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§7F AR AL Aok 2HER oHE f3 EAd) dig
AA S8 B #4, A Fx BEst A o)FolA
oF e,
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chloroacetonitrile(DCAN)2 ¢ Zo| A F¢Eo] o] &
HoZ WEHY FEZRES T, Y, T8, fFdA 1
T2 Agydoen "Fe &894 FHH 1 ngml FE
2 A28 v 9 =3 trichloroacetonitrile(TCAN) ] 2%
FAAE) Y EQGHO)ANE YR HAANE HAdd
A9 B4 e Ve Aoz ruda gt ogdx
haloketon$-21 chloral hydrate(CH)= -] trichloroetha-
nol glucuronide® W&o Aoz wWjEHIT 49 trichloro-
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o FZ w= National Toxicology Programo} AT Fo&
E3F 27 cancer bicassayE ¥ st 9o, @A B}
HH 2 dolguol2~7l DBAAY guideline g X3
7lele g g3, "5 EPAS] MCL2 & SROAMER
EE2 60 pglLoltt”

T2 A9 CDBs¢t HAASE #4317) Hsiae dA of
| 7718 AHEE AJAE A olsted Aoz A}
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A &FA W (injector mode) 5 AFsHordrh FLhbEHR
AES HFH Y EAFE F2AEEH, AEV2e AR
g3 AZ7)(ECD ; Electron Capture Detector), 2 ZX €3
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H3] interference’t A3 AEHA} A& w2 AL B
F ATk B£47)718 A49F F Og2dE ANERY F
& 2 55/7 BRE 2otk dvE F&9
0 2x HA-AA FZU(LE ; liquid-liquid extraction), 3L
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SPE(solid phase extraction)fo] F=Z Al&EHH 7]|7/1FXE
ol&dte 2R HA-ERH(purge&trap -2 dynamic
headspace)s-©] St}
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AEEZRE QA =E2H/E FP5H FH1d=EFHCDD S
AZstAct B HAgERQ] gALERAEY 1Y 58
71& R Fk(reference dose, RMD)-L 14 3843 F(acce-

ptable daily intake, ADDl] 233+ Fe2A HAFGELY
efago] WA G FA 19 =Z(ifetime daily
exposure dose)& W&, ol& AMESH HPFAFE e
Wit
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B 2006714 @ 43 35709 F5FA ARE AFHsA
FLLERNEL EAGALH FLaFHIEY 19 F
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A% 9 vastd 43U AA A7 S Bl
W a2 D FFH BE AA =EFE ZAIRL
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21, Al2F 4 717

2.1.1, AlSF

B AR AHeE BEEZ L Supelco = Sigma-Aldrich
Al 918+ 2.1, methyl t-butyl etherMTBE)$} #412
J.T. BakerAle] ZH5 43S A8 A FLFAUEFEH
FIIEFL Junseirld] EFAIGE Tt A&
Ztzte] RZEER 10 mg€ 10 mL MTBE®] o] 1,000 pg/
mL &4& TE 18%F9 JLLEFAE 20 pgmle F
FEFLAF 6F9 TR EL 20 ng/mLe] FEETE
Ag ztzh Axdte 20T G BFE F, 48 FE4
23 Faste Aol LA

ByzEd2o 2000 pg/mLe 2-bromo-1-chloropropane

£4g 100 pgmLo g FAde AP AHgATh

21.2. 7171 & EA|

B Ao AFR3FE GC/MSE 5973 mass selective detec-
tor® AF AZF AgilentA}e] 6890 plus gas chromato-
graphE AM&8lgch A8 HP 7683 auto injector @ con-
roller® AHgste] FASNYLH FROAENS FEAS @
2.2 ThermolyneAl9] heating block& AF&3F4 Tt

22 ME WY

22.1. MEHANE]

22.11. §2AEFAEY AA:

A& 25 mLE Fote] WEFEEEE(100 pg/ml &) 10
uLE A7ME & JIHUEE 5 g€ WA EFO =AUtk
MTBE 2 mLE B3 &% ¥ 7] 3¢ @l 5

& HE o #7189 Fo B AR 25 mLe} HIAUEF

S g2 WL E5) #33F F 4712% ok NPT AT
o} MTBEY] S5E4UESS B8t S22 AAT &

viale] &7 GC/MSZ E4 3t

2.2.1.2. 2ol EAS] AR
A& 100 mLE sl WHEFEZ 2-bromo-1-chloropropane

ot ZorelX] 293 6X, 2007 6%
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Scheme 1. Sample preparation procedure of chlorination disinfection by-products(a) and sample preparation procedure of

100 pg/mL 100 pL9} A& 2 mLE F7Me & 24g
AUEE 20 g %A};La] 3 g& ¥a =qith. MTBE 5 mL
239 % §718958 ARV ST
57184 Sol ¥x

& 93 &59 F
10% #ido] 23d W&E 03 mLE

haloacetic acids(b).

S0TAA 2400 B FEAS WSS

vialol &4 GC/MSE EA &4t

Table 1. GC/MS operating conditions for the analysis of chlorinated disinfection byproducts

O & 28 BASAES §9 4 mL
& AQEAS 1] 8EE R

FLESENE

- Column

- Splitless injection

- Injection port temp.
- Transferline temp. :
- Oven temp. program :

- Run Time
- SIM mode(Solvent delay :

:200°C
250°C

initial initial
temp.(C) time(min)
40 7

1 20.0 min
2.5 min)
Group Start time(min)
1 2.5
2 4.5
3 72
4 11.0

: Ultra-2(25 m x 0.2 mm LD x 0.33 pm, film thickness)
- Carrier Gas flow : He at 0.8 mL/min

rate final final
(C/min) temp.(C) time(min)
10 60 3.0
30 300

Selected Ions, m/z
(82, 83, 85, 87, 108, 110, 215, 217, 232)
(43, 47, 49, 57, 62, 63, 74, 82, 83, 84, 85, 108, 110, 111, 127)
43, 74, 76, 77, 79, 81, 82, 107, 109, 117, 119, 127, 129, 131, 155)

(43, 49, 75, 77, 79, 97, 113, 118, 120, 125, 126, 157, 155, 171, 173, 175, 199, 252)
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Table 2. GC/MSD operating conditions for haloacetic acids

p=s

o EY

- Column : Ultra-2(25 m x 0.2 mm 1D x 0.33 um film thickness)
- Carrier Gas flow : He at 1.0 mL/min

- Splitless injection

- njection port temp. : 200°C

- Transferline temp. : 250°C

- Oven temp. program :

initial initial rate
temp.(C) time(min) (*C/min)
40 7 10
15

- Retention Time : 28 min
- SIM mode(Solvent delay : 3.0 min)

final final
temp.('C) time{min)

150 0

300 0

Group Start time(min) Selected Ions, m/z
1 3.0 41, 59, 77, 79, 108)
2 7.0 (59, 83, 85, 93, 95)
3 10.0 (59, 117, 119, 127, 129)
4 12.0 (59, 171, 173, 175)

222, 77126y

ANE2AAYNA d2 &AL Table | & 20 vebd 7]
7Nz wel QLAERAE 18ET FRNMELN 65S
4z B39 4 B2 nlt} mass range 40-350 amug)
scan modeE FFAHNEHE FUF o2 4 EAE=E 37
9] EAol& A93le SIM modeZ E45 gk

223, ZYM AN U HESH TA}

B AR WREZEAS ANE ¥ daasyyEd
FRAERY EZED TEAL A7 0.1~20 pg/l7
A HES ke A9 AR AAe PEe] He +59
£ GOMS) 2 uL¥ Fated 2A%T, JREZEL
W 2 g9 Eelo) BE ol WA ule) we B
4e Agaqn

224, HHA|22 BN

1997356 20063744 -2} 439 34709 F53
F AFAG 17 ZFZAA AFF AFASE 1,260715 ol
Aoz FairERE 4 SBOMENES FF 2T
AEF 3= HANs(43E), chloral hydrate$} HAAs(4E)d
st verigdtt o] i 4017 F {2 A&, B F
B3 ZEE A4, 42 U3, 3¢ A9 Sz 2R
o] AR, YA 4 o, 35, A9 A9s,
FAAL FES AG AQezn BRI BAAT.

A 4l 1@
3.1, BAE H|meot ME
AR E

=

A9l HANs: LLEWES E3)
252 ¥ % gok ol AHAER §718MelE methyl-
tert-butyl ether(MTBE), n-pentane, n-hexane %= diethylether

5 HlxE Fygo] ¥ 8uit 2 AEHI led, 4F
A3 MTBEE ALSE F¢ 71 $& FE88& e 7
APt EE F2WPo2ZE purge and trap, headspaced
Zo] g)t}. LLE-GC-ECD$} LLE-GC-MS, purge and trap-GC-
MS, headspace-GC-MSS A}&3 24WE vlad 27 LLE-
GC-ECDY] #=7l wjg $& Aos Hug FHo| It &
¥ LLE-GC-MS(SIM)22 24¢& d3& B ZE&EdAL
e 328 £ & Ak GC-ECDS GC-MS| £AH &
vlwst A7} Table 39| FA1So] 9Jtk BCAN, DBAN, TCAN
L GC-MSHA AE&dA7 o 42 ALz veyrh 1 ¢
o CHU DCANS 79 GC-ECDET} AZaA 7l Egith
T3 HANsS] 2% purge and trap-GC-MS 83} headspace-
GC-MS9 W2 AESAVE W Fob A 24y
o] obd Aoz wohetgdcth wEk B AT GC-ECD
o Hlsl AEAEs B2 Zol7t glo] ¥ AEHAE U
B2, 3REAT FFRA0] FAY 75 LLE-GC-MS
(SIM)EAE S et AT

]

3.1.2, 120t EA MY HI
HAAsSl 242 WS

X O
3

2

A= ALE AT 9

o] GCOA Hhz BAaYIE BB old we #EA 7
AL Ax AL s=u) EPA method 552.0% 5522%= LLE

% GC-ECDE AH&3 434

tio

AR de AHEEH

Table 3. Comparison with method detection limit of haloace-
tonitriles according to analytical instrument

GC-MS GC-ECD"”
Compounds
MDL, ng/mL MDL, ng/mL

BCAN 0.1 0.13

CH 0.1 0.03

CDB DBAN 0.1 031
DCAN 0.1 0.06

TCAN 0.1 0.52

T ot 3ol K] 293 6%, 20078 6E
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Table 4. Estimated detection limits and method detection li-
mits for LLME-GC-ECD, LLME-SPME-GC-ECD and
LLE-GC-MS methods for haloacetic acids standards

in water
LLME-SPME-
LLME-GC-ECD"” LLE-GC-MS
Compounds GC-ECD"
DL, ng/mL DL, ng/mL MDL MDL, ng/mL
DCAA 1 1.0 0.6 0.2
TCAA 1 0.2 0.6 0.2
HAAs
BCAA 2 0.2 0.9 0.4
DBAA 5 0.3 0.6 0.4

Table 5. Comparison of EPAS552.2 LLME-GC and LLME-
SPME-GC for haloacetic acids in municipal drink-
ing water(n =3, ng/mL)"”

TCAA DCAA
5522 LLME SPME 5522 LLME SPME
Average 56 64 57 26 24 34
RSD(%) 0.9 26 1.8 4.1 7.6 L1*
Average 54 59 65 43 43 51

Compounds

2 RSD(%) 45 N 55 11 8.4 1.6
3 Average 56 67 63 51 54 51

RSD(%) 6.7 5.8 14 9.5 11 23
s Average 53 66 62 31 28 51

RSD(%) 52 11 12 37 69 19
Median RSD 49 42 16 68 80 20

Avg difference
from 552.2(%)

*n = 2, therefore numberdenotes % deviation from the mean

17 13 - 5.8 28

ATE? =F Hoge] ABAME F&o] 753 liquid-liquid
microextraction(LLME) 2 o] £3}o] GC-ECDo|A BA4% 2
#o LIMEF&#3& A% ¥ SPMEE &3 A 88 §%
AlF GC-ECDE o] &3t E4Ho] it} LLME-GC-ECD%}
LLME-SPME-GC-ECD @ LLE-GC-MS(SIM)E A}-&3F &4
B AEIAE Yo AFHE Table 4, 5o Uehfgich
GC-ECDE AHgstd ZATEE o F4EAo] &5
7 23 @go] glo] B AFdME AT P 2F &
o5t & AEFAE Role LLE-GC-MS(SIM)E A&
sto] 2435

32 HESE =M AY

CDBs¢] 3¢ MTBEZ #& ¥ GC/MSE BAsgen,
HAAsE= &7 Uo 722478 33t glenz 4
o] Al Frgo] Wolx GCMSZE AH HEAo] Erls3l
5% -mEgs 8Ag Agat HE fEAS & F 24
a9tk GC/MSE o] &3t d& total ion chromatogram
(TIC)2 Fig. 19 YeERAA

CDBs 18%3 HAAs 6%2 EXZo| vju3d i =
Aol ¥ AL sy GCo 2LEZXAE A2ARE A
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Zate] 300C7HA] AA 3] $238tQ82H CDBs9 3¢ chlo-
roformo] 714 WA AEH7] AFStA 168 ¢t 18F =
T A& Ut HAAsE 5EFE monochloroacetic acid
7t A&H7] Aj&Rste s g o2 dibromoacetic acid7} A
2F%or 148 o 65 27 FEHAT o] W HAAsS
TICHo e BCAASH DBAAYE EiE]7F 2 QlE]o] HolA
o FFol o) 47 g FFsteds AZol AN
Aol 2EqUESIME A4aY] flAe 2 MY 3§
22 U ¥ Z JdFEY HFE AL A9 BEY 2¥
2" QY ZASHA "tk BCANE Br3} Clo] 144 2
go] glo] 5994 & 98] M': [M+2] F, m/z 153:
1557} 3:49 v]€2 vehten], [M-Br]'d m/z 749 76
o] 3:19) H| & AEHE g vg2E Hddol2& 74,
76, 1552 AstQ.21 chloral hydrate?] Aelo]&2 82, 84,
1112 A3gc) olutd = TCANS A€oleL 108, 110,
820]9131, DCANL 74, 82, 470]912% DBANE 118, 120,
199019tk HAAsXF wlg7]7} X&d E2 2 AF2HE
dol A9 u£d FAL Roley ol EF FIEEAI|I
Wel )7 89 vE 7HEA e o] E(methyl carboxylate)7} £
Alo|2olM Fojz= AFE Yehlfithk F, monochloroacetic
acidMCAA)¢] 29 B0l M]3 Mgsigdgolest ¥

Abundance

1.2
160000
18
120000 4
9
80000 10
16
5e
13 i
40000 ! i 151 ‘
3 7.8 | 12 14 i
LRI Ly
Time —> W AU A A i N
- 4 : Ty y
400 6.00 8.00 10.00 12.00 14.00 16.00
@

3:Trichloroacetonitrile 5:Chloral hydrate 6:Dichloroacetonitrile
12:Bromochloroacetonitrile 17:Dibromoacetonitrile
*:2-Bromo-1-chloropropane(ISTD)

Abundance

368000 2
32000
28000
24000
20000 3
16000 °

: | 3
12000 ’
8000 ‘] H ,
d000f J L i |

Time—>500 600 7.00 800 900 1000 1100 1200 1300 14.00
®
1: Monochloroacetic acid 2. Monobromoacetic acid
3:Dichloroacetic acid 4:Trichloroacetic acid
5:Bromochloroacetic acid 6:Dibromoacetic acid
*:2-Bromo-1-chloropropane(ISTD)
Fig. 1. GC/MSD total ion chromatograms of chlorinated dis-
infection byproducts(a) and haloacetic acids(b).
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o}A W& [M'-59], 28I M o)A methoxy”]7} EolR m/z
77 o]&°] AE&HA, DBAAE HEGA/ 23y ASs
A M]"0] &2l m/z 2300] G& Hlg2 F3E whd [M-59]
°]24 m/z 173 o] &¢] Fyjolaz Yeon HEIA}
27 EEHO QJer® m/z 173:175:1770]) 1:2:19] H)
€2 yehgth wEbA DBAAY Hdo| 2L 173, 171, 1759
2w o]fio| = DCAAY Helo] 22 83, 85, 5941, TCAA
9] Aol 117, 119, 592 A5 th. CDBsst HAAsE
Ao A8E WHEEZEAL 1-chloro-2-bromopropane & 2 A
o] E29 EAol&MHQ m/z 1562 Cl# Bre E994
EH) 93t m/z 156:158:1600] 3:4:12] Hlg&E U}
wew F3ol3E Bro] oW ETo|(M-Br]) m/z 77
E Yesth o] 44] Clo] & A =qd 5949487 9
3 mz 77:797F 3:19 W&z yehkth meEA o)g o
Aol 77, 79, 412 Asgch

33 dEd Atd U HESHH =AL

CDBs ¥ HAAs¢] A3 WEEEERRAYS A1 83t
o gt AEPAE T Table 60 2+ B2 3
FAY |2, HFE AZL FFEEESA @ B 6y
SEFH 42 WEHQ AIFAH AP 55 2
A

331, gaaSRAEe| Ha A AU HESH

TCAN & 5% daliAx AFR 2 AEFAE =48 2
& Table 6o YRS, 0.1~20 ng/mL 5% H o
A BBASH A2 B 2F 099 olgoz ARHol
e Fgon AEAE AEg FL2u7} 3 ol oA 4%
25 0.1 ng/mLE el

332, BEOMIEA ZEM AN W ZEB

DCAAS 4% Wl 424 9 A2dAS 2Ae 2
3 02~20 ng/ml = WA FRAGF 229 B
EE 099 ooz Ao e Eom A2IAE A
Zo Z2H7F 3 o)A DCAASY TCAAZF 0.2 ng/mL
o] BCAAS DBAAY} 0.4 ng/mLo] 1tk

Table 6. Calibration data and detection limits of disinfection
by-products

y=axtb MDL,

b © ng/mL
BCAN 74 1239 0. -10 0864 0001290999 0.1
CH 8 0652 0. -10 0.757-0.02050 0.998 0.1
CDBDBAN 118 1797 0.1 - 10 0.743 -0.00366 0.999 0.1
DCAN 74 0670 0.1 - 10 1270 0.007320.999 0.1
TCAN 108 0514 0.0 - 10 1130 -0.01360 0.996 0.1
DCAA 83 1530 0.2 -20 0.420 0.00141 0.996 0.2
TCAA 119 1984 02 -20 0.127 0.00104 0.992 0.2
PAMBCAA 129 1993 04-20 0.50 000033 0.995 0.4
DBAA 173 2.367 04 - 20 0.275 0.00059 099 0.4

concentration
range, ng/mL 3

Selected
Ton, m/z

Compounds

34, MHA RS 2N

E A7 E (DBs 18% % Z&¥ 5EBCAN, CH, DBAN,
DCAN % TCAN)T HAAs 6% & 7A33 4Z(DCAA, TCAA,
BCAA ¥ DBAA) W3t E4ZA37E ZAEIAT A8=
19978 e 20069742 A9 357) ALANA A6
1,2607/19] AFAEE hA4C2 CDBs$} HAAsY HF &
A ARE FAEE A2lsted Table 73 CDBs 5% g
d=d BHAE 559 HAAsS 4%d) Ui d=d HaF
A&3T W3t JTYZE Fig. 29 YRk

CDBs¢] A% FAE=E Z 229 AZVUEE A% 2
7 BN E 20.7~86.1%, FANME 16.7~92.6%, 4
ABAN M= 18.8~89.6%, FEZNME 15.5~852%2 A
EVEE e vy EF DCANo] o2 Ed] Hig
Azv5rt ZF FANM 852~N.6%E =A FE2H= A
S 2 4 9goerd ASEEE 1.53~223 ng/mLo|$lT TCAN
BF 155~207%2 2 EQ H& g 42 A
EE Bgoerw AEEEE 027~142 ngmLE AZHY
IS A5 g AE5EE AvRY 199830 7 5=
Aol w2t H 1.65~9.90 ng/mLE def vl =2 &
EZ 42999 g FAF F dded A2 Fd
Tashe FAZ 2006000 2 TAEE Hd 046~143
ng/mL7} A& Utk

S,

RUN 29

Table 7. Anaytical results of disinfection by-products in 4 Korean rivers (unit : ng/mL)
Han River(n=540) Keum River(n=108) Youngsan River(n=144) Nakdong River(n=432)
Compounds
Conc. Frequency Cone. Frequency Conc. Frequency Cone. Frequency
BCAN 1.02 429(79.4%) 0.84 92(85.2%) 0.72 115(79.9%) 0.86 353(81.7%)
CH 2.15 434(80.4%) 1.52 88(81.5%) 1.15 114(79.2%) 1.92 326(75.5%)
CDBs DBAN 0.54 357(66.1%) 0.51 78(72.2%) 0.43 103(71.5%) 0.53 316(73.2%)
DCAN 2.23 465(86.1%) 1.81 100(92.6%) 1.53 129(89.6%) 1.72 368(85.2%)
TCAN 1.42 112(20.7%) 0.27 18(16.7%) 0.29 27(18.8%) 0.33 67(15.5%)
DCAA 4.52 453(83.9%) 4.99 96(88.9%) 5.07 122(84.7%) 4.75 369(85.4%)
HAAS TCAA 4.41 402(74.4%) 3.21 82(75.9%) 3.38 104(72.2%) 3.89 318(73.6%)
BCAA 241 328(60.7%) 2.64 67(62.0%) 2.13 100(69.4%) 2,51 292(67.6%)
DBAA 1.66 172(31.9%) 1.80 37(34.3%) 1.50 65(45.1%) 1.70 199(46.1%)
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Fig. 2. Anaytical results of disinfection by-products from
1997 to 2006 years.
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Table 8. Toxicity value®

Compounds RiD g%, SHeR
(mg/kg/day) EPA or IARC
BCAN - -
cH 0.0016 (©)
CDBs DBAN 0.02 (©)
- DCAN 0.008 (©)
TCAN 0.0002 -
DCAA 0.004 L()
TCAA 0.03 S(C)
HAAs
BCAA - -
DBAA - -

Table 9. Cancer classification”
(US EPA 1986guidelineso] AA)1E w1852 Aol
7} 2005 EPA guidelines for carcinogen risk assess-
mentol] w& W7)

Group ik
H Carcinogenic to human
L Likely to be carcinogenic to humans

Likely to be carcinogenic above a specified dose but not
L/N  likely to be carcinogenic below that dose because a key
event in tumor formation does not occur below that dose

S suggestive evidence of carcinogenic potential
[ Inadequate information to assess carcinogenic potential

N Not likely to be carcinogenic to humans
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Table 10. 95percentile hazard index(HI) in Korea

Compounds i)
CDI HI
BCAN 6.18x10° -
CH 121x10* 7.57x10°
CDBs DBAN 3.99x10° 1.99x10°
DCAN 1.38x10 1.72x107
TCAN 1.99x10° 9.94x107
DCAA 3.65%10 9.13x107
TCAA 2.65%10° 8.84x10”
HaAs BCAA 1.79x10™ -
DBAA 6.92x10° .
Total 2.94x10°
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Table 11. 95percentile hazard index(HI) in 4 Korean river

Compounds Han river Keum river
CDI HI CDI HI
BCAN  6.77x10° - 5.83x10° -
CH  146x10*  9.12x107  1.00x10% 6.27x107
CDBs DBAN  4.00x10°  2.00x10°  3.14x10° 1.57x10?
DCAN  1.59x10"  1.99x10°  1.41x10® 1.77x107
TCAN  4.86x10°  243x10"  831x10°  4.16x102
DCAA  345x10*  8.62x107  4.23x10%  1.06x10"
HAAS TCAA  3.90x10*  130x10%  2.56x10"  8.53x10°
BCAA  2.04x10™ - 1.83x10"* -
DBAA  7.37x10° - 8.31x10° .
Total 4.55%10" 2.38x10"
Compounds Nakdong river Youngsan river
CDI HI CDI HI
BCAN  6.38x10° - 4.87x10° -
CH  121x10%  757x107  7.32x10°  4.57x107
CDBs DBAN 327x10°  1.63x10°  2.66x10° 1.33x107
DCAN  1.22x10"  1.52x107  1.I15x10™  1.44x107
TCAN  1.16x10°  581x107  9.04x10°  4.52x]0>
DCAA  3.78x10"  9.45x107  3.83x10*  9.58x107
HAAS TCAA  326x10*  1.09x10%  3.78x10™  1.26x107
BCAA  1.72x10 - 1.54x10* .
DBAA  8.13x10° . 8.64x10° .
Total 2.56x10™ 2.15x10™
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CDB$] 7% bromochloroacetonitrile 2 0.10~23.946 ng/mL,
chloral hydrate 0.11~40.273 ng/mL, dichloroacetonitrile 0.01~
27.59 ng/mL, dibromoacetonitrile 0.10~26.9 ng/mLo]x,
trichloroacetonitrilet= 0.10~37.97 ng/mL=Z A& o}

HAA+ dichloroacetic acid 0.12~43.95 ng/mL, trichloro-
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¥ 0.18~25.86 ng/mLE A& Y2oH, dibromoacetic acid
= 020~17.63 ng/mLE 1}ebytt).
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