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Abstract — Solvent extraction of pentachlorophenol (PCP) from wood chips of the PCP-treated ammunition box has
been studied using methanol, ethanol and acetonitrile. Experimental variables were chosen as the composition of sol-
vents, the ratio of solvent per dried wood, size of the substance, extraction temperature and sonication applied to the
samples. The average concentration of PCP was 720 ppm and methanol was the most effective for PCP extraction.
Above 99% of PCP were removed from the sample (initial concentration of PCP; 1297 ppm) within 2 h at room tem-
perature by methanol. The minimal ratio of methanol per dried wood chip(v/w) was 10. Type of substances(chip or saw-
dust), extraction temperature and sonication showed little effects on PCP extraction.
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Table 1. Characteristics of the PCP-treated ammunition box

Category #1 #2 Remarks

Lot No. LS-61-28A MA-114-6A 81mm HE M374, 3 Ctg., w/Fuze PD
Total weight of ammunition box 5.88Kg 7.08 Kg

Total weight of lumber 432Kg 520Kg Avg. wt: 4.8 Kg

Size of Box

658(L) x 348(W) x 150(H) mm, thickness of lumber : 17.5 mm

Manufactured in April 1971, USA

3l5kast Hl44H H2S 20065 4%
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Table 2. PCP concentration of the PCP-treated wood
S-1 S-2 S-3
1,297 ppm

820 ppm 518 ppm

Wood samples were prepared by grinding the surface of the wood:
S-1; outer surface(thickness, t=5 mm), S-2; inner surface(t=3 mm) and
S-3; the remained wood(t=9.5 mm).
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Fig. 1. Total ion chromatogram of components in the wood extract
by GC-MS analysis: (a) Dibenzothiophene; 17.44 min, Pentachlo-
rophenol; 18.60 min, (b) Mass spectrum of derivatives of PCP.

Fig. 1> GC-MS?] mass spectra®A] ()= SAXEE WekE=
23} 719-9] total ion chromatogram(DBZ : 1744, PCP : 18 6040
Fig. 1(b)i= PCP2] mass spectrum®|t}, FF-&-Nolli= Fig. 1(a)2} &
o] PCP o]2]of u|ERl¥E tjekst o] EgtE o] glor o] &
Ael] shi-¥l FA 0] F71E 9 PCPY] A 5o ' FHEu B
AL BAZHE] PCP FZ2ENE T4 AT T HAGE

FERRETI] AR 2 995 RIS vheF Bl Al Al
Ao H2]E F9E PCP ini Al e} 85~98% |22
FZEo= PCP ©]2le tri-, tetra- Aol B To| A A
S| HAelA SEF o] U XEo] ol Zlog FgHrh
53] 2 A3oIA Fig. 1(a)sh 2o] ARrpETsde] 9 v+
PCP o]¢le] EAolA FEH FREN B AAE vl AREE =
arabinose, arabinopyranose 5| TFd HZF 31t}

A=Y B4717]2% GC, HPLC, GC-MS ¥ LC-MS7} AR
#rh. GCoF HPLCE WA w5 ARl whe} A2 o= #Als)
A HER w2 PelEded o8 WA 9aE eflehs 497t
org e BAHog GC-MS U LC-MS HHo] 351
ek A Ul v]sre TR disRo] B4 gneA Balso] ¥
2 GC-MSZ A¥slar 9t} Domeo S[161S 215 4 Fo|H
o] 3-8¥ PCP ¥E(71F 0.15 mgke)E =43}7] $l6te] SPME
(solid-phase micro extraction) WS A|IsIATE 1L} H, &
A2 PCP 555 AAsh= BFda) ¥5517] njitel] 5
A2 L A QIuh17]. Selvele] AlE7ee dA) =t

Korean Chem. Eng. Res., Vol. 44, No. 2, April, 2006



230 o1F%

ol w2} HPLCE s ¥438ka 91t &< Hahn 5181
Zo] AlollA PCP o] HeRtAle Aol A

GC-MSZ o]€-3}0] 10-20 ppbe] Fw]Ek 5
¥ PCP 724 gl ARt 7 Hl“éﬁ* A3} PCP zﬂ
9] Zhgo] BEER S 7HE R} 208 F = ko H fEAZke] 7
Snla A *e““éi} PCP =417} obH" sl st Bt o] =
2 =S BT

3. 2u} ¥ oF

3-1. Biof S| PCP TRsE

Bk BEARE ASk= S 9] PCP s et 720 ppm
ojlort FAE FMdshs AR el Wit 520~1297 mg/Kg®
A obA I T2 o] HAfoll AEe] ISittk vl= W 5L HA
#7]1&°] PCP7} 100 mg/KgS ;ﬂé} 8l A71E= ekl
o] 1 ARG AN EE= o] 7S Tl ol Z3stalL Qlet. PCP
el gok RS ohF ARl W] S 19919 v 2
> AR sl =

- B el R e A EE 9 S (RCRA)C

e} A7 wiRsAY S|7kAVelA zbelof ab Azt - JAE
52 715 os} o]ofof gt} 15 #7E v el iy S E

- PCP AH2)® EA)= ok rhi= AEH|okS: 93k Eokixla AR
A9 AT 5 qlot AdrH, v g0 2= AREkA]
sl =X Yol Adatar 5415 8- % AR SAIFITHS).

PCP ¥ v IFA 15 B]-718E S A8 WAl Eieol wh
2} 4F0 7 FHEl o]F A A PCPE 5 wt% ARRaIITh ¢
PJupeks 317 of 7ol wek PepE AIEIoLt 19864 FlokE
&8 B TS Aol [19] ARt A1 F-E5-2 copper-
8-quinoli nolate 0] 1.8% H %= &2 3471 WA PQ 5601t
ofdo] 3% HEE B2 .JM/\] 71 M-GARD W550(zinc naphthenate)
o 2 197 93] B 5 AR AR BEo] @ s T
2 240121 9k A3llE) ) 090 A Bt 1988
62 o) B PCPE A FQlrhar ke

B Ao AR "R Bt ofud 2o R A%, deE
A=A Aol o = glovt Alx & oF 309 o] A= 2
AoME 2715 GrE oA 5wz 7)) oF 1/70 o) Z
Feko M PCP7F 'R 3 5 A7 e v e ok
fee & S’JE} 5= Table 291 72o] o] 9t RTh=
71 oF Lo 3koR] B v ke Ao o
3EAS) FRE QAL RAN SAIE A2
s20) su] o4 PCP7} AHRakict. BAle] Fie A
AN gle] Sl pp7) AS] A ok Al gol
P Ao Bsigiort Q@A) Pop: Halhel o]
ol5ol A FAle] T FERE ol ER ginding?] o7}
$lo] PCP 557t 7Fd & S22 HAE B chipl® THEal olF ¢
w2 o Azslo] olelsh ol A7) Al

o

=
REA

%
I o
r&m

%)

%
2.“:
1o

Hui

3-2. ALZ 20l E F=EET
|| Sl e PCP FZ2EYE vlusl] flsto] Aol =
Al chip 2+0.05 g& ¥ & WghHE, ofghs, o EYEL S 717}
100 mP Y11 AL oz S8 £33 shakerold] HA 4A31 o]

3l5kast Hl44H H2S 20065 4%

~ 100+ — | | L] 1300
g " -
& soq ] 1040 5
O / . e g
— 7 c
s ¥/ 760
g 1/ * g
> 404/ @ 4 520 &
(5]

g ol// g
g 204// W0 || 260 3
@ 1// ~@— EtOH
o A CHCN

0" 1 L} T T T

0 50 100 150 200 250

Extraction time (min)

Fig. 2. Comparison of PCP extractability by 3 solvents (Initial concen-
tration of PCP in the wood chip was 1,297 mg/Kg of dry sample).
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FE 5 2AEE PP #) ERHEON SRk vee S
BolakAl wel, sralo] AL = Qlrk wlekE Bi=3o] v
om] pCP(IA 310 °C)2k uH A7 A4 iz} Gol et Rk o
2} PCPE 315t AR AAslslo] slshal B2 A 1F
3k, Wi SO o R HEAE & 5 Qlrk

2 AN vighe FHATE AAEHA ot WiekeE
TEAE olgslo] fA #HE F glov g wgkE-pCP E5-8-)
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= AL-G g lrkal W) Pal T[S otk SRSt
o AL F ] o= S “JZ]OLL =5 A flste
<7 calcium sulphateS ARESIITE 3R, A%Fe] F=ZElli= PCP
Wk o2} PCPe] Ecwdt A3t T olglel AR AT
22, gmARR=, g, G o] vedg 240l 43‘@01 A
= Ao® Fg et A 1Fslele] migshks o] &

505 g,

3-7. PCP X|2| 2xjje| rje=2
5 % 5Ao) g4 A 713 PCP AP HEA L AT
7158 5mg/l Kg 7AZEAZ Al o} A9 A& 714
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Table 3. PCP removal from the PCP-treated wood chip depending on
the extraction methods(Initial concentration was 1,297 mg/Kg
dried wood chip)

No. of extraction Ei(traction rate of PCP _
Method 1 Method 2

1 1,297 ppm - 1,297 ppm -

2 397 69.4% 40 96.9%
3 225 82.7 6 99.5
4 57 95.6 3 99.8
5 20 98.5 2 99.9
6 13 99.0 0 -

*Method 1: PCP was extracted by methanol from the wood chip(v/w : 20)
for 2 hr and then the solvent was removed. The sample wood
was extracted by the same manner repeatedly for six times.

**Method 2: PCP was extracted as in the Method 1 and then centrifuged.
The wood sample was extracted and centrifuged repeatedly.

= AE] fJ8te] AR chips W3] ekl wvhe-S T8t
o] Z2ellA PCP F57F el AEE 7S w5 wizkA] vt
5 FESI9I

2182 1.0£0.05 g2 chipell WEH-E 20 mlE ¥l 150 rppm2
shakerol|#] 2A|3F FEato] Af5 ] PCP $=E 743 & &5
AA &tk o] AlFel Al HlgkE 20 miE FRI5kAL 2817 9k
FE3ITE o] AL 63] WIS O BA AEE- V|ES ®
Z3H4] SBitt. wheba] oA o R Feke] Ao Hgk
20mbs 9al A7 & F 4599 F5E S4stal 54 Ul
ol ol §4s k3] A|AsH] 218ke] 3,500 rpmellx
A4 FEBIGIT) thA] o] Algel wWEks 20 miE Wil
Hog & 9 eie S AEE Vs U5 wrkA
Eaqlt.

A3 A7 Table 37 o] F& 9 A4l TS 48] o vt
E3hd PCP HAI2] AE Vs 2T & AL 18y F&
F gAE AATL T vleke-S FRIeHs wegE e R
= 63] ol RS V|FEEEE SIS EaIsink. 11 o= il
ghEol gallElo] EA] 1 dloll o] ZIPYEE HolglE
PCP-H¥hE-2] 918N AASIA @faliz PCP] eHiAlA = of
Hrta das et o] AL 2ike] AlZE AMEslo] Ao
= PSR oL FF AGAR D FEYNE
ZA2 ek Azl 2 AZE ATE A& Hev) ek

o &

—_
rot FL-EE
oL T

1A

.8 E

Pentachlorophenol(PCP)E = 2] 2] ¥ gtk Hadxte] HA Al&
ZHE] PCPE §vi5E W oE 3|538I9it). H2d=ke] PCP i+
FEE t7)eE 9ol et 520~1300 ppm 7HA] trekelA 4
Ak EAe) Qg TFsAS e SlEte] ARE Rallsko]
chip?t F3HE WhEo] 358 FE8E 2SSt =% A3 PCP
9] 3% 9 A A= vEkSsolgkeso A EUED o7 F7)
3l om WEhe-S Algato] AR2olA 2A7F &35 A} H| 9%
o) 31T, HA chip 1 g wlgEES] #HA AR F9]= 10 ml
o|em Fuke] - chip Rk FEaIW} vtk SRS O 5
EAI710] 2417 o) Asha F AJoli= ek 2o u); JT B

3l5kast Hl44H H2S 20065 4%

Aol FZo F FIS FH| ko 1.2(50 °C)ollA FE3
Ao 255 vwste] & a3t glor g AR Eo| uf
st} PCP A2 EAE WEre-S 1:209 H[&E 247t 53
T AR slaL o) 43] o wkEEkd EAlo AT Vs
= = QltE 5 & HAEE WekE-PCP -89 vl
2ol 23t SO R vgkES 3lsto] AKXkl PCP 5 %t
FEAE 133} Ao sn Azt o8 W Aded AlAE
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