gt=tzpstrlad 1, 1997).

THMS 35 24=22] humic substance T2 F7]/&3 FxAzU A
s BHos Fostt asst W4 MM, olu SA4E W4
Alg3He A9 AR E THMS B4 CHClzojth el A3 FH2 sf2

QRS W= Foofxis BEo| o] Wo| Exafsted xlopdAitel o]
3t zlotE Eatol H 3, olZle] B {7]E2} 4HESte brominated
BEolgo] Exig ZA¢ A4EE THMS CHClRr}

brominated THMe] Wrlad 4y

2

23

olth. (A A3WER/ 1990: Rebhun, 1988).

FUME A4 PasER] AYEHE THS & CHCLh, 22 R s}
2 AxmHH % 1991: 2 5, 1987 72 &, 1995 A &, 1989: ¥z}
b, 1990), df4el Aukg W= 2ol Ad4A Al brominated THIAEA
of #gt AFH L nu|dt AFolct

W, AFE aldo] vittE B #lo a1, AASEY sprudol
ojo)ste &40 thEES 2| stgol &sta glth ot Aty sl
o7 e ZAZE|(EI 200n - 600m)oll AA LA suE o]
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1. THMYEH 2|

THYS 713 7igtst ersla A9l pethane® 8] 44 3707F g 4L BE3)

Zo|tH FHEk, 1981). dtH oz fRFolr A
AEE TH 2o 713 & H]2S Uehl= # & (Clzo]3, CHBrCl,
CHBr.Cl, CHBry <22 Llehf=dl, 53] sisol 23t 3o} s 2| Hoj
Ae BEEEE THMo] 2 ¥ 8&& X}A|¥ctal B 135t7 Qlth(Rebhun, 1988).

Fragold 2542 FriEe dat ¥ {7183 &3t THY
5o FANYEL A4l THIY AZELZAE Fig. 13 22 humic
substance®} ofME IS Zte ety A Ex}RFe] HIUE Fo| deAH
CTHRook, 1974: Arguello 5, 1979).

MNEL ARl 89 sidE Fol nAEd o3| = FAEEHE
humic substance: 3}3 2] 2B O o|F o, Yutzjog stxe] F {7)
=23 40 - 50%5 AR|Triar odeA OlcHiEEFel FH, 1980: Trussell
2} Umphres, 1978: Josephson, 1982: FH{F, 1981). ©]% humic substance
€ 718Q, S, A o ExAes, steAels Folz Ex3
clx R 323131 QltH(Rebhum, 1971: HJI&E /#8, 1978).

OIME7IE Zts AHEA RIISEEAE oME, ddsl= Fol ot
2t Jefol A o] Eof 2|3t THWAE/A3-Z humic acidol] vl mi-¢ Hom, =
g 2tdgFo] #gRo] mig FHo] AFEUEAM kx| E A7 Ha 2
Zz] ¢o}cl(Stevens2} Slocum, 1976).

n

wetA, A4 Fo] humic substanceZ} Ez|EH THMe] AR EZA T A
@Al T Go] A & mAlA Hrh o2 Fig. 2004 R
A= ue} o] Akzt dFtelof iyt f3fut FxpEke] xjolof ]3] humic



acid, hymatomelanic acid % fulvic acidSog 55 (Trussell &}
Lmphres, 1978), ©o]F ZA}go] I3 Y7telols oL} Aol %2 ol
humic acidi resorcinol, quinone, aromatic carbonic acid 2 amino
acid §o| £¢H Aty A BxA712E 7ix|g resorcinol 7] 8] meta
#1212} hydroxyl7] Afolofl #]x]she gtagd2l7} & A3tE = Hhgof o5}
CHCl37} A HITi . el A éJE}(Rook, 1976).

olHEZIE Zte AR FI1HUES Fig. 30M Hojzxl= uje} o)

3t CHCI:E 3Ast=dl, o] Z#$ carbonyl 7] ¢

fjo

& 42} haloform¥t-g
a7t halogen® 2 X #|E|o] CHCl7b A"y ®3stn ot

(Trussell2} Umphres, 1978: Morris®} Baum, 1979).



CH; C=20 OH
0=2¢C

CH. OH

l
C — CHs

Polyhetero Condensate

of Organic moieties

It

0— C— C — CHs
! li

C 0=2¢C C=20 0

Fig. 1. Model of Humic substance.
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Fig. 2. Oden-Page

fractional scheme of humic acid



0] 0=
I on” (I ~—© |
R — C— CH,= (R—-C — CH, — R—C=CH,)

H4

HOX == H,0X \fast
fast
0 o 0@ 0
(i, | OH- |
(R -'C~ CHX«+ R—C=CHX) == R—C —CH,X
slow
HQ
fast \ HOX H,0X*
fast
0 o®@

0
| on- (I @ |
R—C —CHX,— [(R—C—CH,= R—C =CH, )

H-b

HOX— H,0X fast
fast

0 i 0
I OH I
[CHX|+ R—C—OH « H,0 +R —C—CX,

Fig. 3. Haloform reaction pathway
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2. THMO| 2ixjof ojXj= A8

THIZ oA CHCly= th7], 2 AE §& §3td AldolA H2sH, EPA
of 23t SR+ZFEL d2le 1do #3 343mg, BT 64mgol R, o] R
o] Aol HHE = THY F o 70%o Watriy R sta glo] THY 42l
257 3A 7198t &S o 4 ArHoidigst et A], 1989).

Rook2 1972 PRhineZtoflA] CHCI;E& Hgos ZH&stdz, 19744
Harris(1974)= 0]Z New OrleansA]8] %2 222} ¢ HlAE xjolof
B2 dUAgel Atk A EAMAZIE UEI F THIY A3 3fo] chgt
AT Fus] ARE o gict

19764 n]Ze] Zalgd T AL THYo] To] $8H +5EL 2435tH 9
Aol ¢ro] WAy 4 olrta WHIH O W (Tardiff, 1977), ojof uwie} o]
2] FDA(Food and Drug Administration)t 2A1Eo|L} oFEo] =4
CHCI:E FE7HHE Abgste A& F23tdcth 2ela oA F3:UF A
opeto 2 de] AMSE I Ql3, ofof tiyt ofe|¥td d3ro] UdlHE @
< 237 QitHEH, 1981).

Table 1& H&of ti3t THMS] =Ietal® Zzle|od, CHClst} brominated
THME ol Fof3ld Qo] WA= RE ¥oAFT QU EHE, 1981
A, 1994; ch3tarst= s x|, 1989).

CHClax TE4E 2z 718& fFEAdchs A7 dler, #7t oA
of 717t A4H o7 x2HAS o WYFFHOE MY Foll F3rt AA
Cle Box QtH(A, 19910 cf3tAtsl=¥ 3 =], 1989).

EH(1981)3} ci3tAdste =83 =](1989)0l 231, THMS] mouse, ratoi
thi3t LDy & FE2] 50 XAlsSi Table 2004 Rojzj: ulg} o]
CHCl3, CHBrs®] 7% 1,000mg/kg ©]ArQlt ®¥s}od CHBrCl, CHBro.Cl ThA|
2 1,000mg/kg ©]8tE R slil glrh. EZF THMEo|A CHBrClo] 713 &
‘do] Zstd, dgBcks £ o 2 54& Uebdcia sigdct
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Table 1. The carcinogenecity of THM

THM Species Primary hazardous effect

hepatoma and kidney epithelial

CHC13 mouse, rat, dog
tumor
hepatoma, kidney epithelial
CHBrCl» mouse, rat
tumor and putyitary tumor
"CHBrCl mouse hepatocellular carcinoma
CHBr3 rat, mouse lung adenoma

Table 2. LDg values of THM for the sex of mouse and rat

(unit : mg/kg )

LDse values

THM Mouse Rat
Male Female Male Female ‘
CHC13 1120 1400 - 2000 _
CHBrCl, 450 900 430 510
CHBr:Cl 800 1200 370 760
CHBr3 1400 1400 2040 2440
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1. A8z

et Alsleo) Ay, Fudel njE TRMEA S-S Thelsls] g
3 EH,s Saet SBAIHol A, 2|3l4= GAgl GBAI Aol Bjoto g HE ®
AER Apstddon, 7t A MY 25282 R Fig. 4, Table 33} 2
c},

SAR[ 2 A FAlel of Mg UHA|dol |3t QU= NAHEZH st
Rlofl 913 2t2E(SA-1)2HE E3 980nol 91x]Fl2 Q- ofg]E(SA-6
Izl AR A9 Frige] B& whil £ oSy Ea) gtepab Sut
2 HEER AHEE I rh SBAIAE A FA] sfelell 91Xk ZAH(SB-1
CEFE EI 600nof X Qe TIAHSB-7)71]e] £H4T Ry
HeaE AHEEHT dch

CAx] 2 BAFF 2AA o2 sty T3 U= AF 2514 B
(GA-1)ollAM E37F 74 £ 19500 1|3t = oAb =3}4 A
(GA-8)712]0]31, o]& Z|3lre T FuIEY HLE3 S8 408
AHEESL it GBAIY S BAFT 7ol Xl 9lom, 3E =5}
T BF(B-1)22RE 7} 713 &2 43009 Z0p4E3H(GB-6)7}=]

ol olF A4L AT FHISoA HER TIehT ok

~

J‘;i.

~—

®3, A¥o] AME® Aok NaBr(Fluka Chem. Co., Switzeland),
CeH4(COOH) (COOK) (Fluka Chem, Co., Switzerland), NaHCO3( (Fluka Chem.
Co., Switzerland), humic acid(Aldrich Chem. Co., USA), HNOs(Fluka
Chem. Co., Switzerland), NaOH(Junsei Chem. Co., Japan), EPA 606 THM
mix(Supelco Inc., USA), NaOCI(Fluka Chem. Co., Switzerland), Na;S;03 -
SH:0(Fluka Chem. Co., Switzerland) @ HsPO,(Junsei Chem. Co., Japan)®&

M A B A8l
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Table 3. The present situation of each sampling sites,

Regions Sampling sites Altitude(m)
""" © SA1 Mackunmul 15.00
SA-2 Jangsumul 115.00
SA-3 Kuosimul 120. 00
SA SA-4 Usuam 220.00
SA-5 Cheonwangsa 850.00
. SA-6 Eorimock 980. 00
Spring — — -—- —
SB-1 Koumsan 10.00
Vater
SB-2 Samyang 10.00
SB-3 Kouncheon 130. 00
SB SB-4 Myoungdoam 310.00
SB-5 Sancheondan 340.00
SB-6 Koanumsa 600. 00
SB-7 Jeolmul 480.00
GA-1 Sinhuong 20. 88
GA-2 Sinchyon 20.38
GA-3 Dongsudong 39.95
6A-4 Eoksu 45, 56
GA
GA-5 Yangcheondong 100. 00
GA-6 Sinandong 68.75
GA-7 Deahuol 157.20
Ground
GA-8 ¥hasan 195.00
water
GB-1 Vel jeong 55.98
GB-2 Pyoungdea 57.28
GB-3 Handong 48.63
GB GB-4 Hangweon 85.00
GB-5 Sangdo 87.37
GB-6 H ffai
orse.a .alrs 430,00
association

_15_



A U 25l ARE At 4ol AejE Rysln Luts
of FAl A3t

HEo]& 5% ion chromatograph(Dionex 500)& ©]-&&}o Bt o
o, FAZRAL Table 49} Zt}.

Total organic carbon(TOC)%s %+ TOC analyzer(Dohrmann DC-180)%
total 'carbon(TCJ—‘gEi} inorganic carbon(IC)s T & &35l I xjo| =2
TE psteden, FEEUS TCROR CH(COOH)(COOK)2} IcRoE
\aHCOB AHE-stodch.

THM& == autosampler(Tekmar AQUATEK 50)& Y23} purge & trap® 3|
(Tekmar ~ 3000)2} gas chromatograph(Varian Star  3400C\)-mass

spectromater(Varian SATLRN 3)& o|&3}lo] BM3lgdom THHWEAM =A

flo

Table 52} Zr}.

TIMEM G FFFE= ZEFETEX(R0 systen) S S F @ g
FUst] FE3 A RIIELE WIAANI, o) E HABLY] $sld Zo
3 ALTNAR ZIAA /IIEY UL EAS A A Al-stoT)
THRE M2 A1R 40nLE vailol] 7|Z7} 471A] UEF MAM3] 2] Tth

= FUstd WRA7IR, 43 L2 & {ASH TS AT
Zto] =t F THMAIE S AAIAF]7] 213 ElQHANIER
(0.5W/V %) &g 5422} QIAH1+10) 44&L 7}8te] Apgstgcy.

2|3 #2-§ vail& purge & trap autosamplero] AHXA|F|H, vail &

4

3
e
oX
>

°] A& & 5oL sample loopoll 2§-$-3 purge & trap sparge vessel £ ol%
A7tk o] FH ARE 0ol/ming] FLOF 1182 EoF purgeE 3}od trap
of FAAZch FAo] FHHA trapg 190C7A FAESAA Y2A]7)
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3, o]Zlo] GCE  FUE
spectrometerof A FA] - FaFF

A
S

column&

& 13

e

TstaA

ch.

152

mass

Table 4. The operating condition of ion chromatograph for bromide

analysis

System Parts

Bromide Analysis

Column :

Column flow :

Sample loop :

Detector

Range :

Suppressor

Suppressor voltage :

Pump

ANION AS12A(4mm)

1.5mL/min

100 L

Conductivity

1.0uS

ASRS-1(4mm)

50mA

[P20 Isocratic pump

-17_



Table 5. The operating purge & trap apparatus, autosampler, gas

chromatograph, and mass spectrometer

Purge & trap apparatus
Purge time :

Purge flow :

Sample mount :

Sparge vessel :

Trap

1lmin
30mL/min
30T at low

S5mL

Tekmar #3

Desorb 2min at 190TC
Bake 12min at 220°C

Autosampler for purge & trap apparatus

Sample loop

Sample vail :

5mL

40mL

Gas chromatograph

Collumn :

Flow rate :
Split ratio :

Split rate

Transfer line temperature :

Injector temperature :

Column program :

60 meter DB-624(JW-123136-40)
0.32mm ID, 1.4xm film thickness

1.5mL/min
20 11
30ml/min
220C
125C

35C, hold 2min: 4C/min to 50C:
10C/min to 220°C, hold 6. 5min

_18_



(continue)

Mass spectrometer

Manifold temperature :

Scan rate :
Fil/Mult deley :
Background mass :

Mass range :

135TC

0. 7sec/scan

6min

46u for 6 min / 34u until run end
47u~260u for 6 min

35u~260u until run end

_19_



1. THMU Yo D|xl= FEelxt

D) 718558 4%
THMARE Aol &2 88 npjale {752 humic acid, fulvic acid,
hymatomelanic acid, humin 523 JFAI%o] 9l+= humic substance(Oden,

1919) ¢t & 1732 f7lE0l, olF AAFFol tFEE AR

o
K

4 32

I
= Zo] humic acid®}t fulvic acidojt}(Smith®} Barks, 1986). A=}

fr

Y
tu

o

o

Auch Qs 4ol 2T ARGl 2A 4uE wAE
= F715Z 4 humic

2 lof(Rook, 1977: Peters 5, 1980) & & oA
acidg AHg3te] THMEAE 574& ZEsIch

Humic acid®] =37 THMAA ol o]X]&= 43S A E7] $]3) 25T,
10mg/Le] @A%%ToA humic acidsEE 0.1, 0.2, 0.4, 0.8, 1.6, 3.2mg
/L2 HEAIZ F 24412 EAIZE o THME3 -] HE Fig. 50 =
AlstdTt adolM Rz vle} Zto] humic acidsE7} Z713to] ule}
THMEZ S Frstadon, ojmf A% = THMZ CHCL:E& 4 lth
& A& Foll Bgol2o] &3] A4S FFolle 23 CHCL:P Y THMTo]

%4 E& WEhIR dTh

A A 2]A] CHCl; o]2]oll brominated THME A E=d), o7
< 3ol Exste EEol2o] diof &) At¥Eo] HEHUES B4
A7} 71 wfjEo]tH Francesc®} Josep, 1985).

TrussellZ} Umphres(1978)& TOCS} @A %EE UASIA §x]3t uhg
A1z} At} HEC| Xy Wil W TIMMEE S ZEI ZA3}, HFol
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Fig. 5. Effect of humic acid concentration on THM formation.
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shedct.
e, 3} uh(1990)2 o] ¥k w3 9l A Fof

=
Z7F ol fd4* 2]A] CHBr; > CHBr,Cl > CHBrCl: > CHCl:8) 4o

rr

580l male 43S HEI
QA 10.0mg/Le] AlZof humic
24X ZE b AIZIE B THUASA &)
7t go] THWSE el HHE Fig 60 Uehidth IdolA Rojxl: u}

o} o] HFolgo] EaY 7% hunic acids 7} Z713¢e] whel THWAEA

acidg =& WAHoZ WH3tA

2o 2718l A THY % CHCL:e k2 A2l u]2$:3lu} brominated
THMEZ F718tm, brominated THM F-oA % CHBry > CHBr:Cl > CHBrCl,2]
OB Aol Zadds & £ rh

ZtZte] humic acidy=ollM 2" ¥ THMF CHCls, CHBrCly;, CHBrCl,
CHBr3¢] B &2 Fig. 7o Uehyelch ZRlolM Rodx]s v}e} Zbo] humic
acid Z} sS04 CHBr; > CHBro.Cl > CHBrCl, > CHCl; & Z'AX 23, humic
acids =7} F7igtoll uwlel CHBry® o] THMAA u]&S Z7lsh) 2 32
T8 BIES A4S o 5 At

HEo]29 LsxHsie wllE THMAEAE SA4S uielslr] 93] 25TolA
humic acid 5.0mg/L Zzj3}o] HEo0]& %% E 0.1, 0.2, 0.4, 0.8, 1.6,
3.2mg/LE WA F QAT 10mg/LE 2447 9IAIHS o 2 BE
o] 2 %=X CHCls2} brominated THMAAA &2 Fig. 8off Uehidz, 2
ol THUAEA | &2 Fig. 9o Ueheict 23 8ollA] Roix|:= uiel
o] HEo|2¥ 7l F/USTFE CHCla= 24313 brominated THME 2715}
dom, HA THME IA Z7}ste] HEo]2o] THMAANG A 73tz

Age o + gtk
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Fig. 7. The ratio of the formation of chloroform, bromodichloromethane,
dibromochloromethane, and bromoform with humic acid concen-
tration in the presence of bromide.
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Fig. 9. The ratio of the formation of chloroform, bromodichloromethane,
dibromochloromethane, and bromoform with bromide concentra-
tion in the presence of humic acid.
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HEo0]2%% 0, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2mg/LY ol THIZA aF
& 7tz 31.5, 44.2, 60.4, 95.2, 135.9, 178.6, 217.8mg/LE BEo|2%
=7 3.2mg/L EXY Z-97t ExsHA] UL ZFETE oF 7ule] THMEAE T
o] Z7I¢E& o 4 gt} 7} BEo|2%%olA brominated THYAZ/JH] &2

0, 66.5%, 86.3% 95 1%, 98.6% 99.5%, 99.7%Z HFo]2o] ZF7I%tef ul

2} A5 THIS th¥E brominated THMY S & 4= QT
a3 90l & 4 9l ule} Zo] HEo|2% o] ulet 2z o] THIWA
Au| gL ztzt ttEn, Y%7t 271842 CHBr;3 &) brominated THM H] &

ol 37I¢E ¢ 4 Utk EEolEE 0.1, 0.2, 0.4 U 0.8mg/Lo] Fol A
Z} 3] brominated THMAIA B]&2 Z}ZF CHBrCl, > CHCl; > CHBr:Cl >
CHBr3, CHBrCl > CHBrCl, > CHCl; > CHBr3, CHBr;Cl > CHBrsz > CHBrCl. >
CHCl3, CHBr3 > CHBroCl > CHBrCl, > CHCI;&] €02 ZtA3sty St & 2

Fol&o] 7ol utet & TG FS F7I8tAAIT CHCL.B8 2 2

o

531, CHBrCl,9} CHBrClAdAd ek Z7slcrt 7431l on, CHBryd/d 8t
whE £ 2 IS o + Arh

Fig. 10& BEo]2% o] u}E brominated THM ABAdof th3l BEo|2
714 &(Z BEol2% oA 2z 32l brominated THM 83 el 2t 9
Ao E¥tEo] ole HEN[EE J3l3, ol Yl Zt HEo|L
E oUE 208 Ueld Reg, EERXEE F7l mel 3%
brominated THMoll th¥t BEo]22] 7|of&2 ol S &
7} brominated THMAZAd ol T3l B Eo]22] 7|9 &2 AHE
T Z7}ol uig} CHBrCl,= 2430, CHBrCle H.EBo|2% %7} 0.2mg/L7}

oo

e
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2

l‘ﬂ. >
a4

ol

rlo
o

AE FIIsh 3 ol wEoNe Z4AEI, CHBri> HFo|2F=7}
0.8mg/L7tx]= F7Isht O olite] BsEoME ZAHE o + drth
CHBrCl22} CHBrCle] A32doll th3t BHEo]2e] 7jojfo] 5 F7ldl wa}
243 RS HEo|o] CHBrs/doll IA 7|9 & 37 HELE AlRH
th Y B Eo|2EE 7} 0.8mg/Lol toll A CHBri®] A-dell chyt B gol&
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Fig. 10. Bromide contribution ratio for the formation of total and each

brominated THM with bromide concentration.



St A2 5o XS A= §718 F hupic acids
%2 Z£712 humic acidel th3t B H =9
=z

BEo|&o] Al 4T 2o 23] 7loj o] LAELE Hog AztEof

ok
L P
[la?
mhy
9
Mo

g2 E ol HEZA|Zto] wtE TIMBA RS ZESH] 2138t humic acid
5.0mg/L, BEo]& 1. 0mg/L, ¥4 10.0mg/Le] Rl ¥HELE 5T, 20
T, 40CE HEAF| b A Ztol] w2 THMAE 32 Fig. 110 Jehid
th OgollA Rojz| viel Zo] whg2w9 whgalzte] ZFrigtel ule}
TIMEE S F71E o 4 ok ]2 humic acidZ} chedgh #3tE ol
E3tMol 2 g Jl4E3) utg} haloformitg 58 3 THMAEA whLolA
427 wEA FHo| THIAA #Fo] ZF 7} (Peters

. 1980: T 5. 1992)% &= 2o F Atg"ch o3 Azbe Bretto}
Calverly(1979)7} Aoz e dAH ZT4ahille] THMAEAZEF H 3l of
& AN FxREo] Fo¥ue 2 E4LS TIMEYRS F715H,
ety A7t "oldrF THWEY o] Fridichs ZAxtel 43}

< olA2 +F RIIEH Faote] USAIRe] FI157] wWEd Re

o

L.o¥0] pH7} THMAR o] m|x|= &d3ke AES7] 93] humic acid 5.0mg
/L, BEo|2 1.0mg/L, WL 25T, ¥ 10.0mg/L, pH 4, 7, 1004

24X 7 A ZE of THWE o] M 3= Fig. 120 Vehfdch dlel
A KHojzl= uiet ol ph7t F7tE4S TIMEY 2 F718t0, CHBrs¥ o
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Fig. 11. Effect of reaction temperature and time on THM formation.
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Fig. 12. Effect of pH on THM formation.
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THMo] A F7HEE & + AUth oA pHrl F7Hdel uwlet o] 23y

humic acid® =7} 76l haloform ®¥'2& %71 Z718t AU (Peters &,

1980; W 5, 1991) F4tol e 7t Lor g shpEs) vhgo] wE &%
2 WY (WE, 1981)0] opE A2ty BoHch o]y A= pit F
7hgoll mhep B Fol&o] TR WME&&xol A S%8& A UEE

LERE S glTh
5) dagzol wtE I

Azt 7ol AT AZdel Fojun, BFAIAE o] AR
H AENel AR AgHo] P, Thiel tg EAzt A7H ol ¥ 454
od A

2 @40 AR gFo] EAZ} MZEH2 Qri(Ez} ub 1990). vt
dAA2E Q3 o]y FAor BT FaAels I Ae|Reolut
ZA A Holla oAF| {83 A HOoR 2o ASAofx o] &E
oltl.

HAET 7t THMAEEof Al A8 S AESY] ¢35t 25T, humic acid
5.0mg/L, HEo]2 1.0mg/Le] ZZod dA4%=E 0.1, 0.2, 0.4, 0.8,
1.6, 3.2, 6.4, 12.8mg/LZ HIAFIHAM 24A| 7t 9I-SA|Z S uf PAol2
ot zt yeo] THWd a2 Fig. 13o] Uehl i, F THMzpe] AJatAl+
= Fig. 140l EAI3tdct. 27 1304 Eox|& viet o] 4R F
7Vgol wheh CHCl3 A 32 A2 Bl=3tA|gh, brominated THM 382 F
V518 dAx5o] Z7}- brominated THMAZA S ZA 7148 E 4 5
th I3 145 AMEd, dasret TIMAE R JaAsE 0.9672
qHdE BUdS & ¢ AU HEBEY WRE(1981)Y d&FAT ot
THIMAEAd Bre] A4 0.9628] Ael Aol =8I, Tuthillz}
Moore(1980)of 2J%t At#AI4& 0.818RTl B2 AR E UehdE & 4 2l
tl o]3¥t Azl= Trussel 12} Unphres(1978), Kavanaugh 5(1980)28] X 310
A @GaFglaol whE TIPS bl o8 F7isks ZAztel fAlsich
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Fig. 13. Effect of chlorine concentration on THM formation.

_33_




400

r
r s 1
300 + Y =22.107x + 23.244 .- !
% H r=0.967*** .-~ O
: r 4
‘a’ ,
o .7
§ 200? O’,’,’
[=] ‘ L
3 -
2 o
= ‘L ",
100
T O’I,‘
oLl
Fo
&
0 5 10

15

Chlorine concentration(mg/L)

Fig. 14. The relationship between the concentration of chlorine and THM

formation.



2. BH3 ¥ Xidt$ol THMAAN RA

1) TOC9} BHEo]2%xtm
AL NEol SINst olo] YRR e MY w

oth 23 B} W 200molsle M 22kl e} Azta]sl wAE

1=

A stoll FHE vlAe A RIIQEEUL Bk} ohlE S Eashy
A olgd Axrlsol s AMAY 4 odon, Ast4EHES Ghyben-
Herzberg®] fI2](1LUA, 1983)ol 2js} sj4 o]sto) Zxhsto] )42l
A% FYE AP0 W 4+ 9k Aoz dAdA gt}

wrebd, §d4o} A3hre) £ F I nxs dPAxE= 3
Al humic substance 52] R7]8 S5 HEo|2SET Uk 4 Qlr} £
a2t 23l4ol=  humic substance 5] §7]2o0] R ujatog Zxj
st FRY=HU(A 5, 1993 ¢ Kam 5, 1997) 508 AW 237 o)

T oolgTh metA o] wx=o BHAQY NEEA T} o] &E T U},

(1) &ds2l 29d, Fdof o} T0CY} HEo| 2% T W3}

SXo Ay, F¥o o}E T0Ce BEo|L9 xS yiotsly]
#lstel 23 49} E 3ollM Hox ulel Zo] HFAI9} ofdg AYAY
(S0)2 #FA] =2 (SB)oll $IxIstn Qe M40 tfs) sjtosHy ¥
dell wiEl ARE Astd ToCEES) HEC|2EES &3 AM:
Table 62} Zth HollM Hojx| uie} Zo] o] W}E TOCEE EX
£ SAx|¥o] 50mo]st, 100~200m, 200mo]Ate] EIo)A z}z} 0.924mg/L,



0.723mg/L, 0.652mg/Lo]3l, SBx] oAl 0.744mg/L, 0.704mg/L, 0.610mg
/LE HL7E R £ &8 T0CEE7} 248t 93, Sax|edo] SBx|
HGETH 23S o 4 Arh T YEFE T0CEE £ FE o] Ao
of eIxsta ol et W AR T dgHAd 2B o3 Ro
E AEHch Zela 2H1996)of st Saz oo 91z|g SA-2, SA-3,
SA-42H 2 A2 FAAL F 2] SolM feAEE RI1EUo] EgulA
=0l 2sf Atzisjo] AsbgULrt &A Ueluitin B8l saxjdo] o

S1HQ §712d 2ol o) B RT} ToCsEs} HA et 2oz 4

Table 6. The concentration of TOC and bromide of spring water with

region and altitude
(unit : mg/L)

SA SB

Altitude

(m)

ToC Bromide TOC bromide

< 50 0.924 0. 361 0,744 0.115
50 -100 - - - -
100 - 200 0.723 0.102 0.704 0.090

200 < 0.652 0.022 0.610 0.040

HEo|2Y =X SAxHolA 50mo]st, 100~200m I 200mo]4}e]
FE3olA ztzh 0.361mg/L, 0.102mg/L, 0.022mg/Lo]3!, SBR|Hojla= zhzt
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0.115mg/L, 0.090mg/L, 0.040mg/LE HEo]2eTi= F7} =sETE 44
3tal glom, Sazlde] SBETH &2 o 4 otk EIF we z2|do)y
HEl2ZEE7t &2 2 Zash wlolxdA sfelat smelA sj ool A
UL AR} S Fol sl SR o]FFle] LMSo] RS n]x)
202 ARl 223 sax|edo] SBRIQ R} BE2EET} K A
3L S0molstoll #]2]F sa-1x]"o] sfieta} QEsle] s ol o7t
A d¥og AlgHr)

rlo rlr

N

(2) #|8t2] 21odd, Fdof wp2 TOC HEo| 28] W3}

A|stpe] 2o, Edof wlE 2|sl49] TOCE £ HEo|2s T W}
= Yhetstr] flal 2AAA(6A)2} sh4e] AP g W Aoz ¢
AA Sl FHAG(GB, 2 5, 1993: &, 1986)0] ths) sjto e E
8ol whel £E 3 A2He Table 73} Zrh FolH o £ ol ule} o)
TOCEE<= GAX| 2] ®3 50mo]3}, 50~100m, 100~ 200mo]l A 2}2} 0. 695mg
/L, 0.531mg/L, 0.475mg/LZ 2|3l+BAH o] E7} FolA4E 2Asln ol
3L, GBA¥% ®I 50me]d}, 50~100m, 200mo]AtollA 2z}z} 0.395mg/L,
0.231mg/L, 0.175mg/LE E317} Eolx|HA GAZ|H 3} 0L Aoy TOCs
7t AAa¥E o + odon, cAx|dd) HasiRE Yo 58 By o
T Uth °o]AE GAx|go] GBI KT} 2 AujR| e} 4H 5o WA
Ho2 R7A BIRE Yol AMgsle TOCsE7} &A Uehd Hog g
"k

HFo]2o] =& GAx[do] ¥ 50m0]3}, 50~100m, 100~ 200moi]
A 2}2} 0.084mg/L, 0.050mg/L, 0.022mg/LE E 7} ol 4 & ztas}
3 9l3, GBAYE I 50mo]3}, 50~100m, 200mo]4tollA 2z} 0.279mg
/L, 0.270mg/L, 0.020mg/LZ 317} HolxX|HA 7t4A3132 Qt}. E3| GBx]
AT} AR HollM B0t A Uehtzn Age & 4 2t o
= GBX|¥o] B} A HRT} A3t FEA ] F42ul7t M Anisio] a4
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o} z|sterHo]l Hajale HolthHo] WEHo R BalR 024 upcornigol
TRAYE] dojus Ao (§, 1986 1 5, 1992) gl
}

LAMECE sof 2%t AP Yo ALRHW, o]y ito]

32
b

Table 7. The concentration of TOC and bromide in groundwater with

resion and altitude

{unit : mg/L)
GA GB
Altitude
(m)
TOC bromide TOC bromide

< 50 0.695 0.084 0.395 0.279
50 - 100 0.531 0.050 0.231 0.270
100 - 200 0.475 0.022 - -

200 < - - 0.175 0.020

2) TIMEY 54

(1) 8d] A9, F80 ulE THMEE 54

U4 sax|g2} SBAIg e EHel whel AEE aMgsie] FaH A
4738 ThMs = B3 Table 8ol LIEhfgIch oA o 4 ol upe}
o] SAZ|¥e] ¥ 3 50mo|3}, 100-200m, 200mo]AteflA] CHClsS Z+7Z} 6.066ug



/L. 10.0954g/L, 12.6254g/LE E7} Holx|HA Z7slm Qa|ut
brominated THMZ 16.4414g/L, 10.171g/L, 5.081ug/LE AT 9o,
F THME ZA8S o 4 At}

Table 8. THM formation in the chlorination of spring water with

region and altitude

(unit : wg/L)
SA SB

Altitude

(m) brominated brominated

CHCl3 CHCI3
TH THM

< 50 6. 066 16. 441 10.053 10. 423
50 - 100 - - - -
100 - 200 10.095 10.171 10. 533 9.573

200 < 12.625 5.081 12.012 5.111

E 604 A&yt utel o] 37} WolA4-F Toce} HEo|2EEE 2
7FSEaL glom, CHCIsAgako] e 21e 5& 52 Zxjsls HEo|L
of o3 dPo=2 A8 % TOCE brominated THME ABAslu] o] L5 7|
o], EIJF HETF CHCIsEH o] & HS HEOLY T}
%71 WZel A& & TOCHEE brominated THMASA WHE N T} CHCL A
Rhgof ol &7 Wi Heg Agsch

o] BEolZo] MY nlxE FBollA AFT uiel Po] Alg
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% HEFo]&o] £&4F brominated THMAIA S Z7}5}31, CHCI, A b
s, 3 TP PSS F7igiche Al 4x gt o

7 olxEA BEolesEst gol R Zof ot dutdg o 4 9

©
rol‘
>y
flo
2|
b

=3

SBx|® & F 1 50mo]d}, 50-100m, 200mo] Aol Al CHCl3:= 10.053ug/L,
10.533ug/L, 12.012pg/LE  FI7}  Eolx|HA ZJlsln  glon,
brominated THM-Z 10.423ug/L, 9.573ug/L, 5.111ug/LE E 7} 27180
oiet ZAsta glo] SAxldzt RAlRE A Holn UL S & 4 th
afetd BEol2 Bxrt & Adeld MHEEHE THMS  CHCI;ET}
brominated THMo] H&& ¢ 4 qlt}.

(2) 2]8t2] 2o, E0H0) whE THMAEA S

Aot GAX 2} GBAI ] EEel uwhel AlRE Asle] @aAelA
A3 THs = H3b= Table 9o LRt

GAZ]|Y-& HE3 50me]s}, 50-100m, 100-200mofA] CHClsRAdske zizh
10.043ug/L, 8.728ug/L, 7.356ug/Lo]3, brominated THMAZAEre ztzh

9.214ug/L, 6.041u4g/L, 3.052ug/L2 HI17} Eolx|HA 7ta3dlm glee
UEhR Qleh o] AHe ET 50mo)5HE vhE x93} ujamsley
brominated THMA3’d8to] CHClsRt}h WA UElyteon, oA & ujad =i
T2 BEol2& 73t ¢lo] brominated THMAZA ko] A VS
o 2)2] ¢f7] W2 Zo g Atg"rl

GBA| ol M= H3 50mo]3}, 50-100m, 200me] Aol A CHC13A8A3 g2 ztz}
5.488.g/L, 3.881ug/L, 8.016ug/LE R 317} HolAHA ANHo g Z713}
3 93, brominated THMS 10.7164g/L, 9.720ug/L, 4.157ug/L2 Z*A S0
ULFE & 4 olth. F3 50mo]dto| A CHCl;A8A4d 2Fo] 50-100mE T} &
< BE0[20] 0.279mg/L2}t 0.270mg/LE H]%¥ $E& Bolx 9l ihd,
TOCHEE+ 0.395mg/Le} 0.231mg/LZ <t 2ujAE 2 xJo|E Ho|1 ¢l
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A B8 ZeZ AlgHch o] XY} SAax|dg u|aste BH F 704
Hojzl= v} o] 100mo]te] EilofM TOCEEE 1/2~1/3u) HEo|n )
iy ¥R BEo|2EErt 3~5uAE £OEE TOCEES ofi
©°] brominated THMAEA ub2of o]&% o] brominated THMO] &L Ao g
stekH

p

Table 9. THM formation in the chlorination of groundwater with
region and altitude

(unit : zg/L)
GA GB

Atitude -

(m) brominated brominated

CHC13 CHCl13
THM THM

< 50 10.043 9.214 5.488 10.716
50 - 100 8.728 6.041 3. 881 9.720
100 - 200 7.356 3.052 = -

200 < - - 8.016 4.157

3) §A4o} Ao THIELSA ulz

gA4ot Aoty daxela] & AL U 2 ¥e) TIMANTS E
ol whe} 7} xledg wlae AE Fig 150) Uehdgch 1geid 2
o7 ulet Pol §U4T} Mep4nrt AHA 2ol 2 Sl 2
22 o THIRYBS BUS ¢ 4 Atk Ede] wet ABEw, 50m

_41_



A B8 ZeZ AlgHch o] XY} SAax|dg u|aste BH F 704
Hojzl= v} o] 100mo]te] EilofM TOCEEE 1/2~1/3u) HEo|n )
iy ¥R BEo|2EErt 3~5uAE £OEE TOCEES ofi
©°] brominated THMAEA ub2of o]&% o] brominated THMO] &L Ao g
stekH

p

Table 9. THM formation in the chlorination of groundwater with
region and altitude

(unit : zg/L)
GA GB

Atitude -

(m) brominated brominated

CHC13 CHCl13
THM THM

< 50 10.043 9.214 5.488 10.716
50 - 100 8.728 6.041 3. 881 9.720
100 - 200 7.356 3.052 = -

200 < - - 8.016 4.157

3) §A4o} Ao THIELSA ulz

gA4ot Aoty daxela] & AL U 2 ¥e) TIMANTS E
ol whe} 7} xledg wlae AE Fig 150) Uehdgch 1geid 2
o7 ulet Pol §U4T} Mep4nrt AHA 2ol 2 Sl 2
22 o THIRYBS BUS ¢ 4 Atk Ede] wet ABEw, 50m
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0|3} 2ol A= Sax| o] THE A of H|3] TOCHE(0.924mg/L) 2} HEO
L%5(0.36lmg/L) 7 &7] wfEo] AAEE THM U brominated THMASAISF
ol 71 &S ¢ + Arh GBAYLZ TCeEs WLl HEo| ek
Fong MAMIl= THY2 A A] t]H5 brominated THMY & 2
2]o] oA CHCl32} brominated THMo] A2l Z+e HIE AAFE AT)
AMAE L prominated THM ZoJAE BEol2L Tyl %2 SA9}t GBAY S

olth. o

n

CHBr,Cl12} CHBr37} %2 B8 A[X|8}l3, HEo|2% %7} We SBo} GA|
ol = CHBrCl:9} CHBrClo] thi-E¢E& ¢ 4 orh F TMEES
SA>SB>GA>GBY o8 ZAHE ¢ 4 gt

HE3 100~200mo A THMEZ &S A7t A dteRet o, Ed4e
CHCIs2} brominated THMO| B3t H]&E AU BEo|2ETrl uf¢
w2 A dtpof e o] CHCLYE o 4 Qlth E3 of FIoM&
BEol&sxrt t¥E O0.lmg/loldt2 WAl UrhiBRs  AdE
brominated THMXE CHBrCl:®} CHBriClo]3l, CHBri2 A& 4=z S
o 4 ch

HE3 200mofFollA] &H,2| A THWIEGH2S A2 vlsht x|dtee
o S3E ¢+ A3, o] R BEo|2EE7E 0.04mg/Lo|3tE
nj¢ ulo} MAME= THMS tiHEE CHCl30)3l, brominated THMOA = chY

i CHBrCl. ¥ & Uehlfz glth o] Al&afa] x|Fo] tzte] AHelrt
Hz| HojA HEo|2o] A U{H Zoj 23t HUUdog AlgHch

¢l A2AE Festd AR BEO|2EE7t 0.1lmg/Lolstol A=
CHCl30)3, 1 ojatol A= brominated THMo| Tlo] AME|= Zo T x1gH

fr

filo
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3. Eb xledztel THWLA B4 w)

kJ

Aot BF Al o] TWEAE S0 BE waE oo Eu¥E ME
(Z &, 1987)2 ¥4H(Z 5, 1995) 59 AR E x1gslgdon, ol =Y
o] THMAEZoll #3 B cfBE shxgo] 218t Flolz, x|stsof sl
Bad vt gich 22U o] 22 3
L2 ALg¥TH= Aol o} FRloA 5252 FFche AdolA
&2t Aol nxlE FYL 22 Ao
54& nlasiicth AF= &, 4 5o THMAEAY Sl oigt wla
+= Table 100 Ltehjgich.

2 T(1995)0l o3t Faba] 37 B4Ae] zH THM 4328 F/duHlE CHCl,

7} AA THMAEAI 3F2] 71.2%0]4to| ™, brominated THME 28.8%2] u]& & A
3 CHBry= Z&E =z ¢tttz R adtgdct 2213 72 5(1987)&

ax

R4S AR A} THY] 47k2] BUE & CHClL: THMAA ko] 93.3%
& z2x¥rtan B33t ok EIE 2 AFolMY THMAAY FAdvle
CHCl; 48.3%, brominated THM-E 51.7%2 U EbyIT).

mpetd, A& FAtl B¢ CHCls= 93.3%, 71.2%% ¥ THVS| ot
2}x]8t3 ) o}, HFEEE brominated THMo] @7t 8 51 7% x| H
TR S48 ¢ 4 Atk ol MFEs Abdo] vittE Sa Aol o
oA el B a4l gt 4 - 1YY AT brovinated THIA
v &o] & 2128 AlgHrh

H o
=
A
-

ol

ox [



Table 10. Comparison of TH\M

other areas

formation between Cheju Island and

(Unit @ ug/L)
Brominated
Area CHCI3 THM Reference
THM
Range 2.2-20.9 1.9-31.6 6.7-39.0
Cheju - — — -
Average 8.5(48.3%) 9.1(51.7%) 17.6
Range 13.6-19.5 4.8-9.2 18.4-28.6
Pusan — 2 = 1995
Average 16.8(71.2%) 6.8(28.8%) 23.6
Range 33.2-65.0 2.3-4.7 44.7-71.1
Seoul - A 5, 1987
Average 49.1(93.3%) 3.5(6.7%) 52.6




=2
dol ¥ vAe dAES AHEL, HAE AT Yo A

o) gH40} BAFT Z2HL(CY) L FE(GB)A| 2] A|6t4S Eabo
mel 1997, 8~9€7ix| 2¥o] AA Aaslel §71E5E, BEo|LEE
42 vlobsl daAA] THIEY B4 ZAEsigon, E3 Ef x|
ol Ml TRVEA S43) vimeto] theat 2 A2L Aok

1. Humic acides®, B.Eo|

J

T, pH HFgEE, REZAYL, diasET)

ol

F71toll whel TIMEAE RS F71stadon, HEo| o] ZEx3lx] o4&
7 §-oll= CHClaRto] A3 =] et

2. BHEo|L %27} F7lgtol ulat & THUZ} brominated THUAIA RS A
F7istd o CHCIZA e Zbasigda brominated THMZEO|A =
CHBr3&] &2 FA F71stdct. 28u BEol25 57t F7to ut
2} brominated THMAA]BFof] thgt B Fo]22] 7|8 7HAS}Y

3. &H 2} x|sl4of it TOCRt B Eol2 e I YESE FU)st

o, 53] I 50mo]dltoll 1X|FIL Q= SAR| Y] &HFE=

FEE HHA, BAHS M+ HYS] ¥¥eE HECR
53237 X

4. Ao 3t THMEAEZS TCs =7t YA e 52 &347t
At Ret gotom, FEof HAGC]l SA > SB > GA > (B w2 %
43t

5. ¥3 50m o|stolA] SAZ|H-2 brominated THMAZAd 8to] 713 &o} & THM
T woton, Bx|Ye THMS ctiH2 brominated THMZ I, 1 2] 2]
o2 CHCl33} brominated THMO] H]s=3t H|&2 ABAJE|dcl =3 A



S| brominated THM FoME HEol& %T7} &2 SA9} GBRlHL
CHBr:C12} CHBrs7} & H|&& #8121, HEole %7} ute Spot
GAZ| ol A= CHBrCl:2} CHBrClo] th¥-2 AAdsaic),

. 331 100~200mof| A 8] &8 4+= CHC1;2} brominated THMo] H]Z:3} H]&
2 gEsdont, BEOlE 5Tl o ¢ W z|5t4olq AAEHE THY

< th¥E CHCL;%th  E3F BAE S brominated THIS ch2E

»

CHBrCl,9} CHBr,Clo]:l CHBry= A o] AMAIEz] 9fgir}.

FeRTh g4 Jetge

ol

I 200mo] Fefl o] THWIA 22 M7} 2
o, B45EE THMS o) 38 CHCl %t}
CAFEY gH4ot X2 AAAE S THY 2 brominated THMS] -

8Hl7t 51.7%2 Mg, Fatx]de] 6,7%, 28.8xRT} n)$ &ir)
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