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o So as to assess the risks and the management,
" I )
Pharmaceuticals are emerging pollutants, these compounds are found in NN R T AL A ASea e data from existing literature was recompiled
the environment in the ng/L- ug/L, and therefore they have been following the scheme on the left. Furthermore:
a
undetectable until now with modern analytical techniques (Santos et al., i
igure 1. Molecular structure of diclofenac . i
2010). Source: liskra (2008) PROBLEM FORMULATION - The PEC (predicted environmental
concentration) was compared to the MEC
Diclofenac is a widely used pharmaceutical that was reported as the causal agent of outbreaks in [N (measured environmental concentration) to
populations of three species of vultures (Gyps bengalensis, Gyps indicus, and Gyps tenuirostris), that have t ensure its robustness
declined by more than 97 % and are now classified as critically endangered . This example might will be the ¥ . o
worst ever case of poisoning of wildlife by a chemical (Sumpter, 2010). Since this discovery, an increasing IS - The PNEC was Obta'”efj by dividing the
body of research has investigated the ecotoxicological effects of diclofenac on non-target organisms, and has s lowest eff?‘?t conceAntratllon (LOEC) for Athe
mainly focused on acute effects on aquatic organisms. However pharmaceuticals are expected to produce most sensitive species with an appropriate
effects after chronic exposure at low concentrations (Halling-Sorensen et al., 1998). RISK CHARACTERIZATION safety factor
Aims
o the PEC/PNEC> T All the data was consulted at platforms such as
web of knowledge or google scholar
1. Assessing the risks of diclofenac in the aquatic environment Risk Mansgemsnt
Figure 2. Risk for the aquatic of
2. Finding out the best management options to avoid the risk Source: modified from Webb (2001)
Characterization of exposure Characterization of effects
- Drug use : about 940 tons are estimated to be consumed globally on an - Acute effects:
annual basis (zhang et al., 2008 ) Compound Test-species Tty Ecotoicity data
Dicofenac Bi, ltre LOABL, dicary nake, enl iire 0007 mghg
Vi fshert (aciia) ECy, 30 min 1145 mg
- Behawour in the environment: ;f/m,.:ﬂm (bacteria) ToxAlert, 15 min 13.5 mglL
i fschert (ctia) EC 137 mgl.
Prewibitrmriclsleapints~ NORC, 96 b growth 10 mglL
: L b= LOEC, 9 1, growth 20 mgt
> The most direct entry of S i o o ’
Pharmaceuticals diclofenac %) aquatic Fsorsc o Badin 27 gt
Comdaphmia dubia (oo NOKC, 7 days, reproduction 0 e
environments  is  through ?W/,;,,.,,.mi.m; men LOIC.7 o ﬁdd 20 meL
_ ) ) i calseris GOUES) (OEC, 48 . eproducton
| Human medicine Veterinary medicine ‘ discharges  of sewage Brachioms cayelfors (e LOEC, 48 b, reproduction
i Ve e mnti) NOEC, 10 days, FLS
— treatment  plants (STPs) oo e e ‘ Loec mhu,ftlm .
oo i G gEey 3 72 b, Godiam sl
effent effluents DR e ECa, 48 b, (sodium salt) 68 mlL
Lot i it sl i) BC 7 o, growth 75 mel
Removal rates in STPs are Table 1. Acute ecotoxicity data for diclofenac. Source: modified from Carlsson et al. (2006)
>
highly variable (between 0- A . . . . .
SOg‘V)y(Jiskra 20(08) - Chronic effects: cytological alterations in Oncorhynchus mykiss at 1g/L diclofenac = LOEC
6 P ——
! Liver Kidney Gills
> The two major sinks identified R o L e e iy
for diclofenac are Tfuulvun ermbnm n:]ba;zl lar nlz. n‘m‘ sis of  of chloride cells)
— photodegradation and increased amount of macrophages) _degencration)
[oinitgmen | biodegradation Table 2. Chronic effects tested in liver, kidney, and il (+++ heavy reactions and/or destruction of organ; ++ strong reaction
Source: Triebskorn et al. (2004)
Figure 3. Possible pathways of pharmaceuticals in the environment Source: Santos et al. (2010)

Risk characterization

PEC (ug/L) MEC (ug/L) PNEC (ug/L) PEC/PNEC
0.05 00814 0.01 5

Table 3. values obtained for PEC, MEC, PNEC and risk quotient
Source: own elaboration from data obtained from Santos et al. (2010)

A risk is expected because
PEC/PNEC > 1
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Article 16 of the Water Framework Directive D[lj(;o;enac v;/]as pr.op'osec:' o bbe Advanced fomdatlc;: 'proceds;fes by
requires the European Commission to aM eb 2 ; Ee pl’lOI’ItyP 'ls_t‘ e ?e:Ins O_d' 'com ining - ci irent ;
identify priority substances among those = er ho Gl far 'arsﬁn; HIgO Yy oxidizing aLgJ?lnts, SRl WatefWastewater
presenting significant risk to the aquatic rejeéct:f é eh (eSS '° lesta 2 2 2_/(1020':18 bor /ozolne, cfan
environment, and to set EU Environmental an EQS for pharmaceuticals zrolwf Eht egg ;;t ETEE] (e il
Quality Standards (EQS) iclofenac (99,9%). -
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Figure 4. Design of an advanced oxidation process reactor.
Source: Jiemba (2008)
Conclusions .
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with environment and advanced treatmeant in STPs should be carried out.




