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1. Uvod

Hydrologické problémy spojené s lidskou c¢innosti nebo pfirodnimi zménami kvality vod
jsou intenzivné diskutovany od konce 60. let minulého stoleti. Do legislativy se prvni
standarty pro hodnoceni kvality vody dostali vroce 1975 a nasledné vroce 1980 byly
nastaveny zavazné cile kvality pro pitnou vodu. V dnesni dobé je monitoring a hodnoceni
kvality vod v evropské unii (EU) fizen prostfednictvim ramcovych smérnic. Z obecného
hlediska lze veskera vodni télesa plné charakterizovat pomoci 3 hlavnim slozek: hydrologie,
fyzikalné-chemickych vlastnosti a biologie, a tak kompletni hodnoceni kvality vody je
zalozeno na vhodném monitoringu téchto 3 slozek (Chapman et al., 1996).

Tato seminarni prace je zamrena na vyuZiti modernich a efektivnich metod pro
monitoring a hodnoceni kvality povrchovych vod, pficemz jsou tyto metody zaloZeny na
detekci specifickych efektll. Pojednava také o tom, jaky je v soucasnosti legislativni ramec EU
pro Fizeni monitoringu a hodnoceni kvality vod a to jak vnitrozemskych, tak mofskych vod.
V neposledni fadé, prace interpretuje nékolik pfripadovych studii, kde bylo vyuzito
kombinace chemickych analyz a souboru biotestl, biomarkerl a ekologickych indikatoru

chemického znecisténi pro monitoring a hodnoceni kvality vod.

2. Potencial vyuziti biotestl k monitoringu

Jde o techniky, které nachdzeji velké vyuziti pfi vyzkumu biologickych efektl smési
latek, detekci efektl Cistych latek a také pro screeningové testy vzork( z prostredi, a to
zejména pro svou specifickou odpovéd na plsobeni chemickych stressd. V kontextu WFD
jsou biotesty zminény v dokumentech Spolec¢né implantacni Strategie (CIS). V pokynech CIS
je uvedeno, Ze je nutné predstavit dalSi techniky pro hodnoceni kvality a tézit z vyvoje
uspornych zdroj(i, jakmile budou k dispozici. Lze tedy predpokladat, Ze by se tyto tzv. ,effect
based tools”, jakoZzto techniky vhodné pro hodnoceni biologickych efektli, mohli stat
legislativni soucasti WFD. Soucasné je vSak uvedeno, Ze jsou designovany k odpovédi na
Siroké spektrum chemickych stresor(, a tudiZz nejsou jednoznacné propojitelné s urcitou

prioritni latkou. Z toho vyplyva, Ze ackoliv jsou velmi uzitecné, nemohou byt pouzity jako



samostatné kontrolni jednotky v souladu s normami environmentalni kvality (EQS). Nicméné,

potencial téchto detekénich metod je znaény, o éemz svéddi jejich vhodné vyuziti pro:

e Brzkou detekci biologické nerovnovahy

e Propojeni ekologické a chemické informace

e Propojeni koncentraci s expozici a efekty

e VCasné upozornéni na zmény kvality vody

e Detekci a hodnoceni vyznamnych polutantl pro aktualizaci hodnoceni rizik

e Detekci nepriznivych biologickych efektll pro zjisténi, kde je vyZadovan

monitoring

Vhodnost jakékoliv konkrétni metody musi byt hodnocena sohledem na jeji cenu a
praktickou proveditelnost. Metoda musi poskytnout uziteéné informace, které nasledné
mohou napomoci cillim monitorovacich programd.

Z kontextu WFD je mozné identifikovat nékolik cil( tzv. ,effect based tools” a nékolik z nich

je shrnuto zde:

a. Aby plnili funkci screeningovych metod, jako soucast hodnoceni vlivli a
dopad(l na vodni ekosystémy

b. Aby plnili ucel systému véasného varovani, k prioritizaci studia dalSich efektt

c. Aby zohlednili efekty smési polutantl nebo neanalyzovanych latek

d. Aby dodatec¢né podpofili hodnoceni kvality vod jiz zavedenymi metodami

Dle typu monitorovaciho pfistupu lze tyto tzv. ,effects based tools” rozdélit do tfi kategorii
na biomarkery, in vitro a in vivo biotesty. V ndsledujicim textu této prace se podivdme jaké
vyhody a nevyhody poskytuji jednotlivé kategorie, z hlediska vyuZitelnosti pfi monitoringu a

hodnoceni rizik.
2.1. Biotesty

Obecné jsou biotesty definovany jako testy, které méri toxicitu vzork( z prostredi pfi
laboratornich podminkach. VyuZivaji pfitom béinych postupl k méreni toxikologickych
endpointl na Urovni organismu nebo nizsi (Piva et al., 2011). DulezZitou soucasti jak pro in
vitro, tak pro in vivo testy je spravny odbér a zpracovani vzorku, aby nedoslo ke zménam
chemického sloZeni vzorkl. Z toho divodu vydala mezinarodni organizace pro standartizaci

(ISO) pokyny, jak spravné provadét vzorkovani vodnich téles.



Vétsina vhodnych pfistupll je obecné zaloZzena na vybéru adekvatni baterie testl a na
vybéru druh(, které by méli zohlednovat rGzné aspekty, jako jsou citlivost, specificnost,
dostupnost organismu, variabilita metody, nakladnost, eticnost a standartizovatelnost ruku
vruce se vzajemnou kalibraci metod. Stim pak souvisi validita testl. Mezinarodné jsou
nejdllezitéjSimi orgdny pro vyvoj, validizaci a standardizaci Organizace pro Spolupraci a

Vyvoj (OECD) a ISO, a to jak pro biotesty, tak analytické metody.
2.1.1. Invitro biotesty

In vitro biotesty jsou zaloZeny prednevSim na testovani vzork(l z prostfedi na
laboratornich bunécnych liniich s transfekovanym reportérovym genem. Test je zaloZen na
specifické  odpovédi transfekovanych bunék, jejichi reportérovy gen spousti
expresi detekovatelného produktu (luciferaza nebo GTP) v pripadé, Ze latka Ci skupina latek,
kterym je bunécna linie exponovdna spousti signaliza¢ni drahu vazbou na specificky
receptor. Typy béiné pouzivanych linii jsou uvedeny v Tab 1. Nejbéznéjsi linie CALUX je

komercné dostupnou linii.

Nazev linie Mechanismus plasobeni
AR CALUX Androgenni aktivita (AR)
DR CALUX Vazba na aryl uhlovodikovy receptor (AH)
ER CALUX Estrogeni aktivita (ER)
GR CALUX Glucokortikoidni aktivita (GR)
TRb CALUX Tyroidni aktivita (TR)
YES Estrogenni aktivita (ER)
Ames Genotoxicita/mutagenita
ABC Antibioticka aktivita

Tabulka 1 Prehled transfekovanych bunécnych linii navrzenych pro monitorovaci ucely.

Prostfednictvim in vitro biotestll Ize sledovat neprfeberné mnoizstvi efektd latek
v environmentdlnich smésich. Vyhody téch testl (Tab. 2) jasné prevazuji nad nevyhodami,
avsak bez doplnujici informace pokrocilych analytickych metod je jejich vypovidajici hodnota
nedostacujici. A tak pouze kombinace téchto metod predstavuje prospektivni feSeni pro

monitoring a hodnoceni kvality vod, coZ je ukazdno v pripadové studii, viz ptiloha 1.



Vyhody Nevyhody

neni treba resit etické problémy nelze stanovit strukturu latek

velmi specifickd odpovéd nizka vypovidajici hodnota o t]rovm’ch

Ize testovat extrakty vSech typu matric

je tfeba malé mnozstvi vzorku

staci kratky expozicni ¢as

nizké naklady

snadna identifikace toxickych frakci

dobre dostupné

Tabulka 2 Prehled vyhod a nevyhod vyuZiti in vitro biotestd pro monitoring a hodnoceni rizik.
2.1.2. Invivo biotesty

In vivo biotesty slouzi k hodnoceni dopadld chemickych latek a environmentalnich
smési na Zivé organismy. VétSinou jsou testy provadény v laboratofi, v manipulovanych
podminkach. Vysledkem takovych biotestli jsou tzv. endpointy. Jde o typy efektl, z nichz
jsou nékteré sledovany jiz pfi expozici a nékteré az po skonceni expozice. Jako priklady
takovych efekt( Ize uvést mortalitu, vliv na reprodukci, metabolismus, fyziologické funkce ci
chovani. Je nutné testovani na vice trofickych urovnich, protoZe druhova citlivost k riznym
latkam je velice variabilni (viz priloha 3).

Obecné je in vivo biotest(l Siroké spektrum a mizZeme je dle délky expozice rozdélit na
akutni a chronické testy. U akutnich testl nesmi, pfesdhnou doba expozice /5 primérného
¢asu od narozeni po sexualni zralost. Naopak, chronické efekty toxicity jsou méreny az po
uplynuti doby delsi, nez je 50% celkova doba Zivota organismu. Velkou vyhodou téchto testu
je moznost pozorovani odpovédi Zivého organismu ke zvolené expozici. AvSak také velkou
nevyhodou jejich pracnost, ¢asova narocnost a u chronickych testl i finanéni narocnost.
Monitoring environmentalni toxicity vrozsahu chronickych testl je tedy z praktického

hlediska nemozny.
2.2. Biomarkery

Tyto metody nachdzi vyuZiti pfi studiu takovych efektl, jako jsou biochemické,
fyziologické ¢i morfologické zmény u exponovanych jedincl. SlouZi ke studiu jedinc(, ktefi

jsou vystaveni terénni expozici, ne pfi laboratornich podminkach. Nékteré z biomarkeru jsou




jiz zavedeny v monitorovacich programech, aby identifikovali dopad latek a smési latek,
které doposud nebyli prohlaseny jako nebezpecné a ke studiu trendl a vcasné indikace o
snizené environmentalni kvalité. Biomarkery jsou déleny do nékolika kategorii. Prvnim

pristupem je déleni na specifické a obecné biomarkery:

e Obecné — odpovéd na nékolik skupin latek, ¢asto i na jiné stresory

e Specifické — odpovéd na specifickou skupinu latek (pfiloha 2)

Biomarker Popis Odpovéd na typy latek
Biotransformacni enzym PCBs, PAHs a latky dioxinového
EROD
indukovany planarnimi uhlovodiky typu
AChE Enzym, ktery se Ucastni pfenosu Organofosfaty, karbamaty a

Acetylcholinesteraza

nervového vzruchu

podobné molekuly

VTG Prekurzor vaje¢ného Zloutku, Estrogenni endokrinné disruptivni
- . normalné syntetizovan u samic ryb latk
Vitellogenin ¥ z ¥ ¥
MT Vazba kovll zapojena v ochrané Tézké kovy a induktory

Metallotionein

proti oxidativnimu stresu

oxidativniho stresu

DNA dukty

Zmény DNA struktury, které

mohou narusit funkci DNA

Genotoxické latky typl PAHs a jiné

organické polutanty

Imposex

Zména muzsky pohlavnich znaki

na zenské

TBT

Mikrojadérka

Poskozeni genetického materidlu

organismu

Latky zpUsobujici permanentni a

dédi¢né DNA zlomy

Tabulka 3 Priklady nékterych biomarkerd pouzivanych pfi monitoringu a hodnoceni kvality

vod.
Druhy pfistup je rozdéluje na biomarkery expozice a efektu:

e Expozice — méfi zmény na molekularni a bunécéné drovni, zahrnujici indukci Ci
inhibici specifickych enzym(
e Efektu — méri odpovédi, které jsou relevantni ke zdravi organismu a moznosti

preziti a reprodukce, naznacujici riziko na vyssi Urovni organizace

Pfi studiu efekth urcitych typl latek je nutnda kombinace nékolika odliSnych typu
biomarkert, coz mize poskytnout velmi dalezZité informace, viz priloha 2. Broeg et al (2005)

uvadi, Ze multi-biomarkerovy pfistup, zalozeny na nékolika riznych typech biomarker( je



uzitecnym predpokladem pro hodnoceni dopadul environmentalni kontaminace na rlznych
urovnich organizace.

Obecné lze fict, ze biomarkery by méli byt spolehlivym, relativné levnym, snadno
proveditelnym, metodologicky standardizovanym hodnoticim kriteriem. Navic, pouziti
neinvazivnich a nedestruktivnich metod by mohlo usnadnit urcité typy aplikaci. Vyuziti
biomarkerU se teda zda jako vhodny a efektivni pfistup pro monitoring a hodnoceni kvality,

ktery je jiz dobre védecky popsan a soucasné jiz zahrnut pfi hodnoceni kvality.
2.3. Ekologické indikatory chemického znecisténi

V souvislosti s WFD jsou populace a cela spole¢enstva vhodnym biologickym stupném
organizace, na kterém by méli byt efekty latek pritomnych v prostfedi hodnoceny. Tudiz jsou
vyZzadovany metody, které jsou vyuZitelné pro primy monitoring efektli stresu na urovni
celych spolecenstev a tudiz vhodné pro hodnoceni ekologického stavu. Nékolik takovych
technik bude popsano v nasledujicim textu.

Moderni metody pro hodnoceni ekologického stavu se vztahuji na strukturu (tedy
druhové sloZeni a hojnost) a funkénost (tedy druhové znaky) spolecenstev. Tyto techniky

vyuzivaji multimetrickych indexU zaloZzenych na bio-ekologickych znacich.

2.3.1 SPEAR index
Jde o bioindikac¢ni systém, zaloZeny na biologickych znacich, ktery je vysoce citlivy k urcitym
skupindm polutantl a relativné nezavisly na vedlejsich faktorech (Beketov and Liess, 2008
and Liess et al., 2008). Index méfi pomér mezi citlivymi a méné citlivymi druhy.
SPEAR index= (citlivé/necitlivé)*100
Z indexu vyplyva, Ze ¢im vyssi je jeho hodnota, tim méné je oblast ovlivnéna sledovanym
stresem. V soucasnosti zahrnuje index dva typy indikatori podle typl sledovanych
kontaminant(, a to pesticidy a organické polutanty. Tento index byl jiz aplikovan pro
vyzkumné ucely nebo pfi hodnoceni rizik, zatim vSak ne pro bézny monitoring. V EU vsak

nachazi Siroké uplatnéni a Ize predpokladat, Ze bude zahrnut i do monitoringu.

2.3.2 Tolerance spolecenstva indukovana znecisténim (PICT)

Tato citlivd metoda sleduje zmény ve funkénosti komunity (tudiz souc¢asné indikuje i
zmény strukturni), které mohou byt pripisovany toxickym latkam. Neni to index, ale spise
metoda pro vysvétleni, pro¢ musi komunita zménit sloZeni, kdyZ je vystavena urcitému
stresu. Pristup spoléhd na to, Ze citlivé slozky spolecenstva budou presunuty vice

tolerantnéjsimi zastupci, a tak povedou ke zvySeni citlivosti celého spoleCenstva. Méri



funkéni test, ktery detekuje nasledky selekéniho tlaku. Napfriklad pomoci kratkého testu
toxicity zaloZzeného na ekofyziologickém endpointu. Tento pfistup je shrnut také v praci
Blanck & Wangberg (1988), autor( ktefi stoji za vznikem této metody.

PICT byl jiz dfive vyuzivan k hodnoceni vyvoje tolerance nékterych modelovych
organismu, napfiklad bakterii. Byl také vyuZit pfi hodnoceni rizik jednotlivych kontaminant(
na Urovni spolecenstva. PICT je stale vyvijen a v kombinaci s novymi metodami, by mohl byt

uzite¢ny v kontextu WFD.
3. Ramcové smérnice pro vody — WFD g MSFD

V soucasné dobé se evropskd vodni politika fidi dle rdmcovych smérnic. Ramcové
smérnice jsou dvé, priCemZ rdmcovd smérnice vod (WFD) je regulacni orgdn pro vody
vnitrozemské (platnost od roku 2000) a rdmcova strategickd smérnice pro more (MSFD) je
regulaéni orgdn pro vody morské (platnost od roku 2008). Obecné ramcové smérnice vod
pfedstavuji operacni ndstroj a nastaveni cilll pro ochranu vod s vyhledem do budoucna.
Smérnice vyzaduji sjednoceny pfistup k monitoringu a hodnoceni kvality vod. Pfi hodnoceni
ekologického stavu se zohlednuji efekty na Urovni populace ¢i celych spolecenstev, kdy
zakladem je vyuziti specifickych indikatorl a ekologickych pomérd kvality. Hodnoceni
chemického stavu vody je zaloZzeno na souladu s pravné zavaznymi standarty kvality

Zivotniho prostredi pro vybrané chemické polutanty v rdémci celé EU.

4, Zaveér

Neustalé zlepSovani metod pro monitoring a hodnoceni kvality vod je velmi dllezité
z hlediska ochrany Zivotniho prostrfedi. Pfesné informace o ekologickém i chemickém stavu
vod vedou k vyraznému zlepSovani kvality vod a diky metodam vcasné detekce hroziciho
nebezpedi, lze predchazet rozsahlejsSim problémim zpulsobenych kvalitou vody. VEU je
monitoring a hodnoceni kvality fizen pomoci WFD a spolupracujicich organizaci, naptiklad
OECD.

Hlavnimi zdroji pro tuto semindrni praci byly Wernersson et al (2014) a Chapman et al

(1996), které jsou spolu s ostatnimi zdroji uvedeny v seznamu literatury.
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PRILOHA 1

Case Study 1
Title
Laxsjiin — investigating sediment contamination, using chemical and in vitro bioassay approach

Bibliography and link to objectives/national use

lllustrating the following use described in this report:

Primarily prioritisation of areas for further studies (to support conclusions made in the analysis of
pressures and impacts). Also supportive in the selection of future parameters to monitor as well as
identification of control measures

Reporting Institution :

County Administrative Board Véastra Gotaland, Sweden

Web-Link
hitp:/fwww.lansstyrelsen.se/vastragotaland/Sv/publikationer/2012/Pages/2012-47 aspx

Main sources for further information; literature:

Gunnarsson F, Wemersson A-S. 2012. Sediment i Laxsjbn. Halter av miljgfarliga &mnen.
Lansstyrelsen i Vastra Gotaland. Report 2012:47 (In Swedish)

Background, purpose, , approach, resultsand conclusions

Background

The lake Laxsjon was suspected to be exposed to emissions from primarily point sources, including
both on-going and historic activities (such as a sewage treatment plant, paper mill, previous saw mill
and area for timber treatment) but also diffuse emissions from an urbanised area and a channel that
is frequently used by pleasure craft boats. The lake is of interest to sport fishing and other
recreational activities. Some fish samples had previously been taken but exclusively analysed
metals and dioxins and was performed on fish caught in the lower (presumably less exposed) part of
the lake, not showing elevated concentrations. Also some previous sediment investigations close to
the historic saw mill activities (LX4 below) had been performed. The results indicated that the PAHs
analysed were present both at exposed and reference locations at more or less equal levels,
suggesting that there is either an impact from local sources on the whole lake,or the results reflect
the PAH situation in a larger geographical perspective’.

Purpose

The Laxsjdn water body was identified to be at risk of not achieving good status in the analysis of
pressures and impacts assessment, involving a potentially large number of substances. The main
purpose was therefore to make an initial investigation of whether hazardous substances were
elevated in the upper sediments, to confirm or reject the conclusions made in the analysis of
pressures and impacts assessment.If confirmed, the investigation should also provide information
about what parts of the lake were most impacted and from what type of substances. Such
information would also act asdecision support to identify potential needs for remediation and/or other
control measures.

Why effect based tools were included (why not an entirely chemical approach?)

To cover a large number of substances within a limited budget, the chemical analyses were primarily
focused on relevant priority substances that can be suspected to be found in sediment.This
approach was combined with a battery of in vifro bioassays, to also cover substances that could be
considered to be specific pollutants in this water body, but perhaps not individually identified and for
which assessment criteria are not yet established. Furthermore, to investigate whether dioxins and
dioxin-like compounds could be screened using in witro bioassays instead of chemical analyses,
both were performed in parallel on the same samples. Such an approach could save costs in future
investigations of this area.

'"However, only few limnic sediment data on PAHs to be used for comparison are available from this geographical
region, and 1t was therefore not clear whether the PAHs found were elevated compared to the ambient background
situation.



Approach
The substances primarily suspected to be present at elevated concentrations are known to

accumulate in sediments and/or biota. Some are probably found in sediment or lower trophic level
biotarather than fish (or water), because of their hydrophaobicity and high metabalisation potential in
fish. Because of limited experience in biota monitoring of nther species than fish in limnic
environments, and due to the potential impact from historic” activities (sediments could act as
sources), these initial studies were performed on surface sediments. Samples from five locations in
the lake were taken. The chemical analyses included DEHP and other phthalates, 16 PAH,
actylphenols, organic tin compounds, metals, PCDD/Fs and dioxin-like PCBs and a battery of in vitro
assays based on different types of receptor binding (DR-, PAH-, ERa-, anti-AR- and PPARYy-
CALUX). In this way, dioxin-like, benzo(a)pyrene-like, estrogenic, anh andmgenm and peroxisome
proliferator-activated receptor (PPAR) gamma binding compounds® present in the surface sediment
were covered.

Results and conclusions

Primarily two of the locations were found to be contaminated, based on both chemical and in vitro
analyses. ER CALUX primarily responded at one of the locations (LX4) (first graph below), which is
not surprising due to the proximity to a sewage treatment plant. Nonylphenol and oclylphenaol were
analysed chemically but not detected, although unfortunately the detection limits were not
sufficiently low to allow any conclusions about status to be made. PPARy-CALUX results suggest
that primarily LX2 and LX4 are the most impacted locations (second graph below).

Some of the priority substances found in elevated levels, such as the very high concentrations of
DEHP in LX2, could be responsible for the peak nbsenred in the in vitro bioassay to detect anti-
androgenic compounds (third graph below).However, it is also likely that the srgnals observed in
vitro are due to several other compounds that were nol included or detected in the chemical

analysis.

The DR CALUX assay more or less confirmed results from chemical analyses, suggesting that the
major dioxin-like contamination was to be found at LX2. This suggests a potential to reduce the
costs in future follow-up studies of dioxin and dioxin like PCB load in the lake (fourth graph below®).
A proposed Swedish assessment crileria for dioxins and dioxin-like PCBs in sediment based on
WHO-TEQ is 0.9 ng TEQfish/kg (Maturvardsverket 2008). This value is clearly exceeded at all sites,
but sediment exceedences to some extent are anticipated to occur at many locations, suggesting
dioxins and dioxin-like compounds to be considered ubiquitous in sediment. To check status biota
data should rather be used. However, the exceedance at LX2 is more than 300 timesif based on in
vitro results (and almost 200 times based on chemical analysis), suggesting that the sediment
quality is not good.
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are TBT, phthalates and perfluorinated compounds
*Light blue bars are hased on chemical analysis, whereas green bars are based on in vilro assay. The in vitro assays

possibly even further indicate that LX2 is the most contaminated site from this type of compounds.
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Interestingly, the PAH CALUX assay primarily responded to the two most exposed locations
{LX2 and LX4). The chemical analysis of individual priority PAHson the ather hand would rather
confirm previous conclusions (see graphs below), suggesting that PAHs in general has an
impact on the whole lake at about equal levels. If analysing each individual PAH though, there is
some variability between sites®, although at least LX2 is nol suggested to be of particular
concern by any individual compound.Taking in vitro data into account, it could instead be
concluded that both LX2 and LX4 are the main areas of concern and that future studies should
focus on those.

FAHCALLIE P Pa-ad
13080
u Oiraaiiemr
12000 u L
— o] Db 2 i
- [
g'- S 4 i“ 5
s I" Deushizem
| u DEri ke
] L Dfrinc
u
L ]
L L k] Lie (-] | [T m 5 ]

The responses observed in the in vitro assays were, excepl for DR CALUX, nol interpreted in
absolute terms but rather on a relative scale between the different siles of the same lake, to
identify the maost contaminated locations. If additional dala becomes available on in vitro results
from sediment lesting using this battery, the opportunities to also compare the results with the
situation in other areas would increase. Nevertheless, if comparing PAH CALUX resulls
(expressed as BaP equivalents) with the OSbent for BaP, the results indicate a clear
exceedence at LX2 and LX4, a slight exceedence at LX1 and LX5 and below at LX3. The PAH
CALUX results (using BaP equivalents compared lo BaP criteria) indicate that the cumulative
response to PAHs other than BaP is an issue that would have been overlooked with a purely
chemical approach. ER, PPAR and anti-AR CALUX are hard to evaluate at the moment because
even if the results are expressed on a chemical equivalent basis, /sediment! assessment criteria
for these reference compounds are not available.

To conclude, in vitro assays were found to be useful as a complement to the chemical analyses,
to make conclusions about which parts of the lake are the most contaminated and whal type of
compounds (and therefore sources), other than those analysed chemically, thatare probably of
major concern. It was also concluded that the DR CALUX assay is an acceptable, cost effective
alternative (about 1/5™ of the price compared to the chemical approach) to track sources of
dioxins and dioxin-like stable compounds in follow up studies of the same area. The PAH CALUX
data indicate that PAHs other than those that are regularly monitored are of concern.

For further information aboul the conclusions related to chemical analyses, please refer to the full

"It‘cnmpa:ed to effect based ()5bent for fluoranthene, concentrations are elevated at all locations, but more so at 1LY
and LX4 than at the other locations. If compared to marine sediment data, the PAH concentrations were to be considered
mederate to very high, depending on the substance. Benzo{a)pyrene was primanily found at LX1, and at higher
concentration than was so far reporied to a national screening database, but sull below a calculated QSbent using local
TOC concentrations. Taken together, the chemical analysis of PAHs suggest that primanly fluoranthene is of a concern,
but at all locations and primarily at LX1 and LX4 but not particularly at LX2.




report.

Costs involved: Approximately half of the budget of this project was relaled to the sampling of
sediments, including one day spent on finding the most suitable locations by using side scan
sonar mapping. Total costs for the in witro battery analysed on the five samples were about 2500
Euro; total costs of project about 25 000 Euro.

Outlook - Next steps
Further studies are on-going.




PRILOHA 2

Case study 2

Title
Deployment of a mulli-biomarker approach to identify the origin of wild fish abnormalities reported in
a French stream receiving urban and industrial effluents.

Bibliography and link to objectives/national use

lllustrating the following use described in this report:

Primarily illustrating the use of a multiblomarker approach to provide robust data, useful for
environmental managers to understand mechanisms of emdronmental degradation in a crisis
context Also illustrates how to identifysuitable measures, and should be a trigger for studies of
population level effects

Reporting Institution :
MNational Institute for Industrial Environment and Risks (INERIS), France

Web-Link
hittp:/fwww.ncbi.nlm.nib.gowpubmed/Z 1722062

Main sources for further information; literature:

Sanchez, W. (2010). Riviere Dore: resultants de I'dlude suite aux prélévements realizes en 20008 et
2010. DRC-10-109441-13986A, 37p.

Sanchez, W., W. Sremski, B. Piccini, O. Palluel, E. Maillot-Maréchal, S. Betoulle, A Jaffal, 3. I. Al-
Aissa, F. Brion, E. Thybaud, N. Hinfray and J.-M. Porcher (2011). Adverse effects in wild
fish living downstream from pharmaceutical manufacture discharges. Environment

International37(8): 1342-1348.

Background, purpose, , approach, results and conclusions

Background

In 2008, anglers reported the presence of gudgeons (Gobio gobio) exhibiting abdominal swelling
associated to gonad hypertrophy in a river receiving effluents from waste water treatment plants and
from a pharmaceutical industry involved in steroid production. According to the precautionary
principle, local authorities have forbidden consumption of wild fish from this river.

Purpose
An invesligative study was initiated to identify the origin of the observed fish abnormalities.

Why effect based tools were included (why not an entirely chemical approach?)

The study was initiated by visible effects in wild fish inhabiting a good status water body. First
investigations based on chemical analysis did not reveal presence of chemical contaminants. Due to
the adverse effects (abdominal swelling and gonadal hypertrophy) th investigations included effect
based tools (biomarker battery) with focus on endocrine disruption parameters.

Approach
A set of biomarkers including vitellogenin (VTG) as endocrine disruption end-point,

biotransformation enzymes (7-ethoxyresorufin-O-deethylase (EROD), cytochrome P450 3A
(CYP3A) and glutathione-S-transferase (GST) activities, together with acetylcholinesterase (AChE)
and lysozyme activities respectively as neurotoxicity and immunotoxicity biomarkers was measured.
To complete, histological analysis of gonads were performed for sex verification, identifying stage of
development, documenting presence of intersex and other pathologies.

Fish assemblage was also characterized to identify potential disturbance of fish populations
complementarily to assessment of individual effects.




In this work, adult gudgeons out of reproductive period were electrofished on 3 sites located
upstream and downstream from industrial effluent.

Conclusions:

Responses of biotransformation enzymes, neurotoxicity and endocrine disruption biomarkers
revealed contamination of the investigated stream by a mixture of pollutants. Fish from sampled
sites downstreams the industrial discharge exhibited also strong signs of endocrine disruption,
including vitellogenin induction, intersex and a male-biased sex-ratio. The observed response profile
appears as more complex with antagonist signals such as VTG induction and male-biased sex ratio.

No cause-effect relationship can be firmly established between fish exposure to Active
Pharmaceutical Ingredients (APls) and individual and population disturbances. However,
pharmaceuticals discharged in the investigated stream could be involved in adverse effects
observed on fish and their assemblage, and a set of evidence supports the hypothesis that these
compounds inducedthe observed adverse effects and indicated that resident fish populations from
both downstream sites could disappear.

Costs involved :

65 000 EUR including travel fees, consumables and permanent personal fees for 4 siles
investigated 2-fold

Outlook - Next steps

The study was completed by an EDA approach to identify i) chemicals involved in water
contamination and supporting observed adverse effects and i) pollution source. A set of APls
discharged by a pharmaceutical manufacturer was identified. Local authorities requested specific
measures to reduce environmental impact and establishment of an effect-based monitoring
programme (the first in France). Now, a complementary study is performed to assess resilience of
the water body.




PRILOHA 3

Case study 7

Title
Manitoring concentrated surface waler with in vivo bioassays in the Netherlands

Bibliography and link to objectives/national use

lllustrating the following use described in this report:
Use on national level, status and trend monitoring programme

Reporting Institution :

Mational Institute for Public Health and the Environment and Centre of Water, Traffic and Human
Environment (previously Centre of Water management) (Both the Netherlands)

Web-Link
http:/hwww.rivm.ni/dsresource Pobjectid=rivmp: 16209&type=org &disposition=inline

Main sources for further information; literature:

Durand A M, Rotteveel S, Collombon M T, Van der Grinten E, Maas J L, Verweij W, 2009. Toxicity
measurements in concentrated water samples; evaluation and validation. RIVM report 607013010/2009;
Centre of Water Management report 2009.003 (in English)

Slruijs, J., van der Grinten E., Aldenberg T., 2010. Toxic pressure in the Dutch delta measured with
bioassays. Trends over the years 2000-2009. RIVM report 607013013/2010 (in English)

Background, purpose, , approach, results and conclusions

Background

Since the early 1990s, water quality in the Netherands has been regulary assessed by chemical and
biological effects monitoring (RWS, 1999; Maas and Van den Heuvel-Greve, 2005). As a consequence of
the improvement in waler quality, toxicity tests like the Microtox® assay barely show any acute effects at
the present level of contamination. However, also the risk of chronic effects need to be taken into
account.Monitoring of environmental toxicity using chronic bioassays is very laborious though, and
therefore expensive.

Purpose
The MNational Institute for Public Health and the Environment, together with the Centre of Walter
Manﬂgemem’. developed a method for measuring toxic pressure (risk of effects) in a cost-eflective way.

Why effect based tools were included (why not an entirely chemical approach?)

Primarily to cover large number of substances that are not included in the chemical analysis, but can
contribute to the toxic pressure. The results were used both to identify locations with elevated risks of long
term effects but also to monitor trends in toxic pressure.

Approach

The biological effects method consists of a concentration procedure, toxicity testing and (statistical)
interpretation of results. First, the organic toxicants in the water sample are adsorbed to a synthetic resin,
eluted with an organic solvent and concentrated into a water extract. Then, the toxicity of the extract is
measured using a set of standardized acute tests. The results are interpreted in a single species approach
or in a risk-based manner.

Preconcentration step

Physical-chemical technigues are used to isolate and concentrate many of the organic toxicants from
the water sample. This concentration step is necessary,so that acute toxicilty tests can be used to
identify samples with elevaled toxic pressure. The concentration slep also separates toxicological slress

* formerly called Institute for Inland Water Management and Waste Water Treatment



from other siress factors like minerals and nutrients.

The method aims at comprehensive adsorption to adsorbents with a high affinity for the biologically
available fraction of toxic substances. A combination of synthetic resins (called XAD-4 and XAD-8) are
therefore used as the adsorbent. Nevertheless, only the organic fraction of the contaminants is tested in
this way, since metals do not adsorb to the XAD.

After adsorption, the substances are removed from the XAD using acetone, found to be the most
suitable organic solvent. Before using the eluates for toxicity tests the acetone is removed and the
substances are transferred to a water extract. The recovery of substances has been found to be about
80 % for narcotic substances like 3-chloro-nitrobenzene but is very low for e.g. organotin substances.

Binassays

Because of the concentration step, the amount of material available is small in relation to the original
sample. One factor in the choice of bioassay is therefore that it must be possible to measure the toxicity
in very small volumes. The set of organisms was also tuned to obtain optimal ecological relevance, by
including primary producers (algae), primary consumers (crustaceans) and decomposing organisms
(bacteria). The tests are well described in protocols and mostly derived from international 1S0O-standard
tests and endpoints include mortality, growth inhibition and photosynthetic activity. The toxicity tests
vary in duration from a few hours to several days.

Data interpretation

The bioassay results are compared to developed criteria, either in a single species approach (criteria
based on risk of long term effects) or in a risk-based manner (based on a species sensitivity distribution
concept). Reproducibility of the tests is good and within acceptable limits, both in intra- and in inter-
laboratory experiments. The reproducibility of the entire method is good and comparable to the
reproducibility of the individual tests.Validating the entire method in the same way as is done for
chemical methods is complex however. Other technical specifications, such as LOD, LOQ, linearity and
precision are difficult to establish because the chemical composition of surface water is not known (can
only be established for a single substance or a mixture of known substances). For that reason, no
detection limit, linearity and ‘bias’ are specified. There was, however, a pragmatic solution chosen for
LOQ-determination.

Results and conclusions

The concentration procedure (sample pretreatment) was evaluated thoroughly. The method appears to be
suitable for many substances, although there are differences in recovery. More specifically:

= The method is especially suitable for hydrophobic substances with a narcotic mechanism of action.
Recovery was typically between 88 and 100%.

= The effects of herbicides and organochloro-pesticides (insecticides) can be well demonstrated.
Recovery is usually somewhat lower (60 to 75 %).

= Hydrophilic substances (like medicines) do not adsorb very well onto the applied resins (XAD 4/8).
Perhaps other types of resins would lead to better results.

= Volatile substances will disappear largely during the concentration procedure.
= Metals are not extracted from the water phase.

* The extraction procedure can be applied well to surface water. Natural organic matter does not appear
to influence extraction efficiency of toxic substances.

= The procedure is well described in protocols. Disturbing factors are well known and included in the
protocols.
* Reproducibility of the methed is good and within acceptable limits.

For more details, please refer to the specified report.

During the years 2000-2009, the effects of toxic substances in Dutch inland waters were measured. The
results offer an excellent opportunity to evaluate the trend in toxic pressure in Dutch freshwater water
bodies, without analysing all the individual substances involved. Trends became apparent when the results
of five bioassays in several water bodies collecled over ten years were combined (Van der Grinten et al. in

prep).

Costs involved:




Although not all substances and types of effects (mode of actions) are covered in this way, the approach
has been found to offer a cost effective alternative to an approach based on chemical analysis only, if trying
to cover an almost unlimited list of substances that could potentially be present in the studied waters.

Outlook - Next steps

The approach has been suggested to be used for different purposes, such as identification of locations
where toxic substances may have a negative impact and for that reason it was also proposed as an
additional method within WFD-manitoring (Maas, 2005).
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