e

Increasing refinement of exposure models

Meek et al. (2011) Risk assessment of combined exposure to multiple chemicals: A WHO/IPCS framework, Reg Tox Pharm

Tiered Exposure
Assessments
Tier0
Simple semi-
quantitative
estimates of
exposure

Tier 1
Generic exposure
scenarios using
conservative point
estimates
Tier2
Refined exposure
assessment, increased
use of actual measured
data
Tier3

Probabilistic Exposure Estimates

"V O Framework for Human Health Assessment

Yes, no further
action required

T

Input from
exposure or hazard
assessments
(iterative process)

Is the margin of
exposure adequate
?

l

No, continue

Tiered Hazard
Assessments

-y

Dose addition for all
components

Tier1

Refined potency
based on individual
POD, refinement of
POD

Tier2

More refined potency
(RPF)and grouping
based on MOA

Tier3
PBPK or BBDR; probabilistic
estimates of risk

(wOW) s|@pow piezey jo juswauyai Buiseaisu|

FWHOH A RBHEED(ZS5TH. ABMOBEFTMDI=HODIL—LT—0ENS
DEE>THEYET , COLFEEHRBTIHENSZLFWVLERAITAES, —B L
DECH . FTEALEVVSEENAHYET . COBRBTIIRAEMELLSDERIDT
TO—FELT ILEREEMEEZEATRYET . TLTEHICOVLTOFRIZEH TLY
o MERIZBITREEFEZTIKENSTTO—FITHYET,
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Relevant European Provisions

Type of mixture Is mixture toxicity
faken into account?
* Products: In general YES

Mixtures intentionally produced and placed on the EU
market (MCS, UVCBs, Preparations)

* Emissions: In some cases
Mixtures of chemicals emitted from point sources or
diffusive sources as a result of production processes,
transportation processes, consumption processes,
recycling processes or disposal

= Immissions | Multi-Pathway Exposure: In general NO

NOT intentionally produced complex mixtures,
occurring in environmental media, in food or in humans
as a result of release and emissions from numerous
products and processes

2DEDEBEELELTIE, Y THYFES . Ch(F, HIZIXERTT EABED
INATEEDSHER ., BB ZESNAME LS ZEITHYFET , CNICBLFELTH. LK
DLDMANTTENAARTAY  BHALEVSDDBELNTEYEL T, SO EY
BN DNTIFROONTEYET, TTD T, ELLVARITEATNDENIZEN
EAET, I TIZZLDOAHFSELNTEYEY,
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ecent Regulatory Developments

EU Pesticide Regulation: Specific consideration of mixture
toxicity with respect to human health
(Regulation ((EC) No 396/2005)

EU Biocide Regulation: Specific consideration of mixture
toxicity with respect to human health AND the environment
(Regulation 2009/0076 (COD))

Fr- EFEBICALT, &if, 3—AYNTIE2DORHEEVNS DL FHT-ITHHEILS
NELI=. 1DHEBE, £531DHBiocidel2DLNTDHEDNTY , £9 . I—AY/TILE
HELTHRBE REFGELIHYVET TN EDL. ChIZERIZBEVLWTHEDLNESEDT
Yo RTL—AKTHYET , BiocideE V5D, FHIFREMNELNGZNTT ITNEL,
EEUSNDIGFTEHDNSLDTY,

BZIE. BELEETERE, RBFZFEZIEVDLDTIA, TheE#HHDH., HAHL
(ERIREE TRESEWLSIZEITHRY FE T EBiocide RFIDF R ELNSZET, M T 53R
FHAESTEET, 2FY. TDILEYMELE D I HLIGEGETHEINZL>THIET DR
HHAE->TNSDITTY,

CDEIGHRTOD. RAHDERELNSIOLHBYEL-, ZTLT ESLEYDOEHEIC
HETELTH. EERHICEALTIEI. ARDOREICEALLIHMANEEINTILNS, T
NIZxfLTBiocideMIHFE 2L, ARTZTTIIELT, RIEIZHEITHEELLVSDEE
BENTUWET LML WTRICLTHEEMICHLTREMNZ LG T RE N FENE
WS EZERLELET MYMBAZLTWSDITTY,
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U Pesticide Regulation

Article 4

Active substances and plant protection products shall not
have any harmful effects on human health, taking into
account known cumulative and synergistic effects where
the scientific methods accepted by the Authority to assess

such effects are available, [...]

BN D BRFNIFHDRAERTY

AR LEMRER R, LRNEORZNFETHRO M T84 D
RIEIRBLUHENREZZEET S5, ABOBEICEZEZRIFILGVEDET DL
WSZEFZEWNTHYET, 2FY., ZOHRWNIZDWTEMREZL-L T, Hi§IIxRAZE
HI RN, EBAELIZREELTEMNEFRIENFRNENSZEITHBYFET,
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EU Biocide Regulation

Artikel 19(2):
“the evaluation [of a biocidal product] shall take into

account the following factors: [...] cumulative effects,

synergistic effects.”

3—0v/{DBiocide DIRH D EFH19FKTH. RLKIBGEES>TLET , aHMI<EAL
T UTOEIITEZGITNIENVELD, ZDIEDIDHARENR ., ZLTHENR
THYEYT, IOLEIEL BRSNAETRIEWTER A
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‘=

Relevant European Provisions

Type of mixture Is mixture toxicity
taken into account?
* Products: In general YES

Mixtures intentionally produced and placed on the EU
market (MCS, UVCBs, Preparations)

* Emissions: In some cases
Mixtures of chemicals emitted from point sources or
diffusive sources as a result of production processes,
transportation processes, consumption processes,
recycling processes or disposal

» Immissions / Multi-Pathway Exposure: In general NO
NOT intentionally produced complex mixtures,
occurring in environmental media, in food or in humans
as a result of release and emissions from numerous
products and processes

SHROREDIEEATY . AN HAINEHGE . HHIWELEGETER
SNBHLDTY, ERBDFRER-PFHTHYES . RELITIHKT HREE
BEISAEEREVS-TOMETHYET . CORFITEALTIE, BRYRWIZEEL T
FTHRMOLGSINTEYZFEY,
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River basin modeling of the expected consequences of chemical
mixtures

* Nonylphenol « Discharge sites
* Natural estrogens (E1, E3), River network

* Pharmaceutical (EE2) P
no effec

low effect
medium effect

/\/ high effect
N

severe effect

[ ] catchment Area

Sumpter, ., et al. (2006) Modeling Effects of Mixtures of Endocrine Disrupting Chemicals at the River
Catchment Scalek, Env. Sci. Techn. 40:5478-5489

B, ZOEIERIEHDDELZDTLLIN, URAVELTIE, CRIFEEOT L XA
DANIDKRTHYFET . CORFEER THFET L FHEDESLELSIDH S HY
F9, NIF/ZLTz/—ILIZEATH)RVFFETHYELT. RESHOT 2L
BLENS, TOEELENSOEBKERLTEYET,

HELDTRDIFIZRTVET &L ATIEN KBIZEELHLHENITENGH
DET A= DNDBMBEVNIDHER, TOXREVIDMNFDETRENTEY
FI /2T /—IVEFTIRGLT, RADIAMAT Y HAVIEERDE
BLNSNDEH, CELTIMAEZL THDELET . 25T HLESHBTLLID,

TLXAIDIYEWEEED, YRIIZESIN TS ELSTEN N EDITTT, D
FY. LY KNG BEAGFFED A EZRDTHLIE KRELSIDH, FIREN
SOMEHL-TEFET, 2FY., /2 IT/—ILEFEEZTUONIENDWNENSHITT
(T2 ENLSMILEE T HILFREEMAH ALV EZEHRLAITNIRLTE
HFh, D REDIDTHYFET,
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The challenges ahead

1. From priority compounds to priority mixtures

ZOMDEEENIDD, ChLICFEHTEYET . £ —FRY. Ch(IhGYME
YOFTNECATIHGUMNEESIDTIA, F=6AMEEMICEL T, BRiLEaMeEL
TEHFZEZDDTET TR TENITETY . BEIEEMENSITETELL BEE
BYMEVSTELEDTEATLKBENHYFEY,

EFERRICEEELTORYEH . HAWEERAKIZDOVTORELNSIDLEZON
Y,
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Y OF GOTHENBURG
ailed analysis of a sample: contribution of
the different compounds

10

sum of risk quotients (MEC/WQS)

CHELIELLZEW, INIFI—BYNNDOP R THERINTULSRRE BEEDFE
BTHYET, I0FEFELL., TELIZFIESINTHEYET , CNITEEYDOFHICHEE
FLTC.EDBEFNETNANFELTNEINENSIEEZRLTVWET . COHENRIT
NIERWEE . EHFENTNENSITEEZEKRLTVET,

VFEFEDREMICEALTELSZLIZHRYET M, ThEnITHLTE=RI2 T ZEL
TWADT, BELTWDENSITEL, EENHBENITELL M TLVET LHL.
ZTHDEREMDHRTEDEENDEZLHHTLINEWNSIEN., ZOFEFSEICRN
TWBEWSILTIEEBYFEE A, TTDT. BITRNBEDEHRL HofzLEICIE. £
AT EREIETUKDELRH ST,
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: bFGOTHENBURG
ailed analysis of a sample: contribution of
the different compounds

10

sum of risk quotients (MEC/WQS5)

CCTHDLDN, AIBRENMDREDRIELVNSIDN, FEITKEKFELTLVSE
LWOYEEHYET, 2FY. COEEYITHL TN RERY L WS ETHNIE,
CHBEEENKEVEGYITEEZLTUULKBELADHDDITTY, TTDO T, AILE
HEDRFAN—ITHESTVDDD . TNERETHEVNITENRDRATYTDIRFEYIC
BYET, SHICIE. BFEMICHLAEELE AR T, EQKIBFEEMIIOVWTEEMEZ
BEMEVNSITEFROTUKDBELHYFET,
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The challenges ahead

1. From priority compounds to priority mixtures

2. Driver identification

L3—2D. FEICHLLVKRIUMTY,
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ynergisms (=higher mixtox than expected)

100
90
80
10
60
50
40
30
20

10 Controls

0_.1_. r T |7;||||| T T T T T 1T
10 100 1,000

Mixture dose (mg/kg)

Likelihood for malformaiton (%)

Christiansen, Sofie, et al. "Synergistic disruption of external male sex organ development by
a mixture of four antiandrogens." Environmental Health Perspectives 117.12 (2009): 1839.

INIE RREBDT TIT>TBYFETREITA—THYFET . chlE. BV H—Fr—1=%
BT THEYET 4207 RO VEEITTo>THEYET , Thik. FITE LS YRIHL
FLTHED. HITBZEEADSLDTHYFET . IS, BNV EFNTET, BLRIC
DY, EDLSHEEINHIDNERTEYET,

N BERGHBTHYET . TR ThDOEREMTRTEVET . ThENEENEX
NIE ZNETDRDH D, HELHDHENSIEDA DD >TVET , CDFTL—DEZAH,
NIEETILEFEVELT. COREBYDEREEZ LD T,

J)=2DEIH TELIFETILMLELONEL . METEMICTEZTIDABYIEHY Z51:
AIEEZONDEBETHYET . COETILD. CNIE. EEOT—2DOERIHDHENITE
DMYET BE, ERICHEENSIEITHYFET, EWVSTET, ETILELWSDIE, 6
i5[XConcentration addition. JEEME TH-I=DITTTITNEL. TN TIXEAEZL-MY
EFRIETEG D oz BNFEEL TLVEWSZER T MVET,

BIZIE, 1002 TS L/S—FAZYTSLDEZAEZRTOELNERWET, ETILTLE
FIe, FRAMELLTIEREFZEESTVET ELVDIET, [REAEEETLLESS. &,
10037 S LN—FAT S LTEEIILGNE ETILIEE>TVWET , LECANERIEEZR T
WEFETE ON—EUrDECATEENHHEEODTLET  ELVDITET, I3RS
FHliZL-EEIC, SOV SR THB/MFMEEL TIXLFRNENSZEEZH A TNIZLDT
HYET,
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ynergistic Pesticide Effects

Synergistic effects of

binary mixtures of E’- 60 (50% inhibition predicted) Tantagonisrn
€ 50 1 - addition
carbamate (CB) 8 4w a- L_HTHTI U v synergism
and ‘;’“ -, Tox* *
S 20
organophospate (OP)  w ,, * |
(@] *
peSt|CIdeS = - c w N C C C C w :J :
: 585535 BE§
CB+CB CB+OP OP+OP

DZN: Diazinon; MLN: Malathion; CRL: Carbaryl

CBN: Carbofuran; CFS: Clopyrifos Laetz et al., EHP, 2008

CDESBRAT 41— INEEAREVZLELT, AMTHLTEREZBZTLERLE
BOET, FRREICHTIEMEZEATOEILVERVET,

FT.ADBETTINEL., FIAIXZZTEMINTEYEI HOrganophosphate.
A UBRERTOEET  HIZE. CCTRTEYETDIFADKDFEIZLAL
HEBBRTHELEDTY . WILNAMREFHIVBERD2DEZEHLEFT & EENE
WNEWLSTEITIEYET 503/ —E U MEERADFENTAEENIZEITHYET,
CHELH., FRNELL TS0/ S—tEUMZA3EWSSSICHLIZEDTHYET .

ECANMBENLELT. EBDADRBEZR TLEFT L. 50/ —EFDFE
HIEZZIZESHo DI TT TN EDL, EREDOFEHEZATELTHET L LoLEE
CAIZHI=EWNSTENBYFET , 100/ —t D ECH, ThIFavba—)L, DFEY
MDIEEMEEZoNTUVVEVWEDTHYET M. CNTHMYELRZKIIZ,. ZIDE
A0 8=t b HAWFENLUTULNEENGNENSIZETHYFET . 2FY. F
AELYEEEIMEN 2L ETHYFET, ELVDITET BEYMDEM RT3
BlE. FPHELVEENENSZETHYET,
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challenges ahead

1. From priority compounds to priority mixtures
2. Driver identification

3. When, why, how often do synergisms occur?

5L =HlIEHLTEYEIT X IFDENENSZET, BBEEL-LEL T, LD,
EIPOT. ZLTENSEVDEFHTIDLSHHEEMREVSIDHEISOTLNSDT
L&Sh ., COKIBAVER—LavERTILVEE ABEVSIEEZYEEERAEST
WBHhIFTTTFNEDL, ZDIENDIAVER—LavDENLHEERALH T, ZL
TED&IGHEEAZTEILTLSDTLEID, TV EITHRYET & REIC
EoTLEIDITTT . ZD=HIZ. WANWALEXBHETETHEYET , ChITHLE
LT 12fIESHBALIZLERNET,

36



=

Régulary monitored chemicals in the river Rhine

NF RREEDERIFERLEFELIZESI—DDF YLD THYET . CNIETA
UMNTY . A—BAYNTHLELLNIITY . CNBERICKELE—DDHFENHYET,
fATEAANEDADNERAKEZDSAVINNERS>TETEYET L, TEAKEIIH
LRLNTETEYET, T, TNEFTTEHAKT. I—AVw N ELNDELEE ST
WBELDTHYFETOT. BEOE AR/ HALTUDNETRIE NIDORE. KORE
EFROEIETEERA EVWSTET, ZOIIZHLELTEIZ, KDOFIZED K57
IEEZMELHLIDNEZRI T DEEINTEYET,
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Régulary monitored chemicals in the river Rhine

1,1,1-Trichloroethane 4-Chlorotoluene

1,2,3-Trichlorobenzene alpha-Endosulfan
1,2,4-Trichlorobenzene Ametryn
: 1,2-Dichlorobenzene ™ Anthranilic acid isopropylamide (AIPA)
3 1,3,5-Trichlorobenzene Atrazine

1,4-Dichlorobenzene o Atrazine-desethyl
1-Chloro-2-Nitrobenzene o Azinphos-ethyl
1-Chloro-3-nitrobenzene Azinphos-methyl
1-Chloro-4-nitrobenzene Bentazone
2,4 5-Trichlorophenoxy acetic acid beta-Endosulfan
2,4-DB »  Chloridazon
2,4-Dichlorophenoxy acetic acid < Chlorotoluron
2,6-Dimethylaniline DEET (N,N-Diethyl-m-toluamide)

#% 2_Chloroaniline delta-hexachlorocyclohexane
2-Chlorotoluene Desethylterbutylazine
2-Nitrotoluene Desisopropylatrazine

* 3,4:Dichloraniline “— Diazinon

3-Chloroaniline ¥ Dichlorprop

Y 4-chloro-2,6-dimethylaniline L Dichlorvos
4-Chloroaniline ¢ - Dimethoate

gL Xer 2 AT Ty P
s e Ll R &)t ) TR

CIZBEVTHYETEDZIARTHROD2BYIEISTVERATAEL. ZOLSIZE
WIRFDIEEME ENSDM, RIFE=R) T INEDITTT,
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Dinoseb
Dinoterb
Disulfoton

. Diuron
DNOC
EDTA
Ethofumesat
Ethyl-parathion
Fenitrothion
Fenoprop
Fenthion
gamma-hexachlorocyclohexane
Hexachlorobutadiene
iso-Chloridazon
Isoproturon

. Linuron

. -Malathion
MCPA
MCPB

e TR S IRD.

88IELELDILEME M. CHSAUNTEZ AT ENTWAITEN MY ZELT=,

Régulary monitored chemicals in the river Rhine

{ Metabenzthiazuron

. Nitrobenzene

Mecoprop Tetrachloroethene
Tetrachloromethane

% Metalaxyl Tolclophos-methyl
. Metazachlor .
Methyl-parathion :1:“; Triazofos
- Metolachlor
Metoxuron - Trichloromethane

Triadimefon
Trichlorethene

Mevinfos e Trifluralin
Monolinuron .;\f Vinclozolin
N,N-Dimethylaniline ?\ EEI :

NTA

Oxadixyl { 3
Pentachlorophenal (PCP) <, 88 Chemlca|5

Propiconazol

Pyrazofos
. Simazine
‘' Terbuthylazine

Terbutryn

8 NN 8 Y el LSS
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Régulary monitored chemicals in the river Rhine

88 Chemicals

& - O Pesticides

- .2 (1 Biocides

 Heavy metals

L] Surfactants

: iEI Degradation products

VN TV s SR 500 e, AGSRROIRIR T 4 o

CDEEME. TNTNESIVSFZESATHEDONTVSDNT IL—ELTZELTH
FLIECA FBRELTHTEELEZOA, FIAERRFITHoY. HAHLIIIRRF
DHEEYTHH1=Y. HAHULIEBiocide THoT-Y. EEZTH1=Y. TNZITTIE
BT, TXEADILEMETH Y. EERBTH--Y. HAWIREEHFITH-
=Y. ZNLUNDEDELTH TN EDDBNBNAEHYFELT,

NIZHLELT DD HB/EM, FIZERBHIFZTER TS 1DDHEFZA. EE
mIZTZERTWS, TEXEFEYELTERTOSERNNLEN, EREFLITERT
WAEBFEZEWNIZEITHESTLEVET & &RBRMIZEEAD. COKIILEME DS
DT IICHLTENDABEEEZH >TSS E, BEEDREN G TLEL
F9,

EWVSTET. LWANAGIEEMMNTIVFET (ThEL C2DRITHEATLSRALEL
D&, ZIIZA>THKAMELNRERITHN.. RETHN. FEENHLHLDTHMN.
BIZEHOTIE, ETHAUMA—IDTERZLDTIEHYE AN
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-
<3

o~

chaIIenges ahead

_: - ::

1. From priority compounds to priority mixtures

2. Driver identification

3. When, why, how often do synergisms occur?

4. How should we regulate mixtures |
with components from different
regulatory arenas?

Iz ZET . RAVPEWLELTIE. D ERERDEVNSTETHYET,
CNIZTDOWTIE, FEFEICKELMEEL T, SNMBEERL TOMNRIFIEESEUE
BTHYFET .

EVWSTET ADEDLUBDFEREENLELTIE. ZOKITEEMMAHYET, L
VWAL EMNETETCWDEEYMLH L. TNIZHLT. TNENER/IHEST
BYET BIZIEFZRRFITHo7Y. ZREFITH-Y. REVHRITH-T. RE. Th
ZNRDERIFIGLTOETITNEL, TENEEDKIILTEDLETIHERHIGL
TWFIERBLLTLES,
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“Summary and Conclusions

O Mixtures matter. They are there and they are toxic.

O Quality standards and risk quotients for individual

compounds form the basis, but are insufficient alone.

HYI) =TT, BESA. CNTOMN TV EEEVERVET IThEL BEEWEN
IDFETLEERLDTHYFET . 2FY. F=BEFEDLILGELDTHN, LIEFIYVE
FERFELEINIEESEN, WAWALRHRBME/ N\ DIRREREDHTER L
EIT. PEFYISIV=0DIFHEDTI L. TNENEUELHHEDTT H o, ©IEY
FREBELTIE. ChEEEGRAVMTHALEBZGITNIELEDIL,
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Summary and Conclusions

O Mixtures matter. They are there and they are toxic.

O Quality standards and risk quotients for individual

compounds form the basis, but are insufficient alone.

L The science on mixture ecotoxicology provides
regulatory tools and options (mainly based on CA,
accompanied by error estimations and more advanced

modeling approaches).

ZTNFEITTRELT, REDREVA—F, fIZFREICHLTH. AOBEITHLT
%, HBHLIEIPNECSEMEQSEMLNABNALEDAHYET A TN ENEELABE
EHYVET TNHEARELGYELT, WAABIEEXISL LAWK L THTE
HDITTIN BEVHLTDRETA—ETEHEZEETI M., F=ENFEITTIE
FTATEBYVER A, Z5L o BLDEELFTTIE+HTIEELD, ThEBAD
DIBETHYET

TIHhLH, WO EEYDEMN. HANIIRBISHLTOEHEICDOLTIE, I
YISzt DEFEILICKYFEL T, Bz EREVZLELTEH. Chb bzl
TWNFIEDLDDENSIDEZERTMNYET , I 2F=EDE ., Y—ILELTEST
LZEMTEE T, =2, TOHITIENANAHERELWNSEDEHYET L., T
BEMEWLVZLELTE SYBERETI I OT770—FEBEELLGYFET 1212 1]
EEIW=1DAHLHEDICONTIE. RonEEHLIHYEE A FIZIE
PBPKETIILELSTz3D LA BHYFEH A, TH. HDHZLIEH LT TT,

IRFE D £ Al Concentration addition, iR EME TOL>THEYET IThEL. TN T
T+ RCENIEEEONEERLET,
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Regulatory Challenges

O Regulation for coincidental mixtures where compounds
from different sectorial regulations are considered

1 How to handle a situation in which each individual
compound is present at or below its safe level, but the
mixture is still toxic?

FNTIHEBRF LOZREBIIATLEIDN . REDRASARIZHEYELZ, TTRY
[CEBGRAAELTIE, RIEY, ESTIIELF/ELT. BRUTEEWITHL T
BT NIEDVDATLEID, BEMEVSEEVELEVSDIX, WAWAEEEYE
[CA2TWWSED, BEIZADTULV =Y, BiocidelZADTWAWNAWSLEEDMNSHT
KBEDMET o1 LEIC, ZNITHLTET HAWERFDELZMZ TEDLSIZL
THREZLTONFIEDLD M EWNSRIBETHYET,

FNEFTEALT,. FNEFNOBE L DIAVKR—RUDREEEZ-ESICIEESR
[CRETHIDIZ, HAIWIEEALZLDIZ, ThEREMELTAEDLETIKE. #
DIERELTHREIMEZ TETLES TNTRDIEFEA—D—EDVAALEITEN
FLELTEH. TN ENITHADHATEL T, FAT=BDContribution, FHELVSDIER
2NHFNTHD L IM-ENHELTVWSEDIEERELELEE>TULET ITNEL,
FNEFTIEH2TERODITTE, RRYESIVS-EREESHMEHTET. %
NESIEDTNFIEESLEIMENSITELFELTUNKIENRELLDEBNET,
CNIFRZMICEBICKELZRECTEHYETH. TNETTIFEKTRI LD F
EBUA LOMETEHIEEZTHYET,
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