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Concentration of trace and major elements is an important indicator of nutritional value of food,
also regarding cultivated food crops like fruits, berries, and vegetables. Concentration of elements
differs regionally and is influenced by various factors. Nevertheless, some chemical elements (As,
Cd, Hg, Ni, Pb, Zn, etc.) are known as environmental pollutants and may affect the quality and
safety of crops and food products. The aim of the study was to determine the concentration of po-
tentially toxic elements like Cd, Cr, Cu, Fe, Ni, Pb, and Zn in samples of berries grown in allot-
ment gardens of Riga city. Dried and homogenised samples of raspberries, strawberries, red
currants, black currants, gooseberries, and cherries were mineralised in a solution of concen-
trated HNO3/H202 by heating on a thermoblock. Quantitative analysis of sample solutions was
performed using atomic absorption spectroscopy. Potentially toxic elements were in concentra-
tions as follows: Fe > Zn > Cu > Ni > Pb > Cr > Cd. Mean concentrations of the elements of the
major concern were: Ni 0.54 mg/kg, Pb 0.20 mg/kg, Cr 0.10 mg/kg, and Cd 0.03 mg/kg. Results
indicated significant variability of element concentration among the species.

Key words: food composition, food contamination, heavy metals, quantitative analysis, urban gar-

dening.

INTRODUCTION

Mineral compounds, particularly those containing trace and
major elements, are among the basic essential nutrients in
food. Metallic elements such as Ca, Fe, K, Mg, Mn, Na, Zn,
and Cu are unreplaceable for human health and their pres-
ence in daily diet is required at certain levels (Zarin$ un
Neimane, 2009; Kabata-Pendias, 2011). However, concen-
tration of elements in food may vary due to several factors
such as food commodity type, processing, and environ-
mental conditions in crop and animal growing (Ekholm ez
al., 2007; Kabata-Pendias, 2011; Vincevica-Gaile, 2014).
Regarding food crops, content of mineral compounds can be
affected by applied agricultural practice, site specific condi-
tions like soil mineral and water composition, weather con-
ditions during the vegetation period, plant cultivar and spe-
cies of plant, maturity of crops at harvesting and other site
specific factors (Ekholm et al., 2007; Vincevica-Gaile,
2014). In the course of time, society has become accus-
tomed to the fact that the conventional food market consists
of various products derived from all over the world, and
many consumers in everyday life do not pay great attention
to the geographical origin or other specific impacts that can
influence the chemical composition and quality of consum-
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able food products (Sdumel et al., 2012; Warming et al.,
2015).

Nowadays, in Europe and worldwide, urban or periurban al-
lotment gardening has become more and more popular in
society for recreation, as well as for domestic gardening and
horticulture. For example, in big cities like Rio de Janeiro,
New York, Berlin, and Copenhagen, space is allotted to citi-
zens for creation of gardens for food crop cultivation for the
needs of the community or individual family (Sdumel et al.,
2012; Reis et al., 2013; Rego, 2014; Chan et al., 2015;
Warming et al., 2015).

Historical papers reveal that allotment gardening in Riga
started in the beginning of the 20" century. In 1907, during
the time when the territory of Latvia within the Russian
Empire, creation of domestic gardens in urban areas was a
novel concept, grounded on the idea that society needs an
alternative for more useful spending time apart from vices
like ‘thinking socialistic’ and excessive alcohol consump-
tion (Liventals un Sadovskis, 1932). After the First World
War, unemployment, disrupted industry, poor traffic possi-
bilities between the cities and rural districts, as well as a
shortage of primary resources, inflation and hunger were the
reasons to develop new ways of food gathering and time
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spending. Thus, the idea of allotment gardening was highly
appreciated by the society. To meet the demands of the citi-
zens of Riga, many free territories, those which were de-
stroyed during the war, were split into smaller plots and
granted on lease by the city council. At that time, urban al-
lotment gardening promoted decrease of food prices
(Liventals un Sadovskis, 1932). The popularity of urban al-
lotment gardening in Riga increased and decreased over
time, and recently there has been a substantial reduction of
total allotment area in the city, i.e., from 1600 ha in 1995 to
329 ha in 2011 (Duboks, 2012). However, urban allotment
gardening in Riga is still an essential tradition of the city.
Currently, allotment gardens are located in several large
territories in Riga: Bolderaja (Daugavgriva), Darzini, Rum-
bula, and Lucavsala. Unfortunately, several of these areas
are located on degraded land or in the vicinity of industrial
areas and roads with heavy traffic, which may affect culti-
vated crop quality.

Quality of the urban environment is a problem that has been
highlighted but often not taken into account (Sdumel ef al.,
2012; Izquierdo et al., 2015). Increasing urbanisation has
often constrained the formation of allotment (community or
family) gardens or domestic farms at sites that have been
polluted by industry in the past or that are under the influ-
ence of daily urban pollution, such as construction dust, in-
dustrial or traffic exhaust (Alexander et al., 2006; Wunder-
lich et al., 2011). However, in some cities it iS common
practice that allotment gardens are frequently created in ar-
eas near intensive traffic lines such as railways and high-
ways, where soil and water quality is not appropriate for
safe crop cultivation (Guitart et al., 2012). Air pollution
may affect over-ground parts of plants by dust deposition,
while soil and water quality may affect plants as a whole.
Possible health hazards caused by consumption of contami-
nated food crops cultivated in industrial agriculture areas
and available at the market have been recognised. However,
vegetables and fruits grown in urban conditions mostly are
consumed in the long-term by small groups of people (fami-
lies or local communities) and, therefore, potential health
impacts still are considered as less important. Anthropo-
genic activities can lead to an increased risk of allotment
garden contamination, mainly by potentially toxic metals
and metalloids such as As, Cd, Cr, Cu, Hg, Ni, Pb, Zn, etc.,
as well as by organic chemicals. Subsequent contamination
in the food chain may affect animals or humans consuming
vegetables and fruits that are grown in allotment gardens lo-
cated in appropriate territories (Samsoe-Petersen et al.,
2002; Goldhaber, 2003; Eggen et al., 2011; Wunderlich et
al., 2011).

The aim of this study was to perform quantitative analysis
of samples of various berries grown in allotment gardens of
Riga city, the capital of Latvia. It should be noted that the
available data on quality of food derived from allotment
gardens in Riga or other cities of Latvia are very limited
(Vincevica-Gaile et al., 2011; Vincevica-Gaile, 2014).
Thus, the current research is valuable in the fields of envi-
ronmental and food sciences.
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MATERIALS AND METHODS

Samples of berries from red currant Ribes rubrum (n = 15),
black currant Ribes nigrum (n = 10), gooseberry Ribes
uva-crispa (n = 8), cherry Prunus sp. (n = 8), strawberry
Fragaria x ananassa (n = 19), and raspberry Rubus idaeus
(n = 11) plants grown in allotment gardens of Riga were
collected during the vegetation season in 2015. Samples
were directly obtained at the allotment gardens located in
different places of Riga (Fig. 1) within the limits of garden
plots. However, the samples investigated in this study were
not divided by allotment plot, but the territory of the gar-
dens, to assess effect of the environmental conditions in the
general neighbourhood. Samples consisted of about
150-200 g of every type of berry within a plot, and then
mixed samples were made for the territory of the gardens.
Only edible parts of berries were prepared for analysis. Af-
ter collection, berries were cleaned and crushed using a por-
celain knife (Kyocera) to avoid contamination with metals.
Crushed samples were dried in a drying oven (Plus II Oven,
Labassco) at temperature 80-105 °C for 20 hours and at
temperature 105 °C for an additional 5-6 hours, if needed,
depending on the consistency and moisture of the sample
type. After drying, samples were homogenised in a porce-
lain mortar until consistence of powder was reached. Sam-
ples were stored in closed disposable plastic bags in a dry
and dark place until analysis. Sample preparation and ana-
Iytical procedures were conducted as described elsewhere
(Samsoe-Petersen et al., 2002; Aras and Ataman, 2006;
Ekholm ef al., 2007; Vincevica-Gaile, 2014).

Carbohydrates, proteins and fats are the main matrix com-
ponents of food samples that can influence quantitative
trace element detection. Sample preparation (pre-treatment)
can be carried out by several methods, such as dry ashing,

Fig. 1. lllustrative map of sampling sites of berries in allotment gardens of
Riga city: 1 — Daugavgriva, 2 — Vecmilgravis, 3 — MeZaparks, 4 — Jugla,
5 — Darzini, 6 — Zolitude.

497



ACCURACY OF THE APPLIED ANALYTICAL METHOD

Table 1

Analysis of certified reference material NCS ZC73017

Quantitative performance of measurements using AAS

Element Apple powder
range of certified value concentration determined by AAS  |detection limit,| quantitative | uncertainty, detection spectral lines,
of concentration, mg/kg average concentration, | accuracy, % mg/kg limit, mg/kg % mode nm
mg/kg
Cd 0.0046-0.0070 0.0047 81.0 0.0035 0.0106 8.5 GFAAS* 228.8
Cr 0.24-0.36 0.26 86.7 0.03 0.11 7.7 GFAAS 357.9
Cu 2.30-2.70 2.41 96.4 0.27 0.89 5.1 FAAS** 324.8
Fe 14.0-18.0 153 95.6 0.27 0.90 8.4 FAAS 248.3
Ni 0.09-0.19 0.13 92.9 0.03 0.11 79 GFAAS 232.0
Pb 0.052-0.116 0.067 79.8 0.066 0.218 12.8 GFAAS 283.3
Zn 1.70-2.50 2.07 98.6 0.06 0.21 5.5 FAAS 213.9

*GFAAS, graphite furnace atomic absorption spectroscopy; **FAA, flame atomic absorption spectroscopy

wet ashing, and wet digestion with heat, microwave or ul-
trasound treatment (Alvarez et al., 2003; Soceanu et al.,
2007). The chosen sample preparation method of wet diges-
tion of organic matter has been widely applied for samples
of biological origin, including food (Ekholm ez al., 2007;
Soceanu et al., 2007). Preparation of samples was done as
follows: a) 0.5000 + 0.0050 g of a dry sample were weighed
on an analytical balance (ALJ 220-4, Kern) in a 100 mL
glass beaker; b) 15 mL of concentrated HNO3 (65% wiv,
analytical grade, Scharlau) and 5 mL of concentrated H,0,
(30% wlv, analytical grade, Scharlau) were added; c) after
holding overnight, sample solutions were digested by heat-
ing at temperature 160 °C on a heating block (Thermoblock,
Biosan); d) after complete digestion and cooling, sample so-
lutions were filled up to 15 mL with ultrapure deionised wa-
ter (< 0.1 puS/cm, 18 MQ/cm, Elix-3, Millipore) in poly-
propylene tubes; e) prior the analytical procedure, sample
solutions were filtrated using disposable single use micro-
pore syringe filters (0.45 pm, SRC filter, ChmLab Group).
All samples were prepared in triplicate. Accuracy of the ap-
plied method was approved by analysis of certified refer-
ence material, NCS ZC73017 Apple powder (Promochem),
as well as blank samples in each batch of samples were pre-
pared and analysed in the same manner as the investigated
samples. Obtained results of reference material analysis
showed precision within the permissible limits for selected
elements (Table 1).

Sample solutions were analysed by atomic absorption spec-
troscopy method using a spectrometer AANALYST 200
(Perkin Elmer) to quantify concentration of seven elements
(Cd, Cr, Cu, Fe, Ni, Pb, and Zn). Characteristic parameters
of quantitative performance of measurements using AAS
are shown in Table 1. Absorption was measured in an
air-acetylene flame and graphite furnace AAS. All obtained
results of element concentration were expressed in mg/kg
DW (dry weight). Statistical analysis of data was performed
using extended MS Excel data analysis tool QI Macros ex-
pressing results by box-whisker plots which show maxi-
mum, minimum and median values of certain data sets, as
well as a range between 25" and 75 percentiles. Outlying
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values were identified and excluded if they were outside of
selected range of percentiles. However, outlier values were
taken into account in assessment of detected element con-
centration compliance with maximum permitted levels set
by legislation.

RESULTS

Average concentrations of potentially toxic elements in
samples of berries followed the following order: Fe > Zn >
Cu > Ni > Pb > Cr > Cd. Figure 2 shows concentration
ranges of Fe, Zn and Cu in the analysed samples of berries.
The highest median content of Fe was detected for straw-
berry (39.0 mg/kg), while for other berries the concentration
was quite similar (19.8-30.7 mg/kg). Concentration of Zn
was quite variable; the lowest values were observed for
cherry (median 2.7 mg/kg) and the highest for raspberry
(median 19.7 mg/kg). Concentration of Cu was the lowest
(median 1.4 mg/kg) also in cherry following by gooseberry
(median 2.07 mg/kg), while for the remaining samples the
median varied from 2.8—4.1 mg/kg.

Concentration of trace potentially toxic elements such as Ni,
Pb, Cr and Cd varied more widely (Fig. 3). For Ni the high-
est median was detected in samples of strawberry (0.65
mg/kg), but the widest range was observed for black currant
(0.17-1.24 mg/kg) and gooseberry (0.18-0.99 mg/kg).
Taking into account average values of all analysed samples,
the elements of the major concern in berries regarding high
concentrations were as follows: Ni 0.54 mg/kg, Pb
0.20 mg/kg, Cr 0.10 mg/kg, and Cd 0.03 mg/kg. However,
concentration of these elements differed among the berries.
The widest range of values for Pb were detected in samples
of red currant (0.08-0.46 mg/kg, median 0.30 mg/kg),
strawberry (0.06-0.45 mg/kg, median 0.18 mg/kg) and rasp-
berry (0.14-0.44 mg/kg, median 0.29 mg/kg). For black
currant, gooseberry and cherry, Pb concentration was lower
and varied in much narrower range, e.g., 0.07-0.16 mg/kg
(median 0.11 mg/kg) for gooseberry. The widest range
of Cr concentration was detected for black currant
(0.03-0.25 mg/kg), while median values for all berries ex-
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Fig. 2. Concentration of Fe, Zn and Cu in berries from allotment gardens
of Riga.

cept gooseberry were quite similar (on average 0.09 mg/kg).
Concentration of Cr was the lowest in samples of goose-
berry (median 0.03 mg/kg). After excluding outliers, con-
centration of Cd in samples of black currant and cherry was
below the detection limit (0.004 mg/kg), but in the remain-
ing samples median concentration of Cd was from
0.02 mg/kg in raspberry to 0.03 mg/kg in red currant,
gooseberry and strawberry. The highest values of Cd were
observed for samples of strawberry (0.12 mg/kg), as well as
for raspberry and red currant (0.07 mg/kg).

DISCUSSION

Element concentration of berries can reveal their nutritional
value, as well as possible contamination in case of poten-
tially toxic concentrations of elements. Thus, these values
can be used for nutrient intake calculation and consumer
risk assessment (Izquierdo et al., 2015; Warming et al.,
2015). However, information on element content in berries
grown for self-consumption is not widely represented in
available scientific literature, and is especially poor is infor-
mation for the Baltic States. More data can be found on re-
search of element composition of vegetables than berries
(e.g., Samsoe-Petersen et al., 2002; Sdumel et al., 2012;
Warming et al., 2015). A well organised food and nutrient
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Fig. 3. Concentration of Ni, Pb, Cr, and Cd in berries from allotment gar-
dens of Riga.

data base has been established by the United States Depart-
ment of Agriculture Agricultural Research Service
(Anonymous, 2016); it provides information on selected
mineral nutrients (Ca, Fe, Mg, K, Na, Zn, Cu, Mn, Se) in
various foods, including raw or processed berries. Informa-
tion on concentration of Fe, Zn and Cu in berries according
to the USDA NND (Anonymous, 2016) is recalculated to
mg/kg DW and summarised in Table 2. Data comparison
revealed that concentration of Fe in red currants and black
currants determined in the current research was significantly
lower than values provided by the USDA NND, but for
other berries the values are comparable to upper maximum.
Also, for the elements Zn and Cu, concentrations from the
data base mostly correspond to the upper maximum deter-
mined for berries from Riga. It should be noted that berries
from allotment gardens might not be of the highest nutri-
tional quality, which might explain the observed difference.
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Table 2

CONCENTRATION OF FE, ZN AND CU IN RAW BERRIES AC-
CORDING TO THE USDA NATIONAL NUTRIENT DATABASE
(ANONYMOUS, 2016), RECALCULATED TO MG/KG DW

Species of berries Concentration of element, mg/kg 'Water content,

Fe Zn Cu %
Red currant 62.31 14.33 6.67 83.95
Black currant 85.37 14.97 4.77 81.96
Gooseberry 25.56 9.89 5.77 87.87
Cherry, sour 21.63 7.21 7.50 86.13
Cherry, sweet 20.28 3.94 3.38 82.25
Strawberry 45.30 15.47 5.30 90.95
Raspberry 48.42 29.47 6.32 85.75

Other studies have shown comparable values of element
concentrations in berries, have indicating the range of influ-
encing factors that can affect element concentration in sam-
ples. For example, a study done by S. Cosmulescu and col-
leagues (2015) compared element concentration among
various cultivars of red currants and black currants. In that
study, levels of Fe ranged from 10.9-24.7 mg/kg WW (wet
weight) and Cu 0.9-1.7 mg/kg WW in black currants. These
values recalculated to dry weight are close to the deter-
mined element concentrations in the current study. Thus,
berries from allotment gardens in Riga do not have extreme
levels of the studied metallic elements, despite the fact the
gardens were located in possibly contaminated areas.

The list of top ten chemicals of major public concern, an-
nounced by the World Health Organisation (WHO), in-
cludes also several metallic elements Cd, Hg, Pb and a met-
alloid As, which are toxic already at low concentrations
(Anonymous, 2010). Moreover, Pb can be accumulated in
tissues of a living organisms (plants, animals and humans)
and leading to wide and long-term contamination in the
food chain (Goldhaber, 2003; Kabata-Pendias, 2011).
Therefore, legislative limits for the elements of concern
must be implemented at the national level. Within the Euro-
pean legislation, the maximum permitted levels in fruits and
berries have been set only for some metallic element; the
maximum permitted Pb concentration in berries and small
fruits is 0.20 mg/kg WW and the maximum permitted Cd
concentration in fruits and vegetables is 0.05 mg/kg WW
(Anonymous, 2006). Recalculation of data in the current
study to wet weight showed that the maximum permitted
level of Pb was not exceeded for all samples, even taking
into account the detected maximum upper levels of concen-
tration. However, some outlier values showed that in some
specific cases contamination risk is present. Recalculation
of Cd concentration from dry weight to wet weight sug-
gested that concern can be given to strawberries, i.e., in
some cases the maximum permitted level of Cd can be ex-
ceeded, thus warranting alert for consumer safety.

Presence of potentially toxic trace elements in berries indi-
cated influence of environmental pollution taken up by the
crops from air, soil and water. Air pollution may affect
above-ground parts of plants by dust deposition, while soil
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and water quality may affect plants as a whole. However,
this should be confirmed by wider and detailed study con-
sisting of a greater number of analysed samples.

CONCLUSIONS

Quantitative analysis of potentially toxic elements in berries
grown in allotment gardens of Riga city showed differences
of element concentration variation among the fruit species.
Concentration of several metallic elements can indicate the
nutritional value of berries. The range of trace elements, es-
pecially, if they are potential environmental pollutants, can
provide information on the impact of environmental condi-
tions on chemical composition of food crops. The results of
the study showed that berries grown in the allotment gar-
dens of Riga contained potential environmental pollutants,
among which Pb and Cd are elements of the major concern,
especially taking into account the fact that concentration of
these elements in some samples exceeded maximum permit-
ted concentration levels in berries set by EU legislation.
Such studies are important for understanding the impact of
the surrounding environment on food composition region-
ally, which is important knowledge for local inhabitants, as
for overall assessment of food safety.
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POTENCIALI TOKSISKO ELEMENTU NOTEIKSANA NO RIGAS PILSETAS MAZDARZINIEM IEGUTAS OGAS

Partikas piesarnojums ir svarigs pétijumu objekts, kas var kalpot par informacijas avotu ka nozares profesionaliem, ta patérétajiem.
Pétijuma meérkis bija ievakt un analizét dazadu ogu paraugus — janogas, upenes, &rk§kogas, avenes, zemenes un KirSus, kas audzeti
mazdarzinos Rigas pilséta. Paraugi tika izzaveti, sasmalcinati un mineralizéti, kars€jot koncentréta HNO3/H202 $kiduma. Izmantojot
atomabsorbcijas spektrometriju, paraugu Skidumos tika noteikta potenciali toksisko elementu kvantitativa koncentracija, kas, nemot véra
vidgjo koncentraciju, lava sarindot elementus ogas §ada seciba: Fe Zn Cu Ni Pb Cr Cd. Toksikologiski svarigakie potenciali toksiskie
elementi ogas kopuma tika konstatéti vidéji Ni 0,54 mg/kg, Pb 0,20 mg/kg, Cr 0,10 mg/kg, Cd 0,03 mg/kg, tacu elementu koncentracijas
sadalfjums katrai ogu sugai bija atSkirigs, kas neizslédz iesp&jamo piesarnojuma radito risku patérétajam.
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