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Abstract: The metal bioavailability concept is implemented in the Water Framework Directive (WFD)
compliance assessment. The bioavailability assessment is usually performed by the application of
user-friendly Biotic Ligand Models (BLMs), which require dissolved metal concentrations to be used
with the “matching” data of the supporting physicochemical parameters of dissolved organic carbon
(DOC), pH and Cadissolved. Many national surface water monitoring networks do not have sufficient
matching data records, especially for DOC. In this study, different approaches for dealing with the
missing DOC data are presented: substitution using historical data; the appropriate percentile of
DOC concentrations; and combinations of the two. The applicability of the three following proposed
substitution approaches is verified by comparison with the available matching data: (i) calculations
from available TOC data; (ii) the 25th percentile of the joint Bulgarian monitoring network DOC
data (measured and calculated by TOC); and (iii) the 25th percentile of the calculated DOC from the
matching TOC data for the investigated surface water body (SWB). The application of user-friendly
BLMs (BIO-MET, M-BAT and PNEC Pro) to 13 surface water bodies (3 reservoirs and 10 rivers) in
the Bulgarian surface waters monitoring network outlines that the suitability of the substitution
approaches decreases in order: DOC calculated by TOC > the use of the 25th percentile of the
data for respective SWB > the use of the 25th percentile of the Bulgarian monitoring network data.
Additionally, BIO-MET is the most appropriate tool for the bioavailability assessment of Cu, Zn and
Pb in Bulgarian surface water bodies.

Keywords: BLM; TOC; DOC; Fe; historical data

1. Introduction

The determination of metal species and their bioavailability depends crucially on
Dissolved Organic Matter (DOM). The presence of DOM is specified as a Dissolved Organic
Carbon (DOC) concentration, contrary to Natural Organic Matter (NOM), which is a
collective organic component of water. NOM is a complex mixture of leaf litter, organic
acids, proteins and many more complex organic molecules. The Total Organic Matter
(TOM) constitutes Particulate Organic Matter (POM) and DOM. The organic carbon results
of unfiltered samples are reported as Total Organic Carbon (TOC) and samples filtered
through a 0.45 µm filter are reported as DOC. Both results equal the mass of carbon present
in the mixture of organic compounds in the raw water/filtrate [1]. Sometimes TOC is
reported instead of DOC, but it should be stressed that the DOC concentration will always
be less than the concentration of TOC. DOC generally accounts for about 50% of DOM
in typical surface water bodies and is in the range between 1 and 15 mg/L. DOC mainly
comprises humic substances of natural origin, which is formed as a result of the breakdown
of plant and animal tissues by chemical and biological processes or from anthropogenic
sources [2].
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The bioavailability of Cu, Ni and Zn depends on DOC concentrations [3–5], with higher
concentrations of DOC resulting in reduced toxicity. Evidence suggests that the pH also has
a significant impact on metal bioavailability and toxicity in aquatic environments [6,7]. Major
cations (Ca2+, Na+, K+ and Mg2+) can also protect aquatic organisms against free metals by
competing on the biotic binding sites, e.g., fish gills [8]. The presence of dissolved Fe and Al
can affect the binding of the abovementioned metals to DOC due to their very high affinity
for complexation by DOC. In such conditions, the availability of binding sites for the less
strongly bound metals is reduced, resulting in an increase in their bioavailability for aquatic
organisms. Normally, bodies of water that are high in Fe and Al are associated with a lower
water pH (6.5–7.5), under which conditions both metals form insoluble precipitates.

DOC is a composite parameter for a heterogeneous mixture of polyfunctional poly-
mers and contains functional groups (ligands) that bind free metal ions (the most toxic
inorganic metal fraction) to reduce the interaction between free metal ions and aquatic or-
ganisms [9]. Discharge derived DOC (such as sewage effluents) is likely to be of a different
composition to natural DOC and comprises proteins, amino acids, polysaccharides and
synthetic chelating agents, such as ethylenediamine tetra acetic acid (EDTA). The current
evidence base suggests that this latter type of DOC has a much greater capacity for binding
metals compared with similar concentrations of naturally sourced DOC [10]. In bodies of
water with low pH, DOM–metal complexes are weaker, resulting in a release of bioavailable
ions and, therefore, an increase in the toxicity of the metal to aquatic organisms [11]. Tak-
ing DOM binding into account, the effect of considering bioavailability in environmental
quality standards (EQSbioavailable) [12] has been assessed by the use of user-friendly biotic
ligand models (BLMs), which has been proposed as a tool for regulating agencies. In the
Netherlands, the assessment of bioavailability is incorporated into policy documents [13].
Feasibility studies on the implementation of a bioavailability-based approach for metals
have been undertaken by several member states [14–19]. Guidance on how bioavailability
may be incorporated into compliance assessments, classifications and local risk assess-
ments is included in the recent EU Technical Guidance for deriving Environmental Quality
Standards (EQS) under the European Water Framework Directive (WFD) [20].

High-quality surface water monitoring data provide tools for the assessment of poten-
tial risks to aquatic species. Obtaining such reliable data should follow the principles of
surface water chemical monitoring under the WFD [21], including sampling, preservation
and analysis [22]. The analytical methods for every analyte of interest should comply with
the minimum performance requirements as stated in the QA/QC Directive [23]. A common
implementation strategy of the WFD to achieve a good status and prevent any deterioration
in the status (ecological and chemical) of European water bodies led to the development of
methods for deriving EQSs to be used for the status assessment of surface water bodies
(SWBs). Following these requirements, as a general prerequisite for WFD monitoring, EQS
compliance assessment and subsequent decision-making are reliably achieved. An EQS is a
limit for environmental disturbances, in particular from an ambient concentration of pollu-
tants and wastes, which determines the maximum allowable degradation of environmental
media. A water body cannot achieve a good chemical or ecological status if the EQS for
any WFD Priority or Specific Substance is exceeded.

The compliance assessment follows a tiered approach, which: (i) compares the annual
average concentration, calculated from monitoring data with the EQSbioavailable; (ii) uses
user-friendly tools (based on Biotic Ligand Models) for the calculation of local metal
bioavailability for a comparison between the measured dissolved metal concentration at
a site and the EQS; and (iii) considers the local background concentrations of metals as
a part of the EQS in the risk assessment [8]. The compliance assessment, which takes
into account the bioavailability and uses simplified and user-friendly bioavailability tools
(such as BLMs), requires that the concentration of dissolved metals (Cu, Zn, Ni, Pb and
Mn) preferably be used along with data for the supporting physicochemical parameters
of DOC, pH and dissolved Ca [24]. Due to temporal and spatial variations, data for all of
the required input parameters (dissolved metal concentrations, dissolved Ca, DOC and
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pH) should ideally be “matched” to increase the reliability of the results. Without these,
the simplified tools will either not run or not run reliably. The term “matched” means that
the required input parameters are all determined in the same sample, obtained from the
site of interest, to enable the identification of potential risks. A few of the member states
(including Bulgaria) are just starting the implementation of bioavailability-based EQS and
some of the required data are not fully available, especially for DOC, which is not routinely
measured in Europe. In such cases, two approaches are possible when dealing with the
missing DOC data: the use of historical monitoring data (e.g., data for similar and/or
neighbouring catchment types) and the use of substitute data. Such approaches should be
carefully chosen due to the quality of the available data—the dataset is likely to have been
collected with inadequate sampling protocols, insufficient analytical sensitivity and LOQ,
for a different purpose than the implementation of an EQS compliance assessment, with
different sampling frequency, etc. [25,26]. Different approaches to estimating DOC have
been proposed, including: UV absorbance [27,28]; colour measurements [29]; dissolved
iron [30]; fluorescence measurements [31]; and a modifying factor that is dependent on the
optical properties of DOC [32]. Any of the proposed approaches to estimating DOC should
be based on locally derived empirical relationships and proven to be valid for the studied
territory. Such data can be used for feasibility and screening assessments, but these need to
be assessed on a case-by-case basis.

The present study aims to propose a methodology to the national environmental
bodies for the implementation of BLM in compliance assessments when DOC data are
missing. The methodology comprises a selection of appropriate substitute approaches,
which are applicable for the environmental authorities and their validation, with the
matching data using the three most widely used BLMs: BIO-MET; M-BAT; and PNEC Pro.
In this manner, the metal bioavailability could be assessed using the most suitable pair of
substitute approaches and a user-friendly BLM.

2. Materials and Methods

Data for the concentrations of DOC, Fedissolved and TOC were obtained by the Bulgar-
ian Environmental Agency surface water monitoring programme. The database returned
over 27,000 measurement results for around 950 SWBs for the period 1 January 2010–
31 December 2020 (Figure 1).

The methods used by the different laboratories followed standardized procedures.
For the determination of pH, EN ISO 10523:2012 was used; for Ca, EN ISO 14911:2002
and ISO 6058:2002 were used; for DOC and TOC, EN 1484:2001 was used, including one
result for TOC that was obtained by EN ISO 6468:2006. Cu, Zn, Ni and Pb were measured
using EN ISO 17294-2:2016. The basic statistics of the dataset are presented in Table 1.
No outlier tests were performed and where the halved limit of quantitation (LOQ) data
was presented (for either DOC, Fedissolved or TOC), the whole dataset was omitted. Where
the calculated DOC/TOC ratio exceeded one, the concentrations were not used in the
subsequent calculations.

Table 1. The basic statistics of the monitoring data for the Bulgarian surface waters (2010–2020).

Monitoring Data

DOC Fedissolved TOC

Results 1829 13,234 11,943
Water bodies (n = 952) 143 513 545

Average 5.50 mg/L 68.61 mg/L 6.71 mg/L
Standard deviation 6.92 mg/L 602.61 mg/L 11.74 mg/L

Median 3.80 mg/L 22.00 mg/L 4.80 mg/L
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User-friendly tools (based on the BLMs) were used in the metal bioavailability calcu-
lations. For the application of BIO-MET (https://bio-met.net/, last accessed 25 October
2021), M-BAT (https://www.wfduk.org, last accessed 25 October 2021) and PNEC Pro
(http://www.pnec-pro.com/, last accessed 25 October 2021), data for the concentrations
of pH, DOC, TOC and Cadissolved were obtained by the open data portal of the Bulgarian
Environmental Agency surface water monitoring programme (https://data.egov.bg/data/
view/9ee2ca78-051d-4ec8-b8f8-1a1e93ee637e, last accessed 25 October 2021). A total of
13 water bodies—3 reservoirs (Dospat Dam, Pchelina Dam and Iskar Dam) and 10 rivers
(Strumeshnitsa, Mesta, Yantra, Dospat, Dragovishtitsa, Negovanka, Eleshnitsa, Struma,
Rusenski Lom and Iskar) were used for the comparison during the implementation of the
BLMs, and for which the matching datasets for DOC, TOC, pH, Ca, Cu, Zn, Ni and Pb were
available for 2020.

3. Results
3.1. Substitutes for Missing DOC

The Bulgarian Environmental Agency surface water monitoring programme revealed
a total of 1829 measurement results for DOC for all monitored surface water bodies since
2010 and 13,234 measurement results for dissolved Fe. The “matching” of the data indicated
805 results for DOC and Fedissolved. Unfortunately, nearly half of the results could not be
used for correlation between the parameters since most of the Fedissolved concentrations
were reported as LOQ/2. The analysis showed a poor correlation (R2 = 0.38, n = 445) when
“matched” data was used (Figure 2).

https://bio-met.net/
https://www.wfduk.org
http://www.pnec-pro.com/
https://data.egov.bg/data/view/9ee2ca78-051d-4ec8-b8f8-1a1e93ee637e
https://data.egov.bg/data/view/9ee2ca78-051d-4ec8-b8f8-1a1e93ee637e
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Figure 2. The relationship between the measured concentrations of DOC and dissolved Fe in
Bulgarian surface waters.

The Bulgarian Environmental Agency surface water monitoring programme contained
11,945 results for TOC concentrations in the 2010–2020 period. The “matching” data
indicated 736 results for DOC and TOC. The analysis showed a significant correlation
(R2 = 0.95, n = 736) when matched data was used (Figure 3) and a conversion factor
DOC = 0.81 × TOC could be applied for missing DOC data.
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Figure 3. The relationship between the measured concentrations of DOC and TOC in Bulgarian
surface waters.

3.2. Substitutes in the Absence of Matching Data

The UK [9] and France [18] have adopted an approach to use the 25th percentile of the
DOC concentrations for estimating DOC when the matching data are unavailable. In this
paper, the calculated DOC concentrations using the TOC data (DOC = 0.81 × TOC) was
used as a substitute. Furthermore, the 25th percentile of the DOC concentrations (2.4 mg/L)
from the Bulgarian DOC data obtained in 2020 (n = 1711) was used and compared with
the results of the matching data. Additionally, the 25th percentile of the calculated DOC
concentrations using the measured TOC concentration for the respective water body was
used and compared with the results of the matching data.
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3.3. Application of User-Friendly Models (BIO-MET, M-BAT and PNEC Pro) in
Compliance Assessment

Following the tiered approach, the user-friendly BLMs were implemented on 13 water
bodies (3 reservoirs and 10 rivers) with the available matching datasets for DOC, TOC, pH,
Ca, Cu, Zn, Ni and Pb for 2020. The average annual concentrations that were calculated
from the monitoring data were compared with the EQSbioavailable (1 µg/L for Cu, 4 µg/L
for Ni, 8 µg/L for Zn and 1.2 µg/L for Pb), which was derived from the WFD [21] and
national ordinance [33].

The results show 13 exceedances for Cu, 6 exceedances for Zn and 4 exceedances for
Pb (Table 2). No exceedances of the average annual concentrations were observed for Ni,
compared with the EQS.

Table 2. The exceedances for Cu, Zn, Ni and Pb in the studied Bulgarian surface water bodies.

Water Body Cu Zn Ni Pb

1 Dospat Dam + +
2 Pchelina Dam + + +
3 Iskar Dam + +
4 Strumeshnitsa +
5 Mesta +
6 Yantra +
7 Dospat + +
8 Dragovishtitsa + +
9 Negovanka +
10 Eleshnitsa + +
11 Struma + + +
12 Rusenski Lom + +
13 Iskar +

When the average annual concentrations exceeded the EQS, the samples moved to the
second tier where the Biotic Ligand Model-based tools (BIO-MET, M-BAT and PNEC Pro) were
used for the calculation of local metal bioavailability and a comparison between the measured
dissolved metal concentration at a site and the EQS was made. The DOC concentration played
an important role in determining the bioavailable dissolved metal concentration.

For the calculations, the following data were used: the measured DOC concentrations;
the calculated DOC from the matching TOC data (DOC = 0.81 × TOC); the 25th percentile
(2.4 mg/L) of the DOC and calculated TOC for 2020 of all surface water bodies (n = 1711);
and the 25th percentile of the calculated DOC from the matching TOC data for 2020 for
each of the water bodies studied. An indication of whether there were exceedances was
expressed as the Risk Characterization Ratio (RCR). If the RCR was lower than one, the
site was considered as having “passed” the assessment and no further investigation was
necessary. If the value of the RCR was greater than one, this indicated an exceedance of the
EQS and led to a progression to Tier 3.

3.3.1. BLM Comparisons for Copper

The user-friendly BLM models were implemented for the 13 water bodies where
the annual concentrations of Cu for 2020 exceeded the generic EQSbioavailable (1 µg/L).
First, the BLM models were performed with the matching data (n = 63) for dissolved Cu,
pH, dissolved Ca and DOC, and after that, the DOC values were substituted with: the
calculated DOC from the available TOC data (DOC = 0.81 × TOC); the 25th percentile of
the DOC data from the Bulgarian monitoring network results from 2020 (P25_BG); and by
the 25th percentile of DOC data that was calculated from the TOC for the respective water
body (P25_SWB), as described earlier. The calculated RCRs for all of the approaches are
presented in the Supplementary Material (Figures S1–S3).

The comparisons between the Cu bioavailability results obtained by the BLM models
are presented in Figures 4–6. The correlations between the BIO-MET calculated RCR using
matching and substituted data were very good (Figure 4). For the RCR values using
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percentiles approaches: P25_BG and P25_SWB were overestimated with slopes of 2.7 and
1.8, respectively. These environmental conservative estimates were more pronounced when
the 25th percentile of the data from the Bulgarian monitoring network was used. The results
from the M-BAT model followed a similar pattern to those of the BIO-MET (Figure 5), but
the R2 values dropped to 0.54 for P25_BG and 0.69 for P25_SWB. The comparison between
the RCR values obtained by the PNEC Pro model revealed lower correlations and slopes
that were significantly different from one for all pairs (Figure 6). It should be mentioned
that the comparison was restricted by the validated applicability domain of the PNEC Pro
model, which decreased the number of calculated RCR values.
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3.3.2. Comparisons for Zn

The user-friendly BLM models were implemented for the six water bodies (two reser-
voirs and four rivers) where the annual concentrations of Zn for 2020 exceeded the generic
EQSbioavailable (8 µg/L) and the matching data (n = 34) for dissolved Zn, pH, dissolved
Ca and DOC were available. The calculated RCRs are presented in the Supplementary
Material (Figures S4–S6).

The comparison between the Zn bioavailability results obtained by the three BLM
models using the matching and substituted DOC data is presented in Figures 7–9. The
correlations between the calculated RCRs using the matching and substituted data for all
BLMs were very good (R2 > 0.90). The slopes varied between 1 and 1.5, decreasing in the
order: P25_BG > P25_SWB > TOC.
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3.3.3. Comparisons for Lead

The user-friendly BLM models were implemented for the four water bodies (two
reservoirs and two rivers) where the annual concentrations of Pb for 2020 exceeded the
EQSbioavailable (1.2 µg/L) and the matching data (n = 22) for dissolved Pb, pH, dissolved
Ca and DOC were available. The calculated RCRs are presented in the Supplementary
Material (Figures S7–S9).

The comparison between the Pb bioavailability results obtained by the three BLM
models using the matching and substituted DOC data are presented in Figures 10–12. The
performed linear regression analysis only showed a good agreement between the RCRs
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obtained using the matching data and the DOC calculated by TOC. The best result achieved
by the percentile approaches was for the BIO-MET calculated RCR using P25_SWB as the
substituted data.
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4. Discussion

The first step in the implementation of BLMs in the case of missing DOC monitor-
ing data is the possible substitution of the available historical data from the Bulgarian
Environmental Agency surface water monitoring programme. Contrary to the practice
used in Great Britain [29], the correlation obtained between the DOC and Fedissolved con-
centrations (Figure 2) shows that it cannot be used for the substitution of missing DOC
data. The result obtained from the comparison between the available DOC and TOC
data reveals that a conversion factor of DOC = 0.81 × TOC can be applied when DOC
data are missing (Figure 3). This outcome is in agreement with the approach used in
Finnish [34] and Swedish [11] networks, where TOC is traditionally measured and the ap-
plied conversion factors are 0.94 and 0.90, respectively. Similar to the Bulgarian monitoring
data, a relationship (DOC = 0.83×TOC) is used for BLM purposes in the State of Oregon,
USA [35]. Similar conversion factors were reported for rainfall and runoff samples in the
USA (DOC = 0.84 × TOC) [36] and in Polish groundwater samples (DOC = 0.93×TOC) [37].

The second step of the proposed scheme for the implementation of BLMs deals with
cases where no matching data are available, which is caused by the different monitoring
frequencies used for metals and DOC. To overcome this problem, the environmental
authorities of England and Wales [7] and France [18] and the EPA of the USA [38] propose
the use of the 25th percentile of measured DOC concentrations as the input for the user-
friendly BLMs. The proposed approaches in this study for dealing with the absence of
matching data includes: (i) the substitution of missing DOC data using available TOC
data (DOC = 0.81 × TOC) and (ii) the use of the 25th percentile of the data consisting of
measured and substituted DOC values. This allows for the significant broadening of the
implementation of BLMs in the Bulgarian monitoring network (Figure 1).

The comparison of the following suggested substitution approaches was performed
for 13 water bodies where all data records were available.: (i) DOC calculated by TOC;
(ii) 25th percentile of the joint (measured and calculated) Bulgarian monitoring network
DOC data; and (iii) 25th percentile of the respective SWB with matching data.
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The application of BLMs for assessing the Cu bioavailability showed the closest
agreement between the BIO-MET and M-BAT results (Figures 4 and 5). While both methods
confirmed the applicability of the proposed substitution approaches, those based on the
25th percentile provided more conservative estimates. It should be mentioned that the
correlations were better between the BIO-MET calculated RCRs using matching data and
data substituted by the 25th percentile. The PNEC Pro results were unsatisfactory for all
BMLs and were an indication that none of the substitution approaches could be used for
this user-friendly BLM (Figure 6).

The comparison between the Zn bioavailability results obtained by all BLMs using
matching and all types of substituted data confirmed the applicability of all of the proposed
approaches (Figures 7–9). Again, the most conservative estimates are provided by the 25th
percentile of Bulgarian monitoring network data, followed by the 25th percentile of SWB
data and the DOC data calculated by TOC.

The application of BLMs for the assessment of Pb bioavailability revealed a clear
separation between the substituted data calculated by TOC on one side and the data
substituted by the 25th percentile on the other (Figures 10–12). The comparison of the
calculated RCRs by all BLMs between the matching data and the DOC data calculated by
TOC showed very good correlations and slopes that were close to one. The comparison
between the matching data and the 25th percentile substituted data yielded lower R2 values
and the slopes of the PNEC Pro comparison differed significantly from one. When using
the BLM calculations in Tier 2, the results showed a great reduction in the exceedances
of the samples (Table 3). For Cu, when BIO-MET was applied, 5 out of 63 samples were
found to be exceedances when the measured DOC was used, 4 exceedances were found
when TOC value was used (DOC = 0.81 × TOC), 8 exceedances were found when the 25th
percentile of the DOC concentration was used and 7 exceedances were found when the
25th percentile of the converted TOC for the respective water body was used, in contrast to
the direct comparison of the EQS to the measured copper values (57 out of 63).

Similar results were obtained using M-BAT (7, 6, 7 and 9 exceedances out of 63,
respectively) and PNEC Pro (9, 8, 10 and 5 exceedances out of 63, respectively).

The results showed a reduction in the exceeding samples for BIO-MET (2, 5, 7 and
6, respectively), M-BAT (6, 6, 7 and 7, respectively) and PNEC Pro (6, 5, 7 and 6, respec-
tively) compared with the direct comparison of the EQS to the zinc values (14 out of
34 exceeding values).

The results from the application of the BLM tools showed the greatest reduction in the
exceeding samples for Pb—only one RCR value was found to be above one—when PNEC
Pro was used with the 25th percentile of the Bulgarian DOC data. The direct comparison
with the EQS (Tier 1) showed 8 exceedances out of 22 samples.

Generally, the user-friendly BLM tools returned a lower number of RCR exceedances
when the measured DOC concentration was used compared with the other approaches,
with BIO-MET returning the lowest number of exceedances.
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Table 3. The exceedances for Cu, Zn, Ni and Pb in the studies of Bulgarian surface water bodies after
the application of the BLMs.

Element BLM Data Used Totals Exceedances

EQS
Cu = 1 µg/L

Measured Cu 63 56

RCR BIO-MET

Measured DOC 63 5
DOC = 0.81 × TOC 63 4
25th percentile DOC (P25_BG) 63 8
25th percentile TOC (P25_SWB) 63 7

RCR M-BAT

Measured DOC 63 7
DOC = 0.81 × TOC 63 6
25th percentile DOC (P25_BG) 63 7
25th percentile TOC (P25_SWB) 63 9

RCR PNEC

Measured DOC 63 9
DOC = 0.81 × TOC 63 8
25th percentile DOC (P25_BG) 63 10
25th percentile TOC (P25_SWB) 63 5

EQS
Zn = 8 µg/L

Measured Zn 34 14

RCR BIO-MET

Measured DOC 34 2
DOC = 0.81 × TOC 34 5
25th percentile DOC (P25_BG) 34 7
25th percentile TOC (P25_SWB) 34 6

RCR M-BAT

Measured DOC 34 6
DOC = 0.81 × TOC 34 6
25th percentile DOC (P25_BG) 34 7
25th percentile TOC (P25_SWB) 34 7

RCR PNEC
Measured DOC 34 6
DOC = 0.81 × TOC 34 5
25th percentile DOC (P25_BG) 34 7

25th percentile TOC (P25_SWB) 34 6

EQS
Pb = 1.2 µg/L

Measured Pb 22 8

RCR BIO-MET

Measured DOC 22 0
DOC = 0.81 × TOC 22 0
25th percentile DOC (P25_BG) 22 0
25th percentile TOC (P25_SWB) 22 0

RCR M-BAT

Measured DOC 22 0
DOC = 0.81 × TOC 22 0
25th percentile DOC (P25_BG) 22 0
25th percentile TOC (P25_SWB) 22 0

RCR PNEC

Measured DOC 22 0
DOC = 0.81 × TOC 22 0
25th percentile DOC (P25_BG) 22 1
25th percentile TOC (P25_SWB) 22 0

5. Conclusions

The metal bioavailability assessment by user-friendly BLMs requires inputs for the
dissolved metal concentrations and the supporting physicochemical parameters, such as
DOC, pH and dissolved Ca. The main obstacle in front of the environmental authorities
for the implementation of BLMs is the lack of matching data, especially for DOC. In cases
where the required data are not fully available, alternative approaches are needed to fill the
missing inputs.

In this study, various alternative approaches were tested to support the environmental
decision-making bodies. The proposed methodology included three approaches for the
substitution of missing DOC data: (i) calculation from available TOC data; (ii) the 25th
percentile of the joint (measured and calculated by TOC) Bulgarian monitoring network
DOC data; and (iii) the 25th percentile of the joint DOC data for the investigated SWB. For
the next step, the proposed substitution approaches were validated by a comparison with
the available matching data from the Bulgarian monitoring surface waters network. The
comparisons were performed for the three most widely used BLMs: BIO-MET; M-BAT;
and PNEC Pro. The described methodology would allow the environmental authorities to
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estimate the bioavailability of certain metals and then choose the best possible substitution
approach by the implementation of the most appropriate BLM, which would cover as many
SWBs as possible without the matching data being available.

The application of the abovementioned methodology to the Bulgarian surface waters
monitoring data outlined that the suitability of the substitution approaches decreases in
the following order: DOC calculated by TOC > use of the 25th percentile of the data for the
respective SWB > use of the 25th percentile of the Bulgarian monitoring network data. The
results obtained by the implementation of BIO-MET rendered it the most appropriate tool
for the bioavailability assessment of Cu, Zn and Pb in Bulgarian surface waters.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/w14020246/s1, Figure S1: The calculated RCR for Cu using the BIO-MET and measured DOC,
the TOC, the 25th percentile of the Bulgarian DOC data and the 25th percentile of the DOC = 0.81
× TOC for the respective water body; Figure S2: The calculated RCR for Cu using the M-BAT and
measured DOC, the TOC, the 25th percentile of the Bulgarian DOC data and the 25th percentile of
the DOC = 0.81 × TOC for the respective water body; Figure S3: The calculated RCR for Cu using
the PNEC Pro and measured DOC, the TOC, the 25th percentile of the Bulgarian DOC data and the
25th percentile of the DOC = 0.81 × TOC for the respective water body; Figure S4: The calculated
RCR for Zn using the BIO-MET and measured DOC, the TOC, the 25th percentile of the Bulgarian
DOC data and the 25th percentile of the DOC = 0.81 × TOC for the respective water body; Figure S5:
The calculated RCR for Zn using the M-BAT and measured DOC, the TOC, the 25th percentile of
the Bulgarian DOC data and the 25th percentile of the DOC = 0.81 × TOC for the respective water
body; Figure S6: The calculated RCR for Zn using the PNEC Pro and measured DOC, the TOC, the
25th percentile of the Bulgarian DOC data and the 25th percentile of the DOC = 0.81 × TOC for the
respective water body; Figure S7: The calculated RCR for Pb using the BIO-MET and measured DOC,
the TOC, the 25th percentile of the Bulgarian DOC data and the 25th percentile of the DOC = 0.81
× TOC for the respective water body; Figure S8: The calculated RCR for Pb using the M-BAT and
measured DOC, the TOC, the 25th percentile of the Bulgarian DOC data and the 25th percentile of
the DOC = 0.81 × TOC for the respective water body; Figure S9: The calculated RCR for Pb using the
PNEC Pro and measured DOC, the TOC, the 25th percentile of the Bulgarian DOC data and the 25th
percentile of the DOC = 0.81 × TOC for the respective water body.
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