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A analysis of synthetic musk compounds in food using QUEChERS method kit
Tadashi NAKATANI, lori Miyamoto and Mitsuru SHIMIZU
Abstract

Four synthetic musk compounds such as musk ketone (MK), musk xylene (MX), 1,3,4,6,7,8-hexahydro
-4,6,6,7,8,8-hexamethylcyclopenta— v —2-benzopyran(HHCB), 7-acetyl-1,1,3,4,4,6-hexamethyl
—tetrahydronaphthalene (AHTN), widely used as fragrances in consumer products, were analyzed for 13
market basket sample (MKS) used by total diet study and some fish samples, along with organochlorine
pesticides. Sample preparation was based on the modified QuEChERS method combined with
hexane—acetonitrile partitioning.

Recovery test using group 8 (other vegetables, mushrooms, and seaweeds) and 11 (meat and egg) of
MKS spiked with 4 synthetic musk compounds at 0.004pug/g and 18 organochlorine compounds at 0.01
ug/g were recoveries in the range of 70-120% for HHCB, AHTN, and the organochlorine compounds
except for aldrin in group 11 , HCB and heptachlor-endo— epoxide. The recoveries of MX and MK in
group 11 were somewhat high (120-140%). The recoveries of AHTN-d5; and MX-d s as surrogate
substances were in the range of 70-120% for almost food samples, except a part of results.

HHCB near limit of quantitation (LOQ) was detected from one fish sample in this study. On the other
hand, DDTs, chlordane, and HCB were detected from group 10 (fish and shellfish) of MKS and fish samples.
Among p,p~DDE, HCB, and HHCB concentrations in marine foods on mixed results in this study and in
our another method study, p,p’-DDE was correlated with HCB, whereas HHCB was not correlated with
p,p—DDE and HCB.
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JREBHZ DWT, Redh TR O 2, ATLELED
a7 o7,

A BIRET AT 7o RIALER R, 0 A P O A 1%
VYRR G — o L CRBRS - F k91,
AR, BRI T LEOEREZINZ L0
THY, M IZi%, QUEChERS (Quick, Easy, Cheep
Effective, Rugged, Safe) £ R, BABIZIZA~FH 2~
T7EN=NILGBEE V2SO THD,

ARFHEIZIB T B E O H L 72572 QUEChERS
TEIE, 2003412 Rl o O 7% B 3R D i Al AL ER
L LT, AnastassiadesH[10] 23R FL7-H D THY ., LA
%, 2RI EFEBIRAAKFE (PHAs) [11], Ei4 H EH
fnl12,13], BEOERMLHEYE3]D S HTIZEBITD
BRI L L THISABID RSN TV, 4 [EHETE
KGR UT- B RE L, B OB EE AL, Bkt
(b5 % it 52 & L= QUEChERSTE I K5 45 AT 4l )
HFEINTWHIEND, fillHRFIZQUEChERSEF v
DN, HNTHDHEE ZRFHI AW,

A BIOWFFETIL, HB 7= F 35 R 2 IR 4y
Brb RIREIZAT o 72, F72, Bk, —H oM EIZ oW
T, [GC/MSIZLDREIFED —FRBRIE (FBKE
) 1 CERRITAELH 24 B AHT B2 3550124001 5 )
ARG R L R R A e A Rl A, LU R @ EnE
L) W E LT HIET, miraiTolcf bbbt
THETD,

I REFE

1) &

~ =/ Iy R, 2008 4 B2 KB T o
A 2 6 G212 2 it S AU 7 [ R R - S 28 T A O SR
ZHEIT, 2011 4F 2 HICHH RS 7 PR A 508 (BB
DOREZBRS 13 FF) Z W o, FalBFONGERIL, 1THECK,
KN L 2 B CRUSAOEH, T, WHEH) . 3
B (WOWEEH, 1850 . 4 B GlAEED | 5 B (B, &
o) | 6 B (HLSEHE) | 7HE (RSB 30) | 8 BE (Lo
BP3EHE, /U, VERCER) | 9 BE GHBRRE, RELTEE]) |
10 B (B0 58) L 118 (I, 9% L 12 B (3L, LY
i) L3R (WL — L —EFEZ DO R ML) ThoT,

fanERENL, TTNA— N\ —~—7 Y CIEA LT,
ATVINLAL 4 308 AP BHERE L2, /b T = —: 1,
BEIOKR—=FR:1), ¥ (EHRE) , BLOZA (ERE)
£ 1 #0BHX QUEChERS #£% v M W T L7z,

TN~ T (HPFE), Y FTX (FHA) | B9 7
(@A) . 7YY (EFE) 1L, BmEEE S Uz ) ika H
WL,

2) HE

A A BHE YY) E (HHCB, AHTN, MK, MX), &
AR 1 — M (AHTN-d,, MX—d,.), A HtE %
TSR O HE T (Pesticide-Mix 1037). 38 L WD
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FEEYE (T A o—d, TNVEATTo~dy. 7
UL ~d,) %, Dr. Ehrenstorfer GmbH #1: 8 A7 HK
M\, QUEChERs fili i v NI, 7Y Lv b7
oY — R AR Agilent 27V —2 QuEChERS
EN & b e, 228588777 0% Romer Labs #E84 0
MultiSep™PR % FU 7=, & Do 33K 13 7% B 3R
B AL,

3) EERK

HHCB. AHTN, MK, BXO'MX FHEHERITZIRAL.
2. 20, 80, L1200 ng/mL IZFRUT-IRIRIZ. 4+ 80
ng/mL OB FREEH 27— MYEIRIK (AHTN-d,, 8%
UMX-d,) Z#&RN% . 1, 10, 40, 3L 100 ng/mL 2
ML 72b 0% AR EE OB AEERRE L,

AHTN-d,, BEL O MX-d,; DENLERFFFIZIT, 8. 40,
FBEU80ng/mL IZFHRIS N7 AHTN-d, 5L U MX-d,;
FARAVRWE 1 mL (2, 10000 ng/ml oD PR HEH) BT IR,
BYAHE0.01 mL ML= 0 0%, [EIREE A oM &E
PRI E L TRV,

YR 35 R B T F O R EARRIZIE, 2.5, 5, 10,
25, 50, 100, 3L 200 ng/mL (CHIEN - AHEEE
R IBAAIR 1 mL 2, EREN S EEDEIRE
VAN 0.01 mL IRINL 7= 0% 2,

4) HEBFROAE

PEHAIR OFHRLT, mER T AR N EARJE AT A e
UM T RSO REEB S —F LD
et 92 L TiT o7, ERZEH AL, MRS
ARBt oM ME A T L v ra~F o
(1:1) JRIRIC LTz 8, BROKERA T 2% ZHERED T 1
IZL7=m oD (Figl, BLUFig2),

AR E RS~ — T IR A RS BER B, B UV
IFEREHT 10g %, 48R, 3g 2R BRI L7, ~—
SRR NERERE 10 g1 X, 1. BEONSRETT g,
2.3,10, 11, BEO I3 BETHg OFFBLRTE EIZ/H Y
BEL, ZOMORE (4,6,7,8,9, BEOI12HE) 13£
B LR EESFR & ChoT-, KRR XYy
T+ & 50 mL 2¥3E DA IER IR L ARIMAE & AR (1.
5.6,7.8.9, BLOI2H) 12X, BRAE s —b
WVEIRE (200ng/mL) % 0.2 mL #hNL ., & ihiE &A=
B (2,3,4,10, 11, BEIOI3EH), BILOMMER
BHZIZ, R 0.1 mL ML 7=#4, 30 2y &R E 7=,

AR & ARt A ., 7'h=R/L 10 mLZNZ .
NAFIFY—T 1 o fEfEEmL, 7 2=k 5
ml CAAAINH—D A% 2 [P L., & PeizfhH
WP, JhH Sy hoEE o b (KR~ 7
R hdg HAE TN A 1g 7R =TT A g,
I UWRKFE T RID L) HRIN%, 1R LIRE
Iz, FDF. 7000rpm T 10 43 [H3E DA BEL 72,

EIE A A RE BI OB EREIOEE | Bl
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TF )L ra~FYy (1) JRIE 15mL 20z, 23
A% Y —T 1 R BRI 5mL T/ 1%
XY —DAE 2 [EIWEL, A BEIR AR I &
T N OIEF o N ETINE  1ERRLIESED
L7z, D%, 7000rpm T 10 43E O EEL . Biba
S LTz, 2 [BIH OfH X, FREIZERK 15 mL
EINZ . ASAAIFH—T L RER I LR, &5

WZRIR 10 mL Zfh iR Nz, FEI LIRSS LT
?’ﬁ 7000 rpm T 10 4y M Oy BEL 7=, Son 7z Big
X, 1B H o a7z BiEEabE T,

Bonic FIEIZIMTHE, oMo TaEs
TR —Z—THEREEL, ~F T 20 mL THIE
RSE T2, 100 mL AEoiEr—MIBL, ~F ¥
7 Eh=KJL 20mL T, 3[E~NFH L ~T = L
SR EIT T2, WL E=T =RV fEE =/ RRL —
Z—THK 1 mL FEFTHIER E#%. RBREICBL
S5mLICERE, SN T MCAR Lz, 7 'R=N
b 5mL THEIL, IR Z = SR — 2 — TR &
B, TR oAF T (LD RIRT 2, 3, 4.9,
10, 11, BEO 13 FEIE, 0.5mL (2, ZDOMDOEEIL I mL
a’ ERL, INLEFRENRRE LT, 0.5 mL OFREHATK

TIE N HETR A91% (10000 ng/mL) % 0.005 mL, 1 mL

ufw{@mz V. IRl Z 0.01 mL #sAINL 7=,

5) FINEIIRNEKER
FONIE B 1T 8 BERS KON 11 B FAVL T4 3 4T
ofz, KRB R EOV a7 — MY IR, 8 BEIZ
iAﬁJ‘z%*ﬂrﬁfﬁ‘iﬁé?ﬁz 200 ng/mL % 0.2 mL. it %
IR AEYERR 1000 ng/mL % 0.1 mL #RANL7Z, 11
Ei I EAZHEIR A Z N2 0.1 mL, 33X T00.05 mL
WLz,

6) BIERE
GC/MS: Agilent Technologies 7890A GC System/
Agilent Technologies 5975C inert XL MSD with Triple

Axis Detector

) AEEH

GC &t

BT L TV T a—RR A HP-5MS
(0.25mm i.d. X 30m, BEE 0.25 pm); BTLIRE:
(G REEHIESM) 80°C (2min)—10°C/min—180°C
—2°C/min—225°C—30°C/min—290°C (10min),

(A B 5 R RS E 2641) 60°C (2min)—
30°C/min—150°C—>3°C/min—>200°C—5°C /min—>300°C
(7.7min); ¥EAFIREE: 280°C; HEAET—F: 27Uk
VA, FEARE: 1ul

MS &4

AZ APRIREE: 280°C; PUEMIEE: 150°C; 141k
E—NR: El; SIM JIEAA > Table 1 ZH

7317

HE 10 g (v—Foh R Rz haEld a3 9)
ERERY oS — MEEE 20 ngifN
FEEE =L S maF R (1:1) 15 ml ™
AEDFHAAX (1 min)

HIKFiEEMg 4, NaCll g, 7= BRIV A lg,
ZL VBT TN A AX AR 0.5 ¢
EEER T L /a~F 2 (1:1) 10 ml S

#&H (1 min)

7040 BE (7000 rpm 10 min)

L
|* A~FH 20 ml
A~ R R

~FH AT Eh=R L 20 ml X 3
A =T R =R VA EE

|

T“ETl\:T\Uﬂ/E 60 ml
PEAE 5 ml
ZHEREN S 1

AT

TEh=bJ /L5 mlTEH
JEHE 0.5 ml

PEREIEE 50 ngiRiN
GC/MSHRERIE
¥ HMHEREI2ERIRL, LiEE b CABL, REST AR
BOKEOTINE, 1F B OfHOZ4T 572,

Fig. 1 mEREEAREORENARTRHEE

e 10 g
BRERHY S — MW 40 ngiiM
7T ER=R/L 10 ml
ARETFAX (1 min)
$EKRTIBMg 4 g, NaCl 1 g, 7= fiE T RD A g,
IR TS NI AR K 0.5
T Er=R/L 10 ml
#%&5 (1 min)
I
SEfE (7000 rpm 10 min)

Al X1
|
TRt - Rz [
~FH 20 ml
AR
AFH AT ER=R/L 20 ml X 3
AXH =T B R=RL S ED

N
pLCY

%)

I
3;
IEI

I
T'EI\IZI\U/V)% 60 ml

VEHE 5 ml
ZIEREN S 2
l:?%%%i&ﬁﬁﬁ
T =RV 5 mlITTIAEH
IRAE 1 ml %2
= izt 100 ngimhn
GC/MSBHFIR

1~y SRy RREIOBHE, BIEOBAHH, %2 ~—4
VISR NI BED P B 30.5mL . PEBEEE AN 350ng,
Fig. 2 1RIBE & F RO R A
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8) EETR

777 (n=3) OEW¥ERZE (o) @ 10 {55
HEERDDN, IO~ b T LD JAXFEREYE O
E—7@E0D S/N=10ICHY T 584 ROz, 20D 2
DOEDORKENFEER FIRELT,

Table 1 GC/MS (SIM) BIFEDE=F—AF

TS — A (m/z)

fLa
EBAATY EAA

HHCB 243 213
AHTN 258 201
MX 282 297
MK 279 294
AHTN-d3 261 246
MX-d 15 294 312
a-BHC 219 181
B -BHC 219 181
v -BHC 219 181
6 —-BHC 219 181
p,p ~DDE 318 316
p,p ~DDD 235 165
o,p ~DDT 235 165
p,p ~DDT 235 237
trans—Chlordane 373 272
cis—Chlordane 373 272
oxy—Chlordane 387 149
HCB 284 249
Heptachlor 272 337
Heptachlor—exo—epoxide 353 388
Heptachlor—endo—epoxide 353 289
Aldrin 263 293
Dieldrin 263 277
Endrin 263 317
Phenanthrene—dy 188 -
Fluoranthene-dyg 212 -
Chrysene-d 1y 240 -

I #HRRUEER
N I35V EEETR
7=y RS MBS TR IC BT D ET T
JRBRIT, v ra~X YU E R = F L (1) i H ik
(n=3) &7 h=RLHHITTE (0=3) TH 1 B b, S 4HE
B HTIRFIZIE, 1 By b (0=3)1To7c, ZORER,
RTCOENET 72 7R BREE W H T HHCB B LY
AHTN D7 78— 8 B B,
REBBTVICHBA LK T T 7RIE X, ~—7 b
N2y VBT IR DL~ B i = F L

7327

(1:1) #HH#% HHCB: 2.6+0.46ng/g, AHTN: 1.6+

0.11ng/g THY, 7Er=NIL Al AT HHCB: 1.3+

0.29ng/g. AHTN: 0.66+0.13ng/g Toh-o7-, £/-.

B HTEIC I T, HHCB: 1.14+0.14 ng/g.
AHTN: 0.56+0.09ng/g Tih-7=, FAMEERE T

IZiE, rmakdofi v (1) fhiiEz Hu

7o, W R AR~ — 7y M2y NREH TR O 2 f%

W, TV REITRWRE Lo T,

KT TP ORERER 2D 10 (512 S 581,
S/N=10 FH Y | LY K& o772 HHCB B LW
AHTN OE & FIRIT, 7T 7 E OB HERF 72X 10 &
L. ZDMOBEIZSWTIELS/N=10 fA4 &4 E &
[RELT,

2) EINEUREAER

Table 2 IZ 8 BB L OV 11 BEE VT To 72 B A B
o L OVE BEHE 3 5% R SEAT YEY) B D[R BRI A SR A7
o [ IR R 3 D 3 B 9 DBk D %Y
PRI AR T A A2 T CERC 194511 A 15 B A
T REZHE 1115001 FEAF R EEEML R EZ S
HEEN) BB IRERETMU 56 B RERT
I%. HHCB B3 XY AHTN ORI K%, B EfED 70~
120%DFFHN TH-7=H3, MX (8 #f: 131 BLUV 11 #F:
140%), BELO 1L EEOMK (122%) OEIVRIL, B
DA ThoTz, ZIBIE, W EDE=H—F
DI 2T DR SR DX 2 HED AL T
LHTENE ZHND,

S 3 R AT L, HCB (8 Bf: 58.5 35 L TN 11 B¥:
38.6%), ~F AL TRFUR-2 (8 BE: 69.5 BN 11
BE: 68.0%). BI U1 EEDOT LRI (53.0%) DEIN R
25, BEMEOHPII TH-T-03, FDMOYE T,
EICEB IO TR E L BEEORPAN Th o7z,
RELDRHEL TODRAFAD IR BRI —F ohrik
[14]Tig, ARIEERIER, BRI ~F V> -T b= L
SyELiEAE W TEY, HCB BL T /LR D EIY R
2 EEMEOFPAN THHLZ LIRS TS, 5% A
EEHWTEEEEO ST ETO5E . Soilhas

S

ITOZENRETHLEEZADND,

3) =y bRy FEBRICETSERER
BLUARBRREEDEBRE

Table 31F~—7 v\ Ry MBI I HE K
TR LOVE BRI 8 R RS D TR B IR B O R ARG A
R, BRECBIT OB B RO a s — MY E DRI
KL, 1 HEBLIOI D MX-d, 2R, 70~120%L4H
ThY RIFThoTz,

T RCORELY, HHCB BL O AHTN 23 &z
B BIETZU LRIV NADETHT-O KO
HEICH IS TR ET T 7D RBZZELFIKE, E&
FRAS DY EE (ND) L7207z,
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Table 2 ~—/7 b\ A 7y hRESEE, BIUULLEED

USINEES S
8%t (n=3) 118 (n=3)
B RSD [EIXFE RSD

HHCB 112 6 105 14
AHTN 105 10 118 6
MX 131 6 140 9
MK 109 2 122 5
AHTN-d5 101 6 98 11
MX-d15 115 5 99 7
a-BHC 79 3 81 5
B -BHC 95 6 91 7
v -BHC 70 3 80 4
6 -BHC 91 3 93 5
p,p ~DDE 78 4 70 5
p,p ~DDD 85 7 82 7
o,p -DDT 81 4 74 7
p,p’-DDT 109 5 105 2
trans—Chlordane 79 3 73 5
cis—Chlordane 77 3 74 5
oxy—Chlordane 74 4 70 6
HCB 58 3 39 3
Heptachlor 92 4 83 6
Heptachlor-exo—epoxide 7 4 76 6
Heptachlor-endo-epoxide 69 5 68 5
Aldrin 71 2 53 5
Dieldrin 79 5 90 2
Endrin 99 5 100 4

1) AT %

BB IR SN - AR F R R KT, DDT
FRNAHBIRI0EEDD, 70 B I OVHCB 28
10 bR a7, AERRILEWERAELT
fih o> [RIBR 722 TR A A5 (15,161 T | 10 B - fa sl
OO R ESMEEE L S e ST
B, A RIORE RS [FERR S R AR U, 4 B IR
AEOLE & FIRELL_ETDDT o s hizo
. BREHE B R B IR 3 E TV =0 )
JRKTHDHEEZZBILD,

Z O, 6 B FEFEE D7 L E YRR Y
TOE—I MRS AL, BIRMERR  E AT TR
6 HERE R 1T 2.2ng/g TH T2,

BEEE R DM SN DDT ., Zury B
O YRADIKE 1 kg -0 — A ERER,
HARARAAKELZSOkg LLTHEIEL, BARIZBITS
— H A EEE (ADD, £7-21X FAO/WHO & A7 ¥
BEEMEE S (MPR) ICL5EEL H 2 2 ERE
(PTDI) & tb#E425&, DDT TADI D 0.3%, 71/L
HTPTDIOH)0.1%, 7R AT ADI O 0.8%
LEILLEVMETH T, Lo THH ., A NBIER
LTWAINDREEDL ~ LT, 7272 B I e %
FIFTETII W ENE LN,
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4) BRNETOEREH. BLUBHRERREED
REBRE

Table 4 (%, QuEChERS v MM RILERIZ V=4 1]
DR FESHTAERE | BEVEZ WIS LT 7L TR
HAITV, AME R I X0 E R LA TR O ARk
B BLOABERRERORELZ, @b TURL
TWD, BENEIC LD R REENE W I EI G R
DOFEFI%, HHCB: 87+25%, AHTN: 87 +25%, MX: 68
+25%, MK: 79+ 25%Tdh-7=,

Yl —MEEYEORIRIL, ~—7y bRy
RaUBE 10 BERREHCIT BAF CThoz DIzt L . —i o
IPEREFCIE 70~ 120%D#FHAN Th o7, Zhud, 10
BERRELD FERBLH B3 5 T FRD 5 1TRUEHRUK TH
STEDIZHL, R ECIL 10g 2O FEH W72
B, BBk R A S DA 2 DIEWHEN R IR B b
ZT-DTIERVDEHEZRL TV,

AEORERE R TIH, AT LHICDAH HHCB
DR SIVIZAN, BIE, BENEEZ LA LT TIT-
T2 N B CIE, HHCB B X ONAHTN 23 S =ik,
MX IR THLNEIT FF ORI TND,
MX 1% 1983 4= LARE AL pE S LT, HARTIE, B
MIENICEEETHELUEAA LS TG, £
=y N ICBWTHEH B i3 I Tnd
BREECHDTD, BREWER ChoTz,

A AR H T D AR FaZ et G AT U7z [RIAR 7 i A s R
1. KD TR B EOFAREFICIE, Ak
FE O 7 B R f P 1X . HHCB: 3.2~87 ng/g.
AHTN: 0.66~12ng/g THAZENHESNTNB[17],
A RO PR R B L ORI To 72 s Fid, b
DY EFRRPH o T,

HHEFEREEOR M FIL, DDT EH &b =<,
WIZHCB O R B FE AN 7~ 72, Table 4 D430k
HFIZBiT % p,p=DDE & HCB O E IOV TAE T <
Y ONAALAH BIGRE A2 B R D & AL e FH B
(7=0.0001) RFED BT, HHCB & p,p*DDE, F7-
X HCB LDRITITAHPENFRD BRI o7z,

Nakata B[40, B HH ECREBRED B2 51E
FEAE T 0O HHCB 2 o LT 2R AU ke 7 =
—/L (PCB) & 1%, a8 By AL EWFE @i
B8 2~ DI L HHCB M 13 722 o 7= i [ 2R
L7-Z &% L, HHCB 04N &R PCB &
BT EERIBL TN,

HHCB D& EE)S p,p~DDE <° HCB &40 B Bf% & 7~
o BH & LT, HHCB O 4 &N fERE M
p,p"DDE, 3L HCB LB D A[REMERHHZ N E
265, £7-. DDT BLOVHCB I, BlfE, AARIZE W
THIYE i AR IE S TOADIT L, HHCB 13 HILE
bEASN, BEFICHMESN TWATD, ZOLWE
DRI D AR AAE RO —RZ KL TWDHZENE
ZBND, ZORIZOWTIIEBR DN HEEND,
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Table 3 ~—4 v\ 27y MBI O S AEL BLOFRBARIERREERE (hg/)”

FE TR T RE
THE 2B SBE 4BE SBF OHBF THE SHEE OBE 10ME 1LRE 128 138 . 23,10, 68, .
RRABUREY ALY : B
ERER
HHCB ND ND ND ND ND ND ND ND ND ND ND ND ND 43 47 30 78
AHTN ND ND OND O ND O ND ND ND ND ND ND ND ND ND 19 L2 13 20
MX ND ND ND ND ND ND ND ND ND ND ND ND ND L4 L0 10 L7
MK ND ND O ND ND ND ND ND ND ND ND ND ND ND 004 0.0 0.0 0.17
AHTN-d, 79 8 81 91 91 100 98 114 71 90 92 77 7l
MX~ds 60 98 91 109 76 8 81 117 61 112 114 68 84
el TE TN TS
BHC
o -BHC ND ND OND OND ND ND ND ND ND ND ND ND ND 07 05 05 08
B-BHC ND ND ND ND ND ND ND ND ND ND ND ND ND 07 05 05 08
v -BHC ND ND OND O ND O ND ND ND ND ND ND ND ND ND L4 L0 10 L7
5 ~BHC ND ND ND ND ND ND ND ND ND ND ND ND ND 07 05 05 08
DDT
p.p~DDE ND ND ND 06 ND ND ND ND ND 35 ND ND ND 04 03 03 04
p,p"DDD ND ND ND ND ND ND ND ND ND 25 ND ND ND 04 03 03 04
0,pDDT ND ND ND ND ND ND ND ND ND L5 ND ND ND 04 03 03 04
p,p"DDT ND ND OND OND O ND ND ND ND ND 68 ND ND ND 07 05 05 08
Chlordane
trans-Chlordne ND ND ND ND ND ND ND ND ND ND ND ND ND 04 03 03 04
cis-Chlordasne ND ND ND ND ND ND ND ND ND 05 ND ND ND 04 03 03 04
oxChlordane ND ND ND ND ND ND ND ND ND ND ND ND ND 14 10 10 L7
HCB ND ND O ND ND ND ND ND ND ND 05 ND ND ND 04 03 03 04
Heptachlor ND ND ND ND ND ND ND ND ND ND ND ND ND 04 03 03 04
Heptachlor e ND ND ND ND ND ND ND ND ND ND ND ND ND 04 03 03 0.4
Heptachor@e ND ND ND ND ND ND ND ND ND ND ND ND ND 07 05 05 08
Aldrin ND ND O ND ND ND ND ND ND ND ND ND ND ND 04 03 03 04
Dieldrin ND ND ND ND ND ND ND ND ND ND ND ND ND 7.0 50 50 83
Endrin ND ND ND ND ND ND ND ND ND ND ND ND ND 14 10 10 17
D) ND: & FIRARG  2) SRER vy —MyEOEIIREINER %)
Table 4 NSO &R ARRL, BLOBRA ST R (1g/)"

o T TS s e BT ORI Y 7YY R TR
B
HHCB ND ND ND 20 ND  ND 181 45 242 60 14 (16)
AHTN ND ND ND ND  ND  ND 1.7 0.5 05 ND 09 (03
MX ND  ND  ND  ND  ND  ND ND 1.2 NDOND 05 (LD
MK ND ND ND  ND  ND  ND ND ND NDOND 005 (0.14)
AHTN-d, 72 6 5 T4 61 83 - -
MX~ds 89 92 8 8 8 13l - - - -
el E NP
BHC
o -BHC ND ND ND ND  ND  ND ND ND NDOND 03
B-BHC ND  ND  ND  ND  ND  ND ND ND NDOND 03
v -BHC ND ND ND ND  ND  ND ND ND NDOND 05
5 ~BHC ND  ND  ND  ND  ND  ND ND ND NDOND 03
DDT
p,p~DDE 08 10 02 10 42 21 209 4.0 0.6 ND 02
p,p"DDD NA 06  ND 07 24 L2 117 1.4 NDOND 0.2
0,pDDT ND  ND  ND  ND 05 ND 3.3 ND.  ND  ND 02
p,p"DDT ND ND ND ND 24 ND 205 2.1 NDOND 0.3
Chlordane
trans-Chlordane  ND 0.2 ND 0.7  ND  ND NA NA NA ONA 02
cis-Chlordane 0.2 0.7  ND 14 12 02 NA NA NA NA 02
oxChlordne ND ~ ND  ND  ND  ND  ND NA NA NA NA 05
HCB ND L3 ND 02 L4 05 1.9 0.9 0.1 ND 02
Heptachlor ND  ND  ND  ND  ND  ND ND ND NDOND 0.2
e e ND ND ND ND  NDND ND ND N ND 05
e e ND ND  ND  ND  ND  ND ND ND ND o Np 03
Aldrin ND ND ND ND  ND  ND ND ND NDOND 0.2
Dieldrin ND  ND  ND  ND  ND  ND ND ND NDOND 25
Endrin ND  ND ND ND_ ND__ND ND ND ND ND 05

1) ND: &8 FBRAN, NA: IiEE—2ICK0HEARRE, /23R Ry E e

2) BHIEWAE 3) FRIMNOREITBINELLEDOTER MR 4 SEEH 07 — My EOMITEI R (%)
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