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Hydrocarbon and 2-Alkylcyclobutanone
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Abstract

Multistep detection was performed to identify irradiated dried anchovy. In thermoluminescence (TL) analysis,
non-irradiated samples represented a lower peak at about 280°C, but irradiated samples showed a higher peak
at around 200°C. The normalization with a re-irradiation step at 1 kGy could verify the identification results.
Electron spin resonance (ESR) spectroscopy for bones separated from irradiated anchovy revealed specific signals
(g=2.002, 1.998) derived from a hydroxyapatite radical, which intensities were in proportion to the irradiation doses
and still detectable even after 6 months of storage at —-20°C. Six kinds of hydrocarbons (HC) were observed in
dried anchovy samples and 1,7-hexadecadiene and 1-hexadecene were only detected in irradiated anchovy at 1
kGy or more. Also among 3 kinds of radiation-induced 2-alkylcyclobutanones (2- ACB) observed, 2—-dodecylcy -
clobutanone and 2-tetradecylcyclobutanone were unique in irradiated anchovy. As a result, the concentration of
radiation-induced HCs and 2-ACBs were dependent on the irradiation dose and detectable after 6 months of
storage. However, TL and ESR analyses were found simpler than the other methods for identification of irradiated

boiled-dried anchovy.
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> ®HE 3 ultrasonic agitator(Branson 3210, Branson Ultra-
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o] -g-8te] g F FHFE 53] Al H st A A5k oY
A Ea = mineralel Folel: #7158 AAFY) 98 so
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7 =} e] A=}~ 39 (electron spin resonance, ESR) #
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gk k-2 R-2] 8} 40°Col| A overnight A& A7 20 mesh®
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. Hydrocarbon % 2-Alkylcyclobutanone?] t}Z=+-4 9

tubeoll #$3213}32 ESR spectrometer{ JES-TE300, Jeol Co.,
Japan)& ©]-8-3t¢] A stodct WA 2] ESR & =71& 4
1 ¥ ® microwave frequency 9.42 GHz, magnetic center field
347£0.5mT, microwave power 10 mW, modulation 100 kHz,
sweep width 30, time constant 0.03 sec, sweep time 0.5 min
o) A0 2 HAste] HirlA F Aol 93] F- =¥ free radical
peaksE #<918}3, ESR signaloll 4] t}El} = peak-to-peak
height S ESR signal intensity & Yelgl.eH | g-values W
AH Z2 e o]t St
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2142 f-2)2] hydrocarbon(HC) 2 2-alkylcyclobutanone
(2-ACB) 413} gedste] Al g Akl 2408 £ 38140 )
4= A7 5 g€ YES X (Whatman, 26 mm X 10 mm)el]
Y2 3 diethyl ether® YA 3 7}3le] Soxhlet FEH 22

o F

16417 358 F 325 7Y 55A4A AwE =531
F2% A2 Metcalf 52 4HH(23)el £33 1 N KOH/

BFsZ 7}8}9] methyl ester3} A 7] t}-& gas
chromatograph(GC)2 £43te}. 2pakaE £l flame
ionization detector7} %3 GC(Varian star 3400 CX, USA)
& AHg-8led 2418k eh Column+- DB-FFAP 122-3232 (30
m, 0.25 mmi.d., 0.25 pm film; J&W Scientific, Folsom, CA)&
A}-8-3}9d 01| carrier gas® AL E ALTIAE AFS-3tgd ol
Injector2} detector®] 2%+ ZHz} 240°Ce} 250°CE sFedr).
Oven <%+ 150°Cell A 28 A x| % 5°C/minl-E 180°C7}A|
S22 A17] T 5E7F A 28 ar, tFA] 8'C/minl & 240°C7HA] &
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Alg28e 23S U HCH 248 CEN(24)dl] £3}
AAsldct Al 29 AupEES 98 W= 100 goll 650°Cell A

54]17F o4k 3133t NaxSOs % n—hexanes H7lsle] ofef ¥l

A3} stk A E21(3400 rpm, 4°C, 20 min)ske] AFS-oH
< #3t % rotary vacuum evaporator& AR&3}e] ok 35°Cel)
A F S E AAS A 2Tt aR 3E G718 E 3EA
7] ¥ Auakg 43}@] Y AAsAA ARRE AMSs )
A2 A] Al-8-%l 2E hexane< 25 HPLCS-(Merck, Ger-
many)< }%3}5‘4 BeES AA] 48 537 flo-

risilell 3% #& #7lste] EHA A F 20 g2 florisil&
Apg3}e] stopcock”} A#E chromatography-£ column(2.3
cm > 20 cm)el] &%13F ¥ X8} 1 gol] internal standard(n-
eicosane, 4 Ug/ml n—hexane) 1 mLE & 7}38F ¥ n-hexane(60
mL)& 7}A 2 3 mL/min %% 2.2 HCF-& #2]slsich e
3} HCH= evaporator® 2 mL7FA] 5538 & A 471 A2 05
mL7HA] 558 5 GC/MSE °]-8-3tef ¥4 3tgich HCR
A ekB2(25)el] A}4H gas chromatograph/mass spectrom-
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eter(GC/MS)+ Hewlett-Packard 6890 Series(HP Co., Wil-
mington, DE, USA)e]glon A 82 o] 23} electron im-
pact ionization(ED) ¥h¥] ¢ 2 sjstgdct GC/MSS] B 242
ionization voltages 70 eV & 3}¢d 1, ion source$} injector
252y 2zt 250°C&E. s}gdv}. Capillary column<- DB-5(30
mXx0.32 mm id., 025 um film thickness; J&W Scientific,
Folsom, CA, USA)E AH-3}9 32, carrier gas+ helium2- A}
43193 2 flow rates= 1.0 mL/min& £ ¥} c} Oven X+
60°Cell 4 25°C/min £ =2 170°C7HA] &A1 3141, ©hA] 2°C/
min& 205°C7HA], 93714 10°C/min =2 270°C7HA] 424
Ao} BAAA g2 uLE F48kg om &7 splitless, 2%
Foll&= split(1:10)2 3t} Total ionization chromato-
gram(TIC)o] &85 7} peake} standard %39 retention
time % mass spectrume H|i3}e] F<elsled 2, internal
standard® AH8-3te] HCH-o AAd=S A zFshdch

2-Alkylcyclobutanone (2-ACB) &4

2-ACBH-9 #4185 $A3F A9 52 Leet Kim®| ¥y
26)ell E3le] A Asldet Az A2 el 23] 100
g AH-3}d n-pentane} 2-propanol(3 : 2, v/v)2] & 4
E o]g3le] %39l o x| A2 hydrocarbon®] A
WEE 4 Wi e 2 Ak B84 34 florisil
30 g& o8-8} stopcock”} A2 chromatography-$- col-
umn(2.3 cm X 20 cm)ell $318F & &8 2PHA R 0.2 goll
internal standard(2-cyclohexylcyclohexanone, 1 ug/n~hex—
ane) 1 mLE & 7}sbe] columnel| 7Fsl v 3 mL/min f-4-2
= 150 mL n-hexane< -§-8] 8}o] 2| A3 ¥ 2% diethyl ether/
n-hexane E3-¢71(98:2, v/v) 120 mL& &2] &v 2 3}o]
2-ACB#-& #-2)8lgc}. o] 22|41+ rotary vacuum evap-
oratorg ©]-8-3te 2 mL7HA| §&3la HartaE o] &3l
02 mL7HA]) F%3% ¥ GC/MSE o] &3te] E4slgic) Alak
£ (27)e)) AL GC/MS £-47] 7] & Hewlett—packard 6390
Series® AHE-3]%1 0.H, Al 59| o] 23}= El ¥ o2 3P3}al
t} Oven &%= 120°Coll A 18 E4F F-# 312 15°C/min =
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2 160°C7HA Ao, thA] 05°C/min SR 175°C7
7], 30°C/min 452 290°C7}A] -2 A7) 2 103%-7F F A1 A A
o} A Bl LE F95t, 7] splitless, 28 Foll&
split(1 : 200 2.2 3t o0 o}& £ 2712 hydrocarbonF-2]
A3 A sl 2-ACBF-5 A o2 £43517] ¢

s} 4] selected ion monitoring(SIM) #HH-& o] 831912, A
A2F& internal standard® A}8-8be] A wEsigo).
ZIEN
HRALA AL A ) 2] 8Hel-g- 9§k B4 8- 33] o] 4} A A
sto] Fagrez vehulgl o At AFfaA B2
SAS(statistical analysis system)(28)ell 2|3} 7 A s}c}.
Z2ar o &

Fud sS4

A 2 o] Thah 7FubAl ZA} o 3 73A] Al FS 9)5ke] -20°C
ol AR =) A5 WAo zRE vus FEsle) o
wksg B Aol ARg-slgdct. TL signal intensity S &3 € 2 3},
RE AmolA vjzAbeh ZARERE peakrt vebte 22

W 2] 9} peak intensity?] o]} HEHdstgdct. vl ZARTR A=
280°C A FellA o) $ & peaks} vhebst o} 1 kGy 0442
zhebAd 2=AF Al gl A= A 2 AL 5ol 9] peak”t oF 200°C
2ol A vrelst o, AR F7tel vt signal inten-
sity7} vl & 2.2 F71E 9 ek(Fig. D). WA 2AH g A
8] A A} 7] 7ke]] o} & TL signal intensity S Bl 2 &l 29, 27|
o ulal oFzke] Zha= galE gl ot -20°CelA 670d A A
Foll = o] A 3] v ZAFFE] peaki 300°C -l A vhebgtar,
ZAFF9] peaki= 200°C SA ol 4] vtebd& o = QS tH(Fig.
1). 0] & Aae vlv|Re] B|7} 715 of 7] 71A] whatad

A F A2 el 9 ul 9l ol (19), £} Al O 2HE] &
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Fig. 1. Glowcurves of minerals from irradiated dried anchovy at different doses.

Left: non—irradiated samples, right: irradiated samples.
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Table 1. TL ratio of minerals separated from dried anchovy during storage at -20°C after gamma irradiation

Storage period TL ratio”

(month) Control 1 kGy 5 kGy

Mathematical fit R’
7 kGy

0 0.03
3 0.02
6 0.02

145 3.20
1.35 279
1.24 251

4.19
373
3.56

Y = 0.6378X - 0.1817
Y = 0.4815X +0.4078
Y = 0.4546X +-0.3551

0.9681
0.9541
0.9559

VIntegrated TL,/ integrated TLe:.

itk 12y o) Ake] TL glow curvez} BFAbA ZAtel] 2] 3
frel=l A=A & A Gt Falshr] 28l A re-irradiation step
o 2§ TL ratio®] #al-& AAsksich
w2} glow curve?] normalizationd 984 TL ratioZ
T-8te] 1 gko] 0.5 o] 3te| ™ vl ZALFE, 1.0 o] Abel ™ HhAlA
ZAtE 7o g Aulslgd oh(18,19). Table 13} 3ho] A Al gko)
Z71d 55 TL ratio®] 3ol E7188 & 4 UK, v ZA-
o} ZAbZEe| TL ratio 3te] & 2ol vheho] xalrel
Bl ZAEE FElo] FRE 4= 9Jglr}. o]+= Khan} Delincée
(29)¢] A Aot A x3hw], & 44 o] 4 & normalizations]]
ol gk uigie] TLE o]-8-3h Whabid &ALE Al 59 HA|4 1
S T £ 5 dddoh A% 7M°ﬂ w}ﬁ TL
ratios

L

o 45}%4.

e
Ay 7] Ad A o] W o] fEEE 7.30%°10 L 1% 3

A F=7.08%, 7 6719 Foll = 6.88%2] 4 1qabE 714l
w1 ALg-ako] BSR ¥4% A A steieh. 1 Al k7ol 4

+= A4 el unspecific central ESR signal& BolEgovt |
kGy o144 ZARFA A= Bl Ao = £ 4= 9l 9l® 2.0029)
19989} g-valued 7}*]+ hydroxyapatite radical f3] 2] &
73 signal(21)-g 28 = AU 2 (Fig. 2), A9 signal in-
tensity = v] )& 0 2 Z7 59l ch(Fig. 3). ¥hAbA 2Ae 7
=] w) &] 2|2} 7} 7} ol w} & ESR signal intensity+= A4 743}

204

Y=232.2X+1617
R=08917

;

;

Intensity
(hydraxyepatite signal intensity/g)
g

Iradiation dose (kGy)

control

5 kGy

7 kGy /

-
ERogw rtanty(su)

340 345 350 355

Magnetic field(mT)

Fig. 2. Typical ESR spectra of irradiated dried anchovy at dif-
ferent doses.

= 7 3e Jehigeh 22l Ak 2AME AEA & 2070

ol 4] 217 6749 Fol = 3oH4l 24FZ A48 radicalo] o}
lom gAl £4L o F %A & ek

A =] 2] BRalal 2 A}l wbE hydrocarbonf 2 2-alkyley -
clobutanone®2 4A& HE37] ¢35t = £ 4=iAl
2| upat 240G Bl 2L A B E Ak o 2 HA 513 tH(Table 2).
A" R e] Zxu} ek 13.75%0]9).27, hydrocarbonf-<}
2-alkylcyclobutanone®-2] 2 A u}4te] = 4 gl A4
F41(24-26)2- palmitic acid7} 24.93% % 7H4 Zo] &-f-=

1T Immediately after treaiment
After 3 months of storage
| IEER After 6 months of storage

b

8

:

Intensity
(hyroxyepatite radical intensitylg)

Iraiciation dose (kGy)

Fig. 3. Changes in ESR signal intensity of irradiated dried anchovy.

Left! irradiation dose, right: storage periods.
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Table 2. Fatty acids compositions of dried anchovy

(unit: % dried fat)

Fatty acid Dried anchovy
Mynistic acid (14:0) 9.3
Palmitic acid (16: 0) 24.9
Stearic acid (18:0) 6.5
Palmitoleic acid (16:1) 114
Oleic acid (18:1) 7.7
Eicosenoic acid (20: 1) 0.3
Linoleic acid (18:2) 1.3
Eicosa.pentaenoic acid (20:5) 8.3
Docosahexaenoic acid (22 :6) 9.0
Unknown'"’ 213
TSFA” 407
TUSFA” 380

"Unknown compound.

N .
_‘)Total saturated fatty acid.
PTotal unsaturated fatty acid.

el 1, oleic acid 7.71%, stearic acid 6.54%, linoleic acid
1.25% S22 vjepydc} 33 EPA 2 DHA+ 8~9%2] &A1
< vehfe] vl & FFold o] AR 2Ald of 2

wshe) 7154 ol %o} 5.

Hydrocarbon &4

WAkl Z24kEl Al 89 hydrocarbon(HC)
Table 33} Zou], BE A FoA] FAFA al:o] EIE -1

IR AR ehialeh £ Aol

##el¥ 4 9Jairt o & 1,7-hexadecadiene

= AZE R koo Aekate] AT %r} 091842 A (+)¢]
2 w4} a8 v YR HCH= Bl 2AFA =

5.9 vl AL A = et

=
A&, ol A 24 Al

= B
EAERE

% 6% HCH
B] ZAR] H

A 5t

m o])l fr

Table 3. Hydrocarbons identified in irradiated dried anchovy
(unit: pg/g dried fat)

stored at -20°C

Storage period Irradiation dose (kGy)

Hydrocarbon

(month) 0 1 5 7
0 020 042 056 216
14:1 3 0.19 0.43 0.51 2.16
6 016 039 047 210
0 769 839 1259 1906
15:0 3 7.70 837 12.44 18.99
6 756 833 1244 1990
0 — 0.68 090 138
16:2 3 - 0.68 08 134
6 - 0.63 083 1.28
0 0.32 0.44 064 1.00
16:1 3 0.33 0.42 065 1.01
6 0.31 0.39 064 097
0 1178 12.06 1830 22.82
17:1 3 11.70 11.89 14.19 22.63
6 11.73 11.90 14.22 2260
0 121.30 12793 20991 251.85
17:0 3 121.33 12790 209.80 251.85
6 121.30 127.90 209.88 251.81

“Not detectable.

] o= HCH7F A Aol A= H &= 9ok o172 Hwang
5(30)9) Ao} fratetel o, ol AA 2] AxEA 2
FE Foll A3t AFds] ARl A dFo2 AyzbEich v
6,9-heptadecadiene(Ci72) % 1,7,10-hexadecatriene(Cigz)°] 2

E A g4 AEHA 92 A& ZAH4E] linoleic acid®]
glako)] wta1 Akslel] ]3] Abwds) 3k 5 9] 7] wFEo g =3F
t} 22} B2l ¥ 1-tetradecene®] 7§ ¥ F v| ZAMF M =
vyt o} 0.84319) ¥ A+ AATAE el
1-hexadecened- #2155 5% ol ielA AFa3A7} 0.9629,
8-heptadecene-> AFZHHA| 71 0.98952 o A] =& A (+)9] A
& vehiglch ojake] Aol vlEANEAA = HEEH A
23 1 kGy olAF ATl A= &= = 1,7-hexadecadi-
ene-d BFAFA Z A} marker 24 AFgo] 715 A0 Ko
o, 1] E v 2A e AR PEE AW 1-tetradecene, 1-
hexadecene @ 8-heptadecene= Alzke] Z71&42 fol4
o2 Z71§e 4 4 ok

2-Alkylcyclobutanone £4

Alze] AR A o8] AR 2-alkyleyclobutanone
(2-ACB)H % oleic acidZ2%E =% 2-(5'-teteradecenyl)
-cyclobutanone(TeCB)7} 714 &2 g3 & B9l on, o] 52
B ZAL o A5 A EE gk (Table 4). ¥ 2-dodecylcy-
clobutanone(DCB) ¢} 2-teradecylcyclobutatone( TCB)+= B %
22 Gepol QA u] AR A = hebA] spsteh. et
Aeko]l 27132 PFE ko] Frsl= A& 8w Ak 24}
o] marker®4] DCB} TCB7} 83 7oz Rojxich
%, DCBE 5%9] %31 FFoll 4] 09814, TCBE 1% &2 +F
4] 099799] F-& A (H)9 ARAAE vhehdglch A3 7k
ol w2 2‘ACB-nr-4 H3He Table 49} ZFo] #7371 7ke] At
of wpe} gFadhs e Bk ol 2-ACBF AHA|7} o v
A 27\ 7 Feo] - vieke|odw, A% 5 of2] 24l
o oo Gepe] 2 Ao DAL of G4 2-ACB
o AE o] vleewa ofd REFA 0] S ojelgol
915 2 marker241 9} &gl vl Fa Hol wolglch. of
2ha] A 2o} whabAl b o5 @ Ey) YAz o)A

Table 4. 2-Alkylcyclobutanones identified in dried anchovy

stored at -20°C (unit: W/g dried fat)
Storage period Irradiation dose (kGy)
5 %
2-ACB (month) 0 5 7 10
0 — 013 0.14 0.26
2-DCB 3 - 0.11 0.13 0.23
6 - 0.07 0.09 0.15
0 0.85 212 2.66 3.45
2-TeCB 3 0.77 2.10 258 34
6 0.70 2.03 2.49 334
0 - 0.08 0.10 0.15
2~-TCB 3 - 0.07 0.08 0.14
6 - 0.04 0.05 0.09

i) 2-Alkylcyclobutanone.
“Not detectable.
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2 ACBE: Al W} S)Edos Frleelch HOst
2-ACBE= A3 6719 Zol| & ueko] ] uL} 73%01 7],:—5}_0:1 o
Y TL ¥ ESR #4& &

R e L E S SUE LS e B R R B ISE:
o2 FaEom, A i s

Mo
re

1. KATI 2000. Korea agricultural trade information homepage.
www.kati.net,

2. Korea Food Industry Association. 2001. Incongruent imported
food. Food & Sanitation News, No. 113, 114, 116 & 117.

3. Kwon JH, Byun MW. 1996. Effects of 7 -irradiation and
subsequent storage on amino acids and ribonucleotides of
boiled anchovies. J Food Sci Nutr 10 16-22.

4, Kwon JH, Byun MW, Kim YH. 1996. Physicochemical quality
of boiled-dried anchovies during post-irradiation period. J
Korean Soc Food Nutr 25 484-490.

5. Han SB, Lee JH, Lee KH. 1973. Non-enzymatic browning
reactions in dried anchovy when stored at different water
activities. Bull Korean Fish Soc 6: 37-42.

6. Chang DS, Choe WK. 1973. Bacteriological studies on market
sea foods. 1. Sanitary indicative bacteria in sun—dried sea
foods. Bull Korean Fish Soc 6. 87-95.

7. Lee KH, Kim CY, You BJ, Jea YG. 1985. Effect of packaging
on the quality stability and shelf-life of dried anchovy. J
Korean Soc Food Nutr 14: 229-234.

8 Jo KS, Kim YM, Kim HK, Kang TS. 1987. Effect of packaging
method on the on the storage stability of boiled-dried an-
chovy. Korean ] Food Sci Technol 19 195-199.

. Hydrocarbon % 2-Alkylcyclobutanone?] thF#4 13

9.

10.

11.

12.

13.

14.

15.

16.

17.

18

19.

21.

22.

23.

24.

Jo KS, Kim YM. 1987. Effect of temperature relative humidity
on the storage stability of boiled-dried anchovy. Korean J
Food Sci Technol 19: 188-194.

Kwon JH, Jung HW, Byun MW, Kim JS. 1995. Effects of
storage temperature and packaging methods on the physi-
cochemical quality of boiled-dried anchovies. J Food Hyg
Sdafety 10: 97-102.

Kwon JH, Byun MW, Warrier AS, Kamat MD, Alur MD, Nair
PM. 1993. Quality changes in irradiated and nonirradiated
boiled-dried anchovies after intercountry transportation and
storage at 25°C. J Food Sci Technol 30: 256-260.

Kwon JH, Byun MW. 1995. Gamma irradiation combined with
improved packaging for preserving and improving the quality
of dried fish (Engraulis encrasi—cholus). Radiat Phys Chem
46 725-729.

Chung HW, Delincee H, Kwon JH. 2002. The application of
different detection methods for irradiated dried anchovy and
shrimp. Radiat Phys Chem 63: 411-414.

Noh JE, Byun MW, Kwon JH. 2002. Quality and thermol-
uminescence properties of 7 -irradiated boiled-dried ancho-
vies during storage. Korean J Food Preserv 9: 19-27.
Kwon JH, Chung HW, Kwon Y]. 2000. Infrastructure of
quarantine procedures for promoting the trade of irradiated
foods. Paper presented at Symposium of The Korean Society
of Postharvest Science and Technology of Agricultural Prod-
ucts on Irradiation Technology for the Safety of Food and
Public Health Industries and Quality Assurance, Daejon, 13
October, p 209-254.

Delincee H. 2002. Analytical methods to identify irradiated
food—a review. Radiat Phys Chem 63. 455-458.

IAEA. 2002. International atomic energy agency homepage.
www.laea.org/icgfi.

European Committee for standard. 1997. Detection of irra-
diated food which silicate minerals can be isolated, Method
by thermoluminescence. English version of DIN EN 1788.
Chung HW. 2000. Characterization of irradiated foods by
thermoluminescence and electron spin resonance measure-
ments for their identification. PhD Dissertation. Kyungpook
National University, Daegu, Korea.

. Schreiber GA, Hoffmann A, Helle N, Bogl KW. 1995. An in-

terlaboratory trial on the identification of irradiated spices,
herbs, and spice-herb mixtures by thermoluminescence anal—
ysis. JAOAC International 78: 83-93.

European Committee for standard. 1996. Detection of irradi-
ated food containing bone-Method by ESR spectroscopy.
English version of DIN EN 1786.

Goodman BA, McPhail DB, Duthie, DML. 1989. Electron spin
resonance spectroscopy of some irradiated food stuffs. J Sci
Food Agric 47: 101-111.

Metcalf LD, Schmitz AA, Pelka JR. 1996. Rapid preparation
of fatty acid esters from lipid for gas chromatographic anal-
ysis. Anal Chem 38: 514-519.

European Committee for Standard. 1996. Detection of irra-
diated food containing fat - Gas chromatographic analysis of
hydrocarbons. English version of DIN EN 1784.

. Kim KS, Kim EA, Lee HJ, Yang JS, Byun MW. 1999. Quan-

titative comparison of radiation-induced hydrocarbons from
irradiated beef, pork and chicken. Korean J Food Sci Technol
31: 301-307.

. Lee HJ, Kim KS. 2001. Analysis of radiolytically produced

hydrocarbons and 2-alkylcyclobutanones from irradiated
pinenut. J Korean Soc Food Sci Nutr 30: 37-42.

. Kim KS, Kim EA, Lee HJ, Yang JS, Byun MW, Kim SM,

Lee MY. 1999. Quantitative comparison of radiation-induced
2-alkylcyclobutanones from irradiated beef and chicken.
Korean ] Food Sci Technol 31: 1495-1502.



14 R A

28. SAS. 2001. SAS Users Guide. version 8.1. Statistical Analysis ination. Radiat Phys Chem 46: 717-720.
System Institute, Cary, NC, USA. 30. Hwang KT, Park JY, Kim CK. 1997. Application of hydro—
29. Khan HM, Delincée H. 1995. Detection of irradiation treat— carbons as markers for detecting post-irradiation of imported
ment of dates using thermolurmnescence of mineral contam-— meats and fish. J Korean Soc Food Sci Nutr 26: 1109-1115,

(20029 129 64 A< 20031 29 83l A=)



