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ABSTRACT

Naphthalene and TNT (2,4,6-trinitrotoluene) are defined by U.S. EPA as possible carcinogenic compounds known to have
detrimental effects on the aquatic ecosystem and human body. There are, however, few researches on methods of
analyzing micro-levels of naphthalene and TNT dissolved in groundwater. This study introduces and evaluates the newly
developed analytical methods of measuring naphthalene and TNT in groundwater by using HPLC-FLD (Fluorescence
detector) and MSD (Mass detector). The MDL, LOQ and salt effect of these methods, respectively, are compared with
those of conventional methods which use HPLC-UV. For the analysis of naphthalene, HPLC-FLD was set in the maxima
wavelength (Ex: 270 nM, Em: 330 nM) obtained from 3D-Fluorescence to be compared with HPLC-UV in 266 nM
wavelength. The MDL (0.3 pg/L) and LOQ (2.0 pg/L) of naphthalene by using HPLC-FLD were approximately 80 times
lower than those analyzed by HPLC-UV (MDL: 23.3 pg/L, LOQ: 163.1 pg/L). HPLC-MSD were used in comparison
with HPLC-UV in 230 and 254 nM wavelength for the analysis of TNT. The MDL (0.13 pg/L) and LOQ (0.88 pg/L) of
TNT analyzed by using HPLC-MSD were approximately 130 times lower than those obtained by using HPLC-UV in
230 nM (MDL: 16.8 pg/L, LOQ: 117.5 pg/L). The chromatogram of TNT analyzed by using HPLC-UV in 230 nM
displayed elevated baseline as the concentration of NO;™ increases beyond 21 mg/L, while the analysis using HPLC-MSD
did not demonstrate any change in baseline in presence of NO;~ of 63.7 mg/L which is 3.5 times higher than average
concentration in groundwater. In conclusion, HPLC-FLD and HPLC-MSD may be used as suitable methods for the
analysis of naphthalene and TNT in groundwater and drinking water. These methods can be applied to the monitoring of
naphthalene and TNT concentration in groundwater or drinking water.
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tor), Salt effect
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HPLC-UV £33} v)al- Frisldey. vazgkile] 79-) 3D-FluorescenceS F3lo] BR1E H119] 3lH(Ex: 270 nM,
Em: 330nM)°] HPLC-FLDel| H&=3, 0.3 ug/Le] MDLE 2.0 pug/Le] LOQZF 5EHUTE o= &l Wy
(HPLC-UV; MDL: 233 pg/L, LOQ: 163.1 pg/L)RTh F 80u] 93+ ZA3lolm, US. EPAS] &85 AIV|FE
(700 pg/L)e] °F 35080 oJa7kA] AHeRiAle] 7Fsgt X]olth. TNTY] 75, AlEAl AXE HPLC-MSDE Z78% W
H(MDL: 0.13 ug/L, LOQ: 0.88 ug/L)°] HPLC-UV(MDL: 16.8 pg/L, LOQ: 117.5 ug/L at 230 nM)Eth ¢k 130
v $8 Ao® AR, US. EPAS] -85 FIL7|F(20 ug/L)RT o 238 e F57hx] FakiAo] s
gk RS FRISKITE. T3 HPLC-UV(230 nM)2] E4THE NO;™ 357 S7F5(53] 21 mg/L o) A=rfE
Hol 7IEdo] S7ksle] Aol WelE FAou, HPLC-MSD 4R =] A[sk vt =R oF 35011
63.7 mg/LAME £41¢] dF glo] Hg A=rtETR S RoFQict. webx] AjEAl AAE HPLC-FLD2F MSDell
oJgk Y=gzl TNT E4HE A8l 2 3-8 vlRkidel] A, daditor Aol A =g°] 2 Zlelth

FHlo{ : Y=z&= (Naphthalene), TNT (2,4,6-trinitrotoluene), HPLC-FLD (Fluorescence detector), HPLC-MSD (Mass

Detector), ©]2-38K(Salt effects)
LA B

U2 &l (Naphthalene)2  PAHs(Polycyclic  Aromatic
Hydrocarbons) & 32 thHE Coal tar®} Petroleum
T FgelA BAEM, 003 71E)elA Azt
200,000 ton, |]F2004d 71Z)014 SAZF 97,770 ton®)]
AFE| 31 QITHATSDR, 2005; EC-JRC, 2003). Lzekl
& F2 WA (Mothbal )& AFEEo] T)7]2.8S do7]
Ak AA|eF FEA0] ARl o] 8Eo] EYe S
ek, Hr71E WgA Solx 23 I ESYF R
U= Al 289 s I= JEHEC-JRC, 2003).
o] ele= AfAATgo o 7] Aud A
Al vazgelle]] o3t AJel FFe o] Al BE U
el 587 SAEAE dEA IAT LH9H 8
TE AHE A5 237 AolE L A, A
A= AZks 43S & 4= ATHATSDR, 2005).

TNT(2,4,6-trinitrotolueney= THEZQ] ZdbA slok=E3
2 EoF 9 Egt Ao AET SRS Alxshke
APde] Flll= 100 mg/L oPde] TNV HES7 = 3
TH(Palazzo and Leggett, 1986). 53] TNTE= AFAEHA|
3jotEdo] BoAAA e Bkl A o7 7
Bol oz fEHH, QI AY] EY ¥ Ak &
4s doZ 4 Jt(Brannon et al, 2000). T3F A7
7t =2A] THLiven=3S €o7| WIE 4 s
4= I (Jenkins et al., 2001).

olglgh 54 @akl wet vl= % (U.S. EPARIAE
F E2S s S ZE(Group C, possible carci-
nogen) T3k o™, £3] TNTe tigh 58 Hiv|
T 20 pg/LE A78ste] #Elskal UTHULS. EPA, 2004).
u|=k LU, DODPIME 2007358 Yzekdlks 4

-
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-9 AE-2 (Emerging Contaminants, EC) -5l EEA|A
=74 A3l tH(Leeson and Hatzinger, 2007).

H Yzgzl #49 #E 7)1E AgAelre F
= UV-spectrometer(Maillacheruvu et al.,, 2002; Coopera
et al, 2002), HPLC-UV(Hykrdova et al, 2002) %
GC/MS(Goela, et al., 2003; Psillakis et al., 2004)7}
AFEEIRICE TNT 248 F2 254nM 332 HPLC-
UV(Ultraviolet) A& ©]-8-3}%] 3l (Harvey et al,
1990; Vasilyeva et al., 2002; Halasz et al, 2002;
Gaurav et al.,, 2007), Hol= 230nM I3<2] HPLC-
UV 24988 o83 A77F ujolld Rau=lchEdd
2], 2008; ¥FE 2], 2008; vHZE} ZAH, 2009).

J2ut HPLC-UVE o83 vzell 31 TNT 4
< 3 Foll SAsk= o] 7 WeiEE e Salts)=
] EAoll FFS ws g o] TANFEZY H=
(Sensitivity)7} EAY wlEEE A0 A7 Ak
(Marple and Lacourse, 2005). =3+ GC/MSel| 2]t 1}
el AL U2 ASIHAIE Holu Alge] xE)rt
daslo] F4ARTe] A FAH WAZRe] Sl
wEpa Aslg 2 S-85 Ulol] EAlshs Yzgdlla} TNT
o] mgF BAW A daAe] A7IEaL IARE, ol o
g 71& A= vl wEIg Aol

ole] we} E Ao A= HPLC-FLD(Fluorescence
Detector)?} MSD(Mass Detector)S ©]-83F X|sl= U
vzl 51 TNTS] vRF BARS AlEAl ArIek, 7]
Fof| A" HPLC-UV #2413} MDL(Method Detection
Limit) ¥ LOQ(Limit of Quantification) &= HlnlA 47}
slara} itk mEgk AAAle] EAlhe o252 YK Salt
effects)S 71sle] T Aslr EAHoZAM 9 Ads
sekslarat gk



HPLC-FLD®} MSDZ ©]&3} A3}

2. Xz 2

2.1 A8 E

A AHEE UdZERT INTE &5 99.9%°]
Sigma Aldrich(U.S.A.)9} AccustandardES ARSI, ¥
ez A8-E  Acetonitrile¥} Methanol>  J.T
Baker(HPLC grade)S ARE-3it). Salt €35 H7sh7]
3l A8l NaCl, NaNOs;, Na,SO&= E5F 5 99.9%
9] Sigma Aldrich(U.S.A.)S AH8-8}tT}.

2.2, AlgHHY
22.1 2P
2 Aol AEA AAIRE Yzg=l 2 TNT 245

< 7€ AT A S-Sk Rl AT e
212 HPLC Agilent 1200 seriesoll 2]l =4
Fe™, HPLC-UV ZAZ=7|9} HPLC-FLD7} &A]9l A}
4=tk TNT #4248 HPLC(Agilent 1200) % Mass
spectrometer(Agilent 6130)2 A3}, AA7IA] Hol
AREEAL Q1= HPLC-UV(254 nM) B2} Ha 2ujad
TEAE 2, 2008; HAE <], 2008; WiHEY 28,
2009014 ARF&E HPLC-UV(230 nM) EA1HS F12
zAkER] AEA AXE HPLC-MSD ZAae} H]am A28}
At

£
©
dr M

222 MDL ¥ LOQ 2

B Aol A AAISE EAH(HPLC-FLD, HPLC-MSD)
3} 7]& EAWHHPLC-UV)YS ®lwalr] 9ske] MDL,
LOQ, %RSD, %Recovery® AF=313th. MDL2 -4t
FEAe] o] dAdEE HAHSTHAE SfvlshH, LOQ
= BARASIARA EA71dn 2l ot Ha
MDL®] 58 oo} gro= 2=, vl At =
S5 B gdsta AL S YS origith

MDL = Standard Deviation of Measured Concentration
x 3.143 (1)

LOQ = MDL x 7 2

%RSD =

Standard Deviation of Measured Concentrartion>< 100 (3)
Average Concentration

(Acception Range: %RSD < 20 %)
%RSD =

Average Measured Concentration
Fortified Concentration

%100 (4)

vhzehal Bl TNT] W] A4 7t 37
(Acception Range: 80 % < %Recovery < 120 %)

vzell 9l TNT 241900 wet 2k 7o) SUAIE
Py FFAAE 78 (1)~(4) 21(ACS Committee
on Environmental Improvement, 1980)01] 9J& MDL,
LOQ, %RSD, %RecoveryS 2F=slgitt. o] w] Alzd
Y AEE HEE 33 (peak)2t 7154 (baseline)2] BlE
°] 10:1 He &5 &3t o|Re A=rETH
AN AEE 939} V1A Blge] 3:10] He E
== A 7P 93 78k, 10 10] He vEE
A Ade AF 7Fsd F=2z AFs] wiol
(Ribani et al., 2007). ©] 7|5l @} 284 Al59
TE yzedle] 39 HPLC-UV 4L 150 pg/L,
HPLC-FLDE 3 pg/Lellar, TNTS 7% HPLC-
UV(30 nM)E 100 pg/L, HPLC-UV(254 nM)&
150 pg/L, HPLC-MSDT= 3 pg/LO|{th. LOQ= MDLE]
TR ARt A=t

of T

223 TNT E29%9] Salt effect H7}

Salt ©]&5°] TNT 49| nxj= W& Hrlsh] ¢
3l 100 pg/L TNT &l NaCl, NaNOs;, Na,SO,&
Z}ZF 0.01M, 0.05M, 0.1M, 05M, 1M, 15M¥ =
43t & HPLC-UVEY 230nM % 254nMe} HPLC-
SD ¥APHe| ARFANE vlnl ARSI Bk =] A
SlrollAle] Mt o] FEE AESI AFTAIS
o2 A ol Welldd vlugte s 3 Al
2 285 Ao R A9 AdE ddslolt.

£

vzl B4 HPLC-UVY HF EA4ug 2
HPLC-FLD®] ©17](Excitation, Ex)?} W& (Emission, Ex)
33S AsE7] I8k UV-spectrometer(Hewlett Packard,
German)®} 3-D. Fluorescence(Hitachi F-2500, Japan)
|z el gol8- 27l (Scan)sltHFig. 1). ©] W,
vzeRle] 2715 Es 212} 2.5 mg/L(UV-spectrometer)2}
25 ug/L(3-D Fluorescence)®] It}

UV 270 A3} 266 nMllA 718 £ 935 Y,
3-D. Fluorescence®] Hil AL of7|9}# 270 nM, Bj
7191 330 nMollX YERTHFig. 1). o]Hdk Aijol ¢
Asle] HPLC-UVS} HPLC-FLDO| 37 sgx=1S 2
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Table 1. Analytical conditions of naphthalene by HPLC-UV and FLD

Contents HPLC-UV HPLC-FLD
Mobile phase Acetonitrile : M.Q. water =70 : 30(%/%) (isocratic mode)
Column C-18 reversed column (150 mM x 4,6 mM, i.d. 5 um particles)
Column Temp. 46°C
Flow rate 1 mL/min
Injection volume 10 pL
Running time 6 min
Detector Diode Array Detector Fluorescence
— 2 i
0-20 2.5 mg/{ naphthalene 3.1.2. TNT $423
TNT 2418 93l Explosives El(Dionex) H-82
0.15 o] AREEHAT, AlE FUHL 20 pl, ZHEEE 32°C]
) Fo=Z #A3ITh HPLC-UVE 230 nMe} 254 nMe]l
8 A BAO] S431ATE. Mass spectrometer= TNT AZE
£ < 98 WAl 8t negative o) AHEHL,
] Drying gas flow= 5mL/min, Drying gas temperature
8- = 350°Ce]{th. HPLCS] ©]E/¢ Methanol? M.Q.
266 nM waters 43 :57(%/%)2 @t IAE&w =AW
55 . i i i (Isocratic mode)® 2 ZA43}3T}. Table 2= HPLC-UV
200 220 240 260 280 300

9} MSDE ©]83F TNT £4%718 4elgh Aol
Wavelength (nM)

(a) 3.2. HPLC-UV ¥ FLDQ| Lt=EHail 2443} bl W

32,1 vrgRl S-S Q1% A

SHA] F=o] Yzel £3589(0.01 mg/L, 0.05 mg/L,
0.1mg/L, 0.5mgL, 1.0mgL, 25mgL, 50mgL, 10
mg/LyS HPLC-UVS} FLDZ FE3SH 23E Fig. 20
YeRSIth F &7 B5 oF 458004 Yzgsle] 7
E5 AT (Fig. 2a), ETFEN] HFHS &S 27
HPLC-UV(R’=0.9999) ¥ FLD(R’=1) 5 w}$- %&
AAAAE HAFITH(Fig. 2b). 3HA% HPLC-FLD 7%
Ae] 718717} 21.42 HPLC-UV(QR3)RTH R 551
(F 1080) VRO, B3] 10 pg/Le] vk Vg 2
2A] HPLC-FLD= "¢ S 932E Yepdl oy
HPLC-UVe YZeRlS HE31A] Ealth(Fig. 2¢).

25 /Z/L naphthalene

Excitation {mM)

270 nM

nM
Emission (nM)

(b) 3.2.2. Yarglle] MDLY} LOQ 4AHEZ# H|al
Fig. 1. Results of Naphthalene scanning by (a) UV-spectrometer Table 32 HPLC-UVSH FLDO /g vhzgdle]
(2.5 mg/L naphthalene) and (b) 3-D. Fluorescence (25 pg/L). MDLZ} LOQE Hlugh Aye|r), 77le] FYs Als
(HPLC-UV: 150.0 ug/L, HPLC-FLD: 3.0 ug/L)E 4
A3} Table 1> Vrgzl #4498 2Jsk HPLC-UVS} 3 A3}, HPLC-FLDS MDL(0.3 pg/L)& HPLC-UV
FLDO| 212 A3 Aol (33 pgL)Etk °F 784 % AHE Hlow,
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HPLC-FLD$} MSDE ©]-8-3F A&l 5 vhzgall 5l TNTS] vl A1 7 39
Table 2. Analytical conditions of TNT (2,4,6-trinitrotoluene) by HPLC-UV and MSD

Contents HPLC-UV HPLC-MSD
Mobile phase Methanol : M.Q. water =43 : 57 (%/%) (isocratic mode)
Column Explosives El (Dionex) column (250 mM x 4.6 mM, i.d. 5 uM particles)
Column 32°C
Flow rate 1 mL/min
Injection volume 20 uL

Wavelength

Drying gas flow & Temp.
Fragmentor

Vaporizer Temp.
Nebulizer Pressure

230 and 254 nM

5 ml/min & 350°C
90V
250°C
60 psig

TAD A Eige000 4 Ras378 100 (D M8 FULEH WAFNTHALENE_MOUDEF LT 1 7000 05 1380 37 MAGO00R )

Table 3. Comparison of MDL and LOQ of naphthalene analyzed

ow | HPLC—UV W
P
a |
I
aare f
o8 |
oz e -
-
3 3 i i s : o =
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138 IEY
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o8 I
03e
25 3 ) f . f f B
(a)
250 —
. WPLCOY o
@ HPLCFLD ,C"/
200 y=21442% 0037
RE =1
e
3 P
% P
& 100 /,D'
E yd y = 2.2673% - 0.0617
- RY = 0.9999
))—f, -
_._——‘—"_ i
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Concentration of naphthalene (myL)
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2
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Fig. 2. Comparison of naphthalene analysis results by HPLC-UV
and FLD: (a) the real screening of HPLC chromatograms, (b)
calibration curve (0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, and 10 mg/L.
naphthalene standard solutions), and (¢) chromatograms of 10
pg/L naphthalene.

by HPLC-UV and FLD (unit : pg/L)
Naphthalene HPLC-UV HPLC-FLD
True conc. (ng/L) 150.0 3.0
Mean 153.0 3.1
S.D. 74 0.1
MDL 233 0.3
LOQ 163.1 2.0
%RSD 4.8 2.9
%Recovery 102.0 104.2

HPLC—FLDQ] LOQ(2.0 pg/L)¥ HPLC-UV(163.1)E.t}

oF gouf 93 A9E BYtE %RSDE 22 4.8%
(HPLC-UV)$} 2.9%(HPLC-FLD)Z F 7H&7] &5 A%

W (<20%) ol EFE 31, %Recovery= 102%
(HPLC-UV)$} 104.2% (HPLC-FLD)Z A &53(80% <
X < 120%)& HoiF)}.

vzl ek 7hsd Edol7] Wil us.
EPAE Uprghall S8 A7|ES 700 pg/LE ARk
ATHU.S. EPA, 2004). Yitdoz Falzele WA 4|

7oy AariERTE HA 10u]olA 1008) o) e
FES ZhFolof &) W] vzl B9 7-70 pg/
L o377} SA=lojor gt & A5-4%} HPLC-UVS
LOQ= 163.1 pg/LZ F4-st BA59s 254 Kalsitth.
olol] Whall, AlFA #AE HPLC-FLDS LOQE 2 pg/L
ZA AV)ERTE oF 3508 olsl FEAHA] AFEHEAo]
7Fsete] davlEel] Ee EAHAS ERlsaT)

3.3. HPLC-UV & MSD2| TNT £AMZ1}
33.1. TNT Z3< 9|3k Ak

Fig. 3& /A %9 TNT ¥589(1 pg/L, 5pg/L,
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DADY A, Sige254.8 Re=350,100 (0 S ERA. 1§ EWNSALTDEF_LC1 2000-04-15 18-21- 1 1\ENERGYD00009.0)

% HPLC—UV (254 nM) W
005. _“

e e et e N bt

DAD B, Sige230,8 Ret350 100 (DAMS SIS 83 1§ BV NSALTOEF_LC1 2000-04-15 16-21-111ENERGYD00008.0)

021 HPLC—UV (230 nM) B

01~

0“"-'j i riaair i i o R

[} B 0 i 14 1" " o

(a) “m: HPLC—MSD &
ol e b
: L] 3:- 10 12 14 .|rﬂ“ = = 1'5 z in
40 GOO00

y=563.77x-642.48
30 1 R*=0.9999

® HPLC-UV (254nM)
7  HPLC-UV (230nM )
m  HPLC-MSD

y=0.0659x-0.3868

R?=0.999 y 20000
10 1 L
- 10000
M.Oﬁ!x-ﬂ.ﬂas?
(b) . i R*=0.999 o
o 50 100 150 200
Concentration of TNT (ug/L)
o] — e A | —im HPLC-UV (230nM)
R iy HPLC-UV (254nM) s
E 03 —— 25 ppb T — 25ppb
= —— 50 ppb € 034 —Soppb
g W 5 m—v\,w—mj\m_‘p‘
% n ‘WW‘M g UHW‘“—“‘V—»—-’—’V/\W"«
® o0 T et Nl N P e mpd 2 oo ‘m
01 a1
2400 03
2200 :;:: HPLC-MSD — Lo 1 BBILTNT | 4
2000 10 ppb — LCMS
s o] —am o HPLC-MSD g
E 1800 g 5
e 2 .| HPLC-UV (254 nM) -
= e =
g : :
-3 1000 & L @
(c) 800 = . Y S |
o — . . il N p——— /"—.w_-v bty P, .
HPLC-UV (230 nM)
400 - r - v 01 -
10 12 " 1% 18 0 0 12 W 16 " ]

Time (min)

Time {min)

Fig. 3. Comparison of TNT analysis results by HPLC-UV (230 & 254 nM) and HPLC-MSD: (a) the real screening of HPLC
chromatograms, (b) calibration curve (1, 5, 10, 25, 50, 75, 100, and 200 pg/l. TNT standard solutions), and (c) TNT analysis

chromatograms under 50 pg/L.

10 pg/L, 25 pg/L, 50 ug/L, 75 pg/L, 100 pg/L, 200 pg/
L)y HPLC-UV(230 nM®} 254 nM)¢} HPLC-MSDZ &
=3+ Avjolct, Ml 2 25 HIS=8 retention time(16.8
minolA TNTZ} AEE AT (Fig. 3a), T-gHe] Az
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S A3 A} R?=0.999 oo wle- w& A
S RAFk(Fig. 3b). HPLC-UVE] 230 nMellM 3
2l

AL 718715 254 nMollA] SAE Aajrct oF
159 A ZAREIRAC™, HPLC-MSDe] HEHde] 7127



HPLC-FLDS} MSDE o83t |8l & =gzl 2 TNTS] v -4 7k 41

N

o o

£ HPLC-UV AHECH w9 9538 I%E Rt
53] HPLC-UV(230nM} 254 nM) W2 25 ug/L vl
Tkl TNT &5 ST 4 ISy HPLC-MSDE
Lug/l TNT 8% wig- SHgshAl gke] 7Fssiitt

3.3.2. TNTS] MDL%} LOQ AFZ3} Hlal

Table 4= HPLC-UV(230nM$} 254nM)9} HPLC-
MSDel| &3 TNTS] MDL# LOQE ®lwgh Zujolct,
Table 404 Re=nle} o] HPLC-UVSY] MDLS 16.8
pg/L(at 230 nM)°]13L, HPLC-MSDOAE= 0.13 pg/Lo]
Atk LOQY ¢ HPLC-UVE 1175 pg/L(at 230
nM)°]3. HPLC-MSD2] 739 0.88 ug/LZ ZAFE AT
%RSDE Al 271 B A3PH9(<20%) Hell 3= AL
, Y%Recovery™ 98~103%% HE<E(80% < x < 120%)
R}

71Eo0= TNT 244 2 HPLC-UVE o]}
254 nMe] EXTl-S ALE-SItH(Harvey et al., 1990;
Vasilyeva et al., 2002; Halasz et al., 2002; Gaurav et
al.,, 2007). 22 H =W A-EEE <, 2008) 27}
o 230 nM E-2uFEe] MDLo| 254 nMET} 973k A
o7 ARG £ A7A7 9A] 230nM EAuge)
MDL# LOQ#e] 254 nMBTh 282} 14014 94=81A] Lt

Table 4. Comparison of MDL and LOQ of TNT analyzed by

HPLC-UV and MSD (unit : pg/L)
HPLC-UV  HPLC-UV
INT (254 nM) (230 nM) HPLEMSD
True conc.(ug/L) 150.0 100.0 3.00
Mean 147.5 102.8 3.00
S.D. 7.5 53 0.04
MDL 23.7 16.8 0.13
LOQ 165.6 117.5 0.88
%RSD 5.1 5.2 1.3
%Recovery 98.3 102.8 100.0

ERATHTable 4). ©]2]gh o]fi= TNT] ZHEgo] 230
nMollA peak maximaS zt7] wiEo g FTHhEAH
9], 2008).

HPLC-MSDel| 2Jgt TNTS] IAZvRET1382 AlFA A
AlE 2704 HPLC-UVED X &2 7A%E HYo
™ (Fig. 3b), 53] MDL¥} LOQ#:S <F 130814 ¢35}
Ao 7 FAMATHTable 4). HPLC-UVO 9J3F LOQ(at
230 nM)E 117.5 pg/LE U.S. EPA(US. EPA, 2004)°]
Al A= TNT -85 T27KE(20 pg/L)EAk S48}
A F3)53Th. oldll Wlsl], HPLC-MSDS] LOQE 0.88 g/
LZ EPA BV |ERET ¢F 208 B Fo7lA] iy
o] 7ksalaitt. 484 o= A5l 2 -85 Wl TNT &
A& 9JsiAl= HPLC-UVel &g WhHe] A8 E7Fs
alm, AEA AAIE HPLC-MSD o] A8 7Fsgt
AL RIS

3.4. TNT EAMHo| Salt effect H7}

Fig. 4= 100 pg/L TNT <84o|| salts(NaNO;, NaCl,
Na,S0)E FY3k HPLC-UV(230 nM9} 254 nM) 2
HPLC-MSDZ E43l FZrlEa3S HoFa ot
UV-230 nM9] X317 Aol Al NaNO; 557} 5718
FE0.5M o) 7IEMe] 78l TNT Aol das
TACHFig. 4a).

Table 5= 4t (57, 274, A7, QAP <l
=+ ARl o5 RS
o} $Eue} Hi Ak o)L FEE Ca¥'o] 30.6+8.0
mg/L, Mg>°] 7.0+2.0mg/L, NOs©] 182+6.7 mg/L,
SO,7°] 209+17.8 mgLE FAFE A THmodified from
7 A RAE A&, www.gims.go.kr).

Fig. 4014 HEnle} o] UV-230nM 221140
NO;2] 9 7] A1 0.5 MQ21 mg/L) F55 =
A& N0y 9] gl 43 $x]o|th(18 mg/L). TS
o] 27 19 Asl5e] NO;” BisEEs 27.5 mg/LEA]
230 nMol|A] HPLC-UVE ARS8 79 A=ZrfET13)9] 7]

Table 5. Average concentrations of ions in the groundwater near the range of four rivers, Korea (Modified from GiMS,

www.gims.go.kr)

Ca** Na* Mg** NO5y SO* Cr
Nakdong-river range 41.5 25.7 10.7 16.5 473 -
Geekang-river range 28.1 15.7 6.4 27.5 13.8 26.5
Seomjin-river range 22.3 15.6 53 17.3 8.2 16.8
Yeongsan-river range 30.3 17.8 55 11.4 14.4 24.8
Average 30.6 18.7 7.0 18.2 20.9 22.7
S.D. 8.0 4.8 25 6.7 17.8 5.2
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Fig. 4. Results of salt effects (0.01, 0.05, 0.1, 0.5, 1.0, and 1.5 M (a) NaNOj3, (b) NaCl, and (c) Na,SO,) on the analysis of 100 pg/L. TNT

solution by HPLC-UV (254 & 230 nM), and HPLC-MSD.

FAo] Be JEks mH Ao HeIth wabA 230 nM
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(NO5, CI', SO )59 9% §lo] a=rfETe] 7|FA
o] wlg- IS BES HAFUTKFig. 4). 53], NO;y
ol22] Ff| Xk Hit FEHTF oF 3.5819) 63.7 mg/L
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