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ABSTRACT

BACKGROUND: One of the primary objectives in ensuring food security for the population is to reduce the mitigate the risk
of chemical contamination in food. Wild mushrooms and berries have the potential to accumulate heavy metals from the
environment, posing a threat to human health if consumed.

AIM: To assess the risk of developing general toxic effects associated with the consumption of wild mushrooms and berries on
health of the adults living in the Arkhangelsk region.

MATERIAL AND METHODS: The amount and frequency of mushroom and berry consumption by the adult population of the
Arkhangelsk region was assessed by a survey (n=445). Intake of heavy metals contaminating mushrooms and berries was
calculated using four scenarios. Hazard Quotients (HQ) were used to characterize the risk of developing overall toxic effects
due to exposure to mercury, arsenic, lead, and cadmium. Hazard Indexes (HI) for substances with unidirectional effects were
employed to assess the risk of non-cancerous effects on critical organs and systems. Quantitative data were presented as
medians (Me) with 95% confidence intervals (95% Cl), and the 90th percentile (Py).

RESULTS: In total, 82% and 70% of respondents were engaged in collection of mushrooms and wild berries, respectively.
On average, they reported consuming 180 grams of fresh or frozen berries, 133 grams of berries with juice, and 50 grams
of mushrooms in soup or boiled/fried form per week. The Hazard Quotients (HQ) for all heavy metals did not exceed 1.0. The
Hazard Index (HI) calculated for the average consumption of mushrooms and berries, as well as the average heavy metal
contamination of wild plants was below 1.0.

However, at high levels of mushroom (Py, — 417 g/week) and berry (P90 — 900 g/week) consumption, along with high levels
of heavy metal contamination, elevated risk of developing general toxic effects on the endocrine- (HI=2.27), cardiovascular-
(HI=2.0), digestive- (HI=2.0), nervous- and immune systems (HI =1.81 for both) and kidneys (HI=1.25) were detected. Forest
mushrooms and wild berries can be consumed without restriction at an average level of their contamination. However, in
cases of heavy metal contamination of mushrooms and berries at the P, level or above, it is not recommended to exceed daily
consumption of 400 grams of forest mushrooms and 650 grams of wild berries.

CONCLUSION: Consuming high amounts of wild mushrooms and berries at the upper limit of exposure to heavy metals, may
lead to an elevated risk of developing toxic effects on endocrine, nervous, immune, cardiovascular, and digestive systems.
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OueHKa pucka pa3BuTUS obLieToKkcuuecKux addekToB
ANA 3[0pOBbA HaceNeHUs, CBA3aHHOro C 3arpsi3sHeHUeM
AUKOPaCTyLWMUX rpuboB u Aroa THKENbIMU MeTannaMu

I.A. CrenoBas, T.H. YHrypsHy

CeBepHbliA rocyapCTBEHHbIN MeAMLIMHCKMIA YHUBEPCUTET, ApxaHrenbck, Poccus

AHHOTALMA

06ocHoBaHue. CHWXeHME yrpo3bl OPMUPOBaHUS HELOMYCTUMBIX PUCKOB, 0DYCNOBMEHHBLIX XUMUYECKON KOHTaMUHaLMeEN
MULLEBOM NPOAYKLMM, ABNIAETCS OAHOW W3 rNaBHbIX 3afa4 obecneyeHns NpoLLOBONLCTBEHHOM Be3onacHocTH Hacenenus. [u-
KopacTyLume rpubbl 1 Arofbl HaKaMIMBaKOT TSKENbIE METa bl U3 OKPYIKaIOLLE Cpefbl, YTO MOXKET MOBAMATL Ha 3[,0p0OBbe
YesioBeKa Npu ux ynotpebneHnu.

Lenb. OueHNTb puCK pa3BuTUA 0bLLETOKCMYECKMX 3P DEKTOB ANS 340POBbS B3pOCOro HaceneHus ApxaHrenbcKon obnacry,
CBA3aHHbIA € ynoTpebieHneM auKopacTywux rpubos u srof.

Martepuan u Metoabl. KonnyecTso 1 YactoTa ynotpebneHus rpuboB 1 Arof B3pocnbiM HaceneHeM ApxaHresbcKoin 0bnactu
WU3y4eHbl C MOMOLLbK aHKeTUPOBaHMs (N=445). [lo3bl NOCTYNNEHUA TKENBIX METANOB, 3arpA3HAOLLMX rpubbl 1 AroAbl, pac-
CUMTaHbl ANA YeTbIPEX CLeHapueB. XapaKTepUCTUKa pUCKa pasBuTHA 0BLLeTOKCUYECKUX IQ(EKTOB Npy BO3AEUCTBUM PTYTH,
MbILLbSKA, CBUHLA M KafMUA BbIMOSHEHA C MoMoLLblo KoadduumenToB onacHoctv (HQ). [ns oueHku pucka passutus He-
KaHLieporeHHbIX 3dEKTOB CO CTOPOHbI KPUTUYECKUX OPraHOB W CMCTEM WUCMOMb30BaHbl MHAEKCHI OMAacHOCTU [J1S BELLECTB
ofiHoHanpaeneHHoro fencteus (HI). KonnyecTBeHHble AaHHbIe NpeAcTaBnieHbl B BUae MeauaHbl (Me), 95% moBeputenbHOro
uHTepBana ans Meauanbl (95% [IM), 90-ro npoueHTnnA (Pyp).

Pesynbratbl. bonblumHcTBO pecnoHaeHToB cobupatoT rpubsl (82%) n aroapl (70%) Ha Tepputopum ApxaHrenbckoi obnactu
camocTosTensHo. B cpegHeM 3a Hegento oHu ynoTpebnsior 180 r cBexwux unu 3aMopoxeHHbIx arod, 133 r sarog, ¢ MopcoM
(cokoM, KoMmnoToM), no 50 r rpuboB C CynoM Wi 0TBapHbIX/XapeHbix rpuboB. 3Havenns HQ ans Bcex TKENbIX MeTanioB
He npesbiwanu 1,0; HI, paccumTaHHble [ns cpefiHero ypoBHs noTpebneHns rpuboB 1 Arof, U CPeHEro ypoBHA 3arps3HeHUs
[MKOPOCOB TAXENbIMKU MeTannamm, He npesbiwany 1,0. lpu BbicokoM ypoBHe ynoTpebnenus rpubos (Po; — 417 r/Hen.)
n arof, (P, — 900 r/Hep.) 1 BbICOKOM YpOBHE WX 3arps3HeHUA TAXENLIMA MeTannamMi GopMUPYeTCs MOBbILLEHHbINA PUCK pa3-
BMTUSA 0DLLETOKCMYECKMX I DEKTOB CO CTOPOHBI SHAOKPUHHOM cucTeMbl (HI=2,27), opraHoB KpoBoobpaluenus (HI=2,0) u nu-
wesapeHnua (HI=2,0), HepBHoit U uMMyHHo# cucTeM (HI no 1,81), a Takke noyek (HI=1,25). YcTaHoBnEHO, YTO NpuU CpeaHEM
YPOBHE 3arpsi3HeHus NeCHbIe rpUbbl M Arofibl MOXHO yNoTpebnsTh 6e3 orpaHuyeHui. [py BbICOKOM YpoBHE 3arps3HEHNS rpu-
608 1 Aroa TAXENLIMU MeTannaMn Ha yposHe Py, He pekoMeHayeTcsa ynoTpebnats 6onee yeM 400 r necHbix rpubos n 650 r
NECHbIX Arof, B IEHb.

3aknioueHue. YcTaHOBEH NOBBILIEHHBIA PUCK Pa3BUTMSA 06LLETOKCUYECKUX IPDEKTOB 1 IHAOKPUHHON, HEPBHOW, UMMYH-
HOM CMCTEM, OpPraHoB KpOBOODPALLEHUS M MULLEBAPEHMS NPU BbICOKOM YNoTpebieHuu AUKopacTyLwmx rpubos 1 Arof U Bepx-
Hell rpaHuLe 3KCMO3WLMK TSKENBIMU MeTaiaMu.

KnioueBble cnoBa: rpubbl; Aroapl; TAXKENbIE METaNbI; OLIEHKA pUCKa; ApxaHrenbckas obnactb.
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BACKGROUND

One of the main tasks in ensuring the safety of public
nutrition is to reduce the threat of unacceptable risks caused
by chemical contamination of food products [1]. The Arctic
Monitoring and Assessment Program [2] reported that there
is insufficient information on the safety levels of traditional
local food products, such as wild mushrooms and berries,
in the Arctic zone of the Russian Federation. Wild plants
can accumulate heavy metals from the air, groundwater,
and soil in areas exposed to pollution by industries [3-5].
The level of heavy metals in food products is influenced
by their species specificity, concentrations of toxicants in
the soil and groundwater, and the proximity of wild plants
to the source of pollution. When ingested, heavy metals
have a toxic effect on the human body, which depends
on many factors, namely, dose, frequency and duration
of exposure, age, gender, individual susceptibility, and
genetic characteristics [6]. Heavy metals, such as lead (Pb),
arsenic (As), cadmium (Cd), and mercury (Hg), are systemic
toxicants and can have negative effects on various organs
and systems, including the reproductive, nervous, and
excretory systems [7—11]. Chronic intake of heavy metals
into the body can cause damage to the nervous system,
which manifests as an asthenovegetative syndrome [8].
Heavy metals can accumulate in the kidneys, causing
histological and functional damage to the renal tubules,
leading to the development of renal failure [11].

A risk assessment method is used to establish negative
health effects when exposed to chemicals that pollute the
environment [12, 13]. The characterization of general toxic
(non-carcinogenic) effects during exposure to heavy metals
allows consideration of their additive effects on critical
organs and systems.

Wild plants growing in the Arkhangelsk region contain
heavy metals in low concentrations [14, 15]. The sources
of heavy metals entering the environment in the territory
of the region are industries, including shipbuilding and
mechanical engineering, pulp and paper industry, thermal
power engineering, and transport. Another way by which
heavy metals enter the atmosphere of the region is the
transboundary transfer of polluted air masses from the
central industrial regions of Russia and Europe, which
leads to an increase in the content of heavy metals in all
environmental components [16]. Considering the widespread
consumption of wild mushrooms and berries in the region, it
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is necessary to assess the risk to public health of exposure
to heavy metal pollution of wild plants.

The aim of the study was to assess the risk of general
toxic effects associated with the consumption of wild
mushrooms and berries on the health of the adult population
of the Arkhangelsk region.

MATERIAL AND METHODS

Data on the content of heavy metals in wild plants for the
period 2015-2021 were obtained from the testing laboratory
of the agrochemical service station “Arkhangelskaya.”
A total of 132 samples of berries and 94 samples of
mushrooms were collected from the forest area near
Arkhangelsk and Severodvinsk, in the Pinezhsky, Primorsky,
Onega, Krasnoborsky, and Ustyansky districts. Quantitative
determination of Hg in samples (n = 88) was performed using
the colorimetric method according to GOST 26927-86 “Raw
materials and food products. Methods for the determination
of mercury.” The content of As (n = 129) was determined
on the analyzer “PAN-As" using the inversion voltammetry
method according to GOST 31628-2012 “Food products and
food raw materials. An inversion-voltammetric method for
determining the mass concentration of arsenic.” The contents
of Pb (n = 102) and Cd (n = 119) were determined on an
atomic absorption analyzer “Spektr-5" using the method of
atomic absorption spectroscopy according to GOST 30178-96
“Raw materials and food products. Atomic absorption method
for the determination of toxic elements.”

The quantity and frequency of consumption of mushrooms
and berries by the population of the Arkhangelsk region
were evaluated using a questionnaire. We used a modified
questionnaire from the Federal Research Center for Nutrition,
Biotechnology and Food Safety, which allows determination
of the frequency of food consumption over the previous
month, indicating the portion size.

A total of 445 people aged 18 and above who permanently
reside in Arkhangelsk, Novodvinsk, Severodvinsk, and
districts of the Arkhangelsk region (Primorsky, Pinezhsky,
Kholmogorsky) were surveyed.

Non-carcinogenic risk was calculated based on the
concentrations of heavy metals in wild mushrooms and berries
growing in the Arkhangelsk region (Table 1) [14]. Doses of
heavy metals polluting mushrooms and berries were
calculated taking into account the amount consumed and
body weight of the respondents according to four scenarios:

Table 1. Concentration of heavy metals in wild mushrooms and berries in the Arkhangelsk region

Metals Measures All types of mushrooms All types of berries Detection limits
Hg (mg/kg) Me (95% ClI) 0.013 (0.011-0.022) 0.006 (0.004-0.011) 0.003-0.6
As (mg/kg) Me (95% CI) 0.034 (0.027-0.082) 0.031 (0.021-0.054) 0.02-2.0
Pb (mg/kg) Me (95% ClI) 0.083 (0.039-0.134) 0.065 (0.036-0.099) 0.01-1.0
Cd (mg/kg) Me (95% CI) 0.040 (0.030-0.062) 0.022 (0.015-0.033) 0.01-1.0
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» the first scenario (standard) is the consumption of wild
plants and the content of heavy metals in them at the
median level (Me);

« the second scenario is the consumption of wild plants
at the level of the upper limit of exposure (P,,) and the
content of heavy metals in them at the level of Me;

« the third scenario is the consumption of mushrooms
and berries at the Me level and a high level of
contamination of wild plants (Py);

» the fourth scenario (the worst) is a high consumption
of mushrooms and berries (Py,) and a metal content
at the level of Py,

The levels of public health risk associated with
contamination of wild mushrooms and berries were
calculated according to the “Guidelines for assessing
public health risk from exposure to chemicals polluting
the environment” [12] and the methodological guidelines
“Determining exposure and assessing the risk of exposure
to chemical contaminants of food products on the
population” [13]. As the studied heavy metals (Hg, Pb, Cd,
and As) have cumulative properties, the dose load was
calculated incorporating the weekly consumption of berries
and mushrooms according to formula 1:

N
Li.1x(CxM))
Epm ", i)
BW
where E,; is the value of exposure to a contaminant, mg/kg
of body weight per week;

C, is the concentration of the substance in specific foods,
mag/kg;

M, is the mass of the product consumed, kg/week;

BW is the calculated average body weight of the respondents
(68 kg), and

N is the total number of products included in the study.

The risk of developing general toxic effects for individual
substances was characterized by calculating hazard
coefficients (HQ) — the ratio of the exposure dose of a
chemical to its safe (reference) exposure level (formula 2):

. By
HA=RiDo
where HQ, is the hazard coefficient of exposure to substance ;
E,, is the dose, mg/kg of body weight per week, and
RfDo is the reference dose for oral administration, mg/kg/
week.

The values of the conditional tolerated weekly intake
were used as reference doses for the studied metals [12].

The risk of non-carcinogenic effects on critical organs
and systems was assessed by calculating hazard indices
(HI) the sum of hazard coefficients for substances with a
unidirectional mechanism of action (formula 3).

HI=ZHQ, Q)

where Hl is the hazard index;
HQ, is the hazard coefficients for chemicals that have an
effect on the same critical organs and systems.

)
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If HQ and HI did not exceed 1.0, the risk level was
considered acceptable.

The recommended daily safe intake (Recommended food
daily intake limit, RFDIL) of wild berries and mushrooms,
considering the content of heavy metals in them, was
calculated according to the method presented by Dudarev et
al. [17], according to formula 4:

TDIxBW
RFDIL= xc , ()

where RFDIL is the recommended daily safe intake (kg/day
per person);
TDI is the permissible daily dose, mg/kg, developed by the
joint FAO/WHO Expert Committee on Food Additives [18, 19];
BW is the average body weight of the respondents (68 kg),
and
C is the concentration of the contaminant (mg/kg).
Quantitative data were tested for normality using the
Kolmogorov—Smirnov test. As the distribution of data
significantly deviated from normality, the median (Me), 95%
confidence interval for the median (95% Cl), and the 90th
percentile (P o) were used to characterize them. Categorical
variables were expressed as percentages. The critical level of
statistical significance was 0.05. The STATA software, version
17, was used for statistical data analysis.

RESULTS

The average age of the respondents was 37 years (Pys s
24-50 years). Most of the respondents were women who
constituted 77% of the respondents. By occupation, most of
respondents were specialists (40%), university and college
students (20%) and pensioners (12%). The average body
weight of the adults surveyed was 68 kg (P, ;5: 58-80 kg).

The survey revealed that 96% of respondents consume
wild berries and 83% consume wild mushrooms. Most of the
respondents pick berries and mushrooms on their own in the
Arkhangelsk region (82% and 70%, respectively).

One third of the respondents consume from one to five
types of berries and mushrooms, about 45% consume from
six to ten types of berries and mushrooms. Among berries,
respondents preferred lingonberries, cranberries, and
blueberries, and among mushrooms, they preferred edible
boletus, rough boletus, and aspen mushrooms.

The frequency of consumption of mushrooms and
berries is influenced by the season of the year. As in other
Arctic territories, the population in the Arkhangelsk region
consumes mushrooms and berries more in the warm season
of the year, because of the seasonality of wild plants.

In the warm period of the year, 8.8% of respondents
consume berries daily, and in the cold period, only 2.7%
of respondents consume berries daily. In the summer
and autumn seasons, most respondents consume berries
2-3 times a week (27.6%), and the frequency of mushroom
consumption by most respondents (27.6%) ranges from
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1 time a week to 1 time a month (32.4%). In the winter and
spring seasons, most of the respondents consume berries
and mushrooms once a month (35.3 and 55.3%, respectively).

Respondents who consume wild berries consume an
average of 180 g of fresh or frozen berries per week, 133
g of berries with fruit juice (juice, compote), 38 g of soaked
berries, 33 g of berry jam, and 13 g of berries in pie filling.
Respondents who consume wild mushrooms consume an
average of 50 g of mushrooms with soup or boiled/fried
mushrooms, 25 g of salted mushrooms, 15 g of pickled
mushrooms, and 20 g of mushroom caviar per week. At the
Po, level, the consumption of berries is 2-8 times higher,
and that of mushrooms is 6—12 times higher than that of the
average consumption at the Me level (Table 2).

A comparative characterization of the calculated
doses for the four scenarios revealed that the quantity of
mushrooms and berries consumed is essential in the dose
load of contaminants. However, the contribution of berries
to the total dose load of all metals for the first scenario is
higher than for mushrooms, and amounted to 53%-70%. For
the second and third scenarios, the largest contribution of
berries to the dose load was As (60%—63%), Pb (60%), and
Cd (51%-56%). For the fourth scenario, only As (53%) was
contributed. The contribution of mushrooms to the total dose
of Hg is higher than that of berries for the second, third, and
fourth scenarios (53%—65%). The contribution of mushrooms
to Pb for the second and fourth scenarios was 51 and 58%,
respectively, and to Cd for the fourth scenario was 51%.

The HQ values for all heavy metals and for all exposure
scenarios did not exceed 1.0, indicating an acceptable risk
level. For the first and third exposure scenarios, the HQ
values occur in the following descending order: Cd - Pb -
As — Hg. For the second and fourth impact scenarios, the
order of the HQ levels is as follows: As = Pb — Cd - Hg.
This indicates that at an average level of contamination of
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mushrooms and berries with heavy metals, Cd is the greatest
risk to health, and at the upper limit of exposure at the level
of Py, As is the greatest risk to health (Table 3).

Analysis of the contribution of individual dishes of
berries and mushrooms to the total dose (Fig. 1) of all
heavy metals, regardless of the exposure scenario, showed
that the consumption of fresh berries and berry morses
contributes 26.1 and 19.4%, respectively. Mushroom soup
and fried mushrooms contributed 13.2% each to the dose
load of heavy metals. The contributions of salted and pickled
mushrooms and mushroom caviar were 6.6, 4.8, and 5.3%,
respectively. The contributions of berry filling, jam, and
soaked berries were insignificant amounting to 1.9, 4.8, and
5.5%, respectively.

The HI values for critical organs and systems under the
influence of heavy metals with unidirectional action for the
first, second and third exposure scenarios did not exceed 1.0,
indicating an acceptable risk level (Table 4). For the fourth
scenario, Hl values exceeding 1.0 were recorded for the
endocrine system (2.27), circulatory organs (2.00), digestive
system (2.00), kidneys (1.25), and nervous and immune
systems (1.81 each). The main contribution to HI for the first,
second, and third impact scenarios was made by berries
(50%—64%), but for the fourth scenario by mushrooms
(51%-57%). Because of the high consumption of mushrooms
and their high level of contamination with heavy metals, they
constitute a high risk of general toxic effects on the endocrine
system, circulatory and digestive organs, kidneys, and the
immune system.

Considering the actual levels of contamination of
mushrooms and berries growing in the Arkhangelsk region,
the permissible safe consumption for public health was
calculated and is shown in Table 5. At an average level of
pollution, forest mushrooms and berries can be consumed
without restrictions. Because of a high level of contamination

Table 2. Amount of berries, mushrooms, and dishes made from them consumed by the adult population of the Arkhangelsk region per

week, grams per person

Product Median 90th percentile 95% CI for the median
Fresh berries 180 900 60-180
Frozen berries 180 440 60-180
Berry jam/berries crushed with sugar 33 100 17-33
Pickled berries 38 300 25-97
Berry filling in pies 13 100 13-17
Berry juice, mors, compote 133 667 133-200
Mushroom soup 50 417 41-83
Boiled/fried mushrooms 50 300 25-90
Salted mushrooms 25 300 25-75
Pickled mushrooms 15 180 15-25
Mushroom caviar 20 148 10-25

DOl https://doiorg/10.17816/hurmeco624154




ORIGINAL STUDY ARTICLE

Vol. 31 (1) 2024

Ekologiya cheloveka (Human Ecology)

Table 3. Doses (ug/kg/week) and hazard coefficients (units) of heavy metals entering the body through the consumption of mushrooms

and berries
Metals Scenario 1 Scenario 2 Scenario 3 Scenario 4
Doses, pg/kg/week
Mercury 0.07 0.18 0.48 1.34
Arsenic 0.26 2.13 1.82 15.23
Lead 0.58 1.79 4.04 13.24
Cadmium 0.22 0.44 1.60 3.19
Hazard Quotient (HQ), units
Mercury 0.01 0.04 0.10 0.27
Arsenic 0.02 0.14 0.12 1.02
Lead 0.02 0.07 0.16 0.53
Cadmium 0.03 0.06 0.23 0.46

Note. HQ <1.0 corresponds to the acceptable risk, when HQ >1, the the probability of occurrence of harmful effects in humans increases

proportionally to the increase in HQ.

40 19

13.2

O Fresh berries

O Berry mors

O Mushroom soup

O Fried mushrooms
O Salted mushrooms
O Pickled berries

= Mushroom caviar
O Berry jam

m Pickled mushrooms

o Berry filling in pies

Fig. 1. Contribution of wild mushrooms, berries, and dishes made from them to the total intake of heavy metals, %.

Table 4. Hazard index for critical organs and systems associated with the consumption of mushrooms and berries contaminated with heavy

metals
Organs and systems Scenario 1 Scenario 2 Scenario 3 Scenario 4
Endocrine system 0.09 0.31 0.61 2.27
Circulatory organs 0.07 0.28 0.51 2.00
Digestive organs 0.07 0.28 0.51 2.00
Kidneys 0.07 0.17 0.49 1.25
Blood system 0.05 0.13 0.39 0.99
Nervous system 0.05 0.25 0.38 1.81
Immune system 0.05 0.25 0.38 1.81

Note. HI <1.0 corresponds to minimal risk; HI=1.1-3.0 corresponds to permissible (acceptable) risk.
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Table 5. Upper limits of recommended daily intake of mushrooms and berries (grams per day) by concentration of heavy metals

Forest mushrooms Forest berries
Metals
Median 90t percentile Median 90 percentile
Mercury No limits 880 No limits No limits
Arsenic No limits 400 No limits 650
Lead No limits 630 No limits No limits
Cadmium No limits 820 No limits No limits
All metals No limits 400 No limits 650

of mushrooms and berries with heavy metals (Py), it is
not recommended to consume more than 400 g of wild
mushrooms and 650 g of wild berries per day.

DISCUSSION

In this study, an assessment was made of the risk
of developing general toxic effects on the health of the
population of the Arkhangelsk region due to exposure to
heavy metals contained in wild mushrooms and berries.
The HQ values for all heavy metals and for all exposure
scenarios did not exceed 1.0, suggesting an acceptable risk
level. A high risk of general toxic effects on critical organs
and systems occurs only at a high consumption of wild
mushrooms and berries and the upper limit of exposure to
heavy metals. Mushrooms are the main contribution to HI
for this exposure scenario.

The risk levels depend on the amount of wild plant
material consumed and their heavy metal content. Our
findings indicate that the consumption of fresh berries by
the population of the Arkhangelsk region is 180 g per week,
which is comparable to the consumption of wild berries by the
population in Finland (158 g per week) [20]. The consumption
of wild (boiled/fried) mushrooms in the Arkhangelsk region
is 50 g per week, which is two times less than the quantity
of wild mushrooms consumed by the population in the
Murmansk region (96 g per week) [21].

The content of Hg, Cd, and Pb in wild mushrooms of the
southern countries is 20%-40% lower than those recorded
for the Arkhangelsk region in this study. The average
concentrations of As in wild plants of the Arkhangelsk region
are 16 and 38% lower than those in wild mushrooms in China
(0.040 mg/kg) and Bangladesh (0.047 mg/kg) [22, 23].

Analysis of the contribution of heavy metals to the dose
load in the consumption of wild plants of the Arkhangelsk
region revealed that in the standard scenario, the main
contribution to the dose is by Pb (51%), and in the worst-
case scenario As (46%) is the main contributor. In the
Pechengsky District of the Murmansk region, fungi are the
main contributor to the intake of Pb (35%) and Cd (91%) from
the diet [21]. In Poland, mushrooms are a significant source
of Hg and Cd, with contributions to the dose load of 43 and
28%, respectively [24].

DOl https://doiorg/10.17816/hurmeco624154

In line with findings of previous studies [22, 23, 25,
26], the calculated HI for the adult population at the level
of average consumption of wild foods did not exceed 1.0.
A study in Poland [24] recorded a high risk of cardiovascular
and nervous system diseases due to regular consumption of
wild mushrooms by adults. In Romania, the HI values for the
child population when consuming wild plants contaminated
with heavy metals were 3.3-6.5 in the age groups 1-3 years
and 610 years, which corresponds to a high-risk level [27].

In the Chukotka Autonomous Okrug, mushrooms growing
in the region have a low content of heavy metals, but wild
berries contained Cd in concentrations exceeding the hygienic
threshold [28]. It has been established that mushrooms
collected in the coastal zone of the Bering Strait can be
consumed without restrictions, and berry consumption should
not exceed 300 g/day [17]. In this study, the permissible safe
consumption of wild plants containing heavy metals at the
upper limit of exposure (P o) is high, being 400 g/day for
mushrooms and 650 g/day for berries.

One of the limitations of this study is the predominance of
women among the respondents (77%), which may affect the
extrapolation of the study results to the whole population as
the difference in the frequency and quantity of consumption
of wild mushrooms and berries between men and women
may be significant. Additionally, the duration of the study was
short— from May to October 2021. Respondents might have
found it difficult to specify the frequency of consumption of
wild plants in the winter-spring season of the year, which
could compromise the consumption data for this season.

CONCLUSION

Average consumption of wild mushrooms and berries
growing in the Arkhangelsk region, with an average level of
heavy metal pollution, is safe for public health. A high level
of consumption of mushrooms and berries and high level of
contamination of wild plants with heavy metals pose a high
risk of development of general toxic effects on the endocrine
system, circulatory and digestive systems, kidneys, and the
immune system. Because of the high level of contamination
of mushrooms and berries with heavy metals (Py), it is
not recommended to consume more than 400 g of wild
mushrooms and 650 g of wild berries per day. In light of
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these findings, we recommend monitoring of the levels
of contaminants, including heavy metals, in wild-growing
mushrooms and berries.
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