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Summary

For rapid analysis of AN-nitrosamine and its precursors such as nitrite,
nitrate, dimethylamine(DMA) and trimethylamine(TMA) in fish and shellfish,
simultaneous determination methods of amines, nitrite and nitrate were
modified by gas chromatography(GC) and ion chromatography(IC). Analysis
method of N-nitrosamine in fish were compared with Kawabata et al. and
Hotchkiss et al. methods. Using the modified methods, the contents of
N-nitrosamine and its precursors in 98 samples out of 65 species of fish
and shellfish from domestic market were analyzed.

1. The contents of nitrite and nitrate in squids(lex illecebrosus and Sepiell
maindroni), cod(Gaaus marcrocephalus) and plaice(Paralichthys olivaceus) were
analyzed by IC and ordinary colorimetric method. The degrees of recovery
for nitrite were 89~98.7% by IC and 98.4~103.7% by colorimetric method,
while those for nitrate were 94.1~998% by IC and 67.7~1022% by
colorimetric method. No nitrite was detected in fishes and nitrate was in the
ranges of 0.9~1.2ug/kg by IC, while the contents of nitrite and nitrate by
colorimetric method were not detected(ND) to 0.1zg/kg and 0.3~0.4ug/ke,
respectively. IC method which allowed efficient recoveries could be used to
extract nitrite and nitrate simultaneously and also turned out to be more
simple and accurate than colorimetric method.

2. To develop a rapid analytical method of DMA and TMA in fishes,

Baba et al’s(1978) GC method was modified. DMA and TMA in squids(//fex



iflecebrosus and Sepiell maindroni), cod(Gadus marcrocephalus) and plaice
(Paralichthys olivaceus) were determined by GC method. This method was
compared with colorimetric method. The degrees of recovery for DMA in fish
were 86.8~102.5% by GC and 74.2~94.5% by colorimetric method, while
those for TMA were 93.0~101.1% and 62.9~117.5% by GC and colorimetric
method, respectively. The contents of DMA and TMA in fish by GC were
29.7~3253mg/kg and 145.6~356.0mg/kg, respectively, and those by colori-
metric method were 20.0~251.2mg/kg and 139.1~304.3mg/kg, respectively.
Analysis of DMA and TMA in fishes by GC after the solvent extraction was
more efficient in recovery, simpler and faster than colorimetric method. |

3. N-Nitrosamine in fish were analyzed by the methods of Kawabata et
al’s(1974) and Hotchkiss ef al.s'(1981). The analysis for A-nitrosamine by
Hotchkiss et al’s method was showed more efficient recovery and higher
confidence than Kawabata et al’s .and could be  appropriately applied to
fishes.

4. The contents of N-nitrosamine and its precursors in 98 samples out of
65 species of fish and shellfish from domestic market were determined by
modified methods. The contents of nitrite and nitrate were ND~18.7mg/kg
and ND~79.9mg/kg, respectively. And those of DMA and TMA were ND~
551.4mg/100g and 2.01~525.9mg/100g, respectively. The only AN-Nitrosamine
detected was N-nitrosodimethylamine(NDMA), and its content was ND~ 143.0

ug/kg in analyzed samples.



.M 2

42 AA AATES T4 WRE 5 290l AR w2t AT
& ZA9 #48E g qF 9893 9= AFelt. ol ¥A A
Mgz Adeta uA4HY el Wel AL Yk

$eubeks WTO AAsels AAWEAL7FOECD) 7oz
& 529 ERYUZ AR % 1 4EE FUF) F4E3 A #
J olF F WEE %ol wAIL gow, Fu, BT, At FEE
%3 Ytk BW ofF £2E WA Askel FAUA AEE 33
2 wFe] oi% o) BE, 4Rl o} B2 2} R 2em 9B
o 0% 271 % § % 134 EBAM e 9FAAE ANHTL A
Ueix o fol aAE FARA Qo FEIL YA (GAEAAAL,
1996), olEol @ HAH WA FEI chAA XY S g2 FuE
F% Aol TAHLZ oE Rel 2 $AUL.

AT 199G o F 2u|FS A3 0kg FTLE viF T HUH,
wud 4T F o 5% olFlA FIUIL ASE(E 5, 19%), A
2 %9 el Al Y@ BAY nE2 ol RE Fa7t F7Ex
e Aol 22U WPEY 49017 F2E T, BIW F FWAE
Fo2RH olo3 3t ve ATELRA Ty vsted Fdo) 2o
3 ordAgel wokdsh ol, 1994) A4HA BAE 2AY ol T
=g olFolt 4% WAL N-nitrosamined ols) AFEAE] o
¥l £EH) Ytk o2 st WA BE FhME FUuY A4
Bl wAL J1s] Astd AF Ases THRLHACCP) AEE A



Aste] 9] ol F®T ol AZAN FEHI e BE AF R 1 7t
FE ol27|7tA WFE HHA FABHA 715e ZEI JdoH, ¢
et M= olo] dig ool dFHIL Utk

N-nitrosamine& FAME o]§ Fo| 44" #7t vig 2 &3 SA4
EA2ZAM dAE E& AAdY A4BHE A8t o9 dHE AF AT
olf-g ZzHE AYX A ok Atk dd £ G A
A9 F8S WYEAE FAAME N-nitrosamineo] & FELE= 3
td 2 o) E f293d &3 #oh

AR T SGEF vt GdAo] A FuFe2E QA
of ¢4 F2% 4 Yvke H(Lijinsky, 1987), €A 19 AFEASL ¥
Eol AL FA7] st Y AHH2 A= AFY FAF AF B
HeetA BX¥Ho] k= H(Cassens, 1995 Kawabata ¥, 1979; Maga,

rir

mﬂ’.

1978; Singer9} Lijinsky, 1976a), A4 tii¥-£9 WA A& ojud 54
714 71 Bollut debat g2 JElE o et YEZAoiwe b ¥, 9l
T oAE wg A 9 da T AAY Z B9 && FLAUTE A
4 o £ o] th(Lijinsky, 1984; Lijinsky, 1987).

N-Nitrosamineol & @dide] wax o] F 300F ] @3 N-nitroso
sESo] wAEA o] F N-nitrosamine®] 206%°]i nitrosamide”}
gFozA olge Z7 85%9 92%7t YRFEEAZ AR UG
(Preussmann, 1984a; Walker, 1990). N-Nitrosamine2 A& 31 534
EdolE FHAA BYE oY nitrosamides WAIEAI 3 glo] Zul
2 Ed¥ol £ ¢S ¥ o (Walker, 1990).

N-Nitrosamine®] 1ol Al =% 713 & A4 WP 8Qe2 Y
T F Ut A4 2A AF, 9H, 3ZF, T, A%F 59 AEyA

-4 -



of 9% A% nFUY, AEF, TS, FA, w4 K%, FRAA, ol F
$% 53 2e A9 #3 9 R Solvh WY ade A o2
A, A4 A F Erdol s 4HE obAY, A%Ax ks § adw

o

il

IRF 55 4 2 tH(Preussmann, 1984b). ©]2] gt N-nitrosamine< ©}
NF (AL, A2F, A3F o1l 2 A4F GRF HFE)G ofAAH] A%
uhg-o o3l AAH= Ao ¥wHA L Y (Archer F, 1971; Fiddler F,
1972; Lijinsky$} Singer, 1974; Ishibashi &, 1984).

N-Nitrosamine?] @Al A ENA S ¥X I § s & o, of
ot 2 7B EAA o] SF{ESY @ R A% AAE FHoF 30, o]
g 98iA A& A AR e AER AAFez Jte Edg v
sloF & wigtxz AzZheich

$ ¥ N-nitrosamines] ATEZEL UifE & FF3to 43 F A
7) dE ¥ AN g HxE gaz 3 vk ol& /MY HE
o AAFGH oA 83 dimethylamine(DMA)#  trimethylamine
(TMA)E A0l 3% - 48 # Qe Bz Ao dasditda A
Zt5 At E3, N-nitrosamine ¥£4¥ & A F we o 71X WiEo
2 &5 3 9l oY (Fine, 1975 Hotchkiss &, 1980; Hotchkiss &, 1981; {o]un
&, 1974; Scalan® Reyes, 1985; Sen &, 1981; Sung %, 1991), o F&4
of @el o] &5 & FEi §(197H9 W FEHAY HJY £ FH &
W AME TR F -2 o B dAn A& FHHEA AP F
& woze Ao oy wetn wadt

meiA B dFeae FHdA FE5EHL de 4F i 2 NI FE
o &fso AAY FFRY 7HsAdo]l ¥L N-nitrosaminedt 218 ATEZ
o B A&eA AT F Ae WIS AT A5t J|E9 BAY
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< 7§43l ion chromatography(IC)oll ¢} 3 o} A AAG ] Al&AHF
9, gas chromatography(GC)oll 2]¥ DMAS} TMAS A&EAYH 2 o
Fol HH™slA o]§¥ 4 3l N-nitrosamine FBFYPE AFsA =3
ol MAY WY& AMEEA FUHFE oAHMF 66F 987 Az sty

N-nitrosamine®} 1 AFEAESE £43%d.



0. F Al
1. N-Nitrosamine &4

Magee$t Barness(1956)°l 9314 NDMAS] wgtado] dg g o), A&
ol A} N-nitroso 3329 A4 ALY LA} A e g AT
7t AtHArecher %5, 1982 Lijinsky, 1984; Preussmann, 1984b;
Preussmann$} Eisenbrand, 1984; Ohshimma %, 1982). °]|2 & <3 4
FA ol HFEY FAE R AFE AT A: =& WYPEY LE F
X AcHFine, 1975; Hotchkiss %, 1980; Hotchkiss %, 1981; Scalan3}
Reyes, 1985; Sen %, 1981).

N-Nitrosamined| W@ A7 AFRT oty Guli(Bhide 5, 1981
Brunnemann %, 1985), ##&FFan %, 1977), 9% (Carstegnaro 3,
1981), E<4# di7](Fine %, 1977), A5 2} vj 7|7}~ (Fine %, 1980) ¥ %<
(Bontoyan %, 1979) o2 #FHUR, A WHelxe A4 (Ohshima
T, 1982)0 ol2717A qFstA AFEH U,

N-Nitrosamine ¥4 FF2H 02 Z4F A|l52 FE F&3 AFH
of 8t7] W&l 2t FAvit HAF F4wgo] 87 (Hotchkiss, 1981).
A Fol 4 9] N-nitrosamine ¥4 % A% duty oz AzvteE ety Yo
71Z23te] o] Folx 3 gt HJA FFAHE ©|4% thin-layer chroma-
tography(TLC)H{ & t@3A| ¢t N-nitrosamined] £4-& st g &
AE 23 Ach(Sen &, 1969).

Gas chromatography(GC)®¥& N-nitrosamine ¥4 9] 714 g wy
o024 o2 FF N-nitrosamined] ¥4 ¢ o] &5t} 7]d AL g€ &

HL glass column, stainless steel column, support-coated open tubular



(SCOT) column F°] Uttt #FY FIAE carbowax?t d AHEHR o
o} o]9]o] 15% FFAP, Carbowax 20M-terephtalic acid, Ucon 550-KOH,
OV-101, Chromosorb 101, Chromosorb 103, 10% Carbowax—-20M
Chromosorb WHP %©¢] AM&5 o x] 31 )t (Hotchkiss, 1981).

T Bt Y& N-nitrosamine H&& 3 GCol mass spectrometry
(GC-MS)E <9Z3s9 N-nitrosamine 4%H& /MM AHFazio %,
1971; Telling ¥, 1971). 2&lv} 34 N-nitrosamineg #1317 913
AFEN7IE A8 AFEY FHE dey HE: @A) Adx 33
t}(Hotchkiss, 1981).

Hotchkiss &(1980)& 2F9A N-nitrosamined F&¢ F ol&
GC-thermal energy analyzer(GC-TEA)d| 9l&iA T4, AFso GC-MS
o osA g A, o] AFANAM 1~10ug/ke X9 N-nitrosodime-
thylamine(NDMA)® N-nitrosopropylamine(NPYR)2 ZHAZ3 g}t ol §
YN ENZ A FNA v &9 N-nitrosamined #4383 on, §3] GCZ
w28til TEAZ HZ8¥ 1 ppb i 1 °l3Y F&E71A A Zo] 7h53}
il 3o (Sen F, 1981). TEAS 373 N-nitroso 33}EH} HolF o=
g3t ¥ FEE 7HAY= Aot (Fine, 1975, Hotchkiss, 1981).

3 %A N-nitrosamine FZH& Howard $(1970), ##% $(1974),
Hotchikiss $(1981) ¥ Sung §(1991)o] 2% wHEo] A9 Howard &
(1970)3% Ftm (19749 WHL F2A449] 234 € F3 & A A&
o2 A% AAM frald EAZ Adte] Hotchikiss F(1981)H0] g A&
53 gtk Hotchikiss $(1981)9] Wd& F2 37 FF &M &
Hol f#x3 FAYol vE GCE BNY F don, T3 /Ay 33gE
Rl Ztzte] AARAELE FARA G FEHM A8 FFRY LA

-8 -



N-nitrosamineE¢ #28 ¥ + e o] EAo|th(Hotchikiss %,
1981).

HIde AFEAY d8 $8H1 de xYAFAFEIHR
N-nitrosamine® %39 GC-TEAZ A¥ Fo2A4 F2AAE EFA7)
I FEEES Y ¥ U A A TH(Pensabene F, 1995). & YA A
Y ARERH YR 2E AEA e TR22A, 29ARA
o} F4 Ex vFAY EAS 23 Aad ¢4 229 WUIE YYEA
A F Yoy g7l AMgHE oA E 2YALHRE FA4 A2
gojo] vj& vjgo] RAte FAE 7HAR U

Prokopczyk §(1992)¢] gelist gul AdA ojidzteast d&dS AHE
& 2YAFAFEFILEZ YIEY H#XE N-nitrosamined £ o,
Maxwell §(1993)& co]AbstgtAvrg A3t A AJA 9] N-nitrosamined
A3l 84~104%9 3 F&E ANSH, Pensabene 5(1995)2 o =7
H]d(elastic rubber neting)°lA 96.1~1026%° 3+&E& AUHG. =T
Prokopczyk 5(1995)2 SulelA 8F <] EA N-nitrosamined ¥4 A %3
ek ol9h Zo] 2YARANFE Y& N-nitrosamine F+Fol &3 £vj
F&o gty FExo] UL FEFEC] ¥oW {7180 AHEo] F
o] AgHolet & F YAATN 2YARANFEEANY 27t2 A& B &Y
FEE € 7 U

2. A& &2 N-nitrosamine

A& Fol N-nitrosamine EAe] 3] UL ZA € F71E Ender &
(1964)°] 19579 x24ojolA WY A% Pa Fo 7% MAAAE
AZ1Z 2 4°] Hol€ Ya= @ ol¥9 dimethylamined HEEZ 3

_..9_



7hE of kg o] I kgl oA ¥ NDMAZH 9Q1E2 2 v Ad
AEH ot olF Be A7AE Y3 4F A FolA N-nitrosamined
AT AFA 71 ol HEHX Y+ N-nitrosamine2 NDMA,
N-nitrosodiethylamine(NDEA), N-nitrosopyrrolidine(NPYR) % N-nitroso-
piperidine(NPIP) ¢] o} (Walker, 1990).

HFolA9 NDMA &% SAF F H wojdo] EAF~44us/ke
(Sen, 1979), ¥ wolW e EHAE~13ug/ke(Mavelle F, 1991), SAF(&
AA F )M BHE~T4pe/ke(Song Hu, 1988), £2AAHF& 4%
~84pg/kg(Walker, 1990), EA =52 0.08~0.28ug/kg(Mavelle &, 1991)o} 2}t
dAch oF € 2 MEFE FAAAE PRt 25~39u/ke(Kawabata
F, 1979), FAAF 0.1~4.9u-/ke(Osterdahl, 1988), ol F 7I1FEFNA 4%
~131.548/kg(Song™ Hu, 1988), FAAAEFL EHZEF~-8w/ke(d F,
1994), AAFAME BHE~TTue/ke(F, 1995 & 5, 1990)°l2}t &t A
2% 713 EFAME 9AAML7 BHE~15ue/kg(Kawabata 5, 1979; Song
3 Hu, 1988)°l9, AAFollA B3HE~395mw/ke(H 5, 1984; A, 1997) &
2932 At FAEF R A=oAM £3%~20ug/ke(Preussmann F, 1979
Song® Hu, 1988; Spiegelhalder &, 1980; Walker, 1990), Zv|& Fd = &
A& ~36ug/kgel FrHo] AH(Song# Hu, 1988). WF+= ¥ % ~68ue/ke
(Preussmann %, 1979; Scanlan %, 1990; Sen ¥, 1996; Spiegelhalder %,
1980; Sung %, 1996)°]% 4271914 1.2ug/kg(Osterdahl, 1988) &= Att.

olgtell AN, 7, F3ot R 2IYAME 05ue/kg oldtet HudPo
2 (Osterdahl, 1988), @ujolA EH%E ~85.1pe/kgolgt % tHBrunnemann
s, 1985).

NDEAE F2 SAEFH} dAAMALF A2dn g, 57 wolA 2

_10_



FA dolHde EHE~6.Tu/keMavelle 5, 191; Sen &, 1979), AA|A
9 AFAAN BHE~25ug/kg(Mavelle 5, 1991; Song¥} Hu, 1988; Walker,
1990), A=E B3 E~11wksol2t AL (Walker, 1990), GA Aol
A B21% ~1.1u8/kg(Song¥ Hu, 1988) &= AUt

NPIPE #FAE 2 aA XA EHZE~60ug/kg(Mavelle 5, 1991; Song
% Hu, 1988), ¥dvlold ¥ dFE BHE~097w/kg(Mavelle 5, 1991;
Walker, 1990)¢] &5 o] Uth

NPYRZ & SAFAA BA%E~45m/kg(Preussmann 5, 1979), ¥
FoA 834 2% ~14ug/ke(Mavelle 5, 1991; Song¥ Hu, 1988), £A1A] 2 &
ALA A NN BHE~105ue/kg(Mavelle 5, 1991; Walker, 1990), 571 o]
Aol A 1.7~21.8ug/kg(Sen &, 1979), +HEF R ZvjgolA H#3&E~103
pg/kg(Song3 Hu, 1988) #Fso] Utt. EF JAAMLAA BHEF~32
ug/kg(Kawabata %, 1979; Song™ Hu, 1988), g94&FolFdA EHZ~16
vg/kg(Kawabata &, 1979), 22|32 geujelA £ % ~93.8ug/kg(Brunnemann
S, 1985)0]2 At

3. N-Nitrosamine & F &

AFA 7t @e] wASE N-nitrosamine® NDMA, NDEA, NPYR
# NPIPOl® thi-E 7MgolfFu KAFANA ®o] A4 HTrickerst
Preusmann, 1991). Mavelle $(1991) FXZ2olA 258F <] 4 F3} 53F
¢ &8°l W@ N-nitrosamineg XA A3, o]F 85%7F NDMAo|H o
o, NDMA &% diF#o] 05um/ke 132} 84tk N-Nitrosamine 43 +&
0.25ug/person/dayel L ©]F 7+8 KA Fo| 0.06pg/ks, TAH PAo]FollA
0.052u8/kg, SEEH(53] AT QoA 0.026pe/kg& A8 Yot

-11_



(Cornee, 1992). Tricker$} Preusmann(1991)& A1 =<1 N-nitrosamine®] 1
d AHFS FAE 03uw/ke, AAE 02us/keoln, F8 FE& SFAFx
1043 0.74pe/kgol ¥Idt] 133 = ZAsATI 3FATH Osterdahl(1988)2
249119 19 M N-nitrosamine 43 FL 0.29ug/person/dayol™ &7
g WFEE AFol 9%l AT oy, o]F NDMAY AHH
& 0.12ug/person/dayet 3ttt vd@=<9 NDMA AHZFL 03
ug/person/dayel™ olF WFIt 71%E Ak 3% cHStephany <
Schuller, 1980). =& NDMAE 0.53~0.6ug/day A& dFcia 3}
oo, olF HAEFHR WFIt 81%E AAFTER 3HHGough 5, 1978).
59 ¢ NDMATYE 03~097ug/dayelil F8 IFdL& HUF2 3z,
NPYRS 05pg/day2 F 8 o] X3 dHoldxy AAxg Fdo
(Walker, 1990). =& 2 583 Hcd B9 HH{FLS 05~18
pg/dayol ™, o FAFH WFoA 91% o]F& AAFUR AT Maki F,
1980; Satoho &, 1985).

olAyd 7zt y}rltk N-nitrosamine®] A Fe] o & AL Yeiririe)
AFAY Asan AHge AFo] 927 " olvh. 4FF N-nitrosa-
mine ¥F9 AP FFHA A AA FAWN 2 7)F T/
Fe AHAE Ae, oA dE 53§ EE SdH)E Yot EF=
ZHgst] B F59 9ol Hol AAdeME B F dE FASA
L2 Ueua &S HfdrE 2y Apdojth

4. Y 2| N-nitrosamine
W o] N-nitrosamine®] ™3 Q7+ Magee®t Barness(1956)¢] <] & A
NDMAS] 2dAde] wetAdo] A ¥ oF 20do] AW 1970 th = g o)

_12..



tt. 1 BA] FAFH o2 N-nitrosamineol W Q77 73 @A A8
HAAT FHAAME AAH o2 EA4Fu]e E9lo] Yo dF AFAE
o g3 HFEAE FALE A7t APHUS. AFED F oMF

F AF2ZE AR(HF 2, 1978 A F, 1973), AFY dF € AAF(L
%, 1979; ¥ &, 1981), AHA P L FR(E T, 1975, FFH 4, 1979),
ALF(e], 1982, & 5, 1973, ¥ &, 1976, 4 %, 1973, & &, 1974, &%

o

o], 1974), ZNFH (& &, 1975), HA(Y &, 1973) T2 F=2 off L &
ENEF ¥FE FAG FAGF obANFe B IAFERE FHRS FF
(& %, 1973), FAF(E &, 1973 ° &, 1982), A&H F(¥ 7, 1973 °
%, 1982 9 %, 1973), AA(Y %, 1973) ¥ A9 Epel(Z, 1979) Fol A
=

F ol A N-nitrosamineo] @ d7¢9 WAL A @ AL H T
(1984)¢] Z Aol A ¢] N-nitrosamine Aol g BuzA, ojdi¢ LA
AEFTG FAAF FHY A77F o] Fo] ATk AA ] UHd FEES A
HEW AadadEFS 8, 1985), AXCA A, 1993 A F, 1994), 24|
(4, 1985), AA(A &, 1990), 2AAA(, 1990), FHA L A+ (A,
1995), €A nFA(AF 2, 1993; o, 1994), FARAF(AY F, 1994), +&
o} f(o], 1994; 2, 1991) +& SF/(L, 1991), M4 AHH(A T, 1983), «
gl R FulAdr)(e], 1992), BF(Sung F, 1996) Fol Ut} AT EAW
Mol B34 ol& vF MY & U GC-TEA Fu] £Zo2 Fuyd
Aol dFe AT vstd A HHojA HAolth

wtebA] N-nitrosamined] W@ &9 AAA4& Q489 ol dig 7
€ BHH Ad7E T AFAAYY FHF FARA L o8 BAE A
oz I3 AL AL et o

_13_



5. ofZ &YYol st &

ol AAtd 7} ALY LS methaemoglobinemia A3 A|2F 2L 37 o}l
¥k-8-3te] N-nitrosamined B3 $23% ATFEIA2ZA L7 HHste
HFo  FRHH Atk "ol SIEHEY  HManA, HEFTA,
Clostridium botulinum®} A&AA & st A8 Yty HFHNE
2 go] AgH: g, T 2 AMEE FASE glon, A of
Airgute]l  7tE&el  Abgol FHE&H  Uh(Cassen, 1995, Wolffe}
Wasserman, 1972). o}A4d 38 % Ao 156ppm(7.09g/100b)o} x| v A
AH o2 120ppm HHl™ FAO/WHOONA AT A3dH opAg 9
19 43 3|8 F(acceptable daily intake, ADI) 60kge] A& 7|Fo g2
242t 220mg# 8mge] tHCassen, 1995).

AdE R olAAE e A ZE HFAA HEHD Yed 28 §FL
HAaFolA 2+ 16~9040me/ke ¥ BHE~60me/kgoln, KAFAME &
Zt 19~1295 R 0~9%mg/kg, FF R 2L 7tFFL BT 4~12m/ks, FL
€ 10mg/kg ©j3te] AR FFE Fhstn dou, viyy, Evtg, @7l
¥ 150mg/kg A= AAHE Ffrata Yon, olg9 o} AIHL lmg/ke
olatz} 3t ATHWalker, 1990). £ ofAAF L A, F7, §F € 2 71F
FES ARSAY 2o MR a2 FFe] FrhEHMatsui F, 1984;
Kawabata &, 1979; Walker, 1990).

HES T AA 43 ko] AAEH obFIG HAFTE AHuy,
Zgalo] JEHoz BT 121mge] AAAE HHASE YedH F A
A& 85%, 7HE 0] 5%, F/7F 5%E AA st o) ol AAE L 1.88mge
AFHSt s, MrolA 43%, 7FF KoM 28%, TFHAA 16%2 AT
(Cornee &, 1992). @3Ue] AF228H AAA HIAFS 95mg/dayol o
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Aa7E 90%01 & AR EF opFAHLE ldmg/dayL 2 §7FEE]
65%< AA Wt &t cH(Knight &, 1987). W9 @& =99 Airg s} opd4t
4 AHZFS 47 52mg/day®} 0.7mg/dayclet stHHElen T, 1990). =37
SYlA 68mg/dayet 2.6mg/day, =249 o]lelA 43mg/daySt 1.8mg/day, L]l
Ul S 96mg/day et 0.8mg/dayelzt 3FATHWalker, 1990). Ed ol ditd &
ALY Bl E AZH U=d, 8 opdEidd MIFS 315
mg/day°l®] o] F 95%¢] 30mgol BielA HEHI on, HAFH &4
& T34 15mg/dayeldt 3t HKawabata &, 1979). ¥=1e ofsif
AHF BtgF 9 otALdd S 13.7~25.3ppm ©l18 A THIL, 1979). °]
Ay epefolA ofAAA FFol A UEdE A0S Adde] OF
g AF 5 ALF AFRFS AN 8ol A AL egF opAat
g gFol F7157] dEojtH(Kawabata %, 1979; 3, 1979; Tannenbaum
s, 1976).

AME L AA S4L A9 gloy ol8S dF FR3x Ue HES
AARE o AW P BEY Zgo] o3 ofAiddo]l A= (Leach F,
1987, Tannenbaum¥ Young, 1980), {4 F9 IR F ¥ EGAHAT
of o3 #d=o] ohFAEE APAR o]HF AAPL AaFo P
el A, M4 F7, EF 2 dxF wet g§Fo] |7t e
B, 9%EH, B9 FF, vBY ¥4 T H%H A g8 o §Fe] F
Ztete Aoz deAn Ih(Wolff9h Wasserman, 1972). £3 3}dolr}
2ME AEEch 2 #F 5SS A9HY BACNA AMFES} ¥
75 AG8ATE o] 2A¥GR Y ch(Juhasz, 1980). ©lFel Fiol
M E 3hFol dmgd] AANFE MHHA D Walker, 1990). o} Eo] UA
o HHEAE o Aol A= A o8 ojFAFgez gdd
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et A FeA FAEY Fa FHdLe ALFEA FaFQ AAAF
HARE H3ke Aol Fou, A2 oL EAV He AL 4% oF, 24
o, AR vRY v AL T BHPoz HaFol A4 Fagol
HE wohA L QY. o|9hze] o}Addst AN e F9 #23% EL F
d AzZe EAE 4o itk(Bosch &, 1995).

6. oL AMYH E4

oA L % 4 F(methemoglobinemia)® A 4t4 % (anemic hypoxia)&
T2A A5 2o (Lippsmeyer 5, 1990; Wolff® Wasserman, 1972), #2%
R 37 oiRl# ¥+§3t9 N-nitrosamined AA3e F82F ATEAo|)
ole 27t MAste Y& ¥R Yow, Lol KIFAEY &
174, 47F 3, Costridium botulinum® A{AA 5& st JEHINE
2 ®o] AMEHI g, BF A2 oS ZAV He RS AR oF, 24
7, A4 vEY Ao A 59 BFL PR FAFol FAY Fgol
s EohAlI glo, olEe] UM HAHUES 9 Pl e ATl 9
8 ohdddos gddtte Aot ojgjgo] oA FAPL F¢
B 435S T AL EAE dodn 7] WEol(Bosch 5, 1995;
Cassens, 1995), o}@Atg3 A HZol 2o HEI wyo] a7d
°led AT W BHME Be dF Hurl oy, el ul4
AEY o3 FH3t3 Ut o] WP e AT BE, FAAF AL 2 A
¥ B34 dEe g Aol 27Fga YcH(Lippsmeyer F, 1990).
g2 v el o o}FAAY HFL ¥ FFY o}AAFL FHo=
AME dENE Hgol sheatAul, gt @) g olAAY F ol
e HFol Agsrlde Edstde Al AcHDull@ Hotchkiss,
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1984). =3 A AFES dFF Jt=F YL A3t ANEE opF
Adgor FAAA sulfanilic acidel]l 93t tolx3}e ¥ N-(1-naphthyl)
ethylenediamine-2 chromophore® coupling®. 2 ZAs8lo o}AAG 9 vl g
dd &3t 4 Fo] Fol2 AR Yow(F F, 1972 Ishibashiot
Kawabata, 1982), polyphosphates, ascorbate &3 Z& Wal &2 oo 3
Fulfo] A7 A tHRoss?} Hotchkiss, 1985).

#4371719] wee] w2} HPLC(Leuenberger %, 1980)4+ GC-TEA(Dull
3 Hotchkiss, 1984)& ©]-§3to olAMdd e ZAAE AFshes Wol
MEEo] 2 Y2 FHE e oy, g FF Yol EFsi
obFER FAHE FA 4377 @3 cHLippsmeyer &, 1990).

{2 F718% F7189 ZAe conductivity detector& AM43HE ion
chromatography(IC) ¥4 & ®& AFAE os EARE, %5, &
2}, electrostatic separation®t ZHo|A e W3}l Fo did BE& el ol
FAT, Ao A4d#H tAAYEE HEseddde ool Ay
(Bosch %, 1995 Lippsmeyer 5, 1990). Kim¥ Conca(1990)% ion
exclusion chromatography-electrochemical detection(IEC-ED)2 7}&% €]
oGS B3t FL& I5 &S AUt Busgh a2y o) Fd
T 993, A, JAAd, d4e2 F9 o8 %sZF(Bosch &, 1995
Kim3 Conca, 1990)8°] &4&8 1 g17] Ao, o] WY& o[ &3d o7
AE FHH e ohAAAH FAY FA EAT AFE ofF Fo} B
F fth AEA olFAA T ANGLE F4 FE3 A5 FFwsid o
HE B28A7 A7l HEel] o5& FTAlo FFse WP &o) HA
& a7dd
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7. ol2l{7 &4

8% $GEA2 4elAd = N-nitrosamined ©} 2493 amine <)
oz FAHE 7 A5E Y45E oY amineF o A A B A7
E0°] o]FojA 1 gt} A2H amineS E WEANA E3HA EAdE 3}
FEo] otvxn dFEL A3F amined A4 YRF JFEE F-HE
ZA oA Bt o] DMAE ofAAEY FE3HE 9 NDMA
2 ARE & A AHAHQAD ATFEF2A pH 3494 we&£E7 Ho)
=lo] DMAS FXo] vlalsled NDMAE 4% & o Mirvish, 1970).

DMAE #{o] 7 & HIZd It A Fo] g £x=o o AFAW
% amine T oA % DMAE 53] dgAe] Z¢ NDMAS AFEAZA F
g gt 2@ ojfte FAAFA 2 §Fe] FUgthe AMdo] By
AR RLE AFJA EAASH gon(to §, 1971; Singer 9 Lijinsky,
1976), X1 F& 222 = 4F 59 DMAS %3 FAEo] By o]
ith(Kawamura %, 1971a, b; Tokunaga, 1980). FHAAME o] 1 7}
TE@ADL 2, 1978 4 5, 1994 @ 5, 1973; &3 o], 1974), ALHFA 5,
1990; #, 1995; A &, 1985 ¥ F, 1976, ¥ %, 1973), A} SH(E
S, 1975 4 %, 1988 ¥ A, 1979), AA(R, 1984; A, 1997, &3} o,
1974), + &7 o F(L, 1991 ©], 1994) Fol Wizt Bmr} ek =g o
FE HAZENA 7] AZE F AT DMAZE AlE B F7tste
Aoz ¥HA R YrHSpinelligt Koury, 1979).

A3F amined A#E F v AAE 23 Y7 Wiol oI Aare
& HgEdol M2 ¥ed F gt Aoz Aoy, o A7
o3t pH 3~6elA o}AdA} 2F3A ¥-83o] N-nitrosamineg ¥4
& & gl A2z ¥HAL JYrKEnderdt Che, 1971; Oshima$}
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Kawabata, 1978; Smith®} Leoppky, 1967). #3% amine! TMAOS TMA
€ gaointe #iidold odF EAse AH, A4 &Hd w2} o]t
Ay Fo] 2 FEF oyt g Ao €EAR UtHDyer, 1952;
Tokunaka, 1980). #xX(1970) HAloje] A¢ HEKHT}E &, Wi
o} A% BE{ TMAO #&Fo] otx &3t ol2l@ TMAOE oldH&F
o A% A Fo & Fol EAE Hau AT Euldte #ARL
olg) TMAZ #4953 o]l ttA] DMAR 7] @& TMAOZ} #43}
3 TMASt DMA7Z} Z7FgtcH(Tomioka %, 1974, Amano$t Yamada, 1964;
Tokunaka, 1980). =3 TMAO+= 71l 93 44 E %ol TMA, DMA %
formaldehydeE A4 3cH(LMA, 1968, Tokunaka, 1980). TMAOS d &&=
ol Fo] wz} Aol UXU WK oFUT HY4F ojfJ} BESEG ¥
ggo] 2 & Fo I 2Y, H2IZWH FL heme G Al B
< W w24 389 H(Tokunaka, 1980).

AFelA A27 o2l R A3F okl Y R AFYP B B AT
vt Jou, o8 R ES v FRer AT Ao v 4 FY
& AFY A=E, FaAF AHE R AEEe]l B} wEol AAor &
Mol e ez ¢e#Ax YrHLippsmeyer 5, 1990). HEAH DMA &
AY 2 2 Cu-dithiocarbamate (Kawabata 5, 1973) £ GCol 9%
¥ (Baba &, 1978; Fiddler &, 1991) 5°] 1o¥, TMA ZAYL v 4P F
H(Dyer, 1945; &4 M, 1957)% GC £4¥(Baba %, 1978; Fiddler %,
1992 didHa ok 49 e dFEE &l ¥t DMAY TMA
vhE 22, A7 28k, 288 amined] ¥, & HLA ¥ H|JH
¢4 amineol BFHE 3-¢7F Wrh(Baba §, 1978). GCol A% 3w

amined| #4& A& w9 <<£4, ghosting Y 2L AWF aminedt
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chromatographic B4 F&Ate] FAEF @&l peakd tailing E/4ol
& Folg Wi gItHFiddler 5, 1991). =8 DMAS TMAE d&9 #
EAZ & F GCol g AFste HHS H=7t F3 71EHY] aminedt o]
£ Aol 7w AT AANYrst EFsch o]E o ES KOHY 22
A7l BAE AEA column A A4 & gl AV carrier gas©l
dzUoets HugoZH AA3 M8 F AWK Fiddler F, 1991). 18
4 GCH& 29 AHgd B EAFEC U= E7F38i DMAS
TMAE AR FA B3] 9 Gubdd $doz ogsxn Qg
(Fiddler %, 1991).
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. 3= 3 9
1. N-nitrosamine ¥ 1 M F S22 Z4H
1) Alg2e] =X
Ao dFE RS AAT F, 283 AdAe A & F &
& st Ztzt A AA AAAY, obAAY, ot F R N-nitrosamine?
248 ANEZ A
2) ofH A B AMedol EMY Z|M
(1) A giof 2|5t of P LA AMH FHE
v Yol o3t ofAArH Y AHHFE Ishibashi®t Kawabata(1982)9] 4
of wet Fig. 13 o], 28lx AAFL & F(1972)8) yd w2 &3
vl @ AR 5gol FHSF 100mE 7Hete #E 3 F ARB0T, 15%)°
A F&3td Jt=g 9 ZHA FHAA okFAFe2 FUARAG. o] A
2 §4& Fig. 13 Zo] A% vt AFHLS oFddds A9 EE
£4g B2 343t HF FE7F 47 01, 0.2, 03, 04, 0.6, 0.8ug/mee] =
=2 2A% ¥ EFFEA(Shimadzy, UV-120)2 FJFEE A3 o}
209 R AN #A IS A Fig. 2).
(2) lon-Chromatograph(IC) ol 2| &t of&E &} Aao EAHY
A oA EE Kamm 59 #3(1965), Ishibashi®t Kawabata
(1982), Bosch(1995)¢] ¥ we} Ae E2 FAE 200mM T4
(NazB4O7 * 10H:0)2.2 F &3t °] & 4L 0.22m membrane filter
(Corning Co., USA)Z %% ¥ ICZ 429 A& & 3uAy 243
Hew oldf ICZ L Table 13 #}.
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Sample
<«  50m{, water
«—  5ml, saturated sodium borate solution

Homogenize in a mechanical blender

Heat for 15 min in water bath(807C)

«— 2me, 10.6% potassium ferrocyanide trihydrate solution
«— 2ml, 22.0% zinc acetate solution

Allow to stand at room temperature for 30 min

Make up to 100m¢ with water

Filtrate

Take up 10mé
« 1m¢, diazotized reagent

‘ <« 1mé, coupling reagent
Shake for 1 min

|
Stand for 30min in dark room
«—  bg, sodium chloride
«  50m¢, 20% trichloro acetic acid-benzene

Shake for 1 min

Benzene layer

O.D at 560nm

Fig. 1. Schematic procedures for colorimetric determination of nitrite.
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*
iy .',!"
nitrite

0.8- s o
nitrate r
0 T T .
0 0.2 04 0.6 0.8

Conc.(ug/ml) of Nitrite and Nitrate

Fig. 2. Calibration curve for determination of nitrite and nitrate
by colorimetry.
Correlation coefficient : nitrite, 0.9998; nitrate, 0.9999

Table 1. Conditions of ion chromatograph for nitrite and nitrate in fish

lon Chromatograph
Column
Detector

Eluent

Suppressor regenerant

Flow rate

Sample Injection

DIONEX - 100

lonPac AS4A-SC 4mm
Conductivity detector

1.5mM NaxCOs / 2.5mM NaHCOs
25mN HaSO4

1.7mé/min, Nz

254
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3) DMA ¥ TMAS &4

(1) BlA{ o] 2|t DMA=| HE

Kawabata %5(1973)°] 93] 7l3€ Cu-dithiocarbamate®oll oz} u] 4
A Ak F, EF v AE 10gE 100m¢ BEZefx30] ¥ FF/
F 75mE 7hste) #A 8 o 1587 A 7)o 20% Adsx
Ab g 10mE 7HE D FRHTE 1002 THEo] 1583 WA F o3
(Toyo, No. 5A)8te} A& &40z Yt 7] &9 5mLE 50m £42
Hl7)ol A& ¥ 5% CS;-chloroform &<} 10m¢, 40% FABYEF-¢=Y
oF &4(1:1, v/v) 02 E AAZ 7t8te EF dg FAYF IvE 7hsky
183 AdsA A 9719 30% 24 £4 1mE 7t8ta 23 A
g3te] ojo] FEld WA A L HFFE AGE At oF 05¢
o] R FAYEEFS st 5T F 43Bnmmeld FREE FAFACL
HEAL 24 g4l 50% DMA €4 2mE 0.IN @4t =9 1000m 2
reol BF AQ1000m/ke) 2 AL, o] & thAl 10wt Azt 4% A
Atz oo X 100mE 3t EE &4 (100ue/ke) 22 3. ol &
1, 2, 3, 4, 5pg/me] FEE xAstd 74z 5mME Hato 71 & AA
€ AA F3x9 DMA BAFAE ZAHsAHFig 3). &S AR
#F 44(10ppm) IME ¥ A YA @2 A& 47 ¥y w2 32
g e Az

(2) 4ol 2fFt TMAS HZ
Dyer ¥(1945)& 7H&¢ &} Mo YU 1957)e el =z} vy
AFsAt. 5, £ A A8 5gE 4% HEEEA Loz FE3n



ol <} 5mtE AFH Hdd 7] 10% L22Y 1k, EFA
e ¥
ColRE R 5E ol AAY F AFE KV
ot Alddd &4 g3 oA S
AFAe F29d Al 30% TMA £ 333mE 4% 493tz

2 3o BEF £4(1000pe/m)2 2 g o, oAE
100ps/mee] =2 ZAS z2tZt omé et 7|9 2L FAH L AH
%33 k=7 (Shimadzu, UV-120D)& A83te] E3=9} TMA &4 FAS
d3tAHFig. 3). &L AE EF £9 10ppmE ¥ APy ¥X
< A& 479 W ae Ao AEs .

T T T T T T

T 6lo Y 80

Concentration{ug/ml) of amines

100

Fig. 3. Calibration curve for DMA and TMA by colorimetry.
Correlation coefficient : DMA 0.9999; TMA, 0.9998.
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(3) GCol <2/ &t DMAR} TMA HakH o M

(O Baba &§(1978)2] Wdol 2|5t &4

Alg 5gg& 200m¢ AzEetxAd] HIAM FHRT 100ME 7 1A
X BHIEAIIL o] ¥AT F A FHEHTh o] dfo] IN HCl 20me
& 91 FFTFE 713 200m2 REUT o]RE 80T F&/AgdA AT
F%712 ¢d38 gEAR A7) IN FARLE-o|lAZZHYE §
10 E 71t 83X oS A3t GCE Alg2 3T AFHe
DMA ¥ TMA ¥F §948 o]2Z2WYFd =4 4z JF =7} 1, 5
10, 20pg/mee] HEE AT F AY GCo FUAA ¥z WAHH DMA
2 TMA Fx39 @A F4E& FAAHFig 4). &S AR 5g°
DMA ® TMA &9 XHF ¥x7 5 10ppmo] HEF HIME A &T9%
HIH7ETE 4719 28 HRlez Aty 3F& S &30 od GC
o] ¥4 ZZL& Table 29 24},

Table 2. Conditions for GC analysis of DMA and TMA

GC Type PYE UNICAM series 304 chromatograph
Column ®3mm X 2m glass column

Packing material Chromosorb 103 (60~80mesh)

Column temp. 130C

Injection temp. 180T

Detector and temp. FID, 250C

Flow rate Nitrogen :  40mé/min, Hydrogen : 40mé/min
and Air : 200m¢/min
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0.41

Peak area(millions)

0.2

T

0 5 10 15 20

Concentration(mg/kg) of amines

Fig. 4. Calibration curve for DMA and TMA by Baba et al.’s
method. Correlation coefficient : DMA, 0.9993; TMA, 0.9996.

@ Baba(1978)e] gt JH M

Baba 5(1978)9] GColl 2% DMA % TMA ¥4 uj44g gy n
g ztAstY o] WY JA| AR FFo| BE Aol A8dthE @HE 2
37 el Alg FEAA X472 A&stn WA 248 5 gl
o] a7d A 7R HF FF 8uid oiax=d 4
Wg AMEE ARE FEEFAC

i

2

=2

3) N-Nitrosaminee =2

Hotchkiss & (1981)8] WR(Fig. 5) #m 5(1974)9 H(Fig. 6)o o
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gt NEE 28 §F GC-TEAE ©|43lo Table 37 2L 2oz AHF
At =¥ AJ89] N-nitrosamine$l NDMA, NDEA % N-nitrosopro-
pylamine(NDPA)& &7} 05, 1, 2, 3, Sug/me7t 122 ZA 8t FFH S
ALY oW (Fig. 1), &L Azl ztzt 05, 1, 5ug/mE H7bstd 4
719} ez & I HFes AEIUG

Put a small dab of anti-foamer inside each of 3-neck flask

Blend samplel(or mince sample with scissors)
Mix 2004/ of l2.5M sodium azide with 25¢ sample and place in 3-neck flask
Add 25m/ of 20% ammonium sulfate solution, pH 1~1.5
Add 1m/ spikilng solution(e.g. NDPA as internal standard)
!

Collect 125m¢ distillate in a 250mé erlenmeyer flask on ice
(This takes ca. 150m¢)
Add 40g soditm chloride to distillate and dissolve
Extract distillate with 40m¢ of dichloromethane(three times)
Boil off the eitract at a rate of ca. 1~1.5m¢/min(K-D assembly)
Concentrate tte extract to 1.0m¢ or 0.5m¢, under a gentle stream of nitrogen
!

Transfer to a crimp-top vial and store in freezer

Fig. 5. Procedure for extraction of volatile N-nitrosamine by
Hotchkiss et al.'s method.



Sample
« bBg, potassium carbonate

« 200m¢, dichloromethane

Homogenize for 40 min

Centrifuge at 3000 rpm for 10 min

|
| |

dichloromethane layer Residue
’ < 100m¢, dichloromethane
Centrifuge
«— dichloromethane layer Residue
l < 100m¢, dichloromethane
Centrifuge
« dichloromethane layer Residue
(discard)
Concentrate in vacuum to ca. 20m{ (water bath, 40T)
<« 20g, barium hydroxide
« 20g, sodium chloride
« 100m¢, distiiled water
Steam distillation (ca. 150m¢)
dichloromethane extraction
I « sodium sulfate
Concentration with Kuderna-Danish (ca. 2m¢) GC-TEA

Fig. 6. Procedure for extraction of volatile N-nitrosamine by
Kawabata et al.’s method.
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Table 3. GC-TEA conditions for analysis of N-nitrosamine

ltems Conditions

GC, Hewlett-Packard Model 5830 A

Insrument TEA, Thermo Electron Corp., Model 543
Column 10ft x 2mm i.d. glass column
Packing material 10% Carbowax 20M/80~ 100 chromosorb WHP
Flow rate & carrier gas He, 20mé/min
Oven temp. 140~1707TC, at 5C/min
Injection temp. 180C
Pyrolizer temp. 550C
Interface temp. 200C
Analyzer pressure 1.9torr
Chart speed 0.5 cm/min
7

@ NDMA == NDEA =%=' NDPA

Peak hight

Concentration(mg/kg) of N-nitrosamine

Fig. 7. Calibration curve for NDMA, NDEA and NDPA by GC-TEA
Correlation coefficient: NDMA 0.9873; NDEA 9987; NDPA 9980
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2. = 78 ol FF N-nitrosamine &4
1) Az 9 Alg xH
FW FrE ofF 65%F 98W ) A EE 19969 5YF-¥ 1997d 89 Alo]d]
TS BA R B7HARER WFE AAT F A golA HAZ, O
g3 Ax Alge @43 oA ¢33 AD F ALY, obANd, A2, A
33otYd 2 N-nitrosamined ¥4 A|E2 33}
2) ol &R HMYH Y
Oh $(1996)9] w3l w2} ion chromatograph ¥ 2.2 A st
3) DMA & TMAS| HZF
Baba®] “WH(1978)& 7Nt A Fsiao
4) N-Nitrosamine2| X2
Hotchkiss &(1981)¢] el o #F7] FHFYLE F2d¢ ¥
GC-TEAZ A%t
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v. Z3 3! o0&

1. N-Nitrosamine ¥ 1 37239 ZAY

1) otZ M a} AWM FAHo W

(1) F& 2of M

o] FollA oldaddy A4YE Kamm $9 ¥H(1965) wet 82, 1
2] 3L Ishibashi®} Kawabata(1982), Bosch(1995)2] H#¥ol wt2} 200mM %At
A(NaBOr - 10H:0) §4o2 #%% ¥ ICE ol8stq £ BAsUe
W, A8 IC Z2vEIRE Fig. 84 YeElNAT. Fig. 8¢ B(o]3 8BE
#E7DAA B uieh o] B2 FFHUS W olAAAGBB-2)Y ALY
(8B-3)2 F& Ees& HAY AAHo=Z oJ{fE BEZ FE3IUE o ¢}
AR AAAY A 28 BA4o] Moy FAGeR 2% S
& 337} base line Wo2 Wiz ®ut o}y2H(8C) o}AAE(8C-2)9
AZ7F ool FAA% FAAN F2EH7| Wi olAAAY A= BA
7F dE Aoz wdd

N ARz FAPD ICH 3 obAAd ¥ AdGe BYe ¥
A fdHogE B2 F&8E 3o ntEAsd: 28L& dUY.

(@) CI'a POl g

ofole ohAAYT AAY FAL WA ot A oL gL
sl 240l thF Gf5o) A7) WE ICH o] ohyAAT A
B A4S ol o2y Bl Watel 28 HAY ¥ £ Uk
% oldygde d4 ojed AMAL AN oleH A9 W retention
time(RT)& Z7] dFol(Fig. 9), IC L 2vlEIFA A o] EAIe B

o
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» |
1
—_—

__,J J |

I 2 3 4 & | 2 3 4 5 | 2 3 45
Time(min) Time(min) Time(min)
A) B) C)

Fig. 8. IC chromatograms of nitrite and nitrate in fish with

different extracting soluton.

A), Standard solution(10.&/m¢); B), extracted water; C), extracted 20mM sodium borax
1,CI; 2,NO2 ; 3,NOy ; 4, POy ; 5 SO



4 5
[ ] {
4
2
5 2
3 2 3
1 |
eI JJL. UL J\J LN

| 2 3 4 {l 22Ul 35 & 15 I 2 3 4 5
Time(min) Time(min) Time(min)

A) B) C)

Fig. 9. IC chromatograms of nitrite and nitrate with and without

Ag2SOs in fish.
A), Standard solution(102&/m); B), without Ag.SOs; C), with Ag2SO,
1,ClI; 2,NO; : 3,NO; : 4, PO : 5, SO«



25 TAE sHAstoor 471EAY EAo] 7H5 3ttt Lippsmeyer & (1990)
of ostd A Zol o] &HI Yt AOCACH 7HEHFT Y otAUNAE F&
& 7% ascorbic acid, erythorbic acid$} #& Wa|Edo] A7l Hx, &
A Fo gaolgo] Fo] EAY Afole obAA ol AL o9 Y
o] oAt sttt ol d olff WEe 1E FaoleE HA, AAY
Fgor 298 Aztstgd 2y oFE HF Fo HE, 3 A F
9] Fol2 EANd W& Fvde HI7 UtH(Lippsmeyer &, 1990).
Posner®} Scholffman(1986)& CI” % PO, & AA3t7] 9138 Ag.SO.& A&
gt F& aRE AAG dEA oF F A A oL AA
3t Ag:SOs& A3t en, olel g IC 2=2vEadE Fig. 99 1
EFUATH AgeSO.& A7 A4 Aol Aitol&o] AAH A8&
IC2 F987 FHA9 o7 zFe] FHAgow, otAMAOC-2)F A4Q
(9C-3)9] &%l vl BHHoIATt. a2y FLol&E AgSO, H7M2
Ao AMAE vhdo] Qitol e FFF FEH U] WEA Aakol o] B
S 2AEE ALY AP AgSO.2 d H7F ¥ Fovh AAHY, O F
A7t BAakol o] 712 Aste BFF ALRT) AojA 3, ¥ <
Azt B& Azte] 2857 Wi AL FA Foirt € $27 A+

(3) Eluent =4o] ot MY AMY Fo|sol o[xls A8

olA T AAAE #e - FHde Ar 48 AuIt o]g £
of @] A}, ol EAE ANAFL EE ofAMAT ALHEE FA
2 - B4  de FFH 999 =A4uE F7] A% Table 4% 2
o] NaCO3;# NaHCOs; =& HA3A A3} oA dd} AIEE £
2 A3 Fig. 107 Zo] & 4 AU
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Fig. 10. IC chromatograms of nitrite and nitrate by eluent

composition.
A), 1.8mM Na;CO; : 1.7mM NaHCO; ; B), 2.5mM Na;COs : 1.5mM NaHCOs

C), 1.5mM Na.COs; : 2.5mM NaHCOs;
1,CIy 2,NO2 ; 3,NOs ; 4, PO ; 5, SO+



Table 49 Fig. 1014 B wie} o], Al Fo]& EAMo] Al g=E
42l 2449 1.8mM Na:COs% 1.7mM NaHCOs(A eluent) 2 3H51& ),
NOz ©o] PO, el Bzt FA gof AAAd £4o AHEE &+ ddd
(Fig. 10A). =2}M NOs ¢ PO, %9 #&& A8 &89 24E& 25mM
Na:CO33% 1.5mM NaHCOs(B eluent)2 @e|3te #4138 A} ofAd 3
Axde Bt vind F3sch(Fig. 10B). 28y NOs 3% PO, ¥ a7}
Ads glol BT e Reg A8 $2d 2AHE 15mM NalLOs%
25mM NaHCOs(C eluent)2 @l3to] ofdAids AdAE £ - #4%
A%, olg A Wi E2 HIB vt 0L AFFH|UAHFig.
100). o2l gdzAeA otAAdH AL E FAld £24E & AN
o, B¢ & e 2 7 UJT otHAE FAZY e 49
g 2E S9N 53 0y, NG A9 B §89 g AHgEE A%
o Uit o239 2 ARV FA RI}UoU Co & ALEAlAE
=27t FEAG wA ohALEH FAEE FAC EE - 24 F
Ae HH gelde 4L 15mM NaCOs% 25mM NaHCOsgbes ZE&
dArct.

Table 4. Effect of peak isolation by the composition of sodium carbonate
and sodium bicarbonate

Composition Effect of peak isolation
Eluent
Sodium Sodium L )
carbonate bicarbonate Nitrite Nitrate
A 1 8M 1 7M Excellent Fused between nitrate and
phosphate
8 25M 15M Excellent qud, but fused between
nitrate and phosphate
C 1.5M 2.5M Excellent  Excellent

_37._



oleldt AHZ Y Fig. 113 o] 43 HYS AAT + ddey, A
FAL obdAEH AuAdE & &WR o #7415 10, 15, 20ue/nl

=

Lo

|Ag AT ¥ 0.22um microfilter2 Q#3t3 AA ICo] FUstY
A A HFig. 12). olw olAAG ANY ATMeo A#AA4LE 4z
0.9991 3 0.9983°] 21 t}.

Sample
“« 60ms, distilled water
Homogenize in a mechanical blender

Heat for 15 min in 80°C water bath
— 15mM Ag.SOs 10mé
Make up to 100m¢ with distilled water

Centrifuge, 5000rpm, 15min

Filtration, 0.22¢m microfilter

I.C. analyzer

Fig. 11. Schematic procedures for determination of nitrite
and nitrate by lon Chromatograph.
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Fig. 12. Calibration curve for nitrite and nitrate by ion

chromatography.
Correlation coefficient : nitrite, 0.9991; nitrate, 0.9983

2) v ICH o] Bl
(1) oA &t AMH 5+
AlgolA otdY AAEE FESE AS BH3e= EFY FEHE
AEY F#E9F & A7 fAst] AFA R diAFE 239, AT
R HAE g ez o B dig F&S AL JFE2 A%
of oA A HF $57} 10ppm3 20ppmo] HEEZ S F,
obdAd R AAE & Wl w2}t FE3ta] WAHIITS AP obEA
3 A FFE vgAFEY 2 IC AFHLE FAHSFAG. v FY
7 IC E49el 9% o]E9 2 4&L2 Table 59 #oh.
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Table 5. Recovery percentage(%) of nitrite and nitrate in fishes by IC and
colorimetric methods"”

Ic? Colorimetery®
Samples
Nitrite Nitrate Nitrite Nitrate

Squid(cheju) 98.7(2.73) 94.1(2.27) 103.7(2.92) 67.7(4.36)
Squid(atlantic) 97.2(2.67) 94.6(2.38) 98.4(3.43) 102.2(3.12)
Cod 98.6(2.35) 99.8(2.70) 99.8(2.86) 69.5(3.93)
Plaice 89.0(3.95) 94.8(3.46) 98.5(3.04) 73.7(4.32)
Detection limit 10.0 100 10,0 0.0

(u8/kg) ' ' ' '
" Mean of triplicate experiments; 2 add 10mg/kg of std. soln.
¥ add 0.5mg/kg of std. soln; (), Standard deviation

olfF F obFiddH ANAY HF &S ICHoE #AF A, 77 89
~08.7%2 94.1~99.8%°lA 1, vl HAME ZHzF 984~103.7%% 67.7~
102.2% 1At} oA AY &S AR 4 Eo ICHA 9
e ANFE ZE ARAAM A8 W% ojFezA F WY EF ¢
F3 AHE AT FAYL ICHE AHE3 ZE AEANA 94% ooz
2 IFES YA ou v dA g 2AE Adstie oF
70%9] 34&-& B ICH vgte] FF&o] FF3] Lyt ol A
T YoM AAEE FEI}E B 57T AY FAHE AA] Gl
AR F EHol WS uH ICHE FE Ao ofANA FAEL F
Aol F&ste] 8 - 24 & g7l Wil Azdnt. &9 ICHel o
obdtd AAd e AFEF FAE 10ws/keolA o, vl HaA A= 22t 100
pe/kg 3 20.0u8/kg ©1 ATk,
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ol’gel A2 HE IC WYL oKl FHHE b  HAUNAE FHL
Azkell A A 5 den, 72 st A Fo] FHsAT. ool u] 3
v B4 AIte] A @t opyet o5 F BHEE FA FIFsE A

o] &7} st

(2) ol 79 ofHAHD HMH B

MAE ICHe 28 Heg walunA, ATy gt Ao, di
2 PAZ FE 7|EY uagBFYH ICHE AHEEtd 3%, BAd s
Table 6, °ld o] HEAQJ AZvEIHL Fig 139 Zth Table 6914 B
T vke} o] 7] AlRolA olARPL ICH T vl dY RN BHF)
A vlFoz HAEHAG ey AAG L ICHAAME 0.89~1.23mg/ke, Y]
Ao A e 03~042me/kg 224, AlPE EE AROA ICYHS AHEE 3%
7 2% O o] gted o2 A F wydAg 3 F&atold 7]
A%k Aoz Har

Table 6. The contents of nitrite and nitrate in fishes by ion chromatographic
and colorimetric methods

(mg/ks)
Contents
Sample | C Colorimetry
Nitrite Nitrate Nitrite Nitrate
Squid(cheju) ND’ 0.89 0.02 0.37
Squid(atlantic) ND 0.93 0.08 0.42
Cod ND 1.08 ND 0.33
Plaice ND 1.23 ND 0.30

" ND, not detected
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Fig. 13. IC chromatograms of nitrite and nitrate in fish(Squid)
A), Standard solution(10xg/m); B), fish
1, NO2; 2, NOs’; 3, POs; 4, SO
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AR IC BARE olgete] ofF F olaNgR ANAL A
@ As, MARFRE F2 Ao Bustm, ;ke WA Ak Fay

st 2AL AMEALY] dEel 984S EACE A& R ohYe, opHAtd

B NS 77t BAseok 7] Wl AU it B3, E ARFEe
B ol N4EE FA GATh ol wHe] IC EHWS FF 47
of westel A4 Y AW, Y5 AU ELe BE opAA

A3t AR S FA BN g 3le e = 7 U

ool Az FAAG IC ¥ opARd R ALE EHE V€Y
A arye] wls) HER AEEA E2HE £ A7) W] ojHFeS o
Bo] g2 oy Fex go| H&Ht dddn

3) Dimethylamine(DMA)2 Trimethylamine(TMA) &4 82| 7§
(1) Baba(1978) S2f @ 7HH
O Az F&2 9Y
A8 5g& 100m¢ HlojAol o 50mo) o]AXZIUILE /b3t 10
3t #ASEe 3083 WAL A7 G olAZ2EEALEE 7Y
100m¢ 2 e o] AL AHA(Toyo, No 5A)Z 43 ¥ GCEAHE Al
22 39t HEAHS DMA € TMA EF848 olaZXzddagd =
o z}z} 1, 5, 10, 20, 50, 100pg/mee] ¥=7 =2 ZAF & GC F¢
3t wxot Hadd BAFAE FAAUANFig. 14). £ A8 5g°l F
% %7t 5 % 10ppm°] =% DMA ¥ TMA EF9 H7h7¢ v @7+
g 471s ol & - AF3NA Y5 &L AEIIAG
@ Baba'yzte| ujw

Baba 59 %3(1978)7 iz $ied g di+eA DMA ¥ TMA
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Peak area

Concentration{ug/ml) of amines

Fig. 14. Calibration curve for DMA and TMA by GC.
Correlation coefficient : DMA, 0.9998; TMA, 0.9996.

g 3239 GCE 2@ Z2vtEIY L Fig 159 163 2} Fig. 1590
Al B 6ie} o] Baba 9 EAWMS AR FEA 9% FASLES
AHg817) sl base lineol B A dERoY oATzIATLTO
2 FEUE de HE A2 EOIRE B AT (Fig. 16).

T Wi zte] DMAS TMA 23 x9 ztol& Ayuy] sy, s
o] tist) DMAS} TMAE 5 10mw/mt HEZ H7 & o8& &3
e FFE A4EE ZAE Table 79 YeRU AT

Table 7914 B wie} o] di7e DMAS TMA #%F& Baba 59
WRI A% 22 32.8mg/kg 142.2mg/kgol oW, O AZ2HAISUE A}
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Fig. 15. GC chromatograms of dimethylamine and trimethylamine

by Baba et al.'s method
A), Standard solution(10&/m?); B), sample; C), sample + standard solution
1. dimethylamine; 2, trimethylamine; 3. solvent



U U

Time(min)

I3 5 7 | 3 5 7
Time(min) Time(min)
B) C)

Fig. 16. GC chromatograms of dimethylamine and trimethylamine

by modification of Baba et al."s method
A), Standard solution(10./m¢); B), sample; C), sample + standard solution

1. dimethylamine;

2, trimethylamine; 3. solvent
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Table 7. Recovery of DMA and TMA in cod by Baba et al's and
modified GC method'

Analytical Standgrd Detection(mg/kg) Recovery(%)
method S(S;:),? DMA ™A DMA  TMA
0 328 142.2
Baba et al 5 3338 1488  89.4(5.98)° 101.1(2.63)
10 345 1540  80.6(5.73) 101.2(3.04)
0 36.4 145.6
Modified 5 38.4 152.2 99.0(2.78) 98.5(1.82)
10 40.3 1494  868(260) 96.0(1.92)

" Mean of triplicate experiments.

2 Coefficient variation(%)=—)§(x100 where S, standard deviation; X, mean

g3t F&F BFvole 47 364me/ke T 1456mg/kg O 2 A, F WUz 3
ZF ARolE A9 oY, o)AZRHAILUS AEstE AU 4% o
e §FE nyd

¢H DMAS TMAS 3|4&2 Baba 59 2yl Z+zt 80.6~89.4%
ot 101%°lA 3, olaXzHLILUNOR FE2H ASdE 4L 88~
99.0%9F 96~985% 24 F Wy BT v&d I+Ee YEhlo & 3
A Foll ol B4 dF &4 A YNt

T ol dE AHEE Ay Asto WA S (coefficient of
variation) & #4181 2m 2 A3 Baba 59 Wil o/¢ DMA ¥ TMA

o WolAFE 69% R 28%0lUeH, o|AZ2ILILUL ALEF HS
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o= 7tzt 30% 2 1.9%24 Baba 59 Wy uth A=Al o Egoh

olge]l A2 RE olF Fol FHHol Y= DMASH TMA 23 EMe
A-gstEAe F oojaZzNLTLR F25E Baba 59 WHuTE
Baba 52 Wi HF &ulZ AlEEHE oA IJUdaLUNoR FE3U
S Wrt B4g, AR P BAAL 59 o WA o anHoY. o
gA 2 ANYE olF % 1 Bd AT BE e 4Eozs) H8e &
WE 4 loder Az 2y AEe ARG EF o 24 9
FARAY G2 gl off ol9le AFo Agelr] dNE o BE
Azol Masn Hzdct

(2) B|M g Do 5+ @

MR GCET wAg g AFAg RAFE oo}, T L 9
14 DMA® TMAE #Zste] 8488 2% A3t Table 83 2t
o] o3 DMAS TMAS 3 F&& 629~1175%9 HAZ A 8T
WS WPtE olRe AL 7 oFY FATH M2 T2y HE
olgb M7zrETh ey e GCHAAE A BE AR 90% o4
0488 ua ofFe W2 Aot ZX Ph 18T DMAS TMAS
1% 7% GCHAA 05u/m olRonl, wadal e 2zt 1.0ue/nesh
10.0ug/nt O1UTH. olotge AT GC ALY BAyol way ny @
£ol7] WEo] offe} wol ZHolu SATAN TS ABAE AW
A9 @At FelAE Ao waE .

ul A AAE GO ol fol A4s Aol dF AHEE A5
91ake} Wol A4 (coefficient of variation)& &4+8 A3 DMAS TMAS]
Mol A4 Bag RE AlmolM AMY GCHol w4yl ustd E¥A
olgb= AEL AUTH F o FolA ulgol 9 DMAS WolA % 301
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Table 8. Recovery of DMA and TMA in fishes by colorimetric and GC

methods'
Recovery (%)
Standard
Sample solution Colorimetry GC
¢
(ug/mt) DMA TMA DMA TMA
5 —2 — 94.5(4.78) 100.6(3.81)
Squid (Pacific)
10 117.5(6.75° 78.5(4.56) 97.3(4.90) 100.2(3.93)
5 — — 101.3(1.01)  95.3(1.46)
Squid (Cheju)
10 06.3(3.01)  91.0(6.78) 102.5(1.03)  96.2(1.58)
5 - — 92.2(293) 101.1(1.87)
Cod
10 826(4.09) 9426970 868(3.15 96.0(2.11)
5 — — 99.0(3.13)  98.5(2.08)
Plaice

10 62.9(4.80)  81.0(3.11) 945(327) 93.0(2.22)

Detection limit

(pg/me)

" Mean of triplicate experiments.
—, Not analysis.

10 10.0 05 05

3 Coefficient van'ation(%)=—)§{ x100 where S, standard deviation; X, mean

~6.75%%1 ¥, M d GCEAHAAME 1.01~49%°1% . TMAS] ®ol7
& v]A9lo] 311~6.98%<% ¥k MAd GCHE 1.46~3.93%°] A Ht.

o] e AuzRY J/MFE GCHYE DMAS TMAE QAo FAd
A F Qo] AJgte] dokd B ol FE&x FXh 1Y GCH
< GCH base lineE ¢AFA 7= B2 Aol 2257 "o oja
23¢3&9 A &} =& Chromsorb 1039 FA & dAg F SdE o
AF Mol A 2T & 4 Uz
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(3) ol % = DMA2} TMA2| &hat

H s AR E GCHE AHEste] @Al (RMFAY, A, P, |
% %€ DMAS TMAE F%3ted H 38 A¥:= Table 103 2l

DMAS TMA #&& HutA oz sjdd GCHo2 £33 397 w4
Mol mate] ozt EA vetgoy, ol F WY ¥ Aol A9 ¢l
Ack. ojFel WE FF ol i A UEhA, diMFA e Fo)7t A
Fabel sl DMASH TMA & &Fo] zhzk 23~2781¢F 1.2~1.790 & ¢tch.
ol d¥oldel mE A 719 Aold J|Astd dMF o9 T
FE T A2 o APHW) dEQD Rez Azdoh 13 AR
Z3& 98 ofed tdEF EA4tn A= TMAOE AL ol FAA o &3}
= AlTe zrgolut B4, vA4d H pH W3} Foll 93t wE Sx2
TMAZ #9¥ ZA=2Z AZAEdHTokunaga, 1980). 8|3 o] Fd&
TMAOZ ¥H TMA, DMA ¥ formaldehyde %9 AL FAANE

Fe”, cysteine, taurine, hemoglobin ¥ myoglobin® Z& AE< 83}

ook

Lo} A (Spinelli®} Koury, 1979; Tokunaga, 1980), °]E9 Aol A4
o2 @od

&, dirok ¥4 dA9 DMA §FS e ojo vt @yt di+9
Ay BToz Qdsta] Astaste] odte, a2l dxQd A FAF A
S 2 24 7] dEel Artasv d AYHJD Aoz gt

Lin(1990)o]l 2|3t® olZdEjUAt o] 59 DMAE 1882mg/kg, Y&
A& 2043mg/ke, FABEATO] 1225mg/kg, HEHAF 2 Qo) 7t 956me/kgol et &
os, 79 JdAdAME 81lme/kest 0.1mg/kg(Kawamura 5, 1971a), Al
W FrAFol= 0.05~34.65mg/kg(Kawamura 5, 1971b), MAFAAE 1.4~
l4ng/kg A& AH(Neurath 5, 1977). Kawamura $(1971a)& AlA 3 o]
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Table 10. The contents of DMA and TMA in fishes by colorimetric and

GC methods'
(mg/kg)
Analytical method

Sample Colorimetry GC
DMA TMA DMA TMA
Squid (Pacific) 251.2 304.3 325.3 356.0
Squid (Cheju) 110.0 143.5 119.4 168.1
Cod 347 139.1 36.4 145.6
Plaice 20.0 217.4 29.7 2539

" Mean of triplicate experiments.

HFE FAY @33 A2F owlo] FiEH, E FEFM Frhsto
HE 2419 H¢ 868mg/ks, F FojolA 12.1mg/kgolATHL Hadh u}
Atk

sh 2ol wiMAF R GC BHUE ol43td DMA, TMAS E4%
A, v FY e FEHH] BFstn LS 5ol 2, §5
StEA I FI18E AEFoZA A EAZE g Aoz ey
DMASH TMAE w2 F43of st e /dd GC £4% e @&
isopropanol & A}83t7] W&o F&F HAe] dEdtn IHF& APA o
EeS T8 DMASH TMAE SAd 4% 4 sle FHol Ada 34
ool e dA2RE GC #AHS v Y vste] HE, 5 g
B @A gon, FFo & iVt A3 T DMAS TMAE $A0)

EAY S Qo] do2 B8 ¥ Ho2 JgHt
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4) N-Nitrosamine F&% <9 dlu
(1) N-Nitrosamine®| 358
Plim $(1974)9] ¥4 Hotchkiss(1981)H 2.2 thtolA] N-nitrosamine
= F&3%9 GC-TEAZ 3 - 439 olg9 &% 3+&E UHET
ZA3}= Table 1191 YERiQl2. 8], N-nitrosamine® ZZvEFLS Fig. 173
2o A2 AMEE ditelA F WY 25 N-nitrosamine®] HEHA &
fow, W T Wil 9§ N-nitrosamine®] 3]4&& NDMA7} 76~
92.2%, NDEA 81~83.8%, NDPAT 68~87.2% °©]th. Hotchkiss 59 #
Hell 9 3582 NDMA7ZE 92~1065%, NDEA 86~91.4%, NDPAE 78
~90.8%2 P S(1974)9] By Hgtd & IFE&d HiH oA F

Table 11. Recovery of N-nitrosamine in cod by Kawabata ef al’'s and
Hotchkiss et al’s method'
d i °
Analytical Standard  Detection(mg/kg) Recovery(%)

method  my) NDMA NDEA NDPA NDMA  NDEA  NDPA

0.5 038 041 034 760(46)° 82.0(46) 68.0(5.2)
Kawabata

et al. 1 079 081 075 79.0(4.1) 81.0(44) 75.0(5.0)
5 461 419 436 922(37) 838(41) 87.2(49)

Hotchkiss 05 047 044 042 940(24) 880(26) 84.0(54)
et al. 1 092 086 083 920(23) 86.0(28) 88.0(5.1)

5 932 457 454 1064(25) 91.4(24) 90.8(4.8)

" Mean of triplicate experiments.

2 Coefficient variation(%) = S x100 where S, standard deviation; X, mean

>
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Fig. 17. GC-TEA chromatograms for standard nitrosamine(A),

5ug/ml spiked sample(B), and fish sample(c).
1, Solvent; 2, NDMA; 3, NDEA; 4, NDPA



Ube] & Wo] A2 27 9oy, Wi T WHL ARFEA
o] GAE AXN F£F7] /3= wrdol| Hotchkiss 59 WS Ag8&

oz 37 FRS e/ WEe WAy GROR £¥E FUF

F oY AFHEE &3] A3t WolAFCVIE AT Fit,
Fes 5o Wel 93t N-nitrosamine® WolA 4= NDMA7ZF 3.7~4.6%,
NDEAE 4.1~46%, NDPAE 49~52%0°]2it}. vtHe| Hotchkiss 59 %
Hol A& NDMAVL 2.3~2.5%, NDEAE 24~28%, NDPAE 4.8~54%°]
ct.

o]29 ZA#ZHFE N-nitrosamine % WS Hotchkiss 59 U]
Fvh SO el wlE vla FEye] At JrE R VFHES ¢
F38t7] dEel ojF& o2 & N-nitrosamine 3% & Hotchkiss &
o) Wyoz F23le GC-TEAZ EA3e Ao Fuu wddd

orebA B A3 XY SRES 5t ZF o Fel distd A&
A ol EFEE A¥YE F A7 R o] Fokgt #dE A+
N-nitrosamine Ze| A A0 B& Ego| sz dddo



2. 74 7S oldllF & N-nitrosamine ¥ 1 M3y =9 74

1) oMY A MY dimethylamine % trimethylamine &%

(1) A7 52 ofHLNH, AMYH, DMA X TMA =gt

AAF FolA FUldA FFHL UAe 5F 1271 AFel] dig of ALY,
A, DMA 2 TMA 338 4 ¢ Z3= Table 129 Zoh

olAAY FFe BHE~16m/kgo2A, AAEHTGE X ARA
ol ¥A Jebwton, £3 Ax sAedA /M Edd 230U B¢
BA g A oldige] A3 HEHA Ykoy, Ax 2ol LA ¥
Azt 79mg/kg R 94mg/kg HEHUT EF Ax A= 27Tmg/ks, =
#Fol7b 92mg/kgel ATt olgk ¥ 2 o], WE 2o I il
© oldddel ASHA & 2UE ¥FS EHEF~193m/keolU L
ol F Ax FAAA HF FHRZ, AE EoJAME 19mg/ke AZHUT &
d ANEEGE AX ARAAN ¥ §FS BY o}FAAAN HxTd AY
< YEi A

A TUB)e Ax QA9 o AANYE ALY FFLE <1.0~7Tmg/kg,
Y AAE 22~124mg/kg, 2(19DE AE 2409 ofAAAF A
Ao §FE 47 1.29mg/ks¥ 4.78mg/kg2tL BFUT. 2AolE F4H
oAt FFS og FrMse{(Matsui §, 1984), 2339 ofAYG &
AdY $%e 47 1.04me/kest 1.42mg/kget s B vp JTH(H, 1990). A
Z oA 47 02me/kest 0.7~1.2mg/kget . Hustei(o], 1994). &
H, #4 AAFY ohAdd F ANE §FL FUdoAFTAA #F AUt o

2, 53] 2AE dAxAE o dx el a2} 1 o] Aojrt
AH4 5, 1994; 1997).

DMA 3% 27ojolA 11.9~191.5me/100g, X7} 46.5~551.4mg/100g,
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Table 12. The contents of nitrite, nitrate, DMA and TMA in mollusk fish
(dry weight basis)

Nitrite Nitrate DMA TMA

Sample (nfke) (ngke) (mg/100g) (m&/100g)
s fresh ~ ND* 54 119 168
frozen ND 57 325 35.6

dried 79 12 1915 1416

dried strip 94 21 828 390

Spear squid
Loligo bleekeri Keferstein fresh 19 15 475 41.7
dried 2.7 193 551.4 292.4

Common octopus

Octopus dofleini dofeini fresh 8.4 2.4 126.6 81.7

dried 9.2 19.0 37.2 22.3

Vghip-arm octopus fresh 25 09 11.2 18.7
ctopus vulgaris

frozen(China) 3.0 2.1 25.2 24.0
Sea-cucumber fresh ND ND 17.4 10.3

Stichopus japonicus

dried(Philippine)  16.0 128 1.0 374

" Mean of triplicate experiments; 2 ND, not detected

wofel A 37.2~1266me/100g, A N4 11.2~25.2ne/100g, A4a A2 4
< 247} 17.4mg/100g9 1.0mg/100goIAth. 23019 DMA #ZL ol &P
o wet ztelzb gled, ol E YAl 2 AojE 1882me/kg, YEAL @ Ao
7b 2,043mg/kg, TAHA=AF 24011 B¢ 1,225mg/kg, L] thEHAE 9 Fof



T 956mg/kgeta M s tHLin, 1990). 4 $(1994)& AZ 2309 Azx
Eolol Al 27F 11.3~13.7me/ket 17.9~184mg/kgel 2t B nstich. TMA &
F2 10.3~292.4mg/100geI A o™ o] F Az A 7bF Etth 2 Ho
FToME deAolrt 14164mg/100ge2 2 FHko]l Eghom, Fojoi
81.66mg/100g, ¥E YxolA 2404mg/100g, 2P AZE HAL 37.44
mg/100geIATh. 4 §(1994)L X o9 Ax Foj9 TMA H4 ¥
& 747} 128~14.7mg%<} 139~15.1mg% 12t M n 3kt

o]’de AAZFE AAF F9 opFY, FAY, DMA ¥ TMA &%
2 o|Fo we}t gFo] 4z 23, TY AAFUo|FE oY A7) @ FA
o @t Aojrt A S ¢ F UAT B AR BoE dZE A4
ol F#Fol & AYL HAY o FXE oFE AxAY AL A
Aoz FEo] FHH ojfPRo FFHL, E AX F o|F HE
AR Wl ¥ Zeolgty nFHI okMatsui 5T, 1984; 4 F,
1994).

(2) 53 =7| 39 ofFaY, HAYH, DMA ¥ TMA &t

(4F 63), 271 R FAd g obd4td, F4kd, DMA ¥ TMA #
T £HE AIAE Table 139 2o} o}ANY $FS BHEZ~TAw/keo
2A o] F Ax FEAA MY BA JEnes, 3z 27E 48w/keol A
o 28y Az 2%, A8, 24 € 27]dAE ofdade] Ay AZHX
Yt A9 ¥FS 12~4lilmg/keol e, AYBAN A EUht 2
23 Ax SEAA e 23.86me/ke, AF EEAA 383me/kgo] A& Ut

AW AZ S5 oFAIAT ANY FaHFe 77 526mg/ke T
7.66mg/kgol 2t AT d F(1973)2 £7)9 AAGT olAAY FITL 1.2
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Table 13. The contents of nitrite, nitrate, DMA and TMA in sea bream
and vellow croaker
(dry weight basis)

Nitrite  Nitrate DMA TMA

Sample
P (ng/ke) (mg/kg) (mg/100g) (mg/100g)
B};nquiuo . fresh 42 13.0 69.8 91.6
ranchiostegus japonicus
dried 36 239 188.4 90.1
Genuin porgy
A fresh 55 130 1079 490
dried 74 38 97.2 438
CSTHV porgy dried ND® 152 150.2 636
cura margaritacea
Damsel fish fresh ND 411 1284 52.7

Chromis natatus

Yellow croaker _ fresh ND 7.4 2199 1047
seudosciaena polyactis

dried 4.8 1.2 76.0 496.2

Large yellow croaker

Pseudosciaena crocea fresh ND = 169.2 88.3

' Mean of triplicate experiments, 2 ND, not detected

me/kg, A3 T(1994)L Ax x7]9 ofANGH ANY AxggFe 747t 36
mg/kg? 6.1mg/kgol 3L, AE SEANME 22 1.0mg/kgol st B mshg ot
A 319902 A AR A4d A4FHS 47 40mg/ke 2.8mg/ke
HEsA

DMA 3&& 69.58~2199mg/100g .24, o] F Z7|A 71F %4 Y
EBsth % FTAME dE SEIA 1884m/100g0.2 Y & FHS

Bgow, FEoA 107.88mg/100g, AZE ZEAM 150.22mg/100g, e =0l



A 1284mg/100gel gtk 281 R AlA 169.2mg/100g A2 HAh. TMA
FFe 438~469.2mg/100g o2 A, o] F AFE ZFA A 7MY ¥%m, 7]
104.7mg/100geI At =& F/A 2%, SEAA 91.6me/100g, FElA 49
mg/100g, 13 A2 EFo]A 526me/100g0IAt 4 S(1994)e Az LEe
DMASH TMA 223%Fe 47 104ng/ke™  40.1mg%, AZ Z7|olM & 2z
7t 176mg/kgd 31.2mg%, FZ71¢) DMA #2& 1.79mg/kg(A T 2, 1973),
e Z27190A 247} 136mg/ke 9t 201mg/kgol 2t B st oh(Lin, 1990). &
2718 7tE8lA e 24]9) DMAS TMA FAd#S 7 S0mg/kedd
40.6mg% oleti 4 F(1985)°] B33 u} Qich

ojde] #ol 7] 2 EFF/A DMAY TMAZL A A&H3 k7] o

2ol 19tF N-nitrosamine A48 7HsAdo] & oz ddd

() HM K olf o ofAAY, LY, DMA ¥ TMA &3

HAE oF FolA T FEHE 8F 147 A8l g opANY, A
Atd, DMA R TMA #%& A& Z3E Table 149 ok o}AAY &
Fe BHE~T76m/kgo 2 AANE Hue AX ABA & AL ¥
ews, o] T Ax BAAA 7Y EUh 2y 15, xEgoi WS
aso], A, ¥F FX, FEX, Wol 1z FojdA e ofAAGe] A3
HEHA S AUNE FFE BdE~755m/keol e, o] F wol¥
oA 7HE B3 ool M 26.1mg/ke, A NA 232mg/kg 2 THE O] F o
HE vwd gA HEHAG 2Fo], 7o) a2z BAAY ANY §
TE ANBY ¥FF 2o AAFANAM 5 AL BT A 5(1973)
= 3gole obANE #Fe 17me/ke, W7BololA 2.15me/ke I M I EHY
o5, A4l opFAAA ARG HAAFHS Z47 21mg/ket 3.7me/ks,
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Table 14. The contents of nitrite, nitrate, DMA and TMA in red-flesh fish
(dry weight basis)

Nitrite  Nitrate = DMA TMA

Sample
P (ne/ke) (me/ke) (me/100g) (me/100g)
Horse mackerel
Trachurus japonicus fresh 0.2 0.6 104 19.9
dried 35 19 11.6 12.3
“gaCkefel . fresh  ND? 39 55 10.7
comber jponicus
dried 5.3 74 4.1 6.6
frozen(Norway) ND 38 28.6 249
Anchovy
Engraulis japonica fresh ND 23.2 272 12.8
dried 30 10.2 21.9 165
Atka mackerel
Pleurog s adhs frozen 03 5.8 164.9 69.6
frozen(Russia) 06 52 366 30.7
Pacific saury
Cololabis saira frozen ND 38 47.1 318
dried 76 5.8 294 709
Snipefish
Hemirhamphus sajori fresh ND 17.8 424 29.7
Yellow tail
Seriola quinqueradiata fresh ND 6.5 49.7 289
Shark fresh  ND %61 3363 1270

Squalus fernandius

" Mean of triplicate experiments; c ND, not detected



dxE AN E 10mg/keoldteta g v JAchA 5, 1994)

A& of F9o DMA #3F& 4.0~336.3me/100geI e, o] F Ao
oA 73 = ¥ 35 dIAdFolE 1649mg/100go.2 thE o Foj u]
& A YElNAT. TMA %L 66~127.0mg/100g o2 A, o] F Aojo A
VP wgten], =8 ABojelA 123~199me/100g, ILEjolA 10.7~24.9
mg/100g, BX oA 12.8~24.5mg/100g, EX oA 29.7~709me/100g, 18
wrolol A 289mg/100gol At A 5(1994)& A= ¥x e DMA A2 gFe
5.0mg/kg, TMAE 185m%, A3EX 2] DMAS TMA ¥#Fe 2tz Somg/ke
3 97mg/kgol 2t B 3L TH(Wootton &, 1989). ¢+ $(1979)& A o A
DMASt TMA® %S Z+7 323mg/kedt 239me/ks, ILEo1INE 24 049
mg/kg 3.03mg/kg, AololA 242 0.09me/ke 0.5mg/ke, Foig oA z2 04
me/kgst 0.96mg/kgolet Bt E=3 ¥ F(1981)L F A
0.84mg/100g ¢t 0.44mg/100gel E#H 3oyt 4ol A 2v|o] DMA #§F&
895mg/kg, B AolA 106me/kg, ABXlA 133me/kg, L]l ADFFo oA
Vmg/kg o 2 v A F& FFE WATHLin, 1990).

HA& olFE ARY o AF2E/t ¥&FE DMAY TMA 3
7betal, = olEE dAsY ARHAY d¥AxE T HY AFAIE
2 gFel FUtgoha SHI(L F, 1979 ¥ F, 1981). E o5& =YY
A= HA FUtste AY%E ¥Adzn HaHo thi(Kawamura,
1971a,b). _

o9 HFAZFEH HAS olF9 olFANAT AN FFe HANaY
YEFEOE AAFANA & ZAFE e, o2 84 Az 4y
of We AxA FAGFA o A3}t A 351 Y, £ dz2A 4
9 Bt ¥ d¥olztn wedd. £ DMA ¥ TMA 3 A
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Euchs AANEY WEBAA I §o] gted), ol R 4FY 2
A A TMAOZ A% AA A7tastl sy B vRAH o
o814 DMA 2 TMA®ZE 37142 Aoz 2390

(4) M ] olf 3 ofHAY, AN, DMA ¥ TMA 2t

W5 ofF FolA IU FEHL e 30F 394 ABo] g opEA
d, 1Y, DMA 2 TMA #%F& 4% ZA3+: Table 1594 BE nigt
2ol oldAd ¥FE BHE~18Tw/keo2A o] F Ax BFodAM s}
T =A dEgd FAAE 22 FHX B AXXM ¢ & oz
AFHAUL, AF MM 76mg/kg, FHAA 76me/ks, T olNA 9.9
mg/ke, F7BololA 112mg/kg, YEAANA 118me/kg, 2l 7pA| Bl A
82mg/kg HEHAD. 1 7hAv], W, wizte], Ho|, B, Wlof, o}
R ARHFA M E obddge] A AEHA Fyrh FAY FFL 43
~759mg/kgol N o] F WiFoldA b} EA JYehiUR dgoz ¥
o} 47.Tng/kg, B317] 46mg/kgd] &2 BAT WAK ojFo ANY I
< AAE ol fe} vl Z BAIE Huhe Ax ARAA & AL Y
b Aot

DMA #%<& 1.3~3319me/100g2.2A4 o] F FHojolA 713 Egtou,
3 A7 AV A 213.1mg/100g, 78 0]l A 200.6me/100g A@ A oA 2058
mg/100g 2.2 ThE ojFel wjgteq uwAH & FFL BT adn £9,
28, gulgol, &2, 23], 57X, Wel, ¥o|, Fu, RHFH, 27X
R A3 E 100mg/100g o189 F§#FE nPoy, gz g WHo
M= S HEHAG TMA F3Fe 20~5259mg/100g =AM o] 3 3
oot 7oA vnz & FFE HAD, 223 R, Awo), 97,
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Table 15. The contents of nitrite, nitrate, DMA and TMA in ordinary fish
(dry weight basis)

Nitrite Nitrate DMA TMA

Sample
P (ng/ke) (mg/kg) (mg/100g) (mg/100g)
Flounder 2
e aspera fresh  ND° 165 2131 1080
frozen(Russia) 0.6 5.2 446 36.8
File fish fresh 42 130 529 52.0

Stephanolepis cirrhifer
dried 3.6 239 16.3 36.6

fillet 7.4 21.7 6.2 3.3
5218 L dred 90 76 92.2 47.2
reliscus joyneri
Harvest fish frsh ND 65 1202 94
ampus argenteus
dried 6.3 8.7 30.1 149.5
Chicken grunt
Parapristi | | - fresh ND 23.1 139.9 62.7
Slender

Jlisha elongata frozen 4.2 13.0 150.2 179.2

Conger eel
Conger myriaster fresh 55 19.7 83.0 1379

dried 18.7 278 160.8 741

Japanese eel

Anguilla japonica fresh 1.0 75.9 8.0 6.0
Loach

Misgurnus anguillicaudatus fresh 49 15.2 1.3 20
Ray fresh 49 156 372 293.3

Dasyatis zugei

' Mean of triplicate experiments; 2 ND, not detected



Table 15. Continued'
(dry weight basis)

Nitrite  Nitrate DMA TMA

Sample (mg/kg)  (mg/kg) (mg/100g) (mg/100g)
Tzfgfgbf)‘;gws fresh  ND* 460 1350 465
Dysky Shnefoot ~ fresh 33 62 1413 682
ngfmse};san;figmjewi fresh 112 123 200.6 935
ket atus fresh ND 146 1817 79.8
Japan ljgfgfszponiws fresh 69 4717 1268 56.2
C&Tﬁggﬁ}}gt fresh 64 531 46.1 28.3
Sﬁﬁ?ﬁdﬁiﬁfﬁtm fresh 82 190 862 462
A;Og‘e.r . fresh ND 114 385 1392

ppiomus setigerus
Blgfa;;ilgzhdagzsit}z}:;gus fresh ' 74 130 1493 66.8
Plke fd‘;ggbeioo“esocmus frozen 67 126 149.4 86.5
died  ND 190 133 484
Hair tall lepturs fresh 14 43 1486 72,0
salt-dried 15 9.3 2068 80.8
Pacific ocean perch frozen ND? 228 3319 525.7

' Mean of triplicate experiments. 2 ND, not detected



Table 15. Continued'

(dry weight basis)
Nitrite  Nitrate DMA T™A
(mg/kg) (mg/kg) (mg/100g) (mg/100)

Sample

Armorclad rockfish

Sebastes hubbsi fresh 76 174 1979 100.7
Rock fish 9

Sebastes inermis fresh ND 7.6 1575 ]3.8
Lizard fish

Saurida elongata fresh 99 26.1 1419 35.2

Japanese spanish mackerel
Scomberomorus niphonius fresh ND 114 1239 60.8

frozen 11.8 174 108.0 495

dried 0.5 13.0 705 336

Goog salmon

Sphyraena pinguis fresh 8.2 15.2 126.7 74.7

Sand smelt

Sillago sit frozen 30 6.7 239 245
Icefish dried strip ND 745 ND 124
Roe of flying fish seasoned 49 76 98 48

' Mean of triplicate experiments. 2 ND, not detected

A, ok R BF FelA 100mg/100g °l¥ FFE B AP 2
(1978)= Woj¢] DMA A2PFL 064mg/kg, ZA oA 1.67me/ke, 7HAA] ol
A 161me/kg, PR oA 0.32me/kg, BololA 1.23me/ke, BFoINA 057
ng/kg, FolAA 119mg/kg, 12 FAFolE 192me/kg2t B sttt
Lin(1990)2 7hajulel A 552mg/ke, FMA oA 320me/kg 223 A= ool
M= 258me/kgolE . B33l ow, Maga(1978) SololA 180me/ke HE
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shaich.

olgel WY FlA FEHAD AL WAL ofF Fo opAAY,
A%, DMA 2 TMA §3& H4% ojfd vt ¥ AFL BY:
v, §3] DMASH TMA %ol Wh¢ A AF HAAct =& diffe) w4y
& oJFEL A NENGE ANEN £ AFE B AHF oFY
A= 7t AAHoE g FFE FHEn A WEe ol5g F4,
A, A L 2YHY F & AH ¥ AAMRIA N-nitrosamine®] A4
o Fd ATEARZ &Y 4 o FAHLD

G) el A i T2 ofHAMYH, ALY, DMA ¥ TMA &t

BER 6/ R T2/ Age dig ofA4td, A4Y, DMA ¥ TMA
TES 24 Y ZAI= Table 163 2ot He) 2 o7 F9 oA T
< 03~4lmg/kge2A HFEAN 7HF =4 Jeych Fe{ FoMe
AZ w7t 22mg/kg o2 ThE A& T vt ¥koL}, & o]Fq
H]3to] wro} diF-#o] olAAIY FFL 20meg/ke oAt ANY FHL
04~31mg/kgolUem o] F ¥E FedA 714 FA By, o
oA I Zol WA HEHAD. 01994 FE Y opANYFH
AN A2¥FS 474 11-27me/ke? 1.2~6.2me/keol} AT, A §
(1994)& ¥Edx Bde opANdH Add AL#¢HS ZHzt <1.0~57
mg/kgs} <1.0~16.3mg/kgeletx B st Ao},

Bl R T Fo DMA #3232 11.0~3123mg/100g 224 o] & W% o
BHolM 7HE wstem, Az HeolA 130m/100g, AE k7oA 14238
mg/100g 2.2 v A AF HA 2y g7} RFEAA 2z 477
mg/100g 9t 11.0mg/100g o2 HEelFo| 2 o] ko).
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Table 16. The contents of nitrite, nitrate, DMA and TMA in Alaska
pollack and cod'
(dry weight basis)
Nitrite Nitrate DMA TMA
(mg/kg) (mg/kg) (mg/100g) (mg/100g)

Sample

Ajl,?;‘r‘jgg’lgg}‘wgrm froen 19 31 3123 1224
dried 03 18 1300 627

frozen dried 05 13 706 203

immature, dried 2.2 2.1 142.8 45.5

dried strip 03 05 157 676

roe, frozen(Japan) 16 0.6 54.8 154

Cod .
Gadus macrocephalus frozen(Russia) 0.7 0.4 477 478

dried strip 4.1 1.9 11.0 80.5

' Mean of triplicate experiments.

TMA #%2 154~1224mg/100geIA 2.1, o] 5 ¥ HedA 713 =
U, 5o 2 o+ ¥(80.5mg/100g)2] & olUtt.

Maga(1978)= W79 DMA #%F& 738mg/kg, ¥% UTE 740mg/kg
(Singer$} Lijinsky, 1976) 22lx Az 179 Z$E 1,105mg/kg(Lin, 1990)
L2 HIHJY 4 5(1994)e Y5 FeHe DMASY TMA ZFagFe z
7} 22.9~24.3mg/kgF 15.4~17.7mg/100ge) &1 B 15} c}.

4719 252 B51dd DMA ¥ TMA 5 op919 ko] & Alge Y
s FEHiS dx wxrtel FolA i, obdFAtg 2 AAYol nuE 3A HE

g ANEE BEHg 27HF Fold.
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(6) Zt2t 7 F2 oMY, AU, DMA ¥ TMA &&

AztE FoAM e FrEH e 3F 53 AR di@ oA, 2
Atd, DMA % TMA %2 EA% Z3AE Table 1734 #o} opANE &
Fe BHE-88m/keo2A o] F EANA A A AF HJUZ, 9
o2 AX Ae7t 7.09mg/kg o2 HEHAUT. 2y FA A FolA e opALt
dol Ay HeHA it AAE FFL 24~T9%m/kgolR oA, o] F
FARA oA 73 EA dEebstoh o](1994) e A& A9 o AdEH A
d A2¥FES 47 01~1lmg/ksd 05~23me/ks, M3 A= &
0.7~1.4mg/kg3} 0.5~1.2mg/kgo) 2t MR THA, 1995).

DMA#FE 44.4~116.7mg/100g 0.2 A o] F FAANFAA 713 =4 U
Biten, £4 olZIAHUN YEMLIE WA ALY A dEFEHA

2

rie

N

Table 17. The contents of nitrite, nitrate, DMA and TMA in shrimp and

blue crab'
(dry weight basis)
ol Nitrite Nitrate DMA  TMA
P (mg/kg) (ng/kg) (me/100g) (mg/100g)
Shrimp fresh 2.1 41 44.4 35.5

Trachypenaeus curvirostris

frozen(Argentina) 0.2 2.4 71.8 70.6

dried 71 44 629 65.9
Sand crayfish 2

and crayfish fresh ND* 799 1167 9.3
Blue crab frozen 88 52 513 51.0

Portunus trituberculatus

" Mean of triplicate experiments. 2 ND, not detected



th. TMA &% 35.48~90.26me/100g 224 o] F FAN LA 7bF ¥k
o, £F ol2HE YA WEMFAAE 7062mg/100g 0.2 A $o vls] 2
AR ¥ FFE BA

A F(1994)S Hdx A9 DMAY TMA F4 %L 4z 22~32
mg/kgH 23.4~257mg%, Wootton F(1989)& ZHZ A%< DMAS} TMA 3§
FE 7+2} 207me/kg T 51mg/kg, Lin(1990)2 A1-%-¢] DMA #32 178mg/kg
olztx M m3stch.

ol 2ol AZAF oANY, Y, DMA € TMAS 49 2 Ay
WYL o] Fu HY4% oFUFY ¥ §FE JehlAE gtod 174 F
Al N-nitrosamine A T7EAE°] A&HU.

(7) W7 Z2 ofFAY, MY, DMA ¥ TMA &t

A7 FoAA I FE3HZ Ude 115 dig A4, 449, DMA
R TMA #%Z& E£4ZHE Table 187 #r} o} ¥ Ed&~
43mg/kg 24, o] T RAZIAM HF ok a2y 6k g, | x2,
ne, F3F STFESHol, v IF a2a e EAV|AME ofFAIg ol
8 AZ2HA 3k AFETFL 15~619mg/kgolA e, o] F wichy
ARFAA 1F w4 JElRdg £ EF&$Hole 448mg/ke, LEAT
A 546mg/kgo 2 ThE HFol vt vwA ¥A AEHAU

HFE o] &8 AZFY oA FAE HAadFE 23] 47
0.22mg/kg ¥} 0.57mg/ks, 2R ANAM 247 057mg/ked 0.38mg/kg, 2HA A=
Zt7b 0.12mg/kg R 0.43mg/kgol et Bt tH(& 3 o], 1974)

DMA ##& 1.3~586mg/10go2A o] & &3¢ $YololN ¥A e
oy yniA] A{EL 3me/100g ©18tZ thE o FEol wldtd 2 kol
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FUT. TMA %L 23~17.1mg/100geIRAen o] F EFEFHoldA 7t
F EA eIl 9Fo2 A aF(133mg/1002)8 ol U A
HFE2 10me/100g ©l3t2 AE =AU

Table 18. The contents of nitrite, nitrate, DMA and TMA in shellfish’
(dry weight basis)

Nitrite Nitrate DMA TMA

Sample
P (ng/kg) (ng/ke) (me/100g) (me/100g)
Little neck clam 2
Tapes philippinarum fresh ND 44 2.7 6.1
Corb shell fresh 43 4.0 16 52
Cyclina sinensis
Ark shell
Scapharca subcrenata fresh ND 6.9 19 2.7
Granulated ark shell fresh ND 73 19 23
Tegillarca grasona ’ ) )
Cockle
Moytilus crassitesta fresh ND 6.4 1.3 6.4
Hard-shelled mussel ek —11.8 5.2 28 5.6
Meretric lusoria : i ) )
Top shell
Turbo cornutus fresh 15 1.5 16 25
Purplish northern neptune
Neptunea frater elegantula fresh 23 6.4 17 95
Moon snail(sand shell) fresh ND 448 59 171
Neverita ’ ’ ’
Top shell

Omphalius pleifleri capenteri fresh ND 61.9 30 13.3

Ear shell

Sulculus diversicolor aquatilis

fresh ND 546 29 7.7

' Mean of triplicate experiments; 2 ND, not detected
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¥ 5019750 9std HAF DMA ALFHS FielA 357mg/kg, I
Zoll A 226mg/kg, A X ZMAA 1.24mg/kg, oA 1.14mg/kg, = Al Z 70
A 1.72mg/kg, VAol A 1.48mg/kgol e B3¢ o).

719 Aot o] sifel g obEAY, A4, DMA ¥ TMA &%
& BHEET o] FFS e oFl vl A FEHJUL

ol A F FAFFY AN AIA FFE MojUolA ZFZ 298
me/kg 3 70mg/kg, AR ANA 742t 57mg/kgt 10mg/kg, BAlA 2+ 5.7mg/keg
7 20mg/kgol8Hil Knight $(1987)0] Hustgich. E&, Walker(1990)2 %
AFAA HAEHE obdANd R ANA §FS 474 BHE~%mw/ked} 19
~1295mg/kg Mt Mt

Mot Folle otAAAY F49d AAddol dF FHEHe Aed B2
oA 253mg/kg, AlFA oA 2730me/ks, HFoAA 237me/kg, F-o1A 1840me/ke,
FehFol A 600mg/kg, WHFANA 350me/ke, AFANAM 2931me/ks, i ] oA
2340me/kg, FotelA 235me/kg, ALAAA 10%ne/ks, oHANA FFE 016~
28.7mg/kg(Kawabata ¥, 1979; Knight %, 1987; Walker, 1990)22 ¥ 15]
of AeH, olHY FF Ast A AL AMAFY EFF, EY L 9x P9
ato] B FYZEY, B9 ¥F g 9 54 59 Ao FE 830
Hago] QItHWolff®} Wasserman, 1972).

olHF o9 AFAA DMA #Fe FujFolA 2mg/kg, A=A
72mg/kg, FHoZAA 32mg/kg, BolA 3.lmg/kg, Al 3~6mg/kg, B
AN 1.6mg/kg, TLAX 1d4mg/kg, Hotol A 0.5mg/kg(Neurath %, 1977), 3t
FolA 5.04me/ks, B 529me/kg(F 5, 1975) 024 wmH W HAE A
=4 AEHAR, FelolA 1.8ug/cigarette A EEhi(Singer 9 Lijinsky,
1976b) B2 % vk th. o] Zo] N-nitrosamine®] AFE A DMA HA]
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T AFAA vz QA FEEH2 o

ol o] oA F 65% 9870 AlZol th¥ N-nitrosamine A TFEIE
T THE 3, opAdAH AMY FHFE AWAE, FEE, JAF wa
FF Aol7t ARAY ZF oA TN HEHT Aok oA F F9 ofA4l
e AzaAY x| Foll 2 FFo] Frtse Ao LA T ey o
T WE Ee daA SASHE ASALHEY J)dse Aoz 349
o E3 ojdFole AAHOZ dFY oluFst FHHY g, olE o
T FY AFY 2HA T AEE e EAA TMAOZ AHE =9
EAs= A FHgolu 54F, Hasd ¢ pH ¥ Fol st we
£x=2 TMAZ 99 (Tokunaga, 1980). 28] o] Fols TMAOZ *
B TMA, DMA, formaldehyde %9 A4& &3 A7l Fe¥', cysteine,
taurine, hemoglobin ¥ myoglobin®} Z& A& &3 YrHSpinellis
Koury, 1979; Tokunaga, 1980). WelA oJs7& 7} AU AFA T o
€ ¥¥9 F77t d3s7) wEo] 2uE N-nitrosamine® A4 7154 o)
Eobd Zolgtxn Azt
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2) N-nitrosamine(NA)e] &4

FW fF oHF F 65F 98/ Al di¥ NAE A Ay
N-nitrosodimethylamine(NDMA)gte] ZH&H o0, GC-TEAZ #& - 4
39S W ARvEIJES Fig 187 )

(1) AAF 52 NA

AAF 5F 123 AR F9 NAE 4% Z3} NDMAY HEHJey
A= Table 199 Zth oS¢ NDMASZE B1&~4l4u/kg HHOIRL
9, o] F Eol7l 7 EA Jgwoh Ao FdAs ¥F 2AoldA 20
pg/kg2 2 71 ®A AeHAJeY, T4 ¥F GAE 257Tw/kecl A &
H St 4l s NDMAZE FEHA kAl +9€ gaust dzx &
2ol A 369ue/ke HEH U

A 5(1994)e Ax 97 oje] NDMA##E 35~532u/ke, AZE Eo 44
~183ug/kgel 2t B3t 0B, Matsui 5(1984)& X A& wa 34
& W 112~364ue/kg o2 AFF FUHRGL HaEdd. E=F dx 249
7hEA Az Wyel wel NDMAS el 27 e A4 wyoz Ax
& A HdAxe vlE] 11~128, dFAx 6] 3~48) A4 HFE2HUAL
o, o] AL AHY FEHUA ¢ dVEE o] §5y] dEe] dxA
Add AL FEAZ FAAelg FAHA T, 1997a).

ol e ANZRE AAF FolA NDMAZI AEHT doy ol e
o}Fol w2} §F Aol7t IH, o]& HFIAY A 2 #Fe o FUIE
Aog FAREY dtA o]& 7tFEAY Ze A NDMA B4 4AA7E
Wel did & A7 879
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Fig. 18. GC-TEA chromatograms for standard nitrosamines(A),

fish sample(B), and fish sample irradiated by UV light
for 3.5hr(c).

1, solvent; 2, NDMA; 3, NDEA; 4, NDPA; 5, NDBA; 6, NPIP;
7, NPYR; 8, NMOR
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Table 19. The content of N-nitrosodimethylamine in mollusk fish'
(ug/kg, dry weight basis)

Sample Content
Squid
Illex illecebrosus fresh 13.1
frozen 20.0
dried 6.4
dried strip 29
Spear squid
Loligo bleekeri Keferstein TSP 145
dried 56
Common octopus
Octopus dofeini fresh 414
dried 148
Common octopus fresh o
Octopus vulgaris .
frozen(China) 226
Sea-cucumber )
Stichopus japonicus fresh ND
dried(Philippine) 37

' Mean of triplicate experiments; 2 ND, not detected.

2 & ¥ =7|% 32 NA

B 4F 670X R, Z71F § NAE 243 Z3 NDMAW A&sHyed o
A3z Table 20% 2t NDMA #3& 47~737ug/kg Mol e, o] &
AN b BA debR®, F FAME FE0) 624uks, AF 2 EA
S86ug/ke, AE FEANA 550us/ke, AZE FENA 56.19u/kg AE=Yod,
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Table 20. The content of N-nitrosodimethylamine in sea bream
and yellow croaker'
(ug/kg, dry weight basis)

Blanquillo
Branchiostegus japonicus fresh 47
dried 58.6
Genuin porgy
Chrysophrys major fresh o4
dried 56.2
Cherry porgy i
Sacura margaritacea dried 20
Damsel fish
Chromis natatus fresh 102
Yellow croaker
Pseudosciaena polyactis fresh 409
dried 215
Large yellow croaker ek 73.7

Pseudosciaena crocea
" Mean of triplicate experiments.

E3F 2] A 4094ue/ke AEH AT

d (1994 dx SEA B¢ 35ug/kg, FAFNE 4H9%ug/kg, AT 2
(1978) FZ711A 20ug/kgeleta Hastdch A(1985) Fx7|€ Yu=2
A 7tEd 2894 NDMA, NDEA ¥ NDPAE #H%3943, ol IS
10.3ug/ke, 2.5ue/kg 223 T7ug/kg 22, ol & L AFF AL Frraddn
gt ot

olde AA=zHH F ¥ ZJVIFNA NDMAZL HEH3 oy, ol &
FE AZx PN, ARZE B 540 g I Aozt U] d@Re) o
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FE 7HESAY #ERAA Fo NAY AP HAass] Asiye A-E 7}
W] Yol RAE o & oz YA

oH

Q) HMY K olF 32 NA

A& o]fF 8F 1470 A& F NAE £4% 431 NDMAR AZ Ao
2 A= Table 213 ok NDMA #%2 2.1~565ue/kgol o™ ©] F
T gaFolodA 71 =A detwtn BRI vE PxARAA ¥ F
< %S B Bx HAolddA 3B0ugke, DX FA AN 36.7w/hel 2 BF
5 At

23 2(1978)& 15019 NDMA #%< 12ug/ke, Osterdahl(1988)& &4
AFolol A 04~49ug/kgolet B3 H T EJ 5 AFA F x7)6
AZHA F%d NDMAZL 4% F AS S8t €% 604 Fole 273
pe/kgO) ATHA# 2, 1993). Matsui §(1980)& AZ A7oldlA 1.0~49ug/ke
°] NDMAZl A&893 gon, B¢ 48 A%ole 1.0~49u/keH ot
ol WiA¥ AF 60~94uw/kel 2 F7H%ttn stk (Kawabata &, 1979).
4 (1994 g R AEAAA 4 190mwks 2 1.2~17we/kg,
(1995)2 FAANA 47ug/kg FEEh B

2 AEAA HAK olfF Fo NDMA 3 AAHF AHgEs YFEo|
U4 AAFNA o gFol Etch olHd AA{L o FE NFHAY AFA
NA A7EASY 9% oA 2 §Fo] Fedctn 24949 Jusa

F& 9F = ¥F AFA 29 AFEFESC] 718 AMd(Amanog)
Yamada, 1964; Spinelli®t Koury, 1979; Tomioka %, 1974)3% E£& 7}d] 9
AME AFEZEC] F7HWME, 1968, Matsui 5, 1984; Tokunaka, 1980)3}7)
o & ot}



Table 21. The content of N-nitrosodimethylamine in red-flesh fish'
(u8/kg, dry weight basis)

Sample Content
Horse mackerel
Trachurus japonicus fresh 39
dried 350
Mackerel
h 24
Scomber mponicus fres
dried 2.2
frozen(Norway) 2.1
Atka mackerel
Pleurogrammus azonus frozen 96.5
frozen(Russia) 13.1
Anchovy fresh 77
Engraulis jponica
dried 11.2
Pacific saury
21.
Cololabis saira fresh 6
dried 36.7
Snipefish
Hemirhamphus sajori fresh 31
Yellow tail
Seriola quinqueradiata fresh 94
Shark
fresh 19.9

Squalus fernandius

' Mean of triplicate experiments.
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(4) MK ol S NA

MAS o7 30F 3970 AEoAE= NDMAY AEHUew o Aie
Table 229} ¥t} NDMAS #3F& B3&~143u/kg W olAon o|F &4
oM 743 EA detgth EE Aokt WE hAul el 102.24ug/ke o2 A
ZFHo] & YAEK offe] udtd wind g FFE BATY zYm FHA
oA 51.63ug/kg, WX AMulelA] 7337ug/kg, F+FoIAM 91.2ug/kg, EFolA
85.38u8/kg, TOINA 65.17us/kg, oFANA 65ug/kg, FENA 73.26u8/kg0l A
o 28y AAEdA e AEHA FUhh

Lyengar $(1976)& W& o]f F9 NDMA #%#& |dX7t 18ug/ks, 7t
Zulel A 1lug/kg, 7FAPlel A 8Bug/kgolel Atk E=F Ax 2(1978) I
A oyl Tug/kg, ZAANA 12pg/ke, Pl A 4pg/kg, HoloNA 1pusg/ks,
TAoANA 9ug/kgel AEET L B IEH

2 @7l WS ofF Fo NDMA 3 832 ~1430w/ego 2
A, ol #FE ojFd @t F Aolg Holn e, I HAod WF
7AW oA 102.2u8/kg 0.2 FHAF 9.0ug/kegell HlE olF =L L HYgo
o, B¢ ¥F A, ¥F ZYFA, YT AAdAN FAaY Ax AzETG
X BYE BAT o)FL YL AR ¥ NA 29o= A ¥F
A oldel 1 #Fel EYAY Ex ¥F AF F 1 AFEA DMA
= TMAY F7tel 48& ¥& Rog R34,
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Table 22. The content of N-nitrosodimethylamine in ordinary fish'
(zg/kg, dry weight basis)

Sample content
Flounder
Limanda aspera fresh 90
frozen(Russia) 102.2
Sole .
Areliscus joyneri dried 734
File fish
Stephanolepis cirrhifer fresh 516
dried 18.0
fillet dried 16.8
Harvest fish
Pampus argenteus fresh 375
dried 126
Chicken grunt
Parapristipoma trilineatum ~ eSh 3.1
Armorclad rockfish
Sebastes hubbsi fresh 91.2
Pacific ocean perch fresh 14.7
Slender
llisha elongata frozen 1430
Ray
Dasyatis zugei fresh 232
Rock fish
Sebastes inermis fresh 85.4
Lizard fish
Saurida elongata fresh 479
Target dory
Zeus japonicus fresh 278
Dusky spinefoot fresh 374

Siganus fuscescens

' Mean of triplicate experiments.



Table 22. Continued'

(#g/kg, dry weight basis)

Sample Content
nggdzgzsnn g}:rigorijewi fresh 35.0
Cfv??,keir imbricatus fresh 42.8
Jg?.‘reloﬁr}?:: Sﬂmnicus fresh 382
Cl?llzigni(lmc%ifs fresh 65.2
Sg‘?};ld xg:zftflf;pterus fresh ND’
A[If;l;;omus setigerus fresh 65.0
Platycoptalus indicus  Tesh 73
Plii{:egclilggc;egir; esocinus fresh 36.5
dried 153
Ggop;gly:aaelrnrfnpinguis fresh 23.2
H’ia‘lr'l;c}t;?grus lepturus fresh 156
salt-dried 26.0
frozen 59.1
dried 459

' Mean of triplicate experiments. 2 ND, not detected

_81_



Table 22. Continued'
(ug/kg, dry weight basis)

Sample Content

Sand smelt

f 45.9
Sillago sihama rozen
Icefish, dried strip dried strip 11.3
Conger eel ' fresh 286
Conger myriaster ’

dried 21.9
Japanese eel
Anguilla jponica fresh 20
Loach
Misgumnus anguillicaudatus fresh 2.9
Roe of flying fish seasoned 52.2

' Mean of triplicate experiments.

(5) Hel 2 diF T2 NA

FE 670 Mg R U 27 NRANE NDMA® #HEHAen o e
Table 237 Zth Fele] NDMA##HS 38~333ug/kgolon, o] £ %
FEZE 7P A JdER, RE2 Zo] o]&5E HI(YEN AL 242
pe/kgd FFES BT W, diFE AN oMt YEA T} 06ug/kgl 2 W T
¥ 14pg/kegoll v1dte] ¥4 Jelgd

A3 2(1978)= HeE9) NDMA ##E 223ug/kg, APEE 82~555
pe/ke(d &, 199)0lztx Hustgch EF FE AxA Adzwde] oz}
NDMA #¥Fo] F7lste 2oz d8Am Qe HYAZRA 25.1uks, =
AzxoM 435ug/kg, 2T FAAZ dollEs 122ug/kgoZ FE) BAR2S

A
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Table 23. The content of A-nitrosodimethylamine in alaska pollack

and cod' (ug/kg, dry weight basis)
Sample Content
Alaska pollack

Theragra chalcogramma frozen 208
dried 149
frozen dried 333
immature, dried 125
dried strip 3.8
roe, frozen(Japan) 24.2
Cco??zdus ocephalus frozen(Russia) 30.6
dried strip 14

' Mean of triplicate experiments.

pe/ke)el w3 1 @Fo] Frldn e 1 ofE 94EAZ 3 1Y
T2 g% AL o9, HYAZR Fo:= A9 Lo g 7 AP
39 F77 4 4ol SAHA %, 1997b). Lyengar $(1976)& W+
olA NDMA¥ 10ug/kgolet s+t

2 @7AM Fejel Aol NDMA #Fe A7) AFAEH <8 G2 1
Ao™ PHE BE AF SAY /1T EE AZ2A 2 gFo] T4 A
°l %7] W&o HIA ALY F7 279}



6) &AZtF =2 NA

#7H7 3% 570 A& F NAE 249 23 NDMAY A& 2 2w
i Table 249 Tt} NDMAY #3#E 3.0~473ug/kgol e, o] & Ws &
AA 713 A AEHQAG A FolME ol2dE U dE A$7t 353
pe/kg .2 AL 39ug/kgell vl ¥ & TS Hrh

3 519942 Ax A$9 NDMAE 154~179/kgolet 3928, Song
% Hu(1988)= &5 HAl9olA 54~1315ug/kg HAE8tch =& 2(1995)
A +ANA 45u8/kg AE AT Bustg

2 A¥elA Az A9 NDMA §FE 3719 Zte vs) AA 129
Ao, ofZJE UG WE Mol BA HAEHe Ao B4 7HE v
AAHI96AE 71F) ¥F A F4dFe AL 571 40 Jdon F2 %
EAETS B, d2d € F3o0M 2 £9%0] 53 A(FAERAEY,

Table 24. The content of N-nitrosodimethylamine in custacea fish'
(ng/kg, dry weight basis)

Sample Content
Shrimp

Trachypenaeus curvirostris fresh 39
frozen(Argentina) 35.3
dried 3.0

Sand crayfish
Ibacus ciliatus fresh 5.2
Blue crab frozen 473

Portunus trituberculatus

' Mean of triplicate experiments.



1996, FFSAAE, 1996. 1. 99 &), 3 T3 AA A ¥ #F2 NDMA
AZFATE Bt 7] g o] o]E2RE NA 2¥d i 339 F4lo]
da gt ddd,

(7) HF &2 NA

A7 115l 3l NAE 4T 43 NDMAT AEHALH 2 35S
Table 259 Zth. NDMAS ##F& 1.7~12.1pg/kgol 3t} o] & vy ny
AA 7HF wA FAEHAD ZAF F9 NDMA #FFS vpxFel A 2.2ug/ke,
EAzANANAN 22u8/kg, ZHNM 1.7ug/ks, F3elA 43pg/ke, WitelA 2.2
pe/kedl &FE A &8 2 1F5HE LA 34mwke ETFETH ol
A 44pe/kg, FHLH U ERFAA 28ug/kgol ATt EF 2 ¥ A7) NDMA &
ZF& 3.6u8/kgol U Tt.

A7 T NDMA #ZFe & IFU{FE o fd va we 3ge 2Aqd.
23y NA AFEAEY 3] Rgolx E737 NDMAZE A&H1 e
Aol FE2ET o o]F S AL AAA A @A Y 2dez F&
g9 F, Holy 2 E= HAVtY w5 € TAEFY FYol e A4
FES FHo gF 294 T 93] 47 N-nitrosamined] =ZFHE ROz
FEEH 4 S1997)el 9J3td A MF ojujFelA NDMAZE AEHE ol #
T FFEANAY AauE FHALE, Al o] & H 3HAE Fo o7 AL
FTEA7 stHez fFdEY AF Fo oAU Aae AN Ai9 FE
€ ®ola ol T A AT oAl Fe WHY 2] Fo AAAY o}
AYE A w&F9 olvlfFete W&o 934 NDMAZ BAsE Ao
2 FAsa Yt

o8 o] oHF 65F 9B/ AlHo| ek NDMA I3 BH&~143
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Table 25. The content of N-nitrosodimethylamine in shellfish'
(zg/kg, dry weight basis)

Sample Content

Little neck clam

Rudtapes philippinarum fresh 2.2
Corb shell fresh 09
Cyclina sinensis -
Ark shell

Scapharca subcrenata fresh 28
Granulated ark shell fresh L7
Tegillarca granosa .
Cockle

Mytilus coruscus fresh 4.3
Hard-shelled mussel

Meretrix lamarckii fresh 2.2
Top shell

Batillus cormutus fresh 34
Top shell

Omphalius pgifleri capenteri fresh 12.1
ear shell

Sulculus diversicolor aquatilis fresh 36
Moon snail

Neverita fresh 4.4
Purplish northern neptune fresh 08

Neptunea frater elegantula

' Mean of triplicate experiments.

pe/kgol e, ol & FFL Algvict 433 FFAE B ojHFAN A
FH1 gl= NAE NDMA # o5, o] ¢§#e& F¢<o] HHAsm A: o
Aol 7ol M9 40~9000ue/kg o2 ERAEo] Hls ¥A HEEG: ey
(Walker, 1990), &= o7 7[¥ %9 NDMA #&%3F& £73%~1315ug/kgo]d,
53] A $olAM 54~1315u/kgo2 ¥A HEIYD H1 Ho k(Song
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3 Hu, 1988). W 4t HAFS NDMA #3Fe BHZ~86ug/ke(B 5,
1994), A B F+= BHE~77Tmw/ke(H, 1995 2 5, 1990), YEA dFo] FoA
= 25~39ug/kg(Kawabata &, 1979)¢) 2t ¥ m13tgic}.

oj9}zo] ojsiF % I 71FFNAN F2 NDMAZH b H2H1 e
AL oTFAN NA AFEF oulF, okAdd % Aol AEH1 Yo
o =% 2z vele] Ag@olu R wet o8 sESAUY AFA UL
A7bstn Qo) HA&d FHHel e NG Ex o}ARH] AFF of
e g3t NDMAE A7 Aoz FHyA}

etM 2 d7A e HHES oldF FY NA R 2 AFERAY
T4 HEAA 2 A 7€ HYPEe] wid A8 FZ9 HIYY € A
Alzkol Fol B ofHfFE A&EA AFESF Ae Ho] B} & o}
Audy AAde FFe F2 v dyo] st EAso] goy o WL
olAMNE T ANAE AZ EHFozA BN A1 A7 :F FHoy
dagAe] 5348 a3 faiAeg Agoz MY NS 2T S
Atk 2y AAE ICHE olAAEH ANPL FA B - BXo| stEs
o FE3Ho] B@edn BAA] Fo} A&AF ¥ 5 Ut

DMAS TMA £4& F2 u4yd &gl o Wi AP7A 9
EZA FEAF ALS, FAAE Bols T2 B4 Be olyge 27
SAT. £ GCol & Baba §(1978)¢ W3} Fiddler $(1991)9) uhy e
DMAS TMAE T4 AZFY & At AL gloy o Wy 9 A8
o F& Aol stk @Al Utk & Baba 9 WHe NE 3¢
AA 1AL T B771E, o, 4N F AFFS, gvte Y F A=
€ FE37] gEe F2A4Aol Esio, =¥ DMAS TMA® W@ GCa
ErtEI#e] B¢ bas elined B ) Fiddler $(1991)9 ¥ge A g9
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AA ¥ FAS, YR, A, erte A, 7tx YL A8 2R A}
4 5 A A FHol YT BFsgt vAL 22 A gAA A¥E
GCHE oA HEILENOE ARE FE37] WiZo] Azt B A8
£¢ A2 ¥ 4 Yo} 71E) PHSol ws A&A DMAS TMAES 24
@ 4 o el FHo|.

e 48 199 2NFE W kg FEOE HE ES Wolm F
WY wud suFe] ol o 5%} olFel o8 FFHT Youi(E
5, 19%), FUHoz FUEY AZd U B NZZ oFd WY £8%
e dBE + AL, £ AAWLNLI)FOECD) Aoz AR - 21 2
FE FAE 59 A4 0% 2093 A G FUlH #EHx
e FUA 2 $U4 o)W F ¥ 2 7hFE] ts) HACCPAES H &7
FAHEZA 7158 ABAL BRI Yo EF BEEY ojBFdA NAo|
AR QY) WE) 2F oMo A2 A AHHE NA R 1 AT
EASL NEHA BHY £ 3l Wl a7y fEo] B ATlN 53
@ BA WY AME NAS BAAE st 42 $49 Aoz @wad
o},



20

oj#iF %9 N-nitrosamine(NA)% 2 AFEAA ALY, A4,
dimethylamine(DMA) 18] 3 trimethylamine(TMA)E& A1£3] A%3l7]) 9438
o olAYE AAYL ion chromatography(IC), DMA$ TMAE gas
chromatography(GC)& @2 A8 FA] AWMU E A=A, £ NAS
737 A8 fm 5(1974)9 ¥} Hotchkiss 5(1981)¢) W& vlu &4
A 4719 By w2 Fu 7F oA F 65F 987 Azl i€ NA
W 2 AFEREY FEFE BASAH

1. 23 ol(llex illecebrosus ¢ Sepiell maindroni), ™\ 7(Gadus marcroce-
phalus) 18] 3L | X|(Paralichthys olivaceus) 59 °1&Ad3 ALYE ICH
o 71E9] uAYE Hu AEY A, o}AUAY HFEL ICHAA 89~
98.7%, Bl AWl A 984~103.7%°1N o™, AAHY &S ICHAA A1~
99.8%, ¥ lA 67.7-1022%°] At ICH ¥ 2 o] Fe] ofANY &
Fe FAEHA %y, Y FHFES 09~12m/kg olNew, v)AYo] 2
obditd H AMY IS 474 E1E~01mg/keH 0.3~04mg/kgolAct 2
EHoz2 ICHL 3o RSV oty FA % 4o 7t5sto vy
Hol ¥l3to HHE Y3

2. o} % DMA % TMAE AF37] 918te] Baba 5(1978)9 GCH&
NadAD. A (llex illecebrosus®t Sepiell maindroni), N+(Gadusmar-
croce phalus) 21813 X (Paralichthys olivaceus) %9 DMA 9 TMAE&
GCH oz A7t v 4z vusct. DMAS 35+&L& GCYeA 868~
102.5%, vl ¥olA 742~945%°IR0 2™, TMAY 358& GCHAIA 93.0~



101.1%, Bl M}l 629~117.5%°]Act. DMASH TMA ¥%& GCHAA Z
7} 29.7~325.3mg/kg ¥ 145.6~356.0mg/kgol A 2.1, vl YA 20.0~251.2mg/kg
I 139.1~304.3mg/kgol Ut olAZ2PITLE F2Y F GCYH w=
DMASH TMA £42 ulqA o] u)ste] 3o FFdln, A&sq 3}
A3t

3. ol ¥9 NAE Kawabata 5(1974)9) i3} Hotchkiss $(1981)9] 4
Moz Z+zt 43t Hotchkiss 59 H'#0] Kawabata 59 3o 3}

2 AFed AEE YEHUA

4. 2 A7AM AHE el g2 T §F AT 65F 98 A8 F
o NA#% 2 A7+EAE9 &3S 2439t

obddd % AAA ¥ 27 P& ~187Tw/ks, BHE~T79.9me/ks
folict. DMASE TMA @3 ztzt B33 ~551.4mg/100g9 2.0~5259
mg/100g B olAd. 218l32 NAL N-nitrosodimethylamine(NDMA) 2+ # 3
Hlon, 2 §Fe B71%~143ug/kg S ol Q.
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