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ABSTRACT. The simultaneous analysis of 11 semi-volatile organic acid compounds which are listed
as priority pollutants by EPA, were performed by GC/MS-SIM(selected ion monitoring). Two extraction
procedures, sonication extraction and Soxhlet extraction, were studied as an extraction and concentration
method for priority pollutants in soil. Accuracy and precision of the methods were measured by the
calculation of mean recovery, mean relative standard deviation, and method detection limit. Finally, limita-
tions and prospects were discussed.
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Ak 9 2101 & e 4148 &9k Enviro-
nmental Resource Associates #)F'*Cat. No. BSS-
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ol A 4417} 712 ¥ SEM(Scanning Electron Mic-
roscopy)® XRD(X-ray Diffractometry)2 7} 43}
v)mahed Eoko) Aol g A ofS A
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Table 1. GC and GC/MS conditions for the acid prio-
rity pollutants analysis

GC GC/MS
Instrument Hewlett- JEOL JMS-
packed DX 303
5880A
GC conditions
Column PTE-5 PTE-5
capillary capillary
30 m X025 30 mx0.25
mm LD. mm LD,
Carrier gas He, 1 m¥/min  He, 1 mi/min
Type of injection Splitless Splitless
Purge time 30 sec 30sec
Injection volume 1w 1w
Temperature program
Start temperature 40T 40C
Rate 10 /min 10T /min
Final temperature 2980T, 290t ,
10 min hold 10 min hold
Type of detector FID -

Injector temperature  260C
Detector temperature 300C -
MS conditions

Mass range - 35~500 m/z
Scan time - 1sec

Type of ionization - El

Electron energy - 70eV
Source temperature  — 200
Interface temperature — 260C

SupelcoAtZ 6] E9)ste] WEAlo] B Paped A}g-
3hodnt. #7igsle 25 AR5k 242(High Pu-
rity, Merck, Baxter)2 2 o|gdalZ2e}e| = o}AE
7 it g Ahgdleded $2 8002 A1Ld oy
WFEego|ss} oELS WEFl Apgsic)
F2d 39 TEL AANY) Y8 AeEHe 7
A ERACSE, Merck)2 400T oA 44)7+
7hdste] Ag-shair). gk B oFoli 4] A4-E 77|
P EMEAL Table 17} 3},

gy

BEE2Yo = ¥ AHIJMo M. 7 33
T2 RE49, WP FF Lo 2 g4 FFENE
Y552 A2 F Teflon® ¥ Teflon-lined sc-
rew cap®] ZY felHo] o] ~20T & WE Ao
Bslglon, o] S48 Algsr] AH PEAA
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ERE oF 4T 9 W] BaslHy Yo az}
AHg-saiet,

ERn S8, 5009 8Fe] A XFEER
o} P71 EPAE 10g& F& F FELvIQ o}
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(1:1) 49 300m/9} fe] BUE 2~3NE 7lelz

2] thimbleol 34 REEA) Frl™ 2Kz
10g8& H BAF F FE2A57} 4~63/2) ko]
A dge] LxE AUl AU} FEsic)
3R o 10cm ¥0]8) F5gihtage] Sof
e pyrex A& FHAA £ET AAzide 3
P& FE40 502 AT}, ol AR
FEHRL 70C FZo|A rotary evaporatord o4
3ol < 05 ME 247 LOm vA Be}iFo)
&7 F ol EMLAZ 2 elo) = A3l HF
38 10mE HEUch 1.0mY F23Rel 400
pg/mf WH EEEN 10 WE M 32 1 WE
ZIN S zotE 2 /ARG 76 FYstd B43
et

F<EL -y

& FERIS &2 ¥ AHMJH =Y. 4
A3istEst g4 EEEAEE 283 Y EFER
& oIk ¥ JjAazgeleadxs fels

"s 6.a 1l 1314 The17 18
5 1001, ul

15

—

S

|
;__j G NI

e

Fig. 1. GC chromatogram of acid and standard com-
pounds. The name of numbered peaks are given in
the Table 2.
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Fig 2. GC/MS total ion chromatogram and mass spectrum of acid and standard compounds. The name of num-

bered peaks given in the Table 2.
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Table 2. Retention time and quantitation ions for me-
thod analytes

Peak Compound Retention  Quantitation
No. time(min : sec)  ion(m/z)
Internal standards
1) 1.4-dichlorobenzene-d, 6:16 150
2) Naphthalene-ds 9:03 136
3) Acenaphthene-dy 13:28 164
4) Phenathrene-do 17:13 188
Acid surrogates
5 2-fluorophenol 4:15 112
6) Phenol-ds 5:46 99
7 2,4,6-tribromophenol 15:31 330
Acid analytes
8) Phenol 5:47 94
9) 2-chlorophenol 5:56 128
10) 2-nitrophenol 8:15 139
11) 2,4-dimethylphenol 8:27 122
12) 2,4-dichlorophenol 8:48 162
13) 4-chloro-3-methylphenol 10: 40 142
14} 2,4.6-trichlorophenol 11:39 196
15} 2,4-dinitrophenol 13:45 184
16) 4-nitrophenol 14:06 13¢
17) 4.6-dinitro- 15:10 198
2-methylphenol
18) Pentachlorophenol 16: 57 266

7} HgE ALY dgolz PAL A9k WY X
FEA g 7 8420 A4 FE
(C/CH8 BAE dx Y ALA(simple linear
regression analysis)3}ol.e oy, GC/MS-SIM Hhy el
)8 Q0% WEAHY TEPYAFTAAL Fig 30 o
ehgic). Fig 304 BZo] 3352 Fxv|et |
Huje ZAAEE Wslded a7 AT E
oF 4 alom AkA|p{correlation coefficient)s
RE el gl el 099250} & g
vieldich

Z8y F8Y. =43 Fo)F AgstE A
e Az PALEE Z7H49)7] St A)
B 39 FHYEE 5 9 5F3lodof o) T
2 9 $5AE AHA Fellx PAHEA @)
HEo) FE3e 3ot wok webd sled ¥
U e A sl 23 AEYS el
of gttt Eof Fol v|HUN AU F3o BH
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Fig. 3. Calibration curve of 2-nitrophenol standard
compound by GC/MS-SIM.
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Fig. 4. GC chromatogram of blank soil after sonica-
tion extraction.

Z24j0] glonm B AFdAE 33 9 FEAA
o2 283 243} Soxhlet +&4e ¥z A
Espgdct

Control experimentE $15}¢4 blankZ 143} &
J 10ge 233 33y VYA UL
HeoZ 2 53 ¥ 7| HAEEIYZ(Fig HE
A3 A3} 2o} sjo)A oo BFF A7e] 381,
4.16, 4.40, 4.76%-9) &-5-27} AL & T UAY
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2} AIHZE, & IFEAET YR IEF
HEL vk = 7|4 RZZolENZ2 Y3l
3 2o aYyFg DA 8 sk control ex-
periment 4] viehd 4718 B2l gES B
Aol wlal 7} 2] FE& ¢ F ek wpepy 2R3
25 34 Aadeld AARTE ¥4 23
F QoA $ 9 891 givtw Mzt

g EFEALS AA ABdAM HED ¥Fo)
53] it AL A3, BE AR 712|F
ZE Hrlsld Al Q= o BA S
oz BAge} 94 FFEFe AEEAL 4
A1 2.9) method performanceS monitorzl=d] gl.e
22 E QdyoMe 2% 10g3 100~400 pg/mi/2)
AP E EY T8 1o} 200 pg/mie} Al 8-
BE49 1miE Arhskdol 253 FE3ydl e}
A& 59 4 SYE HEE & 558 GC/MS-
SIMeg 2zt AR meo|z gy 23djgon,
olv] atellAl A EEAAFTAA FeAY 34
A Ao Hidste Z AP FEE I B
A A Table 33 22or, 7+ 3PEE9) 3
& 77 6 By dge Aol 13 4
g9 Hyge FHIAE 3MY GC/MS-SIMez
A% gte] mdA el

7} 3139 JEH e GC/MS-SIM ZZvlea
HE Fig 5o Jeldch Table 304 HY2) x5}
St 3% 4 2FEA) H544E 3 2-flue-
rophenol2 75%, phenol-ds= 81%, 2,4.6-tribromo-
phenol2 25%2% HF+-EL 60% S eldt o)
2 BN AN YFe Hedx HAYHoE
Sz 9L Aoz d4Ee Table 304 B
vksh o] A AR HFIHLEL 628%
Jld] phenol& E§3le] 5%¢] 3}§tEwte) 75% o]
4o Gy Y5 YR R PESL
¢ 34EE 2ok 53] 24-dimethylphenole
99 AL 2 AeEe Bck oA 34
¢ APESo] B AL HPESC] Edd F
Ze] @ol =& Aoz YU, £y Je 34
2 ved H3PES] 2 YUxE ey
Method detection limit'%3= 7~8 pg/gs) 3%2] 3
PEL Aestie 1~3pg/g WSl Uk

Soxhlet &, Soxhletx F24<& =9 AR
&, sludge 54 323 #7159 44 712 Ak
g Foll 32 de] o|4H: gk IR
B2 A3l ofst 253 &N} Soxhlet
FEH e FE3pgo] ¢ty SR

AHFEYES] EFER ¥ ojE REEA) A5}

Table 3. Analytical results of acid priority pollutants by GC/MS-SIM method after sonication extraction

Compound Spiked amount Mean recovery’ RSD MDL*
(ug/® (%) (%) (ng/e)
2-fluorophenol 20 75 24 15
Phenol-ds* 20 81 2.8 18
Phenol 10 118 14 0.7
2-chlorophenol 10 90 32 12
2-nitrophenol 10 84 6.2 2.1
2,4-dimethylphenol 10 9 119 04
24-dichlorophenol 10 88 32 R N |
4-chloro-3-methylphenol 10 99 26 1.0
2,4,6-trichlorophenol 10 24 68 0.7
24-dinitrophenol 40 25 20.5 83
4-nitrophenol 40 51 88 7.2
4,6-dinitro-2-methylphenol 40 34 156 86
24,6~ tribromophenol’ 20 25 169 34
Pentachlorophenol 40 15 162 39

“Mean value from six extractions, "Method detection limit is the minitmum concentration that can be measured
with 99% confidence that the concentration is greater than zero®, ‘Surrogate standard.
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Fig. 5. GC/MS-SIM chromatogram of acid standard compounds. The name of numbered peaks are given in

the Table 2.

Table 4. Analytical results of acid priority pollutants by GC/MS-SIM method after Soxhlet extraction

Compound Spiked amount Mean recovery” RSD MDL?
(ng/®) (%) (%) {ug/®)
2-fluorophenol 20 76 4.0 25
Phenol-ds* 20 79 13 0.8
Phenol 10 115 24 11
2-chlorophenol 10 € 2.7 1.0
2-nitrophenol 10 88 34 1.2
2,4-dimethylphenol 10 13 38 0.2
24-dichlorophenol 10 90 2.0 0.7
4-chloro-3-methylphenol 10 123 50 25
2,4,6-trichlorophenol 10 32 1.8 0.2
24-dinitrophenot 40 27 18.7 8.1
4-nitrophenol 40 62 33 33
4,6-dinitro-2-methylphenol 40 40 86 55
2.4,6-tribromophenol’ 20 32 42 11
Pentachlorophenol 40 35 33 19

“Mean value from six extractions, *Method detection limit is the minimum concentration that can be measured
with 99% confidence that the concentration is greater than zero', ‘Surrogate standard.

%l E9kr|Z 2 Soxhlet $27)9 ¥-& F Soxhlet
FE9o) ot AR part B32) ME Fo 7 AgE
AEe 32 5471 ¥ GC/MS-SIMez 7} A
F9) Felz WY& HA3elon, oin] Y &
ZRYTAe Gy RGP 54 9
¥ S sl 2 AR FralE FEkld 4%
A3z Table 49 Zow, 7+ 33859 s5&e
zbzb 6ty yhEa Age] Azlelm 12 432 3
FEL YL Y GC/MS-SIMeZ B

2] g el

3855 BAAntql Table 4904 A&
A Heg 239 254} vl 4L Mol
d) 259 2} 4zt 38 AL 4 £ Uk
£3) 4-chloro-3-methylphenol > 123%9] ¥& 3
T&E Bc). FUxd lo)A5 24-dinitrophe-
nol?] 18.7%% A2’ vpviz] 3(3HEE2 RSD7}
86% olst2 d¥E &7 F&YRd $EE
vJellicl. Method detection limit® 4] th¥-2
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