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PETIJUMA AKTUALITATE

Pedgjos gados patéretaji pievers sevisku uzmanibu partikas drosibai un tiek
uzstaditas augstakas standartprasibas. Policikliskie aromatiskie ogliidenrazi
(PAO) ir viena no lielakajam organisko savienojumu klasém, kam piemit
kancerogéna aktivitate. Balstoties uz to kancerogénajam un mutagenajam
Tpasibam jau 80-tajos gados tie iek]auti Eiropas Savienibas un Apkartgjas Vides
Aizsardzibas Agentiiras (EPA) prioritaro piesarpotaju saraksta. PAO ir atrasti
tdent, gaisa, augsné, ka art dazada partika, to skaita ir tauki, ella, kiipinati/cepti
produkti, augi, jiiras produkti, kiipinasanas $kidumi, kafija, t€ja, alkoholiskie
dz@rieni. To izcelsmes avoti ir dazadi, piemeéram, tabakas dimi, izpliides gazes,
naftas produkti, akmenogles un citas vielas, kas radusas sadegSanas procesos.
Partikas piesarnosana ar PAO var notikt gan uznemot tos no apkartgjas vides,
gan ar1 partikas apstrades procesu laika, piem&ram, kars€Sana, grilésana,
kipinasana, zavesana u.c.. PAO veidoSanas ir atkariga no daudziem partikas
produktu apstrades parametriem: laika, kurinama, attaluma no karstuma avota,
horizontala vai vertikala novietojuma, tipa (griléSana, frit€Sana, cep$ana), un
pielietotas tehnologijas. So vielu daudzums var atskirties pat vairak ka
desmitkart. Butiski partikas piesarnojuma avoti ir art ar PAO piesarnotas partikas
piedevas un PAO migracija no iepakojuma.

Ir zinams, ka, izmantojot tradicionalo kiipinasanu uz produkta virsmas notiek
diimos sastopamo PAO kondensacija un PAO saturo$o dimu cieto dalinu
adsorbcija, kam seko PAO difuzija produkta ieksSieng. Saistitais PAO saturs
kiipinatos produktos atkarigs no daudziem kipinaSanas procesa faktoriem,
ietverot kipinaSanas krasns vai generatora tipu, sadegSanas temperatiru,
kiipinasanas pakapi, u.c.

Lai vienkarSotu problémas, kas saistitas ar PAO daudzveidibu un satura
dazadibu, benzo(a)piréns (BaP) tika akceptéts, ka indikators, lai noteiktu PAO
klatbiitni partikas produktos, neskatoties uz faktu, ka tas sastada tikai 1-20% no
kancerogénajiem PAO. Vacija pienemta maksimali pielaujama BaP
koncentracija 1 pg kg™ jau kop§ 1973. gada. Vélak ar Austrija, Cehija, Sveice,
Italija un Slovakija adapt€ja So pasSu maksimali pielaujamo koncentraciju. Lai
aizsargatu sabiedribas veselibu, arT Eiropas Savieniba kops 2005. gada vairakiem
partikas produktiem ieviestas maksimali pielaujamas BaP koncentracijas.

Viens no svarigakajiem kontroles efektivitates priekSnosacijumiem ir precizu,
atru un jutigu analizes metozu izmantoSana. Tradicionalas paraugu
sagatavosanas metodes PAO noteik$anai ir sarezgitas un laikietilpigas. Tas
parasti ietver ekstrakciju, kam seko viena vai vairakas attiriSanas procediiras,
tade] ir svarigi atrast optimalu paraugu sagatavoSanas metodi, ka arT analitiskas
noteikSanas metodi, ko var&tu izmantot rutinas analizes.

Apkopojot literatiira esoSos datus izvirzits promocijas darba mérkis pétit
PAO saturu Latvijas tirgii sastopamajas ellas, kiipinatos galas un zivju produktos
un novertét dazadu tehnologisko parametru ietekmi uz PAO saturu.



Pétijuma uzdevumi:

1) izstradat efektivu PAO satura, ka arT rutino analizu metodi benzo(a)piréna
satura noteikSanai partikas produktos;

2) validet PAO analizes metodes ellu, zivju un galas matricam;

3) iegiit informaciju par PAO saturu ellas, kiipinata gala un zivis un to
produktos Latvija;

4) izvertet dazadu parametru ietekmi uz PAO saturu;

5) parbaudit PAO satura samazinasanas iesp€jas ellas, kiipinata gala un zivis.
Promocijas darba novitates:

e parbaudits piesarnojums ar PAO Latvijas tirgh sastopamajas ellas, kiipinatos
zivju un galas produktos;

e pétita kurinama ietekme uz PAO saturu kiipinata gala;

e izstradata augsti efektivas Skidruma hromatografijas - triskarSa kvadrupola
masspektrometrijas metode benzo(a)piréna satura noteikSanai partikas
produktos;

e pétita UV starojuma ietekme uz PAO saturu kiipinatas zivis;

e izverteta krasns tipa un zivju izvietojuma kiipinaSanas kamera ietekme uz
PAO saturu kiipinatas zivis;

e noteikta PAO difuzijas ella ietckme uz kancerogéno vielu saturu gala
produkta.

Darba zinatniskais nozimigums — izstradatas PAO, ka ar1 BaP satura
noteikSanas metodes partikas produktos. AtbilstoSi Eiropas Komisijas
rekomendacijai (Eiropas Komisija, 2005), veikts monitorings par PAO saturu
partikas produktos. P&titas PAO satura izmainas vairaku faktoru ietekmée.

Darba tautsaimnieciska nozime — izmantojot PAO satura analizes metodes
var novertét kaitigo vielu saturu partikas produktos, bet izmantojot attiriSanas
posmus ellas razoSana vai izvert€jot tehnologisko parametru ietekmi uz PAO
saturu kipinatos produktos, iesp&ams samazinat PAO koncentracijas Sajos
produktos.

Pétijumi par dazadu tehnologisko faktoru ietekmi uz PAO saturu partikas
produktos Jauj apzinat risku cilvéka veselibai, ka arT izstradat rekomendacijas
PAO samazinasanai produkcija.

ZINATNISKA DARBA APROBACIJA

Par darba rezultatiem zinots 10 Latvijas un starptautiskajas zinatniski
praktiskajas konferencés un kongresos Latvija, Cehija, Francija, Bulgarija un
Krievija.

1. Kukare A., Bartkevi¢s V., Viksna A., Stumpe-Viksna I. (2008) Optimala
modela izveide policiklisko aromatisko ogliidenrazu satura noteikSanai
partikas produktos. LU 66. konference, 2008. gada 8. februari, Riga, Latvija
(referats / oral presentation).



. Stumpe-Viksna 1., Kukare A., Bartkevi¢s V. (2007) Dazadu tehnologisko
procesu ietekme uz policiklisko aromatisko oglidenrazu saturu desas (Impact
of different technological processes on polycyclic aromatic hydrocarbon
content in sausages). Rigas Tehniskas universitates 48. Starptautiska
zinatniska konference, Riga, 2007. gada 11-13. oktobris (stenda referats /
poster presentation).

. Stumpe-Viksna I., Morozovs A. (2007) Influence of package on content of
polycyclic aromatic hydrocarbons in oil. YerBepras MexmyHapomHas
Hay4dHO-TIpakTHuyeckass KoHpepeHuus ,JccnenoBanue, pa3zpabotka W
NPUMEHEHHE BBICOKMX TEXHOJNOTMH B mpombinuieHHOcTH , CaHKT-
[erepOypr, 2-5 oxta6ps, 2007r. (piedaliSanas ar zinatnisku rakstu /
partipication with paper).

. Kukare A., Bartkevic¢s V., Stumpe-Viksna I., Jakobsone 1. (2007) Polycyclic
aromatic hydrocarbons in meat smoked with diferent types of wood.
Conference ,,Euro Food Chem XIV”, France. Paris. 29-31 August, 2007
(stenda referats / poster presentation).

. Stumpe-Viksna I., Bartkevics V., Kukare A., Morozovs A. (2007) Polycyclic
aromatic hydrocarbons in smoked food products. International Scientific
Conference ,,Research for rural development”, LLU, 16-18 May, 2007,
Jelgava, Latvia (referats / oral presentation).

. Jakobsone I., Kukare A., Bartkevi¢s V., Stumpe-Viksna 1. (2006) Impact of
different technological processes on content of polycyclic aromatic
hydrocarbons in food products. 3rd Central European Congress on Food, 22-
24.05.2006, Sofia, Bulgaria (stenda referats / poster presentation).

. Stumpe-Viksna I. (2006) Polycyclic aromatic hydrocarbons in food products.
International Scientific Conference ,,Research for rural development”, LLU,
7-20 May, 2006, Jelgava, Latvia (referats / oral presentation).

. Stumpe-Viksna 1., Kukare A., Cepurnicks G., Bartkeviés V. (2005)
Determination of polycyclic aromatic hydrocarbons in oils and smoked fish
by masspectrometric methods. 2™ International Symposium on Recent
Advances in Food Analysis, 2-4 November, 2005, Praque, Czech Republic
(stenda referats / poster presentation).

. Stumpe-Viksna 1., Kukare A., Bartkevics V., Stréle M., Serzane R.,
Morozovs A., Jure M. (2005) Policiklisko aromatisko ogliidenrazu satura
izmainas partikas produktos dazadu tehnologisko procesu ietekmé (Changes
of content of polycyclic aromatic hydrocarbons in food products by impact of
different technological processes) Rigas Tehniskas universitates 46.
Starptautiska zinatniska konference, Riga, 2005. gada 13-15. oktobris (stenda
referats / poster presentation).

10. Stumpe I. (2004) Policiklisko aromatisko ogliidenrazu noteikSanas metodes

un sastopamiba partika (Determination Methods and Occurence of Polycyclic
Aromatic Hydrocarbons in Food). Starptautiskd zinatniski-praktiska
konference “Partikas produktu inovativas attistibas tendences” Jelgava, LLU,
12.05.2004 (referats / oral presentation).
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Pétijuma rezultati apkopoti un publicéti visparatzitos recenz&jamos

zinatniskajos izdevumos latvieSu un anglu valodas, no tiem 8 starptautiskajos
arvalstu un Latvijas Zinatnes Padomes atzItos zinatniskajos izdevumos.

1.

Stumpe-Viksna 1., Bartkevics V., Kukare A., Morozovs A. (2008)
Policiklisko aromatisko ogluidenrazu saturs ellas. LLU raksti, Nr. 21 (315),
30-41 Ipp.

Stumpe-Viksna 1., Bartkevics V., Kukare A., Morozovs A. (2008) Levels of
benzo(a)pyrene (BaP) in fish, smoked according to different procedures. LLU
raksti, Nr. 21 (315), 24-29 Ipp.

Stumpe-Viksna 1., Bartkevics V., Kukare A., Morozovs A. (2008) Polycyclic
aromatic hydrocarbons in meat smoked with different types of wood. Food
Chemistry, Vol. 110, pp. 794-797.

Stumpe-Viksna 1., Bartkevi¢s V., Kukare A. (2008) Dazadu tehnologisko
procesu ietekme uz policiklisko aromatisko oglidenrazu saturu desas. RTU
zinatniskie raksti Materialzinatne un lietiska kimija, 16. s€jums, 113-119 lpp.
Stumpe-Viksna 1., Bartkevics V., Kukare A., Morozovs A. (2007) Polycyclic
aromatic hydrocarbons in smoked food products. International Scientific
Conference Proceedings Research for rural development, LLU, Jelgava,
Latvia, pp. 79-86.

Stumpe-Viksna 1., Morozovs A. (2007) Influence of package on content of
polycyclic aromatic hydrocarbons in oil. Beicokue mexnonoeuu,
@dyHOamenmanvuble U NPUKIAOHBIE UCCLe008aHUs, 00pazosanue, ToM 11,
Canxr-IlerepOypr, M3narenscrBo [lonurexuuyeckoro yHuBepcurera, c.231-
235.

Stumpe-Viksna I., Kukare A., Bartkevi¢s V. (2007) Policiklisko aromatisko
oglidenrazu noteikSana partikas produktos ar masspektrometrijas metodeém.
Latvijas Kimijas zurnals, Nr.2, 138-146 Ipp.

Stumpe-Viksna 1., Kukare A., Bartkevics V., Stréle M., Serzane R.,
Morozovs A., Jure M. (2005) Policiklisko aromatisko ogliidenrazu satura
izmainas partikas produktos dazadu tehnologisko procesu ietekmé. RTU
zinatniskie raksti Materialzinatne un lietiska kimija, 10 s€ums, 127-132 lpp.
Stumpe 1. (2004) Determination Methods and Occurence of Polycyclic
Aromatic Hydrocarbons in Food. Starptautiska zinatniski-praktiska
konference “Partikas produktu inovativas attistibas tendences”. Referati,
Jelgava, 151-156 Ipp.

MATERIALI UN METODES

P&tfjumi veikti laika no 2004. Iidz 2007. gadam. Analizes veiktas Partikas un

veterinara dienesta Nacionala diagnostikas centra Partikas un vides izmeklgjumu
laboratorija.



PAO satura noteikSanas eksperimentos izmantotas izejvielas
o Latvija tirdznieciba sastopamas ellas, kas razotas dazadas valstis: rafinétas un
nerafinétas saulespuku ellas (,,Brolio” — razota Vacija; ,,Saulite” — razota
Lietuva; ,,Dikanka” — razota Ukraina; ,,Natural” — razota Argentina), rapsu ellas
(,,Risso” — razota Belgija, ,,Floriol” — razota Polija; ,lecavas”, ,,Vidzemes”,
,ldeal”— razotas Latvija), olivu ellas (,,Dolores”, ,,Olitalia” — razotas Italija),
linseklu (,,Latgales”, ,lecavas”, ,lecavnieks” — razotas Latvija), kukuriizas
(-Risso” — razota Belgija), sojas (,,Brolio” — razota Vacija), kanepju ella
(,,Jecavas” — razota Latvija), zemesriekstu ella— razota Anglija, kimenu ella —
razota Latvija, kirbju ella ,,Gloria” — razota ,,Schell GmbH” Vacija.
e Tirgi iegadatas kiipinatas zivis (karsti kiipinats Iinis, skumbrija, brétlinas,
renges, asaris, auksti kiipindta skumbrija) un Latvija razoti kapinatu zivju
konservi (Sprotes ella, Sprotu pastéte, Zivju tefteli tomatu mércg, Renges tomatu
mércg, Sprotes tomatu mércé, Renges ella).
e Latvija razota kiipinata ciikgala un kiipinata vistas gala, kas iegadata tirgi.

Pétijuma par PAO saturu rafinétas un nerafinétas ellas izmantota rapsu
ella un seklas iegiitas no ellu razotajiem Latvija. Petljuma par iepakojuma
ietekmi uz PAO saturu ellas izmantota tirgli iegadata saulespuku ella.

Eksperimentos par PAO saturu kupinata gala atkariba no izmantota
kurinama tika izmantota ctikgala, kas iegadata tirgii. Ka kurinamais izmantota
svaigi cirsta alksna, abeles, egles, lazdas, klavas, apses, piladza, ievas, plimes
malka), kadika zarini un Dr. Millera kokogles (razotas SIA ,,Kamene”).

Pétijuma par benzo(a)piréna saturu zivis, kiipinot dazados apstaklos
izmantotas svaigas, atvesinatas vai sald€tas Baltijas jiras vai Rigas jiiras lica
brétlinas.

Ellas attiriSana ar aktivéto ogli

100 ml saulespuku ellas pievienoja attiecigi 0.1, 0.3, 0.5, 1.0 vai 1.5 g
aktivetas ogles, maisija 30 min istabas temperattra, filtr§ja un analizgja ka
aprakstits paraugu sagatavoSana.

PAO samazinasana kiipinatas zivis, apstarojot ar UV

Zivis tika ievietotas UV kamera (DRT 400, 400W) un apstarotas pie 254 nm
(30 cm attaluma no UV avota) 0-15 min. BaP standart$kidums ar koncentraciju
10 ng ul'" tika uznests uz Petri traucina un ievietots UV kamera un apstarots
0- 30 min.

Zivju kupinasana izmantotas krasnis un visparigs kiipinasanas apraksts
Zivju kiipinaSana veikta sadarbiba ar Latvijas zivju parstrades uzn€mumiem.
Saja petijuma izmantotas 5 daadas kiipinasanas krasnis:
e krasns ar div-tunelu konveijera tipa kipinaSanas kameram ar dumu
generatoru, razota AS Miiduranna Texas, Igaunija;



e krasns ar div-tunelu konveijera tipa kipinaSanas kameram ar dumu
generatoru, razota SIA Peruza, Latvija;
e Kverner-Bruk krasns ar ventilatoru un diimu iepliides vietu no apaksas;
e Kverner-Bruk krasns ar tunela tipa modificétam kipinaSanas kameram ar
damu generatoru;
o clektriska krasns ar dimu generatoru.

Ka kurindmais izmantotas alk$nu koksnes 8keldas. Skeldu mitruma saturs 35-
45 %, dimu temperatiira 60-80 °C, skeldu sadegSanas temperatiira uz ardiem
400-450 °C.

Galas kiipinasana, izmantojot dazadu kurinamo

Kipinasana tika veikta majas izgatavota kiipinatava, kura tika uzturéta 80 °C
temperatiira, izmantojot ventilatoru un temperatiiras regulatoru. Galas
kiipinasanas laiks 5 stundas. Kiipina$ana izmantojam 10 dazadus koku sugu
malku un tirdznieciba sastopamas kokogles.

Paraugu pagatavoSana

Paraugi tika homogeniz€ti un péc tam hidrolizéti ar kalija hidroksidu etanola
Skiduma. Talak veikta ekstrakcija ar cikloheksanu, kam sekoja Skidruma-
Skidruma ekstrakcija ar N,N-dimetilformamidu un cikloheksanu. P&c paraugu
attirisanas uz cietfazes silikagela kolonnas, paraugus koncentr&ja un analiz&ja. Ar
gazhromatografijas-masspektrometrijas (GH-MS) metodi PAO (piréns (P),
benzo(a)antracens (BaA), hrizéns (CHR), benzo(b)fluoranténs (BbF),
benzo(k)fluoranténs (BkF), benzo(j)fluoranténs (BjF), benzo(a)piréns (BaP),
indeno(1,2,3-c,d)piréns (IcdP), S5-metilhrizéns (5SMC), benzo(g,h,i)periléns
(BghiP), ciklopenta(c,d)piréns (CPP), dibenzo(a,h)antracéns (DahA),
dibenzo(a,l)piréns (DalP), dibenzo(a,e)piréns (DaeP), dibenzo(a,i)piréns (DaiP),
dibenzo(a,h)piréns (DahP)) analiz&ti, izmantojot firmas Hewlett Packard 6890
gazu hromatografu ar Hewlett Packard masselektivo detektoru HP 5973 N un
automatisku paraugu ievadiSanas iekartu HP 7683. PAO un benzo(a)piréna
Skidruma hromatografiskas noteikSanas analizes tika veiktas, izmantojot tandéma
masspektrometru QuattroLC ar atmosferas spiediena kimisko jonizétaju, kas
savienots ar AESH Waters Alliance 2690. (1. Stumpe-Viksna et al., 2007).

REZULTATI UN DISKUSIJA

Analitiskas metodes izstrade un validacija

Galvenas problémas, kas saistitas ar PAO noteikSanu partikas paraugos ir
maza analiz€ama savienojuma koncentracija un potencialo klatesoSo traucgjumu
dazadiba. Neraugoties uz faktu, ka BaP var izmantot ka markieri, lai noteiktu
kancerogénos PAO partikas produktos, analitiskajam metodém, ko izmanto



oficialaja partikas kontrol€ un monitoringa biitu jaaptver visi 15 ES prioritarie
PAO.

Metodes izstrades mérkis bija ieviest praktisku analitisku metodi, kas biitu
1) specifiska, pareiza, preciza un reproducgjama; 2) piemérota dazadu partikas
produktu matricu analiz€Sanai; 3) pamatoti atra un ne parak darga; 4) lai metodes
izpildi varétu veikt atbilsto$i normativiem.

Paraugu sagatavoSanas optimizacija

Paraugu pagatavoSanas paatrinatas metodes izveide kiipinatu zivju
analizei:

Ta ka paraugu sagatavosana PAO satura noteikSanai zivju produkcija, ir loti
laikietilpiga, veikti eksperimenti, lai paraugu sagatavoSanu paatrinatu,
neizmantojot tauku parzieposanu ar sarmu, kas Jautu ietaupit laiku un izmantoto
reagentu daudzumu.

Neizmantojot So paraugu sagatavoSanas posmu, metodes parametru
parbaudes rezultati liecina, ka paatrinata metode ir piemérota PAO satura
noteikSanai. Analizgjot 6 paraugus, izstradatas metodes atkartojamiba PAO
noteiksana bija no 7.0 % Iidz 17 %. Turklat vidéjas PAO satura vertibas bitiski
neatskiras no tam, kas iegltas ar ieprieks izmantoto metodi, kas ietver paraugu
parziepoSanu ar sarmu (skat. 1. tab.).

Lidz ar to saisinato metodi var izmantot PAO noteikSanai zivju produkcija,
jo paraugs tiek pietiekosi efektivi attirits no trauc€josam vielam.

1. tabula / Table 1.
MetoZzu salidzinajums PAO noteikSanai zivju konservos
Method comparison for PAH determination in canned fish

Savienojums / Noteikta koncentracija / Concentration determined, ug kg’
Compound Sakotnéja metode / Paatrinata metode / Accelerated
Initial method method
P 245 + 40 213 +36
BaA 3243 28 +4
CHR 31+2 25+3
BbF 40+1.0 44+0.8
BKF 2.5+£04 2.7+0.2
BaP 11.0+0.8 9.4+0.9
IcdP 0.9+0.3 1.0+0.2
BghiP 1.9+0.3 1.5+0.1

Cietas fazes ekstrakcijas sorbentu izvéle:

Lai novértétu dazadu sorbentu piemérotibu PAO analiz€, parbaudita ellas
sorbcija uz Cetriem sorbentiem: silikagela, florisila, neitrala un skaba aluminija
oksida.
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Elugjot ar cikloheksanu, tika savaktas 5 frakcijas. Frakcijas ietvaic€ja un sauso
atlikumu noteica gravimetriski. Vislielakais ellas daudzums visiem
izmantotajiem sorbentiem elugjas pirmajas divas frakcijas. legitie rezultati
uzradija, ka vislabaka lipidu sorbcijas sp&ja piemit silikagelam.

Bez tam, lai izvert€tu sorbentu piemérotibu PAO analizei un parauga
attiriSanai no traucgjo$am vielam, tika parbaudita ari PAO sorbcija uz Siem
sorbentiem. Standart§Skidumu uznesa uz sorbenta un elugja ar cikloheksanu un
pec tam ar dihlormetanu. Izmantojot par sorbentu skabu un neitralu aluminija
oksidu, PAO elugjas tikai ar dihlormetana frakciju. Savukart uz florisila un
silikagela PAO sorbcija bija salidzinosi neliela un tie elugjas jau ar pirmajiem
cikloheksana mililitriem.

Apkopojot So eksperimentu rezultatus, turpmakiem pétijumiem tika izvelets
silikagels, kas efektivi sorbé PAO noteikSanai traucgjosas vielas. Aluminija
oksida un florisila izmantosanu kave zema lipidu sorbcija uz Siem sorbentiem.

PAO analitiska atdaliSana un noteikSana, izmantojot GH-MS

Analitiskaja noteiksana ar GH-MS, izmantotas 2 metodes: 15 ES prioritaro
policiklisko aromatisko ogliidenrazu noteik$anai (izmantota no 2006. gada) un
metode US EPA PAO noteiksanai (Iidz 2006. gadam).
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1. att. PAO standart§kiduma hromatogramma.
Fig. 1. Chromatogram of PAH standard solution.

Lai sakotng&jai metodei uzlabotu precizitati un kompensetu zudumus paraugu
sagatavoSanas procesa, PAO noteikSanas metode tika ieviests ieksgjais standarts
benzo(a)piréns—d;,.
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Ta ka 15 ES prioritaro PAO noteikSanas metodé CPP, CHR, BaA un SMC
noverojam nepietickamu atgiistamibu, tad So PAO noteikSanai tika ieviests
papildus ieksgjais standarts hrizéns-d,,.

Metozu validacija

Atbilstosi izstradatajam metodém veiktas 2 validacijas: US EPA PAO
noteikSanai (Metode Nr.1), ka arT 15 ES prioritaro PAO noteikSanai partika
(Metode Nr.2).

Metodes Nr.1 validacija:

Metodes selektivitate parbaudita, analiz&ot paraugu, kas nesatur PAO.
Policiklisko aromatisko oglidenrazu hromatografisko smailu aiztures laikos
nebija matricas sastavdalu smailes.

GH-MS noteikSanas metodes linearitates parbaude veikta, uznemot
hromatogrammas PAO standartskidumiem ar koncentraciju no 0.05 1idz 0.25 pg pl™.
Regresijas analizes dati parada, ka PAO signalu — koncentracijas sakariba ir
lineara parbauditaja koncentraciju diapazona un visu PAO gradugSanas Iiknu
determinacijas koeficientu R? vértibas bija robezas no 0.995 lidz 0.999.

Lai parbauditu GH-MS metodes atkartojamibu, veikti paraléli merfjumi
6 ellas un 6 zivju paraugiem, kuriem pievienots noteiktas koncentracijas ieksgjais
standarts. E]las paraugiem datu variacijas koeficienti bija no 2.7 Iidz 8.5 % (skat.
2. tabulu).

2. tabula / Table 2.
Metodes atkartojamiba PAO noteik$anai ellas un kiipinatas zivis
Method precision for determination of PAH in oils and smoked fish

S (%) S (%)
Savienojums / P Savienojums -
Comp(J)und Ellas / Kl;[i)‘l]?sa/tas / Comptj)und Ellas / Kl;li)‘l,?sa/tas
Oils Oils
Smoked fish Smoked fish
P 6.5 16 BaP 3.7 7.9
BaA 2.7 8.0 IcdP 4.3 35
CHR 34 7.7 BkF 3.4 16
BbF 4.2 31 BghiP 3.8 14

Parbaudot metodes atkartojamibu zivju produkcijas paraugiem, iegiitic PAO
variacijas koeficienti bija no 7.7 Iidz 35 %. Ka redzams 2. tabula, paral€lo
mérjumu rezultatu izkliede ir liela, kas izskaidrojams ar to, ka griiti panakt
pilnigu homogenitati paraugos, ka ari zivis analitiska zina ir daudz sarezgitaka un
gritak attirama matrica neka ella.

Parbaudot metodes atgiistamibu, kiipinatu zivju paraugiem ar dazadam
PAO koncentracijam tika pievienota standartpiedeva 5 pg kg', bet ellu
paraugiem standartpiedeva ar koncentraciju 2 pg kg'. legiita vidéja benzopiréna
atglistamiba ellu paraugos bija 115 %, savukart zivju paraugos ta bija 111 %.
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Metodes jutiba parbaudita, analiz&jot PAO paraugu ar standartpiedevu un
nosakot signala un fona (S/N) attiecibu. Kvalitativas analizes jutibas
noverteSanai izmantota attieciba S/N=3, bet kvantitativas analizes jutibas
novertéSanai S/N=10. Informacija par metodes robezkoncentracijam apkopota 3.
tabula.

3. tabula / Table 3.
PAO noteikSanas robezas

Detection limits of PAH
Savienoi Nosakamas robezkoncentracijas / Detection limits, pg kg™
avienojums / PRI — ——— —
Compound Kvallta.tlvafja anallze./ Kvantlta.tlvafja anallze./ In
In qualitative analysis quantitative analysis
BbF 0.02 0.08
BKkF 0.02 0.08
BaP 0.05 0.18
IcdP 0.03 0.11
DahA 0.03 0.10
BghiP 0.03 0.09

Lidz ar to metode pilniba apmierina Eiropas Komisijas Regula (EK Nr.
333/2007) ming&tas prasibas.

Metodes precizitate olivu ellas paraugu analizé parbaudita art FAPAS
salidzinosaja testeSana ar 57 citam Eiropas laboratorijam, kur tika analizéti PAO

un iegiti veiksmigi rezultati, ieklaujoties noteiktajas robeza ('z'<2). Ellu

paraugam BaP, BaA, BbF, BghiP un IcdP z-vértibas, kas izsaka novirzi no
visvairak iesp&ama rezultata, bija starp -1.0 un +1.0. Ellu paraugiem z-v&rtibas
tika aprekinatas izmantojot vienadojumu (1):
s (D
o

kur: Z —novirze no visvairak iespgama rezultata;

x — vidgjais eksperimentali iegiitais rezultats;

X — noteikta vértiba (gravimetriski);

o — eksperimentala standartnovirze.

V4

Metodes Nr.2 validacija:

Metodes selektivitate parbaudita, analiz&ot paraugu, kas nesatur PAO.
Policiklisko aromatisko oglidenrazu hromatografisko smailu aiztures laikos
nebija matricas sastavdalu smailes.

GH-MS noteikSanas metodes linearitates parbaude veikta, uznemot
hromatogrammas PAO standartskidumiem ar koncentraciju no 0.05 lidz 0.25 pg pl™.
Regresijas analizes dati uzradija, ka PAO signalu — koncentracijas sakariba ir
lineara parbauditaja koncentraciju diapazona un visu PAO graduéSanas Iiknu
determinacijas koeficientu R* vértibas bija robezas no 0.996 lidz 0.999.
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Lai parbauditu GH-MS metodes atkartojamibu, veikti paraléli merfjumi
6 ellas un 6 zivju paraugiem, kuriem pievienots noteiktas koncentracijas ieksgjais
standarts. E]las paraugiem datu standartnovirze bija no 2.3 lidz 7.5%, savukart
zivju paraugos 7.1 Iidz 24 %.

Parbaudot metodes atgiistamibu, kiipinatas galas, zivju un kiipinatu zivju
konservu paraugiem ar dazadam PAO koncentracijam tika pievienota
standartpiedeva 5 pg kg, bet ellu paraugiem 2 pg kg'. legita vidéja PAO
atgiistamiba ellu paraugos bija no 65 % lidz 116 %, savukart kiipinatas galas,
zivju un kiipinatu zivju konservu paraugos no 56 % Iidz 111 % (skat. 4. tab.).
Slikto atgiistamibu dibenzopiréniem var izskaidrot ar to, ka benzo(a)piréns-d;,
nav Tsti piemérots ieksgjais standarts to aprékinasana un bitu nepiecieSams
icksgjais standarts, kas tuvs dibenzopiréniem. Kaut gan kopuma iegiitic metodes
kvalitates parametri atbilst Eiropas Komisijas Regula (EK Nr. 333/2007)
minétajam prasibam.

4. tabula / Table 4.
Metodes atguistamiba PAO noteikSanai partikas produktos
Recovery of method for determination of PAH in food products

Videja atgustamiba / Videja atgustamiba /
Savie- Average recovery, % Savie- Average recovery, %
nojums / Gala, zivis, Ella nojums / Gala, zivis, Ella
Compound | Kkonservi/ Meat, / 6il Compound | Kkonservi/ Meat, / 6il
fish, canned food fish, canned food
CPP 111 116 IcdP 90 95
BaA 99 107 DahA 87 98
CHR 97 100 BghiP 94 100
5MC 76 84 DalP 83 83
BbF+BjF 99 108 DaeP 79 76
BkF 91 104 DaiP 56 66
BaP 93 101 DahP 65 69

Metodes jutiba parbaudita, analiz&jot PAO paraugu ar standartpiedevu un
nosakot signala un fona (S/N) attiecibu (kvalitativai analizei S/N=3, bet
kvantitativai analizei S/N=10). PAO noteikSanas robezkoncentracijas ES
prioritiro PAO kvalitativaja analizé bija no 0.02 lidz 0.08 ng kg, bet
kvantitativaja analizé no 0.05 Iidz 0.26 pg kg™

Metodes precizitate standartSkidumu un ellas paraugu analizé parbaudita ari
PAO References Laboratoriju Apvienibas organizétaja salidzino$aja test€Sana ar
23 citam Eiropas laboratorijam, kur tika analizéti 15 PAO un ieguti veiksmigi
rezultati, ieklaujoties noteiktajas robeza (z<2). legttas z-vertibas ellas paraugu
analizg, kas izsaka novirzi no visvairak iespgjama rezultata, skatit 5. tabula.
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5. tabula / Table 5.
Iegiitas z-vertibas ellas paraugu analize salidzinosaja starp-laboratoriju
testeSana / Acquired z-scores in edible oil material in inter-laboratory
comparison testing

Savienojumi / Compounds

Py

gé & ?E < | | e | A e | A
gg ol = Lg) TIE |5 % S £ 3| 2|5 5
5|0 R|IO|R|BE|lRr|A| =S|l A|lalAala
Ay A =)

z-vertibal 3|y 31 02 |0.6]-1.6|-03] 04]-05]-07]-04]-07] 03 |-1.9]-1.4
/ z-score

Augsti efektivas Skidruma hromatografijas — triskarsa kvadrupola
masspektrometrijas (AESH-MS-MS) metodes izmantoSana PAO noteik$ana

Veikti eksperimenti, lai izp€titu iesp&ju izmantot augsti efektivas skidruma
hromatografijas —  triskarSa  kvadrupola  masspektrometrijas  metodi
benzo(a)piréna (BaP) noteik3anai partikas produktos. Izvélétajos AESH-MS-MS
apstak]os un, ar petjjuma izmantoto kolonnu, ieguvam labu BaP noteikS$anas
selektivitati.

Lai noteiktu AESH-MS-MS metodes rezultatu atkartojamibu un atgiistamibu,
ellas paraugiem, kas nesatur PAO, tika pievienots standartSkidums Iidz
koncentracijai 5 ugkg'. Relativa standartnovirze 6 paraugiem bija 6.7 % un
ieglta atglistamiba 92 %. Minimala nosakama benzo(a)piréna koncentracija
noteikta, pienemot attiecibu signals/fons=3. Metodes jutiba bija 0.1 pg kg™ Lidz
ar to metodes kvalitates parametru parbaudes dati liecina, ka metode ir
izmantojama benzo(a)piréna noteikSanai partikas produktos.

Izstradata AESH-MS-MS metode tika salidzinata ar GH-MS metodi,
analizgjot tos paSus ellas paraugus. Ar abam metodeém iegiitie benzo(a)piréna
satura dati uzradija labu korelaciju (R*=0.9991).

Izstradatas AESH-MS-MS analizes metodes kopgjais laiks ir ievérojami saks
(10 min), neka izmantojot GH-MS (40 min), kas dod iesp&ju analizét lielaku
paraugu skaitu.

Policiklisko aromatisko ogliidenrazu saturs partikas produktos

Partikas produktos PAO sastopami vienmér ka kompleksi maisijumi. PAO
dazadas matricas sastopami dazadas koncentracijas, bet visbiezak sastopamie
PAO ir CPP, BaP, BaA, CHR un BbF, BkF summa un BjF. Ka ar1 §ie PAO
kopuma ir augstakas koncentracijas.

Vislielakas PAO koncentracijas tika konstatétas kiipinata vistas gala. Citas
analiz€tajas partikas grupas PAO koncentracijas bija zemakas, kaut arT dazkart
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tika parsniegta FEiropas Savieniba noteikta maksimali pielaujama BaP
koncentracija.

PAO saturs Latvijas tirgii pardodamo ellu paraugos

Ta ka benzo(a)pirénu izmanto ka markieri PAO satura noteikSanai, [1dz ar to
tas ir visvairak pétitais savienojums. Art mes lielu dalu petijumu par PAO saturu
Latvijas tirgl sastopamajos partikas produktos balstfjam uz benzo(a)piréna satura
noteikSanu. 2004./2005. gada izvert€jot Latvijas tirgii pardodamas ellas (rapsu,
saulespuku, olivu, linseklu, kukurtizas, sojas, kanepju, zemesriekstu, kimenu),
visaugstakas benzo(a)piréna koncentracijas novérojam rapsu (maks. 15 pg kg™),
kimenu (5.6 pg kg') un saulespuku (maks. 5.5 pug kg') ellas, savukart
vismazakas BaP koncentracijas tika atrastas zemesriekstu un kukuriizas ellas
(<0.1 pg kg™). Tomér kopuma Latvijas tirgii sastopamas ellas satur&ja nelielas
benzo(a)piréna koncentracijas.

Lai salidzinatu PAO saturu un individualo savienojumu attiecibas dazadas
ellas, Cetriem dazadiem (kirbju, saulespuku, rapsu, oltvu) ellu veidiem
analiz€jam Eiropas Komisijas rekomendacija (Commission Recommendation
2005/108/EC) min&tos 15 PAO. Benzo(a)piréna saturs ellu paraugos bija sakot
no metodes minimali nosakamas robezkoncentracijas (0.1 pg kg') lidz
7.7 ug kg, bet PAO kopéjais saturs no 0.21 lidz 46 ngkg™ (skat. 2. att.).
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5% 1
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kirbju / pumpkin olivu/ olive rapsu / rapeseed saulespuku /

Ella/ Oil sunflower

acCpp BaA m CHR O 5MC E BbF+BjF & BkF & BaP
&8 IcdP EDahA M BghiP @ DalP @ DaeP DaiP B DahP

2. att. PAO saturs dazadas augu ellas, kas norméts péc olivellas
kopéja PAO satura.
Fig. 2. Content of PAH in different vegetable oils calculated according to the
total content of PAH in olive oil.
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Analizetajos rapSu un saulespuku e]lu paraugos atradam visus analiz&tos
PAO. Kopuma vislielakais BaP saturs analiz€tajos paraugos bija saulespuku
ellas, bet vislielakais kopgjais PAO saturs analiz&tajos paraugos bija olivu ellai.
Saulespuku tas bija 83.2 %, kirbju 45.2 % un rapsa 24 % no satura olivu ella.
Tomér olivellas galvenokart sastopami PAO ar mazaku molekulmasu (CPP,
BaA, CHR un 5MC), kuri dziviem organismiem ir mazak kaitigi. Salidzinosi
rapSu ellas So PAO bija maz, bet toties atradam ari dibenzopirénus un
dibenz(a,h)antracénu, kas olivella un kirbju ella netika atrasti (skat. 2. att.). PAO
satura salidzinasanai dazadas ellas, izmantota normé&Sana pret lielako atrasto
kopgjo PAO saturu olivu ellai. Bet kopgja PAO satura noverteésanai dazadas ellas
normésanai izmantojam kopg&jo PAO saturu olivu ella.

Izmantojot toksiskas ekvivalences koeficientus (TEF), méginajam objektivi
salidzinat kop&jo PAO daudzumu miisu analiz€tajas ellas un realo risku uz
cilveku veselibu.

Izvertgjot zinatniskaja literatiira sastopamos datus, secindajam, ka PAO
savienojumiem dazadi autori pieskirusi Joti dazadus TEF. Lidz ar to, apkopojot
literatiiras datus, izmantojot dazadu autoru publicétas TEF vertibas, izveidojam
kopgju vidgjo potencialo TEF skalu. Aprékinot miisu analizéto ellu potencialo
toksiskumu péc izveidotas TEF skalas, ieguvam, ka vislielakais cilvéku veselibas
piesarnojuma risks ir saulespuku ellai, bet vismazakais kirbju ellai (skat. 3. att.).
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3. att. PAO saturs dazadas augu ellas, kas aprekinats izmantojot
iegiito TEF skalu.
Fig. 3. Content of PAH in different vegetable oils calculated according to the
acquired scale of TEFs.

Izmantojot miisu izveidoto TEF skalu redzams, ka vislielako toksisko vielu
devu ellu piesarnosana dod dibenzopiréni, ka art benzo(a)pirens.
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PAO saturs kiipinatas zivis un zivju konservos

Lai salidzinatu PAO saturu un individualas attiecibas dazadas Latvijas tirgl
sastopamas kipinatas zivis un konservos, analiz€jam Eiropas Komisijas
rekomendacija (Commission Recommendation 2005/108/EC) miné&tos 15 PAO,
kuri ieteikti turpmakiem pétijumiem.

6. tabula apkopota informacija par kiipinatu zivju konservu piesarnojumu ar
PAO, kur redzamas paraugu grupu videjas un maksimalas vertibas. Analiz&tajos
paraugos atradam gandriz visus 15 no analiz@tajiem PAO, iznemot DahP visos
analiz€tajos paraugos bija zem nosakamas robezkoncentracijas.

6. tabula / Table 6.
PAO koncentracijas kiipinatu zivju konservos
PAH concentrations in canned smoked fishes

Koncentracija (Minimala.-maksimala) /
Concetration (minimum — maximum), pg kg™
x Sprotu | Zivju tefteli Renges Sprotes Renges
PAO /| Sprotes pre & _~ _|tomatu merce protes ve
PAH ella / pastéte / ton.latu n.lerce / Baltic tomatu me.erce e!!a./
Sprats in Pate of |/ F.lsh noisette herring in / Sprats in Ba.ltlc.
o Sprats in tomato tomato sauce |herring in
ol m=20) (110) | sauce (n=3) “’“‘?;‘j;;‘“ce (=4) | oil (n=9)
CPP | 0.24-20 | n.d.-24 0.40-5.8 0.89-14.0 0.25-4.6 0.50-9.6
BaA | 0.59-25 | 0.11-9.5 0.34-3.1 1.3-7.0 0.34-2.6 0.63-6.7
CHR | 0.66-33 | 0.14-8.8 0.35-2.4 1.2-6.3 0.36-2.3 0.70-6.7
SMC | nd.-23 | nd.-1.6 0.07-0.50 0.21-0.89 0.12-0.68 0.11-1.2
BOF 1 42121 | nd-78 | 07527 0.57-5.7 nd-1.7 | 0.513.9
+BjF
BKF | 0.64-5.2 | 0.18-6.1 1.2-4.4 0.93-3.4 1.1-2.8 0.31-2.7
BaP | 0.85-14 | n.d.-14 0.59-3.0 0.79-9.6 0.94-2.3 0.68-8.0
IcdP | n.d.-3.6 | n.d.-4.8 n.d.-0.33 n.d.-1.9 n.d.-0.43 0.13-2.0
DahA | n.d.-0.54 | n.d.-0.55 n.d. n.d. n.d. n.d.-0.28
BghiP | n.d.-5.1 | n.d.-5.9 n.d.-0.71 n.d.-3.5 n.d.-0.80 0.18-2.2
DalP | n.d.-0.48 | n.d.-2.9 n.d. n.d. n.d. n.d.-0.49
DaeP | n.d.-0.10 | n.d.-0.29 n.d. n.d. n.d. n.d.-0.06
DaiP | n.d.-0.10 | n.d.-0.14 n.d. n.d. n.d. n.d.
DahP n.d. n.d. n.d. n.d. n.d. n.d.
Y PAO
/ PAH 4.6-104 | 0.68-78 3.7-22.9 5.9-52 3.8-18 4.8-44

* n.d. — iegita vertiba zem metodes minimali nosakamas robezkoncentracijas / value

obtained is below method detection limit (<0.1 pgkg™).

Ka redzams, BaP koncentracijas un kop&ja PAO koncentracija kiipinatu zivju
konservu paraugos Dbija attiecigi sakot no vertibas zem nosakamas
robezkoncentracijas lidz 14 pg kg' un 0.68 lidz 104 pg kg'. Kopuma
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savienojumi CPP, BaA un CHR tika atrasti ar visaugstakajam koncentracijam,
savukart DahA, DalP, DaeP, DaiP, un DahP bija sastopami zemakas
koncentracijas un kiipinatu zivju konservos ar tomatu mérci netika atrasti vispar.

Kaut gan, ka redzams no 6. tabulas, ta pasa tipa paraugi satur&ja loti dazadas
PAO koncentracijas, lidz ar to var secinat, ka piesarnojuma saturs nav
viennozimigi saistits ar produkta veidu.

BaP koncentracijas un kop&ja PAO koncentracija kiipinatu zivju konservu
paraugos bija attiecigi sakot no vertibas zem nosakamas robezkoncentracijas I1dz
14 ug kg™ un 0.68 lidz 104 ug kg™. Saja pétijuma kipinatas rengés un brétlinas
atradam visaugstakos PAO Itmenus (skat. 4. att.), ko varétu izskaidrot ar
sal1idzinosi lielo kupinaSanas produkta virsmas un svara attiecibu. Ka zinams,
visaugstakais PAO saturs ir uz kiipinatu produktu virsmas un kaut arT gaismas un
skabekla klatbiitn€ notiek to sadaliSanas, tomer dala kaitigo savienojumu migré
produkta.
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M karsti kuipinats linis / hot smoked tench

@ karsti kuipinatas skumbrija / hot smoked mackerel

B karsti kiipinatas brétlinas / hot smoked Baltic herring
[ karsti kupinatas Sprotes / hot smoked sprats

[ auksti kupinata skumbrija / cold smoked mackerel

B Kkarsti kiipinats asaris / hot smoked perch

4. att. Videjas PAO koncentracijas kaipinatas zivis.
Fig. 4. Mean concentrations of PAH in smoked fish products.

Augstakas PAO koncentracijas kiipinata lini, pretstata ar kipinatu asari
var€tu biit radusas, jo Iini ir zivis ar salidzinosi lielaku tauku saturu un pretgji
asarim dzivo un barojas diinas. PAO ir tendence uzkraties produktos ar augstaku
tauku saturu.
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Kopuma kiipinatas zivis domin€ PAO ar zemaku molekulmasu (BaA, CHR,
un CPP). Auksti kiipinatu skumbriju analiz&tajos paraugos bija loti zemas PAO
koncentracijas un atrastie savienojumi bija BaA, CHR un BkF ar koncentracijam,
kas tuvas nosakamajai robezkoncentracijai.

Kaut arT karsti kiipinatas zivis CPP, BaA un CHR koncentracijas galvenokart
bija augstakas neka citu PAO koncentracijas, karsti kiipinata asar1 Sie PAO bija
zem nosakamas robezkoncentracijas un atradam tikai BbF+BjF, BkF un BaP
tuvu metodes minimali nosakamajai robezkoncentracijai. DahP un DaiP nebija
sastopami neviena no analiz€tajiem paraugiem, bet DalP, DaeP un DahA
atradam kiipinatu rengu un brétlinu paraugos loti zemas koncentracijas.

PAO saturs kiipinatas galas produktos

Lai parbauditu, vai kiipinati galas produkti uzrada tadas pasas PAO satura un
procentualo attiecibu tendences ka kiipinati zivju produkti, izlases veida
analiz€jam kipinatus vistas un kiipinatus ciikgalas produktus. BaP koncentracijas
kiipinatas galas paraugos bija sakot no verttbas zem nosakamas
robezkoncentracijas lidz 25 pg kg™ un kopgja PAO koncentracija attiecigi no
0.06 Iidz 197 pg kg™, Arf kiipinatas galas paraugos analizu rezultati uzrada Joti
lielas PAO koncentraciju atskiribas viena tipa paraugiem, kas visticamak saistits
ar kupinasanas tehnologiju. Ka ari vislielakas koncentracijas novérojam CPP,
BaA un CHR.

Pétijumi par piemérotu markieri PAO satura noteikSanai

Lidz $im BaP tika uzskatits ka labs markieris PAO satura noteikSanai partikas
produktos. BaP ir visbiezak stud@tais un visvairak zinamais PAO, jo tas ir viens
no visvairak izpétitajiem potencialajiem dzivo organismu kancerogéniem, to ir
relativi viegli analiz&t un tas ir sastopams plasa daudzuma partikas veidu.

Lai parbauditu, vai ir korelacija starp BaP un kopg€jo PAO saturu, e]lam un
visiem kiipinatu zivju un galas produktiem veicam linearas regresijas analizi. Ka
redzams no grafika (skat. 5. att.), ellam, kiipinatiem galas un zivju produktiem ir
laba korelacija starp BaP un kop€jo PAO saturu, ar determinacijas koeficientu
attiecigi R* 0.92, 0.98 un 0.92. Ari kapinatu zivju konserviem novérojam
pietiekami labu korelaciju, iegiistot determinacijas koeficientu R*0.84.

No iegiitajiem rezultatiem var pienemt, ka, lai vienkarSotu analitisko kontroli
nodroSinot paterétaju aizsardzibu, BaP izmantoSana par markieri varétu biit labs
risinajums genotoksisko PAO noteikSana, kaut arT novirzes dazos gadijumos ir
augstas.

20



200 i

Kiipinatu zivju konservi /
Canned smoked fish:
y=7.0206x + 1.284

R’ =0.8387

150

Kipinatas zivis

/ Smoked fish:

y=7.8227x - 4.0145
R’=0.9187

Kipinata gala /

Smoked meat:

Kopgjie PAO / total PAHs, pug kgl

y=7.6277x+0.386

R’ =0.9798
T T T Ella / Oil:
0 4 8 12 16 20 24 y=6.9826x +3.3552
2
BaP, pgkgrl R =0917
+ Kipinatu zivju konservi/ Canned smoked fish = Kipinatas zvis / Smoked fish
Ao Kipinata gala / Smoked meat X Ella/0Oi
- - - Linear (Kupinatu zivju konservi/ Canned smoked fish)y — — Linear (Kupinatas zivis / Smoked fish)
—— Linear (Kiipinata gala / Smoked meat) — - - Linear (Ella / Oil)

5. att. BaP un kopéja PAO satura korelacija ellas un kiipinatos produktos.
Fig. 5. Correlation between BaP and total PAH concentration in oils and
smoked food products.

Tomér Eiropas Partikas Drosibas Parvalde (EFSA) jaunakajos pétijumos
norada, ka hrizéns ir viens no problematiskajiem savienojumiem, iegtistot 22 %
pozitivus paraugus, kuros netika atrasts BaP, un pienémums, ka BaP ir labs
indikators visu PAO noteikSana, vartu biit apSaubams. EFSA veikta testéSana
uzradija ari, ka benzo(c)fluoréns ir otrs problematisks savienojums, analizes
parauga, kura netika atrasts BaP, sasniedzot 27 pg kg™ augstu koncentraciju
(EFSA, 2007).

Miisu analizétajos paraugos (n=134) atradam 4 pozitivus hrizéna paraugus,
kuros nebija BaP, ar maksimalo koncentraciju 0.28 pg kg, kaut gan analizu
rezultati uzradija arT 29 pozitivus paraugus ar BaP, kuros netika atrasts CHR, ar
augstako BaP koncentraciju 0.26 pgkg™'. Tomér kopéja PAO koncentracija visos
$ajos paraugos bija salidzinosi neliela.

Salidzinot 15 ES prioritaro PAO korelacijas un determinacijas koeficientus ar
PAO summu dazados partikas produktos, ieguvam, ka ellu paraugos vislabaka
korelacija (R=0.96) ar kop&jo PAO summu ir BbF+BjF, BKF un BaP. Kiipinatos
zivju produktos laba korelacija ar kopgjo PAO saturu bija loti daudziem
savienojumiem (CPP (R=0.96), BaA (R=0.993), CHR (R=0.97), BbF+BjF, BaP,
DaeP un DaiP (R=0.98)). Sliktu korelaciju gan e]las (R=0.24), gan zivju
(R=0.27) paraugos uzradija DahP, ko var izskaidrot ar to, ka lielakaja dala
paraugu DahP bija zem nosakamas robezkoncentracijas vai tuvu tai. Slikta
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korelacija (R=0.36) ar kop&jo PAO saturu bija ar1 SMC ellas. Pilnigi pret&jus
rezultatus ieguvam ar CPP zivis un ellas, kur zivis CPP uzrada loti labu
korelaciju (R=0.96), savukart ellas loti sliktu korelaciju (R=0.36) ar kop&jo PAO
saturu.

Apkopojot rezultatus redzams, ka ve€lama biitu ne tikai BaP, bet arT citu PAO
kontrole, jo ka novérojam, vairakos produktos, pieméram, olivellas, loti lielu
piesarnojumu dod tiesi PAO ar mazaku molekulmassu, kas arT atziti ka
genotoksiski un kancerogéni savienojumi. Aprékinot korelaciju dazadu PAO
summai pret kop&jo PAO saturu, ieguvam, ka izmantojot divu individualo PAO
(pieméram, benzo(a)piréna un hrizé€na) summu jau ieverojami pieaug korelacijas
koeficients ar kop&jo PAO saturu.

Dazadu faktoru ietekme uz PAO saturu partikas produktos

Ka zinams, ir vairaki faktori (pieméram, kipinaSanas generatora tips,
temperatiira, ilgums, gaisa padeve kiipinasanas laika, krasns dimensijas), kas
ietekm& PAO saturu partikas produktos to razoSanas gaita. Un dazkart razotajiem
ir loti sarezgiti panakt PAO satura samazindjumu taja pat laikda nezaudgjot
produktam raksturigo krasu un garSu, ko iecienijusi paterétaji.

PAO saturs rafinétas un nerafinétas ellas

Kaut ari rafingtas ellas parasti satur mazakas PAO koncentracijas, jo
rafin€Sanas procesa ir iespgjams samazinat PAO saturu, tomér péc misu analizu
rezultatiem, tirdznieciba sastopama rafinéta saulespuku ella saturgja daudz
augstakas (vidgji 6 reizes) PAO koncentracijas. Lidz ar to piepémums, ka
patérétaji, kas iecienijusi nerafinétas ellas, vartu biit vairak neaizsargati no
kaitigu vielu uznemsanas, neatbilst patiesibai.

Augstakas PAO koncentracijas, kas konstatétas rafinétas ellas, varétu
izskaidrot ar piesarnotaku izejvielu vai nepietiekami no PAO viedokla kontrol&tu
ellu iegiiSanas tehnologiju izmanto$anu, palaujoties uz to, ka rafinéSanas procesa
izmantotas dazadas metodes pazeminas PAO saturu, pieméram, deodoracija,
balinaSana, apstrade ar bazeém un skabém kombinacija, bet tas nav noticis vai ar1
iesp&jama ellu piesarno$ana rafinéSanas gaita, ja reagenti satur PAO.

Ta ka nav zinams misu petljuma analizétas rafinétas ellas razosSana
izmantotie tehnologiskie procesi un to parametri, tad griiti noteikt iesp&jamos
piesarnojuma avotus. Augstas PAO koncentracijas iesp&jams radusas izmantojot
piesarnotas izejvielas ar velmi to attirit rafinéSanas procesa, nepictickoSas
rafingSanas vai ar1 v€lakas piesarnosanas del.Tapéc, lai izvairitos no ellu
piesarnosanas, biitu nepiecieSama PAO kontrole arT ellu razoSanas procesa, gan
izejvielam, gan ellu iegfisanas laika.

Savukart salidzinot individualo PAO relativo saturu rafinéta un nerafinéta
saulespuku ella noveérojam, ka lielakajai dalai PAO procentualas attiecibas abas
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ellas bija saméra lidzigas, iznemot CHR, SMC, DaiP un DahP relativais saturs
bija (par 0.3% Iidz 3.7%) lielaks nerafinéta saulespuku ella, savukart atrastais
BaA un BaP relativais saturs (par 1.5 % un 3.2 % attiecigi) bija lielaks rafinéta
saulespuku ella, bet DaeP konstat&jam tikai rafinéta saulespuku ella.

Viens no galvenajiem ellu piesarnosanas izcelsmes avotiem raZzoSanas
procesa ir seklu tieSa zavéSana, kad tds nonak saskarsmé ar sadegSanas
produktiem. Rapsa s€klu un no tam iegiito ellu analizu rezultati liecina, ja rapsa
seklu zavesanas procesa ir izveidojies augsts PAO saturs, tad, spiezot ellu arT pat
pie zemas temperatiiras (auksta spieSana), PAO koncentracijas vél pieaug, skatit
6. att., jo PAO ir koncentrgjusies séklu lipidu dala, ka arT notiek to ekstaragésana
ar ellu no izspiedam.
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6. att. PAO saturs rap$u seklas un ella.
Fig. 6. Content of PAH in rape seeds and oil.

Veicam arT pétijumu par iesp&ju samazinat BaP saturu, pielietojot dazadas
attiriSanas metodes. Eksperimentu rezultati parada, ka ellas attiriSanai no BaP un
citiem PAO var izmantot aktivo ogli, savukart balinaSana ar maliem nav seviski
efektiva, jo no ,smagajiem” PAO (satur piecus vai vairdk benzola ciklus)
nedaudz samazina tikai BaP saturu, bet pargjie saglabajas tadas pasSas

koncentracijas (skat. 7. att.).
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Fig. 7. Content of ,,heavy” PAH in rapeseed oil before and after refining.

AttiriSana ar maliem deva labus rezultatus ,,vieglo” PAO (satur lidz Cetriem
benzola cikliem) koncentracijas samazinasana rapsu ella. ,,Vieglo” PAO saturu
var samazinat arT apstradajot el]lu ar aktivo ogli (skat. 8. att.).
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Parbaudot PAO samazinasanas iesp&jas saulespuku ella, izmantojot 1.5 %
aktiveto ogli no ellas masas, novérojam visu PAO ieverojamu samazinasanos par
85 Iidz 96 % (skat. 9. att.).

Procentuala zina visvairak samazinajas BkF, kam jau péc ellas apstrades ar
0.1 % masas dalu aktivétas ogles novérojam samazinasanos par 14 %. Bez tam
pirms apstrades ar aktivo ogli ella 4 reizes parsniedza maksimali pielaujamo
BaIl’ limeni — 2.0 pgkg™, bet péc apstrades BaP saturs ella bija vairs tikai 1.1 pg
kg™.
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9. att. PAO samazinasana ella, apstradajot ar aktivétu ogli.
Fig. 9. Decrease of PAH in oil by treatment with activated carbon.

Tomer razotajiem iesakamas tadas razoSanas un parstrades metodes, kuras
nepielauj sakotn&jo partikas ellas izejvielu piesarnosanu ar PAO.

Iepakojuma ietekme uz PAO saturu ellas

Lai parbauditu gaismas un iepakojuma ietekmi uz PAO saturu ellas, ellai
pievienojam PAO standartus lidz koncentracijam no 6.1 lidz 22.1 pg kg un
veicam 15 ES prioritaro PAO analizi péc 24 h.

Salidzinot BaP saturu (skat. 10. att.), redzams, ka neatkarigi no iepakojuma,
paraugus uzglabajot tumsa, tas nemainijas. Paraugos, kas uzglabati gaisma
tumsa stikla pudel€, BaP saturs bija tads pats ka sakotng&ji. Loti nelielas izmainas
novérojam paraugiem PE iepakojuma un lielakas gaiSa stikla pudele. No
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iegiitajiem datiem var secinat, ka BaP saturu ellas maz ietckmeé PE vai stikla
iepakojums, bet vairak ietekmé gaisma.

Salidzinot kop&o PAO saturu, novérojam, ka arT to ietekme& gaisma, jo
kopgjais PAO saturs bija nemainigs paraugos tumsa stikla pudele, bet
samazinajies gaisa stikla un PE pudelés.
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t-g — caurspidiga stikla pudele / transparent glass bottle;
d-g — tumsa stikla pudele / dark glass bottle;
PE - polietilena pudele / polyethylene bottle.

10. att. BaP un kopégjais PAQ saturs ellas péc 24h uzglabaSanas.
Fig. 10. Content of benzo(a)pyrene and PAH in oils after 24h storage.

Tacu ellas novietojot PE iepakojuma gan gaisma, gan tumsa, kopgjais PAO
saturs ellas bija nedaudz samazinajies, kas varétu liecinat gan par PAO virsmas
adsorbciju, gan difuziju poliméra iekSieng. Ka arT gaisma un skabekla ietekmé
PAO var oksideties, veidojoties hidroperoksidiem, peroksidiem, epoksidiem, un
karbonilsavienojumiem.

Ka liecina misu pétijjuma rezultati, ievérojamu (49 lidz 57 %) PAO
samazinasanos noverojam tikai PAO ar mazaku molekulmasu — CPP, BaA, CHR
un SMC. Pargjiem PAO, analizgjot ellas p&c 24 h, saturs bija samazinajies videji
par 9 Iidz 35 %.

PAO ar mazaku molekulmasu ir mazaka molekula un Iidz ar to iesp&jams
mazaka mijiedarbiba ar citiem savienojumiem un salidzinosi atvieglota difuzija.
Ka arT mazakiem PAO ir liclakas iesp&jas iespiesties PE poliméru rezgi.

Visticamak, liela nozime ir arT individualo PAO koncentracijam ella, ka ar1
vides viskozitatei un citiem ellas esoSiem savienojumiem, piem&ram, vitaminiem
un steroliem, kuri konkuré ar PAO un ietekmé PAO difuziju un adsorbciju. Ka
noverojam, mazakmolekularie PAO, uzglabajot PE iepakojuma samazinajas
vairak.
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Varétu biit, ka iepakojumu varetu izmantot dazu PAO samazinasanai ella, bet
nav zinams, vai sorbcijai neblis negativs efekts, samazinot citus produkta
kavlitates parametrus.

UV apstarosanas ietekme uz PAO saturu kaipinatas zivis

PAO galvenokart ir koncentréti kiipinatu zivju produktu ada (Larsson, 1982)
un ta ir samera efektiva barjera pret PAO iespiesanos dzilakos audos (Moret et
al., 1999). Bez tam dazkart p&c kiipinasanas procesa kiipinatas zivis izkar saule
zavéties (Stolyhwo, Sikorski, 2005), lidz ar to mes parbaudijam PAO
fotokimisko jutibu pret UV apstarosanu un PAO samazinaSanos kiipinatas zivis.

Miisu pétijuma kiipinatas zivis novietojam zem UV lampas un apstarojam
0-15 min. PAO saturs kiipinatas zivis tika meérits péc 1, 2, 5, 10, un 15 min.
Novérojam ievérojamu kancerogéno PAO samazinasanos (skat. 11. att.).
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11. att. PAO samazinasSanas kiaipinatas zivis atkariba no apstaroSanas laika
zem UV lampas.
Fig. 11. The dependence between the decrease in PAH concentration in
smoked fish and the exposure time under UV lamp.

Péc 2 mintsu apstaroSanas ar UV, BaP saturs kiipinatas zivis bija
samazinajies par 10 %, bet péc 15 min apstrades individualo PAO saturs bija no
37 Iidz 64 % no sakotngja. Petljuma rezultati uzradija, ka no 11 analiz€tajiem
PAO, pret UV apstaroSanu visjutigakais ir BaP.
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Savukart, veicot BaP standartSkiduma UV apstarosanu, ieglitie rezultati
liecina, ka BaP samazinasanas nenotika tik atri. Péc 30 mintatem BaP saturs
samazinajas par 30%. Acimredzams, PAO samazinasanas pakape atkariga ne
tikai no mijiedarbibas laika, to ietekmé daudzi faktori, gan sakotngja
koncentracija, gan parauga tips, gan PAO difuzija, kas notiek ne tikai
kiipinasanas laika, bet arT péc kiipinasanas procesa beigam.

P&tljuma rezultati norada uz PAO koncentracijas samazinaSanos fotokimiskas
reakcijas. Lai izpétitu So procesu, nepiecieSami papildus pétijumi, jo ka redzams,
izmantojot UV lampu, samazinas PAO saturs, tomér janem v&ra, ka
fotooksidacija veidojuSos nepiesatinato taukskabju oksidéto savienojumu
klatbiitng, toksicitate var daudzkart palielinaties. Gan miisu gan citu autoru
petijuma rezultati norada ka, lai iegiitu pareizus analizu rezultatus, paraugus
PAO noteiksanai partikas produktos nepiecieSsams glabat tumsa un sagatavoSanas
analizei laika jasarga no gaismas.

PAO saturs kiipinata gala atkariba no izmantota kurinama

Literatiira atrodams loti ierobezots skaits pétijumu par kurinama ietekmi uz
PAO saturu partika. Lidz ar to m&s veicam pé&tijumu par izmantota malkas veida
ietekmi uz PAO saturu kiipinata gala, kontrol&jot temperatiiru kiipinasanas
kamera (temperatiira kiipina$anas kamera tika uzturéta 80 °C) un kiipinot gaJu 5h
majas apstaklos. Kipinasana izmantojam 10 dazadu koku sugu malku un
kokogles.

Lai salidzinatu PAO saturu un atsevisko savienojumu attiecibas kiipinatajos
paraugos, analiz€jam Eiropas Komisijas rekomendacija (Commission
Recommendation 2005/108/EC) min&tos 15 PAO. Visos paraugos bija sastopami
12 policikliskie aromatiskie ogliidenrazi. Kopuma atrastas PAO koncentracijas
bija augstakas PAO ar mazaku molekulmasu (m/z 226 and m/z 228) un
vismazakas PAO koncentracijas vai zem metodes minimalas noteikSanas
robezkoncentracijas ar molekulmassu m/z 302. Vienigi galas paraugos, kas
kiipinati ar egli tika atrasti visi 15 analizétie PAO, kaut gan BaP koncentracijas
visos paraugos parsniedza Eiropas Savieniba noteikto maksimali pielaujamo
koncentraciju (5 ug kg™ kiipinatai galai.

Vismazakais individualo savienojumu, ka arT kop&jais PAO saturs bija
analiz8tajos galas paraugos, kas kiipinati ar abeli, kam seko alksnis (skat.
7. tabulu).

BaP saturs kiipinot ar klavu tika iegiits l1dzigs ka ar alksni, tomer kopgjais
PAO saturs bija ievérojami lielaks, jo ar klavu kiipinatos galas paraugos bija
augstaks ciklopenta(c,d)piréna, benzo(a)antracéna un hrizéna saturs.

Neraugoties uz to, ka literatiira kiipinasana iesaka izmantot lapu kokus un ka
kurinama veidi tiek ieteikti arT lazda un apse (Kypko, 1969), tomér veicot
kiipinasanu ar So koku malku, tika ieglitas augstas BaP koncentracijas (skat.
7. tabulu). Arl izmantojot ievu ka kurinamo tika iegiitas daudz augstakas
benzo(a)piréna koncentracijas, neka kurinot ar abeli un alksni.
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7. tabula / Table 7.
PAO vidéeja koncentracija galas paraugos, kas kiipinati ar dazadiem
malkas veidiem
Mean concentration of PAH determined in samples of meat smoked with
different species of wood
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Videja noteikta koncentracija / Mean concentration found, pg
CPP |8.97|16.10 | 44.25 |138.19]| 31.81 | 85.01 | 59.13 | 75.75 [24.52| 40.20 | 12.75
BaA |8.43|12.97 | 40.14 |111.80] 25.84 | 76.88 | 82.07 | 49.28 [20.79] 36.35 | 17.10
CHR [9.53 | 13.82 | 37.90 |114.66] 26.59 | 75.71 | 92.05 | 45.51 [19.67| 38.27 | 17.69
SMC |1.34| 1.95 | 457 | 14.06| 2.73 | 8.00 | 8.43 | 7.24 |2.91| 6.06 | 2.54

B};’};* 3.30| 5.32 [ 10.75| 6.34 | 437 | 16.86 | 17.03 | 16.96 |10.11| 10.27 | 5.67
|
BkF |2.12| 3.24 | 6.76 | 10.46 | 2.64 | 10.08 | 10.63 | 9.67 |5.43| 5.55 | 3.30
BaP [6.04| 9.43 | 20.38 | 32.34| 9.31 | 30.97 | 30.59 | 35.07 {17.30| 20.06 | 10.01
IcdP |2.62| 4.22 | 9.83 | 13.78 | 3.05 | 13.11 | 9.18 | 20.89 {9.32] 10.43 | 5.09
DahA|044| 062 | 1.36 | 2.08 | 0.62 | 1.84 | 1.23 | 2.77 |1.44| 1.66 | 0.84
BghiP[2.99| 5.01 | 10.21 | 15.44 | 3.75 | 15.89 | 9.68 |23.99 [10.69] 10.05 | 4.96
DalP |1.14| 1.74 | 442 | 7.13 | 1.46 | 5.63 | 3.11 | 10.87 |4.19| 5.03 | n.d?
DaeP |0.50| 045 | 1.09 | 1.89 | 044 | 1.58 | 0.86 | 3.03 |nd.| nd. | n.d
DaiP |0.52| 043 | 1.01 | 195 | 0.34 | 2.10 | 0.68 | nd. |nd. | nd. | n.d
DahP | nd. | n.d. nd. | 079 | nd. n.d. nd. | 6.04 |nd. | nd n.d.
PAO

summal
/Sum | 47-9| 753 | 192.7|470.9 | 113.0 | 343.7 | 324.7 | 307.1 |126.4] 183.9 | 80.0

of
PAH
* vertiba zem metodes minimali nosakamas robezkoncentracijas (<0.10 pg kg’l).

Ta ka pedgjo gadu laika tirdznieciba ir pieejamas kokogles, un to
izmantoSana produktu gatavoSana (taja skaita kopinaSanad) ir ieguvusi
popularitati, jo nav nepiecieSams sagatavot kurinamo pasiem, turklat dazkart tas
tiek uzskatitas par mazak kaitigu kurinamo, mes parbaudijam kokoglu ietekmi uz
PAO saturu, izmantojot tas kiipina$ana. Sadi kipinata gala piesarnojums ar
benzo(a)pirénu bija Iidzvertigs, ka izmantojot alkspa malku, kaut gan paraugos
netika atrasti dibenzopiréni.
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Lai kiipinajumam biitu Tpass aromats, garSa vai arl vElamais krasojums,
izmantota kurinama veidus dazkart vari€, vai pievieno augus, pieméram, virSus
(Toth et al., 1972). Kadika pievienosana kiipina$ana izmantotajam kurindmajam,
ir viens no populariem veidiem, kas tiek plasi pielietots, lai uzlabotu damu
tehnologiskas ipaSibas, kapindjumu aromatu un garSu. Ka més novérojam,
kiipinot ar alksni un tam pievienojot kadiki, benzo(a)piréna, ka art kopgjais PAO
saturs palielinajas vairak neka 2 reizes (skat. 7. tab.).

Viens no iemesliem, kap&c skuju kokus nevar izmantot kiipinasana, varétu
bit svekos esoSie cikliskie terpéni, kas varétu bt celonis arT augstam PAO
koncentracijam $adi kipinatos produktos (Toth, Blaas, 1972). lesp&jams ST
iemesla del, lieli BaP un arT citu PAO daudzumi tika atrasti ar plumi kipinata
gala, jo uz plumes stumbra médz veidoties sveki. L1dz ar to, kaut arT plime ir
lapu koks ar cietu koksni, miisu p&tijumi rada, ka pliimi nav ieteicams izmantot
kiipinasana.

Analizgjot galas paraugus, kas kipinati ar egli, atradam visaugstakas
individualas PAO koncentracijas un arT kop&o PAO saturu, kas saistits ar
lielakam CPP, BaA, CHR un 5MC koncentracijam ar $ada veida kurinamo
kiipinatos paraugos.

BaP saturs gala, kas kiipinata ar egli bija 5 reizes lielaks neka gala, kas
kiipinata ar abeli. Savukart procentualais BaP saturs ar egli kiipinata gala bija
mazaks, neka izmantojot cita veida kurinamo, jo art citi PAO, it ipasi CPP, BaA,
CHR un 5MC bija augstas koncentracijas. Summarais PAO piesarnojums
kiipinot ar egli bija 10 reizes lielaks, neka kiipinasana izmantojot abeli.

Benzo(a)piréna satura izmainas kiipinatas zivis atkariba no
kiipinasanas kameras, izvietojuma un krasns tiriSanas bieZuma

Saja darba veicam pétijumu par kiipinasanas krasns veida, zivju novietojuma
kiipinasanas kamera un citu faktoru ietekmi uz BaP saturu produkta razo$anas
procesa laika. Ta ka, benzo(a)piréna saturu Sprotés veido summa no
benzo(a)piréna koncentracijas svaigas un atvesinatas zivis, BaP koncentracijas,
kas veidojas kiipinasanas procesa (apzavesSanas, varisanas un kiipinasanas laika)
un BaP satura konservos izmantotaja ella, tika analiz&tas svaigas (neapstradatas)
zivis, augu ella pirms konservésanas, kiipinatas zivis konserviem, kiipinatu zivju
konservi (atseviski zivju un ellas frakcija).

Analizgjot svaigas zivis, secinajam, ka BaP saturs tajas ir nenozimigs. BaP
saturs 30 dazados rengu un brétlinu paraugos bija zem metodes minimali
nosakamas robezkoncentracijas (<0.1 pg kg™).

Atkariba no krasns tipa un zivju izvietojuma kiipinasanas krasni noteiktais
benzo(a)piréna saturs kiipinatas zivis bija robezas no 7 lidz 13.9 ug kg™ Bitiski
atSkiras iegttie dati par BaP saturu kiipinatas zivis atkariba no zivju izvietojuma
krasni dazados uznémumos (skat. 12. att.). Zivis, kas tika kiipinatas krasnt (C) ar
ventilatoru un dimu padevi no apakSas, vidgji saturgja visaugstakas BaP

30



koncentracijas, salidzinot ar zivim, kas kiipinatas, izmantojot krasni ar dimu
generatoru un elektrisko kipinaSanas krasni.
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A — div-tunelu konveijera tipa kiipina$anas krasns ar diimu generatoru un diimu ieplides
vietu no auggas, razota AS Miiduranna Texas, Igaunija / smokehouse with two tunnel
conveyor-type smoking chambers with smoke generator, produced by AS Miiduranna
Texas, Estonia and upper smoke inflow; B — div-tunelu konveijera tipa kiipinaSanas
krasns ar diimu generatoru un diimu iepliides vietu no auggas, raZota SIA Peruza, Latvija
/ smokehouse with two tunnel conveyor-type smoking chambers with smoke generator,
produced by SIA Peruza, Latvia and upper smoke inflow; C - Kverner-Bruk kiipinaSanas
krasns ar ventilatoru un dimu iepliides vietu no apaksas / Kverner-Bruk smokehouse with
fan and with underneath location of smoke generating furnace and smoke inflow from
below; D - Kverner-Bruk modificéta kipinasanas krasns ar dimu generatoru un dimu
iepludes vietu no augSas / Kverner Bruck smokehouse with modified smoking chambers
with smoke generator and upper smoke inflow; E — elektriska kiipinasanas krasns ar dimu
generatoru un damu ieplides vietu no augSas / electrical smokehouse with smoke
generator and upper smoke inflow.

12. att. Vidéjais BaP saturs paraugos, kas kiipinati izmantojot dazadas
krasnis un nonemti dazadas vietas (vertikala plakngé) kiipinasanas kamera.
Fig. 12. Average BaP levels in samples smoked in different smokehouses and
in different places (in vertical plane) into smoking chamber.

BaP saturs kiipinatas zivis atSkiras ne tikai no kiipinasanas krasns tipa, bet art
no atraSanas vietas kiipinasanas krasni pa vertikali (skat. 12. att.).

Salidzinot BaP koncentracijas kupinatu zivju paraugos, kuri pemti no
dazadiem ramjiem, redzams, ka, izmantojot krasnis ar dimu generatoru un dimu
padevi no augsas, visaugstakais BaP saturs sastopams paraugos no augsgja
ramja, savukart izmantojot krasni (C) ar dimu padevi no apaksas, visaugstakais
BaP saturs bija zivis no apaksgja ramja, kas saistits ar dimu iepliides vietu un
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vislielako diimu koncentraciju $aja zona. Ar kiipinot zivju paraugus elektriskaja
krasni, vislielakais BaP saturs bija paraugiem uz augsgja ramja BaP
koncentraciju sadalfjuma intervals starp zivim, kas nopemtas no dazadiem
ramjiem kipinasanas krasni ar ventilatoru (C), bija augstaks neka izmantojot
krasnis ar dimu generatoru un dimu padevi no augSas. Savukart, salidzinot
krasnis ar dimu generatoru, vislielakais BaP koncentraciju intervals atkariba
vertikala no izvietojuma tika atrastas zivis, kas kiipinatas krasni (A), salidzinot ar
krasni (B) un krasni (D), kaut gan tas var€tu but saistits arT ar dazadu
kiipinasanas metozu izmantoSanu.

Kaut arT var noverot visparigas tendences, analiz&ot BaP saturu dazadas
kiipinasanas krasnis un dazadas atrasanas vietas, tomé&r veikta test€Sana uzrada
augstas BaP satura izkliedes kiipinas zivis pat izmantojot vienu iekartu un zivis
novietojot taja pasa atrasanas vieta. Atskiribas iespgjams saistitas ar dazadu
tauku saturu zivis vai dimu kimiska sastava izmainam kiipinasanas laika, ka art
nevar izslégt citu nezinamu faktoru ietekmi uz piesarnojuma veidosanos.

Ta ka kiipinasanas krasnis netiek tiritas katru dienu, teorétiski produkti varétu
tikt piesarnoti no darvas atlikumiem, kas izveidojusies ieprieksgja produkta
razoSana. Lai parbauditu So hipotezi, salidzinajam BaP saturu kipinatas zivis
vairakas dienas p&c kartjas krasns tiriSanas. Analizu rezultati uzradija, ka BaP
koncentracijas paraugos nevis picauga, bet samazinajas, treSaja lidz picktaja
diena sastadot vairs tikai pusi no pirmaja diena atrastas BaP koncentracijas. BaP
satura samazinasanos kiipinatas zivis ned€las beigas varétu izskaidrot ar PAO
sorbciju darvas nogulas uz kiipinasanas kameras sieninam vai citu faktoru
ietekmi.

PAO satura samazinasanas kiipinatas zivis to konservos ella un
tomatu merceé

Bitisks faktors, kas ietekm& BaP koncentraciju kiipinatu zivju konservu gala
produkta ir BaP difuzija no zivju frakcijas uz ellas frakciju, tad€jadi samazinot
BaP Iimeni =zivis. Atseviski analizgjot BaP koncentracijas kipinatu zivju
konservu ellas un zivju frakcija, ka arT produktu kopuma, novérojam, ka difuzijas
rezultata BaP saturs zivju frakcija ievérojami samazinas. Salidzinot BaP saturu
zivju un ellas frakcija, BaP saturs ellas frakcija bija vidgji 11 reizes lielaks neka
analizgjot tikai zivju frakciju. BaP procentualas attiecibas zivju un ellas frakcija
skat. 13. attela.
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13. att. Benzo(a)piréna procentualas attiecibas zivju un ellas frakcijas.
Fig. 13. Comparative ratio of benzo(a)pyrene (%) in fish and oil
fractions.

Lidz ar to var pienemt, ka patérétajs faktiski ar zivim uznem mazaku
piesarpotaju daudzumu neka produkta kopuma un svarigi, ka, kaut arT ellas
masas dala salidzinosi ar zivju masu konservos ir aptuveni tikai 1/3 dala, ellu no
kipinatu zivju konserviem nav ieteicams lietot uztura. Ta ka PAO ir lipofilas
1pasibas un balstoties uz Siem rezultatiem, redzams, ka ellu var&tu izmantot ka
$kidinataju, lai izekstrah&tu PAO no piesarnotiem produktiem.

SECINAJUMI

1. Izstradata partikas produktu efektiva PAO satura GH-MS analitiska metode.
Laikietilpigo paraugu sagatavoSanas metodi zivju produkcijas analizém
iesp&ams paatrinat, atmetot parzieposanu un iegiistot I1dzvertigus rezultatus.

2. Izmantojot izstradato AESH-MS-MS metodi benzo(a)piréna noteikSanai, var
iegiit lidzvertigus rezultatus salidzinot ar GH-MS metodi, turklat 4 reizes
satsinot hromatografiskas analizes laiku, tadgjadi to var izmantot ka atru un
efekttvu BaP rutino analizu metodi.

3. GH-MS analitisko metozu validacijas dati liecina, ka tas ir efektivas PAO
satura noteikSanai kiipinatas galas, zivju un ellas produktos.

4. Latvijas tirgii sastopamajas ellas un kiipinatos produktos kopgjais PAO saturs
varie no 0.21 lidz 197 pg kg' un piesarnojuma saturs nav viennozimigi
saistits ar produkta tipu. Kopuma ellas, kiipinatas zivis un gala dominé PAO
ar mazaku molekulmasu.

5. Ellam, kupinatiem galas un zivju produktiem ir laba korelacija starp BaP un
kopgjo PAO saturu.
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. Zivju novietojums kupinasanas kamera, ka arT kipinaSanas krasns veids
batiski ietekme BaP saturu ktipinatos produktos.

. Kipinatu zivju konservos diftizijas rezultata lielaka dala BaP pariet ellas
frakcija, tadejadi pat€rétaji, uztura lietojot kiipinatu zivju produktus ella,
uznem mazaku BaP daudzumu neka produkta kopuma. Ellu no kiipinatu
zivju konserviem nav ieteicams lietot uztura.

. Kupinasana izmantotais malkas veids butiski ietekm& PAO saturu kiipinata
gala un ir viens no kritiskajiem parametriem, lai samazinatu partikas
produktu piesarnojumu. Lai izvairitos no augstam PAO koncentracijam, galas
kiipinasana ieteicams izmantot abeles un alk$na malku vai kokogles.

. Ellas attirisanai no BaP un citiem PAO var izmantot aktivo ogli. Ellu
apstradajot ar 1.5 % aktiveto ogli, visi PAO samazinajas par 85 lidz 96 %.
Bez tam PAO moleklmasai un struktirai ir biitiska loma absorbcija.

IETEIKUMI RAZOTAJIEM

. Kipinasana ieteicams izmantot krasnis ar dimu generatoru, kur iesp&jams
kontrolét dazadus tehnologiskos parametrus, vai elektrisko kiipinasanas
krasni.

. Lai izvairttos no augstam PAO koncentracijam, galas kiipinasana ieteicams
izmantot abeles un alks$na malku vai kokogles. Kiipinasana nebiitu ieteicams
izmantot lazdas, plumes, apses un egles malku, ka arT pievienot kadiki, lai
ieglitu dazadas smarzas un garSas variacijas kiipinagjumiem, jo materiali, kas
satur svekus, var veicinat intensivu kvépu raSanos un Iidz ar to kiipinasanas
produkti piesarnojas ar PAO.

. Ellas attiriSanai no BaP un citiem PAO var izmantot aktivo ogli. Balinasana
ar maliem ir efektiva tikai ,,vieglo” (satur lidz 4 benzola cikliem) PAO
samazinasanai. lesakamas tadas razoSanas un parstrades metodes, kuras
nepielauj sakotn&jo partikas ellas izejvielu piesarnosanu ar PAO.

. Kupinasana ieteicams izveleties galu vai zivis ar mazaku tauku saturu. PAO
lipofilitates d&], produktos ar lielaku tauku saturu novéro augstakas PAO
koncentracijas.
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TOPICALITY OF THE RESEARCH

In the last years consumers pays the special attention to the food safety and
higher standard desires has set up. Polycyclic aromatic hydrocarbons (PAH) are
one of the greatest classes of organic compounds that have carcinogenic activity.
To build on carcinogenic and mutagenic properties already in the eighties they
have been included in the list of priority pollutants of European Union and
Environmental Protection Agency (EPA). PAH have been found in water, soil, as
well as in different food categories, including fats, oils, smoked/grilled products,
plants, sea products, smoke flavourings, caffee, tee, beverages. Its originating
sources are different, for example, smoke from tabacco, and exhaust fumes,
petroleum products, coal and other substances that arise in combustion process.
The contamination of food with PAH can accur both by taking from
environment, and also during the food processing, for example, ignition, grilling,
smoking, drying, etc.. The formation of PAH depends on numerous processing
parameters of food products: time, fuel, distance from heat source, horizontal or
vertical location, type (grilling, fritting, frying), and technology used. The
content of thease substances can differ even more than tenfold. Essential food
contamination sources are also with PAH polluted food dressings and PAH
migration from packaging.

Established that by using traditional smoking in fumes existent PAH
condense as well as occurs the adsorption of smoke solid particles on surface of
product and diffusion in its. Real PAH content in smoked products depends on
different factor of smoking process, including type of smoking oven or
generator, combustion temperetaure, degree of smoking, etc..

To simplify the problems involving PAH diversity and content variety,
benzo(a)pyrene (BaP) has been accepted as indicator for determination of
presence of PAH in food products, regardless of fact, that it constitute only 1-
20% from carcinogenic PAHs. In Germany BaP maximum permitted
concentration 1 pg kg™ has been set already since year 1973. Later also other
countries, like Austria, the Chech Republic, Italy and Slovakia have addapted
this maximum permitted concentration. To protect the health of society also in
European Union since year 2005 the maximum permitted BaP concentrations for
several food products have been established.

One of essential preconditions of control effectivity is the application of
precise, rapid and sensitive methods of analysis. The traditional sample
preparation methods for determinaion of PAH are complicated and
timeconsuming. Those include extraction that follows one or several procedures
of clean up, therefore it is important to find optimal sample preparation method
as well as analytical determination method that can bee used in routine testing.

Summarizing the data of literature the aim of the research work was set as
follows — to investigate the content of polycyclic aromatic hydrocarbons (PAH)
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in oils, smoked meat and fish products in the market of Latvia and to assess the

impact of different technological parameters on the content of PAH.

Tasks of the doctoral thesis:

1) to elaborate efficient analytical method for determination of PAH content and
routine analytical determination of benzo(a)pyrene content in food products;

2) to validate PAH determination methods for oil, fish and meat matrixes;

3) to collect the information about content of PAH in oil, meat and fish and its
products in Latvia;

4) to evaluate impact of different parameters on content of PAH;

5) to verify the possibilities of diminishing of PAH content in oils, smoked meat
and fish.

Novelty of the research:

e the contamination with PAH in oils, smoked fish and meat products from
market of Latvia was tested;

o the influence of fuel on content of PAH in smoked meat products was
investigated;

e the method of high resolution liquid chromatography - tandem mass
spectrometry for determination of benzo(a)pyrene content in food products
was developed;

e the effect of UV irradiance on content of PAH in smoked fishes was
investigated;

e the influence of oven type and fish location into the smoking chamber on
content of PAH in smoked fishes was evaluated;

o the influence of PAH diffusion in to the oil on content of carcinogenic
substances in final product was determined.

The scientific importance of the research — the methods for determination
of PAH and also BaP content in food products was developed. According to
European Commission Recommendation (European Commission, 2005), the
monitoring of PAH content on food was made. The changes of PAH content by
impact of a number of factors was investigated.

The economic significance of the research — the using of analysis methods
for determination of PAH content it is possible to assess the content of hazard
substances in food products, but using of purification steps in oil production or
by evaluation of influence of different technological parameters on content of
PAH in smoked food products, it is possible to reduce concentrations of PAH in
production.

Investigations about the influence of different technological factors on
content of PAH in final product allow to gather information about the exposure
to people health and also elaborate the recommendations for PAH reduction in
production.
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APPROBATION OF THE RESEARCH WORK

The results have been presented at 10 international scientific conferences,
symposiums and congresses in Latvia, Chech Republic, France, Bulgaria and
Russia (see the list on pages 5-6).

The research results are reflected in nine established and reviewed
scientific publications in Latvian and English, 8 of them are published in the
editions approved by international external and Latvian Council of Science. The
list of publications is presented on page 7.

MATERIALS AND METHODS

The research work was being performed in Laboratory of Food and
Environmental Investigations at Food and Veterinary Service National
Diagnostic Centre during the period from 2004 to 2008.

The materials used in PAH content determination experiments:

e Oils from market of Latvia produced in different countries: refined and
crude sunflower oils (,,Brolio” — produced in Germany, ,,Saulite” — produced in
Lithuania; ,Dikanka” — produced in Ukraina; ,Natural” — produced in
Argentina), rapeseed oils (,,Risso” — produced in Belgian, ,,Floriol” — produced
in Poland; ,lecavas”, ,,Vidzemes”, ,lIdeal”— produced in Latvia), olive oils
(,,Dolores”, ,,Olitalia” — produced in Italia), lineseed oils (,,Latgales”, ,,lecavas”,
,lecavnieks” — produced in Latvia), corn oil (,,Risso” — produced in Belgian),
soya (,,Brolio” — produced in Germany), cannabis oil (,Jecavas” — produced in
Latvia), ground-nuts oil- produced in England, caraway oil — produced in Latvia,
pumpkin oil ,,Gloria” — produced in ,,Schell GmbH” Germany.

o smoked fishes (hot smoked tench, mackerel, Baltic herring, sprats, perch,
cold smoked mackerel) and in Latvia produced canned smoked fishes (Sprats in
oil, Pate of Sprats, Fish noisette in tomato sauce, Baltic herring in tomato sauce,
Sprats in tomato sauce, Baltic herring in oil) purchased in market in Latvia;

e smoked pork and smoked chicken products produced in Latvia from
market in Latvia.

In research about PAH content in refined and crude oils the rapeseed oil
used was from oil producers in Latvia. In research about package influence on
content of PAH in oils used sunflower oil purchased in market.

In experiments about PAH content in smoked meat depending on fuel
the pork used purchased in market. The wood (alder, apple, spruce, maple, hazel,
plum, aspen, bird-cherry, rowan-tree, juniper) used hewed before smoking
process and charcoal (“Dr. Miller”, producer SIA ,, Kamene”).

In research about benzo(a)pyrene content in fishes smoked in different
conditions fresh, frapped or freezed Baltic sea or Riga sea gulf herring were
used.
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Oil purification with activated carbon

To 100 ml of sunflower oil 0.1, 0.3, 0.5, 1.0 or 1.5 g activated carbon were
added, the resulting mixture was stirred 30 min at room temperature, filtered and
analysed according to sample preparation and analysis of the method.

Decrease of PAHs in smoked fishes by UV irradiation

The fish samples were placed in UV chamber (DRT 400, 400W) and
irradiated at 254 nm (30 cm distance from a UV source) for 0-15min. The
standard solution of BaP with concentration of 10 ng pl” was placed on glass
Petri dish in UV chamber and irradiated for 0-30 min.

Ovens used in fish smoking and general description of smoking

The smoking of fish was performed in collaboration with fish processing
companies in Latvia. In this research five different smoking ovens have been
used:
A -oven with two-tunnel conveyor-type smoking chambers with smoke
generator, produced by AS Miiduranna Texas, Estonia;
B-oven with two-tunnel conveyor-type smoking chambers with smoke
generator, produced by SIA Peruza, Latvia;
C -Kverner-Bruk oven with smoke chambers with ventilator and underneath
location of smoke generating furnace;
D -Kverner-Bruk oven with tunnel-type modified smoking chambers with smoke
generator,
E - electrical oven with smoke chamber with smoke generator.

Alder chips were used as fire-wood, moisture content of alder chips was
35 - 45 %. Burning temperature of woodchips and the grating reached
400 - 450 °C. Temperature of smoke was 60-80 °C.

Smoking of meat using different firewood
The pork obtained from local supermarket has been used for the experiments.
It was smoked in home made smoking kiln using 10 different wood types and
commercial charcoal. Temperature in smoking chamber was maintained 80 °C.
Smoking time was 5 h.

Sample preparation
Homogenized samples were hydrolyzed with solution of potassium
hydroxide in ethanol, extracted with cyclohexane. The cyclohexane solution was
washed with water and then with a mix of methanol and water and after re-
extracted with N,N-dimethylformamide/water (9:1) blend and repeatedly
extracted from it with cyclohexane. After sample cyclohexane solution
purification on Silica SPE column it was concentrated and analyzed. PAH
((pyrene (P), benzo(a)anthracene (BaA), chrysene (CHR), benzo(b)fluoranthene
(BbF), benzo(k)fluoranthene (BkF), benzo(j)fluoranthene (BjF), BaP,
indeno(1,2,3-c,d)pyrene (IcdP), benzo(g,h,i)perilene (BghiP), 5-methylchrysene
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(5MC), cyclopenta(c,d)pyrene  (CPP), dibenzo(a,h)anthracene (DahA),
dibenzo(a,l)pyrene (DalP), dibenzo(a,e)pyrene (DaeP), dibenzo(a,i)pyrene
(DaiP), dibenzo(a,h)pyrene (DahP)) were analysed on Agilent Model 6890 gas
chromatograph equipped with the mass selective detector Model 5973. The high-
performance liquid chromatography — tandem mass spectrometry benzo(a)pyrene
determination method analysis were made using tandem mass spectrometer
QuattroLC with atmospheric pressure chemical ionizing, that connected with
HPLC Waters Alliance 2690 (1. Stumpe-Viksna et al., 2007).

RESULTS AND DISCUSSION

Development of analytical method and validation

The major problems connected with PAH determination in food products are
the low concentration of compunds to be analysed and potential variety of
present disturbance. Except for fact that BaP can be use as marker to determine
carcinogenic PAH in food products, the analytical methods that have been used
in official food control and monitoring require including all 15 EU priority PAH.

The aim of the method development was to establish analytical method that
could be 1) specific, accurate, sensitive and reproducible; 2) applicable for
analysis of different food matrices; 3) reasonably rapid and not too expensive;
4) meet the method performance charasteristics required by the legislation.

Optimization of sample preparation

Development of accelerated metod for sample preparation of smoked
fish analysis:

Because sample preparation for determination PAH content in smoked fish
analysis are very time-consuming, the experiments were made to accelerate the
sample preparation, without using of saponification with potassium hydroxide
solution that could economize the time and amount of reagents used.

In the testing of the parameters of accelerated method, results shows that
method is suitable for determination of PAH content in smoked fish samples.
Reproducibility in PAH determination of accelerated method by analysis of
6 samples was from 7.0 % to 17 %. Besides the average values substantially did
not differ from those obtained with previous used method with saponification
step (see tab. 1).Those the shortened method can be used for PAH content
determination if smoked fish analysis because the sample have been sufficient
cleaned-up from interfering substances.

Selection of sorbents for solid phase extraction:
To assess the suitability of different sorbents in PAH analysis, the sorption of
oil on four sorbents was tested: silica, fluorisil, neutral and acid alumina.
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lg of rapeseed oil that dissolved in 5 ml of cyclohexane was transferred on
2 g of sorbent. In eluation with cyclohexane 5 fractions were collected. The
fractions were dryed and the residue was determined gravimetrically. The
highest amount of oil eluated in the first two fractions with all used sorbents. The
results obtained showed that the thighest sorption ability of lipids is charasteristic
for silica.

Besides to appraise the suitability of sorbents for PAH analysis and sample
purification from interfering substances, the PAH sorption on thease sorbents
was tested. The standard solutions were taken on sorbent and eluated with
cyclohexane and after than with dichlormethane. When as sorbent alumina was
used the PAH eluated only with dichlormethane fraction. But PAH sorption on
fluorisil and silicagel was comparatively low and PAH eluated already with first
milliliters of cyclohexane.

After summarizing of results of experiments for further studies the silica was
chosed, that has effective sorption ability of interfering substances.
Application of alumina and fluorisil prevents the lower sorption of lipids
on thease sorbents.

Analytical determination and quantification of PAH using gas
chromatography-mass spectrometry (GC-MS)

For analytical PAH determination 2 GC-MS methods were used: for 15 EU
priority PAH determination and method for determination of US EPA PAH.

To improve the precision and compensate the losses in the sample
preparation process, in PAH determination method the internal standard solution
benzo(a)pyrene-d;, was introduced.

Because in analysis of 15 EU priority PAH for determination of
cyclopenta(c,d)pyrene (CPP), chysene (CHR), benzo(a)anthracene (BaA) and
S5-methylchrysene insufficient accuracy was observed, for determination of
thease PAH the internal standard chrysene-d,, was established.

Validation of methods

According to the developed methods two validations were made: for US EPA
PAH determination (method No. 1) and for determination of 15 EU priority PAH
in food products (method No. 2).

Validation of method No. 1:

The selectivity of method was verified by analysis of sample without PAH.
No peaks from the matrix in corresponding retention times of polycyclic
aromatic hydrocarbons were found.

The linearity test of GC-MS determination method was performed by
analysis of PAH standard solutions in concentrations from 0.05 to 0.25 pg pl".
The data of regression analysis shows that PAH signal — concentration
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relationship is linear in the tested concentration range and all values of PAH
calibration line determination coefficients are form 0.995 to 0.999.

To verify the reproducibility of the GC-MS method, six parallel oil samples
and six parallel smoked fish samples with established concentrations of internal
standards were analysed. The relative standard deviation for oil samples were
from 2.7 to 8.5% (see table 2).

In analysis if reproducibility of smoked fish samples, the values of relative
stanard deviation obtained were from 7.7 to 35%. Obviosly (see in table 2), the
deviations of parallel measurements were high, that could be explaned that it is
difficult to obtain complete homogenity in sampes, as well as fishes in term of
analytical properties are complicated and worser matrix for clean up as oil.

In testing of method the accuracy to the samples with different
concentrations of PAH, the standard solutions with concentration 5 pg kg (for
smoked fish samples) and 2 ug kg™ (for oil samples) were added. The average
accuracy of benzo(a)pyrene for oil samples was 115%, but for smoked fish
samples ir was 111%.

The sensitivity of method was tested by analysis of PAH sample with
standard solution and by determination of signal to noise (S/N) ratio. For the
determination of limit of determination ratio S/N=3 has been used but for
determination of limit of quantitation S/N=10. Information about results
abtained summarized in table 3. The method fully satisfies to necessary in
European Commission regulation No. 333/2007 listed requirements.

The precision of method was verified in FAPAS interlaboratory testing of
olive oil samples with 57 other laboratories in Europe. In analysis of PAH in oil
samples satisfactorily results were obtained, that lays within the 95% confidence
interval of the target standard deviation (z-scores<|2|). For oil samples the values
of z-scores of BaP, BaA, benzo(b)fluoranthene (BbF), benzo(gh,i)pyrene
(BghiP) and indeno(1,2,3-c,d)pyrene (IcdP) were from -1.0 to +1.0. For oil
sample z-scores were calculated according to the equation (1):

Z —c—— (1)

where: z — the distance between the raw score and the mean in units of the
standard deviation; x — the mean reported value; X — the assigned value
(gravimetric preparation data); ¢ — target standard deviation.

Validation of Method No. 2:

The selectivity of method was verified by analysis of sample without PAH.
No peaks from the matrix in corresponding retention times of polycyclic
aromatic hydrocarbons were found.

The linearity test of GC-MS determination method was performed by
analysis of PAH standard solutions in concentration range from 0.05 to
025 pug pl'. The data of regression analysis shows that PAH signal —
concentration relationship is linear in the tested concentration range and all
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values of PAH calibration line determination coefficients are form 0.996 to
0.999.

To verify the reproducibility of the GC-MS method, six parallel oil samples
and six parallel smoked fish samples with known concentrations of internal
standards were analysed. The relative standard deviation for oil samples were
from 2.3 to 7.5%, but for smoked fish samples from 7.1% to 24%.

In testing of method the accuracy to the samples with different
concentrations of PAH, the standard solutions with concentration 5 pg kg™ (for
smoked meat, fish and canned fish samples) and 2 pg kg™ (for oil samples) were
added. The average accuracy of PAH for oil samples was from 56% to 111%, but
for smoked fish, meat and canned fish samples from 56% to 111% (see table 4).
The low accuracy for dibenzopyrenes can be explained that benzo(a)pyrene-d,,
is not plenty good internal standard for calculation and determination of
dibenzopyrenes and it will be necessary better internal standard who conforms to
dibenzopyrenes. Although in general the method quality parameters obtained
correspond to necessary requirements.

The sensitivity of method was tested by analysis of PAH sample with
standard solution and by determination of signal to noise (S/N) ratio. For the
determination of limit of determination ratio S/N = 3 has been used but for
determination of limit of quantitation S/N=10. Limits of determination of PAH
were from 0.02 to 0.08 pg kg', and limit of quantitation from 0.05 to
0.26 pg kg™

The method fully satisfies to necessary in European Commission regulation
No. 333/2007 listed requirements. The precision of method was verified in
Community Reference Laboratory interlaboratory testing of PAH standard
solution and olive oil and samples with 23 other laboratories in Europe. In
analysis of PAH in oil samples satisfactorily results were obtained, that lays
within the 95% confidence interval of the target standard deviation
(z-scores<|2|). For z-scores obtained see table 6. For oil smaples z-scores were
calculated according to the equation (1.) (see previous).

Using of high-performance liquid chromatography — tandem mass
spectrometry method in determination of PAH

The high-performance liquid chromatography — tandem mass spectrometry
(HPLC-MS-MS) method was developed for analysis of benzo(a)pyrene in
different food products. In selected HPLC-MS-MS conditions and with column
used in research good selectivity of benzo(a)pyrene was obtained.

To assign the reproducibility and accuracy of HPLC-MS-MS method, to oil
samples without PAH, the standard solutions up to concentration 5 pug kg™ were
added.

Relative standard deviation for 6 samples was 6.7% and accuracy obtained
was 92%. For the determination of limit of determination ratio S/N = 3 has been
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used. The sensitivity of method was 0.1 pg kg'. The data of method quality
parameters proclaims that method can be used for determination of
benzo(a)pyrene in food products.

The HPLC-MS-MS method was compared with gas chromatography - mass
spectrometry method by analysis of the same analytical samples. The results
obtained with both methods showed good correlation (R*=0.9991).

The total time for analysis with developed HPLC-MS-MS method is
considerably shorter (10 min) as using the GC-MS method (40 min) and it is
possible to analyse much more samples.

Content of polycyclic aromatic hydrocarbons in food products

In food products PAH are as complex mixtures. In different food matrix PAH
was found in different concentrations, but the most occurrency PAH is CPP,
BaP, BaA, CHR, the sum of BbF and BkF and BjF as well as in general these
compunds were found in higher concentrations.

The highest concentrations of PAH were determined in smoked chicken
meat. In other analysed food groups PAH concentrations were lower however in
some cases the maximum in European Union permitted level of BaP was
exeeded.

Content of PAH in oil samples on sale in market of Latvia

As benzo(a)pyrene have been used as marker for determination of PAH
content, wherewith it is the most studied compound. Likewise in our research
large part of investigations was based on determination of BaP content. In year
2004./2005 in assessment of oils (rapeseed, sunflower, olive, linseed, corn, soya,
cannabis, ground-nuts, caraway) in market of Latvia the highest concentrations
of benzo(a)pyrene was found in rapeseed oils (max. 15 ug kg'), caraway
(5.6 ug kg™) and sunflower (max. 5.5 pg kg™) oils, but the lowest concentrations
of BaP were in ground-nut and corn oils (<0.1 pg kg™). Though in general oils
from Latvian market contained small concenrtations of benzo(a)pyrene.

To compare the content of PAH and ratios of individual PAH compounds in
oils, 15 EU prioroty PAH (Commission Recommendation 2005/108/EC) were
analysed in four different oil types. Benzo(a)pyrene content in oil samples was
from (0.1 ug kg™) up to 7.7 ug kg™, butthe total content of PAH from 0.21 up to
46 pg kg, In analysed samples of rapeseed and sunflower oils all 15 priority
PAH were detected (see fig. 2).

In general the highest content of BaP in analysed samples was in sunflower
oils, but the highest content of total PAH in analysed samples of olive oil. For
sunflower oil it was 83.2%, in pumpkin oil 45.2% and rapeseed oil 24% from
total PAH content in olive oil. However in olive oil the mainly PAH found were
with lower molecular weight (CPP, BaA, CHR and 5MC) that are less harmful to
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health. Comparatively in rapeseed oils thease PAH were few, while
dibenzopyrenes and dibenz(a,h)anthracene were found. Whereas dibenzopyrenes
and DahA were not found in olive and pumpkin oils (see fig. 2). For PAH
content comparison in different oils, the rating against to highest total PAH
content found in olive oil was used.

In analysis of the same type (refined or crude) oil very different
concentrations of PAH were found, thus the regular control of PAH content in
oils is advisable.

To take toxic equivalence factors (TEF), comparision of total PAH content in
analysed oils and exposure to people health was made.

By evaluation of literature data induced that for the same PAH various
scientists different value of TEF have assigned. Wherewith after summarizing of
literature data and using different published values of various scientists, the joint
average TEF scale was made. In calculations of potential toxicity of analysed oil
using created scale, was achieved that the highest contamination risk to people
health has sunflower oil, but the smallest pumpkin oil (see fig. 3).

Employing our created TEF scale, results shows that the highest portion of
toxic compunds in contamination of oils give dibenzopyrenes as well as
benzo(a)pyrene.

Content of PAH in smoked fish and canned fish products

The levels of 15 EU priority (Commission Recommendation 2005/108/EC)
polycyclic aromatic hydrocarbons in smoked fish and canned smoked fish
purchased from Latvian market were investigated.

Table 7 shows the contamination of PAHs in canned fish products. Almost
all 15 PAHs were quantified in the examined canned fish samples, except DahP
was below detection limit (<0.1 pg kg'). Minimum and maximum values of
individual compounds and of the sums of 15 PAHs are given for each set of
samples.

As shown, the concentrations of BaP and total PAHs in the canned fish
samples ranged between not detectable and 14 pgkg” and 0.68-104 pgkg”,
respectively, with CPP, BaA and CHR consistently being the most abundant
compounds. DahA, DalP, DaeP, DaiP, and DahP were not found in canned fish
samples in tomato sauce.

However, as we can see from Table 7, there is a large variability in PAH
levels for samples of the same type, thus the contamination level is not strongly
correlated with the type of product.

The smoked fish samples contained no detectable up to 13 pgkg™' amounts of
BaP and 0.26 up to 94 ug kg™ of total PAHs. Samples of smoked ,,Sprats” and
Baltic herring showed the highest PAH levels in this study (see Fig. 4). The
somewhat higher levels for hot smoked ,,Sprats” and Baltic herring could be
explained by its large surface to weight ratio. As known, the highest content of
PAH are on surface of the products and although in presence of light and oxygen
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occurs decomposition, though a part of hazard compounds migrate into the
product.

The higher PAH concentrations in smoked tench in comparison to smoked
perch could be because tenches are more fatty fishes, and PAHs trend to form in
products with higher content of fat.

In general, the predominating PAHs in smoked fish were compounds with
lower molecular-weight (BaA, CHR, and CPP). In cold smoked mackerel we
found very low content of PAHs and determined only BaA, CHR, and BkF, with
concentrations close to the detection limit. However in hot smoked fish products
concentrations of CPP, BaA and CHR mainly were higher than concentrations of
other PAHs, in hot smoked perch these PAHs were below detection limit and
only BbF+BjF, BKF and BaP were found close to the detection limit.

DahP and DaiP were not found in any of smoked fish samples, but DalP,
DaeP and DahA were found in samples of smoked ,,Sprats” and Baltic herring in
very low levels.

Content of PAH in smoked meat products

To inspect shows smoked meat products the same PAH concentration and
percentage ratio tendencies as smoked fish products or not, selected samples of
smoked chicken and smoked pork products were analysed. The concentration of
BaP and total PAH varied between concentration under detection limit up to
25 pug kg™ and 0.06 up to 197 pg kg™, respectively. Likewise in smoked meat
samples results of analysis show the great differences in PAHs concentrations in
samples of the same type that, probably, is due to the differences in smoking
technology. As well as the highest concentrations were found for CPP, BaA and
CHR.

Investigations on appropriate marker for determiantion of PAH
content

Up to now BaP was considered as good marker for detection of PAH content
in food products. BaP is most frequently studied and most known PAH, because
it is one of mainly investigated potential carcinogens for living organisms and it
is relative easy to analyse and it has been found in large variety of food products.

To verify whether there are significant statistical correlation between BaP
concentration and total PAHs concentration, all the data from the smoked fish
and meat samples were submitted to linear regression analysis. Fig. 5 shows the
regression lines obtained by plotting BaP concentrations against total PAH
concentrations. There was strong correlation (R*=0.98) for smoked meat
products and also significant for oil and smoked fish products (R’=0.92),
however the R” value for canned smoked fish products was 0.84

45



In general, to simplify analytical control ensuring adequate consumer
protection, using of BaP as a marker for the determination of total genotoxic
PAH seams to be a good solution, however in some cases the deviations are high.

Though, the European Food Safety Authority (EFSA) in recent findings on
PAHs in food reported that crysene was the most problematic compound with
22% of positives in samples negative for benzo(a)pyrene and the assumption that
benzo(a)pyrene is a good indicator of any PAH contamination was proved
dubious. EFSA found also that benzo(c)fluorene had the second highest
maximum of almost 27 ug kg™ in a sample testing negative for banzo(a)pyrene
(EFSA, 2007). In analysed samples (n=134) we found 4 positive samples of
crysene with highest concentration 0.28 pg kg' in samples negative for
benzo(a)pyrene, but also 29 positives samples of benzo(a)pyrene with highest
concentration 0.26 pg kg” in samples negative for crysene. However the total
PAH concentrations in all these samples were low.

By comparison of correlation between 15 EU priority PAH and total PAH
content in different food products, we found that in oil samples strong correlation
(R=0.96) with total PAH were for BbF+BjF, BkF and BaP. In smoked fish
samples strong correlation with total PAH content were for many compunds
(CPP (R=0.96), BaA (R=0.993), CHR (R=0.97), BbF+BjF, BaP, DaeP and DaiP
(R=0.98)). Low correlation both in oil (R=0.24), and smoked fish samples
showed DahP, that could be because in most of samples DahP was below or
close to the detection limit. Low correlation (R=0.36) with total PAH content
was found also for SMC in oil samples. Diametrically opposed results was
obtained for CPP in oil and fish samples where in fish samples CPP showed
strong correlation (R=0.96) and in oil samples low correlation (R=0.36) with
total PAH content.

Summarizing results obvious that advisable not only control of BaP but also
control of other PAHs, because as we observed in several products, for example,
in olive oils, the great contamination was exactly from PAH with lower molecule
mass, that also have been recognized as genotoxic and carcinogenic compounds.
In calculations of correlation of different sum of PAH against total content of
PAH, was achieved that using sum of two individual PAH (for example, BaP and
CHR) noticeably increase the correlation coefficient against total sum of PAH.

Influence of different factors on content of PAH

As known, content of PAH in food products during production influences
some factors (for example, type of smoking generator, smoking temperature,
time, amount of oxigen during smoking, oven dimensions, etc.). Sometimes
producers have very difficult to obtain decrease of PAH content in the same time
not to lose color and taste charasteristic to product that favour consumers.
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Content of PAH in refined and crude oils

Although usually content of PAH in refined oils are lower because it is
possible to decrease content of PAH during refining process, though reults
showed that in market available refined sunflower oil contained higher (about
6 times) PAH concentrations as crude. Thus assumption that consumers which
likes crude oils could be more unprotected from taking of hazard compounds is
not truth.

Higher concentrations of PAH established in refined oils can be explained
with using of contaminated raw materials or can be related with technological
process of insufficient purchase because in refining process different
combinations of methods, for example, deodorization, bleaching, treatment with
bases and acids can be used as well as oil contamination during refining process
is possibe, if reagents contain PAH.

Because there is no knowing technological process and paramaters used for
refined oil production used in our research, it is difficult to determine possible
sources of contamination. Thus to prevent from contamination of oil regular
control of PAH content also during oil processing time is needed, both for raw
materials and for oils during purchase time.

By comparaison of relative content of individual PAH in refined and crude
sunflower oil we observed that majority of PAH percentage proportions in both
oils are comparatively equal, except CHR, SMC, DaiP and DahP relatative contet
was (on 0.3% till 3.7%) higher in crude sunflower oil, but determinated relative
content of BaA and BaP was higher (1.5% and 3.2%, respectivelly) in refined
sunflower oil, but DaeP was only in refined sunflower oil.

One of main originating sources of oil contamination during processing is
direct drying of seeds, when those come in contact with combustion products.
Analysis of rape seeds and it rape seed oils shows that by pressing of oil even by
low temperature, the concentrations of PAH more increase (see fig. 6), in
comparison with content of PAH in seeds, because concentration of PAH in
lipidic part of seed as well extraction from oil pomace occurs.

We studied also the possibility of decrease of PAH content using different
purification methods. Results of eksperiments showed that for reduction of PAH
in oils, active carbon can be used, but purification with clay is not particular
efficient because from “heavy” PAH (contains five or more benzene rings)
slightly decrease only content of BaP, but other stayed in the same
concentrations (see fig. 7).

Purification with clay in rapeseed oils showed good results for reduction of
“light” PAH (contains up to four benzene rings). For decrease of “light” PAH
active carbon also can be used (see fig. 8).

By treatment of oil with 1.5 % (from oil mass) of active carbon, all PAH
decrease was 85 % up to 96 % (see fig. 9). In term of percentage the highest
decrease was observed for BkF, who already after treatment with 0.1% activated
carbon reduced for about 14%. Besides before treatment with activated carbon
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content of BaP in oil four times exceeded maximum permitted level (2.0 pgkg'),
but after treatment content of BaP in oil was only 1.1 pgkg™.

However for producers suggested such production and processing methods
that not allow contamination with PAH of initial raw material of edible oil.

Influence of package on content of PAH on oil

By evaluation of influence of package on content of PAH in oils, we
obtained that filling in PE and putting in darkness and in light the content of
PAH in oils slightly decreases, that can be result of surface adsorption of PAH
and diffusion inside of polymer.

To verity influence of light and package, commercially available vegetable
oil was spiked with PAHs at the levels from 6.1 to 22.1 ug kg and the
contaminated oil was filled into polyethylene (PE), transparent glass and dark
glass bottles. The samples were placed in darkness and in light and concentration
of 15 EU priority PAHs was tested after 24 h.

Comparison of BaP content in samples in tested packages before and after
24h (see fig. 10) indicates that the concentration of BaP changes did not exceed
error limits both in darkness and light in dark glass bottles. A little decrease of
BaP concentration was observed in samples packaged in PE bottles both in
darkness and light. The greatest one was found with transparent glass bottles in
light.

From obtained data can be concluded that concentration of BaP is affected by
light but material has little influence in non-transparent package.

The total PAH content was also influenced by light. It remained practically at
a constant level in oil samples in dark glass bottle, but reduced in transparent
glass and PE bottles in light. Though, by oil storage in PE package both in light
and darkness the total PAH content was decreased, that could be result of PAH
adsorption on the surface with subsequent diffusion into the bulk of polymer.

Difference between changes in BaP and total PAH contents will indicate to
different absorption of individual PAH compounds. The concentrations of PAHs
can decrease by diffusion when PAHs migrate to PE matrix. More than in half
decrease of PAHs content was observed by PAHs with lower molecular weight -
— CPP, BaA, CHR and 5MC. For other PAHs decrease after storage of 24 h was
from 9 up to 35 percents.

Apparently, the polarity and viscosity of liquid media (in this case of oil) also
play an important role as well as other compounds contained in the oil, for
example, vitamins and sterols compete with PAHs and affect the diffusion and
adsorption of PAHs. Besides, by limited surface adsorption and diffusion,
removal of BaP hampers also other PAHs (evidently, PAHs with lower
molecular weight).

Probably, the package could be used to diminish content of PAHs in oil, but
there are unknown negative effects of sorption that could decrease also the
quality of product.
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Effect of UV irradiation on PAH in smoked fish

PAHs are mostly concentrated on the skin of smoked fish products (Larsson,
1982) and it is an effective barrier against PAH penetration in the inner tissue
(Moret et al., 1999). As well sometimes after smoking process smoked fish
products have been hanged in sun for drying (Stolyhwo, Sikorski, 2005), thus we
checked sensitivity of PAHs to the photochemical effects of UV irradiation and
decrease of PAHs in smoked fish.

In our study smoked fish samples were placed under UV lamp and exposed
to UV irradiation 0-15 min. PAH contents in the smoked fish were measured
after 1, 2, 5, 10, and 15 min. Significant decrease in carcinogenic PAH content in
smoked fish was found (see Fig. 11). After 2 min the decrease of BaP content
was already 10%, but residual PAHs in smoked fish samples were from 37 up to
64% after a 15 min treatment. Among the 11 selected PAHs, BaP was found to
be the most sensitive to UV radiation

However, by UV irradiation of BaP standard solution, the decrease in BaP
concentration was not so quick. After 30 min treatment, the concentration of BaP
has dropped by 30%. Apparently, degree of decrease of PAHs depends not only
on the duration of exposure, but also on other factors, which can be type and
concentration of sample and diffusion of PAHs, that occur not only during the
smoking time, but also after finishing of smoking procedure. However, the
specific mechanism that controls this process will require further investigation.

Results of investigation shows decrease of PAH concentrations in
photochemical reactions. To study this process further investigations are
necessary because as shown by using of UV lamp, content of PAH decreased,
though it must be considered that in presence of oxidized compounds possible
that toxicity can be increased in comparison to original PAH compounds.
Besides as thease investigations indicate on photounstabiltity of PAH, it must be
required to make sure that by storage in light products with high PAH content
does not develop other more toxic compounds than PAH.

Our investigationions ever researches of other scientists indicates to obtain
reproducible results, the samples for PAH analysis must be stored in darkness
and during preparation of samples must avoid from light.

Content of PAH in smoked meat depending on wood used

In literature there have been found only limited number of studies devoted to
the influence of wood nature on the level of PAH in food. In this research the
influence of species of wood on the PAH content in smoked meat has been
studied. 10 different wood types and in market available charcoal were used for
smoking of meat. Temperature in smoking chamber was maintained 80 °C that
was controlled with ventilator and temperature regulator. Smoking time was 5 h.

To compare the content of PAH and relative proportions of single PAHs in
smoked samples, in EU Commission Recomendation (2005/108/EC) noticed
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PAH were analysed. First, it must be noticed that Table 10 shows that in samples
were abundant 12 up to all 15 in EU recommendation listed PAH. The
concentrations of PAH generally were higher for PAH with smaller molecular
weight (m/z 226 and 228) and were smaller or below detection limit for PAH
with the molecular weight m/z 302. Only in samples smoked with spruce all 15
PAH were detected however the concentrations of BaP in all samples were
exceeding the maximum permitted limit (5 ug kg™) in Europe.

The samples smoked with apple-tree and alder generally contained the
smallest concentrations both of individual and of total PAH (see table 7).
However concentration of BaP in samples smoked with maple generally was
similar in the samples smoked with alder, the total PAH concentration is much
higher, due to higher concentrations of CPP, BaA and CHR

Despite the fact that hardwoods including hazel and aspen are recommended
for smoking (Kypko, 1969), we obtained high concentrations of BaP in smoked
meat using this type of wood (see Table 7). Bird-cherry as well indicated higher
BaP concentration in products in comparison with apple-tree and alder.

Lately charcoal is often used as fuel in food processing, including the
smoking of meat, besides charcoal sometimes are considered as less hazardous
firewood. We performed the smoking using the commercial charcoal as well.
Results show that meat smoked with charcoal contains concentrations of BaP
similar to the meat smoked with alder, however no dibenzopyrenes were found.

Woods can be mixed in the smoking process to add flavour to meat. One of
such wood type used in the smoking process is juniper, which is widely used to
improve the flavour and taste of smoked product. We observed that smoking
with alder with addition of juniper increases the concentration of BaP and total
PAH more than 2 times (see table 7).

One of reasons why softwoods are not advised for use in food smoking could
be connected with high content of resin that causes high concentrations of PAH.
Materials that contain resin can promote intensive origination of soot and
wherewith smoking products can be polluted with PAH. Probably the reason of
elevated concentrations of PAH found in meat smoked with plum can be a gum
that is present on bole of plum.

The samples smoked with spruce has generally the highest values of
individual and total PAH concentrations. That is due to higher concentrations of
CPP, BaA, CHR and 5MC in samples smoked with this type of wood. In our
study BaP content in meat smoked with spruce was 5 times higher in comparison
with smoking with apple. Although percentage of BaP in meat smoked with
spruce was less as by using another type of wood the significant quantities of
other PAH were found. The total concentration of PAH in samples smoked with
spruce was ten times higher as in samples smoked with apple.
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Changes of benzo(a)pyrene levels in smoked fish depending on smoking
oven, location and oven cleaning frequency

The influence of type of smoking oven, fish location into smoking chamber
as well as importance of other factors on content of BaP in products during the
production processing was investigated.

Because the total level of benzo(a)pyrene in canned sprats consists of the
content of BaP in raw fish, BaP level emerging from smoking process, and
benzo(a)pyrene — from oil used for canning, the analysis of raw fish, semi-
finished smoked fish, oil before preservation, separately smoked fish and oil
from canned sprats were made.

We found that levels of BaP in the raw fish were insignificant. BaP content
was under the limit of detection (<0.1 pug kg™) in 30 different samples of sprats
used for canned fish production.

Depending on the used construction of smoking equipment and disposition of
fish into the smoking chamber, the average level of benzo(a)pyrene in smoked
semi-finished fish (after the smoking stage and before canning) ranged from
0.7 up to 13.9 pg kg'. Substantially differs the data obtained of BaP content in
smoked fish depending on fish location in oven in different enterprises (see fig.
12). Fish products which were smoked in smokehouses with a ventilator and
underneath location of a smoke generating furnace (C), contained the highest
BaP levels in comparison to those with a smoke generator or to the electrical
smokehouse

The content of benzo(a)pyrene in smoked semi-finished fish products
differed substantially depending not only on the type of a smokehouse, but also
on fish disposition into the smoking chamber in vertical plane (see fig. 12).

Comparison of BaP concentration in smoked fish by sampling in different
places in smokehouses with a smoke generator and with upper input of smoke
showed that samples smoked on upper frame contained highest amount of BaP
due to its full concentration in incoming smoke. The greatest differences in
benzo(a)pyrene content, depending on placement of fish samples, were found in
fish samples smoked in the older generation smokehouse (A) with a smoke
generator in comparison with the modified smokehouse (B) and Kverner-Bruck
smokehouse (D), although between them the greater concentrations of BaP in
fish smoked in such type of smokehouse were found in fish samples using
smokehouse (B), however probable that could be explained by differences in
smoking methods. A higher amount of BaP was also found in fish samples
smoked on upper frame of the electrical smokehouse. Alike BaP concentration
distribution between smoked fishes sampled in different places in smokehouse
(C) with ventilator was higher than in samples from other smokehouses.

Although we observed general tendency towards dependency of BaP content
in smoked fish on the construction and operation of a smokehouse as well as on
the position of fish in the flux of smoke, the results of samples analysis showed
high dispersion of benzo(a)pyrene level in the smoked product even in the same
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equipment and at the same fish location. This dispersion could be provoked by
differences in fat content in raw fish or by changes in smoke chemical
composition during the smoking process. Influence of other unknown factors on
the content of contaminants can not be excluded.

Since the smokehouses were cleaned once a week, it can be assumed that the
product has been fouled by tar residues from the previous processing. The
changes in BaP levels in smoked fish during a week were investigated to verify
such hypothesis. Analysis of results showed that the level of carcinogen on
3rd-5th day after smokehouse cleaning had diminished approximately by half.
The reduction in BaP levels in smoked fish produced at the end of the week can
be explained by the PAH sorption in tar deposits on the walls of the smoking
chamber or by some unknown factors.

Decrease of PAH content in smoked fish in canned fish in oil and
tomato souce

Another essential factor that affects the concentration of BaP in finished
canned fish in oil is a diffusion of benzo(a)pyrene from fish fraction in oil
fraction, which could reduce the level of benzo(a)pyrene in fish. By the separate
detection of BaP concentration in oil and fish fraction as the result of diffusion
the considerable decrease of BaP content in fish fraction was observed. By
comparision of BaP content in fish and oil fraction, the content of BaP in oil
fraction was found about 11 times higher as analysing the fish fraction separately
(see fig. 13).

Wherewith may be supposed, that actually the consumer using smoked fishes
as food ingests less content of BaP than total in the product and though the part
of oil mass comparatively to fish part in canned sprats are approximately only
1/3 as consequence the oil from canned smoked fish could not be recommended
to use in the diet. Because PAH have lipophyle properties and hold on obtained
results, it is visible that oil could be used as solvent to extract PAH from
contaminated products.

CONCLUSIONS

1. Efficient GC-MS analytical method for determination of PAH content in food
products was elaborated. The time-consuming sample preparation method
for analysis of fish products can be shortened discarding saponification step
and obtaining equivalent results.

2. Using high-performance liquid chromatography — tandem mass spectrometry
method for determination of benzo(a)pyrene content the equivalent results
can be obtained, besides 4 times decreasing a time for chromatographic
analysis, accordingly, that can be used as fast and efficient routine BaP
determination method.
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. The data of validation of GC-MS analytical methods indicates that those are
effective for PAH determination in smoked meat, fish and oil products.

. In oil, smoked meat and fish product from market of Latvia the content of
total PAH varie from 0.21 to 197 pg kg™ and the contamination level is not
strongly correlated with the type of product. In general in oils, smoked fish
and meat products the predominant PAH are with lower molecule mass.

. The strong correlation between content of BaP and total PAH content for
oils, smoked meat and fish products was found.

. Fish location into smoking chamber as well as type of smoking oven have
essential importance on BaP content in smoked products.

. The most of BaP in canned smoked fish as a result of diffusion moves to oil

fraction, wherewith may be supposed, that consumer actually with products
of smoked fish in oil ingests less content of BaP than it total content in
product. Oil from canned smoked fish could not be recommended to use in
the diet.

. Wood nature has a significant influence on the amount of PAH in smoked
meat and it is one of the critical parameter to be controlled in order to
diminish the contamination of food products. To avoid from high
concentrations of PAH, the application of apple, alder or charcoal in smoking
is recommendable.

. For reduction of PAH in oils, active carbon can be used. By treatment of oil
with 1.5 % of active carbon, all PAH decrease was 85 % up to 96 %. Besides
the molecule mass and structure of PAH have essential role in absorption.

RECOMMENDATIONS FOR MANUFACTURERS

. It is recommended to use in smoking oven with smoke generator where is
possible to control different technological parameters or electrical smoking
oven.

. To avoid from high concentrations of PAH, the application of apple, alder or
charcoal in smoking is recommendable. The use of hazel, plum, aspen or
spruce wood as well as adding of juniper to obtain different flavour and taste
variations is not recommendable because materials, that contain resins can
promote intensive origination of soot and wherewith smoking products can
be polluted with PAH.

. For reduction of BaP and other PAH in oils, active carbon can be used.
Purification with clay is efficient only for reduction of ,,light” PAH (contains
up to 4 benzole rings). Production methods that do not admit initial
contamination with PAH of raw materials of edible oils are recommended.

. Meat or fish with lower fat content is recommended to choose for smoking.
Maximal concentrations of PAH are observed in products with higher content
of fat due to lipophilicity of PAH.
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