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RELEVANCE OF THE PROBLEM OF DIOXINS
AND POLYCHLORINATED BIPHEHYLS (PCBS)
DETERMINATION IN BABY FOOD PRODUCTS
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ABSTRACT. The Aim of the Article. Analysis of the current state of the problem of the dioxins and polychlo-
rinated biphenyls (PCBs) determination in baby food products and the development of sample preparation
methods for determining these xenobiotics in food products for infants and young children.

Dioxins form a group of structurally and chemically related chlorinated tricyclic oxygen-containing aromatic
compounds (congeners), which includes 75 polychlorinated dibenzo-para-dioxins (PCDDs) and 135 polychlo-
rinated dibenzofurans (PCDFs). The most toxic congeners of dioxins, in which chlorine atoms along with other
positions are necessarily in 2,3,7,8 positions of benzene rings. Their total number is 17:7 PCDD congeners and
10 PCDF congeners. A group of polychlorinated biphenyls (PCBs) - chlorinated bicyclic aromatic compounds,
which consists of 209 different congeners, 12 of which have a spatial and electronic structure and exhibit tox-
icological properties similar to dioxins, therefore, they are called dioxin-like PCBs (DL-PCBs). In addition, when
monitoring food products as a marker, a group of 6 PCBs was selected that did not exhibit dioxin-like toxicity
and therefore did not belong to dioxin-like PCBs (NDL-PCBSs). Thus, of the total number of 419 PCDDs, PCDFs
and PCBs, only 35 are toxicologically significant, therefore, these compounds are subject to control in baby
food products. To control the content of the amount of dioxins, the amount of dioxins and DL-PCBs and the
amount of NDL-PCBs in foods for infants and children from one to three years in Ukraine, the maximum levels
of these compounds on the basis of the order of the Ministry of Health of Ukraine No. 368 of 05/13/2013 were
harmonized with the maximum allowable levels in foods for infants and young children in accordance with
Commission Regulation (EU) No. 1259/2011.

Methods for the analysis of dioxins and PCBs. Two instrumental analysis methods are used to determine
dioxins and dioxin-like PCBs in foods for baby food: 1) a combination of high-resolution (capillary) gas chro-
matography with high-resolution mass spectrometry (GC/MS); 2) a combination of GCHR with tandem mass
spectroscopy (GC/MS/MS). High-resolution (capillary) gas chromatography is used to determine non-dioxin-
like (marker) PCBs. The stage of sample preparation, including the stages of extraction and purification, is key
in determining dioxins and PCBs.

Conclusions. The stage of sample preparation using automatic devices (liquid extraction under pressure, an
automated extract purification system) and chromatographic columns was developed to further determine the
mass concentration of dioxins and PCBs in baby food products. The developed procedures using devices for
the automatic extraction and purification of the obtained extracts from baby food samples will make it possible
in the future to determine PCDDs/PCDFs, ortho-unsubstituted, mono-ortho-substituted and marker PCBs in
one sample.
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Introduction. At present, it is generally recog-
nized that food is the main source of exposure to
the human body of persistent organic pollutants
(POPs), which include a group of structurally and
chemically related chlorinated tricyclic oxygen-
containing aromatic compounds (congeners),
which are combined by the general term — diox-
ins [1-3]. Dioxins include 75 polychlorinated
dibenzo-para-dioxins (PCDDs) and 135 poly-
chlorinated dibenzofurans (PCDFs). The most
toxic congeners of dioxins, in which chlorine
atoms along with other positions are necessarily
in 2,3,7,8 positions of benzene rings. Their total

number is 17:7 PCDD congeners and 10 PCDF
congeners. The most toxic congener of dioxins is
2,3,7,8-tetrachlorodibenzo-para-dioxin
(2,3,7,8-TCDD). A group of polychlorinated
biphenyls (PCBs) - chlorinated bicyclic aromatic
compounds, which consists of 209 different con-
geners, 12 of which have a spatial and electronic
structure and exhibit toxicological properties
similar to dioxins, is adjacent to dioxins, there-
fore they are called dioxin-like PCBs (DL-PCB).
The remaining PCBs that do not exhibit dioxin-
like toxicity, and therefore are non-dioxin-like
PCBs (NDL-PCBs). The DL-PCB group consists



of 4 non-ortho-substituted congeners (PCB 77,
PCB 81, PCB 126, PCB 169) and 8 mono-ortho-
substituted congeners (PCB 105, PCB 114, PCB
118, PCB 123, PCB 156, PCB 157, PCB 167,
PCB 189). The most toxic congener of DL-PCB is
PCB 126. The group of scientific experts on food
chain contamination of the European Food
Safety Authority (EFSA) decided to use the sum
of six indicator NDL-PCBs (PCB 128, PCB 52,
PCB 101, PCB 138, PCB 153, PCB 180) when
monitoring food and fodder, as these congeners
proved to be suitable indicators for different PCB
samples in different matrices and are most suit-
able for assessing the risk of NDL-PCB based on
available data [4]. Thus, of the total number of
419 PCDDs, PCDFs and PCBs, only 35 are toxi-
cologically significant and they are subject to
control in agricultural and food raw materials,
food products and animal feed.

According to the WHO, the best feeding of the
child is breastfeeding during the first 6 months of
life, followed by the introduction of complemen-
tary foods corresponding to the age and contin-
ued breastfeeding for up to 2 years or more [5].
At the same time, in some EU countries only
about 50 % of mothers initiate breastfeeding [2].
According to statistics, few European women
breastfeed their children up to six months [6] and
only 33.1% of infants in the United States breast-
feed exclusively with breast milk under the age of
3 months. In Ukraine, not all children are only
breastfed, too.

In connection with this state of affairs, the
industry produces baby food products that play
an important role in the diet of infants and young
children. Therefore, it becomes very important to
control the content of persistent organic pollu-
tants in these products, and in particular, dioxins
and PCBs, as well as the development of meth-
ods for their identification and quantification.

Legislation and Regulation of Dioxins and
Polychlorinated Biphenyls
in Baby Foods in the EU
The EU general procedures for contaminants in
food products are established by EU Regulation
of February 8, 1993 No. 315/93 [7]. According to
this document, any substance that is inadver-
tently added to a food product that is present in it
as a result of production can become a pollutant.
This process consists of many components:
growing crops, livestock and veterinary control,
refining, preparation, processing, packaging,
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pre-packing, transportation, as well as storage
and the environment. A food product contami-
nated in an amount unacceptable from the point
of view of public health and, in particular, con-
tained at a toxicologically significant level, should
not enter the market. To protect human health,
the maximum allowable amounts (limits) are
established for specific pollutants in consumed
food products. They must be adopted by the EU
and may include: 1) limits for the same contami-
nant in different foods; 2) the analytical limits of
detection and quantification; 3) links to food
sampling methods and analysis methods that will
be used to control pollutants.

In the EU, the maximum allowable levels of
contaminants in food are developed by the
European Commission, which are then accepted
or rejected by the European Parliament and the
European Council. Animportant role in establish-
ing the actual levels of contaminants in food con-
sumed by the EU population and in assessing
their health hazards is played by the European
Food Safety Authority (EFSA) [8] represented by
the Food Chain Contaminants Group (EFSA
Panel) on Contaminants in the Food Chain (CON-
TAM) [9].

The European Commission’s Scientific
Committee on Nutrition has established for
humans the allowable weekly intake (TWI) of
dioxins and dioxin-like PCBs with food at a level
of 14 pg WHO-TEQ/kg [10]. This value corre-
sponds to a temporary allowable monthly intake
(TMI) of human dioxins of 70 pg WHO-TEQ/kg,
established by the Joint FAO/WHO Expert
Committee on Food Additives in 2001 [11], and
falls at the lower end of the TDI range of 1-4
pg/kg for dioxins and dioxin-like PCBs, estab-
lished by the WHO Meeting in 1998 [10].

In accordance with these values, the EU
Commission Regulation in 2006 established the
maximum levels (MLs) for dioxins and the sum of
dioxins and dioxin-like PCBs in food products
[12]. It was noted that special attention should be
paid to the establishment of especially low levels
of dioxins and dioxin-like PCBs in foods for new-
borns and young children, taking into account
the data obtained as a result of monitoring pro-
grams of dioxins and dioxin-like PCBs in foods
for newborns and young children for 2005 -
2007.

In setting maximum levels in foods for children,
the European Commission Scientific Committee
on Nutrition took into account that children,
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especially infants, may be more biologically sen-
sitive to certain toxicants than adults, based on
body weight. Current data on the metabolic rate
and case studies indicate that infants under 6
months of age usually lack physiological capabil-
ities to detoxify and remove toxic substances
from the body, comparing to adults [13]. The
table shows the maximum allowable levels of
dioxins (WHO-PCDD/F-TEQ), sums of dioxins
and dioxin-like PCBs (WHO-PCDD/F-PCB-TEQ),
and amounts of non-dioxin-like (indicator) PCBs
(ICES-6) in food for infants and young children
established by Commission Regulation (EU) No.
1259/2011 [14].

The established maximum allowable levels are
the basis for preventing highly contaminated
baby food products from entering the EU market
and a necessary tool for managing the risk asso-
ciated with dioxins and PCBs and the unified
application of these standards throughout the EU.

In the EU, constant monitoring of dioxins and
PCBs presence in food products, including baby
food, is considered mandatory and necessary
[15]. Inthe EU, there are three levels of state lab-
oratories that monitor dioxins and PCBs in food:
1) official laboratories (OFLs), which are appoint-
ed by the competent authorities of the Member
States to analyze samples taken during official
control; 2) national reference laboratories (NRLs);
and 3) EU reference laboratories (EURLs). The
network of NRL and EURL detection systems for
the analysis of dioxins and PCBs includes labora-
tories from 27 EU member states [3].

A laboratory performing analyzes for the con-
tent of dioxins and PCBs must be accredited for
this type of activity by a recognized body in
accordance with the requirements of the
International Standard ISO/IEC 17025: 2017
«General Requirements for the Competence of
Testing and Calibration Laboratories». Labo-
ratory management is obliged to guarantee the

competence of all those working with special
equipment, conduct analyzes, evaluate the
results and sign protocols containing the results
of the performed analyzes.

Legislation of Ukraine on the Safety and
Quality of Baby Food

One of the most important tasks of the state
policy of Ukraine regarding baby food is to pro-
vide infants and young children with baby food of
proper quality and safety in order to reliably pro-
tect the baby body from the dangers that may
accompany such products. In Ukraine, the basic
requirements for the production of baby food are
formulated in the laws of Ukraine «On Baby
Food» [16], «On the Protection of Childbirth»
[17], «<On the Preschool Education» [18], «On the
Basic Principle of Requirements to Safety and
the Taste of Food Products» [19], «<On Milk and
Dairy Products» [20], «On the Introduction of
Amendments to the Relevant Legislative Acts of
Ukraine» [21], and in other regulatory docu-
ments [22, 23, 24].

An important role in the production of domestic
baby food of proper safety and quality is played
by regulatory documents [25, 26], which con-
tribute to the introduction of domestic food safe-
ty and quality control system HACCP (Hazard
Analysis and Critical Control Point) [27]. This
system allows you to confidently control the pro-
duction of food products and prevent the manu-
facture of products that can harm the consumer.
State supervision and control over the safety and
quality of baby food in accordance with the law of
Ukraine «On Baby Food» is carried out by moni-
toring compliance with the established mandato-
ry safety parameters and the minimum quality
specifications of baby food, raw materials, auxil-
iary equipment and materials for its production.

To control the content of the number of dioxins,
the amount of dioxins and DL-PCBs and the

Table

The maximum allowable levels of the amount of PCDDs and PCDFs, the amount of PCDDs, PCDFs
and DL-PCBs and NDL-PCBs in foods for infants and young children, expressed in toxic equivalent

Maximum levels

Food product Number of dioxins

(WHO-PCDD/F-TEQ)

Sum of PCB 28, PCB 52,
PCB 101, PCB 138, PCB
153 and PCB 180
(ICES-6)

Number of dioxins and
DL-PCBs
(WHO-PCDD/F-PCB-TEQ)

Food products for infants

and young children 0.1 pg/g wet weight

0.2 pg/g wet weight 0.1 ng/g wet weight




amount of NDL-PCBs in foods for infants and
children from one to three years in Ukraine, the
maximum levels of these compounds are based
on the order of the Ministry of Health of Ukraine
No. 368 of 05/13/2013 [23] are harmonized with
the maximum allowable levels in foods for infants
and young children in accordance with Com-mis-
sion Regulation (EU) No. 1259/2011 [14].

Methods for the Analysis of Dioxins and
Polychlorinated Biphenyls (PCBs) in Food
Products

Commission Regulation (EU) 2017/644 sets
out requirements for sampling methods and
analysis methods to control the levels of dioxins,
dioxin-like PCBs and non-dioxin-like PCBs in
food products [28].

The strong lipophilicity of dioxins and PCBs in
combination with the relatively low amounts (ppt
(parts per trillion) or less) present as contami-
nants in the analyzed food matrices makes their
analysis very difficult. Quantitative chemical
analysis of dioxins and dioxin-like PCBs is possi-
ble only using modern physicochemical methods
of analysis based on a combination of high-reso-
lution capillary/gas chromatography (HRCGC)
with mass spectrometry [3]. The analysis of diox-
ins and PCBs is a rather expensive procedure
compared to the determination of other chemical
pollutants, which is naturally a limiting factor for
monitoring programs.

The analysis of dioxins and PCBs consists of
the following main stages: extraction, purification
of the obtained extract using adsorption column
chromatography and identification and quantifi-
cation of analytes using a combination of high-
resolution gas chromatography (HRGC) and
mass spectrometry.

The stage of sample preparation, including the
stages of extraction and purification, is the key in
determining dioxins and dioxin-like PCBs.
Regardless of the determination method, sample
preparation necessarily contains three stages:
extraction, purification of the obtained extract
and concentration of the purified extracts.

Extraction. Due to the high hydrophobicity of
dioxins and PCBs, these compounds, as a rule,
are accumulated and located mainly in the
lipophilic parts of the analyzed matrices. In this
regard, the purpose of the extraction stage is to
isolate a lipid fraction containing target analytes
from the analyzed matrix. For this, any organic
solvents (or mixtures thereof) that are not misci-
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ble with water (n-Hexane, a mixture of 10%
dichloromethane in n-Hexane, etc.) can be used.
To extract dioxins and PCBs from solid matrices,
the Pressured Liquid Extraction System (PLE) is
currently mainly used. A few grams of lipids iso-
lated from the analyzed matrix is usually neces-
sary for the quantification of dioxins and PCBs.
Purification of extracts. After gravimetric deter-
mination of lipid content, fats must be removed in
order to enable further analysis. For this pur-
pose, at present, mainly multistage cleaning is
used on glass columns filled with silica gel
(including modified sulfuric acid) or on ready-
made disposable Teflon columns filled with a
mixture of acidic, basic and neutral silica gel,
basic aluminum oxide and carbon AX-21.
Methods for the identification and quantifica-
tion of dioxins and PCBs. Two instrumental meth-
ods of analysis are used to determine dioxins and
dioxin-like PCBs in baby food products - 1) a
combination of high-resolution (capillary) gas
chromatography with high-resolution mass
spectroscopy (HRGC/HRMS) and 2) a combina-
tion of HRGC with tandem mass spectroscopy
(HRGC/MS/MS). For the determination of non-
dioxin-like (marker) PCBs, HRGC is used.

Development of Sample Preparation
Procedures for Determining the Content of
Dioxins and PCBs in Baby Food

When developing sample preparation proce-
dures (extraction and purification of the obtained
extract) in milk-based baby food products, the
«Malyshka» dry milk-based mixture with oat flour
(a complementary food product for children from
4 months old) enriched with dioxins, dioxin-like
and non-dioxin-like PCBs at the maximum level
was used.

Extraction procedure. In our studies, when
developing a method for the extraction of dioxins
and PCBs from dry mixtures of baby food prod-
ucts, we used the Pressured Liquid Extraction
System (PLE), Fluid Management System (FMS),
Inc., USA.

A weighed portion of dry product (10 g) with
100 g of anhydrous sodium sulfate was carefully
ground and mixed in a porcelain mortar, solutions
of working internal standards PCDDs/PCDFs and
PCBs in n-Hexane (EDF-8999, EC-5385) were
added to a weighed portion of the dry mixture in
concentration 0.2 ng/ml and the resulting mix-
ture was filled in an extractor column. The extrac-
tor column was placed in the PLE system, a pres-
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sure of 1500 psi was set, and dioxins, dioxin-like
and marker PCBs were extracted in accordance
with the PLE 1 3 extraction program with 10%
DXM in n-Hexane at a solvent mixture speed of
34 ml/min. The temperature at individual stages
of extraction was 108-120 eC. The extract was
collected in a 250-ml flat-bottomed flask, then
the extract was concentrated on a rotary evapo-
rator in a pear-shaped flask at a water bath tem-
perature of t =38 ° C to ~ 10 ml and the purifica-
tion of the obtained extract was started.

Cleaning procedure. To clean the extract, a
glass column was used (length 300 mm, outer
diameter 30 mm), filled from top to bottom with
sorbent layers in the following sequence: 3 g of
silica gel (Silica gel (Merck) 60 for column chro-
matography, 0.040-0.063 mm), 6 g of silica gel,
impregnated with a 1 M sodium hydroxide solu-
tion, 3 g of silica gel, 12 g of silica gel impregnat-
ed with concentrated (98%) sulfuric acid, 6 g of
silica gel. The column is washed with 50 ml of n-
Hexane, the extract obtained is quantitatively
applied to the top of the column, and analytes
begin to elute with 150 ml of n-Hexane in a 250-ml
round-bottom glass flask. After evaporation of n-
Hexane on a rotary evaporator to a volume of 0.3-
0.5ml, the residue is transferred to a microvial, the
solvent is replaced by n-Nonane, concentrated
with nitrogen gas to a final volume of 10 ul of n-
Nonane, and analytes are determined.

Conditions for the determination of
PCDDs/PCDFs using the combination of
HRGC/HRMS

Gas chromatograph Trace GC.

Capillary column: 60 m x 0.25 mm RTX-5 Sil-
MS, film thickness 0.25 um.

The carrier gas is helium, 250 kPa.

Input - 2 pl without dividing the flow.

Injector temperature: 270 °C.

Interface temperature: 290 °C.

Initial temperature: 120 °C.

Starting time: 1 min.

Programming the column thermostat temper-
ature; 120°C- 220°C, 9°C/min, 220 Cfor 15
min, 220 °C - 230 °C, 2 °C/min, 230 °C for 4 min,
230 °C - 300 °C, 3 °C/min, 300 °C for 7 minutes.

Mass spectrometer — MAT 95-XP (Thermo
Finnigan) with Xcalibur 1.3 data processing sys-
tem.

The temperature of the ion source: 250 ° C.

lonization - ion impact, 70 eV, detection of
positive ions.

Conditions for the determination of DL-PCBs
using the combination HRGC/HRMS

Gas chromatograph Trace GC.

Mass spectrometer — MAT 95-XP (Thermo
Finnigan) with Xcalibur 1.3 data processing sys-
tem.

Conditions for the determination of NDL-PCBs
using HRGC

Trace GC Ultra Gas Chromatograph with
Electronic Capture Detector (ECD).

Capillary column: 60 m x 0.53 mm DB-5, film
thickness 0.5 um.

Programming the column thermostat tem-
perature: initial temperature of 60 °C for 1 mi-
nute, temperature rise at a speed of 100 °C/min
to 210 °C, temperature rise at a speed of 50
°C/min to 2700 °C, holding time of the final tem-
perature of 15.5 minutes.

The temperature of the injector is 270 °C.

The temperature of the detector is 300 °C.

Injection - 2 pl without dividing the flow.

The carrier gas is nitrogen; the gas flow
through the column is 4 ml/min.

Quantification Limits (LOQ) of analytes. The
limits of quantitative determination of each ana-
lyte were determined as a result of processing
samples of the «Malyshka» dry mix with standard
solutions of the analytes studied. The limits for
quantitative determination of PCDDs/PCDFs and
DL-PCBs were in the range of 0.01-0.05 pg/g
wet weight, and for NDL-PCBs were in the range
0.1-0.3 ng/g wet weight.

Return parameters (Recovery test). The return
parameters were determined by adding the ana-
lytes under study to the «Malyshka» dry mixture
samples, followed by the analysis of these sam-
ples as described above. The percentage of
return of the studied analytes was in the range of
70-110%.

Conclusions. The stage of sample prepara-
tion using automatic devices (liquid extraction
under pressure, an automated extract purifica-
tion system) and chromatographic columns was
developed to further determine the mass con-
centration of dioxins and PCBs in baby food
products.

The developed procedures using devices for the
automatic extraction and purification of the
obtained extracts from baby food samples will
make it possible in the future to determine
PCDDs/PCDFs, ortho-unsubstituted, mono-ortho-
substituted and marker PCBs in one sample.
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AKTYAJIbHICTb IMTPOBJIEMU BU3HAYEHHS IOKCUHIB
1 MOJ1IXJIOPOBAHUX BIDEHIJIIB (NXB) Y NPOAYKTAX 419 ANTA4Y0Iro XAP4YYBAHHS
B.A4.4minb, O.B.lonoxosa, [.10.BuapiH, B.l.Kpyk
AN «HaykoBwii LLleHTP NpeBeHTUBHOI TOKCUKOJIOTI, Xap4oBoi Ta XiMidHOI 6e3neku iMeHi akagemika
J1.I.MeaBeas MiHicTepcTBa 0XOpOHU 340P0B'S YkpaiHu»,
M. KniB, Ykpaina

PE3IOME. Merta. AHani3 cy4yaCHOro CtaHy npobsiemMu BU3HAYEHHS AIOKCUHIB i MOMiX10poBaHnx BipeHinis
(MXB) y npoaykTax Ans AUTa40ro xap4yBaHHs Ta po3pobka 3acobiB nigroToBky npob AJ1s BUSHAYEHHS LMX KCe-
HOOIOTUKIB y NPOAYKTax xapyyBaHHs AJ1s 4iTes rpyaHOro Ta paHHLOoro BiKY.

LliokeyHn yTBOPIOKOTb rpymny CTPYKTYPHO i XiMIYHO CrIOPIAHEHNX X/I0P0BaHNX TPULMKITIYHUX KNCHEBMICHUX apo-
MaTu4YHUX 3'€HaHb (KOHreHepiB), B IKy BX0AATb 75 rnonixnopoBaHnx anbeH30-napa-aiokcunis (MX44) i 135
nonixnoposanuux anbeH3opypaHrie (MXAD). HaiibinbLu TOKCUYHI KOHFeHepPU AIOKCUHIB, Y SIKUX aTOMU X/10pYy
nopsia 3 iHWUMY 0JI0XKEHHSIMY 000B'I3KOBO 3HaxoasTbcsi B 2,3,7,8-n0n0XeHHsIX OEH30/bHUX Kinelb.
3araneHa ix kinbkicto 17: 7 koHreHepis MXA4 i 10 koHrenepis MNMX4®. Lo aiokcyHis nogibHa rpyna nonixaopo-
BaHux BigeHrinis (MXB) —xn10poBaHux GILVKIIHHUX aPOMATUYHUX CrIOYK, L0 cTaHoBUTL 3 209 Pi3HVX KOHreHe-
piB, 12 3 sikux MatoTb NMPOCTOPOBY Ta €/IEKTPOHHY CTPYKTYPY i BUSIBJISIIOTb TOKCUKOJIOTi4YHI BNACTUBOCTI, NOAIOHI
10 IOKCUHIB, SIKi MatoTb Ha3By aiokcuHononiouux MNX6 (Ar-rX6). Kpim Toro, npoBoasyYn MOHITOPUHI Xap4o-
BUX MPOAYKTIB B IKOCTi MapkepHux, 06paHo rpyny 3 6-tu [1Xb, siki He BUSBASIOTE AIOKCUHONOAIOHY TOKCHY-
HICTb, i TOMY He BiAHOCATLCS A0 AiokeuHonoaioHux MX6 (HAM-I1X6). Takum 4uHOM, i3 3arasibHoi KinlbkocTi 419
nxAa4, NxXAo irnxe avwe 35 € TokcukonorivHo 3HayyLmmm. Came TOMY BOHU MiA/IsiraloTb KOHTPOJIO B IPOAYK-
Tax 4is AMTa40ro xapyyBaHHs. [is KOHTPOJIIO 3a BMICTOM CyMU [iOKCUHIB, cymu giokcuHis i Al1-MX6 i cymn
HAM-TXB y xap40Bux NpoAyKTax 4as HEMOBJST | 4iTeV Bif 04HOMo 40 TPbOX POKIB B YKpaiHi BCTAHOBJIEHI MaK-
cuMmarbHi PiBHI LUmx crnonyk Ha niactasi Hakazy MOS3 Ykpainn Ne368 Bin 13.05.2013 p., ki rapMoHi30BaHi 3
MakcuMasibHO AOMNYCTUMUMMY PIBHSIMU B Xap40BUX NPOAYKTaxX AJ1s1 4ITEV rpyAHOro 1a PaHHbOro Biky BiAnoBigHO
4o MoctaHosu Komicii (EC) Ne 1259/2011.

Metoan ananisy piokcuHis i [NNXB. [lBa iHCTPYMEHTaIbHUX METOAY aHaslidy BUKOPUCTOBYIOTLCS [/151 BASHAYEHHSI
ZAioKCcuHIB i giokcnHonoaioHux MNMXb B xap40oBuX NPoAYKTax A5 ANTIHOro xapdyBaHHs: 1) noeaHaHHs (kaninsp-
HOI) ra3oBoi xpomatorpadii Bucokoi po3ainbHoi 3gatHocTi (TXBP3) 3 Mac-crnekTpoCKomieo 3 BUCOKOIO PO3-
AinbHoto 3aatHicTio (FX/MC) i 2) noeaHaHHs X 3 TaHaemHoro mac-crnektpockonieto (FTX/MC/MC). ns Bu3Ha-
YEHHS He fiokcuHonoaibHux (MapkepHux) NXb BukopucToByeTbes [X. ETan npobonoaroToBKY, L0 BKIIOHAE
CTafii eKCTpakuii vi O4YNLLEHHS, € KITIOYOBUM Py BU3Ha4YeHHI fiokcuHiB i [NXB.

BucHoBku. Po3po6sieHO criocobm nigrotoBku npob 3 BUKOPUCTAHHSIM aBTOMAaTUYHOI cucTemMu As PiauHHOI
eKCTpaKUii i TUCKOM | OYULLIEHHS] OTPUMAaHMX EeKCTPAaKTIB 3a AONOMOro aacopouiriHoi xpomarorpadii, ski
J03BOJISIHOTb B OfHIVi Npo6i MPOAyKTIB ANTIHOro XapyyBaHHS MPOBOANTY BU3HAYEHHSI MACOBOI KOHLIEHTpaLii
JiOKCUHIB, AiokcuHonoaioHux i mapkepHux INXb6.

Knro4oBi cnoBa: fiokcyHu, nonixanopoBaHi 6ieHinv, AuTa4e xapyyBaHHS.

AKTYAJIbHOCTb INPOBJIEMbI ONPEAEJIEHUSA ANOKCUHOB
U MNoJINXJIOPUPOBAHHbIX BUDEHUJI0B (11X6) B MPOAYKTAX 4151 BETCKOIro NUTAHUS
B.4. Ymunb, E.B. Nonoxosa, 4.10. BeiapuH, B.U. Kpyk
'T1 «<HayyHbIVi LLEHTP NPEBEHTUBHOWM TOKCUKOJIOMMN, MULLEBON U XMMUNYECKON 6€30MacHOCTN
nmeHu akagemuka J1. V. Measens
MununcTepcTBa 3apaBooxpaHeHus YkpauHsbl», r. Kues, YkpanHa

PE3IOME. Lenb. AHann3 coBpeMeHHOIro COCTOSIHUS pobieMbl ONpenesieHns AMOKCUHOB U MOJNXI0pPUPO-
BaHHbIX bugernnos (MXB) B npoaykTax A5 AETCKOro nutaHus u paspaboTka crnocoboB noaroToBku npob ans
onpeneneHns 3TMx KCeHOOMOTNKOB B NMPOAYKTax NUTaHus A5 AEeTe rpyaHoro U paHHero Bo3pacrTa.



V. Chmil, 0. Golokhova, D, Vydrin, V. Kruk

LInokcuHbl 06pasyroT rpynmy CTRYKTYPHO U XUMUYECKN POACTBEHHbIX X1I0PUPOBAHHBIX TPULMKIINHECKMX KUC-
JI0POACOAEPXALLMX apPOMaTUYECKNX COEANHEHNI (KOHFEHEPOB), B KOTOPYIO BXOAST 75 MONXI0PUPOBAHHbIX
anbeH30-napa-anokcuHos (MXA44) v 135 nonnxnopupoBaHHbix anbeH3ogpypaHos (MXLAD). Hanbonee Tok-
CUYHbI KOHFEHEPbI ANOKCUHOB, Y KOTOPbIX aTOMbI X/10pa HaPsAy C APYrMu OJI0XEHUIMM 0053aTe/IbHO Haxo-
astes B 2,3,7,8-nonoxennsix 6eH30sbHbIx kosiew. ObLee ux konmdectBo 17: 7 koHreHepos X/ v 10 koHre-
Hepos MNX®. K anokcrHam npumMsikaeT rpynna noamxiopupoBaHHbix bugennnos (MXB) — X10p1poBaHHbIX
OULMKIINYECKMX apoMaTU4ECKX CoOeanHeHni, coctoswas n3 209 pa3imyHbIX KOHreHepoB, 12 13 KOTOPbIX
VMMEIOT NMPOCTPAHCTBEHHYIO U 3JIEKTPOHHYIO CTPYKTYPY M MPOSIBASIIOT TOKCUKOJIOMMYECKNe CBOVCTBa, noaoo-
Hbl€ ANOKCUHAM, MO3TOMY MX Ha3bIBaKOT AnokcuHonoaobHeimm MX6 (Ar1-NXE). Kpome Toro, npv npoBeaeHun
MOHUTOPUHIa NuLLIEBbIX NPOAYKTOB B KAYECTBE MapKepHbIX BbiOpaHa rpynna un3 6-tm [Xb, koTopkle He npo-
ABJISIOT ANOKCHH-0A0OHYI0 TOKCUYHOCTb M IMO3TOMY OTHOCSITCS HE K AMOKCMHONoAo0HbiM X6 (HATM-T1X6).
Takum o6pasom, n3 obuiero koamqecta 419 NXA4, NMXAD v X6 Tonbko 35 SBASIOTCS TOKCUKOOMNYECKN
3HAaYUMbIMU, TOITOMY 3TV COEANHEHNS NOAIEXAT KOHTPOJIO B NPOAYKTaxX A/ 4ETCKOro nutaHus. [is KOHT-
POJIs1 38 COAEPXAHNEM CYMMbI ANOKCUHOB, CyMMbI AnokcuHOB n [l1-TNX6 n cymmbl HAT-TXE B nuniieBbix npo-
AyKTax 415 MIaeHLEeB v AeTe 0T 0AHOro [0 TPEX JIET B YKpanHe MakCUMasibHbIE YPOBHMN 3TUX COEANHEHNIA
Ha ocHoBaHum npvkada M3 YkpanHbi Ne 368 ot 13.05.2013 r. rapMoHM31pOBaHbli ¢ MakCuMasibHO AOMyCTy-
MbIMU YPOBHSIMW B TMULLEBBIX MPOAYKTax A1 AETeV rpyaHoOro v paHHero Bo3pacta B COOTBETCTBUU C
MocranoBneHnem Komuceum (EC) Ne 1259/2011.

Metogsl aHanmsa anokcuHoB v [Xb. [lBa HCTpYMeHTaIbHbIX METOLA aHam3a ncroib3yTcs 415 ornpeserse-
HUSI ANOKCUHOB U ANOKCMHOMOA0OHbIX [TX6 B nuiLeBbIX npoayKTax Ans AeTCKoro nutaHus: 1) coyetaHne
BbICOKOPA3PELLAIOLLIEN (KanuasiPHON) ra30BoM XpoMaTorpadumn ¢ Macc-CrnekTpOCKONMUEN BbICOKOrO paspe-
wenwus (FX/MC); 2) cowetanmne N’XBP3 ¢ TaHaemHoli macc-cnektpockonuveii (FX/MC/MC). [na onpeneneHus
He AMOKCMHOMoA0OHbIX (MapkepHbix) [XE ncrnonb3yeTcs BbicoOKopaspeLLaoLLas (KanuiisapHasl) ra3oBas Xpo-
matorpagus. 3tan npobonoaroToBKM, BKIIIOYAIOLLMIA CTaanmy dKCTPaKLMN M O4UCTKU, KITIOHYEBOV rnpy onpeae-
NieHum anokcuHoB u XB.

BbiBoabl. Pa3paboTaHa cTaamsi MoaroToBku npob ¢ UCrob30BaHNEM aBTOMATNYECKMX YCTPOMCTB (XKnaKOCT-
Hasi 3KCTpakuus nof AaBieHNeM, aBToMaTn3npoBaHHas CUCTEMAa OYUCTKM SKCTPAKTOB) U XpomaTtorpagpuye-
CKMX KOJIOHOK [/151 Aa/IbHeVLero onpeaeneHus B npoayKTax AeTCKOro nutaHusi MacCOBOW KOHLIEHTpaLum
anokcuHoB u Xb. Pa3paboTaHHbie npoueaypbl C UCHoIb30BaHUEM YCTPOWCTB /19 aBTOMATUYECKOM aKC-
TPAKLMMN M OYNCTKM MOJTYHEHHbIX IKCTPAKTOB U3 P00 AETCKOro nutaHms No3BoJIST B 0HOM Npobe B Aa/ibHel-
wem onpegensats MXA0/MXAPD, opTo-He3ameLeHHbIE, MOHO- 0PTO-3aMeLLeHHbIe u MapkepHbie MXB.
Knio4eBble cnoBa: AMOKCHHbI, MOIMXI0PUPOBAHHBIE BUPEHWIbI, ETCKOE NMUTAHUE.
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