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Health Risk Calculator of Toxic Pollutants in Black Sea Basin

Because the contamination of environmental compartments (water, soil,
biota) with heavy metals, radionuclides, hydrocarbons, detergents or
pharmaceuticals or release of radioactive gases (radon, thoron) can cause health
problems, we considered that it was necessary to create a computer application for
the detection of health risks. This platform will take into account each pollutant
group, the location in water, soil, flora or fauna and the age group of persons
(children, adults or seniors).

In order to create the application (Fig. 1), we used a series of indices existing
in the literature and measured or historical data.
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Fig. 1. Health risk calculator version 1.0

Review no.1. of literature health risk indices

Single pollution index (SPI) and Nemerow composite pollution index (NCPI) is
used to classify the soils in terms of heavy metals pollution.

The bioaccumulation factor (BAF) is used to quantify the transfer of heavy
metals from soil to plants.

Chronic daily intake (CDI, mg/kg/day) refers to three indexes used to
evaluate exposure to havy metals in the soil by ingestion, inhalation, and dermal
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touch. Hazard index (HI) estimates the combined risk for non-carcinogenic effects,
while TCR index estimates the carcinogenic risk (Hu et al, 2017, Huang et al, 2019,
Koki et al 2015, Majlesi et al, 2018). The equation

ILCR=CDI x CSF

is used for the calculation of the cancer risk (the cancer slope factor CSF is the risk
generated by the amount of one mg/kg/day of carcinogen chemical during the
entire lifetime) (Mohammadi et al, 2019, Alidadi et al, 2019).

The literature proposes formulas to calculate the estimated daily intake (EDI)
and estimated short-term intake (ESTI) of pesticide residues and (Lozowicka et al,
2013).

In (Wilson et al, 2015) is proposed the following equation to calculate cancer
risk after polycyclic aromatic hydrocarbons (PAHs) exposure (calculated through
BaPeq) after a 78-year life span (28,470 days) due to sea food ingestion:

Risk = {[(mg BaPeq/kg shrimp) x (kg shrimp consumed/day) x (365 days/year) x
years exposed]+ (kg body weight x 28,470 days)} x oral slope factor.

The BaPeq is calculated based on toxic equivalency factors of individual PAHs
(TEFs).

Soil contamination with PAHs (Thiombane et al., 2019)

Several PAH species including benzo(a)pyrene (as most carcinogenic compound) have
been classified into probable (2A) or possible (2B) human carcinogens by the
International Agency for Research on Cancer. BaP is a five ring (C20H12) compound,
which is mutagenic for human cells in culture (and carcinogenic in whole animal
assay. According to the literature, the toxic equivalent factor for BaP is one (1),
which is highest among all the PAHs. One approach in estimating the carcinogenic
potency associated with the exposure of a given PAH compound can be obtained by
calculating its BaPeq for each individual PAH species. In order to calculate the
carcinogenic potencies associated with the total PAH exposures from soil we
pragmatically used the sum of each individual BaPeq (i.e., total-BaPeq) as a
surrogate indicator. Therefore, in the present project, toxic equivalent factor
(TEF) of the given species relative to BaP carcinogenic potency will be used.

For soil contamination with PAHs, the TEFs are presented in the Table 1 (Masih and
Taneja, 2006).
Table 1. TEFs of PAHs with BAP exposure
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NAP—Naphthalene,

Anthracene,

PAHs TEFs PAHs TEFs
NAP 0.001 B(a)A 0.1
ACY 0.001 CHR 0.01
ACE + FLU 0.001 B(b)F 0.1
PHE 0.001 B(k)F 0.1
ANT 0.01 B(a)P 1
FLT 0.001 B(ghi)P 0.01
PYR 0.001 Total 1.33

ACY—Acenapthylene,
FLT—Fluoranthene,

ACE—Acenapthene,
PYR—pyrene,

FLU—Fluorene,
B(a)A—Benzo(a)fluoranthene,

PHE—Phenanthrene, ANT—
CHY—Chrysene,

B(b)F—

Benzo(b)fluoranthene, B(k)F—Benzo(k)fluoranthene, B(a)P—Benzo(a)pyrene, B(ghi)P—Benzo(ghi)perylene.
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Other indices potential to be used in the health risk assessment (Yi et al, 2017):

1. Tolerabile daily intake

EDI - estimated daily intake depends on the metal concentration, food
consumption and body weight.

In order to evaluate the risk of consumption HM from fish consumption, it
was considered that the dose was equal to the absorbed pollutant dose,
meaning that cooking had no effect on the pollutants; the average body
weight of China people is 55.9 kg; people that are living on the coast are
eating 105 g fish and crayfish per day.

EDI(for adults) = ¢

X CCOHS

C- concentration HM in fish (mg/kg) wet weight
Ccons- the average daily consumption of fish
Bw- body weight

2. The carcinogenic risk is the ratio of the exposure dose to the reference
dose (RfD) and represents the risk of noncarcinogenic effects. If it is less
than 1 the exposure level is less than the RfD. This indicates that the daily
exposure at this level is unlikely to cause adverse effects during a person’s
lifetime, and vice-versa. The Doses were calculated using standards

assumptions from the integrated USEPA (2000) risk analysis.

EE XED; X FIRXC
THQ = -1073
R:Dy X B, X AT,

where:

EF: -exposure frecvency (350 days/year)

EDtot- exposure duration (30 years)

FIR- food ingestion rate (g/day)

1073 unit conversion factor

C- HM concentration in fish (mg/kg, wet weight)

R¢Do- is the oral RiD (mg/ kg day)

Bw- body weight

AT,- average exposure time for noncarcinogens 365 day/ year x number of
exposure years assuming 30 years.

THQtotal- here was the arithmetic sum of the individual metal THQ values

3. Pollution intensity (Alx) represents the changes of measured

concentrations of heavy metals (HM) that was calculated as pollution
intensity. The accumulative ecological risc of HM was calculated as

follows:
|le - on|
ﬂ X - ———
max(I1y * Iox)
Where:

x- is the studied indicator
lox is the standard concentration
l1x is the detected concentration in fish or sediment
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4. The eco-impact (eio) was employed to integrate the environment mental
pollution probability Py, pollution intensity (4lx) and relative vulnerability

(Vi) and can be calculated as the following equation to quantify the
accumulative ecological risks of metals.

o = Alx X By X Viy

where

e;, is found to be between 0 and 1

Vix, Px and Vi were obtained from historical data

5. Bioconcentration
BCF — Cba'ota

Cwater

6. Human risk assessment by estimating daily intake
(€ xIRy)

EDI
Bw

7. The non-carcinogenic risk
_ (EFXED XIRd X ()

THQnon—carcinogenic - (Rfd X Bw x AT)

Water radionuclides (Pintilie et al., 2016)
The annual equivalent effective dose due to water ingestion

The specific activities of the natural radionuclides from drinking water are mainly
due to the presence of naturally occuring radionuclides of both the uranium and
thorium decay series. In order to calculate the annual internal dose, the values of
effective dose conversion factor by ingestion, CF (in Sv Bq') could be used,
presented in Table 2.

Table 2. Effective dose conversion factors by ingestion, CF (Sv Bq'), for the most
important natural radionuclides.

Radionuclide Half life Adults CF (Sv Bq™")

23 4.47E+09 y 4.5E-08

235 7.04E+08 y 4.7E-08

234 244000 y 4.9E-08
24Ra 3.66 d 6.5E-08
“Ra 1600 y 2.8E-07
1%b 22.3y 6.9E-07
’Ra 5.75y 6.9E-07
21%o 138 d 1.2E-06

0K 1.28E+09 y 6.2E-09

For the most important natural radionuclides from uranium and thorium series, the
effective dose conversion by ingestion for adults grows in the following order:

238 <235|J <234|J <224R 3 <226R 3 <210Pp<228R3 <210Pg
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Therefore, in order to calculate the annual internal dose, we considered that alpha
gross activity is due to 22°Ra and %'%Po and beta gross activity due to ?28Ra and 2'°Pb,
which are emitters with the highest effective conversion factors CF.

The annual effective dose equivalent Des (Sv y') associated with radiation
exposure through the ingestion of water was estimated to assess the health risk for
adults using the equation:

Def = Aasg X IRw X CF

where Aq/s is gross alpha/beta activity (Bq L"); IR - intake of water for one person
in one year (L y'); CF - age-dependent effective dose conversion factor (Sv Bq').
For example, for adult people, the annual consumption rate (IRw) is estimated at the
value of 730 L, according to WHO (age >17 years).

Soil and sediment radionuclides (Ene, 2019; Ene et al., 2019a,b)
1. Absorbed gamma dose rate (D)

The external gamma absorbed dose rate due to terrestrial y-rays in the air at 1m
above ground level is calculated from the measured activities of 226Ra, 232Th and
40K in the soil, sand and sediment samples. The calculations are performed
according to the following equation

D =0.462 Cra + 0.604 Crh + 0.042 Ck

where D is the dose rate in mGy/h. About 99% of the external gamma dose rate from
the 238U series was delivered by the 226Ra subseries. So, disequilibrium between
226Ra and 238U will not affect the dose estimation from the measurement of 236
Ra. In the above equation it is asumed that all decay product of 226Ra and 232Th
are in radioactive equilibrium with precursors.

2. External hazad index Hex

The external hazard index in a evaluation of the hazard of the natural gamma
radiation. This index is used to assess die radiological suitability of a material. The
prime objective of this index is to limit the radiation dose to the admissible dose
equivalent limit of 1 mSv/y and can be evaluated using the following equation

Hex = Cra /370 + C7n/259 + Cx/4810
The value of Hex must be lower than to unity in order to keep the radiation hazard

insignificant. If Hex > 1 implies that activities involving the use of materials are safe
and do not attract any high levels of radiation exposure.
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