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R IAE BE AR F R S EE AR BEDS FARBCES R - SR
LLO.5% THESVE MR IS E BRI 5% LATF » ¥hN0.5% Bls — SIS I S e » 1L
IR 2% 8 A 2 R F RO E R E RO B R o (g
AERRF386 0.5 ng/mL > 0.5 ng/mL B%$%0.05 ng/mL - #HNEA 10, 20, 30 ng/mL
710, 20, 30 ng/mL K5 1.0, 2.0, 3.0 ng/mL FAUE « B4 HE R ERET » 882 E K
R 95.3~97.9% » REE S 94.2~99.1% » R ERERS95.1~98.9% ; 2
BRI 97.1~98.3% » RE%EIHES 97.4~99.5% » R ERES97.5~99.1% ;
SR KRS 98.1~99.5% » RS 98.3~99.4% » RERES 97.5~99.7
% o UIEDTBIETE 34 RAEDTEAS > L5794 - HEBERE S5 F
& &23.41 ng/mL > B EE2.7~63.9 ng/mL » EOFEKRE 164 Ty &
13.02 ng/mL - & Hi#EE 0.9~49.7 ng/mL - REFERL &85H23 4 F195879.31
ng/mL » R HEE 5.3~503.0 ng/mL - EOER L 411 TS E64.42 ng/mL
te H#EE 2.9~445.0 ng/mL - REBERH SFH41 TS R3.4 ng/mL - HHEE
2.5~5.0ng/mL » EOHERRH 9 » FHER0.9 ng/mL » HHEIE 0.2~2.3 ng/mL -
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Studies on a Method to Directly Determine Lead, Copper and Cadmium
in Alcoholic Beverages Using a Graphite Furnace Atomic Absorption
Spectrophotometer
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National Laboratories of Foods and Drugs, Department of Health, Executive Yuan
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A quick, easy method for determination of lead, copper and cadmium in alco-
holic beverage was developed. The method uses a polarized Zeeman graphite
furnace atomic absorption spectrophotometer (GFAAS) and pyrolytic graphite
tube. Ammonium dihydrogen phosphate was used as a matrix modifier. Alcoholic
beverages were diluted to a concentration of less than 5% alcohol with 0.5% nitric
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acid and were analyzed directly. The estimated detection limits were 0.5 ng Pb/mL,
0.5 ng Cu/mL and 0.05 ng Cd/mL. Recovery studies were performed using beer,
grape wine and kao liang liguor, fortified with 10, 20 and 30 ng Pb/mL, 10, 20 and
30 ng Cu/mL and 1.0, 2.0 and 3.0 ng Cd/mL, respectively. Recoveries of lead in
beer were in the range of 95.3~97.9%, in grape wine were in the range of 94.2~
99.1% and in kao liang liquor were in the range of 95.1~98.9%. Recoveries of
copper in beer were in the range of 97.1~98.3%, in grape wine were in the range of
97.4~99.5% and in kao liang liquor were in the range of 97.5~99.1%. Recoveries
of cadmium in beer were in the range of 98.1~99.5%, in grape wine were in the
range of 98.3~99.4% and in kao liang liquor were in the range of 97.5~99.7%. Sev-
enty-nine samples of alcoholic beverages were analyzed using GFAAS. Results
showed that the contents of heavy metals in the domestic products were 2.7~63.9
ng Pb/mL (15 samples), 5.3~503.0 ng Cu/mL (23 samples) and 2.5~5.0 ng Cd/mL
(4 samples). In the imported products, they were 0.9~49.7 ng Pb/mL (16 samples),
2.9~445.0 ng Cu/mL (41samples) and 0.2~2.3 ng Cd/mL (9 samples).

Key words: Graphite furnace atomic absorption spectrophotometer (GFAAS),
Alcoholic beverage, Heavy metals, Lead, Copper, Cadmium.
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HEESBMIERABEEAMLE FEELSEWNN -H - F - &% BHETES
B8 HoHE -MEWMPLAEHABEEN WK KR W (ER
B) % BMES [ BRMEREEHESERNER) c8a Tasuem) © -

EBELAVENRERESB - EARE Y MAAGGEBRETNA KIS - EEPE
EH S BRRERCEABA - KPHEBERKRAKEEZRI - FREAPE
VEUBRY B EHBEI o TIRP S RERHEY B R ERKE iR  BYFEEK
MEEABAN - KRTHWESBERTEEEARA  BEEREENSERLSBROEAR
W e BEELESRIGEEH > TRBEPHEER?D -

NeEMTEAHBHESRMAEEME - fEZBMAMBREABEZIER - KEEBA
e 2t FERBIE - A - MREIKE > TENREESERRS10~-15¢ - HER
EEBEAGRAENEHE EEEDE SR - K FHEISARR?Y -

SRABEPLELE  ABAKHRK - Hhit - BREEEHR - FAEEAREFEN
B ABIMHETE BRTEL BH - BXR - EE EEKE - FER - 5B Bm
%o Mg FEFEERT  DEFHR - URERFEPENRE 0 BRZRRKSH
MRERFANECEMESERARE . LH2HT? -

RE-REEHBREFRCESR  BRSENRESIEIEPE  REABAL-
100 mg Z A% (LACd &) BN &y A A4 M AEM » HAER AWM - B8 - WEUKRERER - H
TEETARNBARMBZHEIICHRE ZIHE MGRSHERK  SXFHHEEZHR
Ko BREKEE BRZHESEEREBEIC  miwct?.

BHESBZERRFCERE (FE  KR) RPEMEBETBRREZEE  BRBE
R ISR BEARDERPRRLERY -

W S B2 AT 5 R RS & B AR R ¥ (Inductively coupled plasma-atomic
emission spectrometry, ICP-AES)"Y -+ & (Anodic stripping voltammetry, ASV)®™ +
&% 2 F % W H 2 1 (Flame atomic absorption spectrometry, FAAS)® 9 & 75 S48 X F 7%
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Iz 3 38 ¥ (Graphite furnace atomic absorption spectrometry, GFAAS)® ™" o &R & &4
G e a Bk B A BT E 4 8000 € LA B2 iR o BUBRES AT A LR R AN AT IE #2747 o (B
A 6 S B (wg/mL) B E A SEME (ng/mL) (AU BRGENRE  BER
B BRESEREGRKBACRE  PERBRCAER - BHEHUSTEMEZRE
EEmeE S ERYAGES TE SBRTENENNREEERY X - WFERIFR
B ERRBRHREZERE  BERBIEE o KERFE FRKOE SR L 8RR R b6

ChESBVY oA AREILZNIEE  BHEEARHBEZRE ’fﬁfﬂlﬁﬁﬂiﬁﬁ
FEHENEE B NFRESHREEEAERN ARG EKRGERIRAZRE
EREBCER -

BREAR T RELRES BN CEE  EARASMY B RRHES
Huiy OO hES B BIRA o LA AERS RNAL BZARS (20 pL) o KEZER K
b S BBRFESTITHEEEHEYRSEERS  MERF NS RETAR - LRI
ATERMREBLAH  EESAGRET  HENAEEIERKS  THEHEEA 2K
FEY  BBEE  REE -

R R W
— EREHH :

B F 54 88 T3 B (Suprapur 8% ) - B — S8k » SAMERER - SAITNEIR BRI HE I S P
Merck AFES  BRESEEBERHEAERES  ABUM AR EHEREF EHAEKI8
m/cm LA EZK e

SVHE HE VA U 2 O B S N SAAE HE AR 0 LLO.5% TR TS MR RE £S5 0 10 0 15 0 20 B2 30 ng/
mL {#1’?1‘?1@("?& e B S Y o G A e VA WA 2 I Y S ISR E IR 0 1 0.5% B B VS W
121550 10 » 15 20 5 30 ng/mL ft{FAEHEVSHY - B FARFAR o SEHEE R B A RGRE
HE WG 0 LLO.5% TR IS IR RE A5 0.5 0 1.0 0 1.5 » 2.0 & 3.0 ng/mL (- VFHRMEIS WY » R A1y
B o BRI RS RS AR AU M — S %058 » KB EREL100mL °
Z - A

H 7 Hitachi 2 8] Z 1R b %% 8 1 248 X 7 B KK 3% 1% (Polarized Zeeman Graphite
Furnace Atomic Absorption Spectrophotometer Z-8000, GFAAS) fff B &% 4445 (SSC-100) °
T 8% (pyro tube A, 190-6003 type) K84 + §i K 5 o 22 B2 i 5348 & (Hollow cathode lamp) £
H 4 Hitachi 23 &) 2 & ©

RS A8 WS EY SR ST (Pyrex) ME » HHABER - WKIEH - (£
FIRTE BB IR » Bk PEIE % » B EMIE I (HNO; : Ho0 = 1: 1) PR E @R - BUhiHg
B2 & B I T o DA K 1 DR MR T B A o
= HEA%E:

LA &80 20 ng/mL ~ $§ 20 ng/mL B 3% 2.0 ng/mL Z 5% WKEEW ZRFEEBELE R E
1 A TR KO B R T OO B R R AR (RFFEERR R LR A O
W R R AL - RAREF S RO AL IR A SOB R TLIBE - RIS R B RIFIE
o
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AR HE VA LA B 2% & 4 B0 IR 7 RO 3 438 1 8 R B o kS IR O B
B BUFREM AR o DUE SR 20 ng/mL ~ $730 ng/mL K883 ng/mL 2 5% WE¥EVAWE » VR INIERE
Witk DRmAR AL 22 8 0 B 2R 7 KO3 3 0 SRR AT o SRS HE VS B 0 SR SR
HIKILBEEEEE -

LA & 8320 ng/mL~ 20 ng/mL K3%2.0ng/mL 25 10 » 20 » 30 » 40 » 50 » 60 » 70 °
80 B 90% 15 X5 18 W LAR AL 2% & 0 2B 0 R IR 7 R KOO 2 4 00 S L UR OV 0 BRASYE VAR Lt
B BREAERBREZEE o LIS 20 ng/mL ~ $730 ng/mL K383 ng/mL 2 5% BEFE A 16 8
o h o DB BE R EE O LB RERE U BRERTsoE .

(e RR TR 0.5% B v 5 22 1 A I LR B 1L 24 B 5 B X IR 7 R K oY 33 436 S T
BA2K > DIH A28 QDN = 5 2 AE 8 AR 22 51 B AR BR @) o

#RONSA10 » 20 K 30 ng/mL > § 10 » 20 K 30 ng/mL R &35 1.0 » 2.0 K 3.0 ng/mL K218
B HEBERSREY  SURBIESHEHR > UBIS FESTES ARBESE
FHEHE[E M EE -

‘ AREEB AT ¢

RERSFIZAEFECARM  RALTEHRMRFHME  RERLPBEAERS
RERRBRILEH 7O o MBS K H IR S RS R E 5% LU T - KIRER T & H ik LURBIL X
S0 B AR FRECE B EEE

R EE G
— REERBE :

WERCHER8C BHARNBERGMAELRBESR » FiLBRRBHICORH
(i @ ERRE R EHREE  SRRERKEITER  SEERIKILRBESS
R HRE BB G A R IR RRRE o & 88 20 ng/mL ~ $820 ng/mL K58 2.0 ng/mL ¥ 5%
RS ERFRSERERES120 C RIEFLBE200 C2T% » S0 KbEE &
R EIRICIBESA B 450 © 700 C S|BS00 C (H—) » BREESSIREES
120 T ke @ KL SRS 450 € » 700 T 0 $a55450 © % - S0 E LB » HigER
B IR L SR 75 2200 € S5 2800 €0 $B£32200 C (B — ) - MESBKRER » %

0.160 0.160
0.140 ) sfess oS 0.140 74//’% [
0120 /mq:g *n 0120 ——Cu
~Tg- 1 —e—Cd
¢ g 2100 p—n_,_—a—-—‘/o”"_—x Ty g 0.100
€ C
.g £ oo g 0.080
£ £ £ 0060
0.040 0.040
0.020 0.020
0.000 0.000
30 400 450 SOC S5O 60 650 0 TS0 8O BSU 900 95C 1950 2050 2150 2250 2350 2450 2550 265¢ 2750 2850
Ashing Temperature (‘C ) Atomuzing Temperature (‘C )
B— IK{CEERE - ARBRE e B RS - ARERE RS
Fig. 1. The effects of ashing temperature for Fig. 2. The effects of atomizing temperature
lead, copper and cadmium measure- for lead, copper and cadmium
ment. measurement.
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W R R AL REEY I 488 ~ AR B MO eEL (BH=) ° V EFEA MR A ERMR -

DA 8020 ng/mL ~ 330 ng/mL B33 ng/mL & 5% BEFEEW ° VD05 816 9 % DUR AR A B
758 5 BAE A R TR MO B4 I E R R o BRI I HERSRASARIKLER
REATHE E 75 800 € 0 i S8 William 'V Z HHZE RS RABE © o i 1§ B 4 1 ) &z v D IR A
R R AR R A AR KB R ATIR A E 800 C 0 IKLIBE RS ITHREEZ T
EFREETERK -

LR Y- FEF B AT 44 v o 30 S B B LA ME e 4 80 2 AR /7 #2 XA Y =0.0073X+0.0060
m%%ﬁ%a%m(ﬁm)vﬁZﬁﬁﬁﬁﬁ%Yﬂmwwﬂm%’mW%Q%&%%(E
£)vﬁZﬁﬁﬁﬁﬁ%Ywmmwﬂmmvm%%&%&%w(Eﬁ)vﬁﬁﬁ%ﬁ
IF o
o ERzEE:

L& 88 20 ng/mL ~ §F 20 ng/mL
B 3% 2.0 ng/mL Z 5~90% i & 15 1R LA
ERtueE R B2 TREOEERE . B .z22B2 B .1s93
WU 0 BB - T |
thf Z FE R BT » L& 5% B 90% HFs 1 @ ®)

B2 B EBE 0 £ 99.8% K 104.0 b - b

% o HEBEL BREHEERES ] |

43.2-89.8% (Bt ) - WMz EREM | L

T LA 5% K 90% RS VS W 2 1B K R e et gE. TR}

BAE %102-1%&103-8% ’ /ﬁ\:rg?%fg Cu  ANALOG  MONITOR

o B E S 54.4-74.8% o g5, o =S E 3 {w
|

REF
} .20

'J

8 SEREET 0 LS 5% BRSNS ]
WERE £101.1% » HEBREZH ]
5 VA R EL [ MK 2 £ 54.4~88.9% © HILA 'j
P ERBETRREERSEERS% LT
TS L3122 Rt LR —J

SR E BRI 5% LT o William T T T T T

D 2 pge it BRI A M 10 £5 - 1 nes g .1117% B .1 B398

£ .20 e.28

(A) (B)

BaRHEm2% T HEE T RERE
& TE AHRBEEE® S ERI ] !
HRIBRAEME AR HEER j i
EBHEAZE PESERAFRER ] |
& o 0.0 J._,

E}M*ﬁ;ﬁ]%ﬁ@%'ﬁz 5% 5 TR 5325% (e T Y T T—TTINE (SEC) 370
W MU EBIGE RS (F pesare
BB U 28 & BN FS B TET 8 20 ul ' T
B AV PR K —E BRI ABRFE A W= 8 SARBZOE
W RE) 0 R Ll PR S - Fig. 3. Spectra of lead, copper and cadmium by
BRSNS o e GFAAS (A) blank, (B) sample solution.

A ®)
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0.250

0250
G Y=0.0073X+0W
' r=0.9981 0200 | Y=0.0062 X+0.0105
8 ,// 5 r=0.9985
g 010 2 o150
£ e 5
2 0.100 /‘) 2
2 o So100 ¢
d
0050 // b
0.000 0000
0 5 10 15 0% 30 3 0 5 10 15 20 2 30 3
Concentration (ng/mlL ) Concentration (ng/mL )
(A ok T HE EH SRR
Fig. 4. Calibration curve of lead. Fig. 5. Calibration curve of copper.
0.250 i
0200 Y =0.0621 X + 0.0063 o2 ‘
: r=0.9982 e -
£ 0150 . £
2 e 2
2 0100 ) A 20100
/“//
0050 | P 0050
0.000 : : : : 0000 .
0 0.5 | 1.5 2 25 3 35 sd S 10 20 30 40 S0 6 70 8 9N
Concentration (ng/mL) Alcohol concentration (%)
BN SBZAEHEMR Bt ERBENG  ARBERAZEE
Fig. 6. Calibration curve of cadmium. Fig. 7. The effects of alcohol concentration
on lead, copper and cadmium
measurement.

8420 ng/mL ~ $730 ng/mL K83 ng/mL ¥ 5% WEFE S W E B s (ATRE =+ R
&) 0 DURE(L 22 8 A B R T R O B R (I ORI R BEREERSR L
7 IR S B 5 0.1520 » AHEHERER S 1.50% » S TR £ 0.1966 - FHEHEHERE R
1.95% » $R & TR HAE£50.1905 » AREHE AR £51.33% » H1LA b FEREUR 5% RS IE
CHEBEENPEERIZERLERNZE -

=~ {ERIHEPR SR B AN B ¢

D78 B S AR AR T K BT E (B FRER 88 £5 0.5 ng/mL » $H£5 0.5 ng/mL RIRFS
0.05ng/mL -

RH0SA 10 » 20 B 30 ng/mL » $8 10 » 20 & 30 ng/mL K &453 1.0 » 2.0 B 3.0 ng/mL Z 4%
HEYSTR R BB RERESD R B REES 95.3~97.9% » IPAEIE ES 94.2~
99.1% 12 &5 RS 95.1~98.9% » $AZ B AS A £5 97.1~98.3% » WA i F5 97.4~99.5%
P RS 97.5~99.1% 5 [B1 K AR H I8 16 £5 98.1~99.5% + A Hi % 5 98.3~99.4% © A
P75 97.5~99.7% o

BAL LR STEAETS  ARBEENREZRERFES R KR
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PR BERIBE % AT » $AZ AR AR DI B A% e Bk B BERR AR IR 1 2 77 BRI - SR 248
TR B 55 B o R R T B A B R B SR R R AR S T R AR+ R A ) DA AR I B o B i £
BERIEREZ T HRE (R—KkKZ) -

A B FRAEES TS ARBZESE2E

Table 1. Instrument parameters for determining lead, copper and cadmium content

iﬁ

in alcoholic beverages by GFAAS

Parameter Lead Copper Cadmium
Wavelength 283.3nm 324.8 nm 228.8 nm
Slit width 1.3 nm 1.3nm 1.3 nm
Mode Peak height Peak height Peak height
Lamp Hollow cathode Hollow cathode Hollow cathode
Lamp current 7.5 mA 7.5mA 5.0mA
Purge gas Argon Argon Argon
Purge gas flow 200 mL/min. 200 mL/min. 200 mL/min.

(30 mL/min. during (30 mL/min. during (30 mL/min. during
atomization) atomization) atomization)
Matrix modifier 0.5% NH,H,PO, — 0.5% NH,H,PO,
Standard matrix 0.5% HNO; 0.5% HNO; 0.5% HNO;
Test sample solution 20 pL 20 pL 20 pL
Modifier 10 L - 10 uL
Standard 20 pL 20 L 20 L

x®_

DA B TR AT 8 - 8RR 2 8 R

Table 2. Temperature program for determining lead, copper and cadmium content in
alcoholic beverages by GFAAS

Lead Copper Cadmium
Step Temperature Ramp Temperature Ramp Temperature Ramp
start end start end start end
C sec 6. sec C sec
50 80 50 50 80 50 50 80 50
Drying 80 120 30 80 120 30 80 120 30
120 120 10 120 120 10 120 120 10
300 400 50 300 400 50 300 400 50
Ashing 450 450 20 450 450 20 450 450 20
800 800 10 700 700 10 800 800 10
Atomizing 2200 2200 10 2800 2800 10 2200 2200 15
Cleaning 2400 2400 3 3000 3000 3 2400 2400 3
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EORBEEEPR ARBCEE:

BN HEMTBETEM FREDBES 4 5796 KIBME SRR SRS
@ EBEREUE  BETEAIEYE ST BRE - SHE - AT W S5
AERBRES  ZEAERBERLR oWt ESHE - =8 RSN 528 18
BRABES BUEACEEEE EE0 HEE BEE 256 YEBEREHE
B -

SMERPBEBEEIC M RESH  FHER25.0ng/mL » K H &I 3.1~63.9 ng/
mL o EOBGEBEI2 M R 124 > FHE R 14.2ng/mL » W HIE0.9~49.7 ng/mL °
EZRBWEI2MF 3 FHEEI13.2ng/mL » REEE2.7~29.4 ng/mL » KB
I 3 T &R 10.6 ng/mL - BIHEEE3.5~20.9 ng/mL - BEFESERE6 » &
ety FHER27.8ng/mL > RHEFEE 13.9~55.0 ng/mL - EOHRBE2ME MBI &
Ef56.6ng/mL - REETEETE3M M W15 FHEE23.4ng/mL » B HEE2.7-63.9
ng/mL » OIS F » W& 16 1F - T &R 13.0 ng/mL > W& 0.9~49.7 ng/mL ( %
=) BEBEZFHSERMREEEYEEOERS  (HEWilam® HEZ 0EEBELHRS
B HEE £ 15~135 ng/mL ; Maravic S A CO5F%e 2 B ch g & 86 #6819 %% 1 S 33-
65 & 43~109 ng/mL » L E % B 55 26~78 & 33~73 ng/mL H.#& » BRI ZE B & BHIE o

M BPREREELTH  RE 14 FYEET79.4ng/mL » K H&E 5.3~503.0 ng/
mL - EOBGEE 324 32 » TS ES5.6 ng/mL » W HE 2.9~445.0 ng/mL
EKEW121F RIS - TS E84.5ng/mL » 4 & E 23.3~358.0 ng/mL - i3
LI T F1YE&92.8 ng/mL » W E 25.3~278.2 ng/mL - BREFRIHE6 1 -
4> FHER68.8ng/mL » R EEE 47.2~130.0 ng/mL » EOERTE2 4 > K2
o T E106.7 ng/mL - tRH & 5.3~208.1 ng/mL » M REBEM L 238 F
¥ 879.3ng/mL » W HHHEE 5.3~503.0 ng/mL » SEOFEAS 4 WAL TS E64.42
ng/mL > BEHEEE 2.9~445.0ng/mL (RMN) - REBZ TS BRSHERENRES B

£= DASREARFREESTBE RIS E
Table 3. Contents of lead in alcoholic beverages analyzed by GFAAS

Domestic Imported
Sample No. of Average of No. of Average of
positive postive positive postive
(Total) (Range) (Total) (Range)
ng/mL ng/mL
Fermented liquor 8 25.0 12 14.2
(16) (3.1~63.9) (32) (0.9~49.7)
Spirits 3 13.2 3 10.6
(12) (2.7~29.4) (11) (3.5~20.9)
Liqueur 4 27.8 1 6.6
(6) (13.9~55.0) (2)
Total 15 23.4 16 13.0
(34) (2.7~63.9) (45) (0.9~49.7)
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£ UEBEAFEFREESTEDHCSE
Table 4. Contents of copper in alcoholic beverages analyzed by GFAAS

Domestic Imported
Sample No. of Average of No. of Average of
positive postive positive postive
(Total) (Range) (Total) (Range)
ng/mL ng/mL
Fermented liquor 11 79.4 32 55.6
(16) (5.3~503.0) (32) (2.9~445.0)
Spirits 8 84.5 7 92.8
(12) (23.3~358.0) (11) (25.3~278.2)
Liqueur 4 68.8 2 106.7
(6) (47.2~130.0) (2) (5.3~208.1)
Total 23 79.3 41 64.4
(34) (5.3~503.0) (45) (2.9~445.0)

50 [ B R T R R RE S o i g2 Miguel & A QEF%EZ 0 ESFHEHH & 2R
[ £ 0.06~1.62 mg/L : Maravic % A 0 B9 2 i b & B4R i 45 [ 0 4 % 1% 75 450~720
B 20~445 ng/mL » 1% W55 120~550 B 43~163 ng/mL L » FI BN W §A & R IREAE -

AEBPRARIST 1615 M 44 TSR 3.4ng/mL » WRIBHE 2.5~5.0 ng/mL >
S RESEE 324 0 R 9 IS & 0.9 ng/mL o MR 0.2~2.3 ng/mL o T A B K
B R (R - BEBL TSR EEYEEOHES - 8 Maravic FA
W B RS B O % B 0.25~0.31 5 0.2~0.6 ng/mL > AMEETES0.3~2.5 &
1.0~2.3 ng/mL H# » IRETERS &R -

£ MUGEBEARFRAESTETRZSE
Table 5. Contents of cadmium in alcoholic beverages analyzed by GFAAS

Domestic Imported
Sample No. of Average of No. of Average of
positive postive positive postive
(Total) (Range) (Total) (Range)
ng/mL ng/mL
Fermented liquor 4 3.4 9 0.9
(16) (2.5~5.0) (32) (0.2~2.3)
Spirits 0 ND’ 0 ND
(12) (1)
Liqueur 0 ND 0 ND
(6) (2)
Total 4 34 9 0.9
(34) (2.5~5.0) (45) (0.2~2.3)

* ND: not detected

-282-



Z [ TRBEKEES ] www.angle.com.tw

imn

s}
Ei¥*ﬁ
ozt
ik

BT B8

1

YRR IIEIFEEH (Ann. Rept. NLFD)

BLEZ A TRERET B RAZ S BEM  TIRHSEME  FEEESNARKE
FHSBRRBIHE - wERZERR  MHBECREABRAS  HEEANEETES
JiB 3tz 45 R 4 A 4 o

# W

AEEERRERRRNTEEURE LS E BM AR FREOCRERE TR
RRERTREE RS TR R MR R B A 2 SR KR IERE Z WA SR B RA e R
R LERERRRENE MHEETESRE (3 FARE) SRISEM -

2 £ X W

() X/ : &AL E > pp.116-143. EFE LR » &1L (1989).

(2) Mk : RAL 2L pp.116-121. BEWMB LR - AL (1988).
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