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ABSTRACT

This study analyzed the levels of N-nitrosamine(NA) and its precursors such as nitrite,
nitrate, dimethylamine and trimethylamine in 10 samples of mollusk fish, 4 samples of
crustacea fish and 11 samples of shellfish from fish distributed in a local markets.
Mollusk fishes had nitrite concentrations ranging from non-detectable(ND) to 9.4 mg/kg,
crustacea fishes ND to 8.8 mg/kg, and shellfishes ND to 4.3 mg/kg. Nitrates in mollusk
fishes ranged from ND to 19.3 mg/kg, crustacea fishes 4.1 to 79.9 mg/kg, and shellfishes
L5 to 61.9 mg/kg. DMA concentrations were 11,2 to 551.4 mg/100g in mollusk fishes,
44.4 to 79.9 mg/100g in crustacea fishes, and 1.3 to 5.9 mg/100g in shellfishes. TMA
concentrations in mollusk fishes, crustacea fishes, and shellfishes were 10.3~292.4
mg/100g, 35.5~90.3 mg/100g, and 2.3~17.1 mg/100g respectively. Only N-nitrosedimethy-
lamine (NDMA) was detected for NA in fish distributed in local markets. NDMA
contentrations ranged from ND to 41.4 ug/kg in mollusk fishes, 3.0 to 47.3 ug/kg in
crustacea fishes, and 1.7 to 12.1 ug/kg in shellfishes.
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mine)2 7FE ¢ AUEARA 1 FHIF A 3004 F LA 9o ppb FF
2 2E4AA 9 90% o]Ato] ZJ( & Ao gltiPreussmann & Eisenbrand 1984).
N-Nitrosamine] ®etAdol] thajrl = 19561 MageeS} Barnes7} NDMAE Alg2ol)] &
FAA FHell 717 T3t ATl o] WASIHTHE B 3(Magee & Bames
1956)7}F 312 % NDMAE ¥3}3} N-nitrosamine S o7l §-9} o}A At o] w2}
N-nitrosamineS AJ33h= o2 A1 ledl(Archer et al 1971, Fiddler et al
1972, Lijinsky & Singer 1974, Ishibashi et al 1984), o}9i(Amine)F= T4F 2] Fd
de] 2¥Eo] e 3H3Eo] 1(Singer & Lijinsky 1976, Singer & Lijinsky 1974), o}
A e ;zqo:]ﬂoﬁ 2R A Ed] pgog ZAsla glovi(Scanlan & Reyes
1985), A HZE Ax]89 30| FA| L Clostridium botulinum®] 7% A S 23
22 71 SAF ArkHD A5 2 e gooA Az @A #HHz 9l
THCassens 1995, Walker 1990, Tannenbaum et al 1976). 18} HZ ©]& ZA)7}
He A2 A o, 4 Hg, AN B8] Hrd ALE 5] 37 edo® A
Froll A4 digol 1S FolAla 8lo], o]E0] A HHHAE w 2 e
Attol oJ3f ofdalo 2 FiE e Aol
- Wl A N-nitrosamineo] et A9 oA & 244 @ AL 7 5(1984)9]
Aol A N-nitrosamine gl thet En2A, ol RE] LF A FF £ F F
Ao A7t ol Foizith A LRE FHE AWER HAFR T 1994),
AZF(H 5 1990, Z 5 1998), =4k A FA 5 1994), 2HHA 5 1988), F
(A T 1996) Tol vt vt A whiol BT ol & viPom BT
4 9 GC-TEA 8] £F02 Fudxe) d7E HAR1Zd) st 27 Higel
7 A7goltt.

oyl Foll & N-nitrosamine2] At E2o] tigko 2 gg5o] 917] wjE(Kawamurfa
et al 1971a, Kawamura et al 1971b, 23} 2 1978)0) ¢4 FAE 2T 7154
o] Btk wEhd & ApdMe e 4553 e oHlF F AR LR
2 B E 402 N-nitrosamine®} 19] ATEZQl olaAle], AAY DMA 2
™A 3¢ Bslal 948 712 2188 AFsknzt skl

¢
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2. OAlAIAT M0l A2

2 5(1996)2] "l w2} ion chromatograph 2.2 & sty & 100 mL H]
Aol AR 5 g& Hota oF 60 mLe] SRFE 718k 80T & PolA 1583 32
g oS 15 mM 8H41H2(Ag.S04) 10 mLE 718k S7<2 100 mL & 83 T2 1A]
HFY AN oS A E2dte] FAEE AAE tE 022 #m micro
filter 38t 3 IC2 BM319om olu IC 24 2HL (Table 1>} 2th

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

Ion chromatograph DIONEX - 100

Column lIonPac AS4A-SC 4 mm

Detector Conductivity detector

Eluent 1.5 mM NaCOs / 2.5 mM NaHCO;
Suppressor régenerant 25 mN H;SO4

Flow rate 1.7 mL/min, N,

Sample injection 25 ¢l

3. DMA & TMAC| &

Baba®] W(1978)2 7RAIEE @ 5(1997)9] ol ofste] H AT F A& S
2 100 mL H]#H o) Fsla 2F 50 mLe]| o)A 2" Y5 2(isopropanol)-S 713t 10
b 7As) st 30 B3 WA vhE A7) o]AZR2HEFEE 7] 100 mL
83t o]AE AFR|(Toyo, No. SA)Z o7 F GC 4§ A2 33

C B4 278 <(Table 2>9} 2t}

uQ

bu e
oo

o
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{Table 2> Conditions for GC analysis of DMA and TMA

GC Type PYE UNICAM series 304 chromatograph
Column @3 mm x 2 m glass column

Packing material Chromosorb 103 (60~80 mesh)

Column temp. 130C

Injection temp. 180°C

Detector and temp. FID, 250C

Flow rate Nitrogen : 40 mL/min, Hydrogen : 40 mL/min

and Air : 200 mL/min
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4. N-Nitrosamine(NA)S| &2t

Hotchkiss =(1981)2] ®iid)) wle} $#27] ZHHEFig. NSE F&F3 T Gas
Chromatography(GC, Model 5890A, Hewlett Packard)-Thermal Energy Analyzer(TEA,
Model 543, Thermo Electron Corp.)2 NAE EA3yoen, &3 10% Carbowax
20M/80~100 chromosorb WHPE 373+ 10 ft x 2 mm(i.d) F2lZH L o] 83191,
GC-TEA Z7-& He 7}29] &2 20 mL/min, %]7] 2% 180T, SELE 140~170
T, pyrolizer &% 550, interface 25 200TC, 4-€ 1.9 tor2 3} tiTable 3).
719 2o 7% NA EFER & £8 - 43193, UV ZALE NAE i3t
ATkFig. 2).

l Put a small dab of anti-foamer inside each of 3-neck flask —‘
!

L Blend sample (or mince sample with scissors) —l
!

Mix 200 pL of 2.5 M sodium azide with
25 g sample and place .in 3-neck flask

l

L Add 25 mL of 20% ammonium sulfate solution, pH 1~1.5 -l
|

‘ Add 1 mL spiking solution(e.g. NDPA as internal standard) —l
d

Collect 125 mL distillate in a 250 mL erlenmeyer flask on ice
(This takes ca. 150 mL)

|

L Add 40g sodium chloride to distillate and dissolve 1
|

‘ Extract distillate with 40 mL of dichloromethane(three times) 1
|

[ Boil off the extract at a rate of ca. 1~1.5 mL/min(K-D assembly) ,
l

[_ Concentrate the extract to 1.0 mL or 0.5 mL, under a gentie stream of nitrogen —'
{

I Transfer to a crimp-top vial and store in freezer -‘

<Fig. 1> Procedure for extraction of volatile N-nitrosamine by Hotchkiss
et al.'s method.
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{Table 3> GC-TEA conditions for analysis of N-nitrosamine

Items

Conditions

Instrument

Column

Packing material

Flow rate & carrier gas
Oven temp.

Injection temp.
Pyrolizer temp.
Interface temp.
Analyzer pressure

Chart speed

GC, Hewlett-Packard Model 5890 A
TEA, Thermo Electron Corp., Model 543

10ft x 2 mm id. glass column

10% Carbowax 20 M/80~100 chromosorb WHP
He, 20 mL/min

140~170°C, at 5C/min

180T

550C

200C

1.9torr

0.5 cm/min

<Fig. 2> GC-TEA chromatograms for standard nitrosamines(A), fish sample(B), and
fish sample irradiated by UV light for 3.5hr(C).
1. Slovent; 2. NDMA; 3. NDEA; 4, NDPA; 5, NDBA; 6, NPIP; 7, NPYR; NMOR.
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1. OIXF =2 NDMA & 1 MEE &2

AAF FolA FUolA FEE T e 5F 107] AZe tigh opAAtdd, AAkd,
DMA, TMA 2 NDMA #8-8 243 A= (Table 4>0) VERITE

obuAle BHe BHZ~16 mykgo 2, WA RETFE AZ ABolA Tkl
A Jeiygth 2309l A9 YA g opE Aol M AEHA gkskont, A
C Aol oA XA 2tz 7.9 mgkg Z 94 mgkg FAEHUTE EF Ax §X)
£ 27 mgkg, 712 Fo]7} 9.2 mg/kgol Tt olg} Wi @Aof, WE 24 g
I el M otdakeiel HEHA st AL e B E~19.3 mgkgo|Rd
o o] & Ax XA 7P &k, DX FoldME 19 mgkg AEHUTE E3H
HAEETHE A2 AR 52 TEE By ol v)5d e YeRl

£

3 51994 & Az 27ole] opaie Ao FFL 1.0~7.7 mgke, A4
22~124 mghkg, B3 2(Kim & Oh 1995)& AZ 2409} obdibgdznt At
o) #hre zkz} 129 mgkg?} 4.78 mgkgolTn Rusith eAE T
obAAte L vl L Z7alu(Matsui et al 1984), 24013 9] opalabeyd 2 A4
2 717} 1.04 mg/kg} 142 mgkgelehn Eadh vt IthA 5 1996). Az &
£ 717} 0.2 mg/kegt 0.7~1.2 mgkgolghm HIBITH(o] 1994). &, $4t
5] 9.

a
2

Prorr o

AZAZ o 712 W wal 1 §ero] xto)r} ATHA 5 1997).
DMA &re Aol A 11.9~191.5 mg/100g, &+X]7} 46.5~551.4 mg/100g, F-o]
oA 37.2~126.6 mg/100g, FA] o)A 11.2~25.2 mg/100g, )4 ol A 17.4 mg/100g°]
Atk £Aole] DMA &2 o Faof we} Ate]7} led, ot2 e At 23 o
= 1,882 mgkg, YEA 2407t 2,043 mgkg, FRAAM=A QA0 A 1,225
mgkg, 18] 3 tEHY 240l 956 mgkgel2t Bt tHLin 1990). A 5(1994)
o Az 9Aolgt Ax Bojo|A] z+z} 11.3~13.7 mg/kgd} 17.9~18.4 mgkgoleh B
15t TMA 352 10.3~292.4 mg/100g0]91o1] 3 Az @x]olA 718 3k
th. 230} FollXE 7127017} 141.64 mg/100g o2 1 &3] w3kom, FojolA
81.66 mg/100g, Y5 FR]ol| A} 24.04 mg/100g0]ATE A $(1994)& A2 @A oj9}
AZ Pojo] TMA A4 FEE 242t 12.8~14.7 me%¢} 139~15.1 mg¥%o|ehi B
stk '

AAF Fo) NAZ P43 27} NDMAT 5300, o]52] NDMA Fate
BE~414 pghkg WSlolRAen, o] F £oirt /b A vehith 23] FellA]
' W% 240N 20 pgkgo B 7P BA AEHANLH, sl e HEHA
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Ppi=g

A 51994 AF oA ojo] NDMA FHeEe 3.5~53.2 pgkg AR o] 44~
183 pgkgo|gta Euslgon, Matsui 5(1984)& AR A& A3lHS o)
112~364 pg/kgl B AFH Fr7lgcta Ruslch =3 Ax 4o 71 Al A
Z "ol wel NDMAS] gefo] A gt Ajfe] Hhios Ax 7% A 1=
o vlal 11~128), EF Az B3} 3~44] =4 HAEEHAon, o] 2L AL A)
2 R B N I B 183171 W&l d4A AdE Ak A fREA7
Qolet stATHE & 1997).

i
tlo
o]

!

<Table 4> The contents of nitrite, nitrate, DMA, TMA and NDMA in mollusk fish'
‘ (dry weight basis)

Nitrite  Nitrate DMA T™A NDMA

Sample
P (mg/kg) (mg/kg) (mg/100g) (mg/100g) (rgke)

Squid )
Jllex illecebrosus Fresh ND 54 11.9 16.8 13.1

Frozen ND 5.7 325 356 20.0

Dried 7.9 1.2 191.5 141.6 6.4

Dried strip 9.4 2.1 82.8 39.0 2.9
Spear squid
Loligo bleekeri Keferstein Fresh 1.9 1.5 475 41.7 14.5

Dried 2.7 19.3 551.4 2924 5.6
Common octopus »

Fresh 8.4 24 126.6 81.7 414
Octopus dofleini dofleini res

Dried 9.2 19.0 37.2 223 14.8
Whip-arm octopus Fresh 25 09 112 187 222
Octopus vulgaris
Sea-cucumber Fresh ND  ND 174 103 ND

Stichopus japonicus

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

2. 22T =2 NDMA & O MFSE g

DMA, TMA % NDMA ¥eke R4 3F Zile= (Table 559} ) olaAky dlare
EHE~8.8 mgkgo 2 o] F ZAM 7FF A AFEHAL o ® AZ A%
7} 709 mgkgo 2 HEHUTE 22yt FAMFoME obdAtde] A¥ HEHA
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gtk A e 24~79.9 mgkgolRl o, o F BaA oM HF A o
BRI o] 5 (1990)2 A2 Af9-9] oA # A AL FHe 42 0.1~1.1
mg/kg 0.5~23 mgkg, A-SARN A= 242} 0.7~1.4 mgkegR 0.5~1.2 mg/kgo) et
3 H 3R T 1995).

DMA &2 44.4~116.7 mg/100g 22X o] F FAA] oM 717 A velste
B, TMA 22 3548~90.26 mg/100g 2.2 o] & RajX|-$ollA 71 4t A
£(1994)& A= A|9-9] DMAS TMA A4 ke 2tz 22~32 mgkgd 23.4~
25.7 mg%, Wootton 5(1989)-2 71% Aj<-2o] DMAS} TMA 3tk zhzt 207 me/kg o)
51 mg/kg, Lin(1990)&- A]9-2] DMA 32 178 mg/kgeleta B a3ith

[F AR F NAE 43 23 NDMAT &5 210, NDMAS] ke
~473 pghkgl 2, o] F Y& AN 71 A AEHAT 4 5(199)L dx
AM$-2] NDMAE 15.4~17.9 pgkgole} 3199.2H, Song® Hu(1988)+ &3 A9
oA 54~131.5 pgkg AZE3IATh E3 7(1995)2 AANA 4.5 pgkg AEH
Tt Raslch

{Table 5> The contents of nitrite, nitrate, DMA, TMA and NDMA in crustacea fish'
(dry weight basis)

Nitrite  Nitrate ~ DMA TMA  NDMA
(mgkg) (mghkg) (mg/100g) (mg/100g) (1 gke)

Sample

Shrimp

. . Fresh 2.1 4.1 44.4 355 3.9
Trachypenaeus curvirostris
Dried 7.1 4.4 62.9 65.9 3.0
Sand crayfish Fresh ND* 799 1167 90.3 52
Ibacus ciliatus
Blue crab Frozen 838 52 513 510 473

Portunus trituberculatus

' Mean of triplicate experiments,” ND, not detected.

3. IiE =2 NDMA & O M72A sta

HF ZolH FU FEH D Y 1150l Ui obaliked, A4k, DMA, TMA I
NDMA g 84 54~ (Table 6>o] YERAQITY oAl grake 875 ~43
mgkgQ 24, o] F RAZAMIAN 7P Eith 22U v, sz, ne 3,
FPeeo), uthAE 2eln LBA|ME oldadge] HE HEYR @&
gtk AAN BFL 1.5~61.9 mykgolder, o] & withNngolA 7HE &7
Uehdth = 272980 44.8 mgkg, QEA7| A 54.6 mgkg o & THE 5] Fo)
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B3l Hlad FA AEHAT o5 HRie AZFE Bo] ol&Hed AR AE
ol ot B AN} e /N0l 242 0.22 me/kgH 0.57 mglkg, E3MA
z+z} 0.57 mg/kgF} 0.38 mg/kg, el olME 242} 0.12 mgkg 2 0.43 mg/kgoletn
iﬂé}%d{%ﬂr o] 1974).

DMA 32 13~5.86 mg/100g 2.2 o] F &7& ol A £ vehstont
UelA] sl HES 3 mg/100g o|3tE o {Ed vlste] 1 FFo] WYtk TMA &F
& 23~17.1 mg/100ge|em o] F 3% $3oldAM 7P A Uelgta oo
2 it 318(13.3 mg/100g)9] 0|3 Yol HFE-S 10 mg/100g °]3tE 3
ZHAT & §(1973)90 23 HFe) DMA A T ZflA 3.57 mgke,

{Table 6> The contents of nitrite, nitrate, DMA, TMA AND NDMA in shellfish’
(dry weight basis)

Nitrite Nitrate DMA TMA NDMA
( mg/kg) ( mghkg) (mg/100g) ( mg/100g) ( nghke)

Sample

Little neck clam

o Fresh  ND’ 44 2.7 6.1 22
Tapes philippinarum
Corb shell Fresh 43 4.0 16 52 22
Cyclina sinensis
Ark shell
Fresh N .9 1.9 2.7 .8
Scapharca subcrenata res D 6 2
lat k shell
Granulated ark she Fresh ~ ND 73 1.9 23 1.7
Tegillarca grasona
Cockle , Fresh ~ ND 6.4 13 6.4 43
Mytilus crassitesta
-shel 1
Hard-shelled musse Fresh 1.0 52 28 56 22
Meretric lusoria
hell
Top she Fresh 15 1.5 1.6 25 121
Turbo cornutus
isl
Purplish northe  neptune Fresh 23 6.4 1.7 9.5 2.8
Neptunea frater elegantula
i d 11
Moon snail(sand shell) Fresh  ND 4438 59 17.1 44
Neverita
Top shell
Fresh ND 61.9 .0 . 4
Omphalius pfeifferi capenteri res 3 133 3
Ear shell Fresh  ND 54.6 29 77 3.6

Sulculus diversicolor aquatilis

' Mean of triplicate experiments; 2 ND, not detected.
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T z7holl A 226 mg/kg, X ZAAANA 1.24 mgkg, S 1.14 mgkg, BAZ o)A
1.72 mg/kg, BEA oA 148 mgkgoletn B matich

HF 1120 thaled NAS £A)3) 23} NDMAT ZZ5Q10m, NDMAS] §Hake
1.7~12.1 pgkgolRAth o] F uirhd nFolx 714 A4 ZE=AT 2AF 59
NDMA 3tk ulx|gtollx] 22 pgkg, ZAIZNA 22 pgke, BA 1.7 pgf
kg, ZRA 43 pghkg, AFAAN 22 pgkeol FFE BTk 28 F 2FHe
aetollA 34 pghkg, 27E FHoloIAM 44 pgkg, FLHWERFNA 2.8 ugke
olgitt. 3t @ Bx}7]e] NDMA e 3.6 wugkgolith

HF 5 NDMA &F2 g Tl % ol fdl vl 2& 3FE Zach 18
U NA AFEHE] FFo] WSl B8t NDMAZE AEH 1 e Rl F5
g hai}. o] T AR MAA| AR A o3 edo FSHE F, /Y]
=2 Ee vt v 2 T 49 ol wE AL 33HEe F3 o o3
4 Sof o8l 4] N-nitrosaminedl] =25 & A2 F2HAth A 5(1997)0] ¢J3}
X% s FolX] NDMATZL HEE & ol e s&Ed 9 A4 vlg #o A}
, Aol o] 88 318 ok F Foll 9@ i FEAL s oR fUEH s Fo
oA Aol A HA] TEE kolx o] g BF0A AA o3 Fo o]
oyt & Fol ANGH opEdd AT v & Fo] ofvlFeke] Whgol ofsjA]
NDMAZ} B EE Rez 33t Utk

kv

V. 328

Tl FE5H e AAF 104, 32F 4%, AF 11380 i N-nitrosa-
mine(NA)T} 198} AFE2Q) o}AAkd, 22+, Dimethylamine(DMA) ¥ trimethyla-
mine(TMA)E #4183t}

AN F Fo| opAdary ke £ ~94 mgkg, 12FolA E3%~8.8 mgkg,
aga HF{e EEE~43 mgkge|dth AN #FFE AR/ EHE~193
mg/kg, 8= 4.1~79.9 mgkg, 283 T FoA 1.5~61.9 mgkg TS BPh
AAFol DMA e 11.2~551.4 mg/100goll e, 7tztaFol ke 44.4~799
mg/100g, 18] 31 HFolA = 1.3~5.9 mg/100ge|Yrt. TMA TS A F7} 103~
292.4 mg/100g, Z4Z-F 35.5~90.3 mg/100g 28] | FE= 2.3~17.1 mg/100ge]
FE Bk B A7l A" Ul 7% olF oA NAE N-nitrosodimethyla-
mine(NDMA)RF A&H e 1§32 dAF7 B4E~414 pghkg HHole
o, 2/} 3.0~473 pgkg, A{= 1.7~12.1 pgkge|Art

olFe] ARZFH oS AT, HAF % HAF) Fo opEAE, AL, DMA,
TMA 3 NDMA & o Fol] wel 247 tham, 3t YA aEte X A5
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