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Abstract

The environmental risk analysis for veterinary medicinal products is an assessment of their possible
evolution, exposures and effects and is structured according to the VICH GL6 (Phase |) and GL38 (Phase
Il) guides. The environmental risk assessment, an integral part of the veterinary medicinal product
authorizations, interpreted and harmonized under the VICH guidelines, ensures the predictability and
transparency of the results obtained. The route of distribution and the evolution in the environment are
important factors for the concentration of the final exposure. The risk quotient (RQ) is defined as the
ratio between the predicted environmental concentration (PEC) and the predicted no-effect concentration
(PNEC). The risk quotients indicate the likelihood of adverse effects occurring. For the determination of
PECs, soil, water, sediment, environmental exposure for the product, its active substances and other
ingredients is considered, taking into account target species, mode of administration, and
physicochemical characteristics. Calculation of the predicted active substance concentration in the soil
(PECsol) is based on the total residue approach. The calculation of the concentration of the active
substance in groundwater (PECgroundwater) is based on the solid sorption equilibrium approach,
modeled by the organic water-carbon distribution coefficient (Koc). The predicted concentration of the
active substance in surface water (PEC surface water) is considered to be 1/3 of the groundwater
concentration and in the sediment is calculated according to the sediment-water partition coefficient
(Ksed-water). The paper presents an algorithm for calculating predictable concentrations for
environmental factors: soil, water, sediment required for environmental risk assessment of veterinary
medicinal products. Based on this calculation algorithm, a specialized interactive software has been
developed to allow rapid and convenient determination of predictable PEC concentrations for
environmental factors: soil, water, sediment for veterinary medicinal products. It is a very useful tool for
environmental risk assessment specialists.

Rezumat

Analiza riscului asupra mediului pentru produsele medicinale veterinare este o evaluare a posibilei
evolutii , expuneri si efecte ale acestora si este structurata conform ghidurilor VICH GL6 (faza I) si GL38
(faza Il). Evaluarea riscului asupra mediului, parte integranta din dosarele de autorizare a produselor
medicinale veterinare, interpretata si armonizata in conformitate cu ghidurile VICH, asigura
predictibilitatea si transparenta rezultatelor obtinute.Calea de distributie si evolutia in mediu sunt factori
importanti pentru concentratia expunerii finale. Coeficientul de risc (RQ) este definit ca raportul dintre
concentratia predictibila in mediu (PEC) si concentratia predictibila fara efect (PNEC) si indica
probabilitatea efectelor adverse care se produc. Pentru determinarea PEC-urilor sol, ape, sediment, se
analizeaza expunerea la mediu pentru produs, substantele sale active si alte ingrediente, ludnd in
considerare speciile tinta, modul de administrare, si caracteristicile fizico-chimice. Calculul concentratiei
predictibile de substanta activa din produsul medicinal in sol (PECs,) se face pe baza abordarii
reziduului total. Calculul concentratiei de substanta activa in ape freatice (PECape freatice) S€ face pe baza
abordarii echilibrului de sorbtie in solide, modelatd prin coeficientul de distributie apa-carbon organic
(Koc). Concentratia predictibila de substanta activa in apele de suprafata (PECape de suprafata) S€ considera
1/3 din concentratia in ape freatice iar in sediment se calculeaza functie de coeficientul de partitie
sediment-apa (Ksed-ipa) . Lucrarea prezinta un algoritm de calcul al concentratiilor predictibile PEC
pentru factorii de mediu: sol, ape, sediment necesar pentru evaluarea riscurilor de mediu pentru
produsele medicinale veterinare. Pe baza acestui algoritm de calcul a fost realizat un soft-ware
specializat interactiv care permite determinarea rapida si comoda a concentratiilor predictibile PEC
pentru factorii de mediu: sol, ape, sediment pentru produsele medicinale veterinare. Acesta se constituie
intr-un instrument deosebit de util specialistilor pentru evaluarea riscurilor de mediu.
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Introduction

Risk assessment is an evaluation of the
possible fate, exposure and effects of the
product.

As a whole, the risk assessment is
structured around the risk quotient approach
as described in VICH guidelines GL6 (Phase I)
and GL38 (Phase II).

The risk quotient (RQ) is defined as the
ratio between the predicted environmental
concentration (PEC) and the predicted no-
effect concentration (PNEC). The risk
quotients indicate the likelihood of adverse
effects occurring.

In Phase |, the determination of PECs
soil, water, sediment analyzes the potential
extent of exposure to the environment for the
product, its active substances and other
ingredients, taking into account target species,
mode of administration, and physicochemical
characteristics.

Calculation of PEC soil for intensively-
grown animals is dependent on the amount of
active residue contained in landfilled manure.

According to the EUROSTAT database, a
nitrogen load of 170 kg N / ha is on average
the maximum load in most EU countries.

Calculation of PEC soil for livestock is
dependent on the number of animals kept in
any place on the land surface.

This parameter is known as storage

density and is expressed in animals per
hectare.
The route of distribution and the

environmental evolution of active substances
in veterinary medicinal products are important
for the concentration of final exposure.

In the case of veterinary medicinal
products, the predominant routes of exposure
for the terrestrial and aquatic environment are
through direct excretion, manure management
as a fertilizer and leakage and accidental
spillage of liquid manure from zootechnical
farms.

The predicted concentration of the active
substance in the medicinal product in the soll
(PECsol) is based on the total residue
approach, considering that the total active
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substance dose applied is excreted by the
animal without taking into account data on
metabolism and excretion.

The calculation of the concentration of the
active substance in groundwater (PEC
groundwater) 1S based on the solid sorption
equilibrium approach, modeled by the organic
water-carbon distribution coefficient (K,.).

In calculating the concentration of active
substance in surface waters, it is assumed that
part of the discharged water will be diluted with
two parts of water.

Thus, the predicted concentration of the
active substance in surface waters (PECsyrace
waters) IS considered to be 1/3 of the predictable
concentration in the groundwater and in the
sediment (PECgediment) is calculated according
to the sediment-water partition coefficient
(Ksed‘water).

Source: https://www.canstockphoto.com/earth-in-

hands-grass-background-18899229.html [2].

Algorithm of calculation for Predicted
environmental concentration (PEC)

In the following is presented an
algorithm for calculating predictable PEC
concentrations for environmental factors: soil,
water, sediment (PECsy, PECgound water
PECsurface waters PECsediment) required for the
environmental risk assessment of the
veterinary medicinal products in Phase |,
phase in which a 100% release of the active
ingredient in the medium will normally be
undertaken (total residue approach).
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CSTART

Selection of species and categories of animals intensively grown in treatment

v

Selection of the species and categories of animals grazed in the treatment

v

Matrix composition of species and categories of animals intensively grown in

v

The introduction of livestock yield rates per site (P), the body weight of animals (BW),
the amount of nitrogen produced in manure per year (Ny) and the growth factor for
intensively raised species and categories of livestock (H)

| Compilation of the matrix of species and caltegories of animals raised on pasture |

v

The introduction of storage density (SD) and animal body weight (BW) for the
species and categories of animals grazed

7/

Selection of the class of the product to be administered to the species and categories of animals
under treatment

ermination of fraction (Fh) from the flock of animals o
it is manages the product

The introduction of daily doses of active ingredient (D) from the product to be
administered to

v

The introduction of daily doses of active ingredient from the product to be
administered to the species and categories of animals grazed

Compilation of the daily dose matrix of the active ingredient in the product to be administered to
intensively raised species and categories of animals

Formulation of the daily dose matrix of active ingredient in the product to be administered to the

species and categories of animals raised on pasture

/ Introducing the duration of treatment (Ad) into intensively raised species, /

catenaries of animals

raised on pasture

.

/ Introducing the duration of treatment (Ad) into the species, categories of animals /

Compilation of the duration of treatment matrix in intensively raised species and categories of animals

.

Compilation of the duration of treatment matrix in éhe species and categories of animals raised on

The introduction of maximum specific nitrogen limit values in EU, gross dry soil
density and soil penetration depth of the active ingredient in the product

v

Determination of predictable concentration in soil (PECsol) of the active ingredient to
administer the product to intensively gr?wn species and categories of animals
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Determination of cumulative predictable concentration in soil (PECsol) of the active
ingredient when administered to the intensively raised species and categories of animals
i

M
Determination of the maximum predictable concentration (PECsol) in the soil of the active
ingredient when administering the produc‘ to to the intensively raised species and
\ 4

Determination of predictable concentration (PECsol) concentration in soil of the active
ingredient when administering the product tolthe species and categories of animals grazed

v

Determination of cumulative predictive concentration (PECsol) in soil of the active
ingredient when administered to the species$and categories of animals raised on pasture

Determination of the maximum predictable PECsol concentration in the soil of the active
ingredient when administering the product to the species and categories of animals raised
on Da§ture

2

Determination of cumulative predictive concentration in the soil (PECsol) of the active
ingredient in the administration of the product to the species and categories of intensively
and arazed animals

!

Determination of the maximum predictable concentration in the soil (PECsol) of the active ingredient in
the administration of the product to the species ind categories of intensively and grazed animals

Determination of Predictable Concentration(PECsol20cm) in soil at 20 cm depth of the active ingredient
at the time of administration of the nroduct to inltensivelv raised species and cateaories of animals

v

Determination of Predictable Concentration (PECsol 20 cm) in soil at 20 cm depth of the active
ingredient for the administration of the productI to the species and categories of animals grazed

v

The introduction of bulk density of wet soil (RHOsol), volumetric air fraction in the soil (Faersol),
the vapor pressure of the active ingredient in the product (VP), the molar mass of the active
ingredient of the product, the water solubility of the active ingredient , the gas constant and

the temperature at the air-water interface

v

Determination of the air and w:«llter partition coefficient in soil

v
/ Introduction of volumetric water fraction into soil, volumetric solid fraction in soil, /

mass fraction of organic carbon in soil, water-carbon distribution coefficient (KOC)

v

Determination of solids and water partition in soil (Ksol-water) |
]

v

Determination of predictable concentrations (PEC) in the groundwater of the active ingredient
when the product is administered to inteniively-grown species and categories of animals
A 4

Determination of cumulative predictive concentration (PEC) in the groundwater of the active
ingredient when administered to the speciesland categories of intensively reared animals

v

Determination of the maximum predictable concentration (PEC) in the groundwater of the active
ingredient when administering the product to intlensively-grown species and categories of animals

2

Determination of predictable concentrations (PEC) in the groundwater of the active
ingredient when administered to the species and categories of animals grazed
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Determination of cumulative predictive concentration (PEC) in the groundwater of the active
ingredient when administering the product tolthe species and categories of animals grazed

v

Determination of the maximum predictable concentration (PEC) in the groundwater of the active
ingredient when administering the product to lhe species and categories of animals grazed
A A

Determination of cumulative predictive concentration (PEC) in the groundwater of the active ingredient
in the administration of the product to intensively raised and grazing species and categories of animals

Determination of the maximum predictable concentration (PEC) in the groundwater of the active ingredient
when administering the product to intensively ralised and grazing species and categories of animals

v

Determination of the maximum predictable concentration (PEC) in the groundwater of the active ingredient
when administering the product to intensively raised and grazing species and categories of animals

v

Determination of cumulative predicted concentration (PEC) in surface water of the active ingredient
when administered to the intensively-grown species and categories of animals

Determination of the maximum predictable concentration (PEC) in surface water of the active ingredient
when administering the product to intensively grown species and categories of animals

v

Determination of predictable concentration (PEC) in surface water of the active ingredient when
administering the product to the species and categories of animals grazed

Determination of cumulative predicted concentration (PEC) in surface water of the active ingredient
when administering the product to the specles and categories of animals raised on pasture

Determination of the maximum predictable concentration (PEC) in surface water of the active ingredient
when administering the product to the speciels and categories of animals raised on pasture

v

Determination of cumulative predicted concentration (PEC) in surface water of the active ingredient
when administering the product to intensively raised and grazing species and categories of animals

v

Determination of the maximum value of predictable concentration (PECAP) in surface water of the active
ingredient when administering the product to intensively raised and grazing species and categories of animals

‘

/ The introduction of bulk densities of the sediment, the water-sediment volume fraction, /

the solid-sediment volume fraction, the mass fraction of organic carbon in the sediment
1
| Determination of the solids and watervpartition coefficient in sediment (Kpsed) |
v
Determination of sediment-watfzr partition coefficient (Ksed-
v
Determination of sediment concenltration conversion factor (CONVsed)

v

Determination of predictable concentration (PECsediment) values in the sediment of the
active ingredient in the administration of the product in intensively-grown and grazed

v

Determination of cumulative predicted concentration (PECsediment) in the sediment of the active
ingredient when administered to the intensively-grown species and categories of animals
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Determination of the maximum predictable concentration (PECsediment) in the sediment of the active
ingredient when administering the product to intensively grown species and categories of animals

A

Determination of predictable concentration (PECsediment) values in the sediment of the active ingredient
for the administration of the product to the species and categories of animals grazed

v

Determination of cumulative predicted concentration (PECsediment) concentration in the sediment of the
active ingredient when administering the product to the species and categories of animals grazed

Determination of the maximum predictable concentration (PECsediment) in the sediment of the active
ingredient when administering the product to the species and categories of animals grazed

v

Determination of cumulative predicted concentration (PECsediment) in the sediment of the active ingredient
in the administration of the product in intensively grown species and and grazed animals

v

Determination of the maximum predictable concentration (PECsediment) concentration in the sediment of the
active ingredient when administering the product to intensively raised and grazed animals

50976 44936 70519 816 O 0

It is to note that: 01233 %2507 29292 0 0 O
PECsolinitiali = | 44.348 5181 9822 2792 22.1 30939 |,
- the algorithm allows consideration to be 36061 0 [ N
given to all species and categories of 36267 0 0 0 0 0
animals, intensive breeding technologies L Sag
168 12.6

or pastures that are treated concomitantly

. . . PECsolinitialp = | 336 17.3
with a particular pharmaceutical product; SOnRER e o |
- the algorithm allows consideration to be 1 o

given to the class of a particular

pharmaceutical product and the treatment Fig. 1. Results for PEC initial soil (intensive and
characteristics (daily doses of the active pasture) obtained in matrix form in soft, corresponding
. . . to the species and categories of treated animals.
ingredient, duration of treatment);

- the algorithm requires matrix calculation 66394 49767 78.065 90333 0 0
as a pharmaceutical product can be 100997 91336 32427 0 0 0O
administered concomitantly to several — PECapedesuprafatai=| 49.094 5735 10873 3091 24465 34272 |4
species and categories of animals, 2.0 0 000

40.148 1] 0 0 0 0
43305 64.783

18,598 13048

intensive farming or grassland
technologies;

- intensive growth and pastures are taken PECapedesuprafatap = | 37.196 19373 |,
into account the species and categories 13048 0
of animals mentioned in the guide. 25572 0

- species and animal categories are matrix

elements (row species and column
( P and pasture) obtained in the form matrix software,

Categor'_es) used to express the matrix corresponding to the treated species and categories of
calculation. animals.

Fig. 2. The results for PEC surface waters (intensive
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361.033 27063 424518 491228 0 0
54922 406686 176338 0 0 0
PECsedimenti = | 266.972 31.189 30129 16.309 133.041 186374 |
217.083 0 0 0 0 0
218324 0 0 0 0 0

233982 352288
101.135 75.851
PECsedimentp = | 20227 105349 |4
73.831 0
139061 0

Fig.3. The results for sediment PEC (intensive and
pasture) obtained in the form matrix software,
corresponding to the species and categories of
animals treated.

Conclusions

Based on this computational algorithm, an
interactive specialized software has been
developed to allow rapid and convenient

determination of predictable PEC
concentrations for environmental factors: soil,
water, sediment for veterinary

pharmaceuticals. It is a very useful tool for
environmental risk assessment specialists.
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