DOI: 10.2428/ecea.2012.19(03)025 ECOL CHEM ENG A. 2012;19(3):239-248

Magdalena GRZEGORZAK'", Ewa SZPYRKA',
Magdalena SLOWIK-BOROWIEC', Anna KURDZIEL',
Aneta MATYASZEK' and Julian RUPAR'
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Abstract: In years 2009-2011 Laboratory of Pesticide Residue Analysis from March to June carried out
research on 96 samples of early vegetables. In 35 tested samples were detected pesticide residues. The aim of
the study was to estimate long-term and short-term intake of pesticide residues in early vegetables in years
2009-2011 for toddlers and adults. The estimation of dietary exposure was based on pesticide residue data
from research carried out by Laboratory of Pesticide Residue Analysis and was calculated using Pesticide
Safety Directorate model. The highest long-term intake was for parsley leaves but did not exceed for adult
26.6 % ADI and for toddlers 17.3 % of the ADIL In case of consumption other early vegetables, long-term
exposure in both age groups did not exceed 2.5 % ADI. The highest estimated values for short-term exposure
were obtained for tomato, and in the group of toddlers it was 41.4 % ARfD, and in the adult group it was
10.4 % AR{D. In the remaining samples the short-term exposure did not exceed 5 % ARfD.
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Introduction

Early vegetables are young spring vegetables available for the first time in the
season. Early vegetables include radishes, tomatoes, lettuce, cucumbers, dill and chives.
In Poland the seasons for early vegetables falls in the period from March to June. It is
the time when the human body is “tired” with winter weather, “hungry” and even
demanding stocking up of vitamins and minerals warehouse depleted during the winter.
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Young, fresh looking vegetables doubtlessly bring some variation into the spring diet
and are a good looking addition to a menu.

Vegetables are grown in 2 main ways: in a field or in a greenhouse. Early vegetables
are grown in the second way, as in our climate cold days with small amount of sunshine
and significant temperature variations prevail in the early spring. These are not
conditions favourable for plant growth. Therefore, it is necessary to create an
appropriate artificial environment for them. Cultivation of early vegetables is carried
out in specially adapted greenhouses, ensuring temperature conditions, humidity and
sunshine conditions favourable for plant growth.

To facilitate plant growth a large number of plant protection products (p.p.p) is used,
as in unfavourable weather conditions they require more growth stimulators. Chemical
substances also ensure protection against diseases and pests.

Besides bringing advantages to producers, p.p.p are also encumbered with undeniable
negative effects on human health, as, obviously, food should have appropriate nutrition
value, and contain as low as possible content of pesticide residues, being exceptionally
toxic substances amongst those to which humans are exposed. Therefore, does the real
nutrition value of early vegetables match their healthiness as expected by customers?

Tests of food are particularly important for assessment of human exposure to
pesticide residues in food, as they allow determining those pesticides present in the
largest amounts in food and those foods that most often contain their residues. A need to
monitor residues of chemical p.p.p in food also results from their toxic effect and
common use in agriculture [1].

The food safety strategy in force in the European Union requires the Member States
to maintain monitoring programmes and official food monitoring for contamination,
including pesticides, against the maximum residue levels (MRLs). Their objective is to
evaluate the actual pesticide intake and, on that basis, assess the risk for consumers
related to short-term (acute) and prolonged exposure. It should be emphasised here,
however, that established and valid MRL values are not the safety limit. The safe level
of pesticide residues can be established using the Acceptable Daily Intake (ADI) or the
Acute Reference Dose (ARfD) for prolonged and acute exposure, respectively [2].

The evaluation of dietary exposure was based on data concerning residues found
during official testing of Polish crops carried out at the Laboratory of Pesticide Residue
Analysis in Rzeszow, and on food consumption in Great Britain, due to lack of Polish
data.

The aim of this work was to assess the actual pesticide intake with early vegetables
eaten in years 2009-2011 and to evaluate on that basis the risk for consumers related to
short-term and long-term exposure.

Materials and methods

The studied material contained samples of greenhouse cucumbers (g), tomatoes (g),
lettuce (g), parsley leaves, dill, chives, radishes and peppers. Analyses were conducted
as a part of official monitoring ordered by the Ministry of Agriculture and Rural
Development, and to orders of producers and companies processing, purchasing and
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exporting fruit and vegetables. Data concerning residues for risk estimations were
obtained in tests carried out in years 2009-2011 from March to June at the Laboratory
of Pesticide Residue Analysis of the Plant Protection Institute at the Regional
Experimental Station in Rzeszow. In total, 96 samples of early vegetables from the
south-east Poland were analysed at the laboratory.

During the studies, from 126 in 2009 to 147 in 2011 of p.p.p substances, together
with their metabolites and decomposition products, were determined. Samples were
tested using chromatographic and spectrophotometric methods accredited in accordance
with ISO/IEC 17025. Residues of pesticides were determined using the analytical
method required by the European Commission [3].

Obtained results were compared against the maximum residue levels (MRLs) in force
in Poland [4].

Each year the laboratory participates in the international proficiency tests organised
by the European Union (University of Almeria, Spain), and also in interlaboratory
comparative research, in which it achieves correct results. This proves that the system
for monitoring of residue levels is correct. This way the laboratory confirms its
competences for carried out tests, ensuring obtaining correct results.

Gas chromatography with an electron capture detector and ion monitoring (GC/
ECD/NPD) for simultaneous detection of many compounds and the spectrophotometric
method were used in analyses.

Determination of plant protection products residues
using the gas chromatography method

100 g of the analytic sample was homogenised with acetone and filtered in vacuum
through a filter placed in a Biichner funnel. A homogeniser container was rinsed with
acetone and the washings were used to rinse the filter. For further analysis, 1/5 of
obtained filtrate was sampled (sample of 20 g) and placed in a separator containing
2.5 % sodium sulphate(VI) Pesticide residues were extracted three times with
dichlorometane. The combined extracts were evaporated until dryness using a rotary
evaporator Rotavapor-R from the company Biichi in a temperature below 40 °C, and
then transferred with petroleum ether into a measuring flask, of 10 cm’® capacity. The
obtained extracts were purified in the florisil column. Pesticides were eluated with a
mixture of diethylene ether : petroleum ether, 3:7 (v/v) and then with a mixture of
petroleum ether : acetone 7:3 (v/v). Eluates were vaporated until dryness in the rotary
evaporator and the residues transferred quantitatively to measuring flasks and made up
to volume with petroleum ether [5-8].

Purified extracts were analysed in a gas chromatograph Agilent 6890 equipped with
EC and NP detectors (DB-1701 column; sequence of temperatures: initial temperature
100 °C — 20 °C/min — 180 °C — 4 min — 20 °C/min — 220 °C — 5 min — 20 °C/min
— 260 °C — 43 min; the total analysis time of 60 minutes). The results were confirmed
in a chromatograph Hewlett Packard 7890 equipped with EC and NP detectors
(HP-5MS column; sequence of temperatures: initial temperature 100 °C — 10 °C/min
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— 180 °C — 4 min — 3 °C/min — 220 °C — 15 min — 10 °C/min — 260 °C — 11 min;
the total analysis time of 55 minutes) for linearity of their determinations.

Determination of plant protection products residues
using the spectrophotometric method

Determination of dithiocarbamates residues were by spectrophotometric method
through decomposition to CS, in the acid environment in a presence of tin(II) chloride
and transfer to the methylene blue analysed at the spectrophotometer Unicam Helios at
the wavelength A = 662 nm [9].

Intake estimation

For consumer residues intake estimation, new models from Pesticides Safety
Directorate of the Department for Environment, Food and Rural Affairs (PSD-Defra,
UK) were applied. Calculations were performed using a Chronic_and Acute Con-
sumer_verl.l software with built-in consumption database for 10 groups of people [10].

Long-term risk was calculated as follows:

NEDI = X [(F; x RL; x P;)/mean body weight]

where: NEDI — National Estimated Daily Intake,
F; — food consumption data for given food commodity,
RL; — appropriate residue level corresponding to that commodity,
P; — correction value that takes into account the reduction or increase
in residue which might occur on storage and/or processing.

Short-term risk was calculated according to the following formula:
NESTI = X [(F x HR)/mean body weight]

where: NESTI — National Estimates of Short-Term Intake,
F — full portion consumption data for the commodity unit,
HR — the highest residue level detected incorporating processing
or edible portion factor.

Values of ADI and ARfD are elaborated by the European Commission, European
Food Safety Authority (EFSA), Standing Committee on the Food Chain and Animal
Health (SCoFCAH) and the values are derived from pesticide database [11].

Results and their discussion

96 samples in total were analysed at the laboratory. Residues of p.p.p were found in
35 of tested samples, corresponding to 36.5 % of all samples. The largest amounts of
pesticide residues were found in chives 100 %, pepper (g) 71 %, parsley leaves and dill,
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50 %, and tomatoes (g) 47 %, of tested crops. The most often found substances were
fungicide residues: chlorothalonil — 14 samples, azoxystrobin — 9 samples, dithio-
carbamates — 7 samples, cyprodinil and fludioxonil — in 5 samples, and of insecticides:
bifenthrin — 7 samples. In 3 samples determined levels of pesticide residues exceeded
MRLs. Presence of multiple residues was also found. In the tomato samples residues of
4 active substances were found, with one substance exceeding MRL. In the green
parsley sample residues of 4 active substances were found, with 3 substances exceeding
MRLs, and in the dill sample 3 residues were found, all of which exceeded MRLs. The
details are shown in Table 1.

Table 1
Occurrence of pesticide residues in early vegetables in 2009-2011
Samples Range
Number Active with residues of found residues MRL
Crop of analyzed substance : [mg/kg]
samples number [%] mm max o
[mg/kg] | [mg/kg]
Greenh Azoxystrobin 3 11 0.09 0.23 1
e 27 |Bifenthrin 3 1 0.02 0.02 0.1
cueumber Chlorothalonil 3 1 0.02 035 1
Azoxystrobin 2 44 0.007 0.05 3
Bifenthrin 3 6.6 0.02 0.3 0.2
Boscalid 3 6.6 0.05 0.14 1
Greenhouse 45 Chlorothalonil 8 17.8 0.01 0.09 2
tomato Cyprodinil 5 8.9 0.01 0.07 1
Ditiocarbamates 6 13.3 0.03 0.95 3
Fludioxonil 5 8.9 0.02 0.08 1
Iprodione 2 44 0.08 0.19 5
Greenhouse 5 Ditiocarbamates 1 20 0.03 — 5
lettuce
Azoxystrobin 1 16.7 0.24 — 70
Chlorpyrifos 1 16.7 1.45 — 0.05
Parsley 6 Chlorothalonil 2 333 1.18 45.9 5
leaves Cypermethrin 1 16.7 0.25 — 2
Propiconazole 1 16.7 0.65 — 0.05
Tetraconazole 1 16.7 0.3 — 0.02
Chlorpyrifos 1 25 0.12 — 0.05
. Diazynon 1 25 0.08 — 0.01
pil * | captan 1 25 0.05 — 0.02
Pendimethalin 1 25 0.6 — 0.05
Chive 1 Azoxystrobin 1 100 0.28 — 3
Radish 1 — — — — — —
Azoxystrobin 2 28.5 0.02 — 3
Bifenthrin 1 14.3 0.03 — 0.2
Greenhouse 7 Chloropyrifos 1 14.3 0.09 — 0.5
peppers Chlorthalonil 1 14.3 0.08 — 2
Cypermethrin 1 14.3 0.02 — 0.5
Iprodione 1 14.3 0.02 — 5




Magdalena Grzegorzak et al

244

200
L90°0 20000°0 001°0 €0000°0 Y2100 [L¥0°0 €0°0 €0°0 sojeureqleoonIq S omsoa:onﬁ@ﬁ
LIE0 610000 0090 9€000°0 800 LY01°0 90°0 Sero auorpoid]

6100 L0000°0 S€0°0 €1000°0 800 LY01°0 LEO SO0 [ruoxorpnj{
L90°1 2€000°0 €€0°C 19000°0 800 LY01°0 €00 €C0 SejeteqIeooniq
0020 90000°0 L9€°0 1100070 8¢0°0 LY01°0 £0°0 ¥0°0 [rutpord&) 0jeWO)
. . . . . . . . v 9snOYUID)
00t°0 90000°0 €eL’o 110000 78¢0°0 LY01°0 S10°0 ¥0°0 [Tuo[eyIoIoIy:
SLEO ¢1000°0 STLo 62000°0 78¢0°0 LY01°0 ¥0°0 o pleosogq
erro L1000°0 €lco ¢€000°0 800 LY01°0 S1o (4% ULIuaIg
0200 ¥0000°0 0¥0°0 80000°0 800 LY01°0 [y €00 uIqonsAXozy
00t°0 90000°0 L9TC ¥€000°0 16€0°0 60€0°0 S10°0 1450 [TuoeyIoIoyH
JIoquINONo
9000 10000°0 €€0°0 €0000°0 1S€0°0 60€0°0 S1ro w00 ULTGURJIe LT umsoﬂsoﬁw
0€0°0 90000°0 081°0 9€000°0 1S€0°0 60€0°0 [y Sro uIqoNSAX0ZY
1av % watom 1AV % astom SI3[ppo} synpe
(] 0
Apoq 3y/3w Apoq 3v/3w hyStom [8y/8w] S— sojdures
Apoq 3y/3wi] | [9A9] onprsal pazAjeue jo doip
[ g'p1] s101ppoy [33 9L] sunpe [105 Aep/uosiod/5y] : oAnOY
uondwnsuod uie) Suof Jo av ageiAy foquinN
eIy (epnuoored ¢°/6) 19491 YSIH

1107—6007 SIB2A ul s9[qela82A AJIed 10 sanpisar apronsad 0) ainsodxa AIejdrp wie)-3uo| Jo uonewnsy

T °lqeL




245

Potential Risk to Consumers Related with Occurrence of Pesticide Residues...

L10°0 10000°0 0£0°0 20000°0 L1100 1820°0 900 200 auorpoid|

0200 100000 0v0°0 20000°0 L1100 1820°0 00 200 uLgowad4)

0070 £€0000°0 00t°0 900000 L110°0 18200 S10°0 800 [IUO[EYIOIO[YD) s1oddad
00£°0 £0000°0 00L°0 £0000°0 L1100 18200 100 600 sojuAdiopy) osnoyueaLL)y
L£00°0 10000°0 €100 200000 L1100 1820°0 S0 €0°0 UEHLCIT:|

000 10000°0 010°0 200000 L1100 1820°0 40 200 uqonsIAxozy L

— — — — — — — — — I ysIpey
$€00 £0000°0 020°0 £0000°0 €200°0 061070 z0 870 uIqonsAxozy I DNTR)
¥81°0 £€2000°0 — o1 o1 1620°0 ST10 90 u[eyIaWIpUSg

020°0 20000°0 — o1 o1 1620°0 10 $0°0 uerde) ﬁ

001 £0000°0 — o1 o1 1620°0 20000 800 uoukzelq i ra
0050 $0000°0 — o1 o1 1620°0 10°0 4K( sojuidiofy)

0ST'T 00000 0SL°0 €0000°0 91000 62100 £00°0 €0 0]0ZBU00RIO ]

SLTO 11000°0 SLT0 L£0000°0 91000 62100 00 90 ajozeuoordoig

080°0 £0000°0 0900 £0000°0 91000 62100 S0°0 $T0 umouLad4) SOABI
009°97 66£00°0 L9TLL 652000 9100°0 62100 100 $eT Jiuoeyl0I0[Y) ’ Adrsred
00S°C $2000°0 009°1 91000°0 91000 621070 10°0 St soju&doioy)

0200 £0000°0 100 £0000°0 91000 6210°0 z0 vZ0 uqonsAxozy
av% | Ew%am av% | . Emwam SI0[PpO) sinpe

poq y/Sw poq S/w [1yStom [Syy/8w] soumsqns sordures
(334 't 1] s101ppoy (33 9.] sunpe [103 Aep/uosiod/ay] %owmm\me_ _owww.wwmme AV nwmﬁﬂmo o
uondwnsuod wid) 3uof Jo

el

(emmuodrad ¢/ 6) [2A9] YSIH

PII0d T 9[qe].




Magdalena Grzegorzak et al

246

— — — — — — o1qeorjdde ou 90 UI[RYIOWIPUSdJ
09 S1100°0 — — — 86S1°0 §200 80°0 suoukzelq mna
Tl TL100°0 — — — 8SS1°0 1'0 zro sojri&dioryd
10 7000°0 L00 2020000 05+0°0 L6¥0°0 €0 $9°0 ajozeuodrdolg
SOARD
€0°¢ 910€0°0 LET SYTr10°0 05+0°0 L6¥0°0 90 6°SY [ruoreyoIoNyD »2&@%
S6°0 $6000°0 Sv'0 S#000°0 S¥00°0 L6¥0°0 1o Sl sojukdiory)
0)eWO)
v ol €1€00°0 'y weioo §060°0 0€8T°0 €00 €0 uLnpuopyg aSnoOYULAID
[3¥9Ll] (351l
o ) synpe SIO[PPO}
arav % sinpe ardayv % SID[PPO} [np PP Duion
; [8y/3w] oue)sqns
Apoq 8y/3w] do1p
(8] H AV
oyeju] (omuodrad ¢'16) @y
ejep uonduwnsuods uonod [[ng
1107-6007 STedA ur so[qejosoa A[Ied 10J sonpisar opronsad 0} aInsodxo WLId-1I0YS JO UONewnSy
€ dlqel




Potential Risk to Consumers Related with Occurrence of Pesticide Residues... 247

Tests for p.p.p residues showed presence of active substances not recommended for
protection of a given crop [12]. The largest amount of not recommended substances was
found in dill, and they were: chlorpyrifos, diazinon and captan, and in parsley leaves
and pepper (g): propiconazole and chlorpyrifos, respectively.

Long-term and short-term exposure was estimated for 2 age groups: toddlers and
adults. As acceptable and not health-threatening were considered values of evaluated
consumer exposure not exceeding 100 % of ADI or ARfD value.

Table 2 shows evaluated long-term exposure of humans following consumption of all
determined p.p.p. The highest long-term consumer exposure was found for both groups,
of adults and of toddlers, in case of consumption of products such as parsley leaves
(17.3 % ADI — toddlers, 26.6 %ADI — adults) and dill (15 % ADI — adults). In case of
consumption of other early vegetables, long-term exposure in both age groups did not
exceed 2.5 % ADI. The intake values for toddlers marked as L/C mean the consumption
(very low) was determined as being below 0.1 g/day.

Short-term exposure is shown in Table 3. It is estimated by comparing a single intake
of pesticide residues to the amount of its acute reference dose (ARfD). It was calculated
for compounds exceeding MRLs. The highest values of short-term exposure were
obtained for tomato, and for the group of toddlers it was 41.4 % ARfD, and for the adult
group it was 10.4 % ARID. In both cases these values did not exceed the acceptable
100 % threshold. In case of consumption of other products the short-term exposure did
not exceed 5 % ARID.

On a basis of the determined levels of pesticide residues in analysed crops,
estimation of the risk to human health, both long- and short-term, it can be stated that
intake of pesticide residues with Polish early vegetables did not pose a risk to
consumers’ health.

Conclusions

1. The substances most often found in early vegetables were residues of the fungicide
group.

2. The highest estimated long-term consumer exposure was found for both groups of
adults and toddlers in case of consumption of products such as parsley leaves (17.3 %
ADI - toddlers, 26.6 % ADI — adults) and dill 15 % ADI — adults. In case of
consumption of other early vegetables, long-term exposure in both age groups did not
exceed 2.5 % ADL

3. The highest estimated values of short-term exposure were obtained for tomato, and
in the group of toddlers it was 41.4 % ARfD, and in the adult group it was 10.4 %
ARTD. In the remaining samples the short term exposure did not exceed 5 % ARfD.
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POZOSTALOSCI SRODKOW OCHRONY ROSLIN W NOWALIJKACH
JAKO POTENCJALNE RYZYKO NARAZENIA KONSUMENTOW

Laboratorium Badania Pozostatosci Srodkéw Ochrony Roslin
Instytutu Ochrony Roslin — Panstwowego Instytutu Badawczego w Rzeszowie

Abstrakt: W latach 20092011 w Laboratorium Badania Pozostato$ci Srodkéw Ochrony Roslin od marca do
czerwca przeprowadzono badania 96 probek nowalijek. W 35 prébkach stwierdzono obecnos¢ pozostatosci
pestycydéw. Celem pracy byla ocena dlugo- i krotkoterminowego spozycia pozostatosci pestycyddéw
w nowalijkach dla dwoch grup konsumentéw: matych dzieci i dorostych. Oszacowane wartosci narazenia
wyznaczono z danych dotyczacych pozostatosci srodkéw ochrony roslin z badan przeprowadzonych
w Laboratorium. Wartosci te zostaly oszacowane na podstawie modelu brytyjskiego Urzedu Bezpieczenstwa
Pestycydoéw Ministerstwa ds. Srodowiska, Zywnosci i Rolnictwa. Najwyzsze pobranie oszacowano dla lisci
pietruszki, jednak nie przekraczato ono: dla dorostych 26,6 % ADI, a dla matych dzieci 17,3 % ADL
W przypadku konsumpcji innych nowalijek dlugoterminowe narazenie nie przekraczato 2,5 % ADL
Najwigksze szacowane wartosci krotkotrwalego narazenia uzyskano dla pomidoréw w grupie matych dzieci —
41,4 % ARID i w grupie dorostych — 10,4 % ARfD. W pozostalych probkach krétkoterminowe narazenie nie
przekraczato 5 % AR{D.

Stowa kluczowe: pozostatosci srodkéw ochrony roslin, narazenie, nowalijki



