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PEIT 1952 4F - 6 {EEMERNZ¢ (LEAIS ~ JAR ~ FeRA1] ~ ARG ~ 17 Rd S Pufe) 25T 7 BOM S
F[E #8154 (Buropean Coal and Steel Community, ECSC) » 3% {6R&TAIEE T — (I M AR B SR ssry 5]
G a LB SR A DA e B & BB Y 50 E ) © 1958 4F » SRR IREYAESR - 80T TBIOMAK
A [E]#E (European Economic Community, EEC) MEUNE F-EEFEEEE (European Atomic Energy
Community, EURATOM ) » Z&{b T & BB VAR G1F - 1987 F-EBE—BOM% (Single European
Act) A3 (R TEOMNBIZR AV GG T TNE S (R AT) - BY) -~ Ik k& e R A
H HRBIN TS ) » 1993 B EER (Maastricht) #4434 » 17 TEE (European Union) K
BT (Euro) - 1999 FEONFEE %Z 7 I8 RFT (Amsterdam ) 5&Y - 58/b T BUHRHY A Bl 45
AL E AN - 2003 4EJERT (Nice ) FREVAERL » FH%E T BREE SHIEAVAH SO ERR Y - Fofte
ORI R - 2009 FEETA (Lisbon ) BREYAERY - (23T T BRERAHABRNHVES E lnirg - #51E
AH&H A ER 2R - I HSR(LDLUS R S A B 2R R T -
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% 1. BCHEEE - B2 R B AR AREE

TEHR (e 31 AR E
BXHEZE N T 24858 (Directorate- S
General for Enterprise and Industry, EC, ( Automobiles ) AT 100 E AR

2006 )

BXEREL T > SR RIS/

4822 ( Directorate-General for Igtemal (B2 (Chemical I 70 S
Market, Industry, Entrepreneurship and products )

SMEs, EC, 2016)

B R R B it 2485 ( Directorate- & BB (Food
General Health And Food Safety, EU,
2013) and feed )

HFAT 70 EAR

R A R BOERAREEE ARG IR S - MEREAMAIHEMETSE - HEE L
BEEAFNESHE - BERS - TREGER > A ER TWHEZBWAB BRI AR -
BanEd LEFTANENR » LOHEERAE S0V ER /) (Bargaining Power ) » At - BronZ e
ERVARGE B ML E - OARE B EIRELS -

£ 2002 FLAAT - BRER MM —EVEAMBE BT A RV e EAUE N E S L B dn 4T
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BRI 0 1996 FESL B S AR AR (Bovine spongiform encephalopathy, BSE) » EAIHE
FE 0 o € 1997 k> BILTHY B L B BRI R E S 2 T o 1999 LRSS A4 TR
BE (dioxin) J55EhY) (3 ~ 5% ~ ) BT > AREVETEZIA =G - BIERRSTRAE 2000 &
Mgz e H E (White Paper on Food Safety ) » 5RFH0AFE B iR LB - BiamfiEE AR K
B 2 EHELH A ERHEEE 0 Wiy R A DHAE - THYG ~ B BV B R AT -
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e EETR S EC o WHUS S LRt > USRS EET A] > UG LS ECRS LR BT
WEFHETS -
2004 SR AL H RN —Z517EA# Regulation 852 ~ 853 ~ 854 J% 882/2004 - EAFNYIAHA
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Gk Y THE SR SRR )
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2. 1999 4F ¢ LA AR USSR S ~ 56 A Gk -
3. 2000 4F ¢ BUASFESTEANRS  DEENEEELD -
4. 2002 4 BUEEAAEMZA20E Regulation 178/2002 » % L BN B mZE 2/ -
5. 2004 4F : BB & 2 A4 A Regulation 852 ~ 853 ~ 854 K7 882/2004 » {H'E Iy 4%
i Cofficial control ) FEHEHEANF BN > B A2 - (F B EEHFVETRAZSE B
VI BB R E R -
6. 2005 4F : BRER A MY G BB A Regulation 2073/2005 K e 6 #8844 4
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7. 2006 4F ¢ EIEEEEAE HSNT &7 RUIRE: -
8. 2008 4F : B RHME 454 AH B E S LR -



9. 2008 £ : PEIAEEZEFIZR=TE

BHLELE -

10. 2009 £F © BBV EF S EEEE A TR L ( SOBFERIEL HIND) »
11. 2011 4F : 24 0104 KIGIEE R4 -
12. 2013 4F © BUOMNE4 B AR & fn i -

13. 2017 4F + BIOM o as 45 {1858 45 A HE 2 S & A 55
L - BB B A E 2002 FE8AR LK - EiiE

HEEE S -
17 58 35 17 A AT TGS T 28 Bk
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2008 : FEIESHGE
A
1 2008 : USR5
B
a 2009 : HIN1 gz
i 1996 : 4-/B4RARNE | 2011 @ RIGIRE
2 % 0104 g7
ﬁg 1999 © HRESESA | 2013 ¢ BERER | 2017 : HEESTL
et R K HE A
ER R — 2002 FE LA — B A SHEHHE MLk
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2017 4EAE

. B LBt T EAR BB ErtEEE CERAOR © A7l )
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EETECREAN B L EEN BN T EREHRERRZS S RS R E R TR
n B B SE R
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2017/625 SR7ER

7% 2. BEVEH Regulation 2017/625 % CERIACR © MFHETHRE)
AKX TSk T

1 1-3 ATEFPTTE TR - HE R

2 4-91 B~ BEEE - MBORE KU E R

3 92-101 R E s B ST

4 102-108 ESEITE B - SHREE TR

5 109-115 B BT =
HRHEBCRE S =NV E GRS - BEJTISES) - BIIETT

6 116-136 PEEIEEH 248 (Information Management System for
Official Controls » (IMSOC)) Z#55|

. 137140 ERFR > ANERGEBEH A4AE (distuption) Ff

VSR H R
8 142-145 B ELAH AR BR A AR Y RE B 5 &

BRI LU 28R

1.

3.

4.

IR E EMER(E (better self-finance ) © E{E Regulation 882/2004 21 25 B8 T E H4RH 7] LAST
HRan el E HERECEEENIR > &g BB LIE HETEWEIRAER - 241 &
SR ERE R EWE RS R LR 20 KEE ST (Christodoulou et al., 2009) » HrHY%
MUER T " mEIMEE SRS > TEWE T OH ) HETTRERCIER - SRR
7281 Regulation 852/2004 FTiE > EEMKRE 15, WHUE M L6 A 4R E &M -
FEIL IMSOC Z&RELASHFE MR + &4H IMSOC %4t » FrA L iF ERVERI AT LLE
B E > & BB BRSO E i th g it - B EE ke PR RM—IEA - 1
ENHAYERA R R « BE—DHYER - 290 EFIEERVER > A& AL
FZRTER ~ TP ~ BEETEAENY, i Bay R -

FrE(b R RRE B8 BEVAVHEN S T 2 LR E AT - DRI RE A Y
HIE o

BJTERIERE (distuption) HFHYF T ASHNE © EH—& BEIZESIAT] - SAASEEE
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Hit > T2 Ry B TR AR - SRRERES (S8 0 EUR b - B Rt fR B B HHY—
2 - DIAREH SE  AEPRAU TEROET R PR E R b B 2 F] - (Bl RAS R R 2
EEFLUFEEHEEN  BEWH NG B N e EAEEI LU S > K&
AL RAAZETTS TEAE TAHE KRR < B2 B R A ARIHETT > BE
AHAK AR RV EIR A THEE IR M ean B e PR T 5 2 4h -

M~ BE#EdmEENEAL

B R AT B R E R R R EA BIS A AT - BREHTL4CE 8 Regulation 178/2002 74
B DUK BT A Regulation 852 ~ 882/2004 - 1 B 2 A M B VAL AR ZERE T DA — 2L -
FAHAIHTE G - ERRUE B A adi DN (visual) WURRE R+ - 02T o] g
%2 (palpation) B2 (smell) FRVEM: (sensory) M » ZR1M > 75 & HI3E 05 ELHIE
Bz < 2013 4 » EFSA #8ffi T — £ 50455 DUHERANYOS L E S - IEE SR EmE IR
AL > B2 —gEHUH T E R iVEZ KEE e E - CUMERC S 5 = 51 R
TTAY)E bR MR AR PR &R DURRHACH B g faEnyil2 M EVERENTA E -
AL S A E R RS T - ML 2 A S BB S MERIEREE ~ Rl AHE i DABE I & o
HEPCEYE - TRELEAIIHZEREH 0 78 10 FERHSTIART (2000-2009)  FEE B iR E A
EREEILEREIIE R 14.929 » 1855 1 FEHEDL 129 HYBEE R EIE N - FrESE /NG
HEEAIER (JanuskeviGiene etal,, 2010)  B—IEMFEIE Y R EEZSHH > BHEUMES
LM EE R FER (Infectious bursal disease, IBD ) FYELBIELK » R AR RAEYEGHEFL T LIZE
ZER - Mg EZKEE (ascites) FVEEREINHES - R AR ERIREAYOGNEZE]
(Huneau-Salatin et al., 2014) » DA EWFFE45SRERABUN TEErAHSR B R B (2 in B & - Dl
BB ERRIFEKR - mEREEENNEE - S EEE R -

T~ B PR S AR

1999 5 1 B > EeAlkes 4 T RERSES B o —XBYWE R A A pa (8 A A2 5 A B P IRE T
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BURHE > FEROAEER] o EHER A T VSR ERHR - EEMERENIE M - EERYISES
TG ARER - SRR AGEE - BRI E R 1999 4 5 A 27 HRECRERE T EH
&l (Haron, 1999) » EAfA Y bR EIHYE - BRI BE R INE S REV T E MR FR -
BT RO S AR 5 3N R R o - BRICZST - SO & o SV E R
RHRRBERSAYTEMNESE TAE - 55— 770 » 1995 fFa BRI SRR A A #5249
(persistent organic pollutants, POPs ) E#Fy " fFAERERIE T » A BB RV EYER - A
A REH N R BIREIS A A B EEYE | - LUKEIR Rl - HEAERRE PR AT
FERVRFIE - 7K VERY POPs Mty 5 758 FVK » BRI EL 775 A HIER /K » TAERG A B T
BURISHWE - A E BB R L ILEEC SRR R - L8 T N NJHAVER - 2004
o BEEF R NGRS S EISFNER FEEEE (RSRE] POPs B - [FEFEXERE AR
T ¥EH] POPs HYJA#L Regulation 850/2004 » {HIFFEAIE » ®&LEEYE (perfluoroalkyl
substances, PFASs ) 26 &5 ( polychlorinated biphenyls, PCBs )» 25275 %51 & ( polycyclic aromatic
hydrocarbons, PAHs ) » 275 &t ( polybrominated diphenyl ethers, PBDEs ) Flik&si] ( F2E% )
B /KIBMERY - MRESHE ABNYIE A SHER P /K BLIERS 21 R RS s -
1. ZRleEYIE (PFASs)
PFASs B2 &AL LEYIGRE - (Bt EYIHhRE T8 H K Erei (FRREE
BEAR ) A ERALES - 1947 F > e EREERE AT (M) &/ T 2&5 T
( perfluorooctanoic acid, PFOA ) » fE{&F 1940 HE&R/K T & & ikl (perfluorooctane
sulfonic acid, PFOS ) © PFASs #¢&7> [t FH R 57K &5 48n ~ ARESE ~ Bish - ZFastis s
AL o TEAREE IR EE fnliSf > PFASs FIRE SRS 22 R T - AR5 4 AERY LIEAK -
Gebbink £ AR 1997 47 AIME A HIE] PFOS © Adinehzadeh 25 AZE 1998 F-fi5H) PFOA
AJREHIRE B AR #EE - PFOA 1 PFOS # AR el HEYE » S8 ATE R0
AR RPE  WHE - PRNEEANFHE A RERSEAIEIER - YA
ZTGHNER 7K % - PFASs B8 G R EF e ot fEf o - 2014 F5EERR (RaEZ (USEPA )

1 PFOA F1 PFOS %A T ¥ Ef#7E ( Emerging Risk substance ) J& B8 - [E4) » EFSA ##

=N
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7 PFOA (K 1,500 ng / EATHEEE ) f1PFOS (BEK 150 ng / BATHEE) MIRA
HAFFEUE 12 EFSA fRIHAIRIEE R - 304 25 TR [EIRY PFAS {L&%)  EFSA
FBHEE PRASs B 1 U8 ~ BRF/KRI A Sl 2 - 55— THEONEE At A
11 R ETHER PFOA #1 PFOS FTA/K AR » S AREE ZKE AZIBOMESE (Lindim et
al., 2016 ) - 2002 43550 4 BB M5 11 2B 7 PFOA FlI PROS - 2006 4EBRA B AR2E 11-# F§ PEOA
1 PFOS = 2019 4FBREAZ$7H T Regulation 2019/1021 » 3%547 886 T Regulation 850/2004

DUBHRE A M 5 A 0 58 2 PR » 723% 500 rh B Bk S BB e B vh iy PFAS »
W ERaE TR A A - DUEREAS B BE A4 2004 FACHTTIRIVAESR -

FF O F F O
. o

F—C— G C—OH F-—C— G5 OH
I I
FooF F F O

2. eERAbEAN () - kamlbbiiiEit CalE) - BRIE @ EFSA -
. Z&JFZ (polychlorinated biphenyls, PCBs ) » 2375 F )& (polycyclic aromatic hydrocarbons,
PAHs) » 282Kt (polybrominated diphenyl ethers, PBDEs )
Fr T PFASs 24 » Z & (PCBs) ~ ZER75HME (PAHs) FeZ5i5 — KRt (PBDEs)
e/KEG ~ TR KB AR AR R A5 HE (Erickson 1997 5 Safe 2003) - & =F{L&
Y EA BRI E PR BFF M (Xua et al., 2013) » HNE =BLE&HIE
EYIETRFF S N R EY)E £ 2R LAV B EE > R 5 iy R ISP 2 B Y
7 (Van den Berg et al., 2006; Robertson and Hansen, 2001 ) = PCBs & XAIFEAR1E » (i
RAR FERE EW U EBREE - (KPEXHERS BZ Wyt - DL hIEEY)
( Ballschmiter & Zell, 1980) » DIIEEZE T PCB 1 2 PCB 209 - HARFARIEE R R
PCB - PCB /AR » 7EH ) [ PCB 2R CURAS 2 R ERUINEES - N EA R eI &
SRIEHVERARSGME - RIE PCB BTN 2 AlE ~ JBUER ~ B ekl - EIIREResS - 28

13



ifi > e RS BRI R R Y RN ~ SHECE asiViiE » B03H PCB HYE Ml
FEAETIE » PCB #E I BRI 1 - PCB Al DMERIE SRR - W H A EHZRY
fi# (Haddaoui et al., 2016 ) - PCB a3 ffifERE & EYIh (Livetal., 2019) » [NIE - E#7sk
NBEAME PCB 50 e RIECE Y& R FRIGTERS N B AR - 1€ 1977 G - BRI R4 E
PCB - PCB Tfs & A ¥R B A Ha e - th3d i T AR EE1E PCB /544y g 8l
FFJRERTE 4278 (Bosetti et al., 2003; Mallin et al., 2004; Ruder et al., 2014 ) = TEE 68 -
PCB AJHEHIRBRZRE (Gaum et al., 2016) ©

PBDEs Hi —ZEh4SE4H - (RIUR > TAEARER VI BEBEE - ST RT o SE
PBDE HYfZ i BZ 4wt Al (£¢ PBDE 1 £ PBDE 209) - PBDE #Y ¥ % FiR E A4l
Ghim ~ B a AR Z A RORINE B PEAR - NETR B RNV E FE i 25
FEBREE T > KL - N /KORACEEEEY) > (3 PBDES i Al F/KJE - PBDEs th &5 [HEM
SR EARBRZE T8 (Linaresetal., 2015) - PAH 2 ZE S BHEIVAAEY) » BE A ERK
(Choietal.,,2010) » 2RI » AFEE RS AE - B Y e e R nlA
sHEY) (Johnsenetal., 2005 ) » PAH F 25 [FE N IHFH AR EEAY E Pz (Mastrangelo et al.,

1996 ) ©

14



! Cl
Cl I Cl

PCB 28
Cl Cl Cl
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Br
jene!
Br Br
PBDE 28

Br Br
jep el
Br Br Br
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Anthracene (PAH)

Benzopyrene (PAH)

Cl Cl
Cl

PCB 52
Cl

PCB 153

Br Br
Br Br

PBDE 47

Br Br
(0]
Br Br
Br Br

PBDE 153

Chrysene (PAH)

Cl
Cl

Cl Cl
QAL
Cl

PCB 101
Cl Cl Cl
Cl
PCB 180
Br Br
°©
Br Br
Br

PBDE 99

Br Br
J@EO
Br Br Br
Br

PBDE 154

Benzofluoranthene (PAH)

Source: Sigma-aldrich.com,
2019

3: F 8 PCBs ~ PAHs K PBDEs HY#44HBEL 451 -

el
FeaR I EAIL H mRE

NEFEMEYRIRERLSEYE
A eI o SRR /IORT R P DA(SE e 1 o i 2 HH 3 > SR/ ICRER - 2
B AT REUKEEYIE  feaa i

15

 EMSOEAAEIEY) ~ B BUKRA

MR T I5A% e E -

ITESESR R (Vijay & Vikas, 2011) < DDT




( dichlorodiphenyltrichloroethane ) & %140 #% &7 > B8 & FEAE & 52 LU =F B4R =F iy 4H 4%
(Nath et al., 1998 ) - #EEAVZRESEH DDT 7 #5528 5 B &8 40 4% 5% & 1Y JEL b
( Eskenazi et al., 2006 ) e

4. BATTHVEIYIF SRR

Fo TIREBWYIRIE R ~ TAPIER  JaR i e i R SeR EN R - BEH A ATEE
TEERPRH R INEN Y FHEE - B A GRHE - S8 s LA EYH R AT TR & 3 il
BBV E T - BESEMAVAE T T80 | FUE - DIEREYrA R
R AHTEEY) 58 2 U - RAE R Z M TR SR s AE B I 451 B8 & n T 855
W o LIZFEJe (fipronil) ke =rnolw (amitraz) Rl > BHRPIE LRSS - EH(FRIGHEK
STk B - BT e B SRR 0 A 0 SRR AN EERKEERETRY
(Maclachlan, 2008 ) » A& HEEEAF R ATTISEE A B - (R RO EHE T - EiIRE A HEEY)
FRREFEHNAIRRE - B RIAECHEUSE I B - &4 TEAT NEIN®
Py o SRR AR T -

SHEYEEN R AR REAT - R A S0 & iy R RIEEN
JE\fg - SRR DI A ISR ERYEE - WRESEYBEHIA - AR REGHA
PRI > HEET - AlfEE REENERAT

A, BEVIBRIRNE (hypersensitivity ) © #EA B -NERRZE (B -lactam, FREZR) 8271 E
BR B HURBSF S EER -

2 EA ¢ Sulphamethazine ~ Oxytetracycline ~ Furazolidone 55 °
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FERI RV SE EORHE - T8/ NS 5E & 8 2 (e B A R BRI TR (Cobanovié
et al., 2019)  BXER7AM Regulation 852/2004 WA E /0 g SE (& B B B RHE B4 AR
527 > WEFFHIINE M2 27E# Regulation 2017/625 FTekiZf IMSOC Z4% @ & 2L
BB R EGER AR &N S PSR TR B o2 2 BB AR TR (I

TAETHHE 2 ¢ DUt BEeHEFE SE0RE - FEEBUAKESEHER

FRERIAYER LA R 36,197 75 A B BUEE & S EIHLL - TEFEELETR (37,824 SE07 A ) HE -
TR B EL At B 2R M A e R AR 2 > FTA VB 240 S A RN AR AR - B e S S T Rl i
R - [EIRF R AR SRR ERT - Mg ENE S IEFEIL - - FEEE
RITHEEARENRER - REBUHEERIFEE 24 /NSNBSENFEN - BEEEZAE - 54
EHVAEESEEIS BT » 2013 A - (EE ~ PEIES ~ VAR ~ R RO BEAEE T 3 0 2 1Y
FEEE o T fE R B R 1 % B SE A IR 5 -

TAEHE 3 DR kgasta HaR B R & R LL R

FE BB AN S LR R MG A B R CEIE 28 - FHEEE4EETE (Danish
health scheme ) /25 5 B BRI R85 AR AR kIl A 2 S0 ARG F 6 S5 9 (5T (Willeberg et
al., 1984) - FEERERE NV A ik EFEB( LIS - UL FESIRITRAI TR - BRI T R
PHEFER IR £ EE SRS (Sanchez-Vazquez et al., 2011, and Correia-Gomes et al., 2017 ) » {3
B FFBRFLAPLRSEEE 3 ~ 4 AS4ER) > £9- 10 ABERS  LEXRE 12 A -1 AREE
/D A5 S~ 6~ 7 A#EE% (Correia-Gomeset al., 2017 ) « FEll sz A 25 4 2L 9 3Ry £ 2R
R - 7 B SR B e A o RS - (B TREIR AT 2003 FRERRLAIL TS S IR
BRI - PRI S LR R T E 2] 2000 4 - BB A 484 RO R
FEIMERRRIVER AL - (EEREST = DU A 0.02% 1V TR -

PR RS R i B R ER R T IE R TBI DUR DRI SR Y 35 4F - — TS B RS S s B
FEREEBAMIET S PIOEHME R 441.] ¢ BEEE R ER 5L & AR - 4

EE AT R (-39.4 ) RofEREPEHGRERTi SR (-32.8 @) ~ HEEMERTiSR (-11.9 ) ~ BEFEHGRE SR (-10.4 ¢)
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HHEERgHFE R (-9.8 2) (Schuhetal., 2000) © FRIELZ AN - Hififgm S HUtESA R th S T IR EFE =
ERAE 2005 FEREfEss SR AN InlgE IR U E] TSR TR (5.7%) WVEHRIE - BERIERHUERE
HITTEN LR D AR B A RT3 > BT 2017 4F » Wil as TR 1A 0.87% « HtLR 1k
FaHY 10 FEHAERSE - fEfA O teE &G BREECGNIBIE T BESNRHIRE R E L
14296 YR M T - (Januskevidiené et al., 2010) » (Rl » [E165 B &R FRR SN E R E B
o5 DA (SE R BRI SO S Im  HR b - SRS R R AR A S -

B BEA I B F R R K R SR MERE - RSB R ZEEMER (Wells et al., 1980 and
Wijeratne et al., 1980) » Tfii H AR & i &b Ze 4 g -

(OB R 52 1 B MR R MR VB SR > AR EERR KB 7Y Pasteurella multocida LI
@85 Mycoplasmas  ( Mycoplasma hyopneumoniae, M. hyosynoviae and M. hyorhinis) (Pors et al.,
2011 and Buttenschen et al., 1997 ) = Z 5% Fo{r] 2 AE Al 2080V ~ (Lo SEAIRE I - HRIZ LARS
FEALHYE e B LA R A R B R T A R B A BT o B AN 0 T B VB A IR
(Buttenschen et al., 1997 and Paladino et al., 2017) « AL » Br T LARIRETE SEfT BB E 24
PR R AR IR PV EY) 88 S - E 2 ER A S YEYBENSE AR -

14 2F &R

1. Buttenschen, J., Friis, N. F., Aalbaek, B., Jensen, T. K., Iburg, T., & Mousing, J. (1997). Microbiology
and Pathology of Fibrinous Pericarditis in Danish Slaughter Pigs. Journal of Veterinary Medicine
Series A, 44(1-10), 271 - 280. doi: 10.1111/5.1439-0442.1997.tb01111.x

2. Cobanovié, N., Jankovié, L., Vasilev, D., Dimitrijevi¢, M., Teodorovié, V., Kureljusi¢, B., & Karabasil,
N. (2019). Slaughterline records of various postmortem pathological lesions and their influence on
carcass and meat quality in slaughtered pigs. Animal Science Journal, 90(11), 1475 - 1483. doi:
10.1111/as5.13287

3. Correia-Gomes, C., Eze, J., Borobia-Belsué, J., Tucker, A., Sparrow, D., Strachan, D., & Gunn, G.

(2017). Voluntary monitoring systems for pig health and welfare in the UK: Comparative analysis of

33



10.

11.

prevalence and temporal patterns of selected non-respiratory post mortem conditions. Preventive
Veterinary Medicine, 146, 1 - 9. doi: 10.1016/;.prevetmed.2017.07.007

EFSA, EU. (2011). Scientific Opinion on the public health hazards to be covered by inspection of meat
(swine). EFSA Journal, 9(10), 2351. doi: 10.2903/;.efsa.2011.2351

Ellerbroek, L., Mateus, A., Stirk, K., Alonso, S., & Lindberg, A. (2011). Contribution of meat
mspection to animal health surveillance in swine. EFSA Supporting Publications, 8(10). doi:
10.2903/sp.efsa.2011.en-191

European Commission. (2004). Regulation (EC) No 853/2004 of the European Parliament and of the
Council of 29 April 2004 laying down specific hygiene rules for food of animal origin. OJ L 139,
30.4.2004, p. 55 - 205.

European Commission (2004). Regulation (EC) No 854/2004 of the European Parliament and of the
Council of 29 April 2004 laying down specific rules for the organisation of official controls on products
of animal origin intended for human consumption. OJ L 139, 30.4.2004, p. 206 - 320

Eurostat (2014). Pig farming in the European Union: considerable variations from one Member State
to another. Issue number 15/2014. https://ec.europa.eu/eurostat/statistics-
explained/index.php/Archive:Pig farming sector - statistical portrait 2014. Accessed 25 October
2019

Harley, S., More, S., Boyle, L., Connell, N. O., & Hanlon, A. (2012). Good animal welfare makes
economic sense: potential of pig abattoir meat inspection as a welfare surveillance tool. Irish Veterinary
Journal, 65(1). doi: 10.1186/2046-0481-65-11

Huneau-Salaiin, A., Stirk, K. D. C., Mateus, A., Lupo, C., Lindberg, A., & Bouquin-Leneveu, S. L.
(2014). Contribution of Meat Inspection to the surveillance of poultry health and welfare in the
European Union. Epidemiology and Infection, 143(11), 2459 - 24772. doi:
10.1017/50950268814003379

JanugkeviCiené, G., Paulauskas, V., Dailidaviciené, J., & Juozaitiené, V. (2010). Analysis of

34



12.

13.

14.

15.

16.

17.

pathologic lesions in the livestock and poultry slaughtered in the meat establishments of Lithuania.
Veterinarija ir Zootechnika 2010; 52: 33 - 42

Paladino, E. S., Gabardo, M. D. P., Lunardi, P. N., Morés, N., & Guedes, R. M. (2017).
Anatomopathological pneumonic aspects associated with highly pathogenic Pasteurella multocida in
finishing pigs. Pesquisa Veterindria Brasileira, 37(10), 1091 -1100. doi: 10.1590/s0100-
736x2017001000009

Pors, S. E., Hansen, M. S., Bisgaard, M., & Jensen, H. E. (2011). Occurrence and associated lesions
of Pasteurella multocida in porcine bronchopneumonia. Veterinary Microbiology, 150(1-2), 160 - 166.
doi: 10.1016/j.vetmic.2011.01.005

Schuh M., Kofer J. and Fuchs K. (2000). Installation of an information feedback system for control of
animal health - frequency and economical effects of organ lesions in slaughter pigs. Wien. Tierartztl
Monat 87,40 - 48

Wijeratne, W., & Wells, G. (1980). Inherited renal cysts in pigs: results of breeding experiments.
Veterinary Record, 107(21), 484 — 488. do1: 10.1136/vr.107.21.484

Willeberg, P., Gerbola, M.-A., Petersen, B., & Andersen, J. (1984). The Danish pig health scheme:
Nation-wide computer-based abattoir surveillance and follow-up at the herd level. Preventive
Veterinary Medicine, 3(1), 79 - 91. doi: 10.1016/0167-5877(84)90026-6

Wells, G., Hebert, C., & Robins, B. (1980). Renal cysts in pigs: prevalence and pathology in
slaughtered pigs from a single herd. Veterinary Record, 106(25), 532-535. doi:

10.1136/vr.106.25.532

35



MRFEE  BNFEFEART2RBIEYE (PFASs) ~ Z&Hi%E (PCBs) » %
IEFEEIE (PAHs) > %38 " %Wt (PBDEs) - A&7 - Shy A ZE 5% 5
ZEEAREF]

%

NFERYER B P RS R BN A m SRR E L (BN EEEYE - WL - REWCHENAmA
TSR YR RS - BURZ B g AR R 53 (PlemlAYE (PFASs) Al
%5 "W (PBDEs) #UERAMRE ; BONE mZa/5 (EFSA) R/ NHIE—D s - TEUEE
H % Eon PFASs BV A 815 - LIRS AR RE ST RN - NIt AHFELURAEET-
Pl E AT E 6 (LC-HRMS) MR- S BEREEE (GC-MSMS) $B2E 8 {EERHEE %
FEPATHY PFASs A1 PBDEs (& 570 7 (i 1T T 5T  BRIEAE 1 (EBRAAAE PR A H 2 4
#-Bk PFOA(HIRE Ry 0531 ng g A KAt PEASs < 1F 77 @AY 3 {E & HI%] PBDEs:
| (B BRI 58 AR AP AL RS By 0.53-0.77 ng ¢ 7Y PBDEs [E%847: Ho&k 2 {857 2K B {7 ( PBDE
153,0.53 ng g") FIFEAF] (PBDE 100,0.62ng g ) » WFFT4E SRMIBA%E B S Y PFOA 81 PBDEs
TS IRIE A g AR ER - IEXEONZ & G s - AT RN IIEIHTT LA
BRI B P IEAE

By T IReER R BT R EEEIEIMT - AHFE A E R R e a i EE Y E (e - H
— BTG AW RN o b Y) » AT 112 T [R5 R B 52 B (PRI ~ £~ B ~ 7K SR B9 )
Fe 108 /MR A TR AT S Y (POPs) » 2@ AYIE (PFASs) » fzas il
PUER - IHFTEEREUR - RETEERR - AR NI R EEE - (HEON & inZe £ FRIER
MNEE S E TR fe AR BURR B I R BB A S HRE A -
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2.1 MRS A

{E FsNAZ (internal standard) #Y “C-labeled PFOS (MPFOS) ~ “C-labeled Perfluorononanoic acid
(MPENA)PA K 17 T PFASs 2B Fluka AF » fEAMNEERY FBDE ( 3-fluoro-2,2'4.4',6-
pentabromodiphenyl ether ) DAk PBDEs [El%5%7 ( PBDE 28; PBDE 33; PBDE 47; PBDE 99; PBDE 100;
PBDE 153 and PBDE 154) &4 fh ~ PCBs [EMEY) (PCB 28, —52; —101; —138; —153 and
—180; WM PCB 209) fH AccuStandard /A F] © EFHZEEUEHE (solid-phase extraction cartridge,
SPE) H&H Waters 2\ 5] 5 QUEChERS 27 (QuE Citrate ~ QuE-Z SEP %) BH Supelco AF] > A
T & 7% &8 B Organochlorine pesticides (OCs) (aldrin; a-hexachlorocyclohexane (o-HCH); B-hexa-
chlorocyclohexane (B-BHC); hexachlorobenzene (HCB); dichlorodiphenyldichloroethylene (DDE);
dichlorodiphenyltrichloroethane (DDT); dichlorodi- phenyldichloroethane (DDD); endosulphan I; endo-
sulphan II; endosulphan sulphate; endrin; heptachlor; heptachlor epoxide; lindane and trans chlordane) H#
H Restek /AE] AR Organophosphorus pesticides (OP): chlorpyriphos diazinon, disulphoton,
ethoprophos, mevinphos and phorate, and 4-nonylphenol (IS for OCs and OPs) fH Sigma-Aldrich. - %%
2755 & PAHs: chrysene ~ benz(a)anthracene ~ benzo(b)fluoranthene 5% benzo- (a)pyrene f#H Restek
INE] o FRAE AR By HPLC 4k - & 4: amoxycillin, ampicillin,benzylpenicillin, cefquinome,
ceftiofur, cefalexin,ciprofloxacin, chloramphenicol, chlortetracycline,cloxacillin, danofloxacin, dicloxacillin,
dimetridazole,doxycycline, enrofloxacin, florfenicol, florfenicolamine, flumequine, furaltadone,
furazolidone,lincomycin, lomefloxacin, marbofloxacin, nalidixic acid, nitrofurazone, oxolinic acid,
oxytetracycline,ronidazole, spiramycin, sulphadiazine, sulphathiazole,sulfadimethoxine, sulphadimidine,
sulfamerazine,tetracycline, thiamphenicol, tiamulin,tilmicosine, tinidazole, trimethoprim, tylosin DA 5z
enrofloxacin-d5 (EAAIE) FEH Merck /A H] - 40 fEAASM (LEEFAIFR 4) 2 LEE Sigma-
Aldrich /2] ©

2.1.1 B fREE

FERR AL L RERS TR HUS - FEERESERTAGE /THY 130 2 160 A7 ZfH - FAKE 8 xR (&

HUCF > FHEE ~ AR ~ FEE ~ R~ SR ~ ORI ) B 77 (RSEIA R D > AR BT
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I 2016 4 12 A% 2017 £ 5 B 2 [ /N ARITE K B & HAvEE i LIS rh B EEny > 2k E 3
{EEAZ 2L 108 {ERE S - APl 8 (8 FES2 HEAN A 2018 425 B % 2019 /£ 5 H 2 [«
FA BRI KAEAE-20C KR TE T Z BT B 200 N

B8 G B T E T U o 4k 112 (8 > Ho 45 R ASE OMRR > 580 B SERD BT
HED 0 OKEE) > 13 (A (BEf Sf > M Bif B5) 47 (BB - 7 (B2 FLES
M SAMEERMETENEITIET 11 EARRENES - DIBEKEEEE - Fsraaki
1

% 1. AT R B A JHE

Meat Fish Fruit/vegetables Cheese
Veal Plait Apple Cheese (bovine
milk)

Swine Hake Plum

Horse Plait and potatoes* Pear

Lamb Trout and vegetables*  Pear and blueberry

Rabbit Bream and vegetables* Apple and blueberry

Chicken Bream and potatoes*  Apple and banana

Turkey Bass and vegetables*  Apple and peach

Veal and ham Cod and potatoes™ Apple and apricot

Chicken and carrots™ Cod and vegetables*  Banana and kiwi

Chicken with green beans andSalmon and vegetables* Mixed fruit

zucchini®

Veal and vegetables* Carrot and apple

Veal and carrots* Legumes

Veal and potatoes*® Zucchini

Veal, broccoli and carrots* Broccoli

Veal, potatoes and mushrooms™ Carrots, potatoes and
zucchini

Turkey, corn and potatoes™ Sweet potato and carrots

Tomato and vegetables
Peas and spinach
Mixed vegetables
Total n =45 n=13 n=47 n =7

*for mixed categories, meat and fish represented the major component as declared in the label.
2.1.2 PFASs Z£HY
&1 g BEESME A 15SmL B0 » A Acetonitrile /58] » Vortex JEE 1 70881% » BINHES
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KA TE TR REE 30 i o (/S RE P EUT - 7 4CRL4,612x g B0 10 77388 - K FERE
TABLAIREN S B E 22 e Ez e e DL 35 CARR #ET TR, - H2)RE VAV IN A L8 7K 10mL &
Wrafg o EICERE > FFEFEFEE (SPE) WAX B #ETEL (KPR 3 mL 5% NHy/methanol
3 mL methanol k& 3 mL EEET/KREERE) o RFERaERIEA SPE BRI - REf IR
JEEZE - 1K SPE BALARF LA 3 mL of 25mM acetate buffer pH 4.5 k2 2 mL methanol 7% © Hf& 2L 3 mL
5% NHs/methanol J2E - B R BN ALAIREE F E 22 EEaz e G DL 35 CAOG TR R -
BB EEE L DL 100 pL methanol:ammonium formate 20 mM (10:90 v/vV)EZ » WS A e 28

# Screw Vial » B LC-HRMS %534 -

2.1.3 PUAERZHL

B 1 g E BB A 15mL 80V 0 A S mL Mcllvaine buffer, 100 uL. 20%TCA > A Vortex J&
G ENBEE KA R RER 30 708 - {E/KR R - £ 4°CRL4,612x g Bl 10
Sy B LERELE o dEAIA 3 mL hexane > DA Vortex JREEHIE& FIMEGEREL - BEE LE
hexane A% - FAOIANTHY 3 mL hexane » DIHEIFRAFEAIRES - B0 8% FE hexane J5H -
TEBE[EIE - FFEAEZEEL (SPE) HLB EAE#E T/ L (kP LA 3 mL methanol 5 3 mL E#EF7K5R
ERE) - BERAREA SPE BRI - RERHIKREEE - & SPE BFEAMRFLL 6 mL
methanol:water (5:95 v/v) 7k » &L 5 mL methanol AR EFE o BRHHHERENFLADRIGE: &
ZeeiEEZ R DL 35 C /KB #E THZ)E: - H2ERZRAYEL ML 200 ul methanol:water (10:90 v/v) in 0.1%
formic acid EZF » W2 AR EE K anif Screw Vial » B LC-HRMS BRI <

2.1.4 POPs ~ #aaRIZ<HY

ARBFEERA QUECKERS (quick, easy, cheap, effective, rugged and safe ) ZEHUA - i 1 ¢ 35H bk
B A S0 mL HEOE S - JIA QuE Citrate ZZHUA » LA 10 mL Acetonitrile i EIZ U R A R 45IE -
DA Vortex JE& 1 4388 1£ 4°CLL4,612x g B0y 10 4388 « FEL LI > MA QuE-Z SEP JF{LA -
PL Vortex JE& & 1 7788 » 1£ 4'CLL 4,612x g By 10 7088 © K LBy B (7 B A BUAD IS |
HZE Rz R DL 35 CORIBHEITHZNIR - SZRRRAVBEAL LA BILL 1 mL hexane K 100 uL

methanol:water (10:90 v/v) in 0.1% formic acid TEZ » M #E AMBFEZERE S Screw Vial » 43 Blli%
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GC-MS/MS F: LC-HRMS &5 #r -

215 MRAHENT- R EAETEEREE (LC-HRMS) 5317

ABHFERE A Thermo 22 5] Surveyor JRAHJEATES - (£ C18 @A ETE - 73 A A ammonium formate
20 mM Kz Methanol 1 Es#£Eh#H (mobile phase ) A ~ B » FikiE A& By 20 uL - (I 258%H Thermo
/3] Q-Exactive Plus B #(5 » HA—{EEETF (orbitrap)  sF&H T IRAFFE S RO #EFRCE (i
B 1) o a2 B RHELL Xcalibur BESHIEE - oW AR B B RAR 2 -

Z% 2. 17 §& PFASs {L&Wbasg &kl 3e » Hrh EEEEE (b electrospray ionization (ESI) FE% A

negative °
. Exact mass Transition LOD LoQ Recovery intra-day inter-day
Compound Name Formula [m/z] [m/z] (pgg?)  (pgg™) (%) C(\r:_(;ﬁ) i\,:_(;/;)
PFBA Perfluorobutyric acid C4HF70, 212.9792 168.98836 10 30 99 6 20
PFPeA Perfluoropentanoic acid CsHF902 262.97601 218.98560 10 30 104 15 14
PFBS Perfluorobutane sulfonate acid ~ CaFoHO3S 298.94299 98.95434 5 15 119 19 20
PFHxA Perfluorohexanoic acid CeHF 1102 312.97281 268.98288 10 30 112 11 15
PFHpA Perfluoroheptanoic acid C7HF130; 362.96962 318.97949 5 15 109 7 10
PFHXS Perfluorohexane sulfonic acid CsF13HOsS 398.9366 98.95437 5 15 101 19 20
PFOA Perfluorooctanoic acid CgHF 1502 412.96643 368.97681 8 24 114 8 11
PFNA Perfluorononanoic acid CoHF1702 462.96323 418.97385 20 60 110 8 11
PFOS Perfluorooctane sulfonic acid CsF17HOsS 498.93022 79.95598 10 30 84 13 17
PFDA Perfluorodecanoic acid CioHF1502 512.96004 468.97064 28 84 87 5 9
PFUdA Perfluoroundecanoic acid C11HF2102 562.95684 518.96729 30 90 87 13 20
PFDS Perfluorodecane sulfonic acid CioF21HO3S 598.92383 79.95593 50 150 81 10 15
PFDoA Perfluorododecanoic acid C12HF2302 612.95365 568.96436 5 15 80 12 20
PFTrDA Perfluorotridecanoic acid C13HF2502 662.95046 618.96094 30 90 80 8 16
PFTeDA Perfluorotetradecanoic acid C1sHF2702 712.94726 668.95795 50 150 83 10 15
PFHxDA Perfluorohexadecanoic acid Ci6HF2102 812.94088 768.95093 50 150 80 9 13
PFODA Perfluorooctadecanoic acid CigHF3502 912.93449 868.94507 50 150 80 16 20

*=reported in alphabetic order
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3,30 FBHLA A5 TR BSFEER)

Compound name Exact mass Transition ES|
(39 compounds) Formula [m/z] [m/z] m+o/de
Amoxicillin Ci6H19N305S 366.11182 114.00109 +
Ampicillin Ci6H19N304S 350.11690 106.06545 +
Benzylpenicillin Ci6H18N204S 335.10600 176.06030 +
Cefalexin Ci6H17N304S 348.10125 158.02704 +
Cefquinome C23H24Ng0sS; 529.13224 134.09634 +
Ceftiofur Ci9H17N507S;3 524.03629 126.01212 +
Chloramphenicol C11H12CILN,05 321.00505 257.03409 +
Chlortetracycline C22H33CIN,Og 479.12157 444.08377 -
Ciprofloxacin Ci7H18FN303 332.14050 288.15005 +
Danofloxacin C19H20FN303 358.15615 314.16579 +
Dimetridazole CsH7N30; 142.06110 112.06335 +
Doxycycline C22H24N505 445.16054 410.12305 +
Enrofloxacin C19H2,FN303 360.17180 316.18188 +
Florfenicol C12H14CI,FNO,LS 355.99319 185.02769 +
Florfenicol amine C10H14FNO3S 248.07512 130.06515 -
Flumequine C14H12FNO3 262.0874 244.07686 +
Furaltadone C13H16N406 325.11426 100.07608 +
Furazolidone CgH;N30s 226.04585 95.03703 +
Lincomycin Ci8H34N206S 407.22103 126.12775 +
Lomefloxacin C17H19F2N303 352.14672 265.11438 +
Marbofloxacin C17H19FN4O4 363.14631 320.10410 +
Nalidixic acid C12H12N,03 233.09207 205.06041 +
Nitrofurazone CsHsN4O4 199.04618 152.96921 +
Oxolinic acid C13H11NOs 262.07100 244.06044 +
Oxytetracycline C22H24N204 461.15546 426.11816 +
Ronidazole CsHgN4O4 201.06183 140.04529 +
Spyramicin Ca3H74N2014 422.26428 174.11231 +
Sulfadiazine Ci0H10N40,S 251.05972 156.01120 +
Sulfadimethoxine C12H14N404S 311.08085 156.07666 +
Sulfadimidine C12H14N40,S 279.09102 149.02325 +
Sulfamerazine C11H12N40,S 265.07537 156.01135 +
Sulfathiazole CoHgN30,S; 256.02089 156.01120 +
Tetracycline C2H24N205 445,16054 410.12305 +
Thiamphenicol C12H15CI;NOsS 353.99752 185.02805 +
Tiamulin Cy8Ha7NO4S 494.32986 192.10501 -
Tilmicosine CagHgoN2013 435.2903 174.11232 +
Tinidazole CgH13N304S 248.06995 121.03193 +
Trimethoprim C14H18N40O3 291.14517 245.10294 +
Tylosin Cs6H77NO17 916.52643 174.11229 +
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% 4,40 FEALERN

PSS VEES ST

Compound name Exact mass Transition ES|
Formula mode
(40 compounds) [m/z] [m/z] o/
Atrazin CgH14CINs 216.10105 174.05385 +
Azinphos-ethyl C12H16N305PS; 346.04435 114.96143 +
Azinphos-methyl C10H12N305PS; 318.01305 142.99245 +
Azoxystrobin C22H17N30s 404.1241 372.09729 +
Benalaxyl C20H23NO3 326.17507 148.11185 +
Bitertanol Ca0H23N30, 338.1863 70.04069 +
bupirimate Ci13H24N405S 317.16419 108.01172 +
Buprofezin C16H23N3s0S 306.16346 201.10551 +
Cadusafos Ci10H230,PS; 271.09498 158.96980 +
Chlorfenvinphos C12H14Cl304P 358.97681 155.04663 +
Cyproconazol C15H18CINSO 292.12112 70.04073 +
Cyprodinil C14H15N3 226.13387 108.08103 +
Diazinon C12H21N,05PS 305.10833 169.07928 +
Ethoprophos CsH190,PS; 243.06368 130.93852 +
Ethoxyquin C14H19NO 218.15394 190.12244 +
Fenamiphos C13H2,NO3PS 304.11308 217.00816 +
Fenarimol C17H12CIN,0 331.03994 81.04534 +
Fludioxonil Ci12H6F2N,0, 266.07356 227.04482 +
Flusilazole Ci16H15F2N3Si 316.10761 165.06987 +
Furalaxyl C17H19NO4 302.13868 95.01640 +
Kresoxim-methyl Ci1gH19NO4 314.13868 222.09219 +
Malathion C10H1906PS: 331.04334 99.00809 +
Metalaxyl CisH2:NO4 280.15433 220.13306 +
Methidathion CeH11N,04PS; 302.96913 145.00656 +
Oxadixyl C14H1sN,04 279.13393 219.11262 +
Paraoxon-methyl CsH1oNOgP 248.03185 234.02864 +
Phosalone C12H15CINO4PS; 367.99414 182.00029 +
Piperonyl butoxide C19H3005 356.24315 177.09122 +
Pirimicarb C11H1sN40, 239.15025 72.04513 +
Pirimiphos-ethyl Ci13H24N305PS 334.13488 198.1058 +
Pirimiphos-methyl C11H20N305PS 306.10358 108.05595 +
Profenophos C11H15BrCIOsPS 372.94242 344.91083 +
Propachlor C11H14CINO 212.08367 170.03662 +
Propargite Ci19H2604S 368.18901 231.17419 +
Pyrazophos C14H20N305PS 374.0934 194.55950 +
Quinalphos C12H15N,05PS 299.06138 147.05527 +
Simazine C7H12CINs 202.0854 132.03226 +
Tetrachlorvinphos C10HoCl404P 364.90653 127.01553 +
Tetraconazole C13H11ClF4N30 372.02881 91.05791 +
Triazophos C12H16N303PS 314.07228 162.06616 +
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2.1.6 RAEEIT-EREREE (GC-MS/MS) 4347

AHHFE(@EA Thermo 23E] GC Trace 1310 chromatograph EAHEHTEESERE TSQ8000 = EEVUAKAT

(Triple quadrupole mass spectrometry, QqQ ) B 5= (electron impact mode ) EFEEE - (£
ARNE R B RAG (carrier gas ) « SEH TR 2 RA N SRIATISCE (Figk 1 Febfigk 2)-
S3Aft% 2 B LA Xealibur B HIEE - 38 f& POPs [EEYIHI S TERIFE RES -

7% 5. 38 1d POPs [EHHY) 0T &E Rl

Compound name Ret?ntion Precursor ion Transition ion Collision
(38 compounds) Formula t'"."e [m/z] [m/z] enerey
(min) (V)
o HCH CeHsCls 17.83 180.9 145 10
B BHC CeHsClg 19.35 180.9 145 10
Aldrin C12HsClg 23.83 260.9 191 30
Anthracene CiaH1o 37.77 226.1 2241 10
Benzofluoranthene  CigHio 42.02 252.1 250.1 30
Benzopyrene CaoH12 42.02 252.1 250.16 30
Chlorpyrifos CoH11CIsNO3sPS 24.33 278 109.1 20
Chrysene CisH1 37.76 228.1 226.2 30
o,p'-DDT C14HqCls 33.06 235 165.1 20
p,p'-DDD Ci4H10Cls 32.53 235 165.1 20
p,p'-DDE C14HsCly 33.06 246 176.1 30
p,p'-DDT Ci14HoCls 34.22 235 165.1 20
Diazinon C12H21N,03PS 19.00 304.1 179.2 10
Disulfoton CsH190,PS; 19.64 142 81 10
Endosulfan | CoHsClg0sS 28.53 372.8 265.9 20
Endosulfan Il CoHeCl6O3S 28.54 240.9 205.9 10
Endrin C12HsCl6O 31.31 262.9 193 30
Ethoprophos CgH190,PS; 15.83 158 97 20
Heptachlor CioHsCly 22.21 271.8 236.9 10
Heptachlor epoxide  CioHsCl;0 26.39 352.9 262.9 10
Hexachlorobenzene CgClg 18.13 283.8 248.9 20
Lindane CeHsClg 21.03 219 183 10
Mevinphos C7H1306P 12.33 127 109 10
PBDE 28 C12H7Brs0 32.39 246 139 30
PBDE 33 C12H7Brs0 31.98 247.9 139 30
PBDE 47 Ci12HeBrs0 38.33 483.7 325.9 20
PBDE 99 C12HsBrsO 40.90 563.6 403.8 20
PBDE 100 C12HsBrsO 41.60 563.6 403.8 10
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PBDE 153 C12H4BrsO 43.13 483.7 376.8 30

PBDE 154 C12H4BrsO 44.20 483.7 323.8 30
PCB 28 C12H,Cl3 22.09 256 186 20
PCB 52 C12H6Cl4 23.54 291.8 222 25
PCB 101 C12HsCls 28.32 325.8 255.9 25
PCB 138 C12H4Clg 33.23 359.8 289.9 25
PCB 153 C12H4Clg 34.82 359.8 289.9 25
PCB 180 C1HsCly 38.01 393.8 323.8 25
Phorate C7H17,02PS; 17.07 121.1 65 10
Trans chlordane C10H6Clg 28.29 372.8 265.9 20

DA Xcalibur B2 H38 Chrysene ~ PBDE 28 ~ & PCB 28 HYZH & 1 ©

RT: 18.09-41.70 SM:7G \L

100 RT: 3747 NL: 6.26E5
] RT:37.68 TIC F: + cEISRMms2
228.100@cid30.00
Chrysene, 10 ppb (PAH) [2zev155i@2;2,1651 S [CIS
50 Mix-ALLPOPS-10ppb-28-12-
] \L 2018
o
31.50 NL: 1.54E5
%'00: 3189 TIC F: + cEISRMms2
s 4 246.000@cid30.00
] PBDE 28, 10 ppb [138.995-139.005] MS
< 507 Mix-ALLPOPS-10ppb-28-12-
2 2018
2 ] 3238
- 2169 NL: 7.72E5
] ‘ TIC F: + cEISRMms2
] 256.000@cid20.00
s PCB 28, 10 ppb [185 995?6513351 MS
] | Mix-ALLPOPS-10ppb-28-12-
] E 2018
] 2099 | \ 2221
e e e T e
2 2 % % b 30 2 34 36 38 40

Time (min)

1. Chromatograph of standard reference of Chrysene, PBDE 28, and PCB 28.

2.1.7 SRR T AR

ST AR IZE R ZE S SANTE/2015 A8 HHEE - $13F PFASs AR 7 AR UR H SR 22 i -
TEE 53T BRI R RS (retention time ) BhIGAE IR EA MR - H A A SHSERLE
( Signal-to-noise ratio, S/N ratio ) » BN REFFKE] pg ¢’ G4kt HA REFHIEERLL - GRESTY)
HMESIFT S BRI 2.5%&E N » FEREEAR 3 FaBERZ g A AZHEN
( European Commission, 2002) © &5 FH[EIUER (recovery ) £ 80% 2 117%6 .2 » B~ T
Ao ITERIE » EFGEFEDAYINEEELE - 17 {# PFASs 2 HrPav AR (limit of
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detection, LOD) #7172 5pg g’ Zfd » E&FRIR (limit of quantification, LOQ) 417 15pg g % 150 pg
gz e

FTEUEE ST R 4R (calibration curve) £ T{FHIEIN 23 RAFAVERIER (% - R (EHAR
0.99 - EE#EM: (repeatability ) ELFFERM: (reproductivity ) BYFEHERE ( Thompson et al., 2010 ) &L one-
way analysis of variance ANOVA 51&HY » 73 AMER 19% K 21% @ FFEEHDEMRVEDK -

Wtz BRI SSE R - ARASERTEERI M 7% - BRUERS -

HRE POPs ~ Hid: & ks BIi o isiee SBse &Rt » FISRIAHZEER (BIOREAE) 2

AL 85221 & (Chiesa et al., 2017;2018a;2018b;2018¢;2018d;2018¢ )

2.2 SIHTAE RIS SR
T2 77 EFE ARG 2 o - (27 1 (8 R RIFTER SRS PFOA J887 (¥ 0.531 ng g') » 1 {EfEE
sl 2678 PBDEs 589 > 43R/ MA 0.53 2 0.77ng g 28 > (B AFISA 1 Bk H

SHIH PBDE 153 (0.53ng¢’) & PBDE 100 (0.62ngg') 5884 (F£6) -
F 6. KEAREFEBZIFE AT EEEE YN E =4EE.

. Concentration
Production area N° of Sample Analyte detected

(ng g* fresh weight)
Austria 7 PFOA (n=1) 0.53
Denmark 8 n.d.
France 8 n.d.
PBDE 28 0.57
PBDE 33 0.73
PBDE 47 0.60
Germany 10 PBDE 99 (n=1) 0.74
PBDE 100 0.77
PBDE 153 0.70
PBDE 154 0.53
Netherland 8 PBDE 153  (n=1) 0.53
Italy 20 PBDE 100  (n=1) 0.62
Poland 8 n.d.
Spain 8 n.d.

n.d.=Not detected
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18 117 82 5 B im ke 108 /NP in o R 8 PFASs ~ POPs JLA: 2 FoiaadilHy 72w -
TRIBATTRTEISHIEE R - ] DU T — 25 E - BUR I RHUE B in PBDE WEAIRE » K5
AR ARG PBDE HYERRFFEUEITE R - BB RN AR S T RET AAGAHER (B
&~ N¥.) ™ PBDE B2 (% 40H - % 5 ~ EEEMEMEUEIEN D(ATSDR, 2011 )-
LT AAE SORR R HYAS S - iH9T S LK B PEDE A HY%E A o PBDE Y& ELLHE M SR GCE A
W > AIPEHES (109ng ¢') (Bocioetal., 2003 ) NIZEFZIERE (32.3ng g ™) (Perelld etal., 2009 ) -
5t (63.6ngkg') (Domingo etal., 2004) FIFEIARE (8.074ngg") (Gongetal., 2014) « FHIAHE
EAHIRENE » Tomkvist A (2011 ) &7~ » ¥ PBDE I ASEEAVRAERE 2 A (39%)
FIAZLE (319% ) HZZEREE (17% ) » Vouriner 2 (2012 ££) WFFE T EENTE = (EHIEAT K
PE Ak fa  PBDE HYAEYIICRIER » {585 T PBDE WY &MU FlFIRER 2 & - AN
AILALAZ A8 T 3% 825 PBDE » FERHERICEECHD TR EY) ~ BRI (2R - 188) DI
F BLAZ 5 AL a1 - 25T SRR » B8R S EERD S EEAELE - BE4) A PBDE BEEE H =
EeRAEMESERY] - I B & BUIR K EERHE (ATSDR, 2011) © f£3Z8kH » B8l PBDE
ERE R ANY(E EARD - PFOA Hi BEALEREERE - fEERIR HIREIRE » WEA UMK
HIEEST (ATSDR, 2009 ) - B4 PBDEs “~[H] » fE/E4Y#8H » PFASs S2M% ~ FFBsfIZEE 8 E &
B4 E  EARGERENHSTRE - BN T MeKEREE > e KRR a8 s - B
e mAEtL - FERET R ES -

BE A7 S B HANER MY PFOS BB s kR i R 8y £ 2 L&) fERR (Chiesa et al., 2018;
Squadrone et al., 2015; Guerranti et al., 2013) » {E5& 5 TFEAHAVKEETER (15 pg g’ 0.74 ng
g") (Guerranti et al., 2013; Noorlander et al., 2011) -

EFSA &b 54R 2\ (Scientific Panel on Contaminants in the Food Chain) 5% > FEULSE
H % &on PFASs BUFAEEHE - DIRE AR Eat EAVERENE (EFSA, 2008) - [E1% » BOM
ZE G T BN GO B B & PFASs BYZ B &% 3 2010/161 / EU (EFSA, 2012) A&
BHZE&E A BT NPT T % PFASs 158 R FPEVAFAE - fRIZE LGSR W N AR - B2 » 1TE
WIBKHE EFSA FrissnVilbes - B TE Pt I E R A B o P IEAE -
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Ve SRk

e B A A e AR - AT ST IR AE ERTRR A B 2 5 o R B E A B R TR -
B — BB BT SE (Correla-Gomesetal., 2017) AHFT BB &R &R EIER GBI RE T F
Z1%& > TR ERTRetA S LA NI T« AR FEaE R B EAR AR B TR A Ry 2
F{EM - BUERY IMSOC H4EAGK B e & BRI BN ERHBEAVRSZ - 408 ~ (il KA
TE N T ME PO RS E VR — R E B R E - BREEIRIVAERERES
SCAEBRIE T - ERERAM—EERY B R AR TR - R RE BN R AV TR (I &
VI E R -

BIEETE 2006 F-EEF PFOA Kz PFOS » KRR ALBHSE | e BB 2 SR oA T A AR A AN ER
BE59) ~ PUE R Rk o AITERTA SRR T353R T U EHY PFOA Kz PBDEs * &
BB E AR - AIERIHEONE fIFEE AR > Wz 2SS -
TEEIFARNEL T > A A RfERERS (LC-HRMS K GC-MSMS) Fig 7% EEHE T
57 AR T WREAZEHET (QUEChERS R EAHAEHESAMT ) - 1€ 112 #1582 7 feimd 108 {E/N-
ARSI T 134 TES3HT) (17 78 PFASs ~ 38 f POPs ~ 39 FlfiA: 2% ~ J% 40 Flkgarsl) -
AWFE LA RIMPUER ~ RERF IR 5AY) - B3 TN IUER ~ e FIRE 52
YrEEEREE AR -

NI R AR R R R inZe & b MR R R S BRI EN B L Nt
HESEFNYIH RS OReE NV R - GG - AR EAGE R R ied &bl EI e
A LUV B s AE S 88 oy EL - EER[ElEE il LIRS B A S A B E R R A - R RiE
AILUEREIYI A BV ERNEA L S EEPTRE R Y EE A IRAR « 2K AWTFeidiRsd
TECRE RN RO SAYYE 2 e MR i1 BB T AR L E B BRI RV E
FSHAIE - AIEIMAIAYE > BOEH R an 282 B AR SRR ~ BRI 5 A MR R 2
BHPRER > AT TAERTH SRR SN A 2 SR M RS F T B B Y (B R BRI & by

LR EYIN L= B EE -
52



BT E S

2016 4F 10 H 13 HAEZZGERKE#TT Mercato Ittico farish (A ATS/KZE B AlEF 5%
&) BB T B LAE - EHURAEE AR E TT R AR /K A in 2 IS~ AlGn
EWENEHERITEY - ESHERELIKES 1| I ABEEMET L 4 2EE
Bl - EESHEDKE bR EETTRIR RS - R aF RS E R R E = ek - Wik
fad LEEA RS LY - e H A s (et ais/HEHURE > AERA
5 ) ~ RESRIRaRH EARESE -

2017 5 5 H 19 HigbagE (Pavia) A Melca B (A ABEREET S )
FeA-E4 (&% Frisona f#.4- & Chianina ~ Piemonte 55 3 flRATE A4 ) 25 » G
FEtm B RN LR NI R =215 2 B s A e e~ WiniE W Ve E B TR Sk
Ho

BVIRZET T

FHAE 2017 57 A 7 HEM&ESE KACKH a8 SR R B Pin TV B2 B 7 pig

el

N

2T (Sezione di Lodi, Istituto Zooprofilattico Sperimentale della Lombardia e dell'Emilia
Romagna ) JEHAWTE - &2l LostE Ikt (regional ) ARG Z > BAHEER
BRI FREIEEENEIER - BWIRSE T kN Z 2 HP 250 #ZTuLr
B8 HE ROAPHIT A THNABUTER - B2 - 108 - A & f0 AT A
FLREIS BN A fOWEE R ~ WEEER ~ MU SE ~ YRR ~ D TAEVISE R T LRSS EFR
B el > AR S N HIENIIRRR ~ DURSTIEECN - R8s BB R A &
HYE T ERIZE B HE A - T —ERGEZ R N 2 KRB R AT /R 2 R R 772
RITHRF 4 FH B A A s FH i 22 P e EE > DURTa% o RIS B A BB Rl )T S AR BT -
Z L BRI E AR B2 SN B B i SR B R DL iR B = ghP ok
TR ATRER N > HEITT ST TP B H BT B B R 3 A B Z T Fe iU R (e B g

WS SRS T BUF AT A T R Z I ARF B (2 18T - R RN E %2
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B b A SRS R A R AL DNA DA SRR HE T Br il A 1 2 BHEE R H A T > A
NBERIEBNFZ 00y F HABUFENAFFE - A2 RE DNA KBSV NG TR ER

DNA DUgsg & B 5o iy IEREME S Rr & s it 2
2017 £ 7 A 19 HS R EATEEE (Sondrio ) 4R JEEIATE H BT 84
" Emergenze non epidemiche di carattere veterinario ; ( 3% 1 BAEREEATFF A RAMVIERI T
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ABSTRACT ARTICLE HISTORY
Meat and meat products are included in a great number of human diets. However, the great Received 6 August 2018
consumption of meat needs to be controlled for the presence of traces of contaminants. The  Accepted 8 October 2018
European Commission has not stated maximum limits for some environmental pollutants such as KEYWORDS

the perfluoroalkyl substances (PFASs) and polybrominated diphenyl ether (PBDE); the European ¢ ys/ms: Lc-HRMS; PBDES;
Food Safety Authority (EFSA) Scientific Panel has recommended that more occurrence data for PFASs; Pork

PFASs in food should be collected to improve the accuracy of future exposure calculations.

Therefore, the distribution of PFASs and PBDEs trace contaminants from eight EU Member States

were investigated through liquid chromatography coupled to high-resolution mass spectrometry

(LC-HRMS) and Gas Chromatography-Mass Spectrometry (GC-MS/MS). No PFASs were detected,

except perfluorooctanoic acid, in only one Austrian sample at the concentration of 0.531 ng g™".

PBDEs were detected in 3 out of 77 samples: one from Germany showed the presence of all

congeners analysed in the concentration range 0.53-0.77 ng g, the others, from Netherland and

Italy, respectively contained PBDE 153 (0.53 ng g~') and PBDE 100 (0.62 ng g~ '). The results show

that the analysed samples do not pose a risk for human beings in regard to PFASs and PBDEs.

Further studies are needed to keep monitoring their presence in foodstuff, as it has been

suggested by European Commission.

Introduction These substances generally bind strongly to soil
particles, and therefore, do not move easily
through soil layers (Routti et al. 2015).

PFASs, such as perfluorooctane sulfonate
(PFOS), represent a class of compounds showing
high thermal, chemical, and biological inertness.
Their application began in the early 1950s and,
due to their widespread use, they are globally
found in the environment, both in animals and
in humans (Routti et al. 2015). Many countries,
e.g. Germany, French, Denmark and Spain,
reported the results of PFASs analysis from
human serum samples (Ingelido et al. 2010) and
other animals (Chiesa et al. 2018), where they
found very low concertation with the average
about 15 pg g™' in pork and higher in fish where
they reach 45 ng ¢! (Table 4). The highest con-
centrations are found near densely inhabited areas
due to discharge of industrial and municipal

Generally, food of animal origin plays an impor-
tant role in determining the exposure of human
beings to contaminants of chemical origin (Liem
et al., 2000; Pastorelli et al. 2005; Térnkvist et al.
2011; Vogt et al. 2012). Perfluoroalkyl substances
(PFASs) and polybrominated diphenyl ether
(PBDE) contamination of food is a global issue
of environmental pollution. PBDEs are one class
of brominated flame retardants (BFRs) that can be
released from manufacturing commercial pro-
ducts (e.g. acrylonitrile-butadiene-styrene and
polystyrene plastics, polyurethane foams), packa-
ging materials, electronic devices, as computers or
televisions. PBDEs can be released into the air,
water, and soil at places where they are produced
or used, but they have very low water solubility,
and when these substances are released to water,
they typically bind to sediment (ATSDR, 2011).
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wastewater ~ and  fire-fighting  operations
(Lindstrom et al. 2011; Zacs and Bartkevics 2016).
Perfluorooctanoic acid (PFOA) and PFOS are
recognised as endocrine disruptors with reproduc-
tive toxicity, and immunosuppression activity
(Pérez et al. 2014); several studies have shown
that in experimental animals they have adverse
effects including developmental toxicity, neurobe-
havioral toxicity and lung toxicity, as well as car-
cinogenic genotoxic potential (EFSA 2012). On
the basis of their properties, the EFSA proposed
tolerable daily intake (TDI) levels for PFOA
(1500 ng kg™ body weight per day) and PFOS
(150 ng kg™ body weight per day) (EFSA 2012)
due to their adverse effects in experimental ani-
mals and due to dietary exposure has been sug-
gested as the main exposure route to PFASs.
Most information regarding toxicity of PBDEs
and their metabolites is from animal studies that
show developmental neurotoxicity and endocrine
disruption (Costa and Giordano 2007; Darnerud
2008). One study examined the effects of PBDEs in
humans. The authors detected four congeners
(PBDEs 47, 99,100, 153) in greater than 97% of
women’s serum samples analysed and found signifi-
cant decreases in fertility associated with PBDE
exposure in women (Harley et al. 2010).The EFSA
Panel on Contaminants in the Food Chain (EFSA
2011) considers eight PBDE congeners to be of pri-
mary interest: PBDE-28, —47, -99, -100, —153, —154,
—183 and -209. In 2008, the United States
Environmental Protection Agency (EPA, 2009)
issued health assessments of four individual PBDE
congeners, PBDE-47, —153, —99 and —209, within its
Integrated Risk Information System (IRIS) pro-
gramme. The dominant food category that is
exposed to PBDE is food with high fat content,
because there is a relationship between the PBDEs
levels and the fat content (EFSA 2011). In 2012-
2013, a U.S. meat and poultry (beef, pork, chicken,
turkey) study reported that the mean summed con-
centrations of seven PBDE congeners from beef,
pork, chicken and turkey were 0.40, 0.36, 0.19 and
0.76 ng g"" lipid weight (Iw), suggested that the U.S.
consumer daily intake of PBDEs from meat and
poultry was 6.42 ng day™" (Lupton and Hakk 2017).
Meat and meat products are included in a great
number of human diets. Their regular consump-
tion means a significant intake of proteins and

FOOD ADDITIVES & CONTAMINANTS: PART A @ 2415

essential micronutrients. In addition, pork meat
is used in many countries to produce derivative
products (hams and cured meats) with high-qua-
litative value and relative recognition as Protected
Designation of Origin (PDO) and the Protected
Geographical Indication (PGI) products.

However, the great consumption of pork meat
(Table 5) needs to be controlled for the presence of
chemical compounds. EU has not stated Maximum
Levels (MLs) for PBDEs and PFASs; the EFSA
Scientific Panel on Contaminants in the Food
Chain (CONTAM Panel) recommended that more
occurrence data for PFASs in food should be col-
lected to improve the accuracy of future exposure
calculations (EFSA  2008). Subsequently, the
European Commission issued the Commission
Recommendation 2010/161/EU on the monitoring
of PFASs in food in the Member States (EFSA 2012).
It is therefore important, to obtain information on
the presence of these pollutants in food, mainly in
those products whose consumption is highest
(Table 5). EFSA’s CONTAM Panel acknowledged
that there were significant data gaps on issues such
as the contribution of different foodstuffs, among
which pork, to human exposure and that further
research and data collection would be necessary
(EFSA 2008).

Toxicological studies show that PFOS and PFOA
are adsorbed after oral exposure and primarily accu-
mulate in the serum, kidney and liver (EFSA 2008).
Perfluoroalkyls tend to remain in the body
unchanged for long periods. It takes approximately
4 years for the level to halve, so constant exposure
could increase the levels in the organism resulting in
adverse overcome (ATSDR 2009). People could be
exposed to PBDEs in a wide variety of ways, includ-
ing foods or dusts/soils, air or through skin contact.
The toxicokinetic of PBDEs depends on the number
and position of the bromine atoms: the more toxic
congeners are the lower brominated PBDEs, due
their ability to bioaccumulate, mainly in body fat,
consequently decabromodiphenyl ether is expected
to be less toxic than lower brominated PBDEs.
Nowadays, the effects of PBDEs are not all well
established and it is not known if PBDEs are carci-
nogens to human. However, the International
Agency for Research on Cancer (IARC) has classi-
fied PBDE as a Group 3 carcinogen based on inade-
quate evidence of carcinogenicity in humans and
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inadequate or limited evidence in experimental ani-
mals (Agency for Toxic Substances and Disease
Registry 2011). So, based on the EFSA recommenda-
tion, in this paper we investigated the presence of
PFASs through LC-HRMS and PBDE through GC-
MS/MS in pork samples from eight EU Member
States, to improve the knowledge on data gap of
these compounds in literature.

Materials and methods
Chemicals and reagents

The '*C-labelled PFOS (MPFOS) and *C-labelled
perfluorononanoic acid (MPFNA), which were used
as the internal standard (IS) in this study, and the 17
PFASs derivatives the perfluorobutyric acid (PFBA),
perfluoropentanoic acid (PFPeA), (perfluorobutane
sulfonate acid), perfluorohexanoic acid (PFHxA), per-
fluoroheptanoic acid (PFHpA), PFOA, perfluorono-
nanoic acid (PFNA), perfluorodecanoic acid (PFDA),
perfluorooctane sulfonic acid (PFOS), perfluorounde-
canoic acid (PFUdA), perfluorododecanoic acid
(PFDoA), perfluorodecane sulfonic acid (PFDS), per-
fluorotridecanoic acid (PFTrDA), perfluorotetradeca-
noic acid (PFTeDA), perfluorohexadecanoic acid
(PFHxDA), perfluorooctadecanoic acid (PFODA),
perfluorobutane sulfonate acid (PFBS) and perfluor-
ohexane sulfonic acid (PFHxS), which were used for
standard curve constructions, were purchased from
Fluka (Sigma-Aldrich, St. Louis, MO, USA). Mixtures
of PBDE congeners (PBDE 28; PBDE 33; PBDE 47;
PBDE 99; PBDE 100; PBDE 153 and PBDE 154) and
3-fluoro-2,2',4,4',6-pentabromodiphenyl ether
(FBDE) as IS for PBDEs were purchased from
AccuStandard (AccuStandard, Inc. New Haven, CT,
USA). The purity of all standards was greater than
98%. Hexane and acetone (special grade for pesticide
residue analysis Pestanal) were purchased from Fluka
(Sigma-Aldrich, St.Louis, MO, USA). Each solvent is
in HPLC or analytical grade. Purified water was sup-
plied from a Milli-Q system (Millipore, Merck KGaA,
Darmstadt, Germany). The solid phase extraction
cartridges (Oasis WAX 3 mL, 60 mg) were bought
from Waters™ (Milford, MA, USA). The ammo-
nium formate, sodium acetate, acetic acid (99.9%)
and 25% ammonia solution were purchased from
Fluka. QUEChERS materials for the extraction were
obtained from Supelco (Sigma-Aldrich, St. Louis,
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MO, USA); SupelTM QuE Citrate (EN) tubes, contain-
ing sodium citrate tribasic dihydrate and sodium
citrate dibasic sesquihydrate. magnesium sulphate
and sodium chloride were used for the extraction.
SupelTM QuE-Z SEP (EN) tubes were used for the
clean-up step.

Standard solutions

To make the stock solution, each of the 17 standard
PFASs compounds was prepared at 1 mg mL™" con-
centration in methanol and stored at —20°C. The
working solutions which were diluted from the
stock solution at concentrations of 10 and
100 ng mL™" in methanol were freshly prepared
before use and stored at 4°C.

Working solutions of PBDEs were prepared by
diluting the stock solution in hexane for pesticides
and then stored at —20°C. An uncontaminated meat
sample (previously checked for the presence of PBDEs
and considered blank with a concentration of com-
pounds less than limit of detection (LOD) used as
control was selected for all the procedure optimisation
steps. For meat fortification, 1.0 g of the control sam-
ple was spiked by adding an appropriate volume of the
standard working solution to cover the concentration
range from 0.5 to 10 ng g™ (five calibration points:
05, 1, 2, 5, 10 ng g’l) for PBDEs in relation to
literature to realise the matrix-matched calibration
curves.

Sample collection

The muscle samples were taken from pigs from the
food chain weighing 130-160 kg, and to minimise the
damage to the carcass, the muscles used were obliquus
internus abdominis and obliquus externus abdominis.
Seventy-seven frozen samples from eight different
European countries (Austria, Denmark, French,
Germany, Holland, Italy, Poland and Spain) were
collected. The samples were homogenised and then
stored at —20°C; they were defrosted before being
analysed. The date of sample collection was from 5
December 2016 to 5 May 2017.

Sample extraction of PFASS

Weight 1.0 g of homogenised sample into a 15-mL
polypropylene screw-cap centrifuge tube. Add



50 pL of internal standard solution (which con-
tains 100 ng mL™" MPFNA and 100 ng mL™"
MPFOS in methanol) into the tube, to proceed a
final concentration of 5 ng mL™" over the matrix.
Shake the tube by hand to mix it with the sample
matrix. Add 10 mL of acetonitrile, vortex for
1 min, then put the tube into the water tank
with ultrasonication for 30 min at room tempera-
ture. Ultrasonicated samples were centrifuged at
4,612 x g, 4°C, for 10 min. Transfer all super-
natant liquid into the evaporation flask and dried
it with rotary vacuum evaporator at 35°C. Add
10 mL of Milli-Q water into flask and re-suspend
the analyte by vortex for 10 s. Load the re-sus-
pended liquid into Waters™ WAX SPE cartridge,
which was previously conditioned with 3 mL of
0.05 mL mL™! NH,OH in methanol, followed with
3 mL of methanol, and 3 mL of Milli-Q water.
After the sample finished passing through the
cartridge, flush the cartridge with 3 mL of
25 mM acetate buffer pH 4.5 to release proteins
and lipids from cartridge, followed with 2 mL of
methanol. Elute the cartridge with 3 mL of
0.05 mL mL™' NH,OH in methanol and transfer
the eluted liquid into evaporation flask, then dry it
with rotary vacuum evaporator at 35°C. The dried
analyte was redissolved in 100 pL of methanol:
ammonium formate 20 mM (10:90 v/v) and then
transferred into a screw vial for analysis with LC-
HRMS.

For the estimation of recovery ratio, use blank
pork samples of 1.0 g, divided into group A and B.
In Group A, spike into matrix with 50 pL of
internal standard solution (which contains
100 ng mL™" MPENA and 100 ng mL™" MPFOS
in methanol) into the tube, to give a final concen-
tration of 5 ng mL™", and with 10 uL of 17 PFASs
mixture (each single compound contains 100 ng
mL™") to give a final concentration of 1 ng mL™",
then run the extraction procedure. In Group B,
spike the internal standard solution of 50 uL into
matrix, then run the extraction procedure. With
the solid phase extraction finished, spike 10 pL of
the 17 PFASs mixture into the eluted liquid. Use
LC-HRMS to determine concentration of each
PFASs, then calculate the ratio of these PFASs
between Groups A and B.

For coefficient of variation of intra-day (repeat-
ability), and inter-day (reproducibility) evaluation,
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use blank pork samples of 1.0 g, spike into matrix
with 50 pL of same internal standard solution into
the tube, to give a final concentration of
5 ng mL™", and 10 pL of 17 PFASs mixture (each
single compound contains 100 ng mL™") to give a
final concentration of 1 ng mL™}, then run the
extraction procedure. Use LC-HRMS to determine
the concentration of each PFAS from each tube
and calculate the value of each PFAS for the coef-
ficient of variation of intra-day (repeatability) and
inter-day (reproducibility).

Sample extraction of PBDES

The extraction of PBDEs was performed using the
QuEChERS (quick, easy, cheap, effective, rugged
and safe) method. Briefly, 1.0 g of sample was
homogenised and transferred to a QuEChERS
extraction tube, then a solution containing the
ISs (FBDE) was added to the sample to a final
concentration of 100 ng g”". A total of 10 mL of
acetonitrile was added as extraction solvent; the
tube was shaken for 1 min using a vortex and
centrifuged for 10 min at 4612 x g at 4°C. Later,
the supernatant was transferred to a QuUEChERS
clean-up tube, shaken and centrifuged at the same
conditions described above. The extract was col-
lected, divided into two aliquots and dried under
vacuum in a centrifugal evaporator at a tempera-
ture of 35°C. The residue was dissolved in 200 pL
hexane for the analysis by GC-MS/MS.

LC-HRMS orbitrap analyses

The LC-HRMS analysis was performed by an
HPLC system (Thermo Fisher Scientific, San
Jose, CA, USA), consisting of a Surveyor MS qua-
ternary pump with a degasser, a Surveyor AS
auto-sampler with a column oven and a
Rheodyne valve with a  20-pL  loop.
Chromatographic separation was carried out
using a Synergi Hydro RP reverse-phase HPLC
column (150 x 2.0 mm, particle size 4 pum), with
a C18 guard column (4 x 3.0 mm; Phenomenex,
Torrance, CA, USA). To minimise PFASs back-
ground contamination in the system, use stainless
steel column tubes and fittings. Moreover, since
PFOA and PFOS were always present in the blank
of the chromatographic system, we mounted a



2418 (@ L M. CHIESA ET AL

Table 1. Formula, exact theoretical mass of the parents, diagnostic transitions and validation parameters of the selected PFASs. The

electrospray ionisation (ESI) is set as negative.

Exact mass Transition LOD LOQ Recovery Intra-day CV (%) Inter-day CV (%)
Compound* Name Formula [m/z] [m/z] (pg g'w) (pg 9_1) (%) (n=25) (n=7)
PFBA Perfluorobutyric acid C4HF70, 2129792 168.98836 10 30 99 6 20
PFPeA Perfluoropentanoic acid CsHF40, 262.97601 218.98560 10 30 104 15 14
PFBS Perfluorobutane sulfonate acid C4FsHO3S 298.94299  98.95434 5 15 119 19 20
PFHxA Perfluorohexanoic acid CeHF110,  312.97281 268.98288 10 30 112 1 15
PFHpA Perfluoroheptanoic acid C;HF430, 362.96962 318.97949 5 15 109 7 10
PFHxS Perfluorohexane sulfonic acid ~ C4F13HO5S  398.9366 98.95437 5 15 101 19 20
PFOA Perfluorooctanoic acid CgHF150, 41296643 368.97681 8 24 14 8 1"
PFNA Perfluorononanoic acid CoHF47,0, 462.96323 418.97385 20 60 110 8 1
PFOS Perfluorooctane sulfonic acid ~ CgF,,HOsS  498.93022  79.95598 10 30 84 13 17
PFDA Perfluorodecanoic acid CioHF190,  512.96004  468.97064 28 84 87 5 9
PFUdA Perfluoroundecanoic acid C7HF 120, 56295684 518.96729 30 920 87 13 20
PFDS Perfluorodecane sulfonic acid ~ CyoF2;HO3S 598.92383  79.95593 50 150 81 10 15
PFDoA Perfluorododecanoic acid CiHF30,  612.95365  568.96436 5 15 80 12 20
PFTIDA Perfluorotridecanoic acid Ci3HF50,  662.95046 618.96094 30 90 80 8 16
PFTeDA Perfluorotetradecanoic acid CiaHF,0, 71294726  668.95795 50 150 83 10 15
PFHXDA Perfluorohexadecanoic acid Ci6HF3,0;  812.94088 768.95093 50 150 80 9 13
PFODA Perfluorooctadecanoic acid CigHF350,  912.93449  868.94507 50 150 80 16 20

* Reported in alphabetic order.

small Megabond WR C18 column (5 cm x 4.6 mm,
particle size 10 pm) between pump and injector to
delay our analytes by 2 min from those already
present in the system.

The mobile phase used for the gradient consisted
of a programmed mixture of solvents A (aqueous
ammonium formate 20 mM), and B (methanol).
The elution started with 10% B, which increased to
40% in 4 min. Subsequently, the mobile phase B was
gradually increased to 95% at the 12th minute,
which remained constant up to the 18th minute.
The initial conditions were reached at the 20th min-
ute, with an equilibration time of 7 min. The run was
performed at flowrate of 0.3 mL min™",

The detector was a Thermo Q-Exactive Plus
(Thermo  Scientific, San Jose, CA, USA),
equipped with a heated electrospray ionisation
(HESI) source. Capillary temperature and
vaporiser temperature were set at 330°C and
280°C, while the electrospray voltage was set at
3.50 kV operating in negative mode. Sheath and
auxiliary gas (nitrogen) were set at 35 and 15
arbitrary units, with S lens RF level of 60.
Xcalibur 3.0 software (Thermo Fisher Scientific,
San Jose, CA, USA) was used to control the
HPLC-HRMS system. The exact mass of the
compounds was calculated using Qualbrowser
program in Xcalibur 3.0 software. Instrument
calibration was done every analytical session
with a direct infusion of a LTQ Velos ESI
Negative Ion Calibration Solution (Pierce
Biotechnology Inc., Rockford, IL, USA).
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The Full Scan (FS) acquisition was combined
with an Independent Data Acquisition (DIA)
mode, providing the MS2 spectra for confirmatory
response, based on an inclusion list.

The resolving power of FS was set at 70,000
FWHM. In consideration of the molecular weights
of our compound list, a scan range of m/z
200-950 was chosen; the automatic gain control
(AGC) was set at 1 x 10° and the maximum
injection time was 200 ms. The DIA segment
operated in negative mode at 35,000 FWHM.

Detection of analytes was based on retention
time of target compounds, on calculated exact
mass of the deprotonated molecular ions, and at
least one specific and typical fragment (Table 1).
The formula of the compounds, with the exact
theoretical mass of the parents and the diagnostic
transition used to confirm the different PEASs, are
reported in Table 1. Acquisition data were
recorded and elaborated using Xcalibur™ software
from Thermo Fisher.

GC-MS/MS analyses

Triple quadrupole mass spectrometry (QqQ) in
electronic impact (EI) mode was used for the
simultaneous detection and quantification of
PBDE in meat samples.

A GC Trace 1310 chromatograph coupled to a
TSQ8000 triple quadrupole mass detector (Thermo
Fisher Scientific, Palo Alto, CA, USA) was used to
confirm and quantify contaminant levels in meat



samples by using a fused-silica capillary column Rt-
5MS Crossbond-5% diphenyl 95% dimethylpolysi-
loxane (35 m x 0.25 mm i.d., 0.25-pm film thickness,
Restek, Bellefonte, PA, USA). The oven temperature
program was as follows: initial temperature of 80°C,
held for 3 min, and increased to 170°C at 10°
C min~}% then, increased from 170°C to 190°C at 3°
C min~%, and raised to 240°C at 2°C min}, before
being ramped to 280°C at 3°C min™" and finally
from 280°C to 310°C at 10°C min™" and held at
this temperature for 5 min. The carrier gas (helium,
purity >99.999%) was in constant flow mode at
1.0 ml min™". A volume of 1 pL was injected using
a programmed temperature vaporiser injector
(PTV) in splitless mode with a 1-min splitless period
and the following inlet temperature programme: 80°
C (0.05 min), 14.5°C s™* to 200°C (1 min) and 4.5°
Cs™" to 320°C (12 min - cleaning phase). A baffle
liner (2 mm x 2.75 mm x 120 mm, Siltek-deacti-
vated; Thermo Fisher Scientific) was used. The
transfer line was maintained at 270°C and the ion
source at 250°C. The electron energy and emission
current were set to 70 eV and 50 pA, respectively.
The scan time was 0.3 s and the peak width of both
quadrupoles was 0.7 Da full widths at half maxi-
mum. Argon was used as a collision cell gas at a
pressure of 1.5 mTorr. The QqQ mass spectrometer
was operated in selected reaction monitoring mode
(SRM) detecting two-three transitions per analyte.
Identification of PBDEs was carried out by compar-
ing sample peak relative retention times with those
obtained for standards under the same conditions
and the MS/MS fragmentation spectra obtained for
each compound.

The Xcalibur™ processing and instrument
control software program and Trace Finder 3.0
for data analysis and reporting (Thermo Fisher
Scientific) were used.

Analytical performances and method validation

The validation was carried out following the
European Commission SANTE/2015 guideline
(European Commission 2015). Recently, SANTE/
2015 has been superseded by SANTE/2017
(European Commission 2017). For the PFASs,
the method showed high specificity, without inter-
ference signals close to the retention time of the
analytes, and consequently showed a high signal-
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to-noise (S/N) ratio in presence of analytes even at
concentrations in the order of pg g”'. Selectivity
demonstrated a good compliance with the relative
retention times for each analyte, which in our case
were within 2.5% tolerance, with an S/N ratio
greater than 3 when compared with the standard
solution mix, both in FS and MS2 chromatograms.
Moreover, diagnostic fragments showed an ion
ratio within the recommended tolerances
(European Commission 2002).

The mean recoveries for all analytes ranged
between 80% and 117%, indicating the efficiency
of the extraction protocol.

By consideration of the S/N ratio of each sam-
ple (23), the LOD values of 17 PFASs were from
5 pg g”' to 50 pg g™, the limit of quantification
(LOQ) values were from 15 pg g™* to 150 pg g™".

Matrix validation curves were linear over the
working range demonstrating a good fit for all
analytes with an R® value greater than 0.99.
Precision in terms of intra- and inter-day repeat-
ability (Thompson et al. 2010) was calculated
using one-way analysis of variance ANOVA,
expressed as coefficients of variation (CVs), and
was below 19% and 21%, respectively.

For PBDE, the selectivity of the method was eval-
uated by injecting extracted blank meat samples. The
absence of interferences was proved by the lack of
peaks with an S/N ratio higher than 3 at the retention
times of the target compounds. Pork samples, pre-
viously analysed and checked for the absence of all
PBDEs, were used as control samples during the
optimisation and validation procedure. For the LOQ
of the methods, we used the lowest validated spiked
level meeting the requirements of recovery within the
range of 70-120% and an RSD <20%, as defined by
the European Commission (European Commission
2002). Finally, the extraction methods were also eval-
uated for their repeatability, linearity and recovery.
Recoveries were calculated at LOQ for all compounds
(Table 1). The repeatability as CV% was calculated by
analysing six replicates at the same fortification level.

Results and discussion
Method validation parameters

The methods showed high specificity, without any
interference close to the retention time of each
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compound, and consequently an S/N ratio great
than or equal to 3 in the presence of analytes was
confirmed, even at the lowest detectable concen-
tration, demonstrating good selectivity. Matrix
validation curves show good linearity over the
working range with a good fit (R* > 0.99) for all
compounds. The mean recoveries (from 80% to
119%), with the other validation parameters, are
reported in Tables 1 and 2. The CVs % are below
19% and 21%, satisfying the criteria required by
the European Commission (EC 2002) and speci-
fied by Thompson et al. (2010). Regarding the
LOD and LOQ for PFASs and for PBDEs, our
satisfactory results show high method sensitivity
for the selected compounds both for LC-HRMS
and GC-MS/MS analyses.

Application to pork samples

Overall results in terms of number detected, con-
centration levels and distribution of contaminants in
the pork samples investigated are summarised in
Table 3. The results are expressed in fresh weight.
Based on results of 77 samples for PFASs, only
PFOA was detected in one Austrian sample with the
concentration of 0.531 ng g™*. PBDEs were detected
in 3 out of 77 samples; only one, coming from
Germany, showed the presence of all congeners
analysed with the concentration range from 0.53 to

0.77 ng g”*. In the other two samples, coming from
The Netherlands and Italy, only one congener was
detected in each, respectively, PBDE 153 (0.53ng g™ ")
and PBDE 100 (0.62 ng g™").

Based on our results some conclusions could be
made. EU has not stated (MLs) for PBDEs in food,
due to the lack of defined risk characterisation for
PBDEs in humans, though recent studies have
evaluated associations between PBDE concentra-
tions in human tissues (e.g. blood, human milk)
and health effects (immunological, reproductive,
developmental, genotoxic and carcinogenic
effects) (Agency for Toxic Substances and
Disease Registry 2011). Comparing our results to
the literature, in this work we found very low
concentrations compared to other studies for the
presence of PBDEs in pork meat coming from
Spain (109 ng g™") (Bocio et al. 2003), Catalonia
(323 ng g') (Perelld et al, 2009); Sweden
(63.6 ng kg™") (Domingo 2004) and (8.074 ng g™")
China (Gong et al. 2014).

Due to their lipophilicity, Tornkvist et al. 2011
have shown that the highest contributors to the total
PBDEs intake were fish (39%) and dairy products
(31%), followed by meat (17%). Vouriner et al.
(2012) studied the biomagnification of PBDEs in
Atlantic salmon from three areas of the Baltic Sea
and they demonstrated that PBDE accumulation is
dependent on both age and fat content.

Table 2. The retention times (Tr), precursor ions (m/z), product ions (m/z), Collision Energy (V), Recovery (%), LOQ (ng g7) of

investigated polybrominated diphenyl ethers (PBDE).

Precursor  Product Collision Intra-day Inter-day
Mass Tr ion ion energy LOQ  Recovery Vv (%) CV (%)
Compound Name Formula [m/z] (minute) [m/z] [m/z] V) (ng g_1) (%) n=26) (n=26)
PBDE 28 2,4,4'-Tribromodiphenyl CioHsBrsO 4069 3235 248 139 30
ether 246 139 30 0.5 88 4 8
408 246 10
PBDE 33 2,3'4"-Tribromodipheny! CioH7BrsO 4069 31.95 246 139 30
ether 248 139 30 0.5 89 4 10
406 246 10
PBDE 47 2,2' 4,4 -Tetrabromodiphenyl  C;,H¢Br,0 4858 3852 326 217 30
ether 328 219 30 0.5 91 3 7
482 326 20
PBDE 99  2,2'44'5- CiHsBrsO 5647 4127 404 297 30
Pentabromodipheny! 406 297 30 0.5 89 1 5
ether 563 404 20
PBDE 100  2,2'4,4'6- CioHsBrsO 5647 42,01 404 297 30
Pentabromodipheny! 406 297 30 0.5 90 7 10
ether 564 404 10
PBDE 153 2,2',4,4'55'- CipHaBreO 6436  43.70 482 324 30
Hexabromodiphenyl ether 484 377 30 0.5 93 3 6
642 482 20
PBDE 154 2,2',4,4'5,6- CipHaBrsO 6436 4491 484 324 30
Hexabromodiphenyl ether 486 326 30 0.5 92 3 2
644 484 20

* The precursor ion and product ion value reported in bold indicates the diagnostic transition.
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Table 3. Quantification results of compounds from different pro-
duction areas. The concentrations are expressed in ng g~ fresh
weight.

Production area No of Sample Analyte detected Concentration
Austria 7 PFOA (n=1) 0.53
Denmark 8 nd. -
France 8 nd. -
Germany 10 PBDE 28 n=1) 0.57
PBDE 33 0.73
PBDE 47 0.60
PBDE 99 0.74
PBDE 100 0.77
PBDE 153 0.70
PBDE 154 0.53
Netherland 8 PBDE 153 (n = 1) 0.53
Italy 20 PBDE 100 (n = 1) 0.62
Poland 8 nd. -
Spain 8 nd. -

n.d. = Not detected.

Humans can be exposed to PBDEs in a wide
variety of ways. The main routes of exposure are
from contaminated foods, environment (air, soils)
and skin contact with contaminated products.
Several studies indicate that infants and toddlers
have higher exposures to PBDEs compared to
children or adults, due to their smaller weight
and their frequent skin contact with floor dust
(Agency for Toxic Substances and Disease
Registry 2011). Information on PBDE dietary
intake is very scarce in literature. It is also impor-
tant to note that we analysed fresh meat, whereas
preparation and different cooking methods can
influence the levels of contaminants and so also
consumers’ exposure. It has been observed that
during the cooking process, PBDE losses were
higher than other POPs probably due to lipid
removal during the process. (Perellé et al. 2009).
Pork is widely used in the market, mostly due to
its products. Almost all the countries that we have

Table 4. The literature data on PFOA, PFOS and PBDE.
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included in our paper have distinctive derived
products in which the amount of PBDEs could
be increased or reduced by the industrial proces-
sing method (Agency for Toxic Substances and
Disease Registry 2011). On the basis on our
results, we consider that human intake, on the
base on our results, does not pose a risk for health.
It is reasonable, however, that a risk may be pre-
sent due to the long exposure to this compound.

PFOA is subject to similar considerations. PFOA
is one of a class of chemical compounds that, due to
their chemical structure, are very stable in the envir-
onment and resistant to biodegradation and hydro-
lysis (Agency for Toxic Substances and Disease
Registry 2009). In living organisms, perfluoroalkyls,
unlike PBDEs, bind to protein albumin in blood,
liver and eggs, but do not accumulate in fat tissue.
Due to their hydrolytic properties, they are more
present in water environment and tend to be much
more present in fish than other products.

PFOS in our samples did not appear concern-
ing; it was found to be the predominant com-
pound in fish samples (Guerranti et al. 2013;
Squadrone et al. 2015; Chiesa et al. 2018),
although other studies have found low concentra-
tions in pork (15 pg g™'; 0.74 ng g™') (Noorlander
et al. 2011; Guerranti et al. 2013).

PFOA was found at low concentration in only one
sample, coming from Austria (0.531 ng g™%). Our
results provide reasons for low concern. Based on
what has been reported in the literature, our concen-
tration is less than those found in another study made
in Italy (less than 500 pg g™") (Guerranti et al. 2013);
Belgium and Spain (55 pg g™") (Ericson et al. 2008;
Cornelis et al. 2012); and Norway (15 pg g™") (Giorgi

Investigated Compounds Author

Analytical technique

Sample matrix Producing area  Concentration or range

PFOA Ingelido et al. 2010 HPLC-MS
Noorlander et al. 2011 LC-MS/MS (ESI)
Domingo 2004 UPLC-MS/MS

. Guerranti et al. 2013 HPLC-MS/MS

PFOS Noorlander et al. 2011 LC-MS/MS (ESI)
Domingo 2004 UPLC-MS/MS
Guerranti et al. 2013 HPLC-MS/MS

PBDE Bocio et al. 2003 GC/MS
Perell et al. 2009 HRGC/HRMS
Tornkvist et al. 2011 GC-MS/MS
Gong et al. 2014 GC/MS

Human serum Italy 5.77 haw.
Pork Netherland Average 15 w.w.
Meat and meat products  Spain <300 pg g fw.
Pork Italy n.d. <LOD w.w.
Pork Netherland 14 ww
Meat and meat products  Spain 34pg g fw.
Pork Italy 0.74 ww.
Pork and pork products Spain 172 ww.
Loin of pork Spain 7.05 fw.
Meat Sweden 0.023 fw
Pork China 0.32173 + 0.75326 w.w

Analytical technique:
f.w.: fresh weight
h.w.: whole weight
w.w.: wet weight
n.d.: not detected
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Table 5. Intake of pork meat of European countries (g/capita/
day) and fresh water fish.

Pork Pork

intake:  intake:

year year Freshwater Fish Freshwater Fish
Region 2000 2013 intake 2000 intake 2013
European 113 107 6 10

Union

Austria 165 144 5 1
Denmark 74 68 8 2
France 103 91 9 12
Germany 15 142 6 12
Netherland 149 100 5 8
Italy 103 110 5 8
Poland 131 127 4 5
Spain 175 134 5 1

Data sources: Food Supply - Livestock and Fish Primary Equivalent, pro-
vided by Food and Agriculture Organization of the United Nations (FAQO).

et al. 2013). The highest concentration has been
found in fatty fish (1.678 pg g™') (Berger et al,
2009). EFSA Scientific Panel on Contaminants in
the Food Chain recommended that more occurrence
data for PFASs in food should be collected to improve
the accuracy of future exposure calculations (EFSA
2008). Subsequently, the European Commission
issued Commission Recommendation 2010/161/EU
on the monitoring of PFASs in food in the Member
States (EFSA 2012). This paper contributes new
knowledge of their presence in foodstuffs. On the
basis of these results, there is no risk for human
beings, but further studies are needed to keep mon-
itoring their presence in foodstuff, as has been sug-
gested by EU.
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Presence of emerging contaminants in baby food
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ABSTRACT ARTICLE HISTORY
Food safety becomes imperative when it aims to protect infants. The objective of this study was Received 9 August 2019
to investigate the presence of emerging contaminants of which some act as endocrine-disruptors ~ Accepted 10 October 2019
in baby food. Persistent organic pollutants (POPs), perfluoroalkyl substances (PFASs), parabens KEYWORDS

anq antibiotics were analysed in 112 baby fooq pf 'dn‘ferent cgtegones {meat, fish, veggtab[es, Baby food; POPs; PFASS;
fruit, cheese). As regard POPs, PFASs and antibiotics, no residues were detected, while one antibiotics; parabens; food
sample showed methyl-paraben (4.14 ng g'), whereas another three contained propyl- safety

paraben (median 1.70 ng g"). Special attention must be paid on parabens metabolites, as

4-hydroxybenzoic acid, the principal parabens metabolite, was detected in all samples (median

176.7 ng g ). It may be present as a degradation product, but also, it can be released from

vegetables and fruits during food processing. It is recommended to collect more data on natural

vs non-natural occurrence of parabens and metabolites to evaluate the exposure of sensitive

population vs ADI published by the European Food Safety Authority and European Medicines

Agency.

Introduction On the other hand, the presence of emerging
contaminants and/or endocrine disruptors such as
persistent organic pollutants (POPs), perfluor-
oalkyl substances (PFASs), parabens, human and
veterinary drugs (e.g. antibiotics) has been
recently reported in processed food deriving
from environmental contamination and/or farm-
ing/crop practices (Chiesa et al. 2018a, 2019).

As the European Food Safety Authority (EFSA)
states in its guidance on risk assessment for sub-
stances in baby food (EFSA 2017), the immune
system in immediate post-natal life is particularly
sensitive and exposure to immunotoxicants may
result in persistent effects on the immune system
that last or appear only long after exposure, but
may also occur at lower doses than adult exposure.
Different compounds or types of exposure may
produce different severities and unpredictable
alterations depending on the time of exposure
during the immune system development. They
may be associated with chronic immunological
conditions such as immune deficiency, autoimmu-
nity, inflammation and allergic reactions.

Baby food is homogenised food, packaged in ster-
ile conditions, made from fruit, vegetables, fish,
meat, or combining different of these matrices,
directly ready for use. An alternative to traditional
baby food is organic baby food, even if it is more
expensive. In general, baby foods are produced by
subjecting  the  selected  substances to
a sophisticated procedure of homogenisation that
makes them digestible for infants between 4-6
months and 2 years old. Infant formulas are very
useful in the first months of life, in the so-called
weaning phase, when milk is gradually replaced
with a practical and functional solution to ensure
a complete supply of nutrients. Food safety checks
are very important and challenging when the aim
is to detect simultaneous residue analysis of dif-
ferent compounds belonging to a wide variety of
different classes, in selective foodstuffs both of
vegetable and animal origins (Pérez-Ortega et al.
2012), especially to protect a vulnerable and most
at-risk population group, such as infants.

CONTACT Sara Panseri @ sara.panseri@unimi.it @ Via Celoria, 10, Milan, MI 20133, Italy
“These authors contributed equally to this work.
© 2019 Taylor & Francis Group, LLC
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Although the guidance addresses specifically the
risk assessment of infants less than 16 weeks of
age, the matters affects infants and young children
above 16 weeks of age.

To ensure appropriate nutritional composition
and safety of foods for infants and young children,
the European Commission has defined specific
rules for such foodstuffs.

The Directive 99/39/EC encompasses the speci-
fic rules on the presence of pesticide residues in
processed cereal-based baby foods and baby foods
and requires that this type of food contains no
detectable levels of pesticide residues, meaning not
more than 0.01 mg kg™, as consumed. In addi-
tion, the Directive prohibits the use of certain very
toxic pesticides in the production of processed
cereal-based baby foods and baby foods and estab-
lishes levels lower than the general maximum level
of 0.01 mg kg™ for a few other very toxic
pesticides.

In addition, the Directive 2006/125/EC, indi-
cates that cereal-based foods and baby foods
must also comply with other specific provisions
laid down in the relevant measures of EU law on
hygiene, on the use of food additives, on the pre-
sence of contaminants and on the use of materials
intended to come into contact with the products.

As well known, food is considered as
a cumulative daily source of parabens and other
legislation was established to ensure consumers’
safety. A risk assessment of parabens was recom-
mended by the EFSA (2004) and was set an accep-
table daily intake (ADI) of 10mg kg™' body
weight (bw)/day for methyl paraben (MeP) and
ethyl paraben (EtP), but for a long time safety
evaluations have not been defined for other para-
bens. In recent years, special attention has been
paid to propyl-paraben (PrP) and ADI of 1.25 mg
kg™' bw was established just a few years ago
(European Medicines Agency 2015). The levels of
residues that might occur following its utilisation
in veterinary products are expected to be too low
to impact on industrial food processing and there-
fore maximum residual limits (MRL) were not set-
up, as was declared in EU regulations (European
Commission 2015).

The question about paraben presence in pro-
cessed foods is even more complicated when the
parabens  transformation  products, namely

4-hydroxybenzoic acid (p-hydroxybenzoic acid,
p-HBA), 3,4-dihydroxybenzoic acid (protocatechuic
acid, 3,4-DHB), methyl-protocatechuate (OH-MeP)
and ethyl-protocatechuate (OH-EtP), are taken into
consideration (Xue et al. 2015, 2017). Those (di)
hydroxybenzoic acids have been recognised as meta-
bolites of parabens and thus might serve as potential
markers of parabens incidence (Wang et al. 2018;
Chiesa et al. 2018e). Nevertheless, the parabens are
not their unique, exclusive source: p-HBA and
3,4-DHB are also naturally present in many plants
and vegetables (Tomas-Barberan and Clifford 2000;
Kakkar and Bais 2014). Also, both p-HBA and
3,4-DHB appear as intermediates in several indus-
trial processes with potential biotechnological appli-
cations in food production (Wang et al. 2018), and if
not managed properly they could represent a risk for
baby food, as well. Additionally, OH-MeP and OH-
EtP are recognised as hydroxylation products of
MeP and EtP, respectively, and generally, they are
produced by biotic and abiotic transformation of
many xenobiotics (Xue et al. 2017). There is no
available literature data about their origin, level
and risk assessment in the baby food.

Salicylic acid, a structural isomer of p-HBA, is
a compound that is naturally present in foods can
cause adverse reactions to persons who are intol-
erant. Salicylate sensitivity is not as common as
other type of food intolerance, but it should be
taken into consideration especially when its quan-
tity in baby food is concerned. Studies on the
salicylic content of foods are sparse and have
produced distinctly different results, giving rise
to controversy (Malakar et al. 2017).

As regards veterinary drugs or other class of
substances, there is not any current legislation
for MRL in baby food, so a zero-tolerance policy
is applied establishing that the presence of these
compounds is illegal at any level (Aguilera-Luiz
et al. 2012).

As regards PFASs, EFSA recommended the
analysis of this class of compounds in different
food items to assess a reliable risk evaluation,
and this appears essential when the highest
chronic dietary exposure to perfluorooctanesulfo-
nic acid (PFOS) was estimated for the youngest
population groups (EFSA 2018b).

Therefore, in the light of these considerations,
the application of these preventive policies require
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the development of sensitive analytical methods to
determine the presence of these compounds and
of their metabolites, useful as markers, at very low
concentrations to protect infant health.

There are few works in literature on the multi-
residue analysis of emerging contaminants and
endocrine-disrupting chemicals in baby food, and
those deal with single or only a few classes of
compounds, as reported in Table 1, a summary
table on the state of art on this topic.

In this regard, our aim was to analyse different
baby food on the basis of the matrix type (meat,
fish, cheese, vegetables and fruit) for the detection
of POPs, PFASs, antibiotics and parabens evaluat-
ing the possible direct or indirect contamination
of residues, relative to the different breeding/crop
practices or environmental contamination, to eval-
uate infant health risk.

Material and methods
Chemicals and reagents

All solvents were purchased from Merck and water
was purified by a Milli-Q system (Merck KGaA,
Darmstadt, Germany). SupelTM QuE Citrate (EN)
tubes and SupelTM QuE-ZSEP (EN) tubes were from
Supelco (Sigma Aldrich, St. Louis, MO, USA). The
Oasis HLB 3 mL, 60 mg and Oasis WAX 3 mL, 60 mg
cartridges were from Waters (Milford, MA, USA).
Non-dioxin like-polychlorinated biphenyls (NDL-
PCB) (PCB 28; -52; —101; —138; —153 and —180)
[congener 209 as internal standard (IS)] and PBDEs
(PBDE 28; —33; —47; —99; —100; —153 and —154)
[3-fluoro-2,2,44,6-  pentabromodiphenyl  ether
(FBDE) as IS] were from AccuStandard (New
Haven, USA). Organochlorine pesticides (OCs)
(aldrin; a-hexachlorocyclohexane (a-HCH); p-hexa-
chlorocyclohexane (B-BHC); hexachlorobenzene
(HCB); dichlorodiphenyldichloroethylene (DDE);
dichlorodiphenyltrichloroethane (DDT); dichlorodi-
phenyldichloroethane (DDD); endosulphan I; endo-
sulphan IT; endosulphan sulphate; endrin; heptachlor;
heptachlor epoxide; lindane and trans chlordane)
were from Restek (Bellefonte, PA, USA).
Organophosphorus pesticides (OP): chlorpyriphos
diazinon, disulphoton, ethoprophos, mevinphos and
phorate, and 4-nonylphenol (IS for OCs and OPs)
were from Sigma-Aldrich. The four PAHs: chrysene,
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benz(a)anthracene, benzo(b)fluoranthene and benzo-
(a)pyrene were from Restek (Bellefonte, PA, USA).

PEASs: perfluorobutanoic acid (PFBA), perfluoro-
pentanoic acid (PFPeA), perfluorohexanoic acid
(PFHxA), perfluorobutane sulphonic acid (PFBS),
perfluoroheptanoic acid (PFHpA), PFOA, perfluoro-
hexane sulphonate (PFHxS), perfluorononanoic acid
(PENA), perfluorodecanoic acid (PFDA), PFOS, per-
fluorododecanoic acid (PFDoA), perfluoroundeca-
noic acid (PFUnDA), perfluorotridecanoic acid
(PFTrDA), perfluorotetradecanoic acid (PFTeDA),
perfluorohexadecanoic acid (PFHxDA), and per-
fluorooctadecanoic acid (PFODA) were from
Chemical Research 2000 Srl (Rome, Italy) and ISs
perﬂuoro-[1,2,3,4,5-13C5]n0nanoic acid (MPFNA)
and perﬂuoro—[1,2,3,4—13C4]0ctanesulfonic acid
(MPFOS).

Antimicrobial agents: amoxycillin, ampicillin,
benzylpenicillin, cefquinome, ceftiofur, cefalexin,
ciprofloxacin, chloramphenicol, chlortetracycline,
cloxacillin, danofloxacin, dicloxacillin, dimetrida-
zole, doxycycline, enrofloxacin, florfenicol, florfeni-
col amine, flumequine, furaltadone, furazolidone,
lincomycin, lomefloxacin, marbofloxacin, nalidixic
acid, nitrofurazone, oxolinic acid, oxytetracycline,
ronidazole, spiramycin, sulphadiazine, sulphathia-
zole, sulfadimethoxine, sulphadimidine, sulfamera-
zine, tetracycline, thiamphenicol, tiamulin,
tilmicosine, tinidazole, trimethoprim, tylosin and
enrofloxacin-d5 (IS) were from Merck.

Parabens: MeP, EtP, propyl-(PrP), butyl-(BuP)
and benzylparaben (BzP), 4-hydroxybenzoic acid
(pHBA), 3,4-DHB, OH-MeP and OH-EtP includ-
ing 4-fluorobenzoic acid (4-FB) used as IS, were
from Merck (KGaA, Darmstadt, Germany).

Standard solutions

For stock and working solutions, kept at —20°C,
hexane was used as solvent for GC-MS/MS and
methanol for HPLC-HRMS analyses.

Sample collection

The total number of collected samples was 112. In
detail: 45 meat (veal, swine, horse, lamb, rabbit,
chicken, turkey), 13 fish (plaice, salmon, sea
bream, hake, trout, bass, cod), 47 fruit (apple,
pear, plum, blueberry, apricot, peach, mixed
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Min and Max
Conc. detected

(Application)
nd- 13.97

nd —72.88

(hg g™

(hgg™)

LOD/LOQ CCa/CCP
LOD:0.0001-0.0191

LOD: 0.005-0.11

Extraction Technique Detection techniques
GC/MS
HPLC-FD

QuEChERS
Liquid extraction

Baby food typologies
Fruit-vegetables and rice cereal-based baby

Compounds
foods
Meat (chicken, turkey, calf, pig, lamb, horse)

0OCPs, OPPs

PAH

Reference
Al-Zahraa et al. (2016)

Table 1. (Continued).
Santonicola et al. (2017)
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fruit) and vegetable (legumes, zucchini, carrots,
potatoes, sweet potato, tomato, broccoli, peas, spi-
nach, mixed vegetables) and 7 cheese baby food.
They were from different commercial Italian
brands, present in the international market, and
bought in different Italian supermarkets.
Moreover, 11 samples of different matrices were
bought in some supermarkets of Serbia, to extend
the international scope. The sample details are
specified in Table 2.

n.d.-1.84

0.017-5.013
pHBA 27.40-94.00

LOQ 0.006-0.066

LOD 0.75-4.5

LOQ 3.75-15.00
LOQ 2.15-11.70

LOD 0.0018-0.2
LOD 0.65-3.50

Sample treatment protocol for PoPs

Two gram samples were extracted by the
QuEChERS protocol described in Chiesa et al.
(2018a).

UHPLC-MS/MS.
LC-HRMS

Sample treatment protocol for PFASs

Two gram samples were extracted as in our pre-
vious works (Chiesa et al. 2018b).

+ SPEC8
Liquid extraction +SPE

extraction

Liquid extraction +SPE C18 HPLC/HRMS (qTOF)
Strata X

Simple liquid-liquid

Sample treatment protocol for antibiotics

g 5 3

g < 8

= 5 7 One gram samples were extracted as described by

E £ E, Chiesa et al. (2017), (2018¢) and (2018d).

q 5 03

£ 8§ & E

s E ”é % - Sample treatment protocol for parabens and

5 1 g 3 metabolites

SRR

s - £ g The sample procedure performed for parabens is

o L 3
g B El 2 reported by Chiesa et al. (2018e).
= GC-MS/MS analyses for POPs
< £
g = The instrument was a GC Trace 1310 chromato-
553 .
82 graph coupled to a TSQSQOO tr1pl§ ql.ladrupole
$23 mass detector (Thermo Fisher Scientific, Palo
Eg s Alto, CA, USA) with electronic impact (EI)
;E’E mode set in selected reaction monitoring mode
2 2 gﬁﬁ (SRM). The column was a fused-silica capillary

Rt-5MS Crossbond-5% diphenyl 95% dimethylpo-
lysiloxane (35 m x 0.25 mm id., 0.25 um film
thickness, Restek, Bellefonte, PA, USA). The
oven temperature program and all operation para-
meters were the same as for our previous work
(Chiesa et al. 2018a). Xcalibur software was used
to control instrument and Trace Finder 3.0 for
data processing (Thermo Fisher Scientific).

(2016)
formulae (PMBIF); Quick, Easy, Cheap, Effective, Rugged, and Safe (QUEChERS); (non-fatty based on fruit (FBF); Solid Phase Extraction (SPE); vegetable baby food (VBF).

Abbreviations: Accelerated Solvent Extraction (ASE); cereal-based food (CBF); liquid-liquid equilibrium (LLE); meat-based food (MBF); magnetic dispersive solid phase extraction (WDSPE); powdered milk-based infant

Perfluoroalkyl Substances - PFASs
Ullah et al. (2012)
Chiesa et al. (2018e)

Lorenzo et al.
Parabens
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Table 2. Sample collection details according to food categories.

Fruit/vegetables Cheese

Meat Fish

Veal Plait

Swine Hake

Horse Plait and potatoes*
Lamb Trout and vegetables*
Rabbit Bream and vegetables*
Chicken Bream and potatoes®
Turkey Bass and vegetables*

Veal and ham

Chicken and carrots*®

Chicken with green beans and zucchini*
Veal and vegetables*

Veal and carrots*

Veal and potatoes*

Veal, broccoli and carrots*

Veal, potatoes and mushrooms*

Turkey, corn and potatoes*

Cod and potatoes*®
Cod and vegetables*

Total n = 45 n=13

Salmon and vegetables*

Apple Cheese (bovine milk)
Plum
Pear
Pear and blueberry
Apple and blueberry
Apple and banana
Apple and peach
Apple and apricot
Banana and kiwi
Mixed fruit
Carrot and apple
Legumes
Zucchini
Broccoli
Carrots, potatoes and zucchini
Sweet potato and carrots
Tomato and vegetables
Peas and spinach
Mixed vegetables
n =47

*for mixed categories, meat and fish represented the major component as declared in the label.

LC-HRMS orbitrap analyses for PFASs, antibiotics,
and parabens

A Q-Exactive Orbitrap equipped with a heated
electrospray ionisation source (HESI) was used.
The HPLC system was a Surveyor MS quaternary
pump (Thermo Fisher Scientific, San Jose, CA,
USA) with a Synergi Hydro-RP reverse-phase
HPLC column (150 x 2.0 mm, id. 4 pm) and
a Cl18 guard column (4 x 3.0 mm; Phenomenex,
Torrance, CA, USA). The mobile phase used for
PFASs was a gradient of aqueous NH4COOH
(20 mM) and MeOH; for antibiotics and parabens
separation a binary mixture of aqueous HCOOH
(0.1%) and MeOH was used. All the parameters
are described in our previous works (Chiesa et al.
2018a, 2018d, 2018e).

For each analytical method, we combined a full
scan (FS) with a data-independent acquisition
(DIA), providing the MS? spectra for confirmatory
analysis.

Xcalibur software (Thermo Fisher Scientific,
San Jose, CA, USA) acquired and elaborated data.

Validation parameters

Antibiotic validation was assessed following the
Commission Decision guidelines 657/2002/CE,
while for the other analytes SANTE/11813/2017
guidelines were followed. All the validation para-
meters are described in our previous works
(Chiesa et al. 2018a, 2018d). Regarding parabens,

our analytical procedure published earlier (Chiesa
et al. 2018¢) was followed strictly, including also
the determination of validation parameters for
3,4-DHB, OH-MeP and OH-EtP that were not
previously elaborated.

Statistical evaluation

Preliminary statistical evaluation (Shapiro-Wilk
Test) revealed that data were not normally distrib-
uted. Therefore, non-parametric Kruskal-Wallis
One Way analysis followed by all pairwise multi-
ple comparison processes (Dunn’s method) were
used to check the differences between the medians
of the datasets. Statistical analyses were performed
using Sigma Stat (Statistical Analysis System, ver-
sion 12.5) software (Jandel Scientific GmbH,
Erkrath, Germany). A P-value of 0.05 was set as
statistically significant.

Results and discussion

No POPs were found in samples analysed. In litera-
ture, one of the compounds detected with highest
frequency were PCBs, where concentrations ranged
up to 95 pg g (Toms et al. 2016), 0.03 ng g™* and
0.29 ng g™* for fish and gluten-free cereals products
(Loran et al. 2010), 7.78-270 pg g (Jeong et al.
2014) while negligible PCB levels were detected in
another study, in line with our results (Table 1).
Literature results showed PBDEs were found with
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median concentrations at 21 pg g~ in United States
samples and 36 pg g~* in Chinese samples (Liu et al.
2014). In one study, conducted on homemade Korea
samples, PBDEs were found with highest frequency
in 90% of samples at concentrations from 24.5 to
6000 pg g '(Jeong et al. 2014), higher than those
found in commercial formulae from the United
States where median  concentration  were
1725 pg g " for meat samples, 283 pg g fish,
31.5 pg g " in dairy products (Schecter et al. 2004).
The lower levels were found in European products,
with whom our results are in line suggesting a safety
of the products. Moreover, according to European
Community in 2006 (European Commission 2006),
baby food should be free of pesticides residues and
EFSA panel set a Maximum Residue Level of
0.01 mg kg™ in food for infant, as consumed
(EFSA 2018a). In one study conducted in Spain
(Fontcuberta et al. 2008), the authors observed
a gradual disappearance of regulated chlorinated
organic pesticides from 1989-2000 period and
2001-2006 period, suggesting that this could reflect
an improvement of worldwide regulation
(Fontcuberta et al. 2008). In our study, no pesticides
residues were found and this reflects what has been
reported in other studies (Fontcuberta et al. 2008) on
the progressive lower detection of pesticides as
a consequence of the improvement of industrial
processes and regulation. So, on the base of our
results, a growing enhancement of regulation could
be linked to an improvement of product safety and
therefore an absence of contaminants (EFSA 2018a).

As regard PFASs, none were detected, demon-
strating that this kind of contamination in the
different baby food analysed may currently not be
of concern. In particular if we compare our results
to the few studies present in literature, in that of
Ullah et al. (2012) the detection frequency (percen-
tage detects) for the 13 investigated PFASs was 77%
in fish, 64% in meat, 49% in vegetables at concen-
trations below the respective minimum detectable
level of 7 to 20 pgg™, and could thus only be
estimated semi-quantitatively. Quantifiable concen-
trations of several PFASs were found in pig liver
and fish and the highest level of PFOS (1.8 ngg™")
was quantified in fish from The Netherlands, if
compared to 13 pgg™ found in those from
Bangladesh. In the study of Lorenzo et al. (2016),
PFBA and PFOA were detected in 100% of
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analysed samples with concentrations up to 5013
ng g, followed by PFDA (83%) up to 387 ng g™
and PFOS detected only in 17% of the samples and
they stated they can derive from the production
chain since many parts of the equipment were
made of perfluoroalkylated materials.

As regard antibiotics, also in this case we found
no residues in any analysed baby food. In the
study of Gentili et al. (2004), among 30 analysed
infant foods for sulphonamides, one, whose for-
mulation was based on veal meat, was positive to
sulfamethizole (1.4 ng g™") and other two samples
were <LOQ. In the work of Aguilera-Luiz et al.
(2012) only one meat baby food sample out of 21
showed the presence of levamisole at 9.5 ng g”". In
the work of Nebot et al. (2014) 31 baby food
samples containing between 15% and 20% beef
analysed for tetracyclines, only 3 samples showed
doxycycline with concentrations between 5 and
9 ng g”', one tetracycline (5.4 ng g”") and another
chlortetracycline (7.2 ng g™'). In the other few
works reported in Table 1, no compounds were
present.

Parabens affect reproductive or endocrine end-
points at high concentrations in both male and
female immature experimental animals, and with
exposure, both boys and girls may be at risk of
endocrine disruption. Oestrogenic effects in boys
may increase the risk for incomplete masculinisa-
tion resulting in decreased sperm quality. In girls,
an increased oestrogenic load may increase the
risk of early puberty, and premature mammary
development (Boberg et al. 2010). The great
majority of samples enrolled in this study did
not reveal measurable levels of parabens
(Table 3), except one plum preparation that con-
tained 4.14 ng g of MeP and one apple, one pear
and one turkey sample that contained PrP at the
concentrations of 1.2, 3.4 and 1.33 ng g™, respec-
tively. Although having such low incidence, this
kind of contamination should not be underesti-
mated as it is not clear what might be the origin of
those two parabens discovered randomly in 4 out
of 112 samples (<3.5%). The range of concentra-
tion detected herein corresponds to the daily
intake which is 2-3 orders of magnitude (about
1000 times) below ADI recommended by
European Medicines Agency (2015) which was
set at 1.25 mg kg™".
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Table 3. Concentration levels (ng g™") of parabens and their analogues/possible metabolites in all baby food sample analysed.

MeP? EtP PrP BtP BzP p-HBA 3,4-DHB OH-MeP OH-EtP
Positive (%) 1 (0.9%) nd. 3 (2.7%) nd. nd. 112 (100%) 86 (76%) 10 (8,9%) 3 (2.7%)
Mean 4.14 nd. 1.70 n.d. n.d. 321.7 162.2 3.7 7.5
Median / nd. 133 nd. nd. 176.6 10.1 2.1 73
Min / nd. 1.20 nd. nd. 14.4 2.1 0.8 7.2
Max / nd. 3.24 nd. nd. 2149 3638 14.4 8.2
Percentile 25% (Q1) / nd. 133 n.d. n.d. 93.9 33 1.1 7.2
Percentile 75% (Q3) / nd. 3.24 n.d. nd. 455.9 526 46 8.2

? Refer to text (materials and methods section) for full names of the abbreviated compounds.

*n.d. = not detected.

Special attention needs to be directed towards
PrP because legislation concerning this compound
has been rather confusing in the past and an ADI
has been recommended recently (European
Medicines Agency 2015). PrP is an antimicrobial
preservative used in veterinary medicinal pro-
ducts, and it was previously classified as additive
E216. As a result of EFSA’s re-evaluation (2004) of
parabens with E numbers E214-E219, the
E classification of PrP (and its sodium salt) were
successively suspended. This decision was based
on the scientific data indicating that administra-
tion of PrP to male rats resulted in adverse effects
on the hormonal system and male reproductive
functions. It is therefore recommended to collect
more occurrence data for parabens and transfor-
mation products to conduct a thorough exposure
and safety assessment.

Unfortunately, the literature data regarding para-
bens’ occurrence in processed food intended for
infants’ diet is rather limited, apart from the pre-
liminary results reported by our group that con-
cerns exclusively baby food containing fish (Chiesa
et al. 2018e) where no parabens were detected.

p-HBA was found in all samples which is why
results obtained here in regard to different type of
infant food preparation were obtained. It is well-
established that p-HBA does not exclusively derive
as degradation product and potential indicator of
parabens treatment, but it is also naturally present
in many vegetables (Tomds-Barberan and Clifford,
2000). Indeed, when samples from four food
groups were taken into consideration there were
evident differences in the p-HBA level (Figure 1).
The vegetable samples possessed an extremely
high amount of p-HBA most probably due to the
endogenous origin of p-HBA, with preparations
based on carrot and plum showing the highest
levels. However, the reason why samples that

78

consisted of meat only, contained a substantial
amount of this metabolite is uncertain (n = 36,
median = 89,3, 25-75 ng g ' percentile =
50.9-99.1 ng g '). One possible explanation
might lay down in the fact that those samples
were subjected to more elaborate technological
processes (such as cooking) including the addition
of water treatment that might be source of para-
bens, as well. Also, it remains to be defined what
would be the safe levels of p-HBA because regard-
less of its origin it has been reported (indepen-
dently from other parabens) to exhibit oestrogenic
activity (Boberg et al. 2010). Actually, p-HBA is
used as a flavouring additive, with no safety con-
cern declared at current levels of intake.
Regarding 3,4-DHB, recent studies indicate its
potential to act as a protective antioxidant poly-
phenolic compound against various diseases
including neoplasms (Xie et al. 2018) while the
findings about the positive correlation between
its urinary concentration and childhood obesity
call for caution (Xue et al. 2015). The differences
between infant food based on meat or vegetables/
fruit is also apparent when the amount and dis-
tribution of 3,4-DHB is concerned (Table 3,
Figure 2): the median level (with 25™-27" percen-
tile) in 22 meat/meat+veg samples was 3.4 ng g
(1.8-4.6ngg ") vs38ng g (52-177.8 ng g ") for
all 46 fruit and vegetables preparations.
Considerable variability within each class and lim-
ited number of fish/fish+veg samples disabled any
statistical confirmation regarding the fact that
fish/fish+veg samples contained notably lower
levels when compared with veg/fruit samples.
Cheese samples did not reveal any measurable
amount of 3,4-DHB. Extremely high contents of
3,4-DHB were found in all three pure plum speci-
mens (2148, 2471 and 3638 ng g ). A high con-
centration of 3,4-DHB was found in one sample
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Figure 1. Distribution of p-HBA according to baby food category: animal, vegetable/fruit, cheese and mixed matrix for which meat
or fish represented the major component as declared on the label. Data are reported as median with 25th-75th percentile range.
Comparison was done using Kruskal-Wallis One Way Analysis of Variance on Ranks, followed by Dunn’s test for pairwise multiple
comparison procedures: a — stands for p < .001 when meat/meat +vegetables samples were compared with vegetables/fruit
preparation; b — stands for p < .001 when fish/fish +vegetables samples were compared with vegetables/fruit preparation.
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Figure 2. Distribution of 3,4-DHB in the samples where it was detected. N (meat/meat+veg) = 22; N (veg/fruit) = 46;
N (fish/fish+veg) = 9. Data are reported as median with 25""-75" percentile range. Comparison was done using Kruskal-
Wallis One Way Analysis of Variance on Ranks that revealed statistical significance (a stands for p < .001 vs meat/meat+veg

group).

that was plum-apple homogenate (943.2 ng g™").
The endogenous origin of 3,4-DHB in those sam-
ples is apparent, as plum has been shown to con-
tains a substantial amount of polyphenolic
compounds, 3,4-DHB included (Kakkar and Bais
2014). The same samples contained OH-EtP and
also here their natural origin as part of polyphe-
nolic pertinence is more plausible. Random occur-
rence of OH-MeP in meat and vegetable also
points towards its endogenous origin. On the
other hand, a very important finding concerning
OH-MeP is highlighted by its frequent appearance
in preparations that contained fish as a main con-
stituent: 7 of 13 fish samples showed OH-MeP
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presence. Considering that OH-MeP is the main
hydroxylated MeP derivate in aquatic biota (Xue
et al. 2017) the content of OH-MeP especially in
infant food preparation based on fish (without any
other ingredient) might be a reliable indicator of
parabens contamination.

The analysis conducted for parabens confirmed
the presence of salicylic acid in all infant food sam-
ples and its distribution is presented in Figure 3. This
is due to the addition of ingredients rich in salicy-
lates, such as vegetables where salicylates are natu-
rally present in high quantities (Malakar et al. 2017).
Plant salicylates have an important role against
pathogens, herbivores, and abiotic stresses,
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Figure 3. Distribution of salicylic acid according to baby food category: meat, vegetable/fruit, mixed meat + vegetables, mixed fish
+ vegetable and cheese. Data are reported as median with 25th—75th percentile range. Comparison was done using Kruskal-Wallis
One Way Analysis of Variance on Ranks that revealed statistical significance (a stands for p < .001 vs meat group).

mediating physiological and biochemical processes.
Several studies reported the beneficial action of the
salicylates on the human health, due to the anti-
inflammatory and antioxidative activities (Malakar
et al. 2017). However, the concentration of salicylic
acid is species-dependent and different plants could
produce high amounts of these substances that could
be a potential health risk (Cunningham 2010), espe-
cially for infants as particularly vulnerable category.
In this regard, infants are a matter of concern
because some of them may have adverse reactions
to even a small quantity of salicylates. Salicylates are
well-known food additives and therefore an analyti-
cal strategy that would distinguish between naturally
occurring and industrially introduced salicylic acid
is needed for further investigation. This is especially
because of increased incidence of allergic reaction to
salicylate. Our data regarding the salicylic acid con-
centration in food items for infant diet are the first of
this kind; therefore it was not possible to make
a comparison with similar studies., Our results indi-
cate the much lower content compared to fresh food
items as recently was reported by Keszycka et al.
(2017). Therefore, it remains to be elucidated
whether the concentration found in the samples
enrolled in this study represents a safety risk for
some paediatric categories and in which extend
food processing influences its final quantity.

Conclusions

POPs, PFASs or antibiotics were not detected and
all samples were compliant with European legisla-
tion. Confirmation of negative data is also
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important, particularly for the indications and
needs dictated by EFSA and other competent
authorities in expanding a database on residual
analyses of emerging contaminants in different
types of food for a reliable risk assessment. On
the other hand, some parabens and their metabo-
lites, which are classified as endocrine disruptors,
were detected at trace levels and significantly
below the ADI recommended by EFSA and the
European Medicines Agency. This study shows the
importance of collecting more data on the occur-
rence of parabens and transformation products to
assess exposure and possible health impact for
sensitive populations such as infants and young
children.
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PRESENZA DI METALLI
IN CARNE E SALSICCIA SUINE DEL MERCATO ITALIANO:
RISULTATI PRELIMINARI.
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and Quarantine, Taiwan, R.O.C.

INTRODUZIONE
Negli ultimi decenni, la crescente globalizzazione ed industrializzazione ha causato un progressive incremento dei livelli di
contaminanti chimici nell’lambiente, quali plastificanti, pesticidi, diossine e metalli. In particolare, questi ultimi, risultanc di
interesse in termini di sanita pubblica. il Piombo, infatti, potrebbe causare gravi danni cerebrali e renali e aborti spontanei
nelle donne in gravidanza; il Mercurio disfunzioni del sistema nervoso come tremori, irritabilita, problemi di memoria,
peggioramenti della visione e dell'udito; il Cadmio malattie renali e problemi respiratori ed il Cromo disturbi respiratori quali
tosse, asma, reazioni allergiche e potrebbe indurre neoplasie epatiche e renali per esposizione cronica a Cr(Vl) (1).
Scopo del presente lavoro & indagare la presenza dei cingue metalli in carni suine provenienti da 8 differenti paesi Europei
(Fig.1) e salsicce suine, presenti sul mercato italiano. =

MATERIALI E METODI

Campioni. Da dicembre 2016 a marzc 2017 raccolti 20 campioni di muscolo suino
(Fig.1) e 23 di salsiccia prodotta in Italia con carni suine {origine EU).

Preparazione. 0.5 g + 5 mL di HNO; al 65% e 0.5 mL di H,0O, al 30%. In recipienti 3M-
TFM®. Digestione in microonde (Milestone Inc., Shelton, CT, USA) ad alta temperatura
(200 ° C; 30'). Campioni e bianco (soluzione senza matrice aggiunta) portati a 50 mL,
con acqua ultrapura. Un mL di seluzione posto in provetta di 15 mL e portato a 10 mL
con acqua ultrapura.

Analisi. ICP-MS, Agilent 7500ce {Agilent Technologies, CA, USA).

Validazione. Regolamento della Commissione Europea 333/2007 (2)
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Figura 1. Paesi di origine della
carne suina e numero di campioni
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DISCUSSIONE e CONCLUSIONI

TWI=1.3 mg/kg pc TDI= 0.0028 mg/kg pc TDI=0.3 mg/kg pc
BMDLyo= 0.0011 mg/kg pc
MRL 0.1 mg/kg carne TL=0.27 mg/kg carne MRL 0.05 mg/kg carne  TL=0.39 mg/kg carne TL=42 mg/kg carne
TLa=0.15 mg/kg carne
21campioni>MRL lcampione>TL 1campione>MRL A42campioni>TL Nessuno>TL
(0.32 mg/kg) {0.09mg/kg) 42campioni>TLs

TWI= tolerable weekly intake; TDI= tolerable daily intake; BMDLyy= Lower benchmark dose at 10% extra risk {for the incidence of
systemic contact dermatitis); MRL= Maximum residue limit
TL= tolerance level=TDI x hody weight/0.5 kg meat (from EFSA standard food basket)
Nella tabella sono riportati gli MRL indicati dall’'Unione Eurcpea e, in mancanza di questi, i TL calcolati in base ai limiti
soglia raccomandati dal’lEFSA. [l Croma non ha mai superate il TL, il Cadmio ed il Mercurio hanno superato il limite solo
in un campione dei 43 analizzati. In merito al Picmbo, il 51% dei campioni testati si sono mastrati fino a 5 volte superiori
al limite, evidenziando un rischio espositivo per adulti @ bambini. Il Nichel ha mostrato sia un rischio di tossicita cronica
che di insorgenza di dermatiti cutanee di natura allergica nella guasi totalita dei campioni.

Questi dati preliminari indicano quindi un ridotte o nullo rischio espositivo per Mercurio, Cadmic e Crome da assunzione di
carne suina e derivati. Il Picmbo, ma soprattutto il Nichel evidenziano la possibilita di un rischio cronico per il consumatere
di carne suina. Il consumo di carne suina, inoltre pud indurre reazione allergiche in soggetti Ni-sensibili.
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