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1. HUwi

HOAETIE, EVPAENTETHLTI5MWIC 2N THEH, £ TORRKICH LT
77hEVVB, (AFB) BB EN TRAZLR VI EEEBMLT NS,

LirLads, BERNCE. 777 F&2 0 0REEEIRIN—FALT 75 b F
Y AT 7T EFVYUBLBLGRUG) ELTREIADIFAILHDEZ Mk,
HAEEBVWTHERMHIC N — AT 7F b3 LTEBEAS TSNS
ZIEEBEL, REAENEDONTERLLIATHLA, ZNETORAWN
TWEBE, T77 X VUBBLCHNELEINDLEBEIE, AFBBRFO KR
LHETWAHLEEZALNTEL, LOLEFEFT » VELRZETHEBEL VGO N
Z{BEEINBFRBFEINLTVS,

DVWTH, SHEEIBIZBVT LT 77 XY D EHEBEBIRMNT S
WAL, BRLCGHOEABLONELEE L CEBERERETHALEN S
IEMB b EAT I RNF DB RERICOVTHEBLBELEMT S,

T, BB, ECICBWT, 775 b rrofFi-icEddMmERzank
vk, BFOHBILSOVWTHEBIREST S, '

2. AL T I74 =T 4 — AT LLZLELEEY—FT v VYRON—FAT 75 L%
YAFEDORBEIZ ST
1) B#Y

F= AT 73 FF VD ERBELTINHL-T, AVE0HEORY
MHEBRFTHILERDLII LD, BRI L M—FALT 77 b F v rOER
HENLRBROVTLICHWENTWE A L) T 7 4=FT 487 5ACYIZ LY TN
BrifvaBEkks o~ 7527 4 — (HPLC) —# AR EHEIZIVAE®IT >
FErAVWT REEOZLYHEAB/TFTL L,

2) H#E Hik

(1) =

75 R RVUEERY—Fy VWAL, Inn LTICHE L. 200g 5%
For L., RBRICH L=,

(2) ®E

MHES S L T%7 b=k U AKEBRZ AV 72, PBS iX, PBS TABLETS (MP



Biomedicals 7t 84) 1Tablet % 100ml WA L CEHA L7, Tween20(R J F % &

TF L2000V NMVE LT T T L R, Wako B ICI fHEE Tween20

MY GEA L, P 7T BB (TR, SToMMEEOLOE Ay, 7
ZFUABLIVAS ) —iEd, LC7v—FDbor B, A3 (Grade 4)
BLIUOHZT AT 4/40F —(934-AH, Whatman )2 B\, A L/ F 7 4 =5 4
=7 T A(TAC) T Aflaking(BERERMENER W, b—F AT 77 b
CEBEHRIE, ABEOT 7S MR UUEITNENERIBE O Spe/nl B L T5.0
ng/mLic 723 LT r= P UATEHERELELDOERE L, B,

(3) ¥ 0 E AR B

SRICE L BB 10.0g {0, WA 100yl M L. —BsRE R E L1
Foi%, BIEFEICELTAE2IT- =,

(4) o ¥ F ik

A 100z ICHHEEL 40.0nl 2 AR, 5B T L LB LA, 2&T
Z@LE, MHBEEPBS TSBARL, HFAT 4L EZ—TAHBLE., 2
10.0ml Z EWIEY IACICAT L7z, IAC DL, PBS 3. 3ml X 3 =, & 3.3ml
X3 EOMEIZH LTEHE LI, ACAHELAE®. TELM=FVU L 1 .00IX3ET
BHL, EEHBELL, 0.Inl O TFA X ANBMLCERL, 15 H5HEXLTEE
éﬁtcTtF:%UWWML%®ﬁ%ﬁOAM%Aﬂﬁ#Lt%\74»%

— (0. 45um) A B L . HPLCHRBBKR S Lz, 77 2, AEHCEME & 5m

FFRHE L, IAC TRRICATLE S L THPLCRRBREBER#EHRLE (A ¥
— A1),

(4) Sif&#H

S EFR., FR1I4AFNHINTZBRFEIZLEZE 2 TLUTOEY T,
BEME TPV AAEFE A K (136
#F A : Inertsil 0DS-2 4.6X150mm (5 m)

B OE 40T

i
HFAE i0pl
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1) B 10.0g+90% 7 E b= U A 40mL
2) Uz 7L &— 10 58

3) & AL

4) F#EM L4 0nl &> T Y EEEEAE (PBS) Tl iflhk T20.0mk &35

5) A5 ABEMEASH Whatwan934AH TA @

6) IACIZIOmL HEAXBFEEICEE

7) PBS l1omL (£l L) %%

8) WEHK 10mL (LLE) i

9) BT ALAPFOKSGEFEEINEHT XEFEH TELLERLET
10) 7 bF=hUA3 Onl &N

11) BEFATE

1 2) TFA 0. ImL% 0 x 55

13) EERWE 159

14) 7 hr=tD2 7 {1 :9) 0. 4nL

1 5) HPLCT o i

Sheme 1. E—F v VRO K—F LT 77 FFX i SHER

= b

o

A=

-1

P.

P —r——— T
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3) #R

ZuHABRIE., (M) ERRELSTE 77—, (M) RARERLBERHS.
() AE-A2 rF LU BREABSOIBETE I 227,
K2IWALAELIIZ05nglg BELU 5 0ng/g #EMUEES. 4BECT
T RFAABTWTNLERNHITHEE  (relative repeatability) 4.0%
PTT, EREBREE  (relative reproducibility) b 14% U TF TH Y . HoRat
B 03T Th o, WK L2 Z & 20 b HoRat 13 % 9 D3 &
it b, ERAHATBERIVENBEMENEBD TEF Tho7, =
DErhL ARBRER EERESRBREL LTIRETHI BRI AN,



LE0 £2°0 $T0 £1°0 LY YH0OH
#9'1 0Tt 97’1 £9°0 ((4S«8 7)) anjea Lypgronporday
86701 g0'8 989 €St (% 9ASA] dS 2anetas Anpigonpoaday
650 £F0 S0 €20 [4s] as Auiqonpolday
Appqronposday
15°0 S0 90 L0 " [(1558° 7)) anjea Anpigeieaday
8€°€ 6€°C ¥S'T 76 {o431$9] @S aane[21 Anjiqeyeadsy
810 £1°0 €10 010 18] s Lupgereaday
1LY 691 8f 08'¥ 9%y 8¢y 08 0Lt T
14°¢ s 69°G 6Y'S P ¢i'¢ TTs 90°¢S 7 SR
556G 79'S 866 $¢'s 75§ LTS LTS £0°S T B%
0 s za 1d D3 8/8upS
$1°0 LT 500 v1°0 LV YYOH
010 810 £0°0 010 {(4S«8 7] anfea Aipqronpotday
S 19°¢1 L77 98°0 {06 4asd] A8 sanear Aniqronposday
00 90°0 10°0 €00 [4s] ds Aiqonposday
upgonposday
v0'0 500 ¥0'0 10°0 (1548 7)) an[eA An|igereaday
78T 6L°¢ 757 p0°1 [26°21$Y] AS @At Aijiqereaday
100 00 1070 100 (18] as Aigeieaday
£5°0 Z5'0 ¥S0 vs0 Z6'0 80 €50 £6°0 € B
6810 LSt 6410 Ly 0 7750 £15°0 #2750 L1570 7 B
9%°Q 910 £p'0 0%°0 6570 750 9%°0 Ly'0 T B
(43} (O 7d 1d sy 3/3uc
MEOCHEFORWE i LLLVE— Wbl A L= 1-Z2
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4) BE

AT ALBWIY =T v VRO F=FAT I b LTEEM
REFENTWAZ EE, DNEICHEL T AGAC = CEN 2 FInE < D HE
BEHEN TV, ZORIIBVWTIACERWDIFER-BROTHLL, L.

BB FECZ HHBEBRRIZT0% A5 ) —LBRTBAVTWS, HBET
i, BEBEBWTZHENIZLEBVIFEEZERBL TV Z G, Bl
BHIZO% T A= PIABERERNT D, ¥ KFEORREHBRER
ERPONVBCEIRBRE  NEVTRNLASE. ©—F o v T2 00%
T b= b U LVEBEEDEN I A7/ — AL 0BEDERE N LB, HNE
RABRLIVBABFREC - T vV EFRAVWAERBUIUBLWTLHERINT WAL &
e, SEOREREECHBEBEL LT T2 = LV BEBREFAVDH
EEHERLE,

AR . SHEDEEEEZTMETIA2FRE L TEEEEIC L2 RZ 7
AT AFT 4 REPAVLR TN ARBTIRIHBEICLI2RETRIT 27z,
#F2-20, EVDBRTDINOMEDISAT VT ERLEY, RERBETEHELGH
FRERZOCTNOENEDL SYLLETHD, 207747V T ERSWELT
Wiz, o TART e b MIcEaaWER C- Ty VRO - 2T T T
PR ESWEELTHEMEIELI LD LFMTE 5, |

I~

202 FUOERTBEHWEDI AT U7
(Commission Directive 98/53/EC of 16 July 1998)

B KR HELET B A ERAHEE
Tz fe 1

b— & ¢ 1.0 pg/L  50-120 %

T75 rxov 1-10. Cpg/L  70-110 %

EMZEBHORE ' HoRa tORICHEL D, 2. ©
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3. —I'E?ﬁ}iﬂ_ﬁ_y‘\/\ F—Fr kK, (A&, ~—Frilyvy, v©rREFFOH
s TS RV VERRE ’

(1) 889

ey VER Y TEAFBELVARGHO S B RE SN BHANARE S K
Tng, SWnTH., BPERENT, b= 7T T bF B REEOEE
pEEFEWML. CRDODHBILOWTEEER I DT,

(2) #kts L UFE

st EEBERKAVEC-—FyVERR. ZEOTHIAOHANONR
B L EEBICHEALELO L9 2H/EE ST OT LF L OGHICH
L, S8o#@EsBL LTIRFLEL, Y- 7y VUARLKRDRLE LTT —
£ r 36HE.<DH BRE. A—ELFOY THRE CRAFFTAE 9
ﬁ¢®b~&w77§%#yy%%ﬁbtc

Sy HTIE . ELOE L EEER LABEL S0g b L, 2 THEEERIL
e EESANTE IR (AFX—4L3-1), T—TYF <&, ~—F
Nty EAZFALEEOTEICL ML,

(3) #&F

(i) =7 oY

oIz B VT8 0REE, IBBEBVTI 2RELSHLE, TREAD

%%Kﬁﬁé@ﬂ$m\92W%w%f&D\ﬁﬁ@ﬁﬁo&~0h®%ﬁao

b= F Y Y LRESDL P ST T T H T 0 4ng/z DERH

%b%ntﬁ,&Dl%ﬁﬁ@@ﬁ@ﬁ%?@%k?&otc%%@Wﬁm\

AFB, 0.2 ng/g B XU ARG, 0.2 ng/g TH Y. AFB, ARG, AREDOFERTH

Tt

(ii) 7%~ F
7~%yﬁmlﬁﬁﬁﬁﬁ%ﬁotﬂ%m@@$m01m@®ﬁMT\M&

178 0 % AFB, 109.5%1,5 % , ARG, 79.6%5,5 % AFG, 104,2%7.4 4T ¥,

50ﬂyg®%mT\A%]%2i&7%AWZMﬁiZG%,AmlwﬁiWQ%

11
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AFG, 88.0%0.3 % Tdholc, 7—F LV FTHBEBRIZ 00! ng/g, TEEBRIT
0.1 ng/g, <BH, ~—EBNLTFT oY, PXFZFATHEBEBERIT 0.04 ng/g,
FRBRITO0.1 ng/g Thoiz,

{BH. ~—EBAVT UL, RERAUED =S AT 7T bxod
Eahadokdh, T—F 2 FTR3IoEPIZABBEIZr—F LT 7F b
U UFEERMBREEN, TDOL2RETRC I AT Thofe,. YR FFF
ZOBET 2 REIC AR, AFB, OFER BB E I N, CRIEL LB IAL—TD
HOFEETHoT (R3-1, £33 —2),

(4) BE

HEBUCUHMBAL TV AY T v VBIUADEED b~ FNT 75 b2
DHEREEREPRFTLELEIA, BEOLZIABRIBIEAE L7, —HBR
PEAREBELH DY, TOBREREBD TEHNLNALTH-TZ, LLE
- Ty VTHREHENKLF—FNATTF FF T, AFB, & ARG, RIS D L X
NTHRESNTWEEAR L To, ZTRITAFR DB Th - HEOER &2
Wipos @M THAD, T—FL/F, V2FFA T, EFEY AFB, MAEH D
(T o T,

12



Total AP (F—F v BREF %)

L7D—E§

FR.ZFMH

iR

HEERE—(CHIRTS

W

50.0p2 ERITRE S

TSR (90:30) 200miEm R B

- 1

HESFAFm B~ T F— S5 550 |
FLok

EBEIZEAO AT

EALELLES (Whatman No.l E21ENo.4)

LEDS 4.0mLE>THERT 20.0mLET 5

F5 A A Whatman9 34 AHT 538

IR HGEE)

TFAR G

FAATTANTAIZ10mMLAT
PBS 10mL{LLE) %S

BN OmL{EL R %

REAFORFERRIET
FEhZMUL 3 MITEEEED

40T T, TRERTRRIEE

TFA 0.1 mi £ATWITEMAS

HPLC condition

REBEMTISH

HZ0-CHICN {90:10) C.amLTEH
FLIR0.2 gAY T T T g N = TR
HIPLCIC (A A

LCAT A :0DS, 250%4.6mm, 3-5umE &M
D LIBE 40T

EAR20-50uL

F5E 1.0mb/min .
kﬁﬁ% Ex 36‘5"nm Em 45bnrn

Bg: TRV A/ =k (1:2:6)

A—ERRETXTHRTS

Rt

|EREEELLET

REAFAF =, Do T T
LAESEER

|EeL TR S s RT BB EOL

BOTRBY S

B EH BT BIEE120.1-0.4%0
TweenZOEE5C&(;’.FFE§

T T4 HS AR TREIREA
TURIEHNTLE

FUATT S ARBEDOLHERIIR
L ORI EREANZNLDLZ
FyryTEBIIDIE
BHRETTHEIAD
agEFTsIad

F8T AEE110.01-0.1%Tween 20
in PBSTH%

BAETTEILD

COERDEIIZEREANANIEAN D
E

ST EERNG

ImMANT AR T TRHELE
SEMTELE D, SHIC MR R LE
6D ERVET.

o

KA DTSN
FATNRLCHER 7
TERISL ST AT MEEER

HAF P RTEERTS

(‘)ASg‘/O.S ml

Scheme 3-1 EREFERRBER »FE

13
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£3-1 F—FL KO —FATTT hF L iEREE

BEEE| AFB1 AFB2 AFGT AFG? |BABM| BEE
1 ND ND ND ND |&HE -

2 ND ND ND ND |&EG FA)h
3 ND ND ND PEEES THIERE
4 ND ND ND ND |®& -

5 ND ND ND EESS K EE
6 ND ND ND ND R -

7 0.03 ND ND ND |EJE -

8 0.09 ND ND ND [ EE -

9 0.11 0.02 0.02 trace |EJ&E -

i0 0.11 ND ND ND [EE ~

11 0.01 ND ND ND [BE

12 trace ND ND ND HE

13 0.09 0.01 0.03 001 |HE

14 0.04 ND ND ND |HE

15 0.05 ND ND ND [HE

16 0.05 ND ND ND |HE

17 ND ND ND ND [HE

18 0.02 0.01 ND ND  [HE

19 ND ND ND | ND [HEE FAU)H
20 ND ND ND ND |3E FA)Hh
21 0.06 ND ND ND |EE

22 ND ND ND ND |EE

23 ND ND ND ND [BE

24 0.01 ND " ND ND |E&® -

25 trace ND ND ND ¥y ~

26 ND ND ND ND |&EFx -

27 0.06 0.01 ND ND |&&m hy740b=7F
28 0.01 ND ND ND |®E -

29 0.01 ND ND ND [E=m FAA
30 0.01 ND ND ND B FA)H
31 1 0.0t ND ND ND = T A H
32 0.03 ND ND ND  [FRE <BH
33 0.03 0.02 ND .ND |[HEm -

34 0.03 ND ND ND [BEE ENT
35 0.01 ND ND ND |H&Z ]
36 0.03 trace ND ND B

BYHBR 001ng/g FEMRA 0.1 ng/g



£3-2 (BB, ~—EBAFoY, YREFIDODHFHERERE

KBHH& ne/g

ERES] AFBI | AFB?2 | AFGI | AFGZ |BABH | BEE |
il ND | ND ND ND mm  |[7AUA
(2 ND | ND ND ND  [EH -

(3 ND | ND ND ND |E&E —

(4 ND | ND ND ND [EH TAD
5 ND | ND ND ND |BE&= RaES

|6 ND | ND ND ND |BH P AHE
17 ND ND ND ND _[E®m [7AUD
8 IT ND ND ND PHES: -
A—A7 JLFY '

(BEAES | AFBI | AFB2 | AFGI | AFG? |BABm | REE
E I ND ND ND ND  HER *E
12 | ND | ND ND ND  |&Em !

3 |  ND ND ND ND  ([BRE b3

4 | ND ND ND ND |EBZR 188
5 ND ND ND ND |Em [ FAUA
(6 ND ND ND ND__ B3 FA)D
[L7 ) ND ND ND ND |&|H Vi
EXEFF
’}ﬁﬁ:g%— AFB1 AFB? AFG1 AFG? |[BASH | BEE
1 ND ND ND ND  [BE A5
2 0.71 0.06 ND HE S 12>
3 ND ND ND ND B FAUA
4 ND ND ND ND | FA)B
5 ND ND ND ND |BRR k=

6 ND ND ND ND_ |Em 7AA
7 ND ND ND ND |BE A5
8 0.3 ND ND PEEES FA)A
9 ND ND ND ND |2 A2)7F
LOQ 0.1ng/g LOD 0.04ng/g

15
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4.ﬁ%@ﬁ%%wgmw—fyy¢@%—&»77ﬁb#?y%%%ﬁ@%
&

1) E®

F—F o VBIUACEODRERE LR, BEATHT 77 b v
L T BRI BN LORTTBICHE - T B ARERRB L EEZ Sk,
SR ECHASN TV B E—~F o VBT, TOBEROEE. &7 75 k&
CUNEAEOEREYIERTAI LHAKORELRETLLTCEETH B,
FOlH, HEBRELELRTVAHFAL—F o VIZELTOT 7 &% @B
ERERE LB ESTOLBOMK R,

2) Mk LUFE

BERE Lo TVAE-FT o YIZBELTD, 20022520064 %F
TOT77 hEVUREZERIT. (M) 8/ 2 XV UREBS I VEMS
N, 19728051 989FEFTOREREIL, TESL DML (Proc. Jpn.
Assoc. Mycotoxicol., 31, 7-17, 1990} % & B & L =,

SR 200 2E 752006 FE TORBHBMEL AN THY, 19
7T2FENPL 1S 89FFTORRIT., TOEBFOBLETHIRAEFE 128 F
TiT-»TWwh, BEBRR T, BBEHNEETET 77 %2 /0. 1ng/g TH Y, 8
£ 12851310 ng/g TH B, |

3) MR

(1) BAE—FT vV OBmEBRER

1972851 989FETOMAY—FT v YDV ERTHY., +0
FEHAEE., TAVATHotz, LOHL2002EBETRFELS O R
B~%y?ﬂiﬁk&ofwéomﬁmﬁwT%Tfuwm6®%A@¢aﬁ
VEMICHY ., PEBSLVET 7 IBOBANEZ-2TET A (Ra-

1),

16



F  4-1

Year

1972-1989
2002
2003
2004
20035
2006

ey VOEEHAE L ASBREREY

China (Large

type)
none
1,328

1,814

1,683

1,428

1,645

(2) A —F vy BIFTAHT T T PF U BEHE

‘China , )
S.Africa US.A
{Small)
112 159 45Q
386 378 298
550 449 262
621 207 170
590 298 137
576 252 138

ﬁﬁm%%%%ﬁgw77§h$yy(M&,Mm,mq,mg)@40&%

HLT b= AT o5 Ry GRTDIACOCEBBEICL>T, B 7

fo—-F (AFB, & AFB, DAMBERL TV 2B D) & B6 J A= (429 T

BTLTWALD) WHEEND, |
AT LD —F vy VBT BT 7T MR UBHEER 420U,

hENTOS R Eo U EREEE. BEISABEL LS TEDBERET LA
bn s e ED 1 GEECRERALEDT YT b F L R

nNTREY.B 7 —7_ BG ﬁ'/l/‘-‘7°& ‘i‘)?’%%ﬁ‘ga@\@%ﬂ'{b‘ﬁo B n—7FL

BG /- T OB L BERESLICEE ST VD, L, REMI BC 71—

17
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£4-2 RBREGLSE —~F v VNNBITATIITFELBY

T77 MForBmHE#E
Year B group (%) BG group(%)
China
2002 0.1 0.2
(Large)
2003 0.4 0.4
2004 1 0.8
2005 0.6 0.4
2006 0.9 0.7
China
2002 0.5 0.0
(Small)
2003 0.4 0.2
2004 6.2 0.3
2005 0.3 0.2
2006 0.3 0.3
S.Africa 2002 1.6 0.3
2003 1.3 0.7
2004 0.5 1
2005 1.3 ]
2006 0.8 1.2
US.A 2002 1.7 0.3
2003 6.2 0.8
2004 0.6 0
2005 2.2 2.2
2006 4.3 1-.4
REEEM Mycotoxins, 58{(2), in press {(2008)

18



== China {Large)

—O— China {8)

Occurrence (%)

—y—S.ATRCN

—O—UsA

Ma4-1 HSBEE—-FT o VEBHBIT 77228670 —7
B E

(3) 7772 hxVUBRBAC—T vV ILBTIET 77 ¥ DR
BG /S N— T OFEEFSENER XD ENBEDENLN, TOHRY—F
VEOET 7T R D EERLI-ZBLIUHL4-2 44T LT,
FA-IWEPELLCBASRNEREOY—FT v Y TORETH LA, 2005 &
IR AFB BBV FE R LTIV, 2002 B b 2004 £ LU 2006
FAZ BT IE AFB, 28 20%LL T, ARG, 28 63% & A » T 5,

¥ 4-3 @MEBEBELRBWVWTT 77 bF oMk ANk China (Large
&

T77 rXrDhE

percentage of each aflatoxin (%)
Year AFR, AFB, AFG, AFG,
2002 15.6 0.0 69.1 16. 3
2003 14. 1 3.1 - 66.8 16. 0
2004 18.5 2.5 63.9 15.1
2005 36,3 6.2 . 41.5 13. 0
20086 16. 4 2.8 65.7 15.1

19
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Ha-2~4-41, FWAEBNOERBNCRLIRE ~T v YDET 77 b
¥ DEEOEAETLIZLD TH A, 1972-1989 EOJE R FE L B L
T, FEETAYVADOOBALY —F o Tid 2002 £ 5 B892 AFG, D LR
NEL 22TV A,ET77VHbBAIRELE—F v Y T FEIC L - TAFB,
OHEREGES LI3EMLR LN 5P 2003 £, 2006 £ Tid AFG, DL ENE < 7
5T 5, |

China(S)

=
g BB
> ;
| @ B2
@G
G2;
0% 10% 20% 30% 40% 50%  60% 70% ° 80% 90%  100%
each aflatoxin percentage
Ma-2 FE»LBAINLEAHE-FT v YVDOET 7T bF itk
- -
2 BBl
Y B2
BGl
BG2

0% 20% 40% 680% 80% 100%

each aflatoxin percentage

Ma-3 TAYADPLBASNEIKHE Ty YDET 77 FF L HE

20



1972 o2 —— T —-
1985 [ A‘ ‘ ‘, ,
i b |
2002 [ - -
y - " ' )
5o [ o T T OB
’ e ‘ @B
2004 L - @l it
®G2

0% 10% 20% 30% 40% 0% 50% 0% 80% 90% 100%

each aflatoxin percentage

Ma-4 B77)2p0BASNILIARNE—TyYDET 77 bR

4. ZE |

Ee—d o Wit MABDOT=F Y v TAFB OBERPEL BEERDZ &M
LR EREMNER LT ND ., T EEREMBEOBRE®RITLL TR Y,
AFB, MEGBIBELU ETHA o y PEHTHBCEBREB LR Y., SEIT-ZHELE—
Fo Y DOBEREERAE T, BEAYFOE—F v VEBOTHHERUT TH
S, FUHIOCKREVAT AR TSBE L T AThEE L0605, L
L, BABOBERERREFICERT LI LE, AROBURITBRERETICE
BREA &S,

FLT, e RECHINAEY - F v Y DT—F % 1972805 1989 EF T
DYoo E 2002FENE 2006 FEFTTOLHOTHEWKRITHIT -2,

1972 b 1989 FF T, KEOY —FT v Y REFEAYBASR T H
Si, FOE®, IORBEMEOY—F o VICRENDI N, TEHARNT
AV APLFRELEL2w I BEHIEH A TV RET 7T FF L
BRLEAFNVLECIEM LA ERERRVWE SN, REXYX—FT v ViZEBWT
. OAFB, X 0 ARG, BRABVEEBEVE &N,

IRHEOFLLOREIL, W 22ELALNIE, TO—D, AEHOT L
MEZONE, TI77ANFUUOABEHE., FEPERICEELTIRT VR
H, AEHICLE > TRELEZDARSAVPREDLD, —F Hid 2002 25 2006
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EI CUREENLEC—FT oY hb. AFGBELEABNLOERY, T0O8EE 45
BEELTWAN, £EBEE LT 4spergillus parasiticus B LU A flavus
IEBEEER LT3 (Mycotoxins, 58(2), in press (2008)),

2003 FEiZ FAO 2o b HihR & #1 72 World regulations for mycotoxins in food and

feed in 2003 W XN, b—FZ AT T35 b F P AFBL & AFB2+ARGI+AFG2

DEDLEEITL0ELEENT D, T, BEECTITDOAL h—F AT 7
5F%VV@UR?T#UVZ@ENAK&%%%%TH\M%l@%—?Wf
75 RF LN EDDIEERI/ZLERELTVESE, REELEDETT 77 b F
VUWNEHTAOABPBPREENR TV DIN, BEAERDETHE -2 T7T 735 b %
U LTHRAEFERLTEES, AFB, EXTO/MODT 795 XV OHED
Flhidpbshv Re2BBER2L v, LU, BAE TiL AFBL O & THEI L
TWAZENEL, AFGIOBVERERBETAIRANTTL 5,

BYERIZ L. ducking (29 % LD 50 (mg/kg) THE T 2 & | AFB, (0.3-0.4)
=AFM, (0. 32) >AFG, (0. 78) >AFM, (1. 23) >AFB, (1. T) >AFG, (3. 48) & 72 0 . ARG, D H
&im&b%ﬁ&%iené (Ciegler,A. Handbook of Microbiology, Vol. 3,
Microbial Products, p 525 (1973), CRC Press, Boce Raton, Florida), F7-.
ARG, 1Z AFB, & ABE T HAECHDE 7 0 _EREZELTHY, ZBD
MOETN EBORERNG, AFB, @ 10 50O 1 REOEMAEEZE L TWVWES &
HEAl Ty B (IARC, 2002),

INEORELY BAY—FT v VDET 77 XV UOERSTHORRIIENL
THELOTHY HABOT 75 b XV N LARBHELRRIIB O DIT,
h—2 AT 73 bF e LTHBEZERET DI ENEEZNG,

22
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9. Furopean Food Safety Authority:Opinion of the scitific panel CONTAM
related to the potential increase of consumer health risk by a
possible increase of the exicting maximum levels for afiatoxins in
almonds, hazelnuts and pistachios and deri‘ved productspublication

Date , 1 March 2007) M ER4yFER

BERBFLOEHFNHEEBILIVELRBEROB A, L DM

BEmiGRmE

TUT REL

(CREFA, ~—FPAF oY, T B 73S 0F oy 8BIELFU T 0
HOEEREMR. TR FHhO Maximum level O E2)

The Joint FAO/WHO Expert Committee 3. AEB L 9B L ENDE F— 42
ES5x, 777 X /FHBCBT ST TR O Maximum level (ML) D
MOFMEERE T —~FET DI EERELL, 2O &R, L0 EERZLORN
BHELOFHTHILIZLEZRL, EARBEEFCLBIDIY I —FT v YhbnT 2
SrF U RECHM@RERLZDIILEEERT 5.

F—xF, TN FyY A= NF Y VAREFA | HBAFOIO
WEIZT1 3HE O GEMS/Food 7 7 AFZ—HDO I LD 5 T, &0
BED LT 77 Fx L (AFT) OFED 5%BULUEFEE LTS, ~—
Tartuy, T F, VPREAFE, 7340 F Y, FLTFRFZA 71—
Y 1kgH7D 20ug D MLEREREKIT LSS, VI —FT vV EEERH
%%%ﬁb,:h%??zﬁwmﬁﬁéﬁ%m6®77§b#yywﬁﬁkﬁ
WTOLHMBLESTIEERR2THAL )., TOFERERFFAICET
ABWT 77 FFVYUBRIIOABERT D, CAZFFLUSOY Y —F vz
BT, ML OB BT 75 b3 V0B b 0EZTIR VT EE T E -
Foln, AL EEELII ML20 ng/kg CRELEEAIUKL,. B LB VW28
LEbhbaNTWVWIEMI/I V- S5S2D I V-T2 TDEENLDREH 2

23
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AFT OBEIZB VT ML % 15, 10, 8, 4 ug/kg CRETA LI I B RER
ERBEIZVWTHA EEROT TV A,
BBAFIOZIOo0nTHE, REBLEWh2A3EKEOML >+ U 2 (0,4, 8,
10, 15,20 pg/kg) # WAL TH T 77 b F O RBRBR2EPLOREEIZRIT D
BRI LVTHAHI EHERTIT TN D,
BEREESNRT 77 X VORAVODFELZMRTL L, 777 FFiC
BREINTVIARMEOLIALEYEHEHEET S ER T L TRICEE 2
SERBELOBETHLALEERHL TV,

F—FrrF, ~—FAF oy, CVRIFIELEEFTNANGNIEIIBITAETZZ F
FDBITOMLORERSIEETFICLA., BEEFODRBE) 27 0BEN
LRI DAE2EZESORBIINT D2 CONTAM "2 0 EFR

2007 % 1 A 25 B &3

Summary

TS LAV UHBEREAR RISV TR AN I I LY LS B,
T77 v r0ERiE, V) —FoY, SO FFyY AFUIRBLIV
MOEBRREY, XA 2, BEEHM, =378, hyFoaiigzl{@#BHhb
b, 777 FFVrREBEEERBIURBI VB2 ET2LZ200n0TW5
T,V AITDORVEREYBRETAIEATFRETH Y, 1998 £ EU T A
B ERELZAONI2EE TR R ELIMAZLALTT 75 bF o
V@ﬁﬁ%ﬁﬂhTwéo3—?992ﬁ%ﬁ%ﬁ®%%ﬂﬁwT\EUEﬁ
“TﬁiﬁﬁéﬂﬁﬁgiD%%ET\%WI®TW{VF-AM%&fyy.

24



EAEFFICBITEF—FZNAT 7T FF O Maximum level (ML) % £t
RONEBETHIEEREL TS, £ 0%, Contaminants in the Food
chain {(CONTAM) DHF AT 4 740273300, EURBITAINbT
Yy VEOBERRE, HOBEENEDT 7T FELCNDBEREYBEL., 7T —F
VR A= EAT Y EREFAICRBTEN—FAT T RE (FTTF
FE i Bl, B2, G1, G2 O#E) © EU D ML % 4 pg/kg 5 8% L< i 10
pe'kg WEERZREFTE2 LN IA2HEBEZTOBRE~DY A7 DOWBROTEMLE
BETLHIEERDLATIND,

WMAPEBLIERAsREHRIIBTE7 77 X BERRE % CONTAM 2
FNMERBELE, 777 b3yl REENLEFT - TAD2 580 75% b
BEHENLE s, REFELTY TS, TRNEFENERDAFEIIBVLTORHY
BARLTOT 77 PF o E&8Thol, 777 bx v rikHansy o
Tm\775%#7y31ﬁ%~§w775b#yytﬁwf—%%mmiﬁ
HNEECho, BaAHLRREICLS L, CONTAM A3 b—F AT 73
b2 @777 F D BlILVRNALORRK2ETHEA) LHALTVS, F
7= CONTAM AR NVEEBRI ANV IALPOT 77 b5 M1I(FT7 5 b
FOUBIOEELRIMOBEICEETLIF—FEAFLINE, InbLTF
— AT 7T X M1IOBEREBET0.05pgkg LT TH Y, M1 DIEN
REAMEOFREEFZBELRAXARIINLGT ~FOFRI2BETIEERL 20

a7,

F—FTY R e~ FEAF oY PAZFFIEHTE MLEAETE 2B CE
ELIEBEGOEREFMET 52, CONTAM SR L3 FhEFn 4, 8, BLU
10 pgkg LERCTHEREHFRLEABEDRGNODREELREL L, T b F
Ernbb—FNT 77 b2 OMLE 42056 8 b L <TI0 ug/kg 28N
B LWL, T—FrF o A~—EAfyY VR EFAICLDE F—F2AT T
SEXCCORBEEFDLT L THRLLAPABIC LA SE ) 24, THRE RN
ENAEHREOTAPTIR I pg/kg U TOEETHL D ZEBFENT,
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TZI3 X VUDBEROBENCENOREOHFBII N =ZBED S vV
CHOEEDLCOBEROEF R ERTALENHD, 2ETOA v A—HOHEM
MO BEEPOOEBEIILVWTI2BEFT DT —F % CONTAM R i35 B
TERZ,
BHEOMEFNRELEMPOORET —FOHHR. a—ny "OREPICE
115 EEAYEE » GEMS/Food consumption Cluster Diets ®F — # ~— 2
NeEEBELEREEY, CONTAM 2Ll T7T—F 2 K ~—F At oy - a4
FAUNDEGPEDT 75 FF L BORRP L DREROIEIL b T
—FHFIRALT VWA, AL T Yy YIRIAFESRT 7 FF o r02aaEM5
DRBEIEBT 2D DEBICBE 221k,

TheEMIE, T—F K A—F N F oV TR FANED P —F AT T
5RO MLE A4ME 8 6L 10 pglkg ~DEMT A2 T, 26848
DT 77 REVCODERBEOEDRSY 1%ANTENI LI EEFHRLT VWS,

FT—FrF - ~—ELTF oY  CRAIFIOHET—FiF, AL—EDI5H
HBEHAE»SFBEIETHY, £THHBEZET L, £z, CONTAM /ix L
REREFNOFT o VILONTEBEVWEREOA N —EIrRELHEBEDOZ W
AVA—EHETO, HEVSAVOGEWHEREEOR VI ZEEET —F 0&HH
PRELE, CRLORERI), FLEBEOSVEEBLELT h—F L
T77 & TDdMLE 4526 8% LI 10 pglkg ~0EMEE A2
ST EBEENLOT 77 FFVOREEY 0% ETEMLS 220780
oo bl BIERLESIC. ML 2B AT vy Y B a BRI ELE S,
SRCRBEOEROTHREEELLTEDERLITHAI., LL, ZHh 63
BEOF YO ML % 475 8 b L< T 10 nglkg ~#M & € 7484 06 5 &
REBILBEMHNENTHLS D,

PR BT RERNLOREOBMENE. FACETAREOBERNTH - -,
LhLinbilroy YUAOMOBENLOEELELICLTEY, FHod

T RN T - S OORBITEEL T,

26



A—EL Ty Y ECRSLF AR LEEEO I P =BT AR R EE
BRF— A, NI LT ITZThEVOMLE 405 8% LT 10ugikg ~1#
MEFDZIETEU =7 2 MIBWTT o VYD 6UDEMO NNy FE2HFET
ATHAIEERLE, T—Fry FCELTRFBIE2GRE T —7iiE
FELRY,

EEOMBELRBRIAOY R 7705 —THLIBEBEFLYA LVZDE
HE PHVHRIIBWTT 72 b ORBEHBROBEST A HEEIZITRE
BEESEHEA TS, CONTAM AR E, BBV TE OTR®EE
MERBALIOND, RbEZTHEOFEVEREBEORKL . BHEBAEFR T A L 2
DBEEER. BEET., ELEFURBNLVAALTT I MX L EFEEINT
NWE B L DD F—FIlhmETA e FOF - F DR LML BEIIEE
LTOZETHhD, ZORRTRE, IRENTTHOEAIVHELADY 25
MBS TEHENI EBFEN TV, CONTAM AxliihbnmindF—g
LEBTAIERTT, -oT, ZHho2THTEAA LY PIRBITAEE S
TEENLOFEETHRE L,

The Joint FAQ/WHO Expert Committee on Food Additives (JECFA) 12 &
D AHEBHIE TR ZHEMEZERIL, ST 77 XV OREDLORED
FTREABLIVBLVANLVEZEErEALELBEORT L ) A7 0MIZ. B#E
ént5~ﬂyﬂuﬁﬁéﬁm%®%ﬁvﬁib%9&<&$2ﬁw§—v&
ABEBEY, TOLERTI7IFFYUBEURBOTHABBORY VB
WTEEBERZEFTRRZVIEZTELTIND,

95% DNy Fv— 2 BEFEETRME L L& L T BMDLIO BT 2% 5 %
FEHERT OB ERATLH2L2EN, BREENS2THOEREILBWT
CONTAM HAax ALV HEENEEE~~—V 3, t FPOBEIIEEICHE
MEBpEELdPFLE, BEBANREVANAZAOBRLENTEETELESHED
BT ION—T S U0EANOT -4 R EICHBEE &k BMDLIO &
BMDL1 O, FLbEXHEOEVT v FPORRMIEBI L LD LB UAALDE

ZHEERLEZ, LALBOY TN —TRT7 77 P F 0 OEBICHTARE
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HEIoENEFLONT

CONTAM /SR A, F—FL F - ~—¥LF vV - FREFAICETE b
= HEALT 7T REYOML 2 40b 80 L0 pglkgliZEET A LI
LOAMEINIZ2ERPCOEBRIRZTI V)R IBILIVELEENEREE - — 2
CADEBRIEMTH L ERBTT A, |

CONTAM R Nid, 777 FF o3 BEEEERBTI - BHEEELTNS D
Ehh, RTORELLDT 77 b F L vORBIXIAEMICERTR2EETT
HK2BYVIEBETHAINE EHRG T, 20F -5, £2REELLDT 7
FEFUUORBEMHT ALY, BB TABELBERINEELY
FHHL, T—FEry R o~—¥Foy 25 FFUNOELRNODEE
M+ 2 TERFAETHLDLIZEERLTINS,

KEY WORDS

TS FXRVUE, T7FFFBL, T—F R, A—FAF Y, PR
g2F+, BREHEM. o8BV FigF., VA27Fm,. FEE~—

28



6. FL&d

TOSFEVYE, B CEORVWACETHILIED, REBLE LT OHH
HERLZBEBETED, 7773 bF V02 LhEL{DAYEIR, £84%8 K
BRI STEED, BFRFPFoOR—ZANTAICRATETHS, T-iE
NFTCHAMERT S22 AEFOREBLLOEVHFTELV 200D,
ZDETHREEESEPERELC, FBEE0EFHICE AL TV B,

2003 FEF T R =2 T 77 hF v LTHBLTWEEG 76 pEICD
I, HAERBRICEID, BEORELEEAEERE 6 RICX Y AFBL 02 R Hl %
BEL URZTOFSTHELBENTVSHEORHBR Wong/g) * EEM 2
%ﬁﬁ%b(éﬁ&%ﬁ%tﬁﬁbTwéoPii?®%<®%%»%\m&
D5 ®E T AFB,, AFG, AFG, DEH LEBELIVE VW LEZLNA TN IO
T (FAO:World regulations for mycotoxins in food and feed in 2003), %
DEOBRFMORERIZLETHDILEVAD,

LU EHIEEENL ISEECMT TEAFBREPEEZ IR VTER
LE b= AT 75 b5 L OB RERBELRBEGMORBR, TRY -+ v
VISOREDOILIBRENL P—F AT 75 b BEN 20ng/ g LA B WY
ahfc, TORRE R DL AFB IZHRFED 10ng/g LT Th o8 APGL 2
20ng/g Bl EThoTe, ZOFELL, 1) TROY—7 vV TRERERDORENE
EHEipEIhanEsh 2) BBATOBMAL—F v VILEBIT 3
h— 2 AT 75 b&F BT TAR BB THLImBEEIN,

FORODARBRAETICIBNWT, FRE-F oY, F—FL F, < BH, ~—
Tty Y, CAFAFFAODN—FALT 7T VB LEEBIUVUGARER
EpbDEC—F vy VFDOR—FNT 7T N F L BERECOBEF AT o7, A
B, TBRE—F oY T—FUF, {(D2H ~—EAFT oY, YRIFFOE
BRHEECAVASHEEILLL LD EFOESM LB L -,

SENPLEELICEALLEFRE—T oY I2BEEHITLAESR, 205
R LM ETHBNBC I — TIERARE &N, 0 E
AFB, & AFG, TRIZE Thot, 7TV FIEBRER 2BENL LBMETHL B
BG /' o—7OFERBBEEISNLENS, 2O AP FRBEXRI, 0 3 BED
ERRECESBUETH>T, ThOOREELL, BB ST, BEAH RS
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. 30

HEEHEIIRBWIT-EEBRETRLOALL ) RBELREBEL2AET I —F
S, FRLEYEVWHEETHRBLTWANWI EAERINE,

e F o VRBARRLE LTASREDHRLEZ>T VA Ehb, 20K
NEREARBRETAZIEILL - THBAROHERERLYHL LA TES, BR~Y
(AR UBEBER N ER LY T vV DOHERERT-TEL. . ZD
F— - B LTVD, TITHEHSOBNERT I972FE0 6 1983 FEFTTD
F— BN T 77 PRV OFBRKF L, 2002 Fh b 2006 F£F TORRE LB
L. #T7T 77 XV COBEREFEOCOEBEMRIT L, TORE, 1) EELEH
ANBERTAVIDOREL 2L, 2) RERXRPEEORKE Y —F v U2
chTHBI L, 3) KHE—Fy VDT TS RS UEREER ARG, OF
HARB L VBV Lk, Ay RY—F VDT 7T RR U UEREFEIPEE.

{HpaTWAIZ ENBALNERS T,

Wil Mr #r oo B8 & LT European Food Safety Authority:Opinion of the
citific panel CONTAMMB HLABMEZOEEORMRERE L7,

ENED ST 77 X A BEERFOBRBL 2582FFMICBLT
Codex 2 & JECFA ~FM a7 h, AREFIT JECFA TOSEDOMICTI —o v
ﬂM%Héﬁ%%%bt%ﬁﬁ%éoWMMN$wm\7—%VF;A~€W
Ty R FFICRTBERN—FALTTZTI FFX O Maxinun level & 4 0
L8 L 10 pe/kg CEET AL LN LIAWMBEINIEEPLOEEE &
WH VA BIVBHENERE~~— PV ~OEBRIBEMTHD EREHRMTT

i
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6. WBLHHEE

#HE EAE EBUEERELBENET SLBEFHEY
Hiw 7 ERFRREZ2F XV — E&{IEER
MEF EE BZS“?{:J FEVUOBREHBS

BE EiL EERZTFARE #E

7. ZHFREHE
() REREBEEDHE & —
(M) =4 =3 bF o BEHS
(Bf) BAWFEEmBRERS
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% 107101339-001 & page 1/7

il

Brfa DN TIREE I R SITHEREFE

b

o)
EYEZERELEERANR

T 230k

BEDL—INTI7IRFL BT IS5MF2UB, By, GRUGCIET 74 ZF4HhT
AT L URTREBET, L.

GHBERER-1C, FMENEROBEREZR-UC, RUEBRRUVESERAOEHERE
EB-JWEEDE, £, BRTT IS5 FRMFIERLUE. :

mEB, E®-I0L, RHBRRZEERZOME, EERAZIELTL L, 77530
CIIERRF0.S ng/eDEEVAIETH S e nk,

P. 38
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34

% 107101339-001 &

*%-1-1 #%8
. o &3 (ng/e) T
bEES ﬁﬁ%ﬁ‘ AFB, AFB, AFG, AFG, |
1 3-1 (& H) 0.5 {h.5 0.5 <0.5
1] 3-2(F ) 0.5 0.5 0.5 0.5
3 3-3(F ) 0.5 | 0.5 | <0.5 | <05
4 4-1 (B ED) <0.5 <0.5 0.5 <0.5
P’T'r 4-2 (B A) 0.5 0.5 0.5 <0.5 ﬁ
6| 4-3 (R HD 0.5 0.5 0.5 0.5
7 4-4 (B E) {0.5 0.5 <0.5 <0.5
8 4-5 Gk H) 0.5 <0.5 0.5 0.5
9 4-6 (RK ) <0.5 <0.5 0.5 <0.5
10 4-7(F @) 0.5 <0.5 0.5 <0.5
11 | 4-8(R M) <0.5 0.5 0.5 0.5
12 4-9 (k) <0.5 <0.5 <0.5 {0.5
13 13-20(% 5%) <0.5 <0.5 <0.5 0.5
14 13-21(E8B) 0.5 {0.5 <0.5 <0.5
15 13-22 (B %) <0.5 0.5 {0.5 0.5
16 13-23 (B EB) <0.5 0.5 <0.5 0.5
17 13-25 (B 5%) <0.5 <0.5 <0.5 {0.5
18 22-25 (B k) {0.5 0.5 <0.5 <0.5
19 22-26 (% ) 0.5 {0.5 M.5 <0.5
T 22-27 (B2 1) <0.5 <0.5 <0.5 0.5
21 32-1(F) L) 0.5 0.5 <0.5 0.5
22 32-2 (/) ) 0.5 0.5 0.5 0.5
23 32~-3 (F@ ) {0.5 <0.5 <0.5 <0.5
24 32-4 (f 1) <0.5 0.5 <0.5 <0.5
25 32-6 () {0.5 {D.5 0.5 <0.5
26 33-2(/5 &) 0.5 {0.5 <0.5 0.5
27 33-3 (K &) 0.5 <0.5 <0.5 <0.5
28 34-2 (1 D) 0.5 0.5 0.5 <0.5
29 34-3(L @) <0.5 <0.5 <0.5 0.5
30 3IT-1 (B &) 0.5 0.5 0.5 0.5 |
i 31 37-2 (B 1B) <0.5 0.5 <0.5 <0.5
32 39-1 ({8 R) 0.5 {0.5 0.5 0.5
33 39-2 (8 @) 0.5 0.5 <0.5 0.5
34 39-3 (48 B) <0.5 0.5 0.5 0.5
35 39-4 (12 @) 0.5 0.5 <0.5 0.5
36 39-5 (42 ) 0.5 0.5 <0.5 0.5
37 39-6 (4B 14) <0.5 0.5 0.5 0.5
38 39-7(#8 M) 0.5 0.5 0.5 <0.5
39 39-8 (18 ) <0.5 <0.5 0.5 0.5
40 39-9 (& f) <0.5 0.5 | <0.5 0.5
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% 107101339-001 B

F-1-1 HFE
- # R (ng/e)

REES BB AFB, AFB, ARG, ARG,
41 39-10 (B2 /) {0.5 £0.5 .5 £0.5
42 39-11 (38 /) <0.5 0.5 <0.5 0.5
43 3%-12 (3 F) 0.5 0.5 <0.5 €0.5
44 39-13 (35 1) {0.5 0.5 0.5 <0.'5
45 39-14 (8 ) 0.5 0.5 <0. 5 0.5
46 39-15 (B H) <0.5 0.5 <0.5 0.5
47 40-1({£8) 0.5 0.5 <0.5 <0.5
48 40-2 (58 <0.5 <0.5 <0.5 <0.5

|49 4%-1 (BE &) 0.5 0.5 0.5 {0.5
50 42-2 (FE &) 0.5 {0.5 .5 <0.5
51 42-3 (BB &) {0.5 0.5 <0.5 0.5
59 43-1{K %) <0.5 <0.5 <0.5 0.5
53 43-2 (K43) <0.5 <0.5 0.5 0.5
54 43-3 (K 4y) <G.5 0.5 <0. 5 <0.5
55 43-4 (K 4) 0.5 <0.5 0.5 <0.5
56 43-5 (K43 0.5 0.5 {0.5 0.5
57 14~ (ZWH) 0.5 <0.5 0.5 0.5
58 44-2 (B IR) {0.5 {0.5 <0.95 0.5
59 443 (i) <0.5 <9.5 0.5 <0.5

.60 44-4 (E 1) <0.5 <0.5 0.5 <0.5

61 44-5(Z 15) <0.5 <0.5 €0.5 <0.5
62 44-6 (ZIF). 0.5 0.5 0.5 <0.5
63 45-1(BRS) 0.5 0.5 <0.5 0.5
64 45-2 (IR B) 0.5 0.5 | <0.5 <0.5
65 45-3(EIRE) <0.5 <0.5 0.5 <0.5
66 45-4 (B2 5) <0.5 0.5 0.5 <0.5
67 46-2(dr B E) 0.5 0.5 0.5 0.5
638 46-3 (b #B8) <0.5 <0.5 <0.5 0.5
69 46-4 (b #B18) <0.5 0.5 0.5 0.5
70 46-5 (LB E) 0.5 0.5 <0.5§ <0.5
71 47-1 (7 #8) £0.5 <0.5 0.5 0.5
72 47-2 (7 #8) <0.5 0.5 {0.5 <0.5
73 47-3 (70 #&) 0.5 0.5 0.5 0.5
T4 47-4 (70 48) £0.5 Q.5 0.5 €0.5
75 47-5 (i #E) 0.5 <0.5 €0.5 0.5
76 47-6 (P #8) <0.5 0.5 .5 0.5
77 47-T(H48) 0.5 0.5 0.5 0.5
78 47-8 (M #E) 0.5 0.5 0.5 0.5
79 47-11 () 0.5 0.5 <0.5 0.5
80 47-12 (Fh &) .5 0.5 0.5 <D.5
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% 107101339-001

£-1 RMENRR O R

. : BEE® |
BB & AFB, | AFB, ARG, | ARG, |
1 94. 1 93. 6 97.4 95.4 |

2 98.5 39.2 99. 2 95.0

3 99.0 95.3 100. 1 102. 7

4 95. 0 93.0 100. 9 95.3

5 94,5 92.2 98. 0 94.5

6 97.2 55, 1 103. 1 96. 4

7 95.3 93.7 103.0 99. 6

8 92,1 91.6 96. 2 93. 1

F 4 95.7 94. 2 99. 7 96.5
B¥RZE (o) 2.34 2.38 2.52 3.12

#-3 BHBREUVUEERROEHER
T, 7R (ng/g)

=B B AFB, AFB, AFG, ARG,

I 0.505 0.47] 0. 485 0.47%

2 0.532 0.438 0.524 0.453

3 0.497 0.506 0. 446 0.459

4 0.481 0.419 0.476 0.412

5 0.524 0.476 0.527 0. 490

6 0.430 0.415 0.415 0.372

7 0.523 0.474 0.401 0.477

Fi5 0.498 0.457 0.468 0.447
EHERE(0)] 0.0352 | 0.0337 | 0.0495 | 0.0415

30 0.105 0.10} 0.148 0.124

100 0.352 0.337 0.495 0.415

=

=
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5 HBAE
1) BERURE

TV =Ry 7n—iﬁ(500 mlZ)

I UMTHARRE (10 nlF)
BOE (B0 ml#E, 100 nl&)
AZT7522020 0%, 50 nl&E, 100 nlZ&)
HZ2o—+h

YAy b8

AR o H—

JH—N—EKIa1hk

H T A gk 2 HE (924-A1) [Fhatmantt]

% 107101339-001

AT T AN —(RE 0.2 un) [P—INH1 T A2

T T T -

=0 53 B

sl aF— I E

A K

Oy b—F—

ATy oA FY—

DI EE

SEBEE O RS2 T (HERBED

=

=
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2)

3)

% 107101339-001 & page 6/7

o 35k OEA IR
773 hFB, By G RUGIEEES[Signa-Aldrich#t]
7K
aH = (RBEAE - PBRERA, SREAIOT Y5 7A GUTIHPLCA))
[(FnbdnE TR =]
TR AU (REEBE - PCBEARA, HPLCAH) (i T A &4t)
g R U YA (RERSR) BELEERSH]
TR 12 R A 2 S
nABEAKEZT ML FEESR VR EEnkiat]
NnABZAFEAV L EESR [NEEFESBASH]
U LA OB GRERSH) [(Signa-Aldrich#t]
AL T 74T 4—H 5L AFLAKING) (X E RS RIER]
FERZ RUNERUADEE O - TR R UL, 700 nl E7K300 pl Z2ES L.
PBS (phosphate buffer satine) : |ibFT MU A8 g, U EEKFE_F LI ALL g
BT KFEAHY DALY L g UE/AA ) T A0 2 gh K] LITHEBEL .
KERFZE R SJIIVOEREM®KO:1) K180 nl &7 MU nlZRBE L,
K, A¥ )= NVEFETERZRULDORKG:3:1) : K600 nl, A&/ —)L HPLCE)
300 mIBUAF & = N UJL (HPLCA) 100 ml2EA L7,

G 4% VA TR O 3R B

B2 RAEE UL, TOIB5050 2 ERKFELE. ThRTEFZ MUK
VKDBEHO:1)200 plEMR, T—22 T 7L F—TsHMAMBALELE, Bonk
Bl 0% % 0040 B (2,500 1/min, SR L. biE4 mlEERICERL, kT2 nlicg
HLIEOOEN S AMESEIT IS BLE, 2Ol EAL) T ILAZFA—HT N
THWL, PBSRUKELD nl TIEBRAN S A% LR, A5 ARABLE, RELEN
SLIZTERZRUNS 0l RER, BHL, BohABHEEWN CUTTERLRETT
BHEELE, BXICPU 74 0EE) ]l MlZ2MA, RIbFy 2 23IFH4—TH<IEA
L72#%, 8B, BRIZBWTISSMEBLE., hiARFZ7REMZMUNLOERE (9:1)
0.4 MlEMATEMNE, ALTS2I4NI—TABLAELOERE®RE LT,



o

T T = R P TP P T ST ey e

'y

5)

6)

7

% 107101339-001 & page 7/7

12 VST O 3R B

775 hEYIB, B, GRUGOEEER g TNENT L L YN ENA TE
L, 100 RliCESLTI0 v/ DEERBEZRHE L. COEKEESL, 7T
FUIEDKORBE G D) TEEFRL, 773 b3 U BERRARSEEAK (0. 25~
50 ng/ml) ZERAEL 7=,

BB O IER |
AL v | ZEEREIOT NS S TIEEAL, BT 75 FF 0B, B,
CRUGOE -V EIEEBEBEDT 7T F 28, By, GGRUGOBENSHBBEEE

pE L7z

EEEEIF O NI THRICLIZBIE
DTERINEEZBREE w288 k7o M3 7I0EAL, BB ESY
BOVYr— 7B L 0BREBRNS, HBRARPOBNERSEORELRD, b0

ErEHLE.

BEWEI DR T T TBREEME
# O LC-10ATvp (R E&d BEE{ER]
¥ 85 HIESEEHE RF-10Ax) (MR E BERERFT]
B % Ao Mightysil RP-18 GP, "¢ 4.6 mux25 cn[BFELEHASH]
NZLEBE: 40T
B EE Kk A/ -NLVEUOTZERZFUINOREG:3:1)
i £ : 1.0 nl/min
BlIERHE - £XBHEEE 365 np, HABEEE 450 nn
T A 220 pl

8) IR buEAF B

MEFOET I T VBEDNS ng/gllns R DICHEML, ENWEOREIZES T,
ARMENHARE (BORLIE) 2FBEL TRERE EsDE) 2k,

9) BERARVEERFOEH

SBROET 7S R LBENDS ng/eit B LD IEML, ASHEOREI S
T, FNERAREVERLIE 2 EH L TEERE (o DX) 5k, '

Bk

P. 39
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TRk 1 Q&

8 R DR TS S
 BRBRESDERICOVT

BRPOM—=FNT 7T r I ORE - RE

MO 4 HEEA w4 3 hFLUOREBRS
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1. B#

T yY h—FNT 7T M F U RERE

FERBFO BT, B —F YD F—FAT 77 XV (B, Ba G, G2)
DOHFERALRAIRETHD, oERE, T2V AVRUKOBHTHE L, 142
TI74=2T4—HT7LCL0ERE, AARESELBELEAERE/ o= 7707
BETEFEEEREVD, X, BAEBERLICOWT F—ZNAT 75 "X OIERYHE

BT D,

2. EBRFE
1) RBEyE

WE A 2= DI E
777 ¥ B, (Aflatoxin Bi) Ci7H120s 312
T7Z hFxB. (Aflatoxin Bs) CarHaaOs 314
777 hFG. (Aflatoxin Gi) Ci-HrO» 328
775 FEL G (Aflatoxin Gr) ColiOr | 330

2) HEREUHRE

DANST 74 =F 4—HF 5 (AflaKING Horiba &)

@7 b= BREEs = R TR FEHE)

@Y By 77— (PBS)

@ Tween 20 (FaiHtE)

&MY Aok (FRyais)
®T 77 r*FBa, B2, G, G (ACROS)
OBEHKEy a< N5 7 (HITACH D-7000 ¥)-27)

3) FEERROBR
R

ACROS 775 bxV v EBHRB., B G G:%% lmg #8Y AOAC 3B
BIBEIZ LV 10 ¢ g/ml R LR SR A OZEE 1.25ng/m1~0.0625ng/ml 1% B % 3

1o

4) SATEORE

ety VERRECENAT 7T bR

BRiE (BUEESASFEE
FO—2A =Ty VRUPE— Iy VEFICOWTHEMEESE S ER L. &
MEX. 775 FEF =4 20ppb (% Sppb), 4 pp b (& Ippb), Zppb (&
0.5ppb) DWW TER LT,

P. 41
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5) SiTiRE

(4) i

2HEt 50g FAEEVFTAY-H T (500ml) \ICANTE M= R U Ik(9:1)
200ml #MESHF VvV FLEE, BOVBUIAB TS, FOLBRXIAK
% 4ml & V. 0.1%TweenPBS T 20ml K EET 5, '
(m) 8

AL} T 74T A—ATLADOREHEELTER L, AL/ T74=5F4—3H
SARERLE Iml #AWL. BAETTHRIHT S, HHE% 0.1%TweenPBS10ml
TEEHE L, WRICHEEK 20ml THETL, BTHEIT ANOKGELEKRL, 7
T h= FY A 3ml THETD, BELE7TE A= AR ERESH CBEERT
A, FOBREWIZ N TG 0B 0.lml T, BREEEICHETT1 546
BT 5, K:TEIZFIA(O1)04m 2L, BEEE 2~ F T 7HE
BwE L,
() BEWIEY o= b 7T 7 &

it . HITACHI D-7000 ¥)-2
& R . HITACHI D-7485 “# 3¢:#% H2%
77 A © Waters Atlantis T3 3.0 X 250mm
B it sk AHE = TE R FUA(63]D)
FiE © 034ml/min
HTLRE: 40F
EAR T 20 gl
B R

1) AR OVER
T7Z hF¥IUBy, B, Gi, Geo% 1.25ng/ml~0.0625ng/ml & T 5 &
TERLT B,

2) BESZ 7 )
Kﬁﬂ??ﬁ'ﬁ%ﬁﬂ@ﬂﬂ%ﬁﬂ&tﬁ%&ﬂ%ﬂ% WESHRER T T BRT 75 X
B, Bz G, G207 0% 7 ADMBIZIIRMD S 2hotz,

3) DATEORHER
T7F % By, Be, G, GOBERFIT. S/ NED 3EZD 0.1ppb
THhol,

4) BmEBROEML
0.0625ng x 200/2 X 1000/50 = 0.125 g/kg (0.125ppb)



5) #inELTHES (F-1)

B—A hE—F v

FRANE 20ppb (& Sppb) n =25

TI7Mvy By |T77MEY By |TIIRRW G |TT7MYY Ga
B JEH54E ppb (EILEE) | 4.70(94) 4.58(92) 4.82(96) 4.69(94)
EERE 0.28 0.25 0.37 029
MR EERZE% 6.0 55 7.7 6.2
FNLE: 4ppb (% lppb) n=>5

777N By | 73N B | TIINEY G| TITNYY Ga

EIR EHME ppb (EULE) | 0.961(96) | 0.941(94) | 0.997(100) | 0.971(97)
v 0.075 0.077 0.063 0.072
FEAMEEREY 7.8 82 6.3 74
FRNE: 2ppb (& 05pph) n =23

T7MY B |T7IRRY By [TIINW GO TIIMYY G
EUY S8 ppb (EIURE) | 0.526(105) | 0.515(103) | 0.542(108) | 0.529(106)
TEHERE 0.075 0.05 0.08 0.068
RS EERE % 14.2 97 14.8 12.9

vty VS
SOtk 20ppb (%% Sppb) n =25
TITNEY B | TPV B | TIFMNY G| TIINYY Ga

[E U M ppb (EIURE) | 5.08(102) 498(100) | 5.21(105) | 4.89(98)
EERE T 0.15 0.21 0.24 02
TEFEERE% 3.0 5.0 46 41
ZSInE: 4ppb (& 1ppb) n=25

TI7N By |77V B [TTIMV G [TTINYY Ge
[E1UY SEME ppb (B4R | 1.018(102) | 1.006(101) | 1.026(103) | 0.981(98)
EERE 0.061 0.049 0.088 0.03
TEXHE EIREY 6.0 4.9 8.6 51

-3 -
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6) EREERERLRE (F—2)

RE 2 T2 B | 777NV B | TIIMVW G | TIIMERYY Gy
1| A h-t Y BT | BREET | BREET | BREET
2| p-aht =ty BEET | BEET | REST | BdeT
3| HEBRY Ty i Jankcary BEs By BHET
4| EfEY -1y pied | BEET | BREET | REeT
5| BRfFEE -1y BEET | RS BT | BREET
6| o-Abt =FyV BT | REET BT | BT
7 | =Rt oV BT | BT | s | RHeT
8| At —FyY 0.2ppb T 0.2ppb BT
9| ~ -t —yy RS | REET | AHET | BRHWT
10| skt =ty¥ BT BaeT BT BHEd
11| R -y e | REEd B [ Jevncarn
12| B -fyY BT | BREET | RE®T | BEeT
13| sabt =fyy BHET | BT | sEET | BREeT
14| ~a-t =ty BT BHE?  Jarncar B
15| 3Rfte—+yv i Jroncach i Jun o B BT
16| BTy mHET | RBET | BHET | Ribed
17|~ -t —Fsy i Janhcan i Fankcue  Juanc BHET
18| s-abt' —FyY WS | REET | gueT | BT
19| p=aht’ =fyy BHET | BREET BT | REET
20| BT Ty BHET | BREET | REET | BT
o 1| EETEAE et | REET | BEET | fHeT
o2 | BEFIRBEMAE -Fyy| BREET | BEET | REET | mied
23| FlexvwIE BHET | BHET BHET | mHEd
24| RHRLEELRSE BEET | REET | BmEET | gged
25| BRAE -Fyy mHET | BB | BEET | BT
06| HEBERAERLE | BREET | BREET | BREET | RoET
07| HEBERMERE | BREET | BREET | BHET | BhEd
28| BtEBIAE BREET | BREET | BRE¥T | BREET
29| BETFHELE BEET | REET | BREET | BREET
30 EETFHERLE BAET | BHEET | BREET | BRBET
31| BEFEILLE BHET | BEET | BT | BEeT
32| TEFHRMAERLE BHET | BREET | BEET | BREET
B IR R 0.1ppb
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4. B

T77b¥oi3, TANWELZBOAEREALL, KB L LTB, GIr—7%
EETDOACLBIN—TOREELETAIICED D, BEDT 77 b OEHEITB
DERFRTI -0y "EERUT AV HEEDEIE. By, B., G., G.ORHT
EEVELITTNE, SEOHEITROBEENIEED2 00 6EITHA N4
BRADT 7T b EVUBRIIOWTHELEER TH A,

AL TTAET 4 =0T 2EER L THELEMTRIZOVTT 75 h% 2B, Be,
G, G.OFMEIEELER Lz, HFE0MER. RETSLEDEITE 70-120%
LR R UFERHERERE 15% U A0 HRERTH T, (FE-—1)

IR OBEIEENT R OBEEFIZ., 3 2REPIBELT 77 B, G248
MLz, (#8—2)

BMABRE (-3, 4) OREREK L REE (FEE) OT7 77 FFYUB, 67
N—-TEBELEBEIZ] 2BEW@% HY, BIA—T2RELEBEIT L 3 K&K
(52%) Tdh 7o, DRIFEIZDWTIPEEIB, GZA—7 %R LBl 2 % (50%)
BAN—7%2RHE LT o ik (50%) Thot, M7 7V HEIRB, GIL—T%#
H U7 8BEIE 3 B{E(75%) B J— 7%l LB 1 IFEQS%) CHh-7, TAID
EIXB, GZA—T7EBHLEEEIZZREGB3%) BIA—7%EH L =BT 48
(67%) Tdh oz, RFITTAERBIN—TORT2BIETH-=, A—RA 5 Y FTEIZ
B, G/N—TDLHTIRETH-, AV FERBI/A—TOARTIBETH-, &
HITE & /NRIBOESEEIB, GIA—TIE2 0BE(465%) B F v —7"13 2 3 #iE (53.5%)
Thot, X, B, GFN—7"2HHL7EG, ¢ B g0 (F—4) 13 KE#E (PE)
THG.MWB OFEH 48+ 19F T, MBI EHII L 12 Thot,

200 6EDHEECRENTHATEEFE>REEBOT 77 % B, 10ppb &7
AVDOEETHAN—FALTITFFL 0 20p pbDETARAFZ L F—RIRELE
BE (F—3) B EHETRHBEL/RBZELE THBME Lo 2 4BEKW09%) 12—
AALT7I xS 20pp b THBEE R REBIBRELNREIBELELET2
SRR (1.0%) BWEM L 725, BL, BAN—70ZBHEIZ VT, BEENB, 8B,
INEBEENED N—FATI7IF PRI R-2TE20pp b L EOBHEREEL AT L
137, B.E¥ED10pp b THEBENS,

G EA
5. #Fam

197 2861989 O/NEBORETIE. B, G/V—7%BELEG. B,
DBHEBOHEBH1IETH- 20, SEORERECIEB, GIAA—72HELEG. R
B.OBEEDHKAETH-7, 777 rFVVGRBV VR EDN D Z L EHERE
WEIIB T TIHAEC B, B Gi, G.LEETRETHEZENATRRENE,

BL, bh—FAT77 FFUCEBBERETDICHBREREGTLER L TV 285
ML REESHEFBIDZEHB,., B:, G, G BEIETEANFIEDRFNRLET
55 '

SR

1) Wordwide regulations for mycotoxins in food and feed in 2003

2) BTBB— =42 k%, 31(1990).
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L 1. B&

EERSFOEEIL, P—F o VD r—FAT 75 b2 LVOSHEPRRLRETH S,
DHEETE = P ARCKOBETHEL, A5/ T 7Y =F 4 —AF AL R
%, EABHEFEELEERE v F ST CRIETAFERZANS,

2. SHHE
1) SF ey
T7Z rFBL, 777 ¥R,
T77 6L, 777 FI/G62
e 2)ER |
e AR B EEE a~ } P 5T

3) RE, Ak
Q7 ER=hrI
@RAZ -
@FF A
@r V7 AFaER
@A LT 74 =2F 4 —HF 5 (Af12KING Horiba 4f)

4) HBEERORE

B 50.0 g ZEREEREL, 7¥ = MY ARUGKOETR (90 10) 200 nl %70
: A== STV S —T5 M7 v FT 5, MERRIISBLIEOL, A& ERF
| A 4. 0mL & & o THRE/AKT20.0ml & L, 7 AFHEAH (Whatnan934AH) TAHBT
Be ZDAWEET T 42T A —H T LI ImLARLEDB, PBSIOmL (BLE), #EK
ol DIETHEE LICDBEL T LAOFRORSEREIIHT., ZOITATER= IV
3m LTS, TAEHESE, 0CUTORRRM F TREEZET S, Z0RECN) 7
NACEER O ImLEMAZRBA T SMEELEOL KETTE F=FY L (90:
10) 0.4m L CHEML, LR 0.2umDA T F 7 4 VF—THRL WPLC RBRER E S
Do

5) HEHOER
ET 7T NEVUBEREY PLCBEHETERL 0. 1~1.0 ng/nL FELEHSTFER L.
FRNFR 10 L FHPLCIREAL, E— /7@ L AN SERECREBRZERT 3,

6) ER
REBEE 10yl Z PLCIZEAL, SOBRERTET 77 MRV OEREEZRD B,
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7) BIESF

RS fkREARERE 7 o F 57

#H 5 b  Inertsil ODS-2, PN 4.6 mn, B X 150m, BB Sun  (GLHFA=xT2)
A7 HBE 40 T

FEE ¢ 1. 0mL/min

B H#EE  Ex 365nm, Em 450nm

BEM: TEP=RYUA AF ik (1:3:6)

8) ERBA. BHIER

ERPBSR 0.1 ng/g
WEER 0. 04ng/g
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LR O

s M AR TR
b—2NTIOSEEL L nele
H T NEHB! B2 G1 G2

117-1 - - -
2[7-2 - ~ -
3[7-3 - - -
47-4 - - -
5/7-5 - - -
6 7-6 - - -
707-1 = - -
8[7-8 - - -
9/7-9 - - -
10(7-10 - - -
117711 - - -
12[7-12 = - -
13[7-13 - = -
14[7-14 - - -
15[12-2 - - -
16[12-3 - - -
17/13-1 - - -
18/13-2 - - -
19[13-3 - = -
20[13-4 - - -
21[13-5 - - -
22(13-6 - - -
23(13-7 - - -
24/13-8 - - -
25/13-9 - - =
26(13-10 - - -
27[13-11 - - -
28[13-12 - ~ -
29713-13 - - -
30[13-14 - - -
31[15-2 - - -
32[19-1 - - ~
33[19-2 - - =
34[19-3 ~ - -
35[20-1 - - -
36(20-2 - - -
37[21-1 - - =
38[21-2 - - -
39(21-3 - - -
40[22-1 - - -




HAEE
d [b—RILTFIShFT Y ng/e

+ T LB BI B2 Gl G2

41 22-2 = - -

42[22-3 - = .

43[22-4 - - -

44[22-5 - = .

45[22-6 - = -

46|22-7 - - -

47(22-8 - - -

48(22-9 - - -

49 22-10 - - -

50(22-11 - - -

51(22-12 - - -

52|22-13 - - -

53(22-14 - - -

54(22-15 - = -

55 22-21 - - -

56|22-22 - - -

57|22-23 - - -

5822-24 - = -

59 (23-1 - -~ -

60|23-2 - - ~

61]23-3 - - -

62[24-1 - - =

63[24-2 - - -

64/24-3 - - =

65[24-4 - - -

66(24-5 - - -

67246 - = =

68[24-7 - Z =

69(24-8 - - =

70[24-9 - = -

7124-10 - - =

72(25~1 - - -

73 26-1 - ~ -

74(26-2 - - -

75 26-3 - - -

76[26-4 - - -

77(26-5 - ~ -

78[27-1 - - -

79(27-2 - - -

80(27-3 - - =

(-) BHERSF ET(<0.04ng/g)

2



“Ef‘i
ZE
LCh74L:0DS, 150x4.6mm,5u
AR 10uL

B1 B2 G1 G2
@IRE (05ppb) 105.9 105.1 96.1 97.9
EUE3E (5ppb) 110.9 104.8 112.0 103.2
LOD (ng/g) 0.04 0.04 0.04 0.04
LOQ (ng/g) 0.1 0.1 0.1 0.1
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2. European Food Safety Authority: Opinion of the scitific panel CONTAM related to

the potential increase of consumer health risk by a possible increase of the exicting
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Aflatoxins in food: EFSA assesses new proposed maximum [evels for almonds, hazelnuts

and pistachios and advises the European Commission
Last updated: 2 March 2007
Publication Date: 2 March 2007

EFSA has assessed, at the request of the European Commission (EC), the possibility of a potential increase in
consumers’ health risks if higher levels of aflatoxins wowld be permitted for aimonds, hazelnuts and pistachios. In its
opinion EFSA's Panel dealing with contaminants in the food chain (CONTAM Panei) concluded that increasing the
maximum levels of aflatoxins in these three nuts would have only minor effects on the expected total dietary exposure
from all sources and the risk of cancer. However, EFSA’ s scientific experts pointed out that it is essential to keep
aflatoxin exposure from food scurces as low as reasanably achievable by reducing exposure from the sources that are
major contributers to total dietary exposure to aflatoxins.

Aflatoxins occur naturally in foods such as nuts, figs and other dried fruits, spices and crude vegetable oils. They are
produced by moulds that grow on plants before harvest or on the foods during storage. They are undesirable because they
have been shown to cause cancer in animals and humans.

The EC asked for this opinion in the context of discussions at meetings of the Codex Alimentarius Commission of the
FAQ/WHO (Food and Agricultural Organization of the United Nations and the World Health Organization). Whilst the EU
maximum levels for processed almonds, hazeinuts and pistachios are currently 4 pg/kg total aflatoxins{1], the Codex
Alimentarius Commission proposed in 2005 to set levels for total aflatoxins of 15 pg/kg for unprocessed almonds, hazelnuts
and pistachios. At its 2006 meeting, teve!s of 8 pg/kg for these three ready-to-eat nuts were discussed, but no final decision
has been taken.

These proposed maximum levels of aflatoxins for the three nuts, to be set at an international level, are aimed to facilitate
worldwide trade. The EC represents the European Union at the Codex Alimentarius Commission meetings. EFSA’ s opinion
provides risk managers with the scientific basis for responding to these proposals.

The Panel felt that keeping aflatoxin exposure from food sources as low as reasonably achievable was important to protect
public health. The experts emphasised the importance of reducing the number of highly contaminated foods reaching the
market, as well as reducing exposure from other foods, not just these nuts. The Panel concluded that increasing the
maximum levels of aflatoxins for almonds, pistachios and hazelnuts would have only a minor effect on the estimated totat
dietary exposure of people from all sources and therefore on cancer risk, In its assessment the Panel also took into account
Righ level consumers.

Estimated dietary exposures for children were within the range of estimates for the adult population. The main contributors
to aflatoxin intakes in children were from foods other than nuts for which data specific to children’s diets were not
avaitable.

The apinion on aflatoxins in foods is published at
http:/www.efsa.europa.eu/en/science/contam/contam_opiniohs/ej446_aflatoxins.htm]

Codex Alimentarius Commission

The Codex Alimentarius Commission was created in 1863 by FAOQ and WHO to develop food standards, guldelines and
felated texts such as codes of practice under the Joint FAO/WHOQ Food Standards Programme. The main purposes of this
Programme are to protect the health of consumers, ensure fair trade practices and proemoete coordination of all food
Standards work undertaken by international governmental and non-governmental organizations. More information about the
work of the Codex Alimentarius Cemmission can be found at

http:/www.codexalimentarius.net/web/index_en.jsp.

The next Codex Committee on Contaminants in Foods will take place from 16 to 20 April 2007 in Beijing (China).
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adopled on 25 January 2007. (Question N® EFSA-Q-2006-174)

a f_‘] Cpinioh
[ Summary

Exmmlar:are produced by moulds that are especially found in areas with. hot, humid climates. They are most likely to
Altatoxins

ias and other dried fruits, spices, crude vegetable oils, cocoa beans and maize.

contaminate tree nuts’cogr:;gz:egl:fgs’bergginotoxic and carcinogenic, it is not possible to identify an intake without risk, and

ﬂcca‘use aﬂaloxm.s areEU) introduced regulations for these toxins in 1998, at levels considered to be as low as reasonably

Fh!IEUfopcaﬁ Unlond‘( cussions in Codex Alimentarius have proposed setting worldwide 3 maximum level for total aflatoxins

pchievable. Recer:t rsd hazelnuts and pistachios, higher than that currentty in force in the EU. As a result, the Scientific

3 gL::F;?%?ﬁ&;{:::tssin the Food chain (CONTAM) was asked to advisg on the potential increase in risks tq consumer

" health pssoclated with a proposed change of the currently existing EU maximum level of 4 pg/‘kg for total aftatoxins (sum_ of

. afiatoxing B, B2, Gl and G2} in almonds, hazelnuts and pistachios to 8 or 10 pg/kg, taking into account consumption
| patterns of these nets in the EU, and intake of aflatoxins from other foods.

"~ Abovt 40,000 analytical results on occurrence of aflatoxins in various fpod‘commodities were considered !:ny_ the CONTAM
L Panol. Aflatoxins wore not detected in about 75% of the samples tested, i.e. if present they were below the limit of detecnqn
* _af the methods used, which varied for different sets of data. For those s_arnpiesl where aflatoxins were detectable, a.flatoxm
". B was generally the major contributor to total aflatoxins. As a conservative estimate for the purposes of the evaluation, the
L EOMTAM Panel assumed that total aflatoxins would be a maximum of twice t_he level of aflatoxm. B1. The CQNTAM Panel also
| Ieeved data relating to concentrations of aflatoxin M1 (the major metabolite of aflatoxin B1} in commercial mitk samples.
. Fer almost all of these data, the values for the aflatoxin M1 concentration were below 0.05 pg/kg and taking into account

';W e lower carclnogenic potency of M1 the Panel did not consider these data further,

i M order 10 assess the impact of a possible change in the maximum levels for almonds, hazelnuts and pistachios, the
;‘s}?;ﬁmﬂﬁsu Panel estimated dietary exposure excluding occurrence data above 4, B and 10 pg/kg, respectively. These
;@Walmns indicated that increasing the maximum levels of total aflatoxins from 4 to B or 10 pg/kg could result in slight
LWOe Increases in total aflatoxins in almonds, hazelnuts and pistachios, but that the mean concentrations wouid remain

o ‘
Nﬂm 1 pg/kg according to the submitted test results.
) M“?rncnl of the impact of these potenf:ial increases in aflatoxin occurrence requires consideration of both the
: ‘:M'“pﬂon of these three types of nut and the intake from other dietary sources. Rebust data on other sources of dietary
[ ®, representative of all Member States, were not available to the CONTAM Panel. Evaluation of the few available
Fiitiing) Sittary exposure data indicated that a reasonable approximation of European diets could be obtained from the
m&}’r:of Consumption Cluster Diets database, and the CONTAM Panel therefore used these data in estimating dietary
"0 30 aflatoyi hazelnuts and pistachics. The_contribution from these nuts was onl
@z - b xins from foods other than almends, hazelnu P 2. L Y
?‘-“ﬁ@wmm of total dietary exposure to afiatoxins. e

Hmates i icated that increasing the maximum levels for total aflatoxins in almonds, hazelnuts and pistachios from 4
CUMeIkg would result in an increase in average total dietary exposure to aflatoxins in the region of 1%.

>

m“"‘“mpllon of almonds, hazelnuts and pistachios were available from few Member States, and all were subject to
5 %'i’iem‘é CONTAM Parnel therefore assessed the range of possible exposure data fo_r high level consumers ranging
s iy, & Slate with the lowest consumption to that with the highest consumption of each type of nut. These

L3led Lhat increasing the maximum levels for total aflatoxins from 4 to & or 10 pg/kg could increase total

Yre 1o aflatoxing by up to 20% in consumers with the highest level of consumption. If, as is expected, nuts
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exceeding the maximum levels are occasionally consumed, the total long term average dietary exposures might be higheﬂ \

but the relative impact of raising the maximum level from 4 to 8 or 10 pg/kg in the three nuts would be less.

Estimated dietary exposures for children were within the range of estimates for adult poputations, however these werg
predominated by exposure frorn foods other than nuts, for which data specific to children’ s diets were not avallable.

The available data on pre-export controls on hazelnuts and pistachios indicated that increasing the maximum level for foty
aflatoxins from 4 to 8 or 10 pg/kg might allow up to 6% extra batches of nuts onto the EY market. No pre-export data wer
available for almonds.

A number of epidemiological studies have shown clear associations between aflatoxin expesure and incidence g
hepatocellular carcinroma in areas with high prevalence of chronic hepatitis B, which is itself a risk factor for liver cancer. Thg
CONTAM Panel noted considerable uncertainties in the cancer potency estimates, particularly with respect to the relevanc
of the data generated in the most sensitive strain of rodents and in the human data regarding the predominance of a single

study of a population with high prevalence of chronic hepatitis B and very high aflatoxin exposure estimates. This stugy §

showed much greater liver cancer risk than in other populations studied. The CONTAM Panel could not discount any of these
data and therefore compared the estimated dietary exposures with all of these assessments.

Assessments of cancer risks based on potency estimates derived by the Joint FAO/WHO Expert Committee on Food Additives
(JECFA) and applied to the estimated average and high level dietary exposures to aflatoxins were at least two orders of
magnitude lower than the reported incidences of hepatocellular carcinoma in Europe, suggesting that aflatoxins are unlikely
to be a major contributor to hepatocellular cercinoma in the EU.

The margins of exposure (MOEs) calculated by the CONTAM Panel for all estimated intakes compared with the 95% lower
confidence limit of the benchmark dose for a 10% increase in cancer incidence (BMDL10) based on animal data indicated a
potential concern for human health. BMDL10 and BMDL1[1] values derived from data frorm human pepulations including the
most sensitive subgroups with high prevalence of chronic hepatitis B infection, indicated similar sensitivity of this population
to that of the most sensitive strain of rat, but that other subgroups are likely to be fess sensitive to the effects of afiatoxins.

The CONTAM Panel concluded that changing the maximum levels for total aflatoxins from 4 to 8 or 10 pg/kg in almonds, |

hazelnuts and pistachios would have minor effects on the estimates of dietary exposure, cancer risk and the calculated
MOEs.

The CONTAM Panel concluded that exposure to aflatoxins from all sources should be as low as reasonably achievable,
because aflatoxins are genotoxic and carcinogenic. The data indicate that the reduction of total dietary exposure to
aflatoxins could be achieved by reducing the number of highly contaminated foods reaching the market and reducing
exposure from food sources other than almonds, hazelnuts and pistachios.

[1] 95% lower confidence limit of the benchmark dose for a 1 % increase in cancer incidence
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OPINION OF THE SCIENTIFIC PANEL ON CONTAMINANTS IN THE FOOD
CHAIN ON A REQUEST FROM THE COMMISSION RELATED TO THE
‘POTENTIAL INCREASE OF CONSUMER HEALTH RISK BY A POSSIBLE
INCREASE OF THE EXISTING MAXIMUM LEVELS FOR AFLATOXINS IN
ALMONDS, HAZELNUTS AND PISTACHIOS AND DERIVED PRODUCTS

Question N° EFSA-(Q-2006-174

Adopted on 25 January 2007

SUMMARY.

Aflatoxins are produced by moulds that are especially found in areas with hot, humid
climates. They are most likely to contaminate tree nuts, ground nuts, figs and other dried
fruits, spices, crude vegetable oils, cocoa beans and maize. Because aflatoxing are
considered to be genotoxic and carcinogenic, it is not possible to identify an intake
without risk, and the European Union (EU) introduced regulations for these toxins in
1998, at levels considered to be as low as reasonably achievable. Recent discussions in
Codex Alimentarius have proposed setting worldwide a maximum level for total
aflatoxins in unprocessed almonds, hazelnuts and pistachios, higher than that currently in
force in the EU. As a result, the Scientific Panel on Contaminants in the Food chain
{CONTAM) was asked to advise on the potential increase in risks to consumer health
associated with a proposed change of the currently existing EU maximum level of 4
ug/kg for total aflatoxins (sum of aflatoxins Bl, B2, G1 and G2) in almonds, hazelnuts
and pistachios to 8 or 10 pg/kg, taking into account consumption patterns of these nuts in |
the EU, and intake of aflatoxins from other foods.

About 40,000 analytical results on occurrence of aflatoxins in various food commodities
were considered by the CONTAM Panel. Aflatoxins were not detected n about 75% of
the samples tested, i.e. if present they were below the limit of detection of the methods
used, which varied for different sets of data. For those samples where aflatoxins were
detectable, aflatoxin Bl was generally the major contribufor to total aflatoxins. As a
conservative estimate for the purposes of the evaluation, the CONTAM Panel assumed
that total aflatoxins would be a maximum of twice the level of aflatoxin Bl. The
CONTAM Panel also received data relating to concentrations of aflatoxin M1 (the major
metabolite of aflatoxin B1) in commercial milk samples. For almost all of these data, the
values for the aflatoxin M1 concentration were below 0.05 pg/kg and taking into account
the lower carcinogenic potency of M1 the Panel did not consider these data further.
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In order to assess the impact of a possible change in the maximum levels for almonds,
hazelnuts and pistachios, the CONTAM Panel estimated dietary exposure excluding
occurrence data above 4, 8 and 10 pg/kg, respectively. These calculations indicated that
increasing the maximum levels of total aflatoxins from 4 to 8 or 10 pg/kg could result in
slight absolute increases in total aflatoxins in almonds, hazelnuts and pistachios, but that
the mean concentrations would remain below 1 pg/kg according to the submitted test
resuits.

Assessment of the impact of these potential increases in aflatoxin occurrence requires
consideration of both the consumption of these three types of nut and the intake from
other dietary sources. Robust data on other sources of dietary exposure, representative of
all Member States, were not available to the CONTAM Panel. Evaluation of the few
available national dietary exposure data indicated that a reasonable approximation of
European diets could be obtained from the GEMS/Food Consumption Cluster Diets
databage, and the CONTAM Panel therefore used these data in estimating dietary
exposure to aflatoxins from foods other than almonds, hazelnuts and pistachios. The
contribution from these nuts was only a few percent of total dietary exposure to
aflatoxins. '

The estimates indicated that increasing the maximum levels for total aflatoxins in
almonds, hazelnuts and pistachios from 4 to 8 or 10 pg/kg would result in an increase in
average total dietary exposure to aflatoxins in the region of 1%.

Data on consumption of almounds, hazelnuts and pistachios were available from few
Member States, and all were subject to limitations. The CONTAM Panel therefore
assessed the range of possible exposure data for high level consumers ranging from the
Member State with the lowest consumption to that with the highest consumption of each
type of nut These estimates indicated that increasing the maximum levels for total
aflatoxins from 4 to 8 or 10 pg/kg could increase total dietary exposure to aflatoxins by
up to 20% in consumers with the highest level of consumption. If, as is expected, nuts
exceeding the maximum levels are occasionally consumed, the total long term average
dietary exposures might be higher, but the relative impact of raising the maximum level
from 4 to 8 or 10 pg/kg in the three nuts would be less.

Estimated dietary exposures for children were within the range of estimates for aduit
populations, however these were predominated by exposure from foods other than nuts,
for which data specific to children’s diets were not available.

The available data on pre-export confrols on hazelnuts and pistachios indicated that
increasing the maximum level for total aflatoxins from 4 to 8 or 10 pg/kg might allow up
to 6% extra batches of nuts onto the EU market. No pre-export data were availzble for
almonds.
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A number of epidemiological studies have shown clear associations between aflatoxin
exposure and incidence of hepatocellular carcinoma in areas with high prevalence of
chronic hepatitis B, which is itself a risk factor for liver cancer. The CONTAM Panel
noted considerable uncertainties in the cancer potency estimates, particularly with respect
to the relevance of the data generated in the most sensitive strain of rodents and in the
human data regarding the predominance of a single study of a population with high
prevaience of chironic hepatitis B and very high aflatoxin exposure estimates. This study
showed much greater liver cancer risk than in other populations studied. The CONTAM
Panel could not discount any of these data and therefore compared the estimated dietary
exposures with all of these assessments.

Assessments of cancer risks based on potency estimates derived by the Joint FAG/WHO
Expert Committee on Food Additives (JECFA) and applied to the estimated average and
high level dietary exposures to aflatoxins were at least two orders of magnitude fower
than the reported incidences of hepatocellular carcinoma in Europe, suggesting that
aflatoxins are unlikely to be a major contributor to hepatocellular carcinoma in the EU.

The margins of exposure (MOEs) calculated by the CONTAM Panel for all estimated
intakes compared with the 95% lower confidence limit of the benchmark dose for a 10%
increase in cancer incidence (BMDLI10) based on animal data indicated a potential
concemn for human health. BMDL10 and BMDL1! values derived from data from human
populations including the most sensitive subgroups with high prevalence of chronic
hepatitis B infection, indicated similar sensitivity of this population to that of the most
sensitive strain of rat, but that other subgroups are likely to be less sensitive to the effects
of aflatoxins.

The CONTAM Panel concluded that changing the maximum levels for total aflatoxins
from 4 to 8 or 10 pg/kg in almonds, hazelnuts and pistachios would have minor effects on
the estimates of dietary exposure, cancer risk and the calculated MOEs.

The CONTAM Pane] concluded that exposure to aflatoxins from all sources should be as
low as reasonably achievable; because aflatoxins are genotoxic and carcinogenic. The
data indicate that the reduction of total dietary exposure to aflatoxins could be achieved
by reducing the number of highly contaminated foods reaching the market and reducing
exposure from food sources other than almonds, hazelnuts and pistachios.

KEY WORDS

Aflatoxins, aflatoxin B1, almonds, hazelnuts, pistachios, exposure assessment,
hepatocellular carcinoma, liver cancer, risk assessment, margin of exposure (MOE).

} 95% lower confidence limit of the benchmark dose for a 1 % increase in cancer incidence
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OPINION OF THE SCIENTIFIC PANEL ON CONTAMINANTS IN THE FOOD
CHAIN ON A REQUEST FROM THE COMMISSION RELATED TO THE
POTENTIAL INCREASE OF CONSUMER HEALTH RISK BY A POSSIBLE
TNCREASE OF THE EXISTING MAXIMUM LEVELS FOR AFLATOXINS IN
ALMONDS, HAZELNUTS AND PISTACHIOS AND DERIVED PRODUCTS

Question N° EFSA-Q-2006-174

Adopted on 25 January 2007

SUMMARY

Aflatoxins are produced by moulds that are especially found in areas with hot, humid
climates. They are most likely to contaminate tree nuts, ground nuts, figs and other dried
fruits, spices, crude vegetable oils, cocoa beans and maize. Because aflatoxins are
considered to be genotoxic and carcinogenic, it is not possible to identify an intake
without risk, and the European Union (EU) introduced regulations for these toxins in
1998, at levels considered to be as low as reasonably achievable. Recent discussions in
Codex Alimentarius have proposed setting worldwide a maximum level for total
aflatoxins in unprocessed almonds, hazelnuts and pistachjos, higher than that currently in
force In the EU. As a result, the Scientific Panel on Contaminants in the Food chain
{(CONTAM) was asked o advise on the potential increase in risks to consumer health
associated with a proposed change of the currently existing EU maximum level of 4
pg/kg for total aflatoxins (sum of aflatoxins B1, B2, G1 and G2) in almoends, hazelnuts
and pistachios to 8 or 10 pg/kg, taking into account consumption pattems of these nuts in
the EU, and intake of aflatoxins from other foods.

About 40,000 analytical results on occurrence of aflatoxins in various food commodities
were considered by the CONTAM Panel. Aflatoxins were not detected in about 75% of
the samples tested, i.e. if present they were below the limit of detection of the methods
used, which varied for different sets of data. For those samples where aflatoxins were
detectable, aflatoxin B1 was generally the major contributor to total aflatoxins. As a
conservative estimate for the purposes of the evaluation, the CONTAM Panel assumed
that total aflatoxins would be a maximum of twice the level of aflatoxin Bl. The
CONTAM Panel also received data relating to concentrations of aflatoxin M1 (the major
metabolite of aflatoxin B1) in commercial milk samples. For almost all of these data, the

values for the aflatoxin M1 concentration were below 0.05 ug/kg and taking into account
the lower carcinogenic potency of M1 the Panel did not consider these data further.

In order to assess the impact of a possible change in the maximum levels for almonds,
hazelnuts and pistachios, the CONTAM Panel estimated dietary exposwre exchuding

occurrence daia aboved, 8 and 10 ppg/kg, respectively. These caleulations indicated that
M"‘—W—-\_‘,__,

www.efsa.curopa.cu Page 1 of 127

en



a?

¥,

"

*
-
PR

W
*

-

+*,

v
LR

The EFSA Journal (2007) 446, 1- 127

increasing the maximum levels of total aflatoxins from 4 to 8 or 10 pg/kg could result in
slight absolute increases in total aflatoxins in almonds, hazelnuts and pistachios, but that
the mean concentrations would remain below 1 pp/kg according to the submitted test
results.

Assessment of the impact of these potential increases in aflatoxin occurrence requires
consideration of both the consumption of these three types of nut and the intake from
other dietary sources. Robust data on other sources of dietary exposure, representative of
all Member States, were not available to the CONTAM Panel. Evaluation of the few
available national dietary exposure data indicated that a reasonable approximation of
European diets could be obtained from the GEMS/Food Consumption Cluster Diets
database, and the CONTAM Panel therefore used these data in estimating dietary
exposure to aflatoxins from foods other than almonds, hazelnuts and pistachics. The
contribution from these nuts was only a few percent of total dietary exposure to
aflatoxins.

The estimates indicated that increasing the maximum levels for ftotal aflatoxins in
almonds, hazelnuts and pistachios from 4 to 8 or 10 pg/kg would result in an increase in
average total dietary exposure to aflatoxins in the region of 1%.

Data on consumption of almonds, hazelnuts and pistachios were available from few
Member States, and all were subject to limitations. The CONTAM Panel therefore
assessed the range of possible exposure data for high level consumers ranging from the
Member State with the lowest consumption to that with the highest consumption of each
type of nut. These estimates indicated that increasing the maximum levels for total
aflatoxins from 4 to 8 or 10 pug/kg could increase total dietary exposure to aflatoxins by
up to 20% in consumers with the highest level of consumption. 1f, as is expected, nuts
exceeding the maximum levels are occasionally consumed, the total long term average
dietary exposures might be higher, but the relative impact of raising the maximum level
from 4 to 8 or 10 pg/kg in the three nuts would be less.

Estimated dietary exposures for children were within the range of estimates for adult
populations, however these were predominated by exposure from foods other than nuts,
for which data specific'to children’s diets were not available.

The available data on pre-export controls on hazelnuts and pistachios indicated that

increasing the maximum level for total aflatoxins from 4 to 8 or 10 ug/kg might allow up
to 6% extra batches of nuts onto the EU market. No pre-export data were availabie for
almonds.

A number of epidemiological studies have shown clear associations between aflatoxin
exposure and incidence of hepatocellular carcinoma in areas with high prevalence of
chronic hepatitis B, which is itself a risk factor for liver cancer. The CONTAM Panel
noted considerable uncertainties in the cancer potency estimates, particularly with respect
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to the relevance of the data generated in the most sensitive strain of rodents and in the
human data regarding the predominance of a single study of a population with high
prevalence of chronic hepatitis B and very high aflatoxin exposure estimates. This study
showed much greater liver cancer risk than in other poputations studied. The CONTAM
Panel could not discount any of these data and therefore compared the estimated dietary
exposures with all of these assessments.

Assessments of cancer risks based on potency estimates derived by the Joint FAG/WHO
Expert Committee on Food Additives (JECFA) and applied to the estimated average and
high Jevel dietary exposures to aflatoxins were at least two orders of magnitude lower
than the reported incidences of hepatocellular carcinoma in Europe, suggesting that
aflatoxins are unlikely to be a major contributor to hepatocellular carcinoma in the EU.

The margins of exposure (MOEs) calculated by the CONTAM Panel for all estimated
intakes compared with the 95% lower confidence limit of the benchmark dose for a 10%
increase in cancer incidence (BMDLI1®) based on animal data indicated a potential
concern for human health. BMDL 10 and BMDL1! values derived from data from human
populations including the most sensiive subgroups with high prevalence of chronic
hepatitis B infection, indicated similar sensitivity of this population to that of the most
sensitive strain of rat, but that other subgroups are likely to be less sensttive to the effects
of aflatoxins.

The CONTAM Panel concluded that changing the maxinmum levels for total aflatoxins
from 4 to 8 or 10 pug/kg in almonds, hazelnuts and pistachios would have minor effects on
the estimates of dietary exposure, cancer risk and the calculated MOEs.

The CONTAM Panel concluded that exposure to aflatoxins from all sources should be as
low as reasonably achievable, because aflatoxins are genotoxic and carcinogenic. The
data indicate that the reduction of tofal dietary exposure to aflatoxins could be achieved
by reducing the number of highly contaminated foods reaching the market and reducing
exposure from food sources other than almonds, hazelnuts and pistachios.

KEY WORDS

Aflatoxins, aflatoxin Bl, almonds, hazelnuts, pistachios, exposure assessment,
hepatoceliular carcinoma, liver cancer, risk assessment, margin of exposure (MOE).

1 959% lower confidence Hmit of the benchmark dose for a 1 % increase IR cancer incidence
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LIST OF ABBREVIATIONS AND ACRONYMS

AACC
AF-alb
AFAR
AFBI]
AFB1-N7-Gua
AFBI-FAPY
AFB2
AFG1
AFG2
AFM1
AFP1
AFQ1
AFSSA
ALARA
AQAC
BfR
BGYF
BMD
BMDL
CCFAC
CONTAM
CYPs

EC

EFSA
EFTA
ELISA
EPIC

FAO

FFQ
FRUCOM

GSH
GST
HBsAg"
HBsAg
HBY
HCC
HPLC
IARC
IUPAC
JECFA
LB
LC-MS
LOAEL
LOD
L0Q
ML
MOE
NER
NOAEL

American Association of Cereal Chemistry
Aflatoxin-albumin
Aflatoxin aldehyde reductase
Aflatoxin Bl
8,5-dihydro-8-(N7-guanyl)-9-hydroxy-AFB1
AFBI1-formamidopyrimidine
Aflatoxin B2
Aflatoxin Gl
Aflatoxin G2
Aflatoxin M1
Aflatoxin P1
Aflatoxin Q1
Agence Frangaise de Securité Sanitaire des Aliments
As low as reasonably achievable '
Association of Official Analytical Chemists
Bundesinstitut fiir Risikebewertung
Bright greenish-yellow fluorescence
_Benchrmark dose
BMD lower limit
Codex Committee on Food Additives and Contaminants
Scientific Panel on Contaminants in the Food chain of EFSA
Cytochrome P-450 enzymes
European Commission
European Food Safety Authority
European Free Trade Assoctation
Enzyme-linked immunosorbent assay
European Prospective Investigation into Cancer and Nutrition
Food and Agriculture Organisation
Food frequency questionnatre
European Federation of the Trade in Dried Fruit, Edible Nuts,
Processed Fruit & Vegetables, Processed Fishery Products,
Spices, Honey and Simjlar Foodstuffs
Glutathione
Glutathione-S-transferases
Hepatitis B virus antigen positive
Hepatitis B virus antigen negative
Hepatitis B virus
Hepatocellular carcinoma
High pressure liquid chromatography
International Agency for Research on Cancer
International Union of Pure and Applied Chemistry
Joint FAO/WHO Expert Committee for Food Additives
Lower bound '
Liquid chromatography-mass spectrometry
Lowest observed adverse effect level
Limit of detection
Limit of quantification
Maximum level
Margin of exposure
Nucleotide excision repair
No observed adverse effect level
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PCD
sC

SCF
SCOOQP
TDso
TL.C
TOF

WHO

Post-column derivatisation

Scientific Committee of EFSA

Scientific Committee for Food

EU Scientific Co-operation Assessment Project
Tumorigenic dose rate 50

Thin layer chromotography

Time-of-flight

Upper bound

World Health Organiation
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BACKGROUND
Toxicology of aflatoxins

The Scientific Committee for Food (SCF) concluded in 1994 that “aflatoxins are
genotoxic carcinogens. For this type of carcinogen, it 1s generally felt that there is no
threshold dose below which no tumow formation would occur. In other words, only a
zero level of exposure will result in no risk. From many reports on risk assessment, it can
be concluded that even very low levels of exposure to aftatoxins, i.e. 1 ng/kg b.w. per day
still contribute to the risk of liver cancer”.

The Joint FAO/WHO Expert Committes on Food Additives (JECFA) performed in 1997
a quantitative risk assessment by estimation of the population risks from intake of
aflatoxins, comparing two hypothetical standards (10 pgkg and 20 pg/kg).
Acknowledging the several limitations and assumptions inherent in this approach, the
JECFA concluded in case of a low prevalence of hepatitis B, that reducing the
hypothetical standard from 20 pg/kg to 10 pg/kg yields a drop in the estimated population
risk of approx. 2 cancers/year per 10° people (and in case of a high prevalence of hepatitis
B: 300 cancers/year per 10° people).

The SCF considered this assessment in September 1997 and concluded that it was not
possible to assess the degree of uncertainty, arising from these limitations and
assumptions, in the quantitative risk assessment and felt therefore that it was premature
for SCF to draw definitive conclusions on this issue. The toxicology of the aflatoxins was
not questioned by the JECFA which concluded “aflatoxins are amongst the most potent
mutagenic and carcinogenic substances known” and therefore the SCF concluded that its
opinion of 1994 remained valid.

EU measures on aflatoxins

The presence of contaminants is always undesirable in food, but in many cases
unavoidable. For aflatoxins, the EU applied the ALARA principle in 1998 by adepting
strict maximum levels at concentrations as low as reasonably achievable.

Harmonised maximum levels for aflatoxins have been in place in the EU since 1 January
1999 and are laid down in the Annex, Section 2 of Commission Regulation (EC) No
1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in
foodstuffs2. For groundnuts, nuts, dried fruit, cereals and processed products thereof
intended for direct human consumption or as an ingredient in foodstuffs, maximum levels
of 4 pglkg for total aflatoxins (aflatoxins Bl +B2 + G1 + G2) and 2 pg/kg for aflatoxin
B1 (AFB1} have been fixed. For spices corresponding levels have been set to 10 ug'kg
for total aflatoxins and 5 pg/kg for AFBI.

2 (0 L 364,20.12.2006, p.5-24.
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Sorting techniques and other possible physical treatments which reduce the aflatoxin
content can be carried out on unprocessed groundnuts, nuts, dried fruit and maize to
obtain the final consumer product. Taking these techniques into account, higher
maximum levels for groundnuts (15 pg/kg for total aflatoxins and 8 pgkg for AFB1),
nuts, maize and dried fruit (10 ugkeg for total aflatoxins and 5 pg/kg for AFBI1) to be
subjected to a sorting or other physical treatment, before their human consumption or
their use as an ingredient in foodstuffs are proposed. In the case of raw products, to which
the higher linit applies, the destination of these products and precise intended use must be
clearly demonstrated by labelling. It is also prohibited to detoxify products by chemnical
treatments.

For milk and milk products, a maximum level of 0.05 pg/kg for aflatoxin M1 has been
established. _ ¢

Recognising the need to ensure consumer protection from exposure to aflatoxins, the
Commission safeguard decision 2006/504/EC has been adopted requiring stricter controls
on certain products originating from certain countries. Monitoring data has demonstrated
that the products below, mostly nuts, require further safety reassurance from producing
countries as well as up to 100% sampling and analysis at import:

e Brazil nuts in shell from Brazil,

» peanuts from China,

» peanuts from Egypt,

¢ pistachios from Iran,

o figs, hazelnuts and pistachios from Turkey.

Codex Alimentarius

Discussions in Codex in 2005

A level of 15 pg/kg for total aflatoxins has been discussed in 2005 in Codex Committee
on Food Additives and Contaminants (CCFAC) for unprocessed and processed almonds,
hazelnuts and pistachios.

The EC has indicated during that meeting in 2005 to be eventually in a position to accept
15 pg/kg for total aflatoxins for unprocessed almonds, hazelnuts and pistachios, but that a
level of 15 pg/kg for total aflatoxins for processed almonds, hazelnuts and pistachios was
not acceptable. The large majority of the other Codex Member Countries were in favour
of the level of 15 pg/kg for total aflatoxins for processed and unprocessed almond,
hazelruts and pistachios. No consensus could be reached at last year’s meeting and the
discussion was postponed to this year’s meeting in April 2006.

The CCFAC decided to circuiate for comments at Step 3 the proposed draft maximum
level of total aflatoxins of 15 pg/kg in processed almonds, hazelnuts, and pistachios
(ALTNORM 05/28/12, § 141 and Appendix XX1) '

www efsa europa.eu Page 8 of 127
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Discussions in Codex in 2006

During the meeting of CCFAC this year the EC has taken the following position:

Position of the EC as regards the maximum level for total aflatoxin in processed

almonds , hazelnuts and pistachios

Taking into account the comments made by other Member Countries in CCFAC on this
issue, the EC is in favour of finding a common solution which meets lo a large extent the
concerns and comments made by the different member Countries.

Therefore, the EC will not oppose the Jorwarding of a level of 8 yug/kg total aflatoxins in
processed almonds, hazelnuts and pistachios for adoption at Step 5 by the Codex

Alimentarius Commission.

However, concern has been expressed as regards the possible public hecalth consequences
given that this level signifies a significant increase compared (o the current EU moximum
Jevel of 4 pgikg. Therefore the EC will request its scientific body, the European Food
Safety Authority (EFSA), to provide a risk assessment in order to clarify if acceptance of
this higher level would not entail unacceptable risks for the EU consumer, laking into

account vulnerable groups in the population and also the significant increase in tree nut

consumption in recent years in the EU.

Therefore, it is clearly stated that a possible final acceptance of that level at Step 8 will
depend on the outcome of this risk assessment which is expected to be available prior to
the next session of the Codex Committee dealing with Contaminanits in Food.

In addition, the EC is of the opinion that it is necessary that producing countries shall be
required to provide the Codex Commitiee dealing with Contaminants in Food, by its next
session, with detailed information as regards the implementotion of the "Code of
Practice for the prevention and reduction of aflatoxin contamination in tree nuis”
adopted by the Codex Alimentarius Commission at its 28" session in 2005 (CAC/RCP 59-

2003).

Position of the EC as regards the maximum level for total aflatoxins in unprocessed

almoads, hazelnuts and pistachios

The 28" Session of the Codex Alimentarius Commission adopted the proposed maximum
iovel for total aflatoxins in unprocessed almonds, hazelnuls, and pistachios ai Step 5 and
advanced it to Step 6. (ALINORM 05/28/41, § 71 and Appendix VIII)

The European Community indicated that a possible furure acceptance of this level for
wnprocessed almonds hazelnuts and pistachios at Step 8 of the Codex uniform procedure
will depend on the outcome of the ongoing discussions on the maximum level for total
aflutovins in processed almonds, hazelnuis, and pistachios (ALIN ORM 05/28/41, § 76)
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Therefore the EC is of the position that the draft maxirum level of 15 up/kp for total
aflatoxins in unprocessed almonds, hazelnuts and pistachios should be retained at step
6 until the next Session of Codex Committee dealing with Contaminants in Food. "

Qutcome of the discussions in Codex

The Codex Committee on Food Additives and Contaminants (CCFAC) decided at its

meeting it April 2006 to establish an electronic Working Group, led by the European

Community, to elaborate a discussion paper on the aflatoxin fevel in ready-to-eat tree

nuts, considering i

1) the detailed data on distribution of aflatoxins between lots,

1) consumer health risk assessment of different levels of aflatoxins in ready-to-eat tree
nuis,

ii1) sampling pian for aflatoxin contamination in almonds, Brazil nuts, hazelnuts and
pistachios,

tv) effects of codes of practice, and

v) terminology of “ready-to-eat” and “for further processing” for circulation, comments
and consideration at the next session,

The CCFAC atso agreed to request JECFA to conduct a dietary exposure assessment on
tree nuts (ready-to-eat), in particular, almonds, hazelnuts, pistachios, and Brazil nuts, as
well as to assess the impact on exposure taking into account hypothetical levels of 4, 8, 10
and 15 pg/kg, put in the context of exposure from other sources and previous exposure
assessments on maize and groundnuts

The CCFAC feit it important to show progress while awaiting further data on the impact
of alternate levels and agreed to advance to Step 5 the proposed maximum level of 8
ug/kg for total aflatoxins in ready-to-eat almonds, hazelnuts and pistachios. The
delegation of Iran expressed its reservation to this decision {(ALINORM 06/29/12 - §§ 131
and 132 and Appendix XXII).

The European Community (EC) accepted the adoption of the level of § pg/kg for total
aflatoxins in ready-to-eat almonds, hazelnuts and pistachios at Step 5 by the Codex
Alimentarius Commission at its 29" Session in July 2006.

However, the EC clearly indicated that a possible future acceptance of this level for
ready-to-eat almonds hazelnuts and pistachios at Step & of the Codex uniform procedure
would depend on the consideration of the different issues which will be addressed in the
discussion paper on the aflatoxin level in ready-to-eat nuts (ALINORM 06/29/12, § 129)
in particular
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TR




Tt The EFSA Journal (2007) 446, 1 - 127

o the consumer health risk assessment of different Jevels of aflatoxins in ready-to-eat
nuts

o the sampling plan for aflatoxin contamination in almends, Brazil nuts, hazelnuts and
pistachios

s the effects of codes of practice.

Request for a scientific opinion from EFSA
Assessment of potential increase of consumer health risk

EFSA is requested to provide an opinion on the potential increase of consumer health risk
by a possible increase of the maximum levels from 4 to 8 and 10 pg/kg for total aflatoxins
in “ready-to-eat” almonds, hazelnuts and pistachios and derived products. Current
European maxunum levels are 2 pp/kg for AFB1 and 4 ng/kg for total aflatoxins. The
current proposal to increase limits for total aflatoxins does not include any provisions to
set limits for AFBI.

In this assessment Member States’ specific consumption patterns should be considered
given that the consumption of tree nuts is very diverse in the EU and particular attention
should also be paid to specific (vulnerable) groups of the population, including children
and high level consumers. In this assessment, EFSA is requested to take into account the
exposure to all aflatoxins, including aflatoxin M1, from other food sources.

The Commission will provide occurrence data on the presence of AFB1 and total
aflatoxins in a wide range of food items obtained in the time period of 2000 — 2006 and
provide data available on Member States’ specific consumption data on nuts and nut
products, in particular almonds, hazelnuts and pistachios.

Analytical results reported by the laboratory are given as the best estimate values,
corrected for recovery, but do not take into account the measurement uncertainty,
Exposure assessments do not take into account measurement uncertainty as it may lead to
underestimates of exposure. However, when comparing analytical results to maximum
levels, this is done on the best estimate that is corrected for recovery minus measurement
uncertainty. It is appropriate to consider this when assessing the potential increase of
consumer health risk as the consequence of an increase of maximum levels (e.z. the
measurement of uncertainty for total aflatoxins in the range of 4 to 10 pgkg can be
around 40%).

In considering these data, EFSA is requested to take into account, insofar as is
toxicologically relevant, the relative proportion of AFB1 to total aflatoxins. Furthermore,
it should also consider that the provided occurrence data have been obtained in a period
where the current existing maximum levels were in force and that a change in the pattern

www.cfsa guropa.eu Page 11 of 127
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of distribution of aflatoxins present in foed could occur if higher maximum leveis were in
force.

National risk assessments have been already performed by Germany and France and it is
requested that EFSA considers these national assessments, as well as other national
assessments which might become available shortly.

Also the JECFA will conduct a dietary exposure assessinent on tree nuts (ready-to-eat), in
particular, atmonds, hazelnuts, and pistachios, Brazil nuts, and impact on exposure taking
into account hypothetical levels of 4, 8, 10 and 15 upg/kg, put in the context of exposure
from all other sources and previous pertinent exposure assessments

Margin of exposure (MOE)

The JECFA decided at its 64™ meeting in 2005 that advice on compounds that are both
genotoxic and carcinogenic should be based on estimated Margins of Exposure (MOEs).
The strengths and weaknesses inherent in the data used to calculate the MOE should be
given as part of the advice to risk managers, together with advice on its interpretation. At
its 64™ meeting, the JECFA estimated MOEs for acrylamide, ethylcarbamate and PAHs.

Also the Scientific Committee (SC) of the European Food Safety Authority recommends
the application of the MOE approach as a harmonised methodelogy for. assessing the risk
of genotoxic and carcinogenic substances which may be found in food and feed,
irrespective of their origin.

The EFSA is requested to estimate the MOE for the presence of aflatoxins (total
aflatoxins /AFB1) in food, taking into particular consideration more vulnerable groups of
the population, such as children and high level consumers (for example vegetarians) and
carriers of hepatitis. For comparative reasons, it would be appropriate for the MOE to be
{also) calculated on a comparable basis to the already estimated MOEs by international
experts groups such as the JECFA.

www efsa europa.eu Page 12 of 127
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TERMS OF REFERENCE

In accordance with Art. 29 (1} of Regulation (EC) No 17872002 the European
Commission asks the European Food Safety Authority to provide a scientific opinion
s on the potential increase of consumer health risk by a possiole increase of the
currently existing maximum level of 4 pg/kg to 8 and 10 pg/kg for total aflatoxins in
“ready-to-eat” almonds, hazelnuts and pistachios and derived products taking into
account the exposure to aflatoxing (B, B2, GI, G2, M1) from other food sources
considering
- occurrence data provided and the uncertainties related to the heterogeneous
distribution of aflatoxins;
- specific consumption pattems of the relevant food commodities in the different
Member States;
- specific (vulnerable) groups of the population, including children, hepatitis
carriers and high level consumers;
~  relative.proportion of AFBI1 to total aflatoxins.

o on the margin of exposure (MOE) for the presence of aflatoxins (total aflatoxins
/AFB1) in food, considering different vulnerable groups of the population, including
children and high level consumers.

ASSESSMENT
i Introduction
i.1 General information

Aflatoxins are difuranocournarins produced primarily by two species of Aspergillus
fungus which are especially found in areas with hot, humid climates. 4. flavus is
ubiquitous, favouring the aerial parts of plants (leaves, flowers) and produces B
aflatoxins. 4. parasiticus produces both B and G aflatoxins, is more adapted to a soil
environment and has more [imited distribution. The structures of the key aflatoxins are
shown m figure 1.

Aflatoxins are found in food as a result of fungal contamination both pre- and post-

harvest, with the rate and degree of contamination dependent on temperature, humidity, -

soil and storage conditions. They are muost commonly associated with groundnuts, tree
nuts, dried fruit, spices, figs, crude vegetable oils, cocoa beans, maize, rice, cottonseed
and copra. Aflatoxin M1 is a major metabolite of aflatoxin B1 (AFBI1} in humans and
animals and may be present in milk from animals fed on AFB1 confaminated feed.
Exposure to aflatoxins is generally considered to occur mainly from smported materials. It
is currently uncertain whether future changes in climate in the EU would lead to increased
aflatoxin contaminants.
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Unless otherwise stated in the opinion total aflatoxins refer to the sum of aflatoxins B1,
B2, G1, and G2.

OCH; DCH;y
Aflatoxin Bl {(AFB1) - Aflatoxin B2 (AFB2)
o] <

A

OCH, OCH,

Aflatoxin G1-(AFG1) Aflatoxin G2 (AFG2)

OCH,

Aflatoxin M1 (AFM1)
Figure 1: Structures of the B and G aflatoxins and of aflatoxin M1.

The health effects of aflatoxins have been reviewed by a number of expert groups. The
International Agency for Research on Cancer (IARC) has concluded that naturally
occurring aflatoxins are carcinogenic to humans (group 1), with a role in aetiology of
liver cancer, notably among subiects who are carriers of hepatitis B virus (HBV) surface
antigens. In expenimental animals there was sufficient evidence for carcinogenicity of
naturally occurring mixtures of aflatoxins and of aflatoxins B1, G1 and MI, limited
evidence for aflatoxin B2 and inadequate evidence for aflatoxin G2. The principal
turnours were in the liver, although tumours were also found at other sites including the
kidney and colon. AFB1 is consistently genotoxic in vitro and in vive (LARC, 1993 and
2002).

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) concluded that
aflatoxins are amongst the most potent mutagenic and carcinogenic substances known
(FAO/WHO, 1998). The JECFA estimated potency values for AFB] from the
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epidemiological data. More detalls are given in chapter 4.1.8. These corresponded to 0.3
cancers/year per 100,000 population per ng aflatoxinkg b.w. per day (uncertainty range:
0.05-0.5) m hepatitis B virus antigen positive individuals and 0.0]1 cancers/year per
100,000 population per ng aflatoxin/kg b.w. per day (uncertainty range: 0.002-0.03) in
hepatitis B virus antigen negative individuals.

The Scientific Committee for Food (SCF) endorsed the 1ARC conclusions in 1994 and
concluded that even very low levels of exposure to aflatoxins could contribute to risk of
liver cancer (EC, 1996). The SCF reconfirmed its opinion in 1997 (EC, 1997a). The
CONTAM Panel previousty evaluated AFB1 as an undesirable substance in animal feed
(EFSA, 2004). The Panel noted that there is emerging evidence of potential for aflatoxin
contamination of feed materials grown in areas of Southem Europe where a subtropical
climate and extensive agricultural practice favour fungal growth and subsequent
formation of aflatoxins.

Aflatoxin MI has been evaluated separately from AFBI1 by the JECFA, because of its
potential to be present in milk and milk products of livestock fed on aflatoxin-
contaminated feed (FAG/WHO, 2001). The JECFA concluded that aflatoxin M} should
be presumed to induce liver cancer i rodents by a similar mechanism to AFB1, and that
estimates of the potency of AFB1 can be used for determining the risk due to intake of
aflatoxin MI, including those for populations with a high prevalence of carriers of
hepatitis B virus. The carcinogenic potency of aflatoxin M1 was estimated to be one-tenth
that of AFB], based on a comparative study in the Fischer rat conducted by Cullen er al
(1987).

The CONTAM Panel has been asked to advise on nisks to consumer health associated
with a possible increase in maximum levels (MLs) of aflatoxins m almonds, hazelnuts
and pistachios. The JECFA analysed the application of two hypothetical standards to the
risk of liver cancer in model populations (FAQ/WHO, 1998). It concluded that when a
substantial fraction of the food supply is heavily contaminated, reducing the aflatoxin
contamination levels may lower liver cancer rates. However, when only a small fraction
of the food supply is heavily contaminated, reducing the standard by an apparently
substantial amount may have little appreciable effect on public health.

The Panel was provided with two national risk assessments addressing the terms of
reference of the current evaluation. These opinions have taken different approaches to the
estimation of the potency of aflatoxins and also to the exposure assessment.

The Bundesinstitut fiir Risikobewertung (BfR} noted that the benchmark dose for a 10%
increase in tumour incidence (BMD10} in laboratory animals was 150 ng/kg b.w. per day
for AFB1 (information provided to EFSA, BfR 2006"). The BfR did not describe the data

3 This is cited as a BMDIC in the BfR document as a result of an emer in documents prepared for a
conference on risk assessment of substances that are both genotoxic and carcinogenic (Barlow et af, 2006)
but in fact corresponds to the BMDLI1G cited in O'Brien et al. (2006)
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or models used to derive this value. It was assumed that other aflatoxins were equally
potent, as a worst case scenario. The Agence Frangaise de Securité Sanitaire des Aliments
(AFSSA) referred to the estimates of cancer risk derived by the JECFA, for populations
with and without hepatitis B antjgen, and estimated a prevalence of 1% hepatitis B
antigen carriers in the European population {information provided to EFSA; AFSSA,
2006).

The BfR estimated exposure from the 95™ percentile consumption by children aged from
two to under five years, of all foods containing aflatoxins at the current permitted MLs.
An aflatoxin intake level of 25 ng/kg b.w. per day was calculated and regarded as a
reasonable worst case value. For average consumption, the aflatoxin intake was estimated
to be 3 ng’kg b.w. per day. Hazelnuts and almonds were major contributors to children’s
intakes, and ncreasing the MLs for hazelnuts, almonds and pistachios from 4 to 10, 15, or
20 pg/kg was estimated to increase the theoretical average intake from 310 3.8, 4.4 or 5
ng/kg b.w. per day, respectively. '

The AFSSA estimated exposure using three different scenarios, the first being similar to
that of the BfR assuming all foods contain aflatoxins at the current MLs. At the current
MLs, exposure estimates for adults were 12 and 20 ng/kg b.w. per day and for children
aged 3 to 14 years were 23 and 43 ng/kg b.w. per day at the average and 95" percentile,
respectively. In these exposure estimates consumption of hazelnuts, almonds and
pistachios was very low, and increasing the MLs had no impact on the total exposure
estimates.

The BIR estimated Margins of Exposure (MOEs) by dividing the BMDL10 of 150 ng/kg
b.w. per day by exposure estimates at the current MLs. The MOEs were 50 and 6 for
average and high level consumer aged two to under five, respectively. Increasing the MLs
for hazelnuts, almonds and pistachios to 10, 15, or 20 ug’kg would reduce the MOE for
average consumers of this age to 39, 34 and 30, respectively.

The AFSSA used the adult exposure data to predict the number of increased cancer cases
in the French population. If all foods contained aflatoxins at the current maximum
permitted levels, the estimated average exposure of 12 ng/kg b.w. per day would result in
estimated increases of 1.5 cases/10° people per year.

Hence the major differences between the BfR and the AFSSA evaluations are in the data
for consumption of hazelnuts and almonds, and in ailowing for the decreased sensitivity
of the 99% of the French population considered to be hepatitis B virus antigen negative.

1.2 Sampling techniques

Aflatoxins may be very heterogeneously distributed within a lot, in particular in 2 lot with
a large particle size, such as dried figs or groundnuts. Therefore, sampling as well as
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analysis plays a crucial role in the accuracy and precision of the determination of
aflatoxins in food commeodities. As a consequence, harmonized methods of sampling and
analysis for the official control of the levels of aflatoxins and other mycotoxins in
foodstuffs are Jaid down in Commission Regulation (EC) No. 40172006 of 23 February
2006%. This Regulation repealed Comumission Directives 98/53/EC, 2002/26/EC,
2003/78/EC and 2005/38/EC which until then laid down the sampling methods and the
methods of analysis for the official contro} of the levels for aflatoxins, ochratoxin A,
patulin and Fusariwm toxins in foodstuffs. The new Regulation was issued in order to
embrace the relevant requirements for a representative sampling and reliable analysis for
all mycotoxins in a single legal act.

Besides definitions and general provisions, Annex I of Regulation (EC) No. 401/2006°

stipulates detailed requirements for methods of sampling for different food products. The

requirements differ depending on particle size, lot weight and the form in which the

commaodities are placed on the market in order to obtain a comparable representativeness,

Regarding the particle size of the food products, the provisions for the method of

sampling for the official confrol of aflatoxin compliance with the MLs laid down in

Regulation (EC) No. 1881/20067 distinguishes between

o Cereals and cereal products;

s Dried fruit, including dried vine fruit and derived producis with the exception of dried
figs; ‘

s  Dried figs, groundnuts and nuts;

e Spices and

s Milk and milk products, infant formulae and follow-on formulae, including infant
milk and follow-on milk.

Each Jot, which 1s to be examined, shall be sampled separately. In accordance with the
specific sampling provisions for the respective mycotoxins, large lots shall be subdivided
into sublots to be sampled separately. In general, for batches with food products with
large particle size, the weight of the aggregate sample as the combined total of all
incremental samples taken from the lot or sublot is larger than in case of batches with
food products with a smaller particle size. For example, depending on lot weight the
aggregate sample of dried figs, groundnuts and nuts can weigh up to 30 kg. In case the
groundnuts and nuts are not subjected to further sorting or physical treatment, the
aggrepate sample shall be mixed and divided into three equal laboratory samples which
have to be analysed separately. Since the distribution of aflatoxins and other mycotoxins
in processed products is generally considered less heterogeneous than in the unprocessed
products, simpler sampling provisions are laid down for processed products.

Sampling of foodstuffs at the retail stage must be done where possible in accordance with
the provisions set out in Annex I of Regulation (EC) No. 401/2006°. Where that is not

4 QIL70,9.32006, p.12-34.
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possible, an alternative method of sampling at retail stage may be applied provided that it
ensures that the aggrepate sample is sufficiently representative ‘of the sampled lot and is
fully described and documented. In any case, the aggregate sample shall be at least 1 kg.
fn case the portion to be sampled is so small that it is impossible to obtain an aggregate
sample of 1 kg, the aggregate sample weight of focdstuffs sampled at the retail stage
might be less than 1 kg.

' Additional practical information for competent authorities being in charge for the contro)

of compliance with EU legislation on aflatoxins 1s given in a guidance document which is
subordinate to the provisions of Regulation (EC) No. 401/2006°.

1.3 Analytical methods

Since the early 1960s different types of analytical techniques have been applied for the
identification of aflatoxin-contaminated agricultural commeodities. An early non-chemical
screening test is the “bright greenish-yellow fluorescence (BGYF)” or “black light™ test.
Suspected samples e.g. com or figs are inspected under a UV-lamp. The characteristic
fluorescence under long-wave ultraviolet light (365 nm) is associated with the presence of
kojic acid formed by aflatoxin producing fungi like 4. flavus or A. parasiticus (Ashworth
and McMeans, 1966). The BGYF test indicates the growth of the fungi that may have
resulted in the production of aflatoxins.

Thin layer chromatography (TLC) became the first technique capable of detecting and
quantifying aflatoxins in food at low levels {(Nesheim er al., 1964). Before TLC analysis,
the aflatoxins are extracted from the sample, usually with an aquecus organic solvent, and
the extract is purified by one or more techniques such as solvent partitioning, column
filtration or chromatography. After spotting sample and standard solutions onto the plates
these are developed using a suitable solvent. The aflatoxins on the developed TL.C-plates
are identified and estimated under long-wave UV light either visually or by densitometry
measuring the intensity of fluorescence of the aflatoxin spots. Due te their strong bluish
{AFB1+AFB2) and greenish (AFGI+AFG2) fluorescence under long wave ultraviolet
light approximately 0.5 ng per spot can be routinely detected either visually or by
densitometry.

In 1968 small chrematographic columns {(minicolumns) were introduced for the detection
of aflatoxins in food and food extracts (Holaday, 1968). In principle, the minicolumns are
used in a manner similar to the TLC-method. The minicolumns consist of a glass tubing
containing the packing material e.g. silica gel or a combination of different packing
materials. After dipping into the sample extract the minicolumn is placed in a beaker
containing a "developing solvent” which is drawn up the column by capillary action.
After 10 to 15 minutes the column is examined under long wave ultraviolet light for the
characteristic blue or bluish - green colour that the aflatoxins emit when exited by light of
this wavelength. The limit of detection ranges between 5 and 20 pg/kg. The main
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advantage of commercially available minicolumns is that they are easy to use and give
results within 25 minutes. They are mainly used as “go or no go” field tests to accept or
reject a truckload or raitway car of peanuts or com. Some kinds of these methods have
also become official methods of the Association of Official Analytical Chernists (AQAC),
the Amernican Association of Cereal Chemistry (AACC), and the International Union of
Pure and Applied Chemistry (IUPAC).

Since the mid 1970s, immuno-chemical methods based on highly specific antibodies
against aflatoxins have been developed. Until now many types of enzyme-linked
immunosorbent assays (ELISA) are commercially available. These assays include
ELISA-techniques for the analysis of a huge number of samples with {semi)-quantitative
results as well as rapid and easy to use “go or no go” fleld tests. All enzyme-linked
immunosorbent assays have to follow a strict protocol depending on the kind of sample
and the solvents used. Otherwise cross-reacting matrix compounds as well as unsuited
solvents can mfiuence the binding of the aflatoxins to the antibody as well as affect the
following enzymatic reaction leading to false negative as well as to false positive resuits.

All techmiques described so far can be used as “go or no go™ field tests as well as for
laboratory screening tests to reduce the time necessary to test samples that do not contain
a detectable amount of aflatoxins.

In the EL!, methods of analysis for the official control (enforcement, defence and referee
purposes) of the levels of aflatoxins and other mycotoxins in foodstuffs have to fulfi] the
apnalytical requirements laid down m Annex Il of Commission Regulation (EC) No
40172006 of 23 February 2006°. These include inter alia criteria for laboratory blanks,
recovery and precision and specify that the analytical result corrected for recovery shall
be used for controlling compliance.

The most successful analytical method used for aflatoxins n food which meets the
required performance criteria laid down 1n this Regulation is based on immuno-affinity
column clean up followed by High Performance Liguid Chromatography (HPLC) with
post-column derivatisation (PCDY) and flucrescence detection (Stroka e al., 2000}. Before
fluorescence detection the aflatoxins have to undergo a derivatisation reaction. The
derivatisation is necessary because the fluorescence of AFB] and AFG] undergoes
quernching under the agueous conditions in RP-chromatography. This quenching is
suppressed after reaction of the AFB! and AFG2 with iodine or bromine. In most
applications PCD is performed either by addition of pyridinium bremide perbromide to
the eiuate or by reaction with slectrochemically generated bromine. The latter is achieved
by addition of potassium bromide to the mobile phase, which releases bromine in a
special electrochemical reactor. Due to the highly selective clean-up and concentration of
the aflatoxins by immuno-affinity chromatography in combination with post-column
derivatisation and fluorescence detection, limits of detection down to 0.01 pg/kg can be
achieved applying this method.

www efsa eurgpa.cu Page 19 0f 127

Q4



TRty
. *
o

* »

The EFSA Journal (2007) 446, 1 - 127

Until now, many analytical methods for determination of aflatoxins, either for screening
or for confirmation purposes have been successfully developed. However, results gained
with methods based on TLC, immuno-chemical assays as well as HPLC-technigues with
UV or fluorescence detection are usually not considered as proof of identity of an analyte,
especially if legal consecjuences are involved. For this reason, the combination of liquid
chromatography with mass spectrometry (LC-MS) will become the method of choice
because it provides direct information ¢n the chemical structure of an analyte. Therefore,
more and more laboratories use LC-MS techniques for the confirmation of aflatoxins and
other mycotoxin contamination. The improvement and availability of different types of
mass spectrometers, such as quadrupole, ion-trap, time-of-flight instruments {TOF) and
combinations thereof allows not only the confirmation of mycotoxins but will also lead to
powerful multi-residue methods for mycotoxin analysis in the near future (Sulyock ef al.,
2006).

2. Legislation on aflatoxins

Harmonised MLs for aflatoxins have been in place in the EU since 1 January 1999 and
are laid down in the Annex, Section 2 of Commission Regulation (EC) No 1881/2006 of
19 December 2006 setting MLs for certain contaminants in foodstuffs®. For groundnuts,
nuts, dried fruit, several species of spices and cereals, including buckwheat and processed
products thereof intended for direct human consumption or as an ingredient in foodstuffs,
MLs for AFB]1 as well as the sum of aflatoxins BT + B2 + G1 + G2 have been fixed.

Sorting techniques and other possible physical treatments, which reduce the aflatoxin
content can be carried out on unprocessed groundnuts, nuts, dried fruit and maize to
obtain the final consumer product. Taking these techniques mto account, higher MLs for
groundnuts, nuts, maize and dried fruit to be subjected to a sorting or other physical
treatment, before their human consumption or their use as an ingredient in foodstuffs are
established {see also background). MLs are also set for AFB] in bzby foods and
processed cereal-based foods for infants and young children as well as for dietary foods
for special medical purposes intended specifically for infants.

As AFBI is metabolized into AFM1 in ruminants that have consumed contaminated feed,
MLs were established for AFM1 in milk and milk products as well as infant formulae and
follow-on formulae including infant milk and follow-on milk.

Under Article 5 of Regulation (EEC) No 315/93% Member States may maintain their
national provisions concerning the MLs for aflatoxins in certain foodstuffs for which no
Community provisions have been adopted. As a consequence, a number of nafional

5 Q1L 364, 20.12.2006, p.5-31.

§ 0FL37,122.1993, p.204-206.
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regulations for specific food commodities in various Member States still exist beside the
harmonized EU MLs.

An intemational inquiry performed by the Dutch National Institute for Public Health and
the Environment in 2003 describes the situation of worldwide mycotoxin regulation
{(FAQ, 2004). On a worldwide basis, at least 99 countries had mycotoxin regulations or
guidelines for food and/or feed in 2003 in force. The aflatoxin regulations are often
detailed and specific for various foodstuffs, for dairy products and for feedstuffs.
Regarding AFBI, the worldwide accepted levels in food range between 1 and 20 pg/kg.
In 2003, a ML of 2 pp/kg was in force in 29 countries, Most of these countries belonged
to the 15 EU Member States and accession countries as well as to the European Free
Trade Association (EFTA). A ML of 5§ pg/kg was set in 21 countries spread over Africa,
Asia/Oceania, Latin America and Europe. Some countries, such as the United States and
Canada do not have a separate ML for AFB1.

Concemning the sum of aflatoxins Bl, B2, Gl and G2, the worldwide accepted levels
range between 0 and 35 pg/kg. The harmomzed EU ML of 4 pg/kg is applied by 29
countries again mainly EU and EFTA countries. A ML of 20 pg/kg for the sum of
aftatoxins B1, B2, G1 and G2 was harmonized by MERCOSUR (Mercado Comin del
Sur, Southern Common Market) a customs union between Argentina, Brazil, Uruguay,
Paraguay and Venezuela and 1s meanwhile applied in a total of 17 counfries, with half of
them 1n Latin America. Also the United States follows this 20 pg/kg ML.

3. Assessment of human exposure

Though a wide range of foods may be contaminated with aflatoxins, they have been most
commonly assoclated with tree nuts, groundnuts, figs and other dried fruits, spices, crude
vegetable oils, cocoa beans, maize, rice, cottonseed and copra. At the forty-ninth meeting
of the JECFA an attempt was made to quantify exposure to aflatoxins in the diet
(FAO/WHO, 1998). Data from Australta indicated an average estimated intake of 0.15
ng/kg b.w. per day of aflatoxins with the upper 95" percentile diet containing
approximately twice that level. A series of Chinese intake and market basket studies
reported intakes ranging from 0 to 91 pg/kg b.ow. per day of AFB]. The USA reported an
eaters-only mean lifetime intake of total aflatoxins of 0.3 ng/kg b.w. per day and intake
for the 90™ percentile individuals at 0.7 ng/kg per day. The EU in the Scientific Co-
operation Assessment Project (SCOOP) on aflatoxins indicafed an intake range of 0.03 to
1.3 ng/kg b.w. per day for AFB1.

The JECFA report noted that many assumptions in the mtake estimates were made that
biased them upwards. The JECFA concluded that quantitative estimates of intake of
aflatoxins at the international leve] are severely limited by the lack of representative data.
Although intake estimates are available at the national level for many countries, the
submitters of all of these studies were emphatic in stating that the resuits are not truly
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“representative”. In general, the results appear to be biased upwards because monitoring
studies focus on lots of commodities that are thought to be contaminated. It is thus
important to clarify the impact of uncertainty and variability in data for aflatoxin exposure
assessments.

3.1 Methodology of exposure assessment
Uncertainty and variability in exposure estimates

The dietary exposure assessment component of a risk assessment combines food
consumption data with data on the concentration of chemicals in food. The resulting
dietary exposure estimate is then compared with the relevant toxicological profile of the
food chemical of concern. In calculating the exposure estimate it ts important to have a
clear understanding of uncertainties and variability associated with data used in
establishing occurrence levels of the chemical and consumption patterns of relevant
foods.

Uncertainty 1s a measure of the precision in the methodology used to quantify the
parameter. Variability is a measure of the inherent heterogeneity of the material studied.
They are both important to take into account when arriving at and considering the final
exposure estimate.

For the current opinion, occurrence data on aflatoxins in a range of food products were
collected from random and targeted monitoring and surveillance activities in Member
States over a seven year period and from some other sources. Laboratories in Member
States used different analytical methods, as described previously in chapter 1.3, with
different sensitivities. Some reported only results from the use of immunc-affinity
screening columns, while others used high performing HPLC/fluorescence detection’
methods with a limit of detection 1,000 times or more lower. Since it cannot be assumed
that samples with aflatoxins below the limit of detection are free of contamination, the
limit of detection becomes very important in estimating actual levels. The uncertainty
associated with the limit of detection can be reduced by using moere sensitive methods,
however, less sensitive methods are still feasible for food surveillance purposes. There is
thus a dichotomy between scientific and surveillance needs that cannot be easily resolved.
Subsequently, a range of different levels of detection was reported for submitted test
results used in this opinion contributing to a considerable amount of the uncertainty
associated with the final estimate.

Uncertainty is also introduced by the food selection method for product to be tested.
Targeted monitoring will introduce a sampling bias and increase uncertainty of the
estimate for general use. This is particularly important because of the variability in the
distribution of aflatoxins in any food product. Selective sampling of anticipated problem
commodities can result in aftatoxin levels many times higher than a representative
sample. The heterogeneity in the aflatoxin distribution across a food lot is a well-known

www.ef5a.europa.eu Page 22 of 127




A

ey
* -
iz

e w¥ The EFSA Journal (2007) 446, 1- 127

issue caused by localised mould growth and was also reflected in results from multiple
sampling of the same lot presented in this opinion. Random monitoring is the befter
method for exposure assessment to reduce uncertainty. Most results submitted to the
Panel came from the official food controt in respective Member States and would
comprise both random and targeted sampling thus introducing both uncertainty and
variability. The exact split between random and targeted sampling is not known.

Food consumption data can be collected at different levels of precision. Several different
methods were used in the current opinion. The GEMS/Food consumption cluster diets
database (FAO/WHO, 2006) consists of food balance data and can only be used as a
proxy for food consumption associated with a large amount of uncertainty. Data from the
more accurate food diary method were also reported from some Member States and used
in some of the comparisons. Irrespective of the methods, use of food consumption
recordings are coupled with large uncertainties and a huge variability between individuals
within the overall population, especially in case of single food items. Extrapolation to
specific population subgroups, like children, vegetarians and hepatitis B carriers in this
case, creates further difficulties in data interpretation.

The mamn question to be addressed by the Panel was a comparison of the effects on
aflatoxin exposure of varying the permitted MLs in ahnonds, hazeluts and pistachios
taking into account the exposure from other foods. An actual assessment of such a
question can only be undertaken if the efficiency of prevention and enforcement activities
is known and an accurate background level of aflatoxin exposure can be established.
Relative occurrence of aflatoxins from pre-export, import and market testing were
determined. However, the food categories used varied, there were seasonal vanratiens and
sampling and testing methodologies were different.

Although a range of different food products were tested for the presence of aflatoxins, it
proved very difficult to identify clear-cut levels for estimation of total dietary exposure to
aflatoxins. The Panel therefore had to use a number of assumptions and approximations in
these estimates and it is recommended that further research be undertaken to remove
some of the uncertainty associated with the estimate.

A deterministic model has been used for the calculation of the exposure assessment
estimates in this report. To account for some of the described uncertainty and variability,
different scenarios were developed and tested covering a range of possible vaiues. Rather
than one exposure estimate, the result is presented as a plausible range using the best

avallable science.
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32 Occurrence data
Data description

A total of 49,748 analytical results on occurrence of aflatoxins were submitted from 22
EU Member States in response to a call for information issued by the European
Commission. The close to 5,700 data from the Netherlands could not be used because
only aggregated data were submitted and the nearly 700 data from Lithuania were
incomplete and only showed approval or rejection of imported lots. Due to mcomplete
product description, approximately 4,700 data from two Italtan regions could also not be
used. Overall 38,648 sample results from Member States were entered into the database.
On close analysis a further 4,332 sample results had to be discarded because of
deficiencies in the way results were presented or the limit of detection of the method used
was not adequate for the analysis (see [imit of detection below). In total, 34,326 analytical
results submitted by Austria (1,453), Belgium (434), Cyprus (212), Czech Rep (1,464),
Denmark {340), Estonia (349), Finland (1,419), France (2,719), Germany (5,287), Greece
(4,847), Hungary (3,750), Ireland (1,765), Ttaly (6,959), Latvia (549), Luxembourg (320),
Slovakia {939), Slovenia (402), Spain (229), Sweden (211) and United Kingdom (678)
were included in the following analysis. Submissions were also received from Turkey and
FRUCOM (European Federation of the Trade in Dried Fruit, Edible Nuts, Processed Fruit
& Vegetables, Processed Fishery Products, Spices, Honey and Similar Foodstuffs).
Turkey reported individual analytical results from testing of 6,762 hazelnut and pistachio
samples from the official pre-export control that were anaiysed in 2005 and 2006.
FRUCOM reported internal food business compliance testing results from 2002 to 2006
covering approximately 3,500 samples consisting of mainly aggregated data with an
indicated non conformity rate of about 1%. Because of the data aggregation, the
FRUCOM results could not be incorporated into further analysis. However, the Turkish
data will be presented in some detail as a separate part of the analysis (see section 3.3).

AFMI test results from analyses of commercial milk samples were received in separate
submissions and data exfracted from the SCOOP report (EC, 1997b). The SCOOP report
contained 10,871 analytical results reported by Member States from testing in 1989-1995
with just 34 samples (0.3%) above the ML of 0.05 pg/kg. In 4,993 results reported
by Estonia, Finland, Germany and the United Kingdom from testing in 2000-2006 only
five samples (0.1%) showed values above the limit of detection of which only one
(0.02%) exceeded the ML of 0.05 ug/kg. However, in an Italian submission of 789 results
from testing of milk and cheese in 2002 to 2006 about 6% showed values above 0.03
ng/kg with almost half of the positive results coming from testing of cheese in 2004,

In the call for information, Member States were asked to indicate what type of control the
respective samples related to (import, market or company control) and if the product was
market ready or would undergo further processing before being sold, since the latter
would allow some further sorting and thus reduction of aflatoxin levels. The country of
origin of the product was also requested. All such requested information was not
forthcoming for all samples tested and analyses of such factors have thus been performed
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on a sub-sample of the overall material, but only those for which a sufficient amount of
data was available.

The information covers seven years from 2000 to 2006 (Table 1). Information for 2006
was incomplete as the deadline for submission was the end of September 2006,

Results were grouped into 14 food categories as shown in Table 1 with special emphasis
on almonds, hazelnuts and pistachios.

Table 1: Distribution of samples over year and food category.

Number of samples

Food category

2000 2001 2002 2003 2004 2005 2006
All data 2883 3609 4386 5605 8313 5638 2890
Alrmonds’ 112 108 208 362 347 787 344
Baby foods 0 ] 42 282 113 134 21
Brazil nuts 28 181 142 130 61 71 9
Cashews 7 23 21 51 77 107 S0
Figs 85 145 301 444 571 431 50
Hazelnuts 100 170 569 673 738 642 270
Maize 70 56 55 306 258 122 66
Other cereals 417 479 207 240 530 618 510
Other dried fruits 107 75 179 242 283 347 163
Other foodstuffs 159 138 135 250 444 345 133
Other nuts 88 104 149 204 233 274 108
Peanuts 1260 1600 1451 1057 1640 1366 555
Pistachios 246 384 428 680 1062 917 352
Spices 204 136 531 684 1947 977 219

Reporting of aflatoxin concentrations

Aflatoxin concentrations were reported as below the hunit of detection (LOD) for 25,451
of the European samples while aflatoxins above the LOD were found in §,875 or 26% of
samples. For the samples where aflatoxins were not detected it has to be assumed that
concentrations ranged between zero and the LOD. As recommended by the FAO/WHO
(1995) for materials where the majority of results are below the limit of detection, both
lower and upper bound values were calculated to provide an estimate of a concentration
range. Thus, the respective LOD was entered as the actual value (upper bound) or
replaced by zero (lower bound). The impact of the two metheds is illustrated ip Figure 2
for total aflatoxins in the European samples. There is a maximum difference of 0.46
ng/kg at the 80" percentile after which the difference levels out as the levels reach the
LOD. The lower bound mean is 5% lower than the upper bound mean, or 428 and 4.53
ng'kg, respectively.
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Figure 2: Comparison of the impact of using the LOD or zero for all total aflatoxin
values <LOD.

The LOD for the aflatoxins varied considerably between laboratories, different foods,
methods used and over time in that more sensitive methods were adopted. The minimum
LOD reported for AFBI was 0.0002 ug/kg and the maximum 10 ug/kg, but usually the
LOD was reported at around 0.1 pg/kg. Some laboratories reported only the Limit of
quantification (LOQ). LOD is most often equal to three times the standard deviation of a
blank or a low concentration sample while LOQ is ten times the standard deviation or 3.3
times the LOD. Results reported as less than the LOQ were thus transformed to LOD
using this relationship and assuming there were no detected concentrations of aflatoxins.
Furthermore, samples with a LOD above 1 ug/kg for AFB1 (equivalent to 2 pg/kg of for
total aflatoxins as shown below) were excluded from the analysis as recommended by the
FAO/WHO (1995) since the sensitivity was too close to or above the level of interest for
the study. Thus, around 4,000 results from mainty the use of screening methods had to be
discarded.

The distribution of the LOD for all samples remaining in the analysis is shown in Figure
3. The most common LOD was 0.1 or 0.2 ug/kg for AFB1 and 0.2 or 0.4 pg/kg for total
aflatoxins after the adjustment indicated below.
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Figure 3: The limit of detection as applied by laboratories for all samples in the study.

The LOD for total aflatoxins as reported by Member States was comprised of the sum of
the separate LODs for aflatoxins B1, B2, Gl and G2 and was often four times the level
for AFB1 or more. In the experience of the Panel, AFB1 most often dominated the mix of
aflatoxins in food samples and it was expected that simply adding together the LODs for
all aflatoxins would considerably overstate the total aflatoxin level. To check this
assumption, the relationship between AFB) and total aflatoxins was calcutated through

linear regression for values above the imit of detection (Table 2).

Tabie 2: Calculation of the relationship between concentrations of AFBI and total

aflatoxins in the different food categones utilising all samples above the LOD.

Food category No of ‘:alxlmples No o:tsgrgples Linizg;feigir::sion R
Almonds 1766 471 (27%) 1.07 G.99
Baby foods 592 23 (4%} 1.06 0.52
Brazil nuts 22 271 (43%) 173 - 0.98
Cashews 336 33 (10%) 1.14 0.99
Figs 2067 6718 (30%) 143 073
Hazelnuts 37163 840 (30%) 1.23 0.83
Malze 943 136 (14%) 1.03 0.95
_Dther cereals 3010 207 (7T%) 1.08 083
Other dried fruits 1396 114 (8%) 113 078
QOther foodstuffs 1604 303 (19%) 1.03 0.97
Other nuts 1131 158 {14%) 1.06 1.00
Peanuts 8923 1830 (20%) 1.14 0.83
Pistachios 4069 1783 (44%) 1.10 0.97
Spices 4698 1988 (42%) 1.02 0.89
All 34326 B875 (26%) 1.24 0.93

Y Thirty five samples with total aflatoxins only were excluded from the regression analysis

The slope of the equation as indicated by the linear regression coefficient is of most
interest since it has to be assumed that the real intercept will be zero, i.e. @ majority of
samples had neither AFBI for total aflatoxins present. On average tofai aflatoxin levels
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were 24% higher than AFB1 levels but with a variation of 2% to 73% for different food
categories. Brazil nuts in particular but also figs seemed to have a different aflatoxin
profile from the rest of the food groups. The ratio of AFB1 to total aflatoxins will vary
depending on the Aspergiflus spp. since AFB1 and AFB2 are produced by 4. flavus and
AFB1, AFB2, AFG1 and AFG2 are produced by 4. parasiticus. The occurrence of these
fungal species will vary geopraphically and by food commodity. As a conservative
estimate, values below the LOD for total aflatoxins were set at a maximum of twice the
LOD for AFBI.

Aflatoxin concentrations across food categories

Statistical descriptors for each food category with a range defined by the lower and upper
bound values are presented in Table 3 for AFB] and total aflatoxin concentrations. The
number of decimals given has been adjusted for ease of reading and the food groups are
sorted from high to low mean values with the three product categories of special interest
at the top of the table.

The results for Brazil nuts and pistachios are clearly different with much higher mean and
upper percentile values than for the other food groups. Also figs, peanuts, spices,
hazelnuts and almonds have 97.5™ percentile values above 2 ug/kg for AFB1 and above 4
pg/kg for total aflatoxins. There are some high maximum values for most food categories
except for baby foods and maize,

Chemical food contaminants often have a lognormai distribution with most values at the
low concentration end and a few high or very high values. This is obvious here with the
median fower or much lower than the mean and the maximum often 10 to 100 times
higher than the 95" percentile indicating a tail end of very high values.

An attempt was made to illustrate the distribution of total aflatoxin levels above LOD in
all European samples tested in Figure 4. However, since the material is heavily skewed
towards very low values the graph is difficult to read. Each bar in the main Figure
represents an increment of 25 pg/kg and to improve readability the y-axes has been set at
a maximum of 350 observations, The first bar is thus outside the scale with a total of
7,248 observations. To refine the low-level part of the graph, an insert has been produced
where each bar represents an wncrement of 2 pg/kg. The first bar represents 4,735
observations followed by 1,035, 397, 259, and 208, respectively, for each increment of 2

pelke.
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Table 3: Distribution statistics for different food commodities obtained in the European
Union in the period 2000 to 2006 for lower to upper bound AFB! and total aflatoxin (T)
concentrations in pg/kg.

Food category

Lower to upper bound aflatoxin concentrations in pgfkg

Type Median Mean 80" % g5™ o, 97.5% % Max
Pistachios AFB1  0-0.20 16.7-16 8 278" 85.0 1779 2625
T 0-0.40 19.2-10.4 32.7 103 .6 212.3 2680
Almonds AFB1  0-0.20 1.36-1.46 0.78-0.80 2.00 72 575
T 0-0.28 161-1.82 1.00 2 64 86 578
Hazeinuts AFB1  0-0.16 0.85-0.95 1.40 3.00 56 200
T 0-0.30 1.50-1.70 2.80 6.20 11.8 200
Brazil nuts AFB1  0-0.20 22.0-22.2 436 96.9 182.6 1897
T 0-0.40 39.3-396 76.24 188.8 379.3 3337
Peanuts AFB1  0-0.10 1.80-1.93 0.60-1.00 2.34 9.8 925
T 0-0.20 2.44-2 69 1.00-1.60 3.76 16.8 985
Spices AFBt  G-0.20 1.33-1.46 3.10 6.60 10.9 96
T 0-0.40 1.65-1.88 4.10 7.80 14.1 96
Figs AFB1  D-0.15 1.25-1.36 1.20 4.80 13.0 130
T 0-0.24 2.02-2.22 1.72-1.80 7.97 18.2 151
Other nuts AFB1  0.0.10 1.04-1.16 0.02-023  0.46-1.00 12 385
T 0-0.20 1.18-1.41 0.04-0.46  0.62-14% 2.1 402
Other foodstuffs AFB1  0-0.10 0.35-0.53 0.12-1.00  0.54-1.00 1.5 89
T 0-0.20 0.43-0.75 0.30-1.20  0.90-2.00 24 99
Cashews AFB1  0-0.10 0.29-0.42 0-0.23 0.24-1.00 1.9 36
T 0-0.20 0.35-0.60 0-0.48 0.47-1.85 2.3 39
Other cereals AFBY  0-0.20 0.14-0.35 0-0.50 0.10-1.00 0.7-1.0 109
T 0-0.40 0.19-0.54 0-0.50 0.18-1.00 1118 117
Other dried fruits AFB1  0-0.10 0.07-0.26 0-0.40 0.04-1.00 0.3-1.0 20
T 0-0.24 0.17.0.51 0-0.80 0.10-1.33 0.5-2.0 90
Maize AFB1  0-0.12 0.12-0.26 0.22-050 0.69-073 1.1 8§
T 0-0.24 0.16-0.41 0.34-0.50 1.00 1.7-1.8 9
Baby foods AFB1  0-0.02 0-0.07 0-0.10 0-0.15 0.63-1.0 0.2-1
T 0-0.04 0-0.14 0-0.20 0.0.30 0.03-2.0 0.2-2
All foods AFB1  0-0.15 3.32-3.46 1.30 5.50 19.8 2625
T 0-0.30 4.28-4.53 2.00 7.96 25.9 3337

' One value only is given whan the lower and upper bounds are the same
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Figure 4: Histogram of the distribution of total aflatoxin levels in all samples above the
limit of detection (LOD).

Of the 168 samples with Jevels above 200 pg/kg, 110 comprised of pistachios, 30 of
Brazil nuts, 23 of peanuts, 3 of other nuts and 2 of almonds. There were five unevenly
distributed very high outlier values among the 168 samples, all pistachios and Brazil nuts,
which clearly biased the overall dismbution. Although a rare occumrence, the
heterogeneous distribution of aflatoxins with occasionally very high values is a concemn
that will be addressed later.

In general, for skewed data the median would give a robust and adequate measure of
contamination. However the median could not be used to describe the aflatoxin data in
this opinion because the majority of the observations were below the LOD. This means
that the median is highly dependent on assumptions related to the LOD and to the
approach te values below the LOD, with minimal impact of the actual measured data. Use
of high percentile occurrence data would be relevant to assessment of acute risks, but for
long term risks, the mean concentrations are more likely to be relevant.

Distribution of aflatoxins in set ranges

Using the collected data, the distribution of aflatoxin levels across food categories was
further exptored by analysing the proportion of samples within set ranges using MLs of 2,
4,8, and 10 pg/kg for AFB] and total aflatoxins as presented in Table 4.
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Table 4: Distribution of levels for AFB! and total aflatoxins (T) in defined concentration
ranges across all food categories.

Proportion of samples with aflatoxins within indicated pgrkg range '

Food category

Type <LOD »LOD-2 >2-4 »4.8 >B-10 >10
Pistachios AFB1 56.2% 227% 2.0% 2.8% 0.9% 15.4%
T 56.2% 22.2% 2.1% 2.6% 0.8% 16.1%
Almonds AFB1 73.3% 21.7% 1.4% 1.5% 0.3% 17%
T 73.3% 20.6% 2.3% 1.1% 0.5% 23%
Hazelnuts AFB1 70.3% 22.3% 4.0% 19% 0.4% 1.3%
T 70.3% 17.3% 56% 2.7% 1.2% 2.5%
Brazil nuts AFB1 56.4% 20.4% 2.6% 2.6% 1.0% 17.0%
T 56.4% 18.5% 3.5% 1.9% 0.5% 19.1%
Peanuts AFB1 79.5% 15.1% 1.3% 1.2% 0.4% 25%
T 75.5% 13.8% 1.9% 1.2% 0.4% 32%

Spices : AFB1  57.7% 27.1% 7.4% 4.0% 1.0% 2.7%
T 57.7% 23.7% B8.5% 52% 1.4% 3.4%
Figs AFB1 70.1% 22.1% 2.3% 2.2% 0.2% 3.1%
T 70.4% 20.6% 2.2% 2.1% 0.6% 4.4%
Other nuts AFB1 86.0% 12.4% 0.2% 0.5% 0.1% 0.8%
T 86.0% 11.3% 1.1% 0.4% 0.1% 1.1%
Other foodstufis  AFB1 81.1% 17.0% 0.7% 0.3% 0.1% 0.7%
T 81 1% 16.1% 1.5% 0.4% 0.1% 0.9%
Cashews AFB1 90.2% 7.4% 0.9% 0.6% 0.3% 0.6%
T 90.2% 6.5% 1.8% 0.6% 0.0% 0.9%
Other cereals AFB1 93.1% 6.0% 0.3% 0.2% 0.0% 0.3%
T 93.1% 5 6% 0.4% 0.4% 0.1% 0.3%
Other dried fruits ~ AFB1 91.8% 7.4% 0.2% 0.3% 0.1% 0.1%
T 91.8% 7 1% 0.4% 0.3% 0.1% 0.3%
Maize AFB1 85.6% 13.4% 0.5% 0.5% 0.0% 0.0%
T 85.6% 12.5% 1.3% 0.5% 0.1% 0.0%
Baby foods AFB1 96.1% 3.9% 0.0% 0.0% 0.0% 0.0%
T 96.1% 3.9% 0.0% 0.0% 0.0% 0.0%

Y The £UJ MLs for some spices are setat 5 and 10 pugrkg for AFBI and towal aflatoxins, respectively.
Different MLs also apply for some products to undergo further sorting. However, for the purpose of
comparison the same ranges are used for all products.

Although there are some slight variations between the proportion of samples within the
set MLs for AFB1 and tota] aflatoxins, the distributions are basically the same. The
number of samples with total aflatoxin jevels of 4 pg/kg or less varied from 78.5% for
Brazil nuts to 100% for baby foods. In fact, baby foods had no samples above 1 pg/kg.
Apart from having the least number of samples at or below 4 pg/kg, Brazil nuts also had
the most samples (19.1%) above 10 pg/kg. The situation for pistachios was similar with
80.5% of samples at or below 4 pug'kg and 16.1% above 10 pg/kg.

Type of sampling

Samples were selected within four types of control system: export, import, company, and
market control. There were also a large number of samples that lacked information on the
control system.
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Company contro] data refer to results for products before placing them on the market as
reported by companies. Import control data refer to results from border control
before entering the European Union reported by Member States. Export control data refer
to exports into third countries, and were in this opinien limited to a few products exported
from Greece. An analysis of the findings from the four different control systems and for
the unspecified monitoring is presented in Table 5 for total aflatoxin and values of Jess
than LOD set to the LOD.

Table 5: Number of samplies reported by type of control and the respective total aflatoxin
levels with values less than the LOD set to the LOD (upper bound).

T No. of Range Total aflatoxins pgfkg
yee sampies 89 magian  Mean 90" %  95"%  97.5"%  Max

Company control 2,782 (96%) 0-4 0.20 0.41 0.96 1.78 2.60 4
2,826 (97%) o0-8 0.20 0.49 5.00 2.20 3.48 8
2,849 (38%)  D-10 0.20 0.56 1.00 2.50 3.90 10
2,903 All 0.2¢G 2.06 1.50 3.50 823 426
Export control 70 (93%) 0-4 040 043 0.40 0.40 0.43 3
{Europe) 71 (95%) 0-8 0.40 0.50 0.40 .40 1.08 5
71(95%)  0-10 040 0.50 0.40 0.40 1.08 5
75 Adl 0.40 14.59 0.40 696 11852 5789
Import control 13,507 (92%) 0-4 0.20 0.40 0.72 1.20 2.10 4
13,754 {34%) 0-3 0.20 0.50 1.00 1.80 3.40 ]
13,841 (95%)  0-10 0.20 055  1.00 2.00 398 10
14,653 All 030 5.06 220 1250 3830 2680
Market control 10,603 (94%) D-4 0.20 D45 1.00 2.00 2.40 4
10,806 (959%) 0-8 .20 055 1.30 2.00 3.50 8
10,878 (96%) 0-10 0.20 060 1.50 2.40 410 10
11,255 Al .20 4.19 2.00 5.24 15.29 2740
Unknown 5015 (92%) 0-4 D.40 ¢.60 1.25 2.00 2.66 4
5171 (95%) 0-8 0.40 075 1.80 2.52 452 8
5,202 (96%) 0-10 0.40 0.80 1.91 310 508 10
5440 Al 0.40 4.92 2.70 7.83 2445 3337

It should be noted that the type of product tested, and the sampling procedure, could be
different between the different control systems which could influence the results.

Impact of different MLs

From Table 4 it can be seen that increasing the ML for total aflatoxins for almonds,
hazelnuts and pistachios from 4 to 8 or 10 pg/kg will only have a small impact on the
extra product allowed onto the market varying between 1.1-3.9% assuming that such an
increase would npt ajter the distribution of aflatoxin concentrations in products. The
distribution statistics for the different MLs to be used in the exposure assessment were
calculated using data from all control systems in the European material individually for
almonds, hazelnuts and pistachios. If it is assumed that all nuts exceeding the ML are not
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available to the consumer, this distribution may be used to investigate the impact of

increasing the ML.

Almonds
The distribution over percentiles was calculated for total aflatoxin MLs of 4, 8 and 10
ug/kg and this is shown in Figure 5.

Almonds
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Figure 5: Illustrating the impact of three different MLs on concentrations of total
aflatoxins in almonds.

The curves for almonds applying the different MLs do not start to deviate unti} the 90
percentile. At the 95™ percentile, or for 5% of high end product, the aflatoxin
concentrations are 15% higher when applying the 8 pg/kg ML and 22% higher when
applying the 10 pg/kg ML compared to the 4 pg/kg ML. Selected distribution statistics

are given in Table 6.
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Table 6: Distribution statistics for lower bound (LB) and upper bound (UB) total
aflatoxin concentrations in almonds applying three different cut off limits to the different
MLs.

Total aflatoxin concentrations in ug/kg in almonds

ML Median Mean 90™ o a5™ %, 97.5" % Max
LB uB LE uB LB UB LB uB LB uB LB uB
0 020 018 D40 060 079 126 130 190 200 392 392
8 0 020 024 046 070 08B0 145 150 260 260 690 690
10 0 022 028 05 079 08¢ 150 159 299 299 980 0.80

Table 6 indicates that the mean total aflatoxin concentration is 15-33% higher when
applying the & pg/kg ML and 25-61% higher when applying the 10 pg/kg ML compared
to the 4 pg/kg ML, The larger differences arise from the lower bound values and thus
from a lower base. There was only a 7% difference between AFBI and total aflatoxins as
previously shown in Table 2 so most of the above difference would consist of changes in
the AFB} concentration. The upper. bound estimates for total aflatoxins are influenced by
the conservative assumption that the LOD for total aflatoxins is twice the LOD for AFBI.
Hence the actual increase in concentration might be less than indicated above.

Hazelnuts

The distribution over percentiles for total aflatoxin MLs of 4, 8 and 10 pg/kg is shown in
Figure 6.

Hazelnuts
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Figure 6: Hlustrating the impact of three different MLs on concentrations of total
aflatoxins in hazelnuts,
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The curves for hazelnuts when applying the different MLs start to deviate from about the
75™ percentile. At the 95™ percentile, or for 5% of high end product, the afiatoxin
concentrations are 39% higher when applying the 8 pg/kg ML and 57% higher when
applying the 10 pg/kg ML compared to the 4 pg/kg ML, Selected distribution statistics
are given in Table 7.

Table 7: Distribution statistics for lower bound (LB) and upper bound (UB) total
aflatoxin concentrations in hazelnuts applying three different cut off limits.

Total aflatoxin concentrations in pgfkg in hazelnuts

ML Median Mean 80" % 959y 97.5% % Max

LB us LB UB LB uB LB ug LB us Le us

0 0.20 0.31 0.53 1.27 1.32 2.30 2.30 3.0 3.10 4.00 4.00
8 a 0.24 0.46 0.68 1.70 .80 320 320 433 4.33 8.00 8.00
10 0 0.26 0.57 0.78 1.94 200 2680 360 563 563 10.00 10.00

Table 7 indicates that the mean total aflatoxin concentration is 26-48% higher when
applying the 8 png/kg ML and 48-84% higher when applying the 10 ng/kg ML compared
to the 4 pg/kg ML, Again the larger differences arise from the lower bound values and
thus from a lower base. There was a 23% difference between AFB1 and total aflatoxins
so most of the above difference would consist of changes in the AFB1 concentration but
there is also a contribution from other aflatoxins. The upper bound estimates are again
influenced by the conservative assumption regarding the LOD for total aflatoxins.

Pistachios

The distribution over percentiles for total aflatoxin MLs of 4, 8 and 10 pg/kg MLs 15
shown in Figure 7.

The curves for pistachios when applying the different MLs do not start to deviate until
from around the 80" percentile. At the 95™ percentile, or for 5% of high end product, the
aflatoxin concentrations are 75% higher when applying the 8 pg/kg ML and 120% higher
when applying the 10 pg/kg ML compared to the 4 ug/kg ML. Selected distribution
statistics are given in Table 8.
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Figure 7: lllustrating the impact of three different MLs on concentrations of total
aflatoxins in pistachios.

Table 8: Distribution statistics for lower bound (LB) and upper bound (UB) total
aflatoxin concentrations in pistachios applying three different cut off limits.

Total aflatoxin concentrations in pg/kg in pistachios

ML Median Mean 90" %, 95™a, 97.5™ % Max

LB uB LB UB LB uB LB ug LB uB LB uUB

0 0.20 0.20 D.44 0.60 1.00 1,38 200 212 rRY: 4.00 4.00
0 0.20 0.37 0.61 0.93 180 2.41 2.41 4.70 4.70 8.00 8.00
10 0 0.20 0.46 068 102 1.84 3.03 3.03 570 570 10.00 10.00

Table 8 indicates that the mean total aflatoxin concentration is 39-85% higher when
applying the 8 pg/kg ML and 57-130% higher when applying the 10 ug/kg ML compared
to the 4 pglkg ML. As for the other nuts, the larger differences arise from the lower
bound values and thus from a lower base. There was only a 10% difference between
AFB1 and total aflatoxins so most of the above difference would consist of changes in the
AFBI concentration. As for the other nuts, the upper bound values are affected by the
conservative assumption on the LOD for total aflatoxins.

Otﬁer foods

There is no proposal to change the MLs for other foods. The current MLs have thus been
used to calculate the respective contributions for those products. There are no MLs at all
for what here is called other foodstuffs. The respective MLs in force were thus used to
arrive at the figures in Table 9 by again assuming that product with values above the MLs
would be rejected. Spices have the highest mean aflatoxin concentrations, but cnly small
amounts of spices are consumed. Other foodstuffs, a mix of different food products
excluding baby foods, have the second highest mean concentration of aflatoxins assumed
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to be on the market and are likely to be consumed in higher amounts. A closer analysis of
the foed products at the high value end for total aflatoxins in other foodstuffs showed up
several chocolate products, with a dark ready-to-eat chocolate produced in Estonia having
99 ug/kg, bitter apricot nuts imported from Turkey, some seed products imported from
African countries and China, and three sausage products tested in Hungary.

Table 9: Distribution statistics for lower bound (LB} and upper bound (UB) total
aflatoxin concentrations in a range of foods when applying respective legal ML as cut off
points.

Tota!l aflatoxin concentrations in pg/ky

ML Median . Mean 9p™ 9, 95" 9 97.5M % Max

LB uB LB uB LB uB LB uB LB UB L8 UB

All other nuts

4 0.Go 0.20 0.14 0.41 0.31 0.80 1.00 1.80 1.90 2.00 4.00 4.00
Maize

4 0.00 0.24 012 0.37 0.30 0.50 0.92 1.00 1.50 1.52 3.71 3.71

All dried fruit

4 0.00 0.20 013 0.40 D30 0.90 0.90 1.30 1.60 2.00 4.00 4.00
Spices

10 0.00 0.40 0.89 1.13 3.10 310 5.00 5.00 7.06 7.06 1000 10.00

GCther foodstuffs
All 0.00 0.20 0.43 0.75 030 1.20 0.80 2.00 229 2.39 09900 99.00

Information from tables 6 to 9 1s used as occurrence data for the exposure calculations
(see chapter 3.5 and 3.6).

It has to be again poiated out that ajl the analyses so far have been undertaken with the
assumption that the control system is fully effective. If, as 1s likely, this is not the case the
contribution to the overall aflatoxin burden from other foodstuffs as shown above, where
no ML is applied, will be significantly overestimated since contributions from the other
food categories including nuts would increase significantly. The sensitivity analysis
below will address this issue in more detail.

Effectiveness of import controls

Ready-to use product testing, whether for export, import or market control purposes,
cannot result in removal of all products above the ML from the market. However, it will
act as a deterrent and thus encourage introduction of production quality assurance systems
with the capacity of reducing the overall contamination pressure.

To assess the efficiency of the import control system in diverting product above the ML, a
comparison of test results from the import control and the random control in the form of
market and company testing was undertaken on almonds, hazeinuts and pistachios,
products that are almost exclusively imported to the EU. Results are shown in Table 10.
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To assess the efficiency of the import control system in diverting product above the ML, a
comparisen of test results from the import control and the random control in the form of
market and company testing was undertaken on almonds, hazelnuts and pistachios,
products that are almost exclusively imported to the EU. Resuits are shown in Table 10.

Table 10: Number of samples reported by type of control and the respective total
aflatoxin levels for almonds, hazelnuts and pistachios.

T No. of Range Total aflatoxins pafkg
ype samples  po/k9  podian Mean 90™% 95™%  97.5"%  Max
Imnport conirol 3,434 (84%) 0-4 0.20 0.45 1.00 1.80 2.80 4
3,554 (87%) 08 0.20 0.64 1.40 3.16 4.90 8
3,599 (89%) 010 0.20 0.74 1.70 3.80 6.21 10
4,068 All 0.40 12.22 14.20 4B.17 119.3 2680
Random control 2,522 (89%) 0-4 0.20 0.40 0.90 175 2.50 4
2,565 (91%) 0-8 0.20 0.49 1.00 2.00 3.40 7.40
2,601(92%) 010 0.20 0.61 1.20 270 5.10 10
2,820 All 0.20 10.47 511 2871 111.05 2278

Eleven percent of the three nut products on the EU market still have total aflatoxin levels
above 4 ug/kg. Rather than a caloulated mean of 0.40 ug/kg should the import control be
fully effective, the actual mean for product on the market was 10.47 ug/kg. It might be
argued that the random market testing provides a further safety net for consumers in that
some of the product above the ML will be condenmned and destroyed. However, it is
impossible to draw any conclusions on products exceeding the MLs on the market from
the available data.

Sample heterogeneity was checked on 1,024 samples with multiple testing, that is two or
more samples were taken from the same food lot and tested separately. In 88 of the cases
all sub-samples produced the same result. Among the other samples, the largest variation
recorded was for a pistachio sample from the import control with three sub-samples
showing <0.2, 235 and 1,031 pg/kg, respectively. The maximum and mean calculated
from the sub-samples that differed in aflatoxin concentration are illustrated in Figure 8,
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would be rejected. Spices have the highest mean aflatoxin concentrations, but only small
amounts of spices are consumed. Other foodstuffs, a mix of different food producis
excluding baby foods, have the second highest mean concentration of aflatoxins assumed
to be on the market and are likély to be consumed in higher amounts. A closer analysis of
the food products at the high value end for total aflatoxins in other foodstuffs showed up
several chocolate products, with a dark ready-to-eat chocolate produced i Estenia having
99 ng/kg, bitter apricot nuts imported from Turkey, some seed products imported from
African countries and China, and three sausage products tested in Hungary.

Table 9: Distribution statistics for lower bound (LB) and upper bound (UB) total
aflatoxin concentrations in a range of foods when applying respective legal ML as cut off
points.

Total aflatoxin concentrations in ug/kg
ML Median Mean 0™ % 95", 97.5" % Max

LB UB LB uB LB uB LB uB LB uB LB uB
All other nuts
4 6.00 0.20 0.14 0.41 0.3 0.80 1.00 1.80 1.90 2.00 400 4.00
Maize
4 0.00 0.24 0.2 0.37 0.30 0.50 0.92 1.00 1.50 1.52 371 371
All dried fruit
4 000 020 0413 040 030 090 090 130 160 200 400 400
Spices
10 0.00 0.40 0.89 1.13 3.10 3.10 5.00 5.00 7.06 7.06 10.00 10.00
Other foodstuffs

All 000 020 043 075 D30 t20 080 200 238 239 §9.00

99.0
9

Information from.tables 6 to 9 is used as occurrence data for the exposure calculations
(see chapter 3.5 and 3 .6).

It has to be again pointed out that all the analyses so far have been undertaken with the
assumption that the control system 1s fully effective. If, as is likely, this 1s not the case the
contribution to the overall aflatoxin burden from other foodstuffs as shown above, where
no ML is applied, will be significantly overestimated since contributions from the other
food categories including nuts would increase significantly. The sensitivity analysis
below will address this issue in more detail.

Effectiveness of import controls

Ready-to use product testing, whether for export, immport or market control purposes,
cannot result in removal of all products zbove the ML from the market. However, it will
act as a deterrent and thus encourage introduction of production quality assurance systems
with the capacity of reducing the overall contamination pressure.
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1t was also not possible to obtain detailed pre-export data for pistachios from Iran which
is the largest pistachio nut producer in the world. Only a pre-print of a journal article
dealing with the incidence of aflatoxins in Iranian pistachios intended for export into the
European Union was made avatlable. A total of 3356 pistachio nut samples were
collected between March 2002 and February 2003, divided into 10,068 sub-samples
according to EU requirements and analysed for aflatoxin contamination. The number of
samples that exceeded the EU MLs for AFB1 and total aflatoxins is given as 15.9 and
13.6%, respectively (Cheraghali et al,, 2007). Unfortunately, the ranges used for the
further evaluation of the concentration of total aflatoxins (<LOD, LOD-5, 5-15, 15-50,
50-500, >500 ug/kg) differ significantly from those applied in this assessment making a
reliable appraisal of their results for the purpose of this EFSA assessment impossible.

A total of 553 individual results of pre-export checks of pistachios produced in Turkey in
2005 and 2006 could be accessed. Moreover, Turkey provided 6204 results for aflatoxins
in hazelnuts analysed before export in 2005 and 2006. Turkey is the greatest exporter of
hazelnuts and also a major producer and exporter of pistachios into the EU,

Results from Turkish pre-export contrels on hazelnuts and pistachios 2005/2006

The results of the Turkish pre-export controls were grouped into various concentration
ranges (0-4; 4-8, 8-10, and >10 pg/kg) in order to estimate the impact on aflatoxin
occurrence in hazelnuts and pistachios in response to proposed change of the MLs. Table
11 gives an overview of the percentage distribution.

Table 11: Distribution of AFB1 and total aflatoxin (T) levels in defined concentration
ranges for Turkish hazelnuts and pistachios tested before export in 2005/2006.

Eood Propartion of samples with total aflatoxins (T) within indicated ranges (pgfkg)
Category Type <LOD >LOD-2 >2-4 >4-8 >8-10 >10
Hazelnuts  AFB1 85.9% 12.2% 0.8% 0.4% 01% 0.6%
T 83.2% 11.7% 2.8% 0.8% 0.2% 1.1%
Pistachios  AFB1 76.4% 72% 3.1% 4.9% 2.0% 6.2%
T 76.1% 5.6% 3.8% 4.2% 1.8% 8.5%

As can be seen, 83.2% of all hazelnut lots tested were below the limit of detection of 0.20
pg/kg and 97.8% of all hazelnut consignments were below the current EU ML of 4 pg/kg
for total aflatoxins. Ancther 0.8% and 0.2% were between 4-8 and 8-10pg/ke,
respectively. A total of 1.1% of the hazelnut samples tested before export in 2005/2006
‘exceeded 10 ng/kg for total aflatoxins.

A somewhat different situation can be observed for pistachios. Although the total number
of pistachio export lots tested (n=553) was considerably lower than hazelnuts (n=6204),
the number of samples that exceeded the current ML for total aflatoxins was substantially
higher. Almost 15% of the pistachio lots tested in Turkey before export in 2005/2006
were not compliant with the current EU Regulation. Moreover, 8.5% of the pistachio lots
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Figure 8: Comparison of total aflatoxin maximum and mean concentrations in testing of
multiple sub-samples from one food lot.

The average maximum is 2lmost double the average mean in repeat testing of multiple
sub-samples confirming the earlier described heterogeneity in aflatoxin distribution in
contaminated food products.

3.3 Results from pre-export controls

In order to estimate whether increased MLs for total aflatoxins would have an impact on
the contamination of nuts that are intended for export to the European Union it was
attempted to obtain occurrence data from third countries for almonds, hazelnuts and
pistachios analysed before export as part of due diligence of the producers and
compliance check with the current EU regulation.

According to the Almond Board of California, the USA is the largest producer of
almonds worldwide. The crop for 2006 is envisaged to be 476,000 tonnes, and
approximately one third of these will be exported to the European Union. Thus, almost
97% of almonds imported to the EU originate from the USA. To date, there is no
mandatory outgoing control for aflatoxin menitoring. Most of the controls are undertaken
voluntarily by the industry or recommended through the Almond Board of California. For
exarnple, a voluntary aflatoxin sampling programme was initiated by the Almond Board
of California and started as a pilot programme from the beginning of the 2006 crop n
September 2006 with five processors. There is proposed legislation to increase the
percentage of edible nuts removed from the raw ingredient, and for a voluntary
aflatoxin sampling plan (DG (SANCO)/8300/2006 — MR Final). Hence, no significan
numbers of occurrence data are currently available of almonds produced in the USA and
checked before export for aflatoxins.
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tested before export was exceeding 10 pg/kg, in comparison to only 1.1% of the hazelnut
samples. On the other hand, 76.1% of the pistachio lots were below the timit of detection
of 0.20 ug/kg for total aflatoxins.

Detailed histograms illustrating the different distributions of total aflatoxin occurrence
data in Turkish hazelnuts and pistachios analysed before export in 2005/2006 are depict
in Figure 9. ' :
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Figure 9: Frequency histograms for total aflatoxins in Turkish bazelnuts and pistachios
tested before export 2005/2006.

The LOD for AFB! in hazelnuts and pistachios was given by the Turkish authorities as
0.10 pg/ke. Taking into account that AFB1 tn hazelnuts and pistachios amounts on
average to around 75% of total aflatoxins, for a worst case scenario the iimit of detection
for total aflatoxins was set as twice {0.20 ug/kg, upper bound) the LOD for AFB1. For
comparison, a second evaluatiori was performed for which the LOD was set to zero
(lower bound). Based on these assumptions, distribution statistics were calculated for the
two types of nuts. Table 12 presents these descriptions for AFB1 and total aflatoxins as
determined in the Turkish pre-export controls performed in 2005/2006.

Table 12: Distribution statistics for hazelriut and pistachio pre-export controls 2005/2006
for lower to upper bound AFB1 and total aflatoxin {T) concentrations in pg/kg.

Food Type Lower bound/upper bound aflatoxin concentrations (ugikg)
category e Median Mean 80" % 85" % 87.5™ % Max
Hazelnuts AFB1  0.00-0.10 0.36-0.44 0.45 0.85 1.565 218
T 0.00-0.20 {.71-0.87 0.84 2.05 3.59 243
Pistachios AFB1  0.00-0.10  3.31-3.39 6.07 17.3 36.6 118
T 0.00-0.20 4.79-4.94 8.60 326 52.8 164

Only one value is given if the lower bound and upper bound vaiues are the same
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The change in the concentrations of total aflatoxins at various hypothetical MLs is shown
in Table 13.

Table 13: Number of hazelnut and pistachio samples and the respective total aflatoxin
levels (lower bound/upper beund)} tested before export assuming various hypothetical
MLs.

Lower boundfupper bound concentration of total

Type S:;-p ?efs TJZ?E; aflatoxins (pgfkg)
Median Mean 80" % 95™e%  97.5" o Max
Hazeinuts 5071(38%) 0-4 000/0.20 O018/035  0.57 150 224 40
5123(99%) 0-8 000/020 023/040 068 162 261 7.8
6134(99%) ©0-10 0.00/020 024/041 070 169 275 59
Pislachios 473 (B6%) 0-4 0.00/0.20 019/037 039 169  2.88 39
496 (90%) 0-8 0.00{/020 047/064 153 382 571 74
506(92%) 0-10 0.00/020 DB4/0.81 2.28 519  7.61 9.2

Only one value is given if the lower bound and upper bound values are the same

Due to the fact that the concentrations of total aflatoxms in 83.2% of the hazelnut and
76.1% of the pistachio samples were beiow the limit of detection, the lower bound and
upper bound median Jevels will not change if the ML was raised from 4 to & or 0 pg/kg.

For hazelnuts, a possible shift for total aflatoxins from the current EU level of 4 pg/kg to
8 or 10 pgfkg would result in an increase of the mean concentration (upper bound) from
0.35 to 040 or 0.41 pgke, respectively. The corresponding lower bound values wouid
Increase from 0.18 to 0.23 or 0.24 pg/kg. Thus, a possible increase in the ML from 4
1ig/kg to 8 or 10 pg/kg would result in an increase of the mean Jevels for total aflatoxins
in hazelnuts by approximately 20-30%, provided the same extent of good agricultural
practice would be applied during production. A similar increase can be observed for the
90™ 95™ and 97.5® percentiles. In these cases, lower bound and upper bound values
remain the same. Figure 10 shows detailed histograms of the frequency distribution of
total aflatoxins in Turkish hazelnuts before export in dependence of the two years of
analysis.
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Figure 10: Frequency histograms for total afiatoxins in Turkish hazelnuts tested before
export in the years 2005 and 2006.

As can be seen, imrespective of the year the frequency distribution of the samples for the
concentration range between >4 and 10 pg/kg 1s very similar.

Compared to hazelnuts, the situation. for pistachios is clearly different as an increase of
the ML from 4 pg/kg to 8 or 10 pg/kg would affect the mean levels, 50, 95 and 97.5"
percentiles significantly as can be seen from Table i3. While a possible increase of the
ML from 4 pg/kg to 8 or 10 pug’kg would raise both the lower bound and upper bound
mean level by a factor of 2.3, the 90™, 95" and 97.5% percentiles would increase by
factors between 2 and 6. Thus, the impact of higher ML seems to be more pronounced for
pistachios than for hazelnuts.

In contrast to hazelnuts, the histograms of the frequency distribution of total aflatoxins in
pistachios show more variation for the contamination range between >4 and 10 ug/kg as
is depicted in Figure 11.

www.efsa.europa.cu . Page 43 of 127



G The EFSA Journal (2007) 446, 1 - 127
p m 2005 (n = 240)
e 0 2006 (n = 313) g
. 3.‘
e
n g
t °,
a i
5 -
e ::
0 4

1 2 3 4 5 5] 7 8 9 10 > 10
Total aflatoxin concentration pgiikg

Figure 11: Frequency histograms for total aflatoxins i Turkish pistachios tested before
export in the years 2005 and 2006.

34 Conclusions from the evaluation of aflatoxin occurrence data

In total, 34,326 analytical results for occurrence of aflatoxins i various foodstuffs
submitted by 20 Member States as well as 6,762 results from pre-export controls
submitted by Turkey, each in response to a call for information by the European
Commission were considered for this assessment. The samples showed a broad range of
contamination generally with a Jog-normal distribution. Overall, 74% of all samples were
below the L.OD, with the LOD varying considerably between laboratories. For the
statistical evaluation, the LOD was either entered as the actual numerical value {upper
bound) or replaced by zero (lower bound). The impact of treating the varying LODs as
upper bound or lower bound values will of course be.greater at low leveis of the
concentration spectrum and thus especially influence caleulations of the contribution from
other low contaminated food products.

The CONTAM Panel also received data relating to concentrations of AFMI1 i
commercial milk samples. For almost all of these data, the values for AFMI
concentrations were below 0.05 pg/hkg and taking into account the lower carcinogenic
potency of AFMI the Panel did not consider these data further.

The highest total aflatoxin levels were found in pistachios and Brazil nuts. These two
food commeodities also showed the highest percentage of lots which did not comply with
the current EU MLs. Statistical evaluation of all samples with aflatoxin levels above the
LOD indicated that AFB1 generally is the dominating aflatoxin. On average, total
aflatoxin concentrations were only 24% higher than AFB1 levels with a variation of 2-
73% for different food categories. For a conservative estimate, values below the LOD for
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total aflatoxins were set as a maximum of twice the LOD of AFB! when calculating
upper bound values. Brazil nuts and figs seem to have a different aflatoxin profile
compared to the other food categories. It was also confirmed by analysing muitiple sub-
samples that sample heterogeneity is a confounding factor in aflatoxin evaluations with a
more than 1000-fold difference detected between sub-samples in the worst case.

Special emphasis was given to the evaluation of the occurrence of aflatoxins in almonds,
hazelnuts and pistachios. Testing of almonds revealed aflatoxin contamination levels of
up to 579 pg/kg, Hazelnut testing did not demonstrate as high a maximum as for almonds,
but on the other hand there were more test results at the high end as reflected in higher
concentrations in the 90® percentile and above. Results from testing of pistachios
indicated considerable contarnination at the high end. Some very high values were found
with a maximum of 2,625 pg/kg in one lot.

In relation to the question about estimating the impact of a change of the MLs for total
aflatoxins from the current EU level of 4 pug/ke to 8 or 10 ug/kg for ready-to-eat almonds,
hazelnuts and pistachios and derived products, the respective occurrence data were
truncated at the relevant concentrations and statistical parameters for each concentration
range were calculated.

A change in the current ML for almonds from 4 to 8 or 10 pg/kg would add another 1.1%
or 1.6% of lots (Table 4) as compliant and would result in an increase of the mean level
for total aflatoxins from 0.40 to 0.46 or 0.50 pg/kg for upper bound and from 0.18 10 0.24
or 0.29 pg/kg for lower bound values (Table 6).

A change in the current ML for hazelnuts from 4 to 8 or 10 pg/kg would add another |
2.7% or 3.9% of lots (Table 4) as compliant and would result in an increase of the mean
tevel for total aflatoxins from 0.53 to 0.68 or 0.78 ug/keg for upper bound and from 0.31 to
0.46 or 0.57 pg/kg for lower bound values (Table 7),

A change in the current ML for pistachios from 4 to 8 or 10 ug/kg would add another
2.6% or 3.4% of lots (Table 4) as compliant and would result in an increase of the mean
level for total aflatoxins from 0.44 to 0.61 or 0.69 ug/kg for upper bound and from 0.20 to
0.37 or 0.46 ug/kg for lower bound values (Table 8).

Expressed as percentages, the above increases in the mean levels for total aflatoxins
would seem to be high. However, it is notable that even the upper bound concentrations
remain below 1 pug/kg of nuts,

The mean concentrations are greatly influenced by the relatively few samples at the
higher end of the distribution range. In practice, it is unlikely that the controls are fully
effective; and occasional consumption of nuts contaminated at the very much higher (non
compliant) levels sometimes reported would further increase the mean contaminant levels
and hence reduce the impact of increasing the ML.
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Although a comparison of the total aflatoxin distribution in the data sets of the pre-
export controls and the results provided by the Member States indicates that the fraction
of samples that comply with the current EU ML is similar, their values differ to a certain
extent. In general, the derived statistical values for the Turkish pre-export controls are
lower than the results from the Member States, This might be due to the different number
of lots tested as well as the different analytical methodologies applied. While the
occurrence data reported from the 20 Member States were generated in numerous
laboratories which apply methods with considerably different limits of detection, the data
set from Turkey seems to be more homogenous because of the few laboratories mvolved
with sirmilar analytical methods and comparable limits of detection. However, trrespective
of the actual contamination level, the pre-export data clearly indicate that raising the MLs
wili have a greater impact on exports of pistachios than of hazelnuts.

The Panel noted the very high aflatoxin concentrations recorded in Brazil nuts and
prstachios from products on the market. The presented statistical calculations (see chapter
3.2, Tables 3 and 4) revealed that reducing the number of such high value samples would
have more impact on total human exposure than the change of the MLs from 4 to § or 10
up’kg. Therefore, it is recommended to improve pre-export and production quality
assurance systems.

3.5 Food consumption data

Data description

In support of the aflatoxin review, the European Commission asked Member States to
provide data on nut consunption. Nut consumption data were submitted from 8 Member
States. The surveys undertzken by the Member States differed in methodology, age-
groups used and food classifications. Furthermore, the Member States reported the data in
aggregated and non standardised formats. Hence, there is high uncertainty in interpreting
variation of food consumption between Member States.

Data provided by the Member States on nut consumption are mainly based on individual
consumption data collected via food surveys. Submissions of Estenia and Hungary could
not be used because only aggregated or non individual measured data were submitted.

All countries submitted data for hazelnuts, pistachios and almonds. Data for other foods
that could contain aflatoxins were not submitted from all countries or were incomplete.
To consider exposure from foods other than nuts in estimating the influence of changes to
the MLs for hazelnuts, pistachios and almonds information on exposure from cther food
sources 1s also required. For this purpose the CONTAM Panel used the diets from the
GEMS/Food Consumption Cluster Diets database of the FAO/WHO (2006). Such data
allow the extrapolation of the mean exposure to ali populations of European Member
States including those who did not submit any data.
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Reports from the Member States did not include the same age-groups. The analyses that
were performed related to two groups, children and adults, with age differences within
these two groups.

Information on nut consumption for vegetarians was provided only from the UK and
France. The data from France only gave aggregated consumption which cannot be used
for estimating changes of exposure under different assumptions relating to the MLs. It is
uncertain whether or not the sampling in the relatively small UK vegetarian survey is
representative of all British vegans and vegetarians. Moreover, the data are based on a
food frequency method, which is considered less accurate than food record methods.
Nevertheless, these were the only datasets available for vegans and vegetarians and these
were therefore included in the exposure assessments.

Anocther important point to consider is the lack of European harmonisation in the
methodology for collecting data within food surveys for risk assessments, i.e. different
methods would influence the estimates of long-term exposure. Although it is well known
that a 24h-recall with two or less days will yield over-estimations for long-term mean
exposures of rarely consumed foods (e.g. in the Spanish data), but the Panel decided not
to exclude any data on the basis of the food consumption methodology.

All submitted data, with the exception of the UK vegetarian survey, were from cross-
sectional food surveys which are representative of the age-groups within the population.
Other European data sources from cohort studies used for nutritional epidemiology (e.g.
EPIC} could not be considered. These data were not considered appropriate for the risk
assessment because they do not represent the structure of populations.

Table 14 provides information on the types of food survey data used in the exposure
assessment.
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GEMS/ Food database

The GEMS/Food Consumption Cluster Diets are based on national food balance sheets of
annual food production as well as import and export for individual countries, aggregated
into clusters according to similar consumption behaviour. The main advantage of the data
is the good comparability between different countries because the same methodology and
standardised food classification system of the Codex Alimentarius were used. However,
data from food balance sheets do not give information on consumption at the individual
level, so only a “per capita” mean consumption amount of a population can be derived.
Information on high percentiles of the population and on selected population subgroups
(age-groups, vulnerable subgroups) cannot be derived from these data. Table 15 lists all
the relevant clusters for this opinion.

Table 15: Composition of GEMS/Food Consumption Cluster Diets that include European
Member States.

Cluster B Cluster E Cluster F
Cyprus Austria Luxembourg Estonia
Greece Belgium Malta Finlang
Israel Croalia Netherlands lceland
Italy Czech Republic Poland Latvia
Lebanon Denmark Slovakia {ithuania
Portugal France Slovenia Norway
Spain Germany Switzerland Sweden
Turkey Hungary United Kingdom

United Arab Emirates Ireland

In Table 16, the mean consumption amounts from the GEMS/Food database for the three
nuts (almonds, hazelnuts and pistachios) together with consumption figures for other
foods relevant for assessment of total dietary exposure are listed.
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Table 16: Consumption of nuts and other food items relevant for the exposure assessment
according to the GEMS/ Food Consumption Cluster Diets database in gram per day
{mean of all population, ingredients mcluded).

Cluster B Cluster E Ciuster F

Almonds 19 1.0 038
Hazeinuts ’ 21 1.3 03
Pistachios 0.7 0.3 <0.1
Consumption of other food items 239.5 110.3 67.5
- Other nuts (including groundnuts shelled, except coconuis) 6.2 5.0 15
- Maize {including oil, sweet corn, kernels and pop corn) 150.6 389 14.8
- Oilseeds (except groundnuts) 52.1 58.1 38.0
- Dried fruits (including coconuts) 19.5 55 121
- Spices 1.9 1.8 1.1

The definition of exposure from other food items in this opinion includes nuts other than
almonds, hazelnuts and pistachios, maize, cilseeds, dried fruits and spices. The category
“oilseeds” in the submitted cccurrence data contains food .commodities like sunflower
seeds, sesame seeds, pumpkin seeds and poppy seeds. To match these values with the
GEMS/Food classification the consumption values for groundnuts in GEMS/Food were
excluded from the “oilseeds” category and added to the category “other nuts”.

Although some Member States reported a number of results for aflatoxins in “other
foods” and “other cereals” (e.g. rice, cacao, tea) these categories were not included in the
assessment. The reason for this exclusion is the scarcity of submitted results for such food
groups and literatiwre reports showing that their contamination is negligible (EC, 1997b)
Nevertheless the Panel recommended more extensive analyses of aflatoxin levels in other
foodstuffs so, that unknown contributors to aflatoxin exposure are not neglected.

From Table 16, it is clear that the consumption of other products (especiatly maize and
oilseeds) is considerably greater than the consumption of hazelmuts, almonds and
pistachios. However, the exposure assessment needs to consider and analyse data for the
consumption of individual foods in relation to their levels of aflatoxin contamination.

? The value for consumption of maize comesponds 10 a calcutated value ohtained from food balance sheet
transformed product back o raw product using the converting factors of the FAQ (maize is the maximum
of 1.2 x maize flour or 16.7 x maize germ and 0.2 x beer of maize; germ maize is the maximum of germ
maize and 2.2 x maize oil.

¥ This food category takes into account dectared food balance sheet for oil using different factors, according
to the type of seed, in converting back to the raw seed (iinseed, melen, sunflower, mustard, poppy, rape,
safflower, palm, olive and sesame}.
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The GEMS/Food Consumption Cluster Diets database only provided overall means.
Therefore, population subgroup values could not be derived. However, such data have
been obtained from the national food surveys for almonds, hazelnuts and pistachios.

National surveys

For the exposure assessment three subgroups should be considered: adults, children and
subgroups with higher nut consumption which might include vegans and vegetarians. In
the food surveys, no mformation was provided regarding patients with hepatitis B
infection and this subgroup was not included. There 1s no indication that their nut
conswmption would be any different to other subgroups.

All figures in the tables are given in gram per day. When the fraction of consumers of one
food item was too small, so that it was not possible to derive a value for the upper
percentiles, then the highest value was taken as the upper percentile estimate.

For all tables it should be kept in mind that the age groups sometimes differ as well as the
survey methodology. Because the food classification system used for collecting and
reporting data can affect the estimates, this information is given in a separate column.

Adults

Table 17 shows that the proportions of almond consumers differ widely between
countries. Some of the differences can be explained by the food classification. The
proportion of consumers eating almonds (1.5% unshelled and 5.7% shelled) in Spain was
lower than that for other countries, and this is because products made of almonds (e.g.
“Turrones and mazapanes”, cakes, chocolate or breakfast cereals) were not included in
the Spanish food category for almonds. Therefore values for the proportion of consumers
eating almonds in Spain are an underestimate.
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Table 17: Consumption figures of almonds taken from food surveys of the Member
States and GEMS/Food Consumption Cluster Diets database for adult population.

All populatioh Consumers only Remark

Country n  Mean 95" 978" Mean 95" 7.5
(giday) % % *  (giday) % %

GEMS! Food 19
Cluster B '
GEMS/ Food . . )
Cluster E 1.0 ingredients included
GEMS/ Food 0.8
Cluster F .
Spain 1,060 0.2 26 34 15 98 218 242 ingredients not
0O | ST [

. shelled, ingredient
Spain 1,060 0.5 449 58 57 86 212 237 not included
Gemany 4,030 0.4 20 - 280 1.3 5.4 - ingredients included
Irefand 1,379 0.1 - - 10.5 08 - 5.9 ingredients includad
France 1,474 0.5 2.1 - 298 1.8 37 - ingredients included
United ingredients not
Kingdom 1,724 0.1 - - 2.0 33 - 15.9 ineluded
United . . )
Kingdom 1,724 0.5 - - 32.0 1.6 - 8.3  ingredients included

It is often reported that the amount of rarely conswmned foods tends to be overestimated in
food surveys. This is due to the hinited number of survey days which does not allow full
exclusion of intra-individual effects. Thus, the estimated amounts of aimonds consumed
in Spain (3-day survey) are above the values of other countries and the percentage of
consurners is lower. It cannot be concluded whether this difference is only an effect of the
number of consumers or if consumers in Spain eat more almonds than in other countries.
These values are also likely to be affected by the exclusion of ingredients from the survey
because, as seen in the UK data, ihc]uding ingredients increases the proportion of
consumers and decreases the amounts consumed per consumers only.

The estimates of the GEMS/Food Consumption Cluster Diets database are quantitatively
similar or slightly higher than the national survey vatues for mean consumers of almonds
including ingredients. This can be explained by the different types of data collection used
and the effects of other countries in the respective clusters.

Table 18 shows the same pattern for hazelnuts as for almonds for the Spanish data.
German adults had the highest proportion of hazelnut consumers in the population
(37.6%) and, except for the Spanish and UK data excluding ingredients, also the highest
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mean values (3.6 g per day) and upper percentile (14.3 g per day) consumption. French

consumers of hazelnuts had a mean intake of 2.2 g per day.

Table 18: Consumption figures of hazelnuts taken from food surveys of the Member
States and GEMS/Food Consumption Cluster Diets database for adult population.

All population Consumers only Remark
Country N Mean 95" 975" ,  Mean 95" 97.5"
(giday) % % * (giday) % %
GEMS/ Food 24
Cluster B :
GEMS/ Food . . )
Cluster E 1.3 ingredients included
GEMS/ Food 03
Cluster F :
Spain 1060 01 22 26 20 7.2 157 173 ngredientsnat
included
Germany 4,030 1.4 8.0 - 376 36 143 - ingredients included
Ireland 1,379 0.2 - - 9.9 2.0 - 12.3 ingredients included
France 1,474 ¢4 2.2 - 17.8 22 7.1 - ingredients included
. . _ ) ) (max ingredlents nal
United Kingdom 1,724 0.04 0.6 6.2 30.7) included
United Kingdom 1,724 0.2 - - 15.8 1.3 - 5.4 ingredients incluged

For pistachios (Table 19) most of the data are affected by the relative rare frequency of
their consumption. Thus, high values at the upper percentiles would tend to overestimate
the real situation. Estimates from the Spanish diet are far above those from other countries
with a similar percentage of consumers. This could be an indication that the Spanish
population is a high consumer of pistachios compared to other European countries.

As expected in al] tables, the mean values derived from the GEMS/Food Consumption
Cluster Diets database for all populations are higher than the population mean values
from food surveys for the respective countries. Therefore, it can be concluded that the
estimates of the GEMS/Food Consumption Cluster Diets database do not underestimate
the consumption values of nuts and can be used to generalise the population exposure
results to non-reporting European countries.

www.efsa.europa.cu Page 53 of 127



e Vg
] *
R

L)

The EFSA Journal (2007) 446, 1 - 127

Table 19: Consumption figures of pistachios taken from food surveys of the Member

States and GEMS/Food Consumption Cluster Diets database for adult population.

All population Consumers only Remark
Country Mean 85" 975" ,  Mean 95" 975"

(g/iday) % % * (giday) % %
GEMS/ Food 0.7
Cluster B :
GEMS/ Food o
Cluster E 0.3 ingredients included
GEMS/ Food
Cluster F <01
Spain 1060 03 58 69 17 199 475 528 |dredientsnol

included
Germany 4,030 0.2 0.2 11.4 1.4 75 - ingredients included
lreland 1,379 <01 - - 0.3 2.8 - 5.7 ingredients included
France 1,474 0.1 0.0 - s 2.7 7.2 ingredients included
R . ) {(max ingredients not 7

United Kingdom 1,724 0.07 - 0.7 8.3 35.7) included
United Kingdom 1,724 0.07 - - 1.1 6.3 - 25.9 ingredienis included

For consumers of the three nut products, the proportion of the population that consumes
almonds (2% to 32%) was greater than for hazelnuts (0.6%-37.6%) in several countries.
The lowest proportions of consumers were reported for pistachios (0.3%-11.4%)
Gennany was an exception since there were more consumers of hazelnuts (37.6%) than
for almonds (29%). The data analysis has also been performed excluding ingredients and
values for the mean intake for consumers only range from 0.8 p/day to 1.6 g/day for
almonds, from 1.3 g/day to 3.6 g/day for hazelnuts and from 1.4 g/day to 6.3 g/day for

pistachios.

Children

Consumption data for children are presented in Tables 20 to 22. Herein, the different
survey methodologies used influenced the results. For example the high percentage of
consumers in the 2006 UK food frequency questionnaire were influenced by the time
period covered by the survey guestions, since food frequency questionnaires normally
cover longer time periods than food records. In surveys based on food records the number
of survey days is limited and therefore so is the estimate of the percentage of consumers.
Not consuming a food in one of the survey days 15 of course not equal to never consuming
the food. However, as the data in Tables 20 to 22 demonstrate, consumption frequency

has not affected the mean estimates of the foods consumed.
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Based on the consumption data provided by Member States the proportion of children
eating almonds (food ingredients included) ranged from 2.9-46.9%. There was a wider
range for hazelnuts (1.9% to 81.7%) and a more narrow range for pistachios (0.4% to
2.7%). For hazelnuts higher percentage of consumers was reporied for childrer from
Germany (81.7%) and France (47.3%) compared to children from Ireland and sziin.
Excluding the values with very low numbers of consumers for all three types of nuts, the
mean daily amounts of almonds consumed by children were between 0.9 to 1.3 g/day.
The span of hazelnut consumption was also smal) (0.7 giday — 1.7 g/day) between the
reporting countries. The slightly wider mean consumption of pistachios (0.3 g/day — 4.8
g/day) between countries could be due to the generally low numbers of consumers.

Table 20: Consumption figures of almonds taken from food surveys of the Member
States for children,

All population Consumers only Remark
Country . Mean 95 97.5" o, ~Mean 95" 975" ‘
(g/day}) % % * (giday) %. %
R unshelied,
Spain 903 <01 11 13 02 125 230 250 jngredients not
g R 1° VX YRV ENP N
Spain 903 02 25 30 16 98 208 22g Shelled ingredient
not included

Germany 475 0.5 2.6 - 46.9 1.0 3.3 - ingredients included
treland 594 <01 <04 0.2 2.9 1.1 3.8 5.5 ingredients included
France 1,018 0.2 1.2 - 21.2 0.9 - - ingredients includec
United Kingdom ) ) . i ingredients not
(4-18y) 1,70 <0A 0.4 2.1 included
United Kingdom 4 20y g4 . - 330 13 - 4.8 ingredients included
(4-18y)
United Kingdom i ) ) ingredients not
(1.5-4.5y) 1615 0 02 14 " included
United Kingdom i _ . . .
(1.5-4.5y) 1,675 0.1 - 12.0 0.9 3.3 ingredients included

. . 3 ) ) ingredients not
United Kingdem 225 0.2 92.9 0.2 ©inctuded

Mean consumption vatues for children and adults are similar. Therefore, children are
likely to have higher exposures from almonds, hazelnuts and pistachios expressed on a
body weight basis.

From the UK data the analysis shows that including ingredients in the calculation of
consumnption figures is followed by an increase in population mean consumption figures
as well as the number of consumers, and a decrease in the mean amount for consumers
only. For exposure calculations only the most recent UK survey data based on the food
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frequency questionnaire (FFQ) from 2006 was used, since values of other surveys are
within the range of other submitted consumption data.

Table 21: Consumption figures of hazelmts taken from food surveys of the Member
States for children.

All population Consumers only Remark

Country y  Mean 95" 97.5™ 5, Mean as"  g7.5®
(giday) % % ° (giday) % %,

Spain 903 <04 14 13 04 88 176 {g3 rgredientnol
included

Germany 475 13 5.0 - 81.7 15 52 - ingredients included

ireland 584 <041 <0.1 <0.1 1.9 1.0 22 2.9 ingredients included

France 1.018 0.8 34 - 47.3 1.7 - - ingredients included
United Kingdom
(4-18y)

included

United Kingdem 4 700 o . . 2t0 08 - 3.8 ingrecients included
(4-18y)

United Kingdom

(1.5-4.5y)

R ) ingredients not
1,675 0.0 - - 0.2 1.07 ineluded

United Kingdom ) ] } . . .
(1.5-4.5y) 1675 <0 11.0 0.7 2.7 ingredients included

1,701 0.0 - . 0.1 4.3 _ _ ingredients not

United Kingdom 225 02 - . s 02 - . ingredients not

included
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Table 22: Consumption figures of pistachios taken from food surveys of the Member
States for children.

All population Consumers only Remark
Country N Mean 95" 97.5" y, Mean g5t - 97 5"

{g/day) % % ®  (giday) % %

. ) ingredients not

Spain 903 0.1 1.3 1.5 6.6 84 165 179 included
Germany 475 <01 <0.1 - 1.9 0.3 11 - ingredients included
Ireland 594 <01 <01 <01 0.7 4.8 7.9 7.9 ingredienis included
France 1,018 01 <01 - 27 3.8 - - ingredients inciuded
United Kingdom ingredients not
(4-18y) 1,701 0.01 - - 0.3 34 - - included
g[‘;‘g;'('”gdf”” 1,701 00 - . 05 28 - - ingredients included
United Kingdom ) ) ingredients not
(1.5-4.5y) 1675 <01 02 43 - included
angffs’;‘)”gd"m 1675 <01 - . 04 35 - - ingredients included
United Kingdom 226 05 - - 9133 06 - - Ingredients not

included

Some countries only reported values at an aggregated level, such as “total nuts”, or data
that do not come from food surveys but from other data sources. These values are
presented i ‘Table 23, Respective values from the GEMS/Food Consumption Cluster
Diets database have also been included.

Table 23: Data only available as aggregated food groups (ingredients included).

GEMS! Food )
(mean of all population in g/day) Adglts Children
Food group Estoqia ?nuu'::?lfg
Cluster B Cluster E Cluster F (mgrﬁgtlents products Sweden
included) and
oilseed)
Treenuts 215 5.5 10.2 0.5 - 0.5
Qilseeds (including 65.2 62 1 " ag4 }
groundnuts)
Total nuts and 91.9 69.2 513 . 55
oilseeds
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Vegans and Vegetarians

Special groups of interest are vegans and vegetarians because their consumption of nuts is

likely to be higher than non vegetarians to boost their protein intake. Two countries {UK
and France) provided consumption data for those two groups.

The data from the British survey are given in Table 24. The mean almond consumption
for the British vegetarians was 4.8 g/day. This was not duplicated for hazelnuts and
pistachios.

Tabte 24: Consumption figures for British vegans and vegetarians (ingredients not
included) in gram per day.

an of .
% bopuiation  consumers  Mighest Value
Peanuis 94 .8 3.8 4.1 150.0
Hazelnuts 704 1.8 286 29.9
Almends 92.2 4.4 4.8 178.1
Pistachios 918 ’ 1.0 1.4 285
Cashews 915 6.8 7.4 150.0
Brazil nuts 941 5.1 54 60.0
Walnuts 50.7 2.6 2.8 58.0
Pecans 911 0.5 0.5 B0.0
Chestnuts 80.0 0.4 0.4 26.3
Macadamia 952 0.4 0.5 28.5
Pine nuts 933 : 1.7 1.8 25.0
Mixed nuts 79.3 2.3 2.9 119.7

Values presented in Table 25 regarding the French population can only be compared with
the data of the GEMS/Food Consumption Cluster Diets database in Table 16, because of
the aggregated food categories, There 15 no further indication that vegans and vegetarians
would eaf more nuts than the rest of the population.

Table 25: Consumption figures for the sum of all nuts and oilseeds of French vegans and
vegetarians in gram per day {ingredients not included).

N Mean a5 %,
Lacto-cve-vegetarian 74 324 101.4
Lacio-vegetarian 38 21.7 8386
Vegan/Macrobiotic 26 43.3 174.0

Data used in exposure calculations

It can be concluded that enough information is available to obtain a good picture of the
variation in nut consumption between counfries m the EU. Exposure calculations for
children and adults have been performed using the population mean of food surveys
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conducted by Member States and the GEMS/Food Consumption Cluster Diets database
was used to calculate mean exposure scenarios and the exposure to other food items. To
estimate high level dietary exposure to aflatoxins the 95th percentile values (or 97.5th
percentile if not available) of the nut consumption data based on food surveys conducted
by Member States were used.

For the estimates of vegetarian consumption the exposure from other foods is taken from
the GEMS/Food Consumption Cluster Diets database and the values for nut consumption
are taken from the UK survey for vegans and vegetarians.

3.6  Assessment of the exposure

Scenarios

For almost all of these data, the values for AFM1 concentration were below the limit of
detection or very low in comparison to AFBI, taking into account the difference in
potency, and therefore AFM1 was not included in the assessments of total dietary
exposure. -

Intakes from almonds, hazelnuts and pistachios have been assessed by the use of
aggregated data from the GEMS/Food Consumption Cluster Diets database or national
survey information at an individual level. Data from the GEMS/Food Consumption
Cluster Diets database enabled extrapolation to other non-reporting Member States, whilst
national survey information allowed a more accurate assessment and identification of
groups of high level consumers. The exposure from food sources other than the three nuts
could only be calculated by using the GEMS/Food Consumption Cluster Diets database
because not all Member States provided data for all food groups of interest. Data for
consumption and occurrence are described in more detail in the previous chapter.

Body weights were not available for all countries, so the Pane] decided to use 60 kg hody
weight for adults and 15 kg for children as standard values.

All data were combined in four scenarios for the exposure assessment. In general, a
scenario 1s characterised by the following decisions:

¢  Consumption
a) taking into account “all population”™ or “consumers only”;
b) mean or high percentile of a);
¢) GEMS/Food Consumption Cluster Diets data or data from individual surveys;
d) definition of exposure from other food sources;
e) selection of a subgroup.
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e Qccurrence data

f

g)
h)

i)

AFB1 or total aflatoxins;

upper bound or lower bound estimates to handle values below the LOD;
mean or high percentiles for f),

different cut off points to sunulate the MLs.

It was not feasible to present results of ail possible combinations for all Member States

and subgroups. Therefore, the following four scenarios were explored:

e Scenario I - average exposure -

a)
b)
€)

“all population” for hazelnuts, almonds and pistachios;

population mean consumption data for ali three nuts;

GEMS/Food Consumption Cluster Diets data and data from individual surveys;
exposure from other food sources from GEMS/Food Consumption Cluster Diets
database mean for all population and mean of the aflatoxin occurrence data;
adults, children and vegetarians;

total aflatoxins;

upper bound and lower bound estimates; -

mean values for occurrence data;

cut off points of 4, 8, and 10 ug/kg to simulate different proposed MLs.

e Scenario 2 - high level exposure for almonds -

)

b)
<)
d)
€)
Y

taking into account “all population” for hazelnuts and pistachios and
“consumers only” for almonds;

mean for hazelnuts and pistachios, but high level for almond consumption
data from individual surveys;

same as Scenario 1;

adults;

total aflatoxins;

g to 1) same as Scenario 1.

e Scenario 3 - high level exposure for hazelnuts -

a)

b)
c)
d)
e)
f)

taking into account “all population™ for almeonds and pistachios and “consumers
only” for hazelnuts;

mean for almonds and pistachios, but high leve] for hazelnut consumption;
same as Scenario 2;

same as Scenario |;

same as Scenario 2;

total aflatoxins;

g to 1) same as Scenario 1.
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» Scenario 4 - high level exposure for pistachios -

a)  taking into account “all population™ for almonds and hazelnuts and “consumers
only” for pistachios;

b)  mean for almonds and hazelnuts, but high level of pistachios consumption;

c) same as Scenario 2, ~

d)  same as Scenpario 1;

e) same as Scenario Z;

f)  total aflatoxins;

g to i) same as Scenario 1.

Thiese scenarios involve a number of assumptions. Firstly, mean levels of aflatoxin
contamination were assumed to be of most relevance for long-term exposures. The Panel
considered whether high level occurrence data should be used, but found no evidence that
particular sources of nuts were consistently highly contaminated and therefore brand
preference would not affect average long-term exposure.

To estimate exposure under the current legislation, occurrence data with levels below or
at the MLs were used assuming that all other foods were detected by food surveillance
and prevented from reaching the market and therefore not consumed. This assumption
does not reflect the true situation, but since there is no information on which to base
assumptions of the effects of surveillance systems before and after any change to the
permitted MLs, this assumption provides the best basis for a comparison of the current
situation with hypothetical future scenarios.

Table 26 illustrates Scenario | using mean occurrence data and mean consumption data
based on the current situation for adults. These data are used in chapter 3.7 when
calculating the potential impact of increasing the maximum levels for aflatoxins. All
values were truncated at 4 pg/kg and the mean estimates of exposure to total aflatoxins in
the European Member States ranged between 0.35 and 0.84 ng/kg b.w. per day for lower
bound and between 0.69 and 1.93 ng/kg b.w. per day for upper bound. Northern countries
clu'ste;ed in Group F had the lowest intake estimates and southern European countries the
highest, because of the exposure from other foods. The contnbution of the three nut
products to overall exposure varied between 0.3 to 2.3% for the first scenario.

From Table 26 it can also be seen that the contribution of exposure from other foods
differed in the three GEMS/Food regions. The fractions of exposure from other nuts and
spices were low in all regions. In the southern countries the exposure from maize and in
northern countries exposure from oilseeds were the most important exposure sources for
exposure from foods other than the three nuts. These results are illustrated in Figure 12.

It is likely that the exposure from maize for Cluster B (and hence for Spain) is an over-
estimate because of the Inclusion of maize oil, which is expected to contain lower
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concentrations of aflatoxins than other matze products. No data were available regarding
the relative propdrtions of maize oil and other maize products in the consumnption data to
allow a more accurate assessment. The Panel analysed the impact of this over-estimation
by assuming that the consumption of maize might have been 10 times lower. This
calculation resulted in lower bound to upper bound ranges of 0.57 — 1.1 ngkg b.w. per
day for Cluster B and 0.55 — 1.07 ng/kg b.w. per day for Spain, which are similar to the
estimates from other countries.

100%

80% - .

80% | = SPlces

B Oilseeds

70% 1 0 Maize
60% - Other nuts
50% | 3 M Dried fruits
40% 1 :

30% i

20% - :

10% A

0% T )

Cluster B Cluster E Cluster F

Figure 12: Percentage contribution of other foods to total exposure based on GEMS/Food
consumption data and collected occurrence daia from Member States as given in Table
26.
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Table 26: Scenario | “average exposure” to total aflatoxins in ng/kg b.w. per day

- [

truncating occurrence dat& at its current EU MLs for adulfs. —

Values below

Food LoD Cluster B Cluster E Cluster F Spain Germany ireland France UK

Almonds lowerbound  0.006 0.003 0002 0.00Z2 0001 0000 0002 0002
upper bound 0.013 0.007 0005 0003 0003 0.001 0.003 0.003

Hazelnuts lower bound 0.011 0.007 0.002 0.001 0.007  0.001 0.002 6.001

upper bound 0.019 0.011 0.003 0.001 Q.012. 0002 0004 0.002
Pistachios lower bound 0.002 0.001 0.000 0.001  0.001 0.000 0.000 0.000
upper bound 0.005 0.002 0.001 0.002 0001 0.001 0.001 0.001
Other food

ltems lower bound 0.819 0.546 0.348 0.81% 0.546
upper bound 1.808 1.077 0.678 1.898 1.077
- Other nuts  lower bound 0.014 0.012 0.004 0.014 0.012
upper bound 0.042 0.034 0.010  0.042 0034
- Maize lower bound 0.301 0.080 0.030 0.301 0.080
uppar bound 0929 0.246 0.081 0.929 0.246
-Dilseeds  lowerbound 0445 0416 0272 0445 D.416
upper bound 0776 0.728 0.475 0.776 0.726
- Dried fruits lower bound 0.042 0.012 0.026 0.042 0012
upper bound 0.130 0.037 0.081 0.130 0.037
- Spices lowerbound 0016 0027 0.016 0016 0.027
upper bound 0021 0.034 0.021 0.021 0.034

Totai lower bound 0.838 0.557 0.352 0.822 0.556 0.548 0.550 0.549

upper bound 1.934 1.087 0.687 1.904 1.094 1.080 1.085 1.083

Figure 13 shows that the different patterns of consumption in the Member States affect
the relative importance of the exposure to aflatoxins from each nut type. In 2ll countries
except Spain, exposure from pistachios was the lowest. In Spain hazelnuts gave the
lowest and almonds the highest exposure. Almonds were also most important in UK and
the Northern European countries of Cluster F. In all other cases hazelnuts pave the highest
aflatoxin exposure of the three types of nuts.
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Figure 13: Percentages of almonds, hazelnuts and pistachios of the total exposure to

aflatoxins from all three nuts hased on Scenarto 1 as given in Table 26.

The exposure estimates for the “high level exposure“scenarios 2, 3 and 4 under the
current situation are presented in Table 27. The highest effect could be seen for high
pistachio consumers in scenario 4. There the maximum total exposure increases from the
scenario 1 population average of 0.8-1.9 ng/kg b.w. per day (lower bound to upper bound)
up to 1.0-2.3 ng/kg b.w. per day in Spain. For high consumers of hazelnuts the values
were 0.9-2.0 ng/kg b.w. per day. In Germany and Ireland high hazelnut consumers gave
the highest increase in total exposure. The percentage increases in scenarios 2, 3 and 4

compared with scenarto 1 are shown in figure 14.

www.efsa.europa.cu

Page 64 of 127

P 127k



100

The EFSA Journal (2007) 446, 1 - 127

Table 27: Scenario 2-4 “high level exposure” 1o total aflatoxins in ng/kg b.w. per day
truncating occurrence data at MLs of the current Eurepean legislation for adults.

Values below

Food LoD Spain Germany Ireland France UK
Scenario 2 "high level exposure almonds”
Almonds lower bound 0.066 0.016 0.018 0.011 0.025
upper bound 0.146 0.036 0.639 0.025 0.055
Hazefnuts fower bound 0.001 0.007 0.001 0.062 0.001
upper bound 0.001 0.012 0.002 0.004 0.002
Pistachios lower bound 0.001 0.001 0.000 0.00G 0.000
upper bound 0.002 0.001 0.001 0.001 0.061
ff);’r;:sr food fower bound 0.819 0.546
upper bound 1.898 1.077
Total lower bound 0.887 © 0.57T1 0.566 0.560 0.573
upper bound 2.047 1427 1.119 1,106 1.135
Scenario 2 “high leve! exposure hazalnuts"”
Almonds fower bound 0.002 0.001 0.000 0.002 0.002
upper bound 0.003 0.003 0.001 0.003 0.003
Hazelnuls lower bound 0.081 0.074 0.064 0.037 0.028
upper bound 0.139 0.126 0.109 0.063 0.048
Pistachios fower bound 0.001 0.001 0.000 0.000 0.000
upper bound 0.002 0,001 0.001 0.001 0.001
Other food fower bound 0.819 0.546
upper bound 1.898 1.077
Total lower bound 0.903 0.622 0.611 0.585 0.576
upper bound 2.042 1.207 1.187 1.144 1.129
Scenario 4 “high level exposure pistachios”
Almonds lower bound 0.002 0.001 0.000 0.002 0.002
upper bound 0.003 0.003 0.001 0.003 0.003
Hazelnuts lower bound 0.001 0.007 0.001 0.002 0.001
upper bound 0.001 0.012 0.002 0.004 0.002
Pistachios lower bound 0.158 0025 0019 0.024 0.086
upper bound 0.348 0.055 0.042 0.053 0.190
her food jower bound 0.819 0.545
upper bound 1.898 1.077
Total lower bound 0.980 0.580 0.567 0.574 0.635
upper bound 2.251 1.147 1.421 1.137 1.272
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Figure 14: Increase in total exposure to aflatoxins for upper bound values assuming high
consumption of almonds, hazelnuts or pistachios respectively (scenarios 2, 3 and 4)
compared with average exposure of scenario J.

Population sub-groups

The question as to whether vegans and vegetarians have a higher exposure to aflatoxins
than the rest of the population due to higher nut intake to boost their protein intake has
been explored. Data were available from a FFQ performed in 2006 in the United
Kingdom, supporting the Commission in assessing nut consumption for vegans and
vegetarians.

Further, it is important t¢ determine the exposure for children, who are often more
exposed to contaminants because of their lower body weight. In this opinion a body
weight of 15 kg is assumed for children. The data for food consumption were taken from
National Food Surveys as described in section 3.5.

Dretary exposures were caiculated for all datasets as presented in Table 28 together with
the highest and lowest exposure value from scenario 1 for the adult population, These
results demonstrate that all estimates are lower than those for the average population
scenario in Table 26.
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. The estimated fraction of nut exposure from the whole diet was also higher for the FFQ

data from 2006. For total aflatoxins it was 2.4% for the upper bound estirnate instead of
1.9% for the maximum of the adult estimates based on national survey data. However, the
exposure from other food items was not adjusted explicitly for vegetarians and children,
who might have different eating patterns for foods like dried fruit and maize which could
affect the total dietary exposure to aflatoxins.

| Other food items
0 Total

Total exposure ng/kg bw/d

Figure 15: Total dietary aflatoxin exposure and aflatoxin exposure from food items other
than almonds, hazelnuts and pistachios: upper bound values for minimum and maximurn
scenario 1 estimates for adults compared to exposure for children and vegetarians.

Figure 15 and Table 28 illustrate that the exposure from other food items for Spanish
children is the same as that for adults. This pattem is due to the fact that the exposure
from other food items based on Cluster B was used for children and for adults.

The aflatoxin exposure from the three nuts without taking into account exposure from
other food items is shown in Figure 16. The conswmption patterns of children and of UK
vegetarians differed from those of the general adult population. Hence, almond and
pistachio consumption was higher in vegans and vegetarians compared to the maximum
consumption of adults. Hazelnut and pistachic consumption of children from Germany,
France and the UK respectively were also higher than the maximum value for adults.
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Table 28: Scenario | “average exposure” to total aflatoxins in ng/kg b.w. per day
fruncating occurrence data at MLs of the current European legislation - children and
vegetarian In comparison to minimum and maximum adult exposure values (from Table

24Y,
Values below  Adults Children Vegetaria
Food LOD n
Min Max Spain Germany Ireland France UK UK
Almonds lower bound  0.000 0.006 0.002 0.006 0.001 0.002 0.002 0.013
upper bound  0.001 0.013 0.005 0.013 0.003 -0.005 0.005 0.029
Kazelnuts lower bound  0.001 0.011 0.002 0.027 0.002 0.017 0004 0009
uppér bound  0.001 0.019 0.004 0.046 0.004 0.028 0.007 0016
Plstachios lower bound  0.000 0,002 0.001 0.001 0.001  0.001 0007 0.003
upperbound 0001 0,005 0.003 0.003 40063 0003 0015 0.007
Other foods lower bound 0,348 0818 0819 0.546 0.546
upperbound 0678 1.858 1.898 1.077 1.077
-Othernuts  lowerbound  0.004 0.014 0.014 0-012 0.012
upper bound 0010 0.042 0.042 0.034 0.034
- Maize lower bound 0.030 0.301 0.301 0.080 0.080
upperbound  0.091 09280 0.929 0.248 0.246
- Oilseeds lower bound  0.272 0445 0.445 0.416 0.416
upperbound 0475 0778 0776 0.726 0.726
- Dried fruits  lower bound 0012 0.042 0.042 0.012 0.012
upper bound  0.037 0.130 0.130 0.037 0.037
- Spices lowerbound 0016 0.027 0.016 0.027 0.027
upper bound  0.021 0.034 0.021 0.034 0.034
Total lower bound 0.352 0.838 0.825 0.592 0.563 0.578 0.571 0.572
upper bound 0.687 1.834 1.910 1.138 1.086 1114 1.104 41.310
205 -
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Figure 16: Aflatoxin exposure from almonds, hazelnuts and pistachios for children and
vegans/vegetarians compared to adults for upper bound values of scenaria 1.
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Iniluence of setting the LOD

In tables 26 to 28, two standard approaches were used in dealing with the LOD-values.
Use of the upper bound gives an overestimation of the occurrence levels and therefore of
exposure, whereas lower bound gives an underestimation. Actual exposure will be within
this range of values and as it is illustrated in Figure 17, changes in the handling of values
below (he LOD have a relatively high impact. This can be explained by the high numbers
of values below the LOD in the data used for estimation of intake from other foods other
ihar almonds, hazelnuts and pistachios.

The over-estimation resulting from the use of the upper bound entails a precautionary
approach to assessment of exposure and hence of potential health effects. However, this
over-estimation will mask the relative potential impact of increasing the MLs and
therefore the lower bound approach is also important.

2.5 1
o g Lower bound
z B e
o o O Upper bound
z
B 1.5
c
o
5
w
g 1
>
L4
&
L 05

0 T : T

é‘Q) g‘,i@ Q‘Q {‘&S"
& & & R
N N Y
Q O )

Figure 17: Total exposure to total aflatoxins in ng/kg b.w. per day dependent on different
handling of values below LOD/LOQ as given in Table 26.

Conclusions and recommendations

Righ Jevel consumers of pistachios were calculated to have the highest total dietary
exposure to aflatoxins, with an upper bound estimate in the range of 1.1 to 2.3 ng/kg b.w.
per day. The ranges of upper bound estimates for high level consumers of almonds were
L1-2.1 ng/kg b.ow. per day and for hazelnuts 1.1-2.0 ng/kg b.w. per day. The highest
values were all from Spain with a survey methodology that was not fully appropriate for
chronic exposure assessments. The second highest values were in the range of 1.2 to 1.3
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ng/kg b.w. per day for all three types of nuts. No unique picture was apparent for children
or for vegetarians.

The effect of the handling of values below the LOD is important in assessing the total
dietary exposurg to aflatoxins and also for calculating the proportion of affatoxin
exposure via nuts in relation to total exposure. Because of the high impact of the LOD on
the results, an improvement in the analytical methods to increase the sensitivity and thus
lower the LOD would reduce the uncertainty i the exposure assessment. It is
recommended to make more of an effort in harmonising analytical methodology and to
vse more sensitive methods for quantifying aflatoxins in food products if the data are to
be used specifically for risk dssessment purposes.

Some Member States reported a few results from testing of aflatoxins in other foods (e.g.
rice, cacao, tea), but there were not enough samples reported to take these food groups
into consideration. The Panel recommends more extensive analyses of aflatoxin levels in
other foodstuffs to check that there is no unknown contributor fo total dietary aflatoxin
exposure.

Furthermore, there 1s a need for more accurate food consumption dafa to assess exposure
fFom other food items. A systernatic and representative sampling of all suspected food
groups is needed based on individual food survey data from Member States to replace the
imprecise data from the GEMS/Food Consumption Cluster Diets database. When the
EFSA concise food consumption database {under construction at the moment) is available
it is recommended that a more precise assessment of total dietary aflatoxin exposure be
conducted.

37 Potential impact of increasing the regulatory MLs for aflatoxins

To give a clear and understandable picture the information 1s aggregated to the most
important figures for the following Tables. To show the full range of potential impact on
exposure the minimwm and maximum values from all countries are selected and presented
in the Tables.

The effect of changing the MLs of aflatoxins in almonds, hazelnuts and pistachios from 4
to 8 or 10 pg/kg was simulated in further exposure analyses for all four scenarios with
constant aflatoxin levels for the exposure from other foods (Tables 29-32).

Ir Tables 29-32, the consumption figures for the three nuts for the adult population (taken
from Tables 17-19) are given in the columns of the 3 tables on the left hand side of the
page. [n the rows of the left-hand tables for each of the three nuts the mean lower bound
and upper bound occurrence levels after truncation at the proposed Mls at 4, § and 10
pg/kg (taken from Tables 6-8) are given. All resulting exposure vatues can be read from
the body of the lefi-hand tables. As an example: the exposure value for hazelnut exposure
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in France according to Scenario | can be read from Table 29. Increasing the ML from 4 to
10 pg/kg increases the lower bound exposure estimate from 0.002 to 0.004 ng/kg b.w. per
day, assuming a bedy weight of 60 kg. This is the product of 0.4 g per ay hazelnut
consumption per day and 0.31 and (.57 pg/kg as the mean of the hazelnut occurrence data
for total aflatoxins truncated at a level of 4 and 10 pug/kg, respectively. The tables on the
right give the sum of the lowest and highest total aflatoxin exposure (including and
excluding exposure from other foods) in dependence on the hypothetical ML as well as
the resulting increase in percent. As an example for Scenario 1: the country/region with
minimal exposure is defined by the lower bound estimate of Cluster F. The sum of the
values listed for 2 ML of 8 pg/kg aflatoxin for almonds (0.003 ng/kg b.w. per day),
hazelnuts (0.002 ng/kg b.w. per day) and pistachios {0.001 ng/kg b.w. per day} is 0.006
ng’kg b.w. per day (see second row of the upper right table). Adding the value of
“exposure from other food items” this figure increases to 0.354 ng/kg b.w. per day (see
header “adding other food items™). The percentages in the right-hand table illustrate the
increase In exposure compared to truncated occurrence data at a ML of 4 ug/kg
aflatoxins. The same calculations are performed for the maximum exposure case (lower
right table). :

Table 29 shows that increasing the MLs from 4 to 8 or 10 ug/kg would result in an
average increase of total dietary aflatoxin exposure for the average adult population in the
region of 1%. The impact on high level consumers of nuts could be greater (as shown in
Tables 30-32), particularly for high level consumers of hazelnuts or pistachios. The
highest estimate for high level adult total aflatoxin exposure of 0.98-2.25 ng/kg b.w. per
day (lower bound to upper bound) increased by 6-14% to 1.12-2.39 ng/kg b.w. per day for
a ML of 8 nug/kg and by 9-21% to 1.19-2.45 ng/kg b.w. per day for an ML of 10 ug/kg,
These estimates relate to high level consumers of pistachios but could be overestimates as
the consumption data are based on a small proportion of consumers. As already
mentioned the use of upper bound data results in higher estirates of total exposure, but
the relative increases are higher for the lower bound data. Actual values for both the total
exposure and the relative increase will fall within the range of the Jower bound to the
upper bound if the occurrence data fall within the specified ranges (i.c. none exceed the
respective ML).

The relative importance of the sum of exposure for the three nuts compared to the
exposuré from other food items differs in the high consumption scenarios and changes
with MLs. The lowest impact of nut exposure to overall exposure can be seen for the
upper bound estimate in the 4 ;1g/kg case in scenario 1, where the aflatoxin exposure from
nuts was 1.9% of the total aflatoxin exposure. The highest percentage for aflatoxin
exposure from nuts compared to the total exposure was 22.5%, in scenario 4 for the upper
bound estimate assuming a ML of 10 pg/kg.
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Conclusions and recommendations

For the average consumers changing the ML for total aflatoxins in almonds, hazelnuts

and pistachios from 4 to 19 ng/kg b.w. per day would result in an increase in total dietary
f

aflatoxin exposure of about 1%.

Population groups with high nut consumption are exposed to higher levels of aflatoxins in
all assessments. Changing the MLs for the three nut products could have an impact for
some of these groups, with a pétential maximum increase of up to 20% (from 0.98 to 1.19
ng/kg b.w. per day) if the MlLs were increased from 4 to 10 pg/kg and strictly enforced.
If, as is expected, nuts exceeding the MLs are occasionally consumed, the total long term
average dietary aflatoxin exposures might be higher, but the impact of raising the
regu]afory ML, would be Jess.

In the cases of high consumption patterns for one of the three nuts and mean occurrence
levels aflatoxin exposure from nuts initially seemed to be low in relation to the aflatoxin
exposure from other foeds. The proportion of aflatoxin exposure from the three nuts
increased in importance in some of the calculated scenanios particularly for some Member
States. However, it should be noted that the use of the mean is conservative compared to
the median and the mean is more sensitive to changes in the ML,

A summary of the various expdsure scenarios can be found i Table 33.
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Table 33: Overview of maximal and minimal lower and upper bound exposure estimates
in ng/kg b.w. per day.

Limit of truncation of Vaiuas below Scenario 1 Scenario 2 Scenario 3 Scenaric 4

occurrence data LOD

Minimal Case _lraland France UK Ireland
4 lower bound 0.548 0.560 0.576 0.567°

upper bound 1.080 1.108 1.128 1.121

8 lower bound 0.549 0.565 0.590 0.584

upper bound 1.081 1111 1.143 1.138

10 lower bound 0.550 0.569 0.601 0.593

upper bound 1.082 1114 1.153 1.146

Maximal Case Spaln Spain Spain ‘Spain

4 lower bound 0.822 0.887 0.803 $.980

upper bound 1.904 2.047 2.042 2.251

8 lower bound 0,824 0.910 0.944 1.115

upper bound 1.906 2.070 2.083 2.386

10 lower bound 0.825 0.528 0.973 1.187

upper bound 1,907 2.085 2.110 2.450

4. Hazard characterisation

4.1 Summary of key data

4.1.1 Kinetics, distribution, metabolism and elimination

Absorption of aflatoxins in the rat small intestine is a rapid process that follows first-order
kinetics, with an absorption rate constant [k(a}] of 5.84 + 0.05 (AFBI), 4.06 + 0.09
(AFB2), 2.09 + 0.03 (AFGI) and 1.58 + 0.04 (AFG2) h-1, respectively (Ramos and
Hernéndez, 1996). Absorbed AFBI reaches the liver through the portal system and is
metabolised by cytochrome P450 (CYP)-dependent mono-oxygenases in reactions
involving the incorporation of an atom of molecular oxygen into the substrate
(Guengerich et al, 1998). The resulting increase in polarity facilitates further metabolic
processing and excretion (Figure 18). ‘

The major aflatoxins occurring in human foods are AFB1, AFB2, AFGI and AFG2 with
AFM] appearing as a metabolite in milk. Of these aflatoxins, the biological activity is
mainly determined by the presence of a double bond at the 8,9-position of the molecule,
permitting bioactivation to a reactive 8,9-epoxide. Only AFB1, AFG1 and AFMI are
therefore capable of being bioactivated by CYPs. Additional metabolites are formed from
AFB1 following oxidation, including AFQ] and AFMI1 (see Figure 18) and the
demethylated metabolite; AFP]. These metabolites and other paturally occwring
aflatoxins (G1, B2, G2), being poorer substrates for epoxidation, are consequently less
mutagenic, carcinogenic and toxic than AFB1. AFBI1 metabolites can be useful
biomarkers of human exposure tc aflatoxins and AFM1, AFQ) and AFP) be excreted in
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urine and bile and have all been detected in human urine samples (Groopman et al.,
1985).

diefary inlake

v
i
|
]
Il
.
i
0
]
i
1
1
'
H
H
1

GST-u,

{GST-8}
CYP3A4, + glutathions
{cYP1A2)

glutathion=-AFB1 conjugate -1 excretion

=1

AFBi-exo-8,9-epoxide

I :
‘ P -8 Sedlitydrodios <= i i
v 1 N (mEH AFB1-8,S-ditydrodict P excrelion
! % T
o i \._\\N\ {phenola‘[ie rescnance lomm]
ﬁg} ndo-8,5-epaxid v e v
-8 B-epoxide DNA-adducts protein adducts

Figure 18; Schematic representation of AFB1 metabolism highlighting the formation of
its critical product AFB1-exo-8,9-epoxide, its DNA- and protein adducts and major
urinary metabolites (Tiemersma ef al., 2001).

The liver 1s the major site of aflatoxin metabolism and the CYPs that are implicated are
CYP3A4, 3A5 and 1A2 (Wild and Tumer 2002). There is a continuing discussion as to
the most important CYPs with regard to aflatoxin metabolism in humans. CYP3A4 has
been shown to catalyse the formation of the AFB1 exo 8,9-epoxide, which is able to bind
to DNA, and AFQ! whilst CYPIA2 can lead to the formation of some exo-epoxide as
well as a high proportion of endo-epoxide, which does not bind to DNA and AFM]1.

CYPIAZ has been reported to be more efficient in producing 8,9-epoxide at the low
AFB1 concentrations that' may be found following dietary exposures. The overall
contribution of these enzymes to AFB! metabolism in vivo will depend on affinity but
also on expression levels in human liver, where CYP3A4 is predominant. CYP3AS5 also
metabolizes AFBI, mainly to the exo-8,9 epoxide, but it is much less efficient at forming
the detoxification product, AFQI (Wang e al, 1998). Recent more comprehensive
comparisons between CYP expression and aflatoxin metabolism to the 8,9-epoxide in
human liver samples have reported the primary importance of CYP3A4, and of CYP3AS
in livers with low CYP3A4 expression (Kamden et al., 2006).

~AEB1-8 9-dihydrodiol, resulting from hydrolysis of the 8,9-epoxide, is unstable and
undergoes base-catalyzed rearrangement to a dialdehyde reacting with proteins, such as
albumin, but not with D_I\I,&,(Qgggg_egi_c‘h_,&)_.-'fhc catalysis of AFB-8.9-epoxide
hydrolysis by epoxide hydrolase has been proposed in the literature (Ch’ih er af., 1983;
McGlynn ef al., 1995; Kelley e al, 2002). However, the rapid rate of non-enzymatic
hydrolysis is difficult to compete with and therefore the contribution in vivo of this
pathway remains unclear. '
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There are some data to suggest that HBV infection of the liver alters the expression of the
genes coding for the enzymes which metabolise aflatoxins. For example, studies in HBV
transgenic mouse lineages have revealed an induction of specific CYPs in association
with liver injury resulting from expression of the HBV transgenes (Chemin et al., 1996,
1999; Kirby et al, 1994a). Induction of CYP enzymes has also been observed in mice and
hamsters where liver injury was induced by infection with bacteria and parasites (Kirby et
al, 1994b; Chomarat ef al, 1997) suggesting a role for liver injury per se rather than a
specific effect of HBV. Modulations of gene expression by liver injury may not be limited
to CYP enzymes. A study of human liver specimens showed that GST activity is
significantly decreased in the presence of HBV DNA (Zhou et o/ 1997) and this is
supported by data in human liver cells in vitro transfected with HBV (Jaitovitch-
Groisman et al, 2000), suggesting that viral infection may compromise the ability of
hepatocytes to detoxify aflatoxins. One study assessed the impact of HBV infection on
CYP activities in people exposed to aflatoxins in The Gambia (Wild et al., 2000). Cortisol
metabolism was used as a marker of CYP3A4 activity but no association was observed
with HBV infection status. However, in West Africa higher levels of albumin adduct of
aflatoxins have been observed in young children who were hepatitis B virus antigen
positive (HBsAg") compared to those who were not {Wild et al, 1993; Turner et al,
2000). Similar observations have been reported in a study of 200 adolescents from
Taiwan (Chen er al., 2001) but not in Chinese adults (Wang ef al., 1996). Thus overall,
effects of HBV infection on aflatoxin metabolism are likely to be complex, but there is
potential for an altered balance of activation and detoxification during an infection. This
may provide one mechanistic basis for the higher risk of liver cancer among HBV
infected individuals exposed to aflatoxins,

4.1.2 DNA and protein adducts

The formation of macromolecular adducts by AFB1 depends on the balance between the
ride of production of the AFBIl-exo-8,9-epoxide compared to other oxidise metabolites
and the rate of detoxication of the 8,9-epoxide via multiple biochemical pathways,
including conjugation to glutathione and hydrolysis to the 8,9-dihydrodiol as described
(section 4.1.1) (Essigmann er al,, 1982). The primary DNA adduct formed from the 8,9-
epoxide is 8,9-dihydro-8-(N7-guanyl)-9-hydroxy-AFB1 (AFB1-N7-Gua) (Croy et al,
1978, Croy and Wogan, 1981, see figure 19). AFB1-N7-Gua adduct can be converted into
Iwo secondary lesions, an apurinic (AP) site or the imidazole-ring opened AFBI-
formamidopyrimidine (AFB1-FAPY) adduct. AFB1-FAPY adducts are detected at near
maximal levels in rat DNA days to weeks after AFB] exposure, underscoring its high
persistence in vivo (Croy and Wogan, 1981; Smela et al,, 2002). AFG1-8,9-epoxide is
formed but has a reduced ability to intercalate into the DNA helix because modification
of the ring structure decreases planarity and therefore less adducts are formed for a given
dose (Raney er al., 1990).
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In contrast to the persistence of the AFBI-FAPY, the haif-life of the AFB1-N7-Gua, 1s of
the order of a few hours. Metabolites of the adducts after repair are found in urine and is
detectable in the urine of individuals exposed to aflatoxins in the diet in Africa and China
{Groopman et al., 1992; Groopman ef al., 1993).

As mentioned above, aflatoxins can also bind to proteins, such as albumin, via the
formation of the AFB1-8,9-dihydrodiol (Wild et al, 1986; Sabbioni ef al., 1990). AFB1
and AFGI dialdehydes form Schiff bases with primary amine groups e.g. lysine, to form
aflatoxin-albumin (AF-alb) adducts (Sabbioni er afl, 1987, Sabbicni and Wild 1991).
However, the formation of such protein adducts may be influenced by a further metabolic
step involving aflatoxin aldehyde reductase (AFAR). This enzyme catalyzes the NADPH-
dependent reduction of the dialdehydic phenolate form of AFB1-8,9-dihydrodiol to a
dialcohol and would thus decrease the amount of AF-alb formed; this enzyme has been
characterised in both rats and humans (Kelly et al., 2004).

AF-alb accounts for around 2% of a single AFB1 dose in rat (3-1.200 pug AFB1/kg b.w.)
and human studies (Wild er al., 1986; Sabbioni ef al., 1990; Wild et a/., 1990). However
in humans the adduct is estimated to accumulate up to 30-fold from chronic exposure
because of the longer half-life of albumin compared to rats (~20 days compared to ~3
days). The only AFB1 adduct structurally identified to date in enzymatically digested
plasma albumin is AFBI-lysine (Sabbioni et al, 1987, Sabbioni 1990). The AF-alb
adduct in serum and plasma together with urinary aflatoxin metabolites and adducts have
been valuable biomarkers of aflatoxin exposure in epidemiological studies (Kensler et ai.,
2003). There is a high correlation between the presences of aflatoxin-DNA adducts in the
liver, their urinary excretion and the formation of the serum albumin adduct. Owing to
their different half-lives, urinary and serum aflatoxin adduct levels reflect recent (1-2
days) and chronic {2-3 months) exposure, respectively.
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Figure 19: DNA lesions induced by AFB] (from Smela et al., 2001).

The availability of accelerator mass spectrometry for the sensitive detection of [*C]-
labelled carcinogen in human tissues has permitted studies of hurnans to known doses of
aflatoxins (Cupid et @i, 2004). Human volunteers (n=7) were given a dose of about 15
ng/kg of [*C] AFB1 about 3 to 7 hours before undergoing colon surgery. Blood and
tissue samnples were collected a few hours later to permit levels of aflatoxin binding to
peripheral blood albumin and colon tissue DNA to be determined. Levels of AFBL-
albumin adducts were stmilar to those in Fischer rats exposed to similar doses of AFB].
These direct observations may assist in relating biomarker data to aflatoxin exposure, but
the number of subjects is small and all were aged cancer patients undergoing surgery. It is
unclear therefore how reliable these data are for extrapolation to a general population,

4.1.3 DNA repair and mutagenicity

The repair mechanisms for AFBIl-induced DNA damage are not well understood.
Nucleotide excision repair (NER) plays a role in Escherichia coli and human cells
(Sarasin ef al, 1977; Oleykowski ef al., 1993). However, human cells defective in NER
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still repair a considerable amount of AFBL-DNA lesions (Waters ef al, 1992). Base
excision repair as well as single- and double strand break repair, and recombinational and
post-replication repair have been suggested to contribute alse to the removal of AFB1-
DNA lesions (reviewed in Bedard and Massey, 2006). These studies indicate that
differences in DNA repair and modulation of repair by AFB1 are important contributing
factors to both the tissue- and species-specific susceptibility to AFB1-induced
carcinogenesis in murine models. Polymorphisms in DNA repair genes seem to play a
role in hepatocellular carcinoma (HCC) risk of AFB1 exposed populations (Long ef al.,
2006).

AFBI1 is mutagenic in bacterial systems and in eukaryotes, usually requiring an
exogenous bicactivation system (IARC, 1993). Many studies have defined the mutational
spectrum produced after exposure of cells to AFB] and the G>T transversion mutation is
predominantly observed (reviewed m Sabbioni, 1990). The mutational properties of the
AFB1-N7-Gua adduct have been studied in £ coli (Oleykowski et al, 1993) where it
primarily causes G>T mutations although at a very low frequency (4%). Recent studies
indicate that the most hkely candidate for mutagenicity by AFB1 is the AFB1-FAPY
adduct (Sarasin ef al, 1977). This adduct causes 2 G>T mutation frequency in £ coli at
higher frequency than the AFB1-N7-Gua adduct and it is a strong block to replication.
Most HCC samples from people living in arezs where HBV is prevalent have one
mutational hotspot at codon 249 of the p53 gene that is a G>T fransversion (Waters et al,
1992; Bedard and Massey, 2006).

4.1.4 Species differences

Pespite several differences among species, short- and long-term experiments tend to
support extrapolations across species with regard to the main mechanisms of toxicity and
carcinogenicity and the use of biomarkers to predict both the risk of cancer and the
outcome of chemo-prevention.

Netwithstanding the broad similarities in aflatoxin biotransformation across species, there
are some key species differences regarding the affinity for and the catalytic activity of the
main enzymes involved, particularly glutathione S-transferase (GSTs). GSTs are the main
biosynthetic enzymes involved in AFBl-exo-8.9-epoxide conjugation, representing a
major detoxication pathway. The order of GSH conjugation to AFB1 amoeng species is
mouse > rat > human with humans exhibiting comparatively low conjugation (Raney er
al, 1992; Kirby ef al, 1993). In animals experimentally treated with the same doses of
AFBI1 over a 14 day period, the level of AFB1-DNA and AFB]-albumin adducts was in
the following order: rat > guinea pig > hamster > mouse (Wild et o/, 1996). Whilst mice
produce relatively large amounts of exo-8,9-epoxide, they are highly resistant to AFB-
hepatocarcinogenesis. This, is-becavse the mouse but not the rat expresses hzgh
constitutive levels of a bepatic alpha w a h1gh__£f_i{151t! for

AFB1-8-9- -epoxide (Buetler and Eaton 1992; Hayes ef al,, 1992). There is however an

www efsa.europa.eu Page 82 of 127

P. 145




P 14R

-ty
A *
FEAPER

et The EFSA Journal (2007) 446, 1 - 127

inducible Kal class %"§ng-5 in rats which can confer resistance to AFBI1

through efficient conjugation of the 8,9-epoxide (Kensler et al., 1986; Hayes et af, 1991;

Eaton et al., 2001).
:,_'—"——_'—_‘—‘——

Human GST enzymes are thereforq_ poor catalysts for the conjugation of AFBI1 8,9-

epoxide, except for GSTMI-1. ’Assuming that the catalytic activities of recombinant o

enzyme preparations reflect those in human tissue, the efficiency of the human GSTs vary
over a range of 170-fold with regard to AFB1-89-epoxide conjugation (Table 34). The
GSTM1-1 enzyme was the most efficient and was comparable to a rat ortholog, M3-3,
This result is consistent with a study using human hepatocytes, in which AFB1-GSH
conjugates were only detected in samples in which the GSTM! enzyme was. expressed
(Langouét et al., 1995).

The relevance of the estimated rates of conjugation is also related to the levels of
individual GST expression in human liver; the interindividual variation is known to be
considerable, probably reflecting both the inducibility of GSTs and the influence of

genetic polymorphisms in the relevant genes. Moreover, GSH conjugation and
el codjigation and

subsequent formation of mercapturates in general is known to be M
pathway in rodents, whereas it is a minor one in humans. Despite this the detection of
AFB1-mercapturic acid metabolites in human urine from aflatoxin-exposed individuals in
China demonstrated that this conjugation pathway is active in people exposed to dietary
afiatoxins (Wang er al,. 1999).

Table 34: Rates of GSH transferase-catalyzed conjugation of GSH with AFR exo-8,9-
epoxide. Adapted from Johnson ef al,, 1997. '

GSH transferase k(s K (uM) kK Mts?
Rat

A10-10 3.2 1 §3=10
M3-3 0.08 a0 33=10
Human

Wi I 0.085 730 1.7210°
T4-1 0.015 70 22=10
P11 0.002 20 210
A1-1 0.009 100 19=10
A2-2 9.001 100 10

Kinetic rate constants were estimated from iterative simulations of experimental delerminations at various
substrate and catalyst concentrations. The estimates are limited to F2 significant digits here.
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4.1.5 Human variability and factors affecting biotransformation

As discussed above, the formation of macromoiecular aflatoxin adducts depends on the
balance between the rate of production of AFBI-exc-8.9-epoxide and its detoxication
along three main pathways: (i) spontanecus or epoxide hydrolase-mediated hydrolysis;
(i1) GSH conjugation; (iii) further oxidation by CYP450. Such pathways are therefore a
potential source of infer-individual variation in susceptibility to aflatoxins.

With regard to the CYPs, CYP 3A4 and 3AS5 are polymorphic and ellele frequencies
differ by ethnic group. For example, there is a relatively high frequency of some allelic
variants of CYP3A4 in Afro-Americans compared to other ethnic groups (Table 35).
Human hepatic CYP3AS expression is polymorphic with a proportion of individuals
showing no expression; in particular 40% of African-Americans do not express this
enzyme. Recently, polymorphisms have been identified in the promoter region of
CYP3AS5 leading to alternative splicing and as truncated protein (Kuehl et al., 2001;
Hustert et al, 2001). Furthermore, a study undertaken in China showed that CYP1A2
genetic polymorphisms are associated with HCC susceptibility in smokers and HBsAg
seronegative individuals in the Fusui endemic region {Chen et al., 2006). The prevalence
of such variants in a given population and the functional significance in terms of aflatoxin
metabolism would need to be understood in order to assess the potential impact on
aflatoxin-associated disease risk. Where functional polymorphisms in key enzymes differ
in prevalence by ethnic group, these could conceivably affect the impact of a given level
of aflatoxin exposure at the popuiation level. ‘

Table 35: Allele frequency distribution of polymorphic genetic variants of CYP 3JA4*1B
by ethnic background. Adapted from Jernstrom ef al., 2001.

White Black Asian Indian-Pakistani
(m=2329) (=78} {n=71 {n=285)
No. {%a} No. (%) No. (%) No. (%)
CYP3A4
No variant 305 (94.1%) 3 (14.5%) 69 (97.1%) 24 (100%)
Heterozygous variant 18 (5.8%) 38 (48.7%) 2 (2.8%) —

Homozygous variant 1 (0.3%} 31 {38.7%) — —

Note, Missing values: Three JGF/ alleles, four AIB] elleles, and five CYP3A44 genotypes were missing
among white women. CYP344 genotype wag missing for one Indian-Pakistani woman,

However, the most unportant contribution to inter-individual variability in CYPs is
probably the phenotypic variation resulting from their known inducibility.

Mareover, compounds which nduce these enzymes may also cause a competitive
inhibition of metabolism of aflatoxins,
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There have been & number of studies which have considered polymorphisms in aflatoxin
metabolising or DNA repair enzymes in relation either to the formation of DNA or
protein adducts ot in relation to risk of HCC. Wild ef al, {1993) measured serum AF-alb
in Gambian children in relation to GSTMI genotype and in Gambian adults in relation to
GSTMI, GSTT!, GSTPI and epoxide hydrolase polymorphisms (Wild ef al., 2000) and
found no major differences in adduct levels by genotype. Kensler ef o/, (1998) found no
(ssociation between AF-alb and GSTM! genotype in adults from Qidong County,
People’s Republic of China. More recently, however, CYP3AS genotypes associated with
high cxpression were shown to have higher AF- alb levels in Gambian adults (Wojnowski
ot al., 2004).

The possibility that polymorphisms in DNA repair enzymes could affect the levels of
AFB1-N7-Gua adducts has been less extensively studied. Lunn et al. (1999) examined the
levels of AFB1-DNA adducts in placental DNA from Taiwanese mothers in relation to
polymorphisms in the DNA repair enzyme, XRCC1. The presence of at least one allele
of polymorphism 399Gln was associated with a 2-3-fold higher risk of detectable AFB1-
[NA adducts.

In terms of studies of polymorphisms and HCC, a number of studies have been published.
A recent case—control study including 257 HCC cases and 649 hospital-based age, sex,
ethnicity, and hepatitis B virus infection-matched controls was carried out to examine the
role of genetic polymorphisms of four genes (GSTMI1, GSTT1, HYL1*2, and XRCC1) in
the Guangxi population (Long ez al., 2006). A significantly increased risk was associated
with a combination of “at-risk” genotypes [GSTM1-null, HYL1*2-YH/HH, and XRCC1-
AG/GG], patticularly in those estimated to be exposed to high levels of aflatoxins. In a
paralle] study in West Africa, Kirk et al., (20052} also reported a higher risk of HCC and
some evidence of a greater effect in those exposed to higher amounts of aflatoxins,
Despite the rapid rate of non-enzymatic hydrolysis, which seems to occur without the
intervention of epoxide hydrolase, in one case—control study, mutant alleles of epoxide
hvdrolase were significantly over-represented in persons with HCC (McGlynn et al,
1995),

As a whole, these data suggest that caution must be exercised in risk assessment, as the
risk of cancer depends on a number of environmental factors and host characteristics,
either penetically determined or acquired. Within such complex traits it may be even
difficult to identify a “reference” population and hence any control estimate. It is also
clear that large relative risk obtained after stratification by multiple factors simultaneously
considered are usually unstable from a statistical viewpoint, due to small sample size.
Large relative risks are compensated by large confidence intervals and associated
uncertainty of estimates.
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4.1.6 Toxicity and carcinogenicity

Aflatoxins are well recognized as a cause of liver cancer but they have additional
important toxic effects with a range of consequences: 1) large doses lead to acute toxicity
and death; 2) chronic sublethal doses have nutritional and immmelogic consequences.

4.1.6.1 Acute toxicity

AFB1 causes acute hepatotoxicity in humans and experimental animals. Animal studies
have found two orders of magnitude difference in the median lethal dose for AFB1. The
most susceptible species are rabbits and ducks while chickens and rats have greater
tolerance. Wong and Hsieh (1980) reported the oral LD50 in rat models as ranging from
53t0 17.9 mp/kg b.w. AFB1.

There have been a few reports of human poisoning with aflatoxins (Hall and Wild 1994),
most recently in two consecutive years in Kenya (Lewis et al., 2005} In April 2004, cne
of the largest aflatoxicosis outbreaks occurred, resulting i 317 cases and 125 deaths.
Fifty-five percent of maize products from markets and maize vendors in the affected areas
had aflatoxin levels greater than the Kenyan regulatory limit of 20 pug/kg; 35% had levels
>100 pg/kgand 7% had levels >1,000 pg/kg. Makueni, the district with the most
aflatoxicosis case-patients, had significantly hipher market maize aflatoxins than did
Thika, the study district with fewest case-patients (geometric mean aflatoxin=52.91
ug’kg vs. 7.52 pg/kg, p=0.0004). A case-control study conducted on patients with acute
aflatoxicosis showed AFB1-lysine adducts the highest ever reported concentrations of
AFBI-lysine adducts at or above 0.25 ng of AFB1-lysine per mg of albumin were a risk
factor for developing aflatoxicosis) (Azziz-Baumgartner ef al., 2005).

4.1.6.2 Immune suppression, nutrition and growth effects

In animal experiments AFBI has been shown to induce thymic aplasia, reduce T-
lymphocyte function and number, suppress phagocytic activity and reduce complement
activity (reviewed in Williams e al, 2004). Many studies conducted in poultry, pigs and
rats showed that exposure to aflatoxins results in suppression of the cell-mediated
immune response. Several reports suggest that aflatoxing impair the function of
macrophages in animal species. The species differences noted for the acute toxicity and
carcinogenicity also apply to the immune response. Table 36 summarizes data relative to
the effects of AFBI on the immune system in mice and rats. The NOAELs are mostly in
the region of 30 pg/kg b.w. Studies on Gambian children {Tumer er al, 2003) and
Ghanaians (Jiang er al, 2005) indicate that dietary exposure to AFB1 could resuit in
impairment of ceilular immunity that could decrease host resistance te infections.

Chronjc aflatoxin exposure has major effects on nutritional status in animals but
thresholds for these effects are not defined for any species. Recent studies described a
dose-response relationship between aflatoxin exposure and the degree of stunting and
underweight in children < 5 yrs old in Benin and Toge exposed to aflatoxin (aflatoxin-
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alburnin adducts range 5-1064 pg/mg albumin in 99% of the children) Gong et al., 2002;

2004),

Table 36: Effects of AFB1 on immune response in murine systems.

Strain Dose of Duratio Effect on NOAEL LOAEL CommentRef.
AFB1 n of immune pg/kg pgfkg
dosing response bow. b.w.
per day per day
Male CD-1 30, 145,700 AHMernate Decreasein T- 30 145 _ Reddy et
mice pg/kg b.w days for  lymphocyte al,
2weeks  funcltion and 1987
number
Impaired DTH 30 145
Male 30, 145,700 Alternale Decrease in 30 145 Reddy et
BALB/c ugfkg b.w days for  lymphocyte al,
mice 4 weeks  number 1988
Inhibitien of NK - 30
cell response
Male 30, 150, 750  Daily for  Decreasein 30 150 Hatori et
C5781/6 uglkg bow 4 weeks  splenic CD4 cell al,,
mice number and -2 1961
production
Male 60, 300,600  Alternate Impaired DTH 80 300 Raisuddi
weaniing Hgfko bow, days for  Proliferative 60 300 netal,
rats 4 weeks  response of B- 1993
cells
Proliferative - 60
response of T-
cells
Male 40 pgfkg 90 days  Higher mitogenic Total Theumer
Wislarrats  b.w. response and imake/kg et al,
altered production b.w. al 2003
of |L-2 and IL4 day 90:
by SMC 354 ug
Male Aerasol Suppression of Aerosol Jakab et
Fischer inhalation alveolar inhatation af, 1994
344/NHla 3.7 yag macrophage estimated
rats phagacytosis dose:
16.8
Female Intratracheal pg/kg
Swiss mice  instilation b.w.
12.510 150
HG

DTH= dejayed type hypersensitivity
SMC= spleen mononuclear cells -

4.1.6.3 Long term toxicity and carcinogenicify

Studies have consistently shown AFB1 to be both genotoxic and carcinogenic in
experimental animals. Sufficient experimental evidence is also available for the
carcinogenicity of naturally cccurring mixtures of aflatoxins, and of AFGI and AFMI,
whereas there is only limited evidence for AFB2 and inadequate evidence for AFG2
(FAO/WHO, 1998; IARC, 1993 and 2002).
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Aflatoxin Bl

For the carcinogenic effect of AFB1 there are species and strain differences in sensitivity,
which may arise from differences in the rates and extents of metabolic activation and
detoxification (see section 4.1.3). In rodents, the principal tumours were in the liver,
primarily HCC, but tumours were also found in aflatoxin-treated animals at other sites

including the hung, kidney, and colon. The effective dose of AFB1 for induction of liver |

tumours varied over a wide range in different animal species when AFBl1 was
administered by continuous feeding, generally for the lifetime of the animal. Effective
doses were 10-30 pg/kg in the diet in fish and birds. Rats responded according to strain at
levels of 15-1000 pg/kg diet and in addition to tumours of the liver, tumours were also
induced in the kidneys and the colon. The mean TDsy value based on various studies in
male rats was reported to be 3.2 pg'kg b.w. per day (CPD, 2006). The TDs, was defined
by Gold ef al (1984) and Peto ef al (1984) as follows: “For any particular sex, strain,
species and set of experimental conditions, the Tl is the dose rate {in mg/kg b.w. per
day) that, if administered chronically for a standard peried — the “standard lifespan™ of the
species — will halve the mortality-corrected estimate of the probability of remaining
fumourless throughout that period”. A particularly wide variation in sensitivity has been
seen in mice with TDse >70 ng/kg b.ow. per day in C3H and C57BL mice and >5300
pg/kg bow, per day in Swiss mice, and some strains of mice showing no response at doses
up to 150000 pg/kg diet. Tree shrews respended to 2000 pgikg diet with liver fumours;
the TDsy was reported to be 26.9 pg/kg b.w. per day. In subbuman primate species, AFB1

potency in induction of liver tumours differed widely. Squure]l monkeys developed liver

tumnours when fed AFB1 at 2000 pg/kg diet for 13 months, and rhesus, African green and
Cynomolgus monkeys developed a low (7-20%) mcidence of liver tumours when fed
average doses of 99-1225 mg/animal over 28-179 months. In these species tumours in
extrahepatic tissues (including tumours of the pancreas, gall ‘bladder, and the vascular
system) were observed at much higher frequency than the liver tumours. The TDs, for
liver tumours in rhesus monkeys was 156 pg/kg b.w. per day and for all tumours
combined it was 8.2 pg/kg b.w. per day. In the Cynomolgus monkeys the TDs, for liver
tumours was 848 ug/kg b.w. per day and for ali tumours combined it was 20.1 pg/kg b.w.
per day. (Wogan, 1992; FAO/WHO, 1998; CPD, 2006).

From the available data it can be concluded that some strains of rats are particularly
sensitive to the liver carcinogenicity of AFB1. Studies in which AFBI1 was given to rats
using dietary administration are presented in Table 37. From this table and the TDs,
values calculated for some studies, it appears that the Fisher rat is the most sensitive strain
and that males are slightly more sensitive than females.
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AFB2 has not been studied extensively. AFB2 binds to DNA of rats treated in vivo, after
its metabolic conversion to AFB1. In rodent cells, AFB2 induced DNA_damage, sister
chromatid exchange and cell transformation, but not gene mutations. AFB2 produced
gene mutations in bacteria (FAO/WHO 1998). IARC (1976) judged AFB2 to be about

100 times less potent than AFB1 but concluded in 1993 that there is limited evidence for
carcinogenicity of AFB2 in experimental animals (IARC, 1993).

Table 37: Induction

of hiver tumours (mainly HCC) in rats after dietary administration of

AFBI.
Sax/strain Dose pg/kyg Duration of Tumour Comments Reference
h.w. per day dosing incidence
Male/Fisher rats 0 BOw 0/28 Wogan and
0.75 B8 w 12412 Newbemne,
15 3552 w &i20 1967
50 3541w 18722 '
50 2w 1118 Affer 82 w
Female/Fisher 0 80w 0725 Wogan and
rats 075 80w 1313 Newberna,
15 60-70 w 1111 1867
50 B4 w 414
50 2w 1113 Afier B2 w
Female/Porton Q 104 w 0134 TDss= 12.5 Butler and
rats 5 104 w 5/30 pg/kg bw.iday Barnes, 1968
25 104 w 26433
‘Male/Porton 0 104 w 0/46 TDsp = 3.52 Butler and
rals 4 104 w 17/34 uglkg b.w. /day Barnes, 1968
20 104 w 25425 :
MaleMWistar rats 0 147 d /24 Epsiein et a1,
12.5 147 d 8113 After 742 days 1989
25 147 d 13118 After 822 days
50 147 d 12/14 After 611 days
Male/CDR rat 0 104 w 0/50 TDsp = 4.19 Newberne and
4 104 w 24150 ugfkg bw. /day Rogers, 1973
Female/Fisher 0 104 w /15 TDso = 9.93 Nixon et al.,
rals 1 104 w 1115 ug/kg bow.iday 1974
Male/Fisher rats 0 104 w 0116 TDso = 1.13 Nixon ef al.,
0.8 104 w 5113 pgikg b.w. iday 1874
Male/Fisher rats 0 0/18 TDse= 0.932 Wogan et al,
0.04 104 w 2122 ngfkg b.w. /day 1974
0.2 93w 1122
06 96w 4/21
2.0 82w 20125
4.0 54w 28/28
Female/F344 g 104 w 0/144 TDso = 50.7 Etashoff ef al.,
rats 0.25 104w 0/24 no/kg bw./day 1987
0.75 104 w 0/24
2.25 104 w 1724 ‘
Male/F344 rats 0 17144 TDso =499 Elashoff ef al.,
0.2 023 pgfkg bow.fday 1987
0.6 0124
18 1723
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Aflatoxin G1

AFGI binds to DNA and produces chromosomal aberrations m bone-marrow cells of
rodents treated in vivo. In vifro it induces mutations and chromoesomal damage in bacteria
and causes DMA damage and chromosomal abberrations in cultured human and animal
cells (FAO/WHO 1998). AFGI is almost as potent as AFB1 in producing liver tumours in
trouts and rats. In trouts, Halver (1968) found 1.5 to 4 times fewer fwnours in the AFG1-
dosed than in the AFB1-dosed trouts after 16 months of dosing. In rats, equimolar doses
of AFGI caused about 5 times fewer liver tumours than AFB1 in both sexes (Butler et al,
1969). However, AFG! induced a higher incidence of kidney tumours than AFB1 and
should therefore be considered to be equally potent to AFBL. IARC concluded in 1993
that there was sufficient evidence in experimental animals for the carcinogenicity of
g AFGI.

—

Aflatoxin G2

AFG2 has been the subject of very little research. From censideration of the chemical
structures it may be reasonable to assume that AFG2 would be of similar potency to
AFB2. JARC concluded in 1993 that there was inadequate evidence for the
carcinogenicity of AFG2.

Aftatoxin M1

AFMI is a metabolic hydroxytation product of AFB1. AFMI1 1s considered to be a
genotoxic agent, based on its activity im vitro and its structural similarity with AFBI
(FAO/WHO 2001}, In an experiment with the same dose of AFM1 as AFBI1 to Fisher rats
(total dose 1mg per rat}, tumours developed considerably faster in the animals dosed with
AFB] than in those dosed with AFMI1. After 2 years all AFB1 dosed animals had liver
turnours, but only 1 of 29 AFMI-dosed animals (3%). However, 28% of AFM1-dosed
animals showed preneoplastic liver lesions (Wogan and Paglialunga, 1974). In another
study, groups of Fisher rats were maintained on diets containing AFM1 at 0, 0.5, 5, or 50
ug/ke and were killed between 18 and 22 months. In rats fed the diet containing AFM1 at
50 pg/kg, hepatocellular carcinomas were detected in two of 18 rats killed at 21 months,
and neoplastic nodules were found in six of 37 rats killed between 19 and 21 months. No
nodules or carcinomas were observed in the groups receiving the lower doses. Nineteen
of 20 rats fed a diet containing. AFB! at 50 pg/kg had developed hepatocellular
carcinomnas by 17 months {(Cullen ef ¢l., 1987). From these results, FAO/WHO (2001) as
a conservative estimate, considered the potency of AFM]I to be 10% that of AFB]. IARC
concluded in 1993 that there was sufficient evidence in experimental animals for the
carcinogenicity of AFM1 and inadequate evidence for the carcinogenicity of AFMI in
humans.
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4.1.7 Humanp epidemiological data

4.1.7.1 Hepatocellular carciroma incidence worldwide

HCC is the sixth most common cancer worldwide with 626,000 {5.7% of total) new cases
in 2002 (Parkin er al., 2005). Mortality is almost synonymous with incidence, given the
poor survival rates; in 2002 there were 598,000 deaths in the world from HCC.

The majority of HCC cases (>80%) occur in developing countries with a higher incidence
in males compared to females. In Europe the incidence rates for HCC are generally low,
other than in southem Europe where they are intermediate compared to other areas of the
world (Bosch and Ribes, 2000 ; Levi ef al, 2004 a, b; Parkin er al, 2005, (Table 38).
There is however, some evidence of an increase in incidence of HCC in parts of Europe
{Levieral, 2004 2, b)

Table 38: Hepatocellular carcinoma rates in Europe. ‘

Region Age standardised rate {ASR) per 100,000 per year
Males Females
Southern Europe 116 4.0
Western Europe 6.2 1.7
Eastern Europe 53 2.4
Northern Europe 34 1.7

4.1.7.2 Aetiology of hepatocellular carcinoma

The epidemiology of hepatocellular carcinoma in relation to exposure to chronic infection
with hepatitis B virus (HBV) and aflatoxins has been reviewed in depth on a number of
occasions. The International Agency for Research on Cancer (IARC) classified naturally
ocewrring aflatoxins as human carcinogens in 1987 and again in 1993 (IARC 1987, 1993);
IARC updated their evaluation in 2002 (IARC, 2002). The majority of the early
epidemiological studies of aflatoxins and liver cancer comprised ecological or case:
contro!l studies that did not take account of HBV infection (IARC 1987, 1993). In
addition, aflatoxin exposure is notoriously difficult to measure at the individual level.
Aflatoxins are heterogeneously distributed in food commodities such as maize and
groundnuts causing difficulties in obtaining representative samples for analysis. In
addition, this heterogeneity means that questionnaifes concemning consumption of foods
cornmonly contaminated with aflatoxins are relatively uninformative. Nevertheless,
reasonably consistent associations were found between estimates of dietary exposure to
aflatoxins and HCC rates in a number of countries in sub-Saharan Africa and south-east
Asia (IARC 1993).

In Europe, no epidemiological studies have directly investigated aflatoxin exposure as a
risk factor for HCC. In terms of other HCC risk factors in Europe, 28% of liver cancer
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cases have been attributed to chronic HBV infection and 21% to HCV infection. Other
risk factors have included alcohol consumption, cigarette smoking and oral contraceptives
(Bosch and Ribes, 2000). A more recent meta-analysis focused on risk factors for HCC in
southermn Europe, reporting that about 85% of all HCC cases were attributable to alcohol
and infections with HBV or HCV leaving “little or no room to other already known risk
factors, such as haemochromatosis and other genetic diseases, and to- new, still
unrecognized factors” (Donata er al., 2006). |

From the 1990s onwards epidemiological evidence for & role for aflatoxins in the
aetiology of HCC has come from two main sources, both involving biomarkers. Namely,
a number of longitudinal studies have incorporated aflatoxin biomarkers to measure
aflatoxin exposure at the individual level whilst some melecular analyses have provided
mechanistic evidence for a link between aflatoxins and HCC aetiology. A number of the
relevant studies are summarised in Table 38.

Cohort studies

There were two longitudinal cohort studies of HCC using urinary (aflatoxin metabolites)
and blood (aflatoxin-aibumin) based biomarkers to assess individual aflatoxin exposure
that showed significant interactions with chronic HBV infection (Ross ef al., 1992; Qian
et al, 1994; Wang ef al., 1996). Both studies, in Shanghal (Ross er o/, 1992; Qian et ol
1994} and Taiwan (Wang ef al., 1996), reported increased risks of HCC in individuals
positive for HBV infection and aflatoxin biomarkers alone, but a more than multiplicative
interaction between the two risk factors (see Table 38). In a foliow-up of the cohort
reported by Wang et al., (1996), Sun and co-workers (2001) compared aflatoxin-albumin
adducts in hepatitis B virus antigen (HBsAg) carriers who had developed HCC compared
to those that had not. There was a statistically significant relationship between detectable
AFB1-albumin adducts and HCC risk (Table 39).

Yu ef al, (1897) analysed a number of urinary aflatoxin biomarkers in a nested case:
control study of HCC in Taiwan. As all cases except one were HBsAg positive, they
matched cases with HBsAg positive controls from the cohert and observed an OR of 6.0
for those with the highest urinary AFM! levels; other urinary aflatoxin biomarkers were
not associated with an increased OR. Other similar analyses of aflatoxin-related risk
among HBsAg carriers have been reported by Sun ef al., (1999) and Chen et al., (1996)
(see Table 39).

A relatively consistent qualitative picture emerges from these studies, of a higher risk of
HCC in individuals chronically infected with HBY and exposed to higher levels of
aflatoxins, compared to individuals either not chronically infected with HBV and exposed
to aflatoxins or infected with HBV buf exposed to lower levels of aflatoxins. However, it
is notable that none of the above studies provided direct guantitative relationships
between dietary aflatoxin intakes, biemarkers and HCC risk. Aflatoxin biemarker
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exposure data were typically reported categorically, as positive or negative or high ang
low. -

In order to use more recent epidemiological studies that have employed biomarkers (see
Table 39) for risk assessment there would need to be a well-defined quantitative
relationship between the biomarker and the aflatoxin intake at the individual level.
Although some studies have addressed this {Gan ef al, 1998; Wild et al, 1992;
Groopman ef al, 1992), these studies tend to be on a small scale in one specific
population. In addition, in the published papers using these bicmarkers to examine liver
cancer risk in epidemiological studies, the biomarker data are often presented in
categorical fashion (e.g. exposed/non-exposed; high exposure/low exposure) and hence
the quantitative data on an individual basis are unavailable in the public domain.

Table 39: Studies of the Interaction between aflatoxins and HBV 1n HCC.

Ref, Population Cobort Cases Controls Blomarker | OR
Qian ef Shanghai, 18,224 males 50 267 Urinary AF 3.4 (1.1-10.0} AF alone
al, 1994 PRC ) biomarker 7.3 (2.2-24) HBsAg ™
alone
58.4 {16.6-212) AF and
HBsAg
Wang ef  Taiwan 12,040 mates 56 220 Urinary AF 1.7 (0.3-10.8) AF alone
al., 1996 13,758 metaboliies™ 22.8 (3.6-142.4)
females HBsAg alone
111.9 (13.8-905) AF
and HBsAg
28 21 Urinary AF 5.5(1.3-23.4)
‘ HBsAg'? HBsAg®  metabolites”
Chenef Talwan 6,487 33(20) - 123 (86)7 AFB1- 5.5 (1.2-24.5) AF aione
al., 1996 4,691 males albumin 129 (25-659) AF and
1,796 females adducts HEsAg
Yu etal, Tawan 7.342 males 43 86 Urinary AFM1 6.0 (1.2-29.0)¥
1997 4,841 HBsAg HBsAg" HBsAg®
carriers
2,501 non-
carriers
Sun et Taiwan 12,024 males 79 149 Serum AFBT1-  2.0(1.1-3.7)¥
al., 2001 13,584 HBsAg®™ HBsAg®  atbumin
females
Sun ef Qidong 145 male 22 123 Urinary 3.3{1.2-8.7)
al, 1998 Co., PRC  HBsAg HBsAg'  HBsAg® AFMI®
. carriers

a) Highest compared ta lowest tertile of AFMI level; adjusted for educational level, ethnicity, alcohol,
cigaretie smoking

b} Detectable versus non-detectable; adjusted for sex, age and residence

¢) Eight monthly urine samples were collected over follow-up and urinary AFM] analysis was conducted on
a pooled sampie; AFM1 positive compared to negative

d) Presence versus absence of any aflatoxin biomarker; adjusted for cigarerte smoking

e) Low versus high urinary aflatoxin biomarker; adjusted for cigarette smoking and alcohol drinking

f) Low versus high urinary aflatoxin biomarker; adjusted for age, residence, cigaretie smoking and alcohol
drinking

g) Only the numbers of subjects in brackets had samples for analysis of aflatoxin biomarker;

h) Hepatitis B virus antigen

1) Hepatitis B virus antigen positive
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Molecular analyses

The biological plausibility of the association between aflatoxin exposure and HCC risk is
supported by the association between exposure and a specific point mutation in the third
nucleotide of codon 249 (AGG to AGT) of the TP53 tumour suppressor gene (codon
249* mutation) (Wild and Turner, 2002), This particular type of transversion mutation at
guanine residues is consistent with that induced by aflatoxins in a variety of experimental
models. Overall, published studies show a positive correlation between population
estimates of aflatoxin exposure and the proportion of HCC with a 249* mutation (Wild
and Tumer, 2002). In regions of China where aflatoxin exposure is reported as high, the
249°" mutation was observed in more than 50% of HCC compared to less than 10% in
low exposure regions. In pgeographic regjons.of expected low aflatoxin exposure
(including Europe and North America) the prevalence of 249° mutations is extremely
low (<1%).

Chronic HBV infection is generally considered insufficient to cause the 249°" mutation,
because of the extremely low prevalence of mutations in HBV infected people with HCC
from North America, Europe and Japan (Lasky and Magder, 1997). The.absence of the
249% mutation in HCC from Euwrope is therefore consistent with a limited role for
aflatoxinis in the disease in this region. However, the number of HCC examined for the

mutation is refatively few. For example in the summary by Lasky and Madger (1997) .

only 71 HCC from Europe are listed of which one bhad a 249° mutation. In addition,
aflatoxins could contribute to HCC by mechanisms other than TP53 mutation.

The high prevalence of HBV infection in aflatoxin endemic areas has made it more
difficult to define whether both risk factors are required for the 249*" mutation to occur.
In the meta-analysis by Lasky and Madger (1997} data were available on 449 patients,
201 positive for HBV markers and 248 negative. The association between level of
aflatoxin exposure and 249%** mutation was stiil observed when restricting the analysis to
HBYV positive patients in high and low aflatoxin exposure groups. However, the number
of HBV negative patients with high aflatoxin exposure was too small to make a similar
comparison in HBV negative cases.

Case: control studies

Case: contro! studies of aflatoxins and HCC have been conducted in sub-Saharan Africa.
it is noteworthy that no prospective cohort stadies of HBV, aflatoxins and HCC have
been reported 1n this region of the world.

Omer ef al., (2004) conducted a case: contro! study of HCC in Sudan and assessed peanut
consumption, as a surrogate for aflatoxin exposure in this population, and HBV infection.
There was a significant association with peanut butter consumption and HBV infection,
and a more than additive interaction between the two was reported. Whilst this study had
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the positive feature of confirming HCC by histology in 95% of cases, the use of peanut
consumption as a surrogate for aflatoxin exposure is a significant limitation. In line with
the studies in China and Taiwan, no estimates of dietary aflatoxin exposure in relation to
HCC risk were made.

Kirk et al, (2004; 2005b) reported a case: control study of HCC in The Gambia. Both
HBV and HCV infection were significantly associated with HCC risk, albeit HCV
infection rates were low. In a follow-up analysis the authors examined the 249*" mutation
in the plasma of HCC cases, cirrhosis patients and controls (Kirk et al, (2005b). They
found the mutation detectable in 39.8, 15.3 and 3.5% of the three groups respectively with
an OR of 20.3 (8.19-50.0) for individuals positive for the mutation in plasma.
Furthermore, the presence of both the 249° mutation and HBV infection was associated
with an OR = 399 (48.6-3270). These data are consistent with a multiplicative effect on
HCC risk of the mutational effect of aflatoxin on TP53 and chronic infection with HBV.
It is unclear to date whether the 249* mutation is simply a marker of HCC or a measure
of aflatoxin exposure. However, this study again provides no information on aflatoxin
exposure level in relation to HCC risk.

4.1.7.3 Hepatitis B virus prevalence

Given the above discussion it is clearly important to consider the prevalence of HBV in a
population in relation to the associated population risks from aflatoxin exposure. The
WHO has presented data on chronic HBV infection world-wide in relation to three areas
where the prevalence of infection is: high (>8%), intermediate (2-8%), or low (<2%)
(Mahoney, and Kane, 1999; Viral Hepatitis Prevention Board 1998). Areas with high
endemicity include south-east Asia and the Pacific Basin (excluding Japan, Australia, and
New Zealand), sub-Saharan Africa, the Amazon Basin, parts of the Middle East, the
central Asian Republics, and some countries in Eastern Europe.

In general in eastern and southern (Mediterranean region) Europe HBV carriage rates are
between 2-7% (see Table 40) whilst in the rest of Europe they are below 1% (see Table
40) and less than 20% of the population is ever exposed to HBV infection. However, as
noted the prevalence of chronic infection is considered endemic in some regions,
especially the Central Asian Republics and some Eastern European ceuntries including
Bulgaria, Romania, Albania and Moldova, where carriage rates can be >8% (Meheus,
1998; Maddrey 2000).
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Table 40: Prevalence of hepatitis B in various areas. Adapted from World Health
Organusation 2001,

% of population positive for infection

Area HBsAq anti-HBs Neonatal Childhood

Northemn, Western, and Central

Eurepe, North America, Australia €.2-0.5 46 Rare nfrequent
Eastern Eurgpe, the Mediterranean,

Russia and the Russian Federation,

Southwest Asia, Central and South 27 20-55 Fraquent Frequent
America

Parts of China, Southeast Asia, Very

tropical Africa 8-20 70-85 frequent Very frequent

From: Zuckerman AJ. Hepatitls Viruses. In: Baron S, eds. Medical Microbiology, 4th ed. Galvesion, TX, The
University of Texas Medical Branch at Galvestor, 1996:849-863,

There are also specific high risk groups within European populations, including drug
users znd immigrants from areas of the world with high prevalence rates. As an example,
in Germany, an area of low HBV infection, there are 7.3 million foreign citizens and 3.2
million immigrants from the former USSR and Eastern Evurope, many of which are from
regions with high HBV infection rates (Marschall er /., 2005).

Overall, it has been difficult to identify a systematic review of HBV prevalence rates in
Europe from the scientific literature. There is a need for a systematic review of HBV and
alsc HCV infection chronic carrier rates in EU countries, given that immigration rates in
some new member countries are leading to dynamic changes in prevalence rates for these
infections. Studies of liver cancer incidence in populations where HBV vaccination has
been implemented for a number of years may inform quantitative risk assessment in the
future. ’

@.1.8 Dose-response modelling
The Panel considered the liver carcinogenicity of aflatoxins to be the pivotal effect for the
risk assessment. Studies have consistently shown  AFB] to be both genotoxic and
carcinogenic in experimental animals. Sufficient experimental evidence is also available
for the carcinogenicity of naturally occurring mixtures of aflatoxins, and of AFG1 and
AFM1, whereas there is only limited evidence for AFBZ and inadequate evidence for
AFG2 (FAO/WHO, 1998, IARC, 1993 and 2002).

The potential carcinogenicity in humans of the aflatoxins {either tota] or AFB1) has been
examined in a large number of epidemiology studies, generally carried out in Africa and
Asia, where substantial quantities of aflatoxins occur in basic foodstuffs. Exposure to
aflatoxing appears to present an additional risk, which is enhanced by simultaneous
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exposure to hepatitis B virus, and possibly hepatitis C virus (FAO/WHO, 1998; 1ARC
1993 and 2002).

Because aflatoxins are both genotoxic and carcinogenic the Panel could not establish a no
observed adverse effect level (NOAEL) as a point of departure for the risk assessment.
Therefore, the Panel considered dose-response modelling of experimental data from
animal experiments and data from epidemiological studies. The Panel noted that the
avajlable database for dose-response modelling would only be sufficient for AFBI.
Therefore, and taking into account that AFGl and AFB2 were also shown to be
carcinogenic in rodents, albeit at lower potency than AFBI1, in the risk characterisation
the Panel as a conservative approach assumed that the carcinogenic potency of “total
aflatoxins” would be similar to that of AFB1.

Aflatoxin Bl
Benchmark dose (BMD) modelling of animal data

The BMD approach was originally put forward by Crump (1984) as an alternative to the
NOAEL and LOAEL for non-cancer health effects because it provides a more
quantitative alternative to the first step in the dose-response assessment than the
NOAEL/LOAEL. The BMD is based on a mathematical model being fitted to the
experimental data within the observable range and estimates the dose that causes a low
bu\werwcmse(the benchrnark respons@ typically chosen at a 5 or 10%

“incidence above the control. T}_x_g__,BMD lower timit ( BMDL) refers to the coﬁm
lower limits of 4 one-sided 95% confidence interval on the BMD. Using the lower bound
takes into account the uncertainty inherent in a given study, and assures {with 95%
confidence) that the chosen BMR is not exceeded.

For the evaluation of human and experimental animal data the EFSA Scientific
Commuittee has proposed to use the BMD methodology to derive a reference point on the
dose-response curve. The Scientific Committee was of the opinion that the use of the
BMDL, calculated for a BMR of 10% (BMDL 10}, is an appropriate reference point for
compounds that are both genotoxic and carcinogenic. Such a value is the lowest
statistically significant increased incidence that can be measured in most studies, and
would normally require little or no extrapolation outside the observed experimental data.

Although a number of carcinogenicity studies of AFB! have been performed in animals,
most of them are dot suitable for dose-response modelling for the risk assessment of
ATBI] in food either because they did not use dietary administration, used only a single
dose, or produced a 100% response in all dosed groups. In addition, in many studies
aflatoxin administration was combined with some other treatment. The animal species
most sensitive to the liver carcinogenicity of AFB1 appears to be the rat. The Panel
considered the study in male Fisher rats performed by Wogan ef af (1974) as the most
adequate study for dose-response modelling. The Panel also considered the study
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performed by Epstein ef al (1969) in male Wistar rats (see Table 37). However, as ali
effective doses of AFB1 produced more than a 50% incidence of liver carcinomas this
study was not found suitable for a BMDI10 caleulation, as this would be far outside the
observable range for that study.

In the study by Wogan et al. (1974) groups of male Fisher rats, weighing approximately
80 g, were fed diets containing 0, 1, 5, 15, 50, or 100 pp/kg diet of AFB1 (purity >95%,)
until clinical deterioration of animals were observed, at which time all survivors in that
treatment group were kitled. The results of the study as regards liver pamology are given
in Table 41. The Panel converted the dietary concentrations of AFB] into daily intakes
assuming that an average adult male rat consumed 40 g diet per kg body weight per day.
The Panel also adjusted the daily intake to 104 weeks in order fo compensate for the
shorter study duration in some of the AFB] groups. [n the modelling of the results from
the Wogan et al. (1974) study the highest dose was omitted because this dose resulted in a

- 100% tumour incidence.

Table 41: Induction of liver cell hyperplasia and tumours (hepatocellular carcinomas) in
male Fisher rats after dietary administration of AFBi {(Wogan et al., 1974).

Dose pgtkg Buration of Time adjusted Tumour Hyperplasia Transitional
b.w./day dosing dose incidence celis
0 104 w 0 0/18 118 0/18
0.04 104 w 0.040 2122 622 1122
0.2 93 w 0.179 1722 4/22 122
0.6 96 w 0.554 4/21 13/21 ofet
20 82 w 1.58 20125 B/25 7125
4.0 54 w 2.1 28/28 8728 | 4/28

The US EPA BMD software (BMDS) was used (US EPA, 2006) for medelling the liver
carcinoma dose-response in male Fisher rats. For carcinogenicity data, a number of
models are available In the BMDS, and model fitting, determination of goodness-of-fit,
and comparing models to decide which one to use for obtaining the BMDLI1OQ are
outlined. The following dese-response models were fitted to the dose-incidence data:

& Gamma multhit model
v Log-logistic model

® Multistage mode!

° Probit model

s Qurantal linear model

e Quantal quadratic model

® Weibull model

The BMD and BMDL values for an extra 10% risk compared to the background wers
estimated by performing 250 iterations.
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The acceptability of a model can be based on several criteria. Some of the models are
nested models {(i.e. they are related to each other such that by leaving out a parameter, one
model] reduces to the other; this holds for the one, two, and three-stage models). The fit
should not be significantly worse (using the likelihood ratio test) than the fit provided by
the “full” model. The full medel is the model that does not assume any dose—response
function (its parameters are simply the frequencies per dose level) (Filipsson et al, 2003).

While the likelihood ratio test can only be applied to nested models, the AIC criterion
{Akaike, 1974; Bozdogan, 1987) has been proposed as an approximate criterion for
comparing the fits of non-nested models (Filipsson et al. 2003).

In addition, the BMDS provides statistics for the goodness of the fit. The lower the chi-
square value the better the fit and the calculated p-value should be significantly larger
than 0.1 which in this case was chosen to represent a rejection level (Filipsson er al
2003).

For those models that were considered acceptable the BMD10 values, as well as the
BMDL 10 values were calculated (Table 42).

Table 42: BMD10 and BMDL 10 calculation based on Wogan ef al. (1974).

Model Log AlC Chi- p-vaiue  Accept BMD10 BMDL10
{likelihood) square {ug/kg b.w.  (pavkg bow.
per day} per day)

Full model -33.51
Gamma multi-hit -34.76 75.52 1.87 0.39 Yes G.47 0.23
Log-legistic -34.76 75.52 1.87 0.39 Yes 0.47 0.26
Multi-stage -34.82 73.64 2.16 0.54 Yes 041 017
Probit -33.75 75.50 1.80 0.41 Yes 0.48 D.28
Quantal-linear -37.12 78.24 7.12 0.07 No
Quantal-quadratic -34.82 73.64 2.16 0.54 Yes 0.41 . 0.34
Weibul -34.78 75.56 1.96 0.37 Yes 0.46 0.21

The calculated BMD10 values ranged from 041 to 0.48 pg’kg b.w. per day and the
BMDLI10 values from 0.17 to 0.34 pug/kg b.w. per day. In order to be prudent the Panel
used the lowest BMDL10 of 0.17 pg/kg b.w, per day in the risk assessment.

Dose response modelling of human data
Assessment not accounting for HBV infection

Epidemiology data indicate a clear association between exposure to dietary aflatoxins and
liver cancer. However the relationship is confounded by high incidences of hepatitis B,
which is a recognised risk factor (see section 4.1.6.2). The potential carcinogenicity of
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aflatoxins in humans has been examined ir a number of population studies. Some of the
studies do not differentiate between AFB1, AFG], AFB2, and AFG2, but those included
in the following (Table 43) provide separate evaluations of AFB1. The studies were
carried out in Africa or Asia where substantial guantities of aflatoxins occur in. basic
foodstuffs, HBV infection is very common, and cancer of the liver is one of the maost
frequent forms of cancer in those regions. The studies are in the form of correlation
studies, ie. studies to determine whether there is a correlation between geographical
differences in aflatoxin contamination of foodstuffs and the occurrence of liver cancer.
The AFBI intakes were calculated on the basis of measurements of the AFB1 content of
foodstuffs (NFA, 1990).

Table 43: Population studies in four countries with a high incidence of liver cancer. HBV
infection not taken into account (Adapted from NFA, 1990}

Count'ry Region AFB1 intake Liver Liver cancer
{ng’kg b.w. per day] cancerRate/yeara) rate/60 yearsa)

Kenya® Highland 4.2 14 840
Kenya Midland 6.8 43 2,580
Kenya Lowland 12.4 58 3,480
Swaziland® High veldt 14.3 35 2,100
Swaziland Middle veldt 40.0 85 5,100
Swaziland =~ Lebombo 32.9 B9 5,340
Swaziland Low veldt 1271 184 11,040
Transkei ¥ Four districts 16.5 91 5,460
Mozambique  Manhica-Mangud 20.3 121 7,260
Mozambigue  Massinga 38.6 ' 93 5,580
Mozambique Inhambane 7T 218 13,080
Mozambigque  laharrime 86.9 178 10,680
Mozambique Morrumbene 87.7 291 17,480
Mozambique  Homoine-Maxixe 1314 479 28,740
Mozambigue Zavala 183.7 288 17,280
China® Guangxi B 1.7 1,754 105,240
China Guangxi B 90.0 1,822 109,320
China Guangxi C 704.5 2,855 171,300
China Guangxi D 20274 6,135 388,100
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Age-adjusted annual incidence of liver cancer for men per one million individuals. The
age distributions of the population groups studied did not deviate significantly from each
other. In the study from China, the incidence of HBsAg+ carriers was 23% of all
members of the cohort and in the study from Swaziland and (presumably) Kenya it was
21-28%, whereas no information was found for Mozambique. The calculation of the
lifetime liver cancer raté (last column) assumed a lifespan of 60 years.

a} Peers et al., 1976 as corrected by Carlborg, 1979,
b) Peersetal, 1987.

c) Van Rensburg er al., 1985.

d) Yeheral, 1989.

The Panel considered BMD analysis on the lifetime liver cancer rate data in Table 43
using the US EPA BMD software (BMDS) (US EPA, 2006). When the whole data set
was used BMDL10 values for an extra 10% risk compared to the computed background
risks ranging from 0.496 to 0.901 nug’kg b.w. per day were calculated. Due to the many
data-points in the analysis the calculated BMID 10 and BMDL10 values were very similar.
However, the criteria for acceptability of the fits were not fulfilled in any case, and
therefore the assessment was considered inappropriate. In addition, the Yeh er al. (1989)
examined mortality from liver cancer, while the other studies also appeared to tnclude
diagnosts after clinical tests and histological examinations of needle biopsies. When the
calculation was performed on the Yeh er af (1989) data alone the range of BMDL10
values with acceptable fits were 870 — 1,100 ng/kg b.w. per day for an extra 10% risk
compared to a computed background risk of about 10.5%. When the Yeh er al (1989)
data were removed from the data set BMDIL 10 values with acceptable fits were calculated
from 344 to 862 ng/kg bow. per day for an extra 10% risk compared to computed
background risks of 0.17 — 0.50%, respectively. However, the Panel noted that the highest
cancer incidence among these data was 2.8%, which is significantly lower than the BMR
of 10% proposed by the EFSA Scientific Committee to be used as a point of departure for
an assessment, and therefore this calculation was considered inappropriate. However, if
the BMR was set to 1%, the data set without the Yeh ef al. (1989) results could be used to
calculate BMDL1 values with acceptable fits ranging from 78 - 121 ng/kg b.w. per day
for an extra 1% risk compared to computed background risks of 0.17 — 0.50, respectively.

The JECTA (FAO/WHO, 1998) also reviewed selected risk assessments and compared
the resulting potency estimates. The JECFA stressed, “that in all of the analyses, the
potential effect of mis-specification of the dose that went into the derivation of the
potency was not quantitatively addressed. As for all retrospective constructions of
exposure, use of recent levels of aflatoxin exposure to describe current incidence rates
assumes that current exposures are comparable to past exposures. Owing to the long
latency period predicted for most cancers, uncertainty in the lifetime dose is an additional
source of varjability”. The potency estimates based on the JECFA’s analyses of
epidemiological studies in which regional cancer rates were compared with estimates of
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aflatoxin intake without regard to differences in HBV infection rates are summarise in
Table 44.

The Panel noted that the potencies estimated by these various authors and cited by the
JECFA were compatible with the BMDL values calculated by the Panel. As an example,
a potency of 0.15 incidences/100,000 individuals per year from 1 ng AFBl/kg b.w. per
" day would corespond to an extra 1% or 10% lifetime (60 years) incidences from 111 or
1,111 ng/kg b.w. per day, respectively. This is, however, not surprising since the
potencies were more or less derived by (linear) extrapolations from the same data that
were used for the BMDL caleulations. ’

Table 44: Potency estimates of the risk of liver cancer in humans based upon
epidemiological data with no correction for HB'V status assuming an exposwre of 1 ng/kg
per day (Adapted from the JECFA (FAO/WHGO, 1998)).

Author Incidencelyear per 100 000
Peers & Linsell (1977) 0.11

Stoloff & Frizdman (1978) 0

Carlborg {1979} <0.2%

Bruce {1990) -

based on Stoloff (1983) 0

based on van Rensburg _ei al. {1985), Shank et al. {1972a,b)

Peers ef al. (1976, 1987) 0.10

Croy and Crouch (1991)

based on Peers ef al. (1976) 03.15 {0.09, 0.23)
based on Yeh et al. (1989) 0.14 (0.08, 0.21)
Calif. Dept. Health Serv. (COHS, 1850)

based on Peers ef al. (1976) 0.35 (0.15, 0.60)
based on van Rensburg ef /. (1885) 0.14 (0.10, 0.17)
based on Peers et al. (1987) 0.17 (NA, 0.3)
based on Yeh ef al. {(1989) 0.18 (NA)

) Numbers in parentheses represent (lower, upper) 95% confidence limits on the predieted risk when available
from the authors.

.

Potency estimates accounting for HBV infection

The epidemiology study by Yeh er al. (1989) has been the focus of several quantitative
risk assessments. The study has been considered useful in determining the potency of
AFBI1 exposure in HBsAg" individuals. It examined the roles of the hepatitis B virus and
AFB1 in the development of primary HCC in a prospective cohort of 7,517 men aged 25
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to 64 years old in the Guangxi Province in southern China, where the incidence of HCC is
among the highest in the world. After accumulating 30,188 person-years of observation,
149 deaths were observed, 76 {51%) of which were due to HCC. Ninety-one per cent (69
of 76) were HBsAg+ at enrolment into the study in conirast to 23% of all members of the
cohort. Three of the four patients who died -of liver cirthosis were also HBsAg+ at
enrclment. There was no association between HBsAg positivity and other causes of death.
To estimate AFBI exposure, between 1978 and 1984, staple foods consumed in the
counties of southern Guangxi were regularly sampled and tested for contamination by
AFBI.

When estimated AFBJ levels in the subpopulations were plotted against the
corresponding mortality rates of HCC, a positive and almaost perfectly linear relationship
was observed. On the other hand the prevalence of HBsAg was very high and
homogeneous across the study areas (range 21.6%-24.7%) and therefore, no significant
association was observed when the prevalence of HBsAg positivity in the subpopulations
was compared with their corresponding rates of HCC mortality. The authors concluded
that despite the "crudeness” of their exposure estimate, (i.e., population-based instead of
personal exposure assessments), it is reasonable to conclude that AFR1 seems to play a
role in the unusually high rates of HCC in southern Guangxi.

In the analysis of their study, Yeh ef al. (1989) adjusted mortality rates for each region
based on the age distribution of the composite study cohort as an intermal standard.
However, Wu-Williams et al. (1992) calculated that the age-adjusted HCC rate for the
total cohort was 121.5 per 100,000 when standardized to the age disiribution of the world
population versus 226.3 per 100,000 when standardized to the age distribution of the
study cohort. The ratio of these rates (0.54) was then used to adjust the regional HCC
mortality rates reported by Yeh ef ol (1989) to obtain expected incidence rates for a
{(hypothetical) cohort with age-distribution similar to the world population. Adjusted
person-years of observation (APY) were calculated in each region as the number of HCC
deaths observed in that region divided by the adjusted mortality rate. Adjusted person-
years of observation were assumed to be distributed among HBsAg+ and HBsAg-carriers
according to the regional prevalence of hepatitis B (FAO/WHO, 1998). These data are
summarized in Table 45.
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Table 45: Epidemiological data from Yeh er al. (1989) as corrected by Wu-Williams ez
al. (1992) (Adapted from the JECFA (FAO/WHO, 1998)).

AFB1 dose PLC cases APY?
{ng/kg b.w./day) HBsAg HBsAg® HBsAg" HBsAg"
12 0 12 9932 2727
a0 1 7 6114 2017
705 4 12 : 7733 2537
2028 2 23 5803 1743
& 7 54 29582 8034

= Adjusted person-years (see text)
*'No data available for this group

The data from the Yeh et ol (1989} study have been analysed by several authors in order
to determine potencies of AFB1, expressed as cancers per 100 000 persons per year for
every ng AFB1/kg b.w. per day, in HBV negative and HBV positive individuals exposed.
Potencies obtained in these studies are summarized in Table 46.

Table 46: Potency estimates of the risk of liver cancer in humans based upon
epidemiological data with correction for HBV status assuming an exposure of | ng/kg per
day (Adapted from the JECFA (FAOQ/WHO, 1998)).

Study HBsAg status Incidence per 100,006%
Croy & Crouch (1991) - 0036 (0.079)

+ 050 0.77)
Wu-Wiltiams ef al(1992) ‘
Multiplicalivedinear modes - {.0037 (0.006)

+ 0.94 (0.19)
Additive-linear model - 0.031 (0.06)

+ 0.43  (0D64)
Hosenyi (1992) - 0.0018 {0.0032)
{background=3.4/100 000) + 0046 (0.08)
Bowers ef al (1993) . 0013

+ 0.328

2 Numbers in parentheses represent upper 95% confidence limits on the predicted risk when available from the authors.

For its assessment, the JECFA chose separate central tendency estimated potencies and
ranges for AFB1 from these epidemiological data. These correspanded to 0.3 cancers/year
per 100,000 population per ng AFBI/kg b.w. per day (uncertainty range: 0.05-0.5) in
hepatitis B virus antigen positive (HBsAg") individuals and 0.0] cancers/year per 100,000
population per ng AFBI/kg b.w. per day (uncertainty range: 0.002-0.03) in hepatitis B
virs antigen negative (HBsAg") individuals (FAO/WHO, 1998).
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Uncertainties in the human data used in the BMDL calculations and the potency
estimates for AFB1

The Panel derived BMDL10 and BMDL] values for the liver carcinogenicity of AFB1
based on epidemiological studies in poputations with high incidences (>20%) of HBV
infection. In order to take account of the importance of HBV infection in the liver
carcinogenicity of AFB] in human studies, the Panel decided to also use the JECFA
potency estimates based on published assessments. However, the Panel recognised the
large uncertainties behind zll these estimates based on the human studies.

It should be noted that the association of aflatoxin exposure with increased liver cancer
risk in HBV positive individuals is strong. It is rather the basis for the guantitative
estimates of risk, related to AFB1 exposure and stratified by HBV status, which are
uncertain. While the uncertainties related to the exposure estimates are similar in all the
studies, the aflatoxin potency estimates comparing HBV positive and negative groups
cited by the JECFA were predominant[y' derived from published analysis of the study by
Yeh et al (1989). Given the importance of this paper, the Panel wishes to mention a
number of limitations and uncertainties that indicate that extrapolations from these data
should be interpreted with caution.

Exposure uncertainties in the study of Yeh ef al. (1989):

° Aflatoxin exposure was only calculated for the four agricultural communities in
the study, as no information was available for the fifth community. The analysis
was achieved by analysis of “raw” food samples from the counties of southern
Guangxi collected twice a year between 1978 and 1984. As only raw food
samples were analysed, it is unclear what effect sorting and food preparation
might have had on aflatoxin levels in consumed foods. Analysis was restricted to
AFB] and was performed by thin-layer chromatography. There is no information
on the type of foods sampled, the number sampled, the sampling plan, the size of
each sample or the sub-sampling procedure; consequently the representative
nature of the sample s unclear. Average (presumed to be mean) levels of AFBI
were used in calculating the aflatoxin intake from specific foods, however, the
distribution of aflatoxin levels obtained to derive this average is not reported.

@ Detajls on the laboratory methodology used, inclusion of controls, authentic
standards, reproducibility, etc., may only be available from two Chinese language
Journals or Institute reports cited in the paper.

® An estimated mean intake per person was calculated by muitiplying the yearly
amount of a given food consumed by the population by the “average” AFBI
content to give total aflatoxin consumption from that food commodity. These
values were summed for all staple foods and divided by the total population to
give an estimated intake per person per year. Consumption of aflatoxins was
divided equally among the population with no adjustment for age, sex ete. These
levels were then correlated with mortality rates from liver cancer in the four
communities.
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e The estimated exposures (up to 2028 ng AFBl/kg b.w. per day according to the
JECFA (FAO/WHO, 1998)) are higher than any other levels reported for other
populations in sub-Saharan Africa or south-east Asia (JARC 1993). Therefore the
estimates may be of limited relevance to lower exposure populations.

o The aflatoxin measures were almost at the same time period as the liver cancer
mortality observations; past exposure may have been more relevant and different.

Other limitations:

s Only males were included in the cohort, between the ages of 25 and 64 years.

® The study examined mortality from liver cancer, rather than cancer incidence. The
majority (67/76, 88%) of liver cancer deaths were diagnosed by raised serum
alpha-fetoprotein and abnormalities on a liver scan; only two cases were
diagnosed by histopathology.

® The completeness of cancer mortality data across communities is difficult to
ascertain.

® The age-adjusted mortality rates (Table 43) were calculated on the basis of only
between 8 and 25 liver cancer cases per community and the correlation between
liver cancer rates and aflatoxin exposure was based on just four data pomts.

® HBV infection was investigated using a radioimmunoassay kit for HB surface
antigen. The test was performed for all cases and for a random 25% of the cohort,
stratified by age and county of residence. Twenty-two percent of this sub-cohort
was positive for HBsAg compared to 91% of cases. There were only seven liver
cancer cases In this study that were not HBsAg positive, however, as PCR-based
technology was not available at the time of the study it is probable that some cf
these cases are false negatives for HBV infection.

e There was no adjustment for other confounders such as HCV, alcohol etc.,

Overall, the limitations in the aflatoxin exposure measurement, the exceptionally high
exposure estimate, and the fact that the majority of liver cancer cases were found among
HBV chronic carriers indicate that extrapolations from these data to populations with low
exposures and low HBV status should be interpreted with caution.

it should zlso be noted that there is genetic variation in expression of genes which
metabolize aflatoxin (Wild and Tumer, 2002) and that the nature and prevalence of these
differ among populations. There is therefore some uncertainty about the validity of
potency estimates for aflatoxins being derived from one population and applied to others.

In order to use more recent epidemiological studies that have employed biomarkers (see
Table 39) for risk assessment there would need to be a well-defined quantitative
relationship between the biomarker and the aflaioxin exposure at the individual level,
Although some studies have addressed this, these studies tend to be on a small scale, in
one specific population, and the biomarker data are presented in categorical fashion (e.g.
exposed/non-exposed; high exposure/low exposure) and hence the quantitative data on an
individual basis are not available.

vwww.efsa europa.en Page 106 of 127

P. 169




%
j
l,‘
!
Kl
a
;
]
!
S
|
a

P. 170

¥ Fx
a N

The EFSA Journal (2007) 446, 1 - 127

Nevertheless, the JECFA (FAQ/WHO, 1998) used the data on urinary AFB1-N7-guanine
adducts from Qian et al. {1994} for potency estimates, making a number of assumptions
about the distribution of adduct levels, the average body weight of participants, daily
urine volumes and percent excretion of AFB! as AFB1-N7-Gua. A similar exercise was
conducted for AFB-albumin adducts from the Wang ef af, (1996) study in a Taiwanese
cohort. Despite a2 number of limitations, these calculations resulted in potency estimates
in a similar range to those made from the modelling of the data from Yeh et al. (1989) by
a number of authors.

5. Risk characterisation

The Panel evaluated whether the increase in dietary exposure to aflatoxins, predicted to

result from altered regulatory MLs for almonds, hazelnuts and pistachios, would result in

an increased risk based on the cancer potency estimates for AFB1 identified by the

JECFA (FAO/WHO, 1998). Also, in line with the terms of reference and the opinions of
the EFSA Scientific Committee and of the JECFA on substances that are genotoxic and

carcinogenic (EFSA, 2005; FAO/WHO, 2005), Margins of Exposure (MOEs) were

calculated by dividing the BMDL values for AFB1 derived from animal (rat)

carcinogenicity and human epidemiological data by the estimates of dietary exposure.

The Panel derived MOEs from the lowest BMDL10 (10% exira cancer risk) value of 170

ne/kg bow. per day derived from the animal data and the lowest BMDIL10 value of 870

np/kg bow. per day or the lowest BMDLI (1% extra cancer risk) value of‘j_él_n&b\.ui_
per day derived from epidemiological data. The EFSA Scientific Committee proposed

that a MOE of 10,000 or higher, based on a BMDL10 from an animal study, would be of
low concern from a public health point of view (EFSA, 2005). To date there have been no

conclusions on the magnitude of an MOE based on human data that would be of low

concern,

The exposure data taken from chapter 3.6 were calculated for total aflatoxins, whereas the
dose response data are based on AFBI. Taking into account that AFBI constituted a
major proportion of total aflatoxins in the samples analysed, for the purpeses of this
evaluation, the Panel made the pfecautionary assumption that the potency of total
aflatoxins is equivalent to that of AFB1.

a1 Intake estimates and calculations of MOEs for the average EU population

The intake of aflatoxins from foods other than almonds, hazelnuts and pistachios was
predominant in the estimates of population average intakes of aflatoxins. Applying the
JECFA cancer potency estimates to the range of lower bound to upper bound estimates of
nean exposure provides an indication of anticipated cancer incidence in different EU
regions (Table 47). These take into account the lowest and highest reported prevalences
of chronic HBV infection in the ranges reported by the WHO for Europe, which are 0.2%
and 7%, respectively (see table 40, section 4.1.7.3). It is notable-that the EU member

-
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states with highest prevalence of HBV are in the Mediterranean region and also in
GEMS/Food cluster B with the highest estimated aflatoxin intakes. These estimates are at
least two orders of magnitude lower than the reported incidences of HCC in Europe, for
which the age-standardised rate ranges from 1.7 — 11.6 cases/100,000 per year (chapter
4.1.7.1; Table 38), indicating that aflatoxins are unhkely to be a major contributor to HCC
in the EU. This conclusion is supporied by the observation that the specific mutation
associated with aflatoxin exposure has a prevalence of less than 1% in Europe (chapter
4.1.7.2).

Table 47: Estimated cancer rates in different EU regions (data truncated at a ML of 4
ngikg for almonds, hazelnuts and pistachios).

GEMS! Tota! aflatoxin intake * Lowest HBV prevalence Highest HBV prevalence
Food  Lower bound - uppet bound  Cancerslyr per 100,000 °! Cancersiyr per 100,000 ©
cluster {ng/kg b.w. per day)

F 0.352 - 0.687 0.0037 - 0.0073 0.011 - 0.021

B 0.838 — 1.934 0.0088 ~ 0.0205 0.025 - 0.059

") Based on population average consumption and mean occurrence data taken from Table 26

®) assuming 0.2 % have a risk of 0.3 cancers/year per 100,000, and 99.8% have a risk of 0.01
cancers/year per 100,000 per 1 ng/kg b.w. per day

©) assuming 7 % have a risk of 0.3 cancers/year per 100,000, and 93% have = risk of 0.01
cancers/year per 100,000 per 1 ng/kg b.w. per day

MOEs calculated on the basis of the BMDL values from the animal and human data are
shown in Table 48. The MOE based on the animal BMDL10 indicate a potential concern
regarding aflatoxin intakes in all regions of the EU, even taking into account the
uncertainty with respect to the large number of samples with aflatoxins below the LOD.
However, the BMDL1C and BMDLI values caleulated based on human data from studies
of sensitive populations (mmen only) having a high prevalence of HBV infection suggest
that humans may be less sensitive than the rat strain used to derive the animal BMDL10.
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Table 48: Estimated MOEs in different EU regions (data truncated at a MLs of 4 pg/kg
for almonds, hazelnuts and pistachios).

GEMS/Food Aflatoxins intake MOE for anima! MOE for human MOE for human

consumption  (ng/kg b.w. per BMDL10 ¥ BMDL10 © sMDL1TY
ciuster diets day)®
LB uB LB uB LB UB LB ;!
F 0352 0687 483 247 2472 1266 222 114
B 0838 1934 203 88 1038 450 93 40

%) Based an population average consumption and mean occurrence data based on data from table
26 ——— e — S - ———

" Rodent BMDL10 of 170 ng/kg b.w. per day divided by estimated lower bound-upper bound
intake

© Human BMDL10 of 870 ng/kg b.w. per day, obtained from a study of a population (men only)
with a high proportion of individuals being carriers of hepatitis B surface antigen and having a
very high background incidence of hepatocellular carcinomas {app. 10%), divided by estimated
lower bound-upper bound intake (see section 4.1.8)

9 Human BMDL] of 78 ng/kg b.w. per day, obtained from a study of a population (men only)
with a high propertion of individuals being carriers of hepatitis B surface antigen and having a
background incidence of hepatocellular carcinomas of <1%, divided by estimated lower bound-
upper bound intake

LB = lower bound, UB = upper bound

The data in chapter 3.7 demonstrate that increasing the ML for total aflatoxins in
almonds, hazelnuts and pistachios from 4 to 8 or 10 ug/ kg would increase total average
dietary. exposure by at most 1%, when calculated on the basis of mean occurrence data
using either a lower bound or upper bound approach. Taking into account the
uncertainties in the patency estimates, this would have a minimal effect on risk assessed
at the population level. However, some subgroups could have higher intake due to their
dietary habits, or be more susceptible to the effects of aflatoxins.

52  Vulnerablegroups 17524«

High level consumers of nuts

The highest estimated aflatoxin intakes were derived for high level consumers of
pistachios. These data are based on consumption data from a survey with a very low
proportion of consumers and are therefore likely to overestimate long ferm exposure. The
Panel used a worst case scenario, in which the upper end of the range of estimates for
high level pistachio consumers, which were derived from limited consumption data, in a
precautionary approach to assessing the risk to high level consumers, Table 49 shows the
cancer risk estimates derived by applying the JECFA cancer potency estimates to the
estimated intakes associated with MLs of 4, 8 and 10 pg/ke, again taking into account the
lowest and highest reported prevalences of chronic HBV infection. These are slightly
higher than the estimates for GEMS/food cluster B, in table 47 and show small increases
e —
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associated with increasing MLs, but are all still at least two orders of magnitude lower
than the reported incidences of HCC in Europe.

Table 49: Estimated cancer rates for adult high level consumers of pistachios based on
exposure estimates at different MLs for almonds, hazelnuts and pistachios.

Maximum total Highest total aflatoxin Lowest HBV Highest HBY
affatoxin level intake * prevalence ptevalense
(pgikg) [.ower bound — upper Cancerslyr per Cancerslyr per
bound 100,000 * 100,000

{ng/kg b.w, per day}

4 0.980 — 2.251 0.010-0.024 0.030 - 0.088
8 1.115-2.386 0.012 - 0.025 0.034 - 0.072
10 1.187 — 2.450 0.013 - 0.026 0.036 -0.074

%) Based on high level consumer consumption and mean occurrence data

" assuming 0.2 % have a risk of 0.3 cancers/year per 100,000 per 1 ng/kg b.w. per day, and 99.8%
have a risk of 0.01 cancers/year per 100,000 per 1 ngfkg b.w. per day

a assurning 7 % have a risk of 0.3 cancers/year per 100,000 per 1 ng/kg b.w. per day, and 93%
have a risk of 0.01 cancers/year per 100,000 per 1 ng/kg b.w, per day

Simitarly, the Panel used these worst case datz in calculating MOEs (table 50). The
MOEs are smaller than for the average population estimates in table 48, but show a
minimal impact of changing the ML, regardless of whether the focus is on the lower
bound or upper bound estimates. As noted in chapter 3.7, the greatest impact of changing
the ML is predicted by using the lower bound estimates, but these over-estimate the
impact because they are likely to under-estimate the exposure. ‘

Children

The available data do not indicate that children have higher dietary exposure to aflatoxins
than adults and therefore do not provide a basis for a different nisk characterisation.
However, the exposure estimates use the GEMS/Food data for dietary sources other than
almonds, hazelnuts and pistachios, which are not specifically based of children’s
consumption patterns. Therefore this conclusion is tentative and better exposure data are
required.
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Table 50: Estimated MOEs for adult_high level consumers of pistachios based on
" exposure estimates at different MLs for almonds, hazelnuts and pistachios.

Maximum total Aflatoxin intake MOE for animal MOE for human MOE for human

aflatoxin level {ng/kg b.w.per BMDL10™ BMDL10® BMbL1?
(vglky) day) * .
L8 uB LB UB LB 1] LB uB
4 0.980  2.25% 173 76 888 386 80 35
8 1415 2.386 52 71 780 385 70 33
10 1187 2.450 143 69 733 355 56 32

%) Based on high level consumer consumption and mean occurrénce data

®) Rodent BMDLI0 of 170 ng/kg b.w. per day divided by estimated lower bound-upper bound
intake - ’

) Human BMDL@of 870 ng/kg b.w. per day, obtained from a study of a population (men only)
with a high proportion of individuals being carriers of hepatitis B surface antigen and having a
very high background incidence of hepatocellular carcinomas (app. 10%), divided by estimated
lower bound-upper bound intake —_= .

9 Human BMDL@of 78 ng/kg b.ow. per day, obtained from a study of a population {men only)
with a high proportion of individuals being carriers of hepatitis B surface antigen and having a
background incidence of hepatocellular carcinomas of <1%, divided by estimated lower bound-
upper bound intake -

LB = lower bound, UB = upper bound

Vegetarians and vegans

The limited available exposure estimates for vegetarians and vegans are lower than for the
highest national estimates for high level consumers of nuts. Therefore, these data also do
not provide a basis for a different risk characterisation, but they are not directly
comparable and again there is a need for better exposure data.

Subgroups with chronic bepatitis infection

Based on the JECFA potency estimates, the predicted cancer risk in subgroups with
chronic hepatitis infection (i.e. subpopulation with 100% HBYV irfection) with the highest
population average dietary exposure to total aflatoxins (cluster B) of 0.838 — 1.934 ng/kg
b.w. per day (Jower bound to upper bound) is 0.25 — 0.58 cancers per year per 100,000.
These estimates are greater than for the general EU population (Table 47) where an HBV
prevalence of 0.2-7% is assumed (see Table 40). However, no specific data are available
for the HBV infected subgroup regarding consumption of nuts and other foods potentially
contaminated with aflatoxins.
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CONCLUSIONS
Exposure assessment

In total, 34,326 analytical results of aflatoxin occurrence in various food stuffs submitied
by 20 Member States as well as 6,762 results from pre-export controls submitted by
Turkey, each in response to a call for information by the European Commission, were
considered for this assessment.

The Panel on Contaminants in the Food chain ({CONTAM) also received data relating to
concentrations of aflatoxin M1 in commercial milk samples. For almost all of these data,
the values for aflatoxin M1 concentrafion were below 0.05 pg/kg and taking into account
the lower carcinogenic potency of M1 the Panel did not consider these data further.

Aflatoxin contamination was found in many food commodities including maize, peanuts,
dried fruit and spices, as well as tree nuts. Aflatoxin Bl was found to be the dominating
aflatoxin in all foods. The highest total afiatoxmn levels were found in pistachios and
Brazil nuts. These two food commodities also showed the highest percentage of lots
which did not comply with the current EU maximum levels.

The CONTAM Panel assessed data on almonds, hazelnuts and pistachios within the
ranges of 0-4, 0-8 and 0-10 ug/kg of total aflatoxins in order to assess the potential impact
of increasing the maximum levels,

Overall, 74% of all samples were below the limit of detection (LOD), which varied
considerably between laboratories, For the statistical evaluation, the LOD was either
entered as the actual numerical value (upper bound) or replaced by zero (lower bound).

A change in the current maximum level for almonds from 4 to § or 10 pg/kpg total
aflatoxins would add anotber 1.1% or 1.6% of lots as compliant and would result in an
increase in the mean level for total aflatoxins from 0.40 to 0.46 or 0.50 pg/kg for upper
bound and from 0.18 to 0.24 or 0.29 pg/kg for lower bound values.

A change in the cwrent maximum level for hazelnuts from 4 to 8 or 10 ug/kg total
aflatoxins woulé add another 2.7% or 3.9% of lots as compliant and would result in an
increase in the mean level for total aflatoxins from 0.53 to 0.68 or 0.78 ug/kg for upper
bound and fom 0.31 to 0.46 or 0.57 pg/kg for lower bound values.

A change in the current maximum leve! for pistachios from 4 to 8 or 10 pg/kg total
aflatoxins would zdd another 2.6% or 3.4% of lots as compliant and would result in an
increase in the mean level for total aflatoxins from 0.44 to 0.61 or 0.69 ug/kg for upper
bound and from 0.20 to 0.37 or 0.46 pg/kg for lower bound values.

In practice, it is unlikely that the controls are fully effective, and occasional consumption
of nuts contaminated at the very much higher levels sometimes reported would further
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increase the mean contaminant levels and hence reduce the relative impact of increasing
the cwrent maximum level from 4 to 8 or 10 pg/kg total aflatoxins in the three nuts.

Data on consumption of aimonds, hazelnuts and pistachios were available for only a few
Member States. Robust data on other sources of dietary exposure, representative of all
Member States, were not available to the CONTAM Panel. Evaluation of the few
available national dietary exposure data indicated that a reasonable approximation of
European diets could be obtamned from the GEMS/Food Consumption Cluster Diets
database, and the CONTAM Panel therefore used these data in estimating dietary
aflatoxin exposure from foods other than almonds, hazelnuts and pistachios.

The exposure assessment performed by the CONTAM Panel used a precautionary
approach to the uncertainties with the result that the actual exposure is likely fo be
overestimated. The contribution from almonds, hazelnuts and pistachios was only a few
percent of total dietary exposure io aflatoxins.

Increasing the maximum levels from 4 to 8 or 10 pg/kg would result in an increase in
estimated average total dietary aflatoxin exposure in the region of 1%. Groups with high
level nut consumption are more highly exposed and changing the permitted maximum
levels for the three nut products could have an impact for some of these groups, with
potential increases of up to 20% if the maximum levels were increased from 4 to § or 10
pg/kg and assuming a fully effective enforcement, If, as is expected, nuts exceeding the
maximum levels are occasionally consumed, the total long term average dietary aflatoxin
exposures might be higher, but the relative impact of raising the maximum level from 4 to
8 or 10 pug/kg in the three nuts would be less.

Estimated dietary exposures for children were within the range of estimates for adult
populations, however these were predominated by expesure from foods other than nuts,
for which data specific to children’s diets were not available.

Hazard characterisation

Aflatoxin B] is clearly genotoxic and carcinogenic in a variety of animal species.
Increasing evidence demonstrates that aflatoxin Bl also has the potential to affect the
immune system, putrition and growth. The CONTAM Panel concluded that
carcinogenicity is the critical effect on which to base the risk assessment. The
carcinogenic potency of aflatoxins varied in different species and strains and in different
studies. The CONTAM Panel used the most sensitive strain and sex in a precautionary
approach to the risk characterisation. A BMDL10° of 170 ngkg b.w. per day was
calculated from a study involving administration of aflatoxin Bl at a range of dietary
doses to male Fischer rats.

2 05% lower confidence limit of the benchmark dose for a 10 % increase in cancer incidence
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A number of epidemiological studies have shown clear associations between aflatoxin
exposure and incidence of hepatocellular carcinoma. These studies were performed in
areas with high aflatoxin exposure and high prevalence of chronic hepatitis B, which is a
recognised risk factor for liver cancer. Other factors possibly resulting in increased
susceptibility are genetic and acquired variability in transport and metabolism of
aflatoxins and also variability in DNA repair. There have been no direct investigations of
the role of aftatoxin in the aetiology of hepatocellular carcinoma in Europe.

Although a role of aflatoxin in the aetiology of human hepatecellular carcinoma is
generally accepted, using the human data as a basis for risk assessment is limited by the
quality of aflatoxin exposure information and the low incidence of liver cancers in non-
hepatitis B infected individuals in the available studies. The CONTAM Panel applied
different approaches to the hurnan data. It used the cancer potency estimates identified by
the Joint FAQ/WHO Expert Committee on Food Additives (JECFA) in its 1997
assessment which were mainly based on a single study from China, and derived a
BMDL10 of 870 ng/kg b.w. per day from the same study, and a BMDL1'¢ of 78 ng/kg
b.w. per day from three studies from sub-Saharan Africa. As mentioned, all these studies
used sensitive populations with a high prevalence of chronic hepatitis B and had very
limited aflatoxin exposure information. In addition, the study from China had an
exceptionally high exposure estimate and a very high (around 10%) frequency of
hepatocellular carcinomas even in the lowest exposed group. These limitations increase
the uncertainty in the accuracy of the estimates. Therefore, precise risk estirnates cannot
be derived for the European population.

Risk characterisation

Estimates of cancer risks based on potency estimates derived by the JECFA associated
with the estimated average and high level dietary exposures to aflatoxins were at least two
orders of magnitude lower than the reported incidences of hepatocellular carcinoma in
Europe, suggesting that aflatoxins are unlikely to be a major contributor to hepatoceltular
carcinoma in the EU.

The margins of exposure (MOEs) calculated by the CONTAM Panel for all estimated
intakes compared with the 95% lower confidence limit of the benchmark dose for a 10%
increase in cancer incidence (BMDL10) based on animal data indicated a potential
concemn for human health. BMDL10 and BMDL1!! values derived from data from human
populations including the most sensitive subgroups with high prevaience of chronic
hepatitis B infection, indicated similar sensitivity of this popuiation to that of the most

10 9584 lower confidence limit of the benchmark dose for a 1 % increase in cancer incidence
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sensitive strain of rat, but that other subgroups are likely to be less sensitive to the effects
of aflatoxms.

The CONTAM Panel\ concluded that changing the maximum levels for total aflatoxins
from 4 to 8 or 10 pg/kg in almonds, hazelnuts and pistachios would have minor effects on
the estimates of dietary exposure, cancer risk and the calculated MOEs,

The CONTAM Panel concluded that exposure to aflatoxin from all sources should be as
low as reasonably achievable, because aflatoxins are genotoxic and carcinogenic. The
data indicate that reduction of total dietary exposure to aflatoxins could be achieved by
reducing the number of highly contaminated foods reaching the market and reducing
exposure from food sources other than almonds, hazelnuts and pistachios.

RECOMMENDATIONS
QOccurrence

s There is a need for representative data for nuts and other foodstuffs, including
total diet studies, to reduce uncertainties in the risk assessment. Methods should
be applied that allow measurement of individual aflatoxins at concentrations well
below the regulatory maximum levels.

e Measures to apply Good Agricultural Pracfice by producing countries are required
in order to reduce incidents of highly contaminated products being consumed.

o Improved pre-export controls are also required to reduce incidents of highly
contaminated products imported to the EU.

o Data on the efficiency of sorting process of nuts with different levels of aflatoxins
are desirable.

e The possible aflatoxin contamination of foods grown in the EU should be kept
under review, particularly in the light of potential changes in climate.

Exposure

o Exposure to aflatoxins from all food sources should be reassessed using
harmonised national data collected in the EFSA food consumption database.

= A biomonitoring approach using validated biomarkers would complement food
analysis and consumption data in providing information on prevalence and level
of aflatoxin exposure in the EU.

Health effects

s Additional epidemiological studies examining the quantitative relationship
between aflatoxin exposure, hepatitis B and C infection and liver cancer incidence
are required to better perform quantitative risk assessment.

e Further investigations of the potential health implications of the effects of
aflatoxins on the immune system and child growth are required.
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AFSSA (Agencé Frangaise de Securité Sanitaire des Alimenis). 2006. Impact des seulls
maximaux admissibles en aflatoxines totales dans les fruits & coque de 4 pg/kg. Report
provided by the European Commlssnon to to EFSA in 2006 in supporting of the
aflatoxin opinion,

BfR (Bundesinstitut flir Ristkobewertung). 2006. Ristkobewertung der Aflatoxine Bi, B2,
G1, G2 auf der Basis des Margin-of-Exposure-Konzepts.

DG (SANCO)/8300/2006 — MR Final.

Exponent. 2006, Estimating consumption of almonds, pistachios, hazelnuts, brazil nuts,
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Washington, U.S. on 21 November, 2006. Report provided to EFSA in 2006 in
supporting of the aflatoxin opinion.

FSA (Food Standards Agency}. 2006, Vegetanan and Vegan Study (2006) and Child Nut
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aflatoxin opinion.

National food consumption data from Estonia (2000-2005), 2006. Report provided by the
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