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Abstract–Research on the concentrations of the metals Cu, Cd, Fe, and Mn showed no significant relation-
ships between metal concentrations in water and in brown algae of the Sea of Japan with background concen-
trations. A significant correlation between metal concentrations in the environment and in the algae was
found for zinc; it was the only metal with a wide variation in concentrations exceeding background levels in
the habitat of macrophytes. Correspondingly, the only significant correlation between the bioaccumulation
factor (BAF) of seaweeds from the Sea of Japan and the content of this element in seawater was found for zinc.
It was shown for all studied metals that the highest and most variable BAF values for algae were observed
within the background range of metal concentrations in the aquatic environment, which allows us to express
the background range (the range caused by natural conditions) graphically. Thus, the high variability of the
BAF values of aquatic organisms in the background environmental conditions necessitates very cautious
interpretation of biomonitoring data.
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INTRODUCTION

The use of aquatic organisms for biomonitoring of
environmental pollution is based on the dependence
of their chemical composition with the chemical com-
position of the environment. This dependence for
aquatic organisms has been established in toxicologi-
cal experiments [44, 45] and confirmed by a number
of field measurements [21, 24, 30, 32]. It was shown
that the relationship between metal concentration in
bioindicator algae and in seawater should be linear,
which means the constancy of the accumulation coef-
ficient for a particular element in a wide range of its
content in the environment [35]. However, the rela-
tionship between the chemical composition of water
and that of aquatic organisms in their natural habitat is
statistically significant and is detected, as a rule, when
there is a wide (more than two orders of magnitude)
range of element concentration in the environment
[24, 25]. Under natural conditions, the chemical com-
position of aquatic organisms, in addition to the con-
centration of dissolved metal forms, is also influenced
by other factors that were described in the literature
mainly at the end of the 20th century: the amount of
elements in the suspended matter and in bottom sedi-
ments, especially through trophic transfer into hydro-
bionts [6], as well as hydrodynamic conditions that

provide the speed of water mixing, the presence of
organic compounds that are capable of binding chem-
ical elements in the composition of exo- and endome-
tabolites, and the physiological peculiarities of hydrobi-
onts themselves [2, 3, 17, 39, 43]. The difference in the
time scales of biogeochemical processes in organisms
and in the environment is an important issue [45].

Many researchers, based on the existence of a lin-
ear relationship between the concentration of ele-
ments in water and in organisms, have calculated bio-
accumulation or bioconcentration factors [26, 45].
The bioaccumulation factor (BAF) is the ratio of the
element concentration in hydrobiont tissues (μg/g d.w.)
versus its concentration in dissolved form in ambient
waters (μg/mL); the ratio is calculated on the basis of
data obtained in field studies. The numerator is the
concentration that integrates all natural sources of the
element, which are available to the aquatic organism,
including dissolved and suspended forms, as well as
those obtained with food [25, 38]; the denominator is
the concentration of the dissolved metal in the ambi-
ent waters. The bioconcentration factor (BCF) is
expressed as the ratio of the element concentration in
an organism (μg/g d.w.) to the concentration of this
element in the dissolved form in ambient water
(μg/mL), which is calculated based on data obtained
in short-term experiments with the exposure of organ-
191
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isms in water with the known metal concentration. It
was proposed to use the BAF and BCF to recalculate
the concentrations of the metal in the environment
through their concentration in organisms, and vice
versa [45, 46].

Another important task of biogeochemical moni-
toring is determination of the ecological status of
aquatic systems based on the determination of the
maximum allowable concentrations of metals in indi-
cator organisms of various systematic groups. In addi-
tion to the toxicological approach, several other meth-
ods are currently being applied in biomonitoring
research [23, 40, 42, 46] including the use of the BAF
[29]. However, in order to use this factor to recalculate
the content of the element in the body to the concen-
tration of the element in the medium, the rate of accu-
mulation and extraction of the element concentration
must be constant and the relationship between the
BAF (BCF) of indicator organisms and the metal con-
tent in water should give a straight line graph parallel
to the abscissa axis. Such a relationship was shown by
Fehrmann and Pohl in their study of the adsorption of
cadmium by dry algal tissues [27]. However, experi-
ments on living algae show that the rate of accumula-
tion and the BCF decrease with an increase in the
metal concentration in the medium [20, 45]. How-
ever, the experiments use a deliberately increased con-
centration of metals, which is practically unattainable
in the natural environment. Thus, the BCF value cal-
culated in the experiments should be very carefully
used for recalculation of the concentration of the ele-
ment in organisms and in the natural environment
[45]. At the same time, a negative (logarithmic) rela-
tionship was found between the concentrations of
trace elements in water and BAF values for many
aquatic organisms (invertebrates, fish, and algae)
under natural conditions [25, 38]. Such a connection
imposes restrictions on biomonitoring with respect to
the possibility of recalculating the concentrations of
metals in the indicator organism on the content of ele-
ments in water using the BAF values obtained in the
natural environment.

The aims of this work were: (1) to calculate the
BAF values for macroalgae based on published and
own data for the western part of the Sea of Japan; (2)
to consider changes in the BAF values with depen-
dence on the concentration of dissolved metals forms
in the ambient waters; and (3) to evaluate the possibil-
ity of using the BAF in order to clarify the background
concentrations of metals in the environment and in
macroalgae.

MATERIALS AND METHODS
To calculate the BAF values, we used our own data

obtained in 1987 on the contents of Fe, Mn, Zn, Cu,
Cd, and Ni in water and in algae from the western Sea
of Japan (Fig. 1), as well as the literature data on metal
contents in macrophytes (brown, red, and green algae)
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and in water in their habitats (Table 1). To determine
the metal concentration, algae and water were col-
lected in the summer from a depth of 1–2 m. The algae
were thoroughly washed with water from the sampling
site and placed in plastic containers and then packed
in plastic bags and delivered to the laboratory. The
algae were dried at a temperature of 85°C in a drying
cabinet between sheets of filter paper to avoid contact
with metal parts, thoroughly cleaned of fouling, and
packed in clean paper bags for storage. Subsequently,
algae, homogenized in an agate mortar (a combined
sample of three to five specimens from one sampling
site), in three replications were mineralized with con-
centrated HNO3 (ultra high purity).

Simultaneously with sampling of algae, water sam-
ples were taken in a plastic canister; the canister was
packed in polyethylene and delivered to the vessel. On
the day of sampling, water samples were filtered using
a vacuum pump through a Millipore Durapore®
Membrane Filter, 0.45 μm pore size. The filtrates were
stored in a refrigerator in plastic containers with the
addition of HNO3 of ultra high purity grade up to
pH 1–2. Trace elements were concentrated 100 times
by liquid extraction in a diethyldithiocarbaminate-
Na-chloroform system, determined on a Nippon Jar-
rel Ash AA-780 atomic absorption spectrophotometer
in the f lame variant without background correction.
The degree of extraction of dissolved ionic forms of
metals after concentration (85–95%) was repeatedly
verified experimentally by the “introduced and
found” method.

The content of metals (Fe, Mn, Zn, Cu, and Cd) in
algae was determined by the atomic absorption
method on a Nippon Jarrel Ash AA-780 instrument in
acetylene f lame. The correctness of determination of
the metal concentrations in the samples was moni-
tored by blank experiments, the method of additives,
and the analysis of the standard sample of bottom sed-
iments SDO-1. The measurement error was 7–10%.

The BAF was calculated by dividing the metal con-
centration in the alga (μg/g d.w.) by the concentration
of the dissolved metal in water (μg/mL). The Excel
and Statistica 6 programs were used to construct the
figures and to calculate the regression equations, the
BAF, and the correlation coefficients.

RESULTS
The BAF values for all macroalgal species, calcu-

lated on the basis of our own and the literature data,
were characterized by high variability depending on
the content of dissolved metals in the medium (Fig. 2).
Thus, the dispersion of the BAF values for zinc in
algae of the World Ocean varied in the range of four
orders of magnitude, that is, from 2 × 102 to 1.4 × 105,
while the maximum dispersion of values corresponded to
Zn concentrations in water up to 2.5 μg/L (Fig. 2). At the
western coast of the Sea of Japan, the maximum and
NAL OF MARINE BIOLOGY  Vol. 45  No. 3  2019
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Fig. 1. Sampling stations along the western coast of the Sea of Japan. 
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most variable BAF values for Zn (2.8 × 104–1.4 × 105;
coefficient of variation 52%) were determined for Sil-
vetia babingtonii (Harvey) that grows in an environment
with a concentration of dissolved zinc of 0.2–0.8 μg/L
(Table 2). The BAF values for copper in algae of the
World Ocean varied from 5.95 × 102 to 5.23 × 104. The
maximum and most variable BAF values were
obtained when the Cu content in the environment was
up to 1.3 μg/L (Fig. 2). In the Fucus algae of the Sea of
Japan, all BAF values (1.9 × 103–5.2 × 104) were
recorded in water with a concentration of the dissolved
element up to 0.7 μg/L (Table 2). The BAF for lead
varied between 1 × 10–1 and 6.9 × 105 in the algae of
the World Ocean. The maximum and most variable
BAF values for Pb were in the range of 0.02–0.03 μg/L
of the element dissolved in water (Table 2; Fig. 2). The
BAF values for Fe and Mn in algae of the World Ocean
varied from 4.4 × 102 to 6.6 × 105 and from 2.1 × 102 to
8.8 × 105, respectively (Fig. 2). In an environment
where the concentrations of the dissolved forms of Fe
and Mn did not exceed 10 μg/L (Table 2) the BAF val-
ues for these elements in algae were the highest and
most variable. The highest and most variable BAF val-
ues for Fe and Mn in the algae of the western coast of
the Sea of Japan were recorded in seawater with a con-
tent of dissolved metals of 0.2–2.5 and 0.2–8.0 μg/L,
respectively (Table 2). The BAF Cd values in the algae
of the World Ocean varied from 50 to 8.3 × 104. The
RUSSIAN JOURNAL OF MARINE BIOLOGY  Vol. 45 
algae from waters with a Cd content up to 0.4 μg/L had
the highest and most variable BAF values (Fig. 2) for
this metal. In the Sea of Japan, all BAF values (4.1 ×
103–2.9 × 104, the coefficient of variation 45%) were
recorded in algae from waters with a cadmium content
of 0.08–0.3 μg/L (Table 2).

DISCUSSION

It was previously shown that marine and freshwater
invertebrates (bivalve and gastropod mollusks, poly-
chaetes, and crustaceans) have a significant negative
linear relationship between the logarithms of the BAF
and the content of metals, such as Zn, Cu, Hg, Cr, Cd,
Pb, and As, in ambient water [25, 38]. This relation-
ship appeared to be insignificant only for selenium in
marine invertebrates, as well as for arsenic and cad-
mium in freshwater organisms. A significant negative
correlation between the BAF logarithm for the algae
and the element concentration in water was previously
confirmed for Cd, Zn, Ni, and Cu, but not for Pb [39].
On the basis of the literature and our own data (Table 1),
a significant negative relationship was found between
the BAF logarithms for the macroalgae and the con-
tent of dissolved metals for Fe, Cr, Mn, Zn, Pb, Ni,
and Hg in seawater (Table 3). For cadmium, the neg-
ative relationship was insignificant. At the same time,
when using only our own data on the metal contents in
 No. 3  2019
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Table 1. Algal species used in calculations of the bioaccumulation factor (BAF)

Species Metals Reference

Cystoseira sp., Ulva sp., Enteromorpha sp., Padina pavonica,

Caulerpa racemosa, Codium fragile, Gracilaria gracilis

Cd, Pb, Cr, Cu, Zn, Fe [17]

Caulerpa sertularioides, Dictyota dichotoma, Halimeda opuntia,

Galaxaura obtusata, Cystoseira myrica, Hypnea musciformis, Penicilus 
sp., Chaetomorpha crassa, Rhipocephalus phoenix, Dictyosphaeria

cavernosa, Laurencia poiteaui, Plenosporium sp.

Cd, Pb, Cu [34]

Enteromorpha sp. Cd, Pb, Cr, Cu, Zn, Mn, Ni [48]

Ulva sp., Fucus vesiculosus, Polysiphonia lanosa,

Ascophyllum nodosum

Cd, Pb, Cr, Cu, Zn, Mn, Ni [42]

Acathofora specifiera, Enteromorpha sp., E. compressa,

Hypnea sp., Ulva lactuca, Lola capillaries, Caulerpa racemosa,

Padina gymnospora, Acathofora delilei, Dyctiota bartairesiana,

Fucus spp., Sargassum polycystum, Gracilaria verrucosa,

Lola sp., Caulerpa scalpeliformis, Dyctiota dichotoma

Cd, Pb, Cr, Cu, Zn, Mn, Ni, Fe [25]

Enteromorpha sp., Ulva rigida Cr, Ni [31]

U. rigida Cd, Pb, Cu, Zn [32]

U. rigida Cd, Pb, Cr, Cu, Zn, Mn, Ni, Fe [38]

Padina pavonica Cd, Pb, Cr, Cu, Zn [23]

Sargassum polycystum, S. swartzii, S. mcclurei Cd, Cu, Zn, Mn, Fe [10]

Enteromorpha sp., Porphyra sp. Hg, Cd, Cu, Pb [37]

Sargassum pallidum, S. miyabei, Stephanocystis crassipes,

Fucus evanescens, Pelvetia wrightii, Ulva fenestrata

Cd, Cu, Zn, Fe, Mn, Ni, Pb This work

Table 2. The concentrations of dissolved metals (μg/L): (1) background levels for the coastal waters of the Sea of Japan [14, 15];
(2) concentrations corresponding to the most variable BAF values in algae of the Sea of Japan; (3) concentrations corresponding
to the most variable values of BAF in algae of the World Ocean

Characteristics
Metal

Zn Cu Cd Pb Fe Mn

1 To 0.5–0.8 0.3–1.2 0.005–0.04 0.05–0.1 1–10 2.6–20

2 0.2–0.8 Up to 0.7 Up to 0.3 – 0.2–2.5 0.2–8.0

3 Up to 2.5 Up to 1.3 Up to 0.4 Up to 0.03 Up to 10 Up to 10
Silvetia babingtonii, Stephanocystis crassipes (Mertens
ex Turner), and Saccharina japonica (J.E. Areschoug)
from the Sea of Japan, growing in a narrower range of
metal concentrations in waters, a significant correlation
was found only for Zn (Table 4).

High and variable BAF values for algae at low metal
concentrations in the environment (Fig. 2) can be
explained by several issues. In particular, in the range
of low values, the error in determination of the metal
content in the natural environment and in hydrobionts
is higher. In addition, many data on the content of
heavy metals in natural waters obtained before the
1990s were recognized as overestimated because of
RUSSIAN JOUR
imperfect sampling and determination errors [8, 14,
18]. Inflated data on the content of elements in water
underestimate the BAF values. However, the results
we obtained in 1987 for Fe, Mn, Cu, Zn, and Cd are
consistent with more recent data (Table 1; Fig. 2).

High values of natural BAF values at low concen-
trations of metals in the medium were experimentally
confirmed [34, 45]. Thus, the BCF values and the rate
constants of metal absorption obtained for the green alga
Ulva lactuca L. were higher in waters with low concentra-
tions of metals (Cd 0.5–2 μg/g, Zn 1–5 μg/g) than in
waters with high concentrations of these elements (Cd
10–50 μg/L, Zn 20–100 μg/L). However, even low
NAL OF MARINE BIOLOGY  Vol. 45  No. 3  2019
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Fig. 2. The bioaccumulation factor (BAF) values of algae of the World Ocean and the Sea of Japan, with the dependence on the
concentration of the dissolved metal in seawater. The dashed line is a curve (logarithmic or power) that most accurately describes
the relationship between the parameters; R2 is the coefficient of approximation.
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concentrations of metals in the experiment were 2–
25 times higher than in natural waters [45]. A decrease
in BCF values was also found for U. lactuca kept in
water contaminated with one of the five elements, Cd,
Cu, Pb, Zn, and Ni, at a concentration from 10 to
100 μg/L [34]. Thus, the experimental data on the cal-
culation of the values of BCF and BAF confirm that
RUSSIAN JOURNAL OF MARINE BIOLOGY  Vol. 45 

Table 3. Linear correlation coefficients (r) between Ln BAF 
tration in water, μg/L)

* The differences are significant at p = 0.01.
Ln is the natural logarithm; n is the sample size.

Coefficient Hg Cd Pb Cr

r –0.71* –0.18 –0.57* –0.79*
n 31 137 130 69
with increasing concentrations of metals in the
medium, the values of these factors and the intensity
of accumulation of elements in aquatic biota decrease.
Since the highest and most variable BAF values are
observed with a low concentration of metals in water, it is
necessary to estimate how these concentrations in the
ambient waters correspond to the background level.
 No. 3  2019

(algae of the World Ocean) and Ln C (C is the metal concen-

Cu Zn Fe Mn Ni

–0.45* –0.74* –0.92* –0.84* –0.66*
137 74 59 40 46
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Table 4. Parameters of significant (p < 0.05) linear relationship equations (Y = aX + b): concentrations of dissolved metals in
water of the Sea of Japan (X), concentrations of metals in algae (Y); concentration of dissolved metals in water (X), BAF (Y)

Ln is the natural logarithm; R2/r is the approximation coefficient/linear correlation coefficient; a, b, coefficients of linear equations;
n is the number of pairs of values.

Species X Y a b R2/r n

Stephanocystis crassipes Ln Cd Ln Cd 0.36 1.53 0.27/0.51 19

Ln Cu Ln BAF Cu –0.82 7.81 0.31/–0.56 19

Ln Fe Ln Fe 0.18 3.82 0.24/0.49 19

Zn Zn 2.67 16.28 0.61/0.78 19

Ln Zn Ln BAF Zn –0.74 9.93 0.93/–0.96 19

Silvetia babingtonii Ln Cu Ln BAF Cu –0.54 8.21 0.45/–0.67 12

Zn Zn 36.99 8.14 0.89/0.95 12

Ln Zn Ln BAF Zn –0.43 10.60 0.4/–0.64 12

Sacсharina japonica Ln Fe BAF Fe –2059.3 13174.1 0.27/–0.52 15

Zn Zn 1.21 17.71 0.29/0.53 15

Zn Ln BAF Zn –0.37 10.73 0.76/–0.87 15
It was suggested that the following concentrations
of dissolved metals can be considered as the back-
ground levels for the coastal areas of the northwestern
part of the Sea of Japan: Zn, 0.5–0.8; Cu, 0.3–1.2; Pb,
0.05–0.1; and Cd, 0.04–0.05 μg/L [14, 15]. The back-
ground concentrations of Fe and Mn in the coastal
waters of this region are very variable, depend on the
season, and presumably are 1–10 and 2.6–20 μg/L
[14] (Table 2).

The correlation of BAF values for algae with the
corresponding concentration range of dissolved Cu,
Fe, Zn, Mn, Cd, and Pb in the coastal waters of the
northwestern part of the Sea of Japan (Table 2; Fig. 2)
shows that the highest and most variable BAF values
were actually obtained for the background range of
concentrations of these elements in the environment.
Thus, using the curve of BAF variability of metal con-
tents in the algae we can fairly accurately identify the
natural range of concentrations of elements in the
aquatic environment graphically. Zn and Cd, with
their BAF values being the most variable among algae
of the World Ocean, were the exceptions; these were
recorded for specimens from waters within the range
of concentrations exceeding the background level for
the Sea of Japan by 3 and 6 times (Table 2; Fig. 2). This
indicates the existence of water areas with higher back-
ground concentrations of these elements than in the
Sea of Japan. In particular, the average concentration
of dissolved Zn in the White Sea is approximately
2.9 μg/L [9], which corresponds to the borderline
concentration of the element in water with maximum
BAF values (Table 2). It is possible that these border-
line concentrations of the elements correspond to the
maximum value of the natural concentration in which
RUSSIAN JOUR
macrophytes are able to exist without additional
energy consumption for mobilizing the defense sys-
tems of the organism. Higher background concentra-
tions of cadmium might also be recorded in the open
waters of the western part of the Sea of Japan, where
the algal samples are collected, compared with the
background concentrations determined for the waters
of the coastal closed sea areas [14, 15]. This is due to
the fact that the concentration of dissolved Cd forms
in river waters (0.002–0.01 μg/L) is often lower than in
sea waters (0.05−0.08 μg/L) [19]. It was previously
shown that the Cd content in bioindicator organisms,
including algae, is higher in the open sea waters than
in closed coastal waters [4, 5, 12].

The high variability of BAF values in organisms
from an environment with low concentrations of trace
elements confirms that in waters with background
concentrations of metals the metal content in living
organisms is controlled not as much by the amount of
the element in the environment, as by other external
and internal factors. The most significant among these
are the species peculiarities, the physiological need for
elements, and accumulation of other chemical ana-
logues together with the elements, as well as an
increased filtration activity of hydrobionts at a low
availability of food [1, 44].

The background (the median) and threshold (the
median + double median of absolute deviations from
the median) concentrations of elements were deter-
mined for some mass species of algae and seaweeds of
the Sea of Japan [11–13]. It is assumed that organisms
with a metal concentration below the threshold values
inhabit water areas with the background environmen-
tal conditions. In the Sea of Japan, in the range of the
NAL OF MARINE BIOLOGY  Vol. 45  No. 3  2019
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Table 5. The maximum concentration of metals in algae (μg/g d.w.) from the water areas of the Sea of Japan with back-
ground levels of dissolved metals

In brackets, the threshold metal concentration in algae [12]; n.d., no data.

Species Zn Cd Cu Fе Mn

Fucus evanescens 35.6 (80) n.d. (3.1) 3.1 (4.1) 372 (100) 129 (169)
Silvetia babingtonii 34.3 (39) 1.2 (1.6) 5.5 (3.5) 120 (54) 16 (33)
Sargassum pallidum 14.3 (24) 2.3 (1.7) 3.5 (3.9) 130 (672) 183 (455)
Stephanocystis crassipes 23.9 (43) 2.1 (3.2) 3.3 (3.6) 142 (81) 47 (12)
Sacсharina japonica 26.3 (43) 1.5 (2.8) 5.2 (3.9) 108 (82) 7 (8)
background concentrations of dissolved Zn, the con-
tent of this element in Fucus evanescens (C. Agardh),
Stephanocystis crassipes, and Sargassum pallidum

(Turner) C. Agardh did not exceed the threshold val-
RUSSIAN JOURNAL OF MARINE BIOLOGY  Vol. 45 

Fig. 3. The concentrations of Cd (a, b), Zn (c, d) and Cu (e, f) 
with the dependence on the concentration of dissolved metal in
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ues for these species (Table 5; Fig. 3). In algae grown
in waters with concentrations of dissolved cadmium of
0.08–0.3 μg/L, the Cd concentration did not exceed
the threshold values (3.1–3.2 μg/g in Fucus and
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Fig. 4. The concentrations of Fe (a, b) and Mn (c, d) in some algal species from the western part of the Sea of Japan, with the
dependence on the concentration of dissolved metal in water. 
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Stephanocystis, 1.6–1.7 μg/g in Silvetia and Sargas-
sum), despite the fact that the values were higher than
the background (up to 0.05 μg/L) concentration of the
element in the environment (Table 5; Fig. 3). In waters
used for fishing, the maximum allowable concentra-
tion (MAC) for cadmium is 1 μg/L [7]. Macrophytes
are probably able to survive at higher Cd concentra-
tions than the background value found for the coastal
waters of the Sea of Japan, since the BAF values for
algae are higher and more variable in a wider range of
values for dissolved Cd in nature (up to 0.4 μg/L). As
well, the concentration of manganese in algae did not
generally exceed the threshold values in the background
range of the concentration of this metal in the environ-
ment (Table 5; Fig. 4).

In the range of background concentrations of Cu in
water (up to 1.2 μg/L), the concentration of this ele-
ment in algae from the western part of the Sea of Japan
reached 5.5 μg/g, which is slightly higher than the cal-
culated threshold concentrations, that is, from 3.5 to
4.1 μg/g in different species of seaweeds in the Sea of
Japan (Table 5; Figs. 3e, 3f). A similar situation was
also observed for iron: in the background range of the
concentration of this metal in the waters of the Sea of
Japan (Table 5; Fig. 4) its concentration in algae
exceeded the threshold level. This is probably due to
RUSSIAN JOUR
the fact that iron in seawater mainly has a suspended
form, while the suspension, which sticks to thalli, can
contribute to an increase in the concentration of this
element in macrophytes [6, 28].

In the background range of metal concentrations in
waters of the Sea of Japan, the concentrations of Cd,
Zn, and Mn in algae did not exceed the threshold val-
ues for the area, while the concentrations of Fe and Cu
in algae were sometimes higher than the threshold lev-
els. For iron, this is probably due to the presence of
readily available suspended forms that algae are able to
accumulate. Further research is required with respect
to accumulation of copper in algae.

The regression analysis of data for the Sea of Japan
showed that the highest and most significant coeffi-
cients of correlation and determination (p < 0.05) were
found between the zinc concentration in water and in
macrophytes, in water, and in the BAF of algae (Table 4).
The absence of a significant correlation between the
concentrations of Fe, Mn, Cu, and Cd in water and
their concentration in algae, as well as in water, and
the BAF of algae suggests that organisms live in the
environment with concentrations of these elements
that are physiologically determined for them (namely,
background levels). The presence of a significant cor-
NAL OF MARINE BIOLOGY  Vol. 45  No. 3  2019
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relation only in the range of Zn concentrations in the
environment that significantly exceed the background
level, that is, 0.3–7.4 μg/L (Fig. 4) confirms the
hypothesis that the relationship between the element
concentration in the environment and in aquatic biota
is detectable only when the concentration levels in the
environment and in the organic tissues differ by at least
two orders of magnitude [25]. 

Thus, algae of the Sea of Japan, in which the metal
concentrations did not exceed the threshold values,
live, as a rule, in an environment with the background
concentration of dissolved elements (except Cd). The
lack of correlation between the contents of Cd, Fe, Cu,
and Mn in the algae and in ambient water, as well as
the presence of this correlation for Zn, indicates that
this relationship depends on the range of concentra-
tion of the element in the enviroment. The highest
variability and BAF values of metals in algae were
recorded within the background range of metal con-
centrations in the environment; this allows the cre-
ation of a distinct graphical representation of the back-
ground ranges of concentrations in organisms and nat-
ural concentration ranges in their habitats. The high
variability of the BAF of hydrobionts in the back-
ground environmental conditions suggests that bio-
monitoring data should be interpreted very carefully.
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