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“The difference between stupidity
and genius is that genius has its limits.”

Albert Einstein

Food for Thought ...

Thresholds of Toxicological Concern —
Setting a Threshold for Testing
Below Which There Is Little Concern

Thomas Hartung
&HQWHU IRU $OWHUQDWLYHV WR $QLPDO 7THVWLQJ &%$%7 -RKQV +RSNLQV %ORF
DQG &%$%$7 (XURSH 8QLYHUVLW\ RI .RQVWDQ] *HUPDQ\

Summary

Low dose, low risk; very low dose, no real risk. Setting a pragmatic threshold below which concerns become negligible
is the purpose of thresholds of toxicological concern (TTC). The idea is that such threshold values do not need to b
established for each and every chemical based on experimental data, but that by analyzing the distribution of lowest-
or no-effect doses of many chemicals, a TTC can be defined — typically using the®percentile of this distribution and
lowering it by an uncertainty factor of, e.g., 100. In doing so, TTC aims to compare exposure information (dose) with

a threshold below which any hazard manifestation is very unlikely to occur.

The history and current developments of this concept are reviewed and the application of TTC for different regulated
products and their hazards is discussed. TTC lends itself as a pragmatic filter to deprioritize testing needs whenever
real-life exposures are much lower than levels where hazard manifestation would be expected, a situation that is called
“negligible exposure” in the REACH legislation, though the TTC concept has not been fully incorporated in its imple
mentation (yet). Other areas and regulations — especially in the food sector and for pharmaceutical impurities — are
more proactive. Large, curated databases on toxic effects of chemicals provide us with the opportunity to set TTC fol
many hazards and substance classes and thus offer a precautionary second tier for risk assessments if hazard cannc
be excluded. This allows focusing testing efforts better on relevant exposures to chemicals.

Keywords: toxicity limits, risk assessment, exposure, computational toxicology, alternative methods

1 Introduction lowest-(adverse)-effect levels (LOEL, LOAEL), points of de
parture, derived no-effect-levels (DNEL), reference doses

([FHSW LI \RX EHOLHYH LQ KRPHRSDWRMD),WK Bd) tHese\efflect@iregHdldisR-WvitD and Witki@ut incor
VWDQFH EHORZ ZKLFK WKHUH LV QR HHRHBPWD ®QRR) KIQFHR\RILEG WO MARMWRUW FF
and thus no concern of toxicity. Almost all toxicologists agree o VVHQWLD OO\ WKH\ GR WKH VDPH 7KH\ G
this since Paracelsus wrote, “The dose makes the poisondeThenothing happens in test animals and, using safety and uneertain
minimisconcept suggests a human exposure threshold for-chetyifactors, we can calculate doses that are extremely unlikely to
FDOV EHORZ ZKLFK WKHUH LV QR VLJ Qalve &fDdE\v Humhahsl WR KXPDQ KHDOWK

0DQ\ RI RXU ULVN DVVHVVPHQWYV D UHe tiresholtl i§fLtdkicOlbyRal BoQceEnD{MTB)oRc€pt aims
EHQFKPDUN GRVHV QR DGYHUVH H tofomalize tHi¥ fidr@ivect téhjparidcah $vjth exposure to a given
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VXEVWDQFH +HQQHYVhe TTC ishlse®@dhGhe DQG 9RIJHOVWHLQ 7TRPDVHWWLEL HW D
concept that an exposure threshold value can be establisr@dded, across 32 cancer types, that 66% of cancer-promoting
below which a very low probability of an appreciable risk tanutations arise randomly during cell division in various organs

human health (or the ecosystem) eXis®ur glossary (Fer WKURXJKRXW OLIH WUDFH WR HQYLU]I
UDULR HW DO IROORZHG WKH YHKHVLMHOD U7 &H ¢ HQ WLLIRRXQ PRHWDAXD-O SDU
ODWHG E\ "XIIXhfeshold of téxicological concern WUDFW VPRNLQJ +DUWXQJ DGGV V

(TTC): Human exposure threshold value for a group of chemFKDQFH DQG LV GLI(FXOW WR SURYH DQ
cals below which there should be no appreciable risk to humahemical, except in extreme exposure situations, for example
healtH. In a less than perfect world, this is an almost perfeét certain workplaces. So, without reentering the argument of
way to pragmatically calculate limits of exposure for untesteithreshold versus linear extrapolation, there is a practical thresh
FKHPLFDOV WKDW SURPLVH WR EH V DbltHhvhere the risk exerted is so small that there is no longer

Is there a threshold of toxic effects and do all toxic effect HDOO\ FRQFHUQ 7KLV LV WKH EBVLF L
have one? A single molecule could, at least theoretically, cdegical concern (TTC).
ate DNA damage, a mutation that is not necessarily repaired XH WR HYHU LPSURYLQJ DQDO\WLFDO F
DQG FDQ FKDQJH WKH FHOO +RZHYHU XWKHYHF WHGCHFEHROQOFDOYXPBQWWRZ EH
RYHU GHFDGHV DERXW ZKHWKHU PXDMDGH@LFPAKH BQ@LBBQPHQVER7QRW LPSU
IROORZ WKLV SDUDGLJP .LUVFK 9R @hallehg¥s irostrip@nd regulatord te Adeli2<3 @ith increasingly

DQG VLPLODU DUJXPHQWYV RI QHmit&lddddeRoee aadnvdre iEsdds @sBdxa@dwith-the de

IRU WHUDWRJHQV *D\ORU HW DO - tectioDdv@rytbw e @IsiiZiERiEdls in@dd@ts. \For Bx@&mple,
WLRQ .RUWHQNDPS HW DO ZLWKKWHKH DRJUWHP BlBRXDW J H O\ 1GRIGD BW/BRIIED SR V

%UHQW DQG )DZFHWW ZKLOH Whigrat©imtd\faadH T A_hélpud\set@ GmiDdefefnwiing/ whsthér R |
GLVFXVVLRQ 7KH\ DUH VHHQ E\ VRP tHes2Vequve RIRheDattsitioR for YetiQdvavl Mgk d3a&sdmint:
FRPH OHVV DQG OHVYV SUREDEOH ZLWie Breshdd ¢ togicbldgiRal/ ¢tbncErK YV TQ) Kndth8ddIBdy
DELOLW\ GRHV QRW UHDFK JHUR L QpWRI& H sdebididdNp defEn6ible) tridnkbld-dndNipprddeixfey G
only at low doses that are not seen at higher ones are postulgtedjng low-level exposures in the context of potential risk, as
often called non-monotonous dose-response curves. Howeverpol to facilitate prioritization of responses, including poten-
RXWVLGH DFDGHPLF GLVFXVVLRQ - L @alDnitigatior® " Z RWOW HWUFHQDNQR WKH SURE
DELOLW\ Rl KD]DUG DW VRPH SRLQW VLRI BURBMmMHPEIHO RZDWHKHEDRLNG LIQHFDV
WKH LQHYLWDEOH VSRQWDQHRXV G HYIHOWS AHQUNQRI WRFKFEDWHDNWBI® GDWD L

For example, a recent, prominent study out of Hopkins suy KH 77& DSSURDFK KDV EHHQ FRQWURYH
gests that two thirds of all cancers are due to chance (Tomaséttt VN FKDUDFWHUL]DWLRQ ZLWKRXW WKFE

Tab. 1: Current regulatory use of TTC

Area Authority Reference
Food packaging migrants and avoring agents US FDA, JECFA, WHO FDA, 1995, 2001; JECFA, 1998; WHO, 2000
Food avorings and pesticide metabolites in groundwater; EFSA EFSA, 2012, 2016

Under discussion for: food contact materials; impurities
and breakdown/reaction products in food and feed
additives; plant metabolites and degradants of pesticides;
metabolites of feed additives; technological feed additives;
avoring substances in feed

Genotoxic impurities in (veterinary and human) EMEA, EMA EMEA, 2004; FDA, 2008; EMA, 2006, 2013
pharmaceutical preparations and genotoxic constituents
in herbal substances and preparations

Genotoxic and carcinogenic impurities US FDA McGovern and Jacobson-Kram, 2006;
in drugs ICH guidance M5, 20152
Within REACH registrations for industrial chemicals ECHA ECHA, 2016

2https:/iwww.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM347725.pdf

1 https://www.kvev.belindex.php/en/food-contact-materials
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Tab. 2: Cramer classes
(Munro et al., 1999)

I Substances of simple chemical structure with known metabolic pathways and innocuous end-products, which would
suggest a low order of oral toxicity.

Il Substances less innocuous than substances in class |, but do not contain structural features suggestive of toxicity like those
substances in class Ill. May contain reactive functional groups.

M. Substances of a chemical structure that permit no strong initial presumption of safety, or may even suggest signi cant toxicity.

of the TTC approach is also critically dependent on the validigan be recommended as a useful screening tool either for prior

Rl WKH GDWDEDVHV XVHG DV ZH ZL Opse@ihgvor tdNdecidirng Whidthler exposure to a substance is so
6HYHUDO UHYLHZV RI WKH 77& FRQItBaithe ptbBaHiNty &f @dBers®jealbh@ReZts is low and that

VNL .URHV HW DO % D U O R Z no furthed datalaie nddassar@TC is also part of the ECHA

+HQQHV &DQDG\ HW DO D Q Guidabc® forReRtugl FLV$SHG LQSWBKH WKRXJK

IROORZLQJ FDQ JLYH EURDGHU E D F mdrd kexit@rbmivikeD(geellarer)VTKélertexgih d@ivsensld might

WKLV DUWLFOH +HUH HVSHFLDOO\ WKHUFKDIO-DORQIRVYWXEDW\ I RRUDEEBRBOBEHW S

XVH Rl 77& VKDOO EH DGGUHVVHG 7riatic ¥ppRacitG redlite Begting @nd/ahimalmse. SDU W

of the strategic development of safety sciences (Busquet and

+DUWXQJ DV GLVFXVVHG LQ WKLV VHULHV RI DUWLFOHV +DUWXQJ
D DV SDUW Rl WKH QHHG WR P-R Y2HThB ZT\cohteRt BnditQdrrerfedeeH [ S H U L
PHQWDWLRQ +DUWXQJ E 5HJXODWRU\ XVH RI 77& RULJLQDWHG

RXW RI WKH 86 )RRG DQG 'UXJ $GPLQ)LNOWBWHRQD®6 )'$ O[FAUWKEL 8N\ ) UdeEe H\
WZR GHFDGHVY DJR EXW UHJXODW R Unine 8I8/lfvige 6f anywfoatWgdckagind tonWdoehtvhzh eoultv H G
7DE ZLWK RQO\ WZR EURDGO\ DBbdaddiBiderddsto ¥&/dafe regartless @ Rsale@rébYoHdbaity
food constituents and drug impurities. WKH ¢UVW 77& 7KH ¢UVW 77& YDOXHV ZHUL
7KH 77& FRQFHSW KDV IRXQG FRQMifead enBeEng thirteRtidhidlly friovh\Wacka@ing) ¢ &ddeg W very
years, especially in Europe. A large ILSI-Europe worksho@ RZ DPRXQWYV VXFK DV ADYRULQJ DJHQWYV
'"HZKXUVW DQG 5HQZLFN DQG ¥ XhEeshdld BfHegWation §TORX &ppr&aeh for indirect food ad
Threshold of Toxicological Concern Task Fdicas wellas GLWLYHV 86 )'$ 7KH 725 UHSUHVHQW
VHYHUDO RSLQLRQV E\ % KIHQ (X WRKS-H Mdadkliedqiie &dfety of food packaging materials that had the
FRPPLWWHHY RI 'LUHFWRUDWH *HQ HpberdialltB biigrake In® \wéd & @ Bve) Bkt @a$ Ephkidered to
W\ 6&+(5 6&&3 6&(1,+5 ()6% E H DUXG JFHVHMHEON ORZ WR EH FRQVLGHUHG W
WKH WRSLF ,Q WKUHH LQGHSHQGNMA Y IQR @ KRIRGE & HIGH-®WR I, FK&HRPR.FDO VSHFL
mittees of the European Commission were jointly tasked witk DVHG RQ D VWDWLVWLFDO DQDO\VLV RI W|
evaluating potential applications of the TTC approach forhumaBDVH &3'% RI *ROG HW DO DQG W
KHDOWK ULVN DVVHVVPHQW RI FKHPLEQ QOVKMEMWHDNQ FFRUUWBVSRQGLQJ WR J SFH
Their opinion focused on the potential applications of the TTC RU J NJ ERG\ ZHLJKW GD\ ZDV VHW
concept for cosmetics and other consumer products in relationto7ZR SULQFLSDO DSSURDFKHV KDYH EHHC
their mandates. They considered the TTC approach, in geneBRRG FRQWDFW DUWLFOHYV DQG ADYRULQJ
“scientifically acceptable for human health risk assessment of  TTC, suggested to apply to all chemicals and all health effects,
systemic toxic effects caused by chemicals present at very (DL QO\ EDVHG RQ FDUFLQRJIJHQLFLW\ GDWIL
levels, as based on sound exposure information”. However, they on structural information compared with toxicological data of
HPSKDVL]I]HG WKH QHHG IRU D KLJK O eh¥rHicalsR'the BeQigjdh € Fabiprb#@gh”) for non-carcinogenic
WKH TXDOLW\ DQG FRPSOHWHQHVWRG®YKIHQWR[LALRRRHVGBWIIEDVHY O0XQUR HYV
WKH UHOLDELOLW\ RI WKH H[SRYV XIUE afe Datiuded RitcawdolitsloQchemiQai . HBGth Xpprbaches

WKH FKHPLFDO DQG focused strongly on cancer studies, mutagenicity, and the un
(3) the appropriateness of any extrapolations in order to apahgrlying chemical reactivity. However, although derived from
the TTC approach in risk assessment. FDUFLQRJHQLFLW\ GDWD WKH 86 )'$ GRH\

Similarly, the European Food Safety Authority (EFSA) Scientifthis TOR for known carcinogens or for chemicals with structural
LF &RPPLWWHH FRQFOXGHGTC@pach alelts Kridtherwvikieéhce of carcinogenicity. An ILSI workshop in

2 http://ilsi.eu/wp-content/uploads/sites/3/2016/09/Threshold-of-Toxicological-Concern_TFonepager.pdf
3 https://www.efsa.europa.eu/en/topics/topic/threshold-toxicological-concern
4 https://echa.europa.eu/documents/10162/23047722/ir_csa_r7c_pbt_peg_en.pdf/3db0a474-02bb-4358-83fc-20e7ff81ef2c
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'"HZKXUVW DQG 5HQZLFN KR¥ZRYWHWMU¥XRWXUGBUFHKHMKHDO FODVVHV G
FXUUHQW 77& YDOXH WR EH DGHT-XDWBEDQG KL VRRIOBXVERNBIWIRRIQFIDWQ ED V H(
FHU EHFDXVH LW LV GHULYHG E\ OL Qriodd toxitlflctibBabdroodpvédeRt @ the) iRdkeces ModRebr V W
WR[LFRORJLFDO) faire&cH compoudnd in the largestplex chemicals are therefore assigned to Class Il (lowest TTC).
DYDLODEOH URGHQW FDUFLQRJHQLFOWRUBPRGEHWWVHLGHQWL,FDWLRQV RI WR]

ORYLQJ DzZD\ IURP WKH FDQFHU ELRDWDW.PDQDOLWRPHDYKUHY KDYH \HW \
HQFH GDWDEDVH RI PRUH WKDQ V X EY \WOURSH WHWW 8 6 ALGH @ WU i PARKRORQP L W
VXE FKURQLF DQG FKURQLF WRI[LBVW\ PRQXGGHNJ HGX QU&R XWWM DUDLVLQJI T
GHULYHG KLJKHU 77& YDWODOHY MYQ@GY DDQYAMNMHRGEI WKHBP GD\ GHULYHG

Tab. 3: Hazards for which TTC have been suggested

Hazard

Value range

(ng/kg bodyweight/day)

if not given otherwise; values given
per person were divided by 60 kg

References

General toxicity (genotoxic substances)

0.0025 - 2
(depending on duration)

Rulis 1986, 1989; Kroes et al., 2005;
Cheeseman et al., 1999; Felter et al., 2009;
Mdiller et al., 2006

General toxicity
(non-genotoxic substances)

0.025 - 1 (depending on Cramer classes)

Munro et al., 1996, 1999

General toxicity organophosphates 0.30-4 Leeman et al., 2014
including carbamates, organohalogens

and remaining Cramer class Il

substances

Repeat dose toxicity (oral) 0.63 - 60 Munro et al., 1996, 1999;

(depending on Cramer classes and
duration, OECD TG)

Bunke et al., 2006; Bitsch et al., 2006;
Tluczkiewicz et al., 2011

Repeat dose toxicity (inhalation)

0.07 - 23
(depending on Cramer classes and
duration, OECD TG)

Carthew et al., 2009;

Tluczkiewicz et al., 2011; Bitsch et al., 2006;
Munro et al., 1996, 1999;

Escher et al., 2010; Bernauer et al., 2008

Genotoxicity 0.025-2 Rulis 1986, 1989; Kroes et al., 2005;
Miller et al., 2006
Carcinogenicity (genotoxic) 0.0025 Kroes et al., 2005;
Cheeseman et al., 1999
Carcinogenicity (non-genotoxic) 0.025-0.75 Kroes et al., 2005;

(depending on Ames test and acute toxicity)

Cheeseman et al., 1999

Acute toxicity (inhalation)

4 - 1,000 pg/ms3

Grant et al., 2007; Escher et al., 2010

Neurotoxicity

0.3

Munro and Kroes, 1998; Kroes et al., 2000

Developmental toxicity

la-8-131
(depending on Cramer class)
0.5 - 1 pg/m3 (inhalation)

Munro and Kroes, 1998;
Bernauer et al., 2008;

van Ravenzwaay et al., 2011;
Laufersweiler et al. 2012

Reproductive toxicity 1-100 Bernauer et al., 2008;

van Ravenzwaay et al., 2011, 2012, 2017
Estrogenic endocrine disruption 0.025 Kroes et al., 2000
Immunotoxicity 0.15 - 1,000 Kroes et al., 2000;

Hartung and Corsini, 2013

Skin sensitization (dermal)

0.91 - 900 pg/cm?2

Safford, 2008; Safford et al., 2011;
Keller et al., 2009

aderived differently, i.e., using the lowest NOAEL, not a 5t" percentile and uncertainty factor 1,000, because of the small dataset.
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would adequately cover neurotoxicity, developmental toxicityZ LF] HW DO 7KH GHULYHG 77& YDOXH
endocrinological effects, and immunotoxicity. In response t8. The detailed evaluation of the underlying data showed that

WKH 6&) .URHV HW DO HZXKRIOYWGW KIFKHAIM-DOMIDVRQDEOH GLVWLC
IURP WKH 0OXQUR HW DO GDWDEDWQIB ZLWRKOG®NMWD, RY @RWHDHRGO GH;QHG
PHQWDO WR[LFLW\ WR GHWHUPLQH ih theMuure 16 imgrdve theevéllity Rf GheR TCLVAIQEY tHeR &fe

the developmental toxicity endpoint indicated more toxicderived from non-carcinogenic endpoints and are linked to the

LW\ WKDQ WKH 12(/ GLVWULEXWLRQ&UDRPH W K 8 DRMW/UHR/Q BFV WW REHHY WRUUH ¢ QH
Cramer Class lll chemicals as a whole. They concluded th&tDWLRQ KDV EHHQ SURSRVHG 7O0OXF]NLHZL

WKH GLVWULEXWLRQ RI 12(/V IURP W&KKR GWDHORSFHQ WDONKRG BER/L QW D
GDWDEDVH ZDV QRW VLJQL¢:FDQW O\ it@lstiidl cher@ioals IregRsered K heRERridpdan Didt QfNRt
HW DO IRU WKH &ODVYV ,,, FKHPIH® @&¥HPKHADOX EXBAMNDFGINHVQ WK H FKHF

0XQUR UHIHUHQFH GDWDEDVH DUH WRIRD2ZL'GH YD WHWYHSIHBPKWHBRNWVMO DQG F
VWUXFWXUHY DOWKRXJK DSSOLFDEIIDDHRAMRUBIL @/ X AVRDXY&HYV ZDV &BHBHSHDW GR
SURSRVHG IRU WKH VDIHW\ HYDOXD WK RRQRF ARYRULQY VEEVMWMHEFHV DBBO\LQ.
IDFLOLWDWH WKH DSSOLFDWLRQ RI WKHD\& DQ BHRI FORVUVWKHHD W LGRDQ  WWKXHS LRIVQ V
Research Centre (JRC) of the European Commission lal&tUDPHU FODVV , DQG ,,, YDOXHV IRU WKH L
developed the software tool, ToxtPeavhich puts chemicals HV WKXV FRQ¢/¢UPLQJ WKDW WKH 77& YDO?
WKURXJK WKH GHFLVLRQ WUHH VH Hla34e3Naf@ keZ doRderibivelp. O /IDSHQQD
DQG :RUWK ,Q (&(72& SURSRVHG D WDUJHWHG U]
OXQUR HW DO th percvnl& oVtkeHlowest proach for REACH, including a series of threshold values for
12(/ IRU HDFK VXEVWDQFH WHVWHG IDQ ZAIGHR ¥ DR VHWK\GRH\R UUDOLRIDQG QRQ R
VXE FKURQLF VWXGLHV ZHUH GLYL G ¥batil&and noD-@fatilgy, Ked, \sowdtlddl Qerer® &xpasdré value
DQ DGGLWLRQDO DVVHVVPHQW IDFWR9RIDQG WHQBDKAUWRWHNY® H[SRVXUH YDC
in contrast, used the lowest value and applied a safety factorDfQ G UHSHDWHG GRVH WR[LFLW\ (&(72&
7KH UHVXOWLQJ 77& YDOXHYV 1B daiciddg¥nd, Qnuta@eddaBdreprotoxicants were excluded).
OXQUR HW DO HPSKDVL]HG WK&®Ws VMENWUWWWD QY RHW KUK RXD®KEH. U FXUUHQW
FKHPLFDOO\ ZHOO GH¢QHG DQG ZL-W KIRX®E\LiQagerebioNHreRIQIcR/al SR [¢iv] fdf areliphtibgal
otoxic effects. Furthermore, they recommended that the TT&posure (and derived dermal values), derived from some most
DSSURDFK VKRXOG LQ JHQHUDO QR Wstiingent Det@afionaDERp & DAL hidsQ OBN)L Yhd GLR/ W HV W
ing procedures required for regulatory approval. based on classification criteria for repeated dose toxicity and
7KH -RLQW )$2 :+2 ([SHUW &RPPLW VéitrapoRi®n)RIBOEG. & & @htéd lthaHive derivation of GEV
-(&)%$ EXLOW RQ WKH VFKHPH DQG Gaies OR at& TpoB Hrdnely s @f WiksedtHpubRsbed oc
WKH HYDOXDWLRQ RI ADYRULQJ VXEMWDG eipgddure-168els$ and therefore ulso incorporated
7KH 77& DSSURDFK ZDV UHY LH ZHd®-doaifondic and teghdiddNargaReéhts in addition to the as
E\ ,/6, (XURSHYV 77& 7DVN )RUFH % Dsdsorrent tacordapplied to toxizokolithHendpoints and other
VRPH UH{QHPHQWY ZHUH VXJJHV W H Glata on which the OELs were baséd$V (&+$ QRWHYV
$ UHYLHZ E\ .URHV HW DO U H VTHhiS ¥ppréach Qasmet the@hbyer @res/&dhQr\Viiccepted by
of a TTC value for compounds with certain structural alerts faegulatory bodies
genotoxic carcinogenicity. Some chemical classes might need
WR EH H[HPSWHG H J DQDO\]LQJ RUIJDQRSKRVSKRURXV LQVHEF
WLFLGHV LQ WKH 0OXQUR HW DO 3 Thx2WNdEditivgHn taxigdogyy HW D O
SURSRVHG D 77& YDOXH RI J SHUVRQ GD\ $OWKRXJK WKLV GRHV
not seem to have found general acceptance, the recent drafilowing Paracelsus, considered the founding father of toxi
RSLQLRQ RI ()6% FRQVLGHUYV W Kcoldgyy BIOtKitsané pdiXdry &nd HaghigOd witiout poison;
EXVW IRU WKH DVVHVVPHQW RI VXE 4y he dosevmakes/a khirg Qa/a_pdisdird) all@oicolWwgy U D V H
DFWLYLW\ VXFK DV RUJDQRSKRVSKDWHYY DR GNFOHEQPQWMNKH OLPLWYV RI VDIH
A research project at the Fraunhofer Institute for Toxicologthor has argued elsewhere that the statement that everything is
and Environmental Medicine looked at the RepDose (repeaSRLVRQRXV LV TXLWH PLVOHDGLQJ DV QRV
GRVH WR[LFLW\ GDWDEDVH ZKLFK DVMWVRWRH WHPWWRQWRQLECHGWRWYQBUSGRVHV WKI
FKHPLFDOV WHVWHG LQ PRUH WKDQ /XHFKHWSHHBWGCGRWHD ®RUDO R(&)RU H[DPSOI
guideline studies, and they pooled them with the chemicals MXEVWDQFHY DUH DFXWHO\ WR[LF XS WR '

WKH 0OXQUR HW DO GDWDEDVH WK®GW HIHKKN D/ONHA RVWHY/IW B G B WFR O-G E
LQJ WR WKH VDPH JXLGHOLQH VWXGLHR/Z LLQH PRB®RH WEDORQ S X UEFK HKIHDLD O « % X
LQ UHSHDW GRVH RUDO VWXGLHWWBRXMW MKHWDB®W WKDW OXKEFWKRVH FKHPL

5 http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/gsar_tools/toxtree
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WKH GRVH WKDW PDNHV WKHP VR -7KEADWWRQLY BBRLI) A \E IDREIRYXDN. @ B HIQONAW\ D Q !
LQJ VXEVWDQFHV ZLWK D KD]DUG SR dQighlv® owibgady. GH; QLQJ WKUHVKROGYV
for their safe use. .URHV HW DO GHYHORSHG -D VHS
However, these thresholds are determined in experimentdD QRSKRVSKDWHY DQG ()6% VXJIJIH\
(animal) models, which necessarily differ from human real-ifeZ LWK DQWL FKROLQH HVWHUDVH DFWLYL
H[SRVXUHV 8QFHUWDLQW\ RU DVVHVNHRHFQW IBDWWRVUYV ZHUHRWXWHG | RQHWMKH V F
troduced to err on the side of safety. Some of the discussioped TTC for lifetime exposure for organophosphates iaclud
DURXQG VXFK IDFWRUV LV UHAHFWHG GHBRUE B R WWHRK/H WK Bl GIHUTROCSF R L R QFOVQ R
UHDOO\ WKH SRLQW RI WKLV DUWLFQH DFHW KA DD/WH, .E WXEG ©/\DQFHWS \EH GQD Q
used in the risk assessment community. ZHLJKW GD\ UHVSHFWLYHO\
Another interesting threshold used in toxicology is the per & KHHVHPDQ HW DO HIWHQGHG WK
FHQWDJH RI VXEVWDQFH LQ D SURGXBWVRQDW DVERQWGOG PLRDURD RK EB¥HB RQ
LFDO WKDW ZDUUDQWYV DQ DVVH VYV PSHigsWyendioxxityFdnd hort-term toxeckySHHtQ Ghe) turther
RQ WKH UHJXODWLRQ 7KHVH OLPLW\ LRDB\THKGWWHKE UELWDDBDY HYUWN RPG MG B VC
OLPLWLQJ WHVWLQJ GHPDQGYV UDWKHED WHKCD R CE MILKH] WIFY K QRWH RD WHAIGH GRWYW D
HYLGHQWO\ IRU DOOHUJHQV EXW DONRQARWHKKEO )\ GRRAlES, &t thub deFive@ RigheQ L F
VXEVWDQFHV WKHVH OLPLWY DUH GWEKEXOYWRWRE NOHWHIOV IRU OHVV SRWHQW
ity in the dose-response relationship when extrapolating to low

3.1 Cancer TTC doses, even for non-genotoxic carcinogens, still represents a
$V PHQWLRQHG DERYH 77& ZDV G HighyGenSdiativiRdprddcR DOO\ XVLQJ

D FDQFHU GDWDEDVH EXW LV FRQWURQBOVYLIXIOG DN IRXY V HEK HRWU FID[@FAX 8 V W
WKHVH WKUHVKROG PHFKDQLVPV DQify ¢henwalg pregeé @n ferility HiSdsvdiGomdéntdl taxidiy,v W
QRW IRU JHQRWR[LF FDUFLQRJHQV %BHEKRDXWUDKW BEQZLFNGHULYHG 77& YD
VXPPDUL]H WKDW LW ZDV FRQVLGHUHBELWG HTRADWWHDW RH FSRRMKX UBHRP 12%(/ IRU |
WR J SHUVRQ GD\ EDVHG RQ DQ Dfandev@éprheRtal BxdiyUndty fduntl BedaQde \of fhpllifited
FDUFLQRJHQLFLW\ EXW JUHDWHU-HYQEPRHFH RI WBEWDBRHQWH RWKIE¥ ORZHVW
activity, i.e., a “non-threshold” mode of action, was necessansed to derive the thresholds as opposed to identifying a percen
EHIRUH PRYLQJ WR WKH &UDPHU FODWYOMLEDVHGBRYWR KXW H¥F® ODLW U DQVESDHUL
HQW FRQVLVWHQW DQG UHOLDEOH PHDRY LR HGWHRMNFLLIN W & UIXH WEKQBPHV D O HE
QHHGYVY WR EH SURGXFHG DV FXUUH Qfaf uncerRidty fronX & smal \datdset anD Qe@erityRdf the health
7UHH FDQ JLYH GLVSDUDWH UHVXOWWIIHFWRYHWMKRF7& WROXHVI ISHROXGHG L
VRQ GD\ VKRXOG UHTXLUH D ZHLJKW R PABDODLGHQAMHW QDWW @RBW FRPBRXQREP % $
is not a suspect DNA reactive carcinogen, rather than just th@C values for reproductive toxicity endpoints for oral expo

DEVHQFH RI GDWD VXUH LQ UDWYV YDQ 5DYHQ]zZDD\ HW DO
prenatal developmental toxicity studies according to OECD

3.2 Non-cancer TTC XV L Q Jth percehtile to derive TTC for developmental

6LQFH WKH J SHUVRQ GD\ YDOXHDGQGS8URDW 8 UE\DOX Y RRLH IWM D/@ E UHV X(

LV YHU\ FRQVHUYDWLYH LW LV EIZNEDR\FRQWEHUPRKUMR XE\VHLR JHQWHWB O P |
WKUHVKROG RI QR FRQFHUQ LPSO\LQDMKDMWEMWBREBDG RUH BSDAQEGIDED W RVRQ
DQ\ FKHPLFDO RI XQNQRZQ WR[LFLW\GBHWYDORZ7A& IO J NJ GHS ZDWHEEWDLQH
on an ILSI Europe workshop that had looked at some potentiddDYHQ]ZDD\ HW DO LGHQWL¢HG I
ly sensitive non-carcinogenicity endpoints such as immurotoXHV IRU PDWHUQDO DQG GHYHORSPHQW
icity, developmental toxicity, neurotoxicity and developmental |TURP O LW H U D WXgédentie\far Qevelpiiental
neurotoxicity, endocrine active compounds, and allergeniciy’¢ R[LFLW\ Rl WKHVH PRVWO\ DFWLYH LQJ
7KH\ FRQFOXGHG WKDW WKH ODUJH RDWA GVZRNV VADIE R ODW B ® X\ QVOR W KAD/ H
77& ZRXOG SUREDEO\ DOVR FRYHU WRKHWHKHQ8ORWQW MO HYPHDSOW BROMWDEDVH
allergenicity. In the meantime, TTC for skin sensitization areSDQGHG WKLV DSSURDFK WR FKHPLFI
KRZHYHU TXLWH ZHOO HVWDEOLVKHGHVWRIR®OREBDMRMWW H3ADW\W DBOHGXFL@DID 77
IRUG .HOOHU HW DO 6 D || R te@orts Wre2dy showed very consistent TTC for reproductive

$ QXPEHU RI VWXGLHYV H[SDQGHG Waid dévBlepmeh&aWoxiciyVTRe ag thad tid ebad/ bfRrde
toxicology as an alternative route of administration (Munro giendent assessments resulted in very similar NOAEL thresholds
DO %LWVFK HW DO *U B @evy réh¥guling %HUQDXHU

HW DO &DUWKHZ HW DO - (V FKXaiHdwnH#&gerd @ork making eX REAQHHregistration da
ZLF] HW DO BHFHQWO\ 6FKeesURDDEDPWHW IDDFKLQH GHWGYHGH /XHFKWHIF
VWUXFWXUDO DOHUWY WKDW GLVFUIDPLRDWHKHBEHM[BBIQY LKRLQ KE\ DWIEDOG RG IWXRSL
compounds for inhalation repeated-dose TTC. Furthermor¢ZDD\ HW DO $ WRWDO RI FKHPL
WKH\ LGHQWL{HG SK\VLFRFKHPLFBO SDUQPBMNEULW VY HAODMH B EWRD WVOKIHG LB G X
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th percentile of the evaluated studies in rats of the releva@ HUW &RPPLWWHH RQ )RRG $GGLWLYHV - (¢
12%$(/ IRU PDWHUQDO WRJ[LFLW\ LV Th&TOR apgecackswaslatds dxpanBed into a tiered TTC deci
YDOXHV DQG IRU GHYHORSPHQWDOLW@ [WRLMH LVYWRHVPHWDEBZ G O0OXQUR HW
EDVHG RQ YDOXHV )RU WKiHper UDOQEE I( Y6 $VMDOGH HEHHW KHVLQJ 77& IRU HYDOX
FHQWLOH IRU PDWHUQDO WR[LFLW\ 1R$(ARVRUL®I DI HEQZ VBV DZQE KRWYHU\ ORZ OHYH
GHYHORSPHQWDO WR[LFLW\ PJ NJ EGLGIWLWK)WKH QRZ6SUHDWOMHERBOLFN
ODUJHG GDWDEDVH DQ XQFHUWDL-QW\Md3tFavdRptbdRdts are 2§ Samplek\VinSluRing: idanyl XatuvelL
¢HG 7KLV FRQWULEXWHYV WR D UHPDBRWHA\LBIOMKIRY FREFIH] DQGIIYDULDEOH FR
EZz GD\ IRU UDWV DQG J NJ EZ GD\ \ WRR UGHBMAWV IRQAHARDRBXFWWXKH FRPSOHW
toxicity compared to other endpoints. The fact that developmet LVN DVVHVVPHQW SXUSRVHV 6LQFH PDQ\
WDO DQG PDWHUQDO WR[LFLW\ KDUG RQ®LI|IHKEHOWDONEB DXLWH HBRDIUN DERBIVV V
ORZ DEXQGDQFH D 77& FRQFHSW-IRU KDQ
3.3 TTC for environmental endpoints PHQW KDV EHHQ VXJJHVWHG 5HQQHQ HW I
The application of TTC for environmental assessmentsissofartORVW FULWLFDOO\ *URE GHPRQVWL
UDWKHU OLPLWHG 'H :ROI HW DO analysi® @ Digrajds Gorhl fQodipaickigy Artateriald IBting ana
WR[LFRORJLFDO GDWDEDVHV IRUM"DFXWH FID@GUFKXR QHP HQQ\G\S RIQBWYUREOHPV
SHUFHQWLOH YDOXHVY ZHUH GHULYHGWR\WKLUD W/UWLOOH DVMRGVRHRRGRIWIHQ LQ
DFWLRQ 02% LQHUW FKHPLFDOV XQLOHYWILLOHA WLEBKBRMFDORP D VLQJOH SEL
UHDFWLYH FKHPLFDOV V S HF L-¢, Fthad @anyDfedd-pa@king- ikadteidld- may Viot chrri8dgdnd to the
liminary analysis showed in case of MOA1 or MOA2, a TTCVDIHW\ FDOOHG IRU E\ ODZ DQG WKDW DQ
HYHQ KLJKHU WKDQ JO $ VLIQL; FBEQWWVRQEBDNUVHHPV KBLXORXIDGY RU LPSRYV
IRU 02% *URVV HW DO GLVFXVVHG WKLV LQ D ZRUNVKRS
for one of the more controversial applications in human healtB,5 TTC for pharmaceuticals
L H HQGRFULQH GLVUXSWLRQ )XUWheRkywtRdsid bf mé&iRibdd 6ftén requires tebdi @Egents and
explored the TTC concept for three drugs found frequently ddHVXOWYVY LQ WKH IRUPDWLRQ RI LQWHUPH
FRQWDPLQDQWYV LQ WKH HQYLURQPHIHAY HBXWR FRVKHY R QOH UHRARRPIBSQEVHQW L
WKLY FRPSDUHG WR RWKHU DSSURDRKIHWWLRY RBLMDK IS FEX VHIEVMCH KQVDWWHG WRI[LF
DQG FDUFLQRJHQLFLW\ 'RODQ HW DO
3.4 TTC for food additives and contaminants daily intake values (ADIs) for compounds with limited or no
Chemicals get into food either as contaminants from the etoxicity information to support pharmaceutical manufacturing
vironment (air, soil and water), as unexpected formation RSHUDWLRQV E\ 77& J GD\ IRU FRPSRXQ((
chemicals during processing and preparing foods, as naturaBD UFLQRJHQLF J GD\ IRU FRPSRXQGV W
present chemicals in the foods, as accidental release of-cheMiHQW RU KLJKO\ WR[LF DQG J GD\ IRU
cals used in food production, or as unrecognized failure @ LNHO\ WR EH SRWHQW KLJKO\ WR[LF RU
food quality control, e.g., intentional adulteration of foods of TC were adapted also for impurities, residual materials, and
LQJUHGLHQWY )HOWHU HW DO F RIQQ\FIHP WEBQRWL L IQQYRE PLRYHWF H KRAWH HW L
chemical (e.g., whether it is intentionally used as a food-pack )RU WKH SXUSRVH RI DVVHVVLQJ JHQRWHF
DJLQJ PDWHULDO RU LV DGGHG DV D KAXIPYDRU DLQQGE] Y H @&/IHHUQ '@ DYUN PG ZIKQHHAWK WK H - 7
LW LV SUHVHQW DV D FRQWDPLQDQWLWOHG QR IENHDDQ® D R® 6LQNRG L@ K HU HUHE R L
WR[LFLW\ D JHQHUDOO\ DSSOLFD E O bpnrKsUdi YedRoRIGInPBitel) RiScHKing Dé/ doi@erR 6 the K H
SRWHQWLDO H[SRVXUH LV FRQVLGH PbkiBon\PRpeE bh & ISrltR & Gerdtdxid ImBudttEatQuasO R Z
level exposure. SXEOLVKHG LQ E\ WKH 6DIHW\ :RUNLQJ 3
,Q WKH )RRG $GGLWLYHV $PHQ Grépda WorkvniRtegVfr HPropiiGarlyUMadicindR Rr@&lucts (CPMP).
'UXJ DQG &RVPHWLF $FW 86 )'$ $ Q HLLRBHRE WIKPW FIRSHUDGEMWDOLQJ ZIEWK JHQF
materials and their components that might migrate unintento® LVKHG E\ 0cOOHU HW DO ZKLFK ZDV ¢
DOO\ LQWR IRRG ZHUH LQFOXGHG L Q giug ldf Be-Ph&rhabeutR8) ReRdedich 8B MamufacButing Aséo
7KLV LQ FRPELQDWLRQ ZLWK WKH HPHWM QR Q R3KH 08H Q VWWMXYRPBKHPH\FDI/BIYHUDO
analytical methods, prompted a need for an FDA policy te hafor determining, testing, and controlling potential genotoxie im
GOH ORZ GRVH H[SRVXUH :KLOH VWLORUSWRWW FVOLRR GBNMEXIHKQRKHD @WK 7T &VEHF L
VXEVWDQFH WXUQV RXW WR EH D FD WhinehiedlthQa tidlkdeBabiare $od-Bv@IVexpdsuidsRasEadiated
DEOH WR ZDLYH UHTXHVWHG WHVWYV ZQWKHERVDLDQPEQWDIYW VWD IQE® SKB ER-D FRRWLY VO
HQW LQ WKLV ZDLYLQJ SURFHGXUH T7ageney ERIEAGnow EMA, fof ithpu@itlesvrtpiarha&e@ical prod
\HDUV GLVFXVVLRQV ZHQW RQ FRQFHKKF®MQJOKRZ WR(HHWDEOLVK D D/PGHE6 )'$
OHYHO ZKLFK DV GHVFULEHG LQ WKHOQ@®HR G X F VKIDRQD WIXVH G QMKDRAG X E BIKGHUQ7 7 &
WKH fv DV D SWKUHVKROG RI UH-JX&Ihe/\aRe€3 were thkeR Bver frdrQhg oddvEedddd Wherd) they
DOV DW D OHYHO RI SSE LQ WKH GZHWH EDOHG RQ GDWDERNHWYWWK SRWHQW
WR XVH WKH 77& IRU ADYRULQJ DIJHQWFDXGMXWRREMWUBZH®W(LQ PHGLFLQDO S
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3.6 TTC for cosmetics and other consumer 3.7 TTC for industrial
products chemicals
7KH (XURSHDQ FRVPHWLFV UHJXO DWlvé& theHKast\de&aDeQ @it teBtiQd d? dddistiaHcWamicadslal
IRU WKLV LQG XV W Uhamendimenvaitle Jedslanw&adiy shithe market for decades has received a lot of attention,
WLRQ LQ +DUWXQJ 7KLV Z&peclly RvkhNtheNpideeivig REACGHKIéYBlation (Hartung,
77& GLVFXVVLRQV EHFDPH PRUH SURPLQHARM HQRWRRXNRRDVMNFNWRI WKH D]
Thus, and given the fact that a lot of food materials are usededs are very much exposure-driven, should have opened
in cosmetics, it was not surprising that this sector explored tHeQ GXVWULDO FKHPLFDOV XS IRU 77& XV
VXLWDELOLW\ RI 77& IRU WKHLU S U Rréady Wgg&stedintddhatinD © VFCVCdrieepQilltovthe. RERBN
HW DO +RZHYHU WKH UHOHY @deHurRih odé kb niitdrii 22 teStihn@nedd’ howe@er, without
WKDW VXSSRUWYV WKH XVH RI 77& KGW¥EHGIRSERD @OHQHBPG WWSBWHIOOARQF
ZKHQ FRQVLGHULQJ FODVVHYV RI FKHRddRH2 @pplication &F TV S.H ReLNoFdiXCbHn¢il oFAMihisters
personal and household care products and cosmetics (SCCR) FDPH WR WKH FRQFOXVLRQ WKD
$ ZRUNJURXS RI WKH (XURSHD Q prihciideCait tHe BigimeQtbrjiaye levels ’ifRi® REATH would
now Cosmetics Europe, showed good coverage of the prodletH SUHPDWXUH DQG UDLVHG VRPH FRQ!
LQJUHGLHQW VWUXFWXUHY DQG FRUJEPHRQWHKHOIW KOIKWH AR ®(/FHIHRQ MKYKHO X D W
ingredient chemicals are similar in range to the original-datandustrial chemicals and for different routes of exposure-(Ber
set, supporting the use of the TTC for ingredients in consum&@ D XHU HW DO
SURGXFWY %ODFNEXUQ HW DO 6WLOO WKH 5($&+ SULQFLSOH WKDW C
7KH &26026 FRQVRUWLXP 2DLWK PQ GBRI&RED testing represents, at least theoretically, a premier
Y2 FOXVWHU RI UHVHDUFK MRLQWO\ énxr® goH r ETCWACtdrdingUdr tBeHrBgQlaoR, RasideMirom
sion and Cosmetics Europe, has prepared a new Cosmet&®LYLQJ FULWHULD VXFK DV WHFKQLFD
,QYHQWRU\ FRPELQLQJ WK Hanf8h& &6 , ftom Gondivcing Dhiitlual toxicity tests (“waiving”) is possi
IURP WKH 86 3HUVRQDO &DUH 3URGXPOWVL Q RPOYHMZ K3’ HPBEBRBBXUH LV QHJO
$W WLPH RI GRZQORDG WKH &26,1* LHRZHQWR ULW RYVEAMWHFXAOW W-R GHyg
R XQLTXH &%$6 5HILVWU\ 1XPEHSREXK1IDH® WRHTH&+ $QQH[HV 9,,, ;,
QXPHULFDO LGHQWL{;HU DVVLJIQHG “BorefetaHtRxpbddrey, ‘SifaiNed\ekpbDsand’,VndberdosuteF; tho
&$6 WR HYHU\ FKHPLFDO VXEVWDQWVHIGH)NTQW HHI SIRY YMKHH RYIKBQRXFOQLNHO\
HQWL,{F OLWHUDWXUH + DQG - OCHLETXHD J QVWKHHU Q BYW.&R RD I [BRFHQH DW Z
clature of Cosmetic Ingredients (INCI) names. The PCPCirEH VR VPDOO WKDW QR ULVN FDQ UHVX(
YHQWRU\ OLVWYV XQLTXH &$6 5 Xoxichy@fGhe chemicaQLTXH ,1&,
names. The consortium also developed a new toxicity data % HUQD XHU HW DO IURP WKH *HL
EDVH HQULFKHG ZLWK RUDO UHSHDWHG5GRN H \WAHVGE/IPHA\VQ YWR IV XFIRIVAR/MW H W D E
UHODWHG FKHPLFDOV LQFOXGLQJ 88HCHYBBQWS GHWKEPHQWDO H[SRVXUI
(8 (&+% 86 1DWLRQDO 7R[LFRORJ\ SUKRHWUBBROSRGHOWW HHAB/MORUHDQ HQGSRLC
SXEOLFDWLRQV $ QHZ QRQ FDQ F H Urom7a&catnpaisbrEdD ¥iéd telnfativeFeRterRat é¥doBwve to the
UHODWHG FKHPLFDOV KDV EHHQ FRISIHOFHG FEV DX JPKIQOWE QR PALKH RI2 & WU D W H
026 GDWDEDVH ZLWK VXEVWDQFHV ldwhBt MoKdievan éxpoRure’ x\ahD Saftyvatd? Ara@propri
LQ WKH &RVPHWLFV ,QYHQWRU\ 7K HtelkkeV/of @Mmettion offifetge@ebel\b oplIatigrHdemRrdtrated
WDLQV RYHU FKHPLFDO VWUXFW XuUrdproduttieKoxicy ¢ndpsibt Sirkllsy amy@nents in fa
7KH FRQVRUWLXP VWDWHG LQ WHRVYHRIDD? & UIQVHEYWDOWHRB B \P V&I H\VBRH E
FKHPLFDO VSDFH RI WKH QHZ 77& GDWDEDVH KDV EHHQ FRPSDUHG
ZLWK H[LVWLQJ 77& GDWDEDVHV-WR 7GHPRXQW MRID W B GWKIONY SMKMLPRY HUWR
DJH LV VXLWDEOH IRU WKH DVVHVVEubReah Gommmissidir tHe/dévielvpnSebt RIGREACGM Vest-giidH
77& GDWDEDVH LV DYDLODEOH DV D BBQRRZH) ORD G QB RF WK H SEEHVQGULH BDQG WR
VKDOO VHUYH DV D UHVRXUFH IRU EQWHIUOP/PDYWHN RHWKR GY SHRIFWHW IR\
UHVXOWY DV WR 77& KDYH RQO\ -EHW QWLRERPL /G & KS HRKWHPQB DOWRWKDW Vk
munication Mark Cronin, Liverpool) except for a preliminaryGLDJUDP LOOXVWUDWHYVY KRZ WKH FRQF
UHSRUW :RUWK HW DO DQG WHXK($&H 8PLSVXUB @GQXDO LWDHBHRAKWLFDO *XLG|
ERRNMOOLDPV HW DO DV SDUW&H$& 2602600 FRPEBEHQURBGXFHYVY WKH FXUU
the TTC with an algorithm to predict skin penetration, whiclance as to REACH.
IXUWKHU UH{QHYVY WKH 77& FRQFHSW IRU FRVPHWLFV

6 http://www.cosmostox.eu/about/seurat/
7 http://ec.europa.eu/consumers/cosmetics/cosing/
8 http://www.seurat-1.eu/media/download_gallery/SEURAT-1_Annual-Report_Vol6_LR.pdf
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Box 1:
Potential TTC use within REACH
(Excerpt from Chapter R.7c: Endpoint specific guidance 268 Draft Version 3.0 (ECHA, 2016))

,W LV IHDVLEOH WKDW ZLWKLQ 5($&+LWKH) QH& FRQFRHSWM PWHEHRVH WR[LFLW\
use for the chemical safety assessment at tonnage levels trigSURG XFWLYH WR[LFLW\ WHVWLQJ PD\
JHULQJ OLPLWHG LQIRUPDWLRQ RQ KHSEBRWHSRERVH MORQLEH WM AOX&GRG LQ DF
reproduction: REACH clearly indicates the need for non-test Xl section 3.
ing methods and provides the opportunity of waiving testing LQ $QQH[ ,; DQG ; WHVWLQJ FRXOG EH ZI
EDVHG RQ H[SRVXUH FRQVLGHUDWLRIQW QK NQJRQHPEDQWAERBERFHKQWHBQG WKHU
DQG MXVWL{HG WKH IROORZLQJ RS WidyReih expo3u@G DS SO\
,Q D FDVH E\ FDVH FRQVLGHUDWLRQ WKH I
REACH Annex VI ULYHG IURP WKH 77& PHWKRGRORJLHV DJL
7KH WHVWLQJ UHTXLUHPHQWYV VSHRYHGWLQHIXOQBWRUZRRGGPQRKW EH FRQVL
mally not trigger toxicity testing involving repeated expo WR DVVHVV WKH VLIJQL¢{¢FDQFH RI WKH KXF
sures and the information at this tonnage level do providEKRVHQ ZLOO EH FULWLFDO WR HQVXUH D C
LOQVXI{(FLHQW LQIRUPDWLRQ WR GHWHUPLQH D GRVH GHVFULSWRU RU DQ\
other starting point for the derivation of a DNEL for use irFinal remark
an assessment of the human health risks associated withlnelependent of the approach used in risk assessment of in
peated exposures. Although non-testingmovitro method GXVWULDO FKHPLFDOV LW LV LPSRUWDQW
ologies may give insight in the toxicological properties of af protection. In the striving for alternatives to animal testing
VXEVWDQFH JHQHUDOO\ VXFK PHW &R suygebtedraphr@aehXd the Lisid of geekicvheesheld ydfues.
WR SURYLGH TXDQWLWDWLYH LQIRHbREV&Y applizatRiof WIKCHvoSIdRikvidH Ghad lindt€dGlat U
threshold of an adverse effect. In such a case the threshé#adD\ EH JHQHUDWHG DQG WKXV WKDW WKH
derived from the TTC methodology might provide a referencEH LQAXHQFHG )URP LQIRUPDWLRQ RQ AD
YDOXH WR DVVHVV WKH VLJQL;,FDQMHKRI GNLKN KXRB Q¢ H SFRRQAHSW VHHPV WR E
with respect to general toxicity and the particular endpoints
REACH Annex VIII-X HIDPLQHG +RZHYHU WKH SRVVLEOH DSSO
$W WKHVH WRQQDJH OHYHOV WKHUHK RDWBH OFQ. UFRKHPR/VFD Q VH§ HHGIVI WMR LEDH FD U
an adaptation of the REACH requirements that may lead 8D\ EH VRPH LPSRUWDQW GLIITHUHQFHYV EH\
waiving of the repeated dose toxicity study and, consequefe DOV DQG VXEVWDQFHV XVHG IRU IRRG FR
O\ WKH JHQHUDWLRQ RI D VXEVW Dis$ Huct aHtiffergrice SiiRugdpaBern\aRdicbr8pi/sRich (Ria
another starting point for the derivation of a DNEL: IXUWKHU GLVFXVVLRQ VHH 7HPD 1RUG

However, it appears that the TTC concept is not as-wids UR¢ OHV Rl HQYLURQPHQWDO PHWDEROLYV
O\ DSSOLHG LQ 5($&+ UHJLVWUDW L Rh@ Yedd Yoi. VitOF\RW RGLEN OKBRPKLBWLROOPXV\
tle “Potential Usex” Rl WKH JXLGDQFH DOUHOWGA WKGBLFDAWNHMDWMERRH. QJ WR DUJXH WKDW
hesitance and, overall, the recommendationthie possile WROHUDEOH FRQFHQWUDWLRQV RI JURXQ
application of TTC on industrial chemicals needs to be-caret HOHYDQW PHWDEROLWHY" ZLWKRXW WDL
fully consideretl The guidance itself stresses that additonaFODVVL; FDWLRQ DQG ODEHOLQJ GHULYHC
VFLHQWL¢{F DQG UHJIJXODWRU\ GLVF MM briatecionpduck&PRPR)@0E by loly:REBK Hésessments
GHULYDWLRQ DUH QHHGHG EHIRUH LAHVWHI DWW RK W DRHR GW K AXIVVHED (RAH R |
WDNH SODFH 8QIRUWXQDWHO\ WKLV KDIVOQRWHUKNBKBQA\WKDNHQ BT BI$ SIUR® F K
ZLWK WKH ODVW GHDGOLQH LQ - DSSUROFKK®JD WKIPHRYVZWR 6B WHREY WDNH (
sidered a missed opportunity. GXVWU\ JURXS /DDEV HW DO 7KLV

‘H ZLOO KDYH WR VHH WR ZKDW H[WHBRMS WHG ZLTROF RQEGE HVEKMHEB XZDG EULQJ FR(
LOQWR WKH LPSOHPHQWDWLRQ RI WK Hn®&reaRlineRh@xhely $8tng.FH & RQWURO $FW
UHDXWKRUL]DWLRQ RI + WKH UHVSHFWLYH UXOLQJ LV RQJRLQJ + DQG
other industrial chemical legislations mushrooming worldwide.

4 The relation of TTC to other computational tools
3.8 TTC for pesticides
The very extensive requirements for safety data for pesticid€ke different computational toxicology tools (Hartung and

SODQW SURWHFWLRQ SURGXFWYV -DGRIRPDKHU ELR PWGHHEHOQH { DMV OG.D YWHR/P OA WWH
WOH URRP IRU 77& XVH 7HUU\ HW DG@ODUJH XVBGHUWRDWROHR 3IF\NVAEQGDWDEDVHV
factors and TTC to assess hazard and human risk assesswrikHVH LQ YHU\ GLIIHUHQW zZD\V 77& LV DQ
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LQJ GDWD QRWDEO\ 12$%$(/ RI VRPH NSAR é@nalydislisnktiely Perc8ivetad &potedtlditiseful tool to sup
WASLFDOO\ XVHG WR PLQH WKH G D W DpaDNdiiNtoryidtskssDddiHinQhR fld ol dd & 41y Dol 1R Q D O
WRROV SUHGLFWLQJ SURSHUWLHYV R Justif@sGurtiel &plobufon akdQNekbpméhtI G V XEVWDQFHYV
This makes them very different from (Q)SAR and read-across.Similarly, the use of (Q)SAR in REACH has not met expecta
As these techniques are typically restrained to identify hazart LRQV +DUWXQJ DV WKH UHJXODU L
they cannot provide the NOAEL needed to derive TTC. Their us@es under REACH showThis does not say that these methods
scenarios are therefore very different: For example, the EuropERXOG QRW EH XVHG PRUH H[WHQVLYHO
DQ 5($&+ OHJLVODWLRQ +DUWXQJ is not &hcyudddingRigsHeQoughRat the &@réent state of science.
EXW GRHV QRW IRUHVHH 77& WR WKH7YBPHE@HBDQWRQ RWKRREXIKDBD(¥$KBY EDVHG
VWURQJO\ LPSURYHV WKH H[SRVXUH DKNUNWRKE QW DNVGHFWLRQLWKKHDBEQ\ SRV
WUDU\ ()6$ XVHV 77& WR VRPH H[WHQRFad-BcXdss B Xr&ditio@aty\Vindt adc@n$bitational approach,

/IR 3LOSDUR HW DO RQ EHKDOI REXW6H WOIWKNHWGPWRNDO/MERWD JDS (0O0L
computational tools for food safety with a strong focus on QP YDLODEOH GDWD RQ VLPLODU FRPSRXC
6$5 3tke majority of key players in the food safety field either  ,WV EURDG XVH XQGHU 5(%$&+ DQG-SRVVL
do not use (Q)SAR methodology at all or use it in a very limtetd KHUH SURPSWHG WKH GHYHORSPHQW RI
way mainly because of a lack of expertise. ... to support prioriR Q O\ PRVW UHFHQWO\ %DOO HW DO

setting exercises or to fill information gaps on possible health FRQFHSW FRXOG KRZHYHU EH VHHQ DV
concerns during the management of a food crisis in food induss such as read-across and chemical categories as it uses other
try (e.g. if a contaminant is found in food). At present, (Q)SAR FKHPLFDOVY GDWD WR LQWUDSRODWH IR
is not used routinely to fill data gaps in the pre-marketing as- 'LWK WKH DYDLODELOLW\ RI WR[LFROR.
sessment of food additives, food contact substances, or pesticidle =~ UHDG DFURVYV DQG 4 6$5 DV PRUH-DXWR
and pesticide metabolite residues. However QSARs are currenfiy K LQH OHDUQLQJ LV QRZ SRVVLEGH +DL
being explored, developed and utilised by regulatory authorities PHUFLDO VROXWLRQ ZDV UHFHQWO\ UHC
for risk assessment purposes such as EFSA. Some organisations, UD W R UL HSimilé# o (Q)SAR, read-across can synergize
however, are very experienced in the use of OSAR, notably gov- ZLWK 77& E\ HVWDEOLVKLQJ D SUREDELC
ernment authorities such as the FDA Center for Food Safety a@ XWRPDWHG DSSURDFKHYV DOVR FDQ DV\
Applied Nutrition (CFSAN), FDA Center for Drug Evaluation  to this hazard assessment. As automated read-across has not yet
and Research (CDER) and the EPA (OCSPP), as well as some EHHQ VKRZQ WR HVWLPDWH SRWHQF\ RL
companies (e.g. Nestlé). ... Despite this variable situation, (Q)  suited to generate TTC estimates though.

Fig. 1: The synergy of information
sources to reduce safety testing

Chemical Biological :;']q“i’eme'_“s -
. . e gure visualizes the synergy
Informatlon Substance Informat'on of deriving on the one hand (upper
of Interest part) hazard prediction from chemical
Read- AOP = (structural and physicochemical)
Across l Mechanistic information as well as biological (AOP
Hazard of Risk = Adverse Outcome Pathways and
(Q)SAR other mechanistic) information and,

Interest on the other hand, TTC (lower part),

which are deduced from toxicological

legacy information, and compared
i i with the exposure information. TTC
No concern Testing & Risk h the exp f
_ — Assessment lend themselves as complementary to
no TTC yes hazard identi cation, especially when

hazard cannot be excluded, but concern
Exposure Toxicological also does not inevitably lead to testing
. Use & NOAEL . and risk assessment. The TTC will then
Informat'on Monitoring distribution Informat'on help to drive the decision to either side,
i.e., no concern or need for testing and

risk assessment.

9 https://echa.europa.eu/documents/10162/13639/alternatives_test_animals_2017_summary_en.pdf/487e2516-0ad0-90a2-a923-96417ffd6b6b

10 htps://www.ulreachacross.com
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$V GLVFXVVHG IXUWKHU EHORZ KR Z ighalthhes\WKIHWddplicatio LVFXVVLRQ WKDW

77& VKRXOG RQO\ EH DSSOLHG IRUVUHQGSRLQWY ZKHUH WKHUH LV D VXlI¢

FLHQW SUREDELOLW\ RI KD]JDUG +HUFMDERWKO4L\WYY DQGXPHEBG BRFUFRDVWOHQJIHV
FRXOG EH YHU\ YDOXDEOH )LJ + RAKHHY HHO ZRIZEQ QD DRNMRQHABVRRQU\ GLVFXVV
that the two approaches of showing that hazard is unlikely afdC Practice as a consensus of the practitioners from the regu
WKDW H[SRVXUH ZRXOG QRW EH U H OlHtiidaRdveddigtéd $ide ok WhenRQihow t&/daprHdutITT Hand

to reduce concerns.

how to report it.

Tab. 4: Eleven challenges to the broad application of TTC

Challenges to the TTC approach

Comment

@

Can a TTC with suf cient margin of safety
but still waiving a substantial number of tests in
general be established?

There seems to be increasing consensus that this is possible. However, the
obvious trade-off is to set the TTC without compromising safety but allowing
enough substances to be deprioritized. Combination with probability of
hazard, which is effectively the purpose of using the Cramer classes, might
accommodate this.

@)

When to use TTC?

TTC should be used where it satis es an information need, i.e., its sound
basis to do so has been shown. The applicability domain has to be de ned,
especially for which substances it does not work. As this is mainly due to
the lack of these substance classes in the TTC database, this requires
continuous update.

©)

Access to data to derive TTC and data quality

TTC are as good as the data they are deduced from. Big (high-quality) data
makes the difference — this requires a central, curated, maintained searchable
database. Data aggregation over many substances helps to some extent with
the reproducibility problem of animal test data. It is critical that enough similar
substances are part of the database (applicability domain).

(4)

Consensus on setting the TTC-NOAEL - is the
5th percentile good enough?

The question is, what happens below the 5th percentile? Are these errors or
unusually toxic substances with understandable mechanisms? This requires
database curation and substance-by-substance review.

®)

Consensus on uncertainty factors for TTC — is
the broadly used 100 suf cient?

This is probably a borderline choice: Factor 100 is already the minimum
when starting with a measured NOAEL. Here we start with a value that is
too high in 5% of the cases.

(6)

Dependence on exposure does not allow closing
the chapter of risk assessment

Exposure is not the strong part of chemical risk assessment and also highly
variable between individuals and over time. Regular reviews of changes in
exposure patterns will require revisiting a TTC-based decision regularly. Not
very attractive...

@)

How endpoint-speci c are TTC?

One appeal of TTC is its use for endpoints other than the database they

were derived from. This astonishingly seems to work out quite well (probably
because the approach is so conservative), though some endpoints have been
excluded in the past. Making TTC endpoint-speci c is a chance to achieve
higher thresholds for certain endpoints.

®)

Can additional biological or computational
information for a given substance improve TTC?

This has been done so far for genotoxicity information (especially the Ames
tests), but other information on the likelihood of any hazard (biological,
(Q)SAR, read-across) or metabolism could improve predictions.

)

Should we develop an internal TTC, i.e., one
based on blood concentrations of the substances
associated with no adverse effects?

This would obviously take kinetics out of the picture, which is little
reproducible between species anyway. It allows comparing to biomonitoring
studies and in vitro effects of substances more easily. However, when to
measure? And is it peak concentrations or area under the curve that is relevant|
for a given substance class?

(10) Adaptation to less-than-lifetime exposure

Due to the fact that TTC were rst derived from cancer bioassays,
they represent lifetime exposures. Adaptation for other exposure durations
is controversial, but makes a lot of sense, e.g., for drug contaminants.

(11) Can TTC be applied to mixtures?

They actually are already applied mostly to mixtures (additives and
contaminants in food and drugs), but the question how cocktail effects impact
on TTC is well warranted.
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Challenge 1: Can a TTC with a sufficient margin 7KH ODVW SRLQW QHHGV H[SODQDWLR
of safety — but still waiving a substantial VWXG\ ZH PHDVXUH DERXW HQGSRLQW
number of tests — in general be established? DQG LQ D WZR JHQHUDWLRQ UHSURGXFW

7KLV TXHVWLRQ QHHGYV WR KDQGOH WHREOHE WRROCWLEQHEWWY WHQ JD BAKVW DKV
old of toxicity and a threshold of concern: It is on the one hanH QGSRLQW WKH QRUPDO VLIQL;FDQFE
DVNLQJ ZKLFK WR[LF KD]DUGV VKRZ BHWKRPHY KIROVGH ERWLWYMBVL QV MVHKRU HW L F
DEVHQFH RI WKLY RQ WKH RWKHU -K De@e@ folVihie ibsHinRdcark (ivie ) Hh&hhidalS \Ue c@nReoRr&ctior
FHUQ EHORZ VRPH SRLQW EHFDXVH WHKH \S PRBXEHRDWLFRIOKD | EX® IWKWR ZH (
low. For either, the question is whether such a threshold4s sgfoup, which we cannot easily do for cost and animal welfare
(¢FLHQWO\ KLJK WKDW D ODUJH QXPEHHY IRMRRXWHPLKIDVO V'V GXOH W R W\ K HUUX\DH R C
DQG H[SRVXUH VFHQDULRYV IDOO EHORZWKKMH WKHIWHWKROBGOVH SRVLWLYHV FLC
The National Research Council report on Science and-Dedt X VVHG WKLV SUHYLRXVO\ LQ VHYHUDO ¢
VLRQV 15& SURSRVHV KDUPRQLRWQWIGRV¥B QFHS EQRBVY®\ ZLWK LWV Pt
proaches for cancer and non-cancer endpoints, and for non- PLOOLRQ SHU VWXG\ LQ %DVNHWWHU
cancer quantitative risk assessment this would usually take tiscussion, repeat-dose studies are certainly most relevant — the
form of a low-dose linear no-threshold dose-response cuveeDQFHU GDWDEDVH ZDV SUREDEO\ XVHG
7KH VRXQGQHVV RI WKLV UHFRPPHQGYMI(RIE & \D @6 HQK Al XIHS/SMIRRDAKGIROOR Z
5KRPEHUJ HW DO If o& EHAPoints for here, you can do it anywhere”.
most agents are assumed to have non-zero low-dose risks, then $ YHU\ LOQOWHUHVWLQJ VWXG\ E\ :DQJ DQ
the critical-effect concept, choosing the one endpoint on which RQ WKH UHSURGXFLELOLW\ RI UHSHDW G
to calculate acceptable doses, loses its basis. All regulatory @~FKHPLFDOV VWXGLHG LQ FDQFHU ELRDV
decisions, since they entail substituting some exposures (and 86 1DWLRQDO 7R[LFRORJ\ 3URJUDP WKH'
their attendant risks) for others, become risk-risk trade-off de-  non-cancer endpoints as these animals also undergo extensive
cisions, and equity questions are raised since risk transfer is IXUWKHU HYDOXDWLRQV 7KH\ DVNHG KF
inevitably involved. A valid basis for estimating low-dose inLQJYV EHWZHHQ DQLPDOV JHQGHUV PLF
ear components is not evident, and upper-bound approaches HDUOLHU UHSRUWHG ORQJ WHUP UHSHD\
fail to be reliably public health-protective owing to the riskstances? The answer: not at all! In their word¥:¢rall, there
trade-off decisions that need to be fated5 KR P EH UJ isl ¥éndiderable uncertainty in predicting the site of toxic le
:KDW /RUHQ] 5KRPEHUJ DQG FR GsomsDnl diffeiénDdpeticy Roipbied fb thel shkhe chemical and
is the consequence of giving up the safe dose concept, whiabm short-term to long-term tests of the same cherhithis
would annihilate a lot of the risk assessment currently done adlRQ ¢ UPV WKDW RXU GDWDEDVHY DUH [IXC
also severely impair the TTC concept. DQG +DUWXQJ ,Q PDQ\ FDVHV WKLV
Even more important, however, is how we arrive at suf it gives a point of departure for a risk assessment and, whether
(FLHQWO\ KLJK 77& WKDW WKH\ DU Hru® or Sot) D 5 \af Llefadd precamtibnary.RAbd &sDh@dt EXgosures
IRU H[DPSOH D WKUHVKROG RI FRQ FRised @ the Bnim# tesisarafar hihevihan expogikeslib) ilimans,
exposure leads to one additional death in a year in one milliare “live happily ever after” with the fairy tale of a toxic effect.
H[SRVHG SHUVRQV 7KLV DSSURDFK FBE®@ ERQWXG XH® FFHHW I RAL AKKHPIRSKRELD D (
DW DQ LQGLYLGXDO YV D SRSXODW LpRoQucOwitly dHpDtatiyvevoehhirngktdiicity fust e highér RodasOiod H C
risk of one in a million to contract cancer from a product | anBRVVLEO\ ORQJHU GXUDWLRQ RI H[SRVXI
XVLQJ EXW LPDJLQH D SURGXFW W Kthi$\acwealyHmeansR la@©df Ra@tydrRalrylu foF theTVCR U
PLOOLRQ (XURSHDQV DUH XVLQJ WR SHRSOH NLOOHG SHU
year means quite a scandal. Similarly, we might ask, is-it aChallenge 2: When to use TTC?
FHSWDEOH™"WEM XFHQMWKKDH" 'RHVQIW WKHVHPWBQWL.KBW)BH DUH 6FLHQWL¢F &R
XQGHUHVWLPDWLQJ WRI[LFLW\ LQ R Qbpifon statef¥ inciple, the science supports the applica-
<HV EXW VXFK FDOFXODWLRQ VWLGian & EhN ANC apEreaerHn any aféll oRch&niz & riek-eBEdessV H
we can practically carry it out: If asked for th& dercentile or ment for which human exposures are low, whether exposure is
HYHQ WKRH)H ZH ZRXOG QHHG DQ HQ RdhRIRibeiteQdRidn Hdu&Red cdn¥almination. However; for
VWDQFHV WR UREXVWO\ FDOFXO D W HsWstahaés Brvaikh BURIegisIafoK RquirgsHhd-sahhtissidn \of O \
KDYH DYDLODEOH 7KH VDPH KROGYV WitdXditd Rib) TDC &R&XONN bR & tddd.V So, AE W K
ORZHU SUREDELOLW\ 7KH KLJKHU V DdrHatomifehdirg R QOot Rty Bhénticql GskSaBslssrbt \they
comes from other additional elements: SRXU D ORW RI ZDWHU LQWR WKH ZLQH
— Our methods are precautionary and rendered very sensitv@ DWD VXEPLVVLRQ LV UHTXLUHG (LWKH
HJ E\GRVLQJ VFKHPHVY H[SRVLW aRI@itwebksVit shduldhElRib Feiude davagehErativivalso, and
— We include uncertainty factors on top of our estimates.  especially, for regulatory purposes.
+ ORVW 12%$(/ SUREDEO\ UHSUHVHQW 7T7RBVH BRYLWAEWWPHPQGHQREODVVHV WKDV
DQ\zZD\ EHFDXVH RI WKH PXOWLS O Hexdlud&ViranQ apdypng e FIC concept. For some of them,
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e.g., heavy metals, the reason for their exclusion is that they dBeHU O\LQJ UHSHDW GRVH WR[LFLW\ GDWD |
QRW FRYHUHG LQ WKH GDWDEDVHV XWIGHWHE L QJO ¥R LYDFIDXKHEL Q W RD/GISHD WBWDOD WD
REYLRXV WKDW D 77& FDQQRW EH GHEKX¥HGHRRHQWORVEHHF K@ G B VYWHDW WE DD G |
were not part of the training set, at least not without explicitdis 7OXF]NLHZLF] HW DO 0OXQUR HW DO
FXVVLRQ W LV QHFHVVDU\ WR GH¢; QHHVWKHUFKMP DD O GR PPD QWY H RIYH DG (
DSSOLFDELOLW\ GRPDLQ RU PRUH ERISRURMDIDQWA &SWBRRWYH WE&DW DU HVRRM VW
FRYHUHG 7KH ()69% RSLQLRQ R QofWhrietl pracicabdilBl) RDFK SUR
GXFHG WKH PRVW FRPSUHKHQVLYH O LA jeRibnVaxea\Was IR tke IR wotkhBK (Dew&urst
FXUUHQWO\ VKRXOG QRW EH XVHG DQG 5HQZLFN LV ZKHWKHU WKH FXU
+LJK SRWHQF\ FDUFLQRJHQV L H WAPMRWRHOENGFBJRDQG QRQ FDQFHU WLF
RU 1 QLWURVR FRPSRXQGV EHQ]LGARXHH\P HK\GKIICAK QWVEDVHG RQ WKH SUHVHQ

,QRUJDQLF VXEVWDQFHV genotoxicity, is adequate. The draft opinion of SCHER, SCCP,

3. Metals and organometallics 6&(1,+5 SURSRVHG HVWDEOLVKLQJ RQ
SURWHLQV VHSDUDWH GDWDEDVH IRU VXEVWDQFHV F
6WHURLGV JHQV RU SUREDEOH RU OLNHO\ KXPDQ FD
6XEVWDQFHY NQRZQ RU SUHGLFWHLGKWW KHR IVKAPKP XBBWWDWLRQ LV DFWXDOO
I1DQRPDWHULDOV these classes and clear distinction from the non-carcinogens is
5DGLRDFWLYH VXEVWDQFHYV QHHGHG 7KH 77& FDQFHU GDWDEDBVH GRH
OL[WXUHV RI VXEVWDQFHYV FRQW D LiQns Qf . mode of @cRan Qr th&hdidanF&evance of the mode of
structures action or tumor site. The current TTC scheme might not always

/HHPDQ HW DO KRZHYHU H Y-D OK®WHHIGWK KIHS H FF@XXPMW. RROQRR IEURDFWLYH PH\

DFFXPXODWLQJ VXEVWDQFHV DQG |RKv@red i® &febt XtFeKgtl) WiticB no7 daly mamifEsis RQminimal

IRU PRVW RWKHU H[FOXVLRQV DUH WRBWLW KHVRQ ¥ KBWUDOQHH\Q ZEXM QDAWR UDH\S H |
UHVHQWHG LQ WKH 77& GDWDEDVH 7K®BXWHDQW WKRDIW WXXW XU W K HS HQWRLRPRWX V O\
RI WKH GDWDEDVH PD\ DOORZ HIWHQWRQUF /ARIJDEB 0O R®FWLEXWD DOXRIWKDW =KX
we need a centralized institution to track such progress, likey @ SSRUWXQLWLHV IRU 77& 7KHUH LV VWLOC(
EH FRPELQHG ZLWK 77& YDOLGDWLRQ@EBIGRDUMWD/ VKDULQJ GDWD FXUDWLRQ PDF!

RQWRORJLHVY +DUG\ HW DO D-E HWF
Challenge 3: Access to data to VLRQ Rl UHSURGXFLELOLW\ DQG UHOHYDQ
derive TTC and data quality QHHGYVY WR EH DGGUHVVHG +DUWXQJ

7KH 77& GDWDEDVHV XVHG VR IDU DUH2QBVBIGSPIBWQ OV RPQRUWEBHDKMDGRREGL]DWLR
VWXGLHVY RU FDQFHU ELRDVVD\V 7KLMEWEBWY ZRUMNE KRHD Q MSKRDUW R®/ KEN UHE R KU V'V
icological endpoints are not represented adequately, e.g.; reppKHWKHU 77& VKRXOG EH H[SUHVVHG RQ D
GXFWLYH GHYHORSPHQWDO WR[LFLWVXSZRYXWWE DQ ¢ BHWMENF WHUPV EHFDXV
KRZHYHU UHSRUW WKDW WKLV KDV Th&Wdrkhaprecognikdd thaf Sudhud dhangeHvodd&Eult i @
WKHU DQDO\VLYV PLIJKW EH ZDUUD QW thé&d tpRanver]dl & ROAELS D th©datdthhsEsQo bty
%DUORZ HW DO .URHV HW DO sisand dé&riReQhe OTCHaUES di KB didtribitiorzdd ndolar-based
premature to consider TTC for endocrine disrupting chemicalSOAELs. Although this was considered not to be a difficult task,
2YHUDOO DQ ()6$ SURMHFW %DV V D gpphtsiomdd molar TTCRR@$§ WoXIG iddbiratHaDavalytical

WKH 0XQUR HW DO GDWDEDVH Lavd Expésirésdats weke Slda-EXpreQsed DMALMOIEr IRakisVAdbp
“world of chemicals”. tion of a molar basis would result in the TTC approach being

,W LV KLIJKO\ GHVLUDEOH WR KDY H diffefeht @ \&Xi$tih@redHo@ry’ apfroacbhed/U3d In\setting-teferw
ZRXOG EH FRQWLQXDOO\ PDLQWD L Q HEeWdRedi@ EhBrEicalQWtD okiénsR&EdaRabadds Z G D W D

DV WKH\ EHFRPH DYDLODEOH 6WDQGBQRBWKHE DXBOIFW\ FKIHVHNG Z\RQ 6% LV
QHHG WR EH SHUIRUPHG )RU H[DP S Odf thaVTK & appboddh LtaQXtire I Gelfo pultios i Bclvdin g iDfarits

&3'% RI *ROG HW DO H [ W HDQQEH 6 KE\O &KIHHKY HDRIDAR 7THW YDOXHV VKRXOG |
DO FRQWDLQV PDQ\ VXEVWD-QFHYJOD/OKH \Q R\K DVR Q;DNPHH E RBTBX EBUJKW LQW
FLQRJHQLF 7KLV RYHUDOO 77& GDWDEDVH VKRXOG EH LQ D VHDUFKDEOH
IRUPDW WKDW HQDEOHV LQGHSHQ G HChillerng®4Y EovsdhkubDidttRg) $Q DIJUHHPHQW RQ
the method of dose-response analysis and the appropriate ddseTTC-NOAEL

PHWULF VKRXOG EH KDUPRQL]JHG K\ WKHSHUFHQWLOH" ,I ZH KDG - ¢QJHUYV
7KHUH DUH VRPH VKRUWFRPLQJV L@ BVKHE #17& K&ID @ RWDX\HY WHKH ORXHVW YDOX|
RXWOLQHG HDUOLHU WKH FODVVL ¢ FthééxirRe 6uDiE&s/OtherwiBemavR bGrhu@hl invgdet. & heBeRakeU H V
DO DQG XVHG E\ 0OXQUR HW DO WKH YWRRGHOQLK XYM ANRVHGYV7/DRRQJ FKHPLFD
YDOXHV KDV EHHQ IRXQG WR EH QRWWIHFO.QDMH.RIH B | WIKRHQUR DRHOF BRW -8 HW\ HL
DEOH RYHUODSV ZLWK FODVVHV ,-DQYHORSPHOAWBSDBKEWVYRY RMKWKH RBRFXUUH
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However, simple mistakes in dosing or reporting of doses ayeung infants and children or adults are transient and generally
QRW YHU\ UDUH %HVLGHVY DYRLGLQDRMWHF RBEDWWDRI RXWVROLHUWO/G WWKKIH FRPF
SHUFHQWLOH FDQ EH FDOFXODWHG TPOQVHHUREXO WHGE HBXWDZKH WHR WKH SHVY @ L
PLQG WKDW WKHUH LV D PLQLPXP-QXPIEWKHRT 718 &%(D OZHWRGFLLAWXR QDO FRQVL(
ODWH SHUFHQWLOHV RIhypekcentie aMedist L EX WAL RKD EXIRWHDW XQFHUWDLQW\ IDFWR
VR WKIDWHWRHQWLOH LV EHWZH H QdisgiXsBe Hlteady DnQeB cliakeRde H Uthe assumption that our
7R JHW Dh BREXHOWLOH ZH WKXW KQHMHG OFR RV ILQMUHDEBDAW LV DPRQJ WKH
PRUH WKDQ 12%$(/ 6FKRRQMDQV HWSDJAHFDXWVKRBWKREX\WDWHXYHUDO DGGLWL
sample sizes can lead to errors in calculating percentiles. Tiheluded in the approach.
ODUJH VWDQGDUG GHYLDWLRQV RfY WKH REVHUYHG GLIIHUHQFHV LQ WKH
percentile illustrate the large statistical uncertainty associat€thallenge 6: Dependence on exposure does not
with the estimated percentiles in small sample sizes. They alow closing the chapter on risk assessment
compare different methods to calculate percentiles. Therefogoption of the TTC approach, while reducing animal use for
they recommend log-transforming the data and stress the itasting purposes and reducing costs to industry, would, howev
SRUWDQFH RI UHSRUWLQJ SHUFHQWLHOHVS2DWHK WXHLPRUH REOGEHQFH RQ WK
WHUYDO ,W PLJKW EH QHFHVVDUY WiRsDéaGsebs@ent Q\F HNC \taDrioQeMeudelttieWaradd, LtHe risk
SHUFHQWLOHY DUH GHULYHG IURP VBINYGINYVPQXPEHWYVYKIOIRPZHYDEOH WR H[SRV
WKHVH DQG FRPHV EDFN WR WKH ULVN
Challenge 5: Consensus on uncertainty H[SRVXUH WR DOO VRXUFHV H[FHHGV WHK
factors for TTC QHHG WR EH D PDQXIDFWXUHU OLDELOL!
The derivation of a TTC depends critically on the use of unceseveral manufacturers?
tainty factors, not very different from traditional risk assessment Manufacturing is also not exposure, so who controls the
'RXUVRQ HW DO 'RUQH DQG 5HQREZRNWUHD'D XNRIY LI $8W HVWDEO-LVKHG
DO 7KHLU XVH LQ HVWDEOLYVKtid@ Exehg8de fofunH(SEE)PdE \All\todr&gistvanEs of &l given
DW WR WKH IV ZKHQ /HKPDQ DQG VYVKWYKRDBEFH RGQGHRSXEWM@OOFH RQH UHJL
IDFWRU RI UHIHUUHG WR DV D 3P DUINIC@MBY thabDthése/donsdriRalhaid W dingaih @hBinihfor
ing from animal data to safe levels for humans for food-addination exchange to monitor whether TTC are exceeded? SIEF
WLYHVY DQG SHVWLFLGH UHVLGXHV 6IRUNM\HXQ FHKUW D VQBEKLILHG/HW R REPHH ARG/ MK

ered include: DW VRPH SRLQW FRPSDUH WR FRVWYV RI
,QWHU VSHFLHYVY YDULDELOLW\ ZKHé&3s dftfastideeD SRODWLQJ IURP DQLPDO
studies to humans The situation is not very different in other areas such as food

BHVSRQVH YDULDELOLW\ LQ KXPbBbQ&additte§. VXVFHSWLEOH VXESRSXOD
tions)
B8QFHUWDLQW\ LQ HVWLPDWLQJ D QGhaliehhel F Wowlehidihtspktifk &eDTG2RVH ZKHUH

HITHFWV ZHUH REVHUYHG By using an endpoint considered very sensitive (cancer), the
((WUDSRODWLRQ IURP VKRUWHU G XJUDW\L @&/ WHGEGHHYUWR & XOF HXGO OHQL I FWQNFH
exposure PHFKDQLVPV H J FKROLQH HVWHUDVH

,QVXI¢FLHQFLHYVY LQ WKH KHDOWK HHIHEFW\W GBWIHEDWVH WL H K HWUKHH I RRW WH U P

VHQVLWLYH DGYHUVH HIIHFW PD\ QremsrkédTYi¢lirefereht QtoHokibodgidalwrdgaints from which

$ PRGLI\LQJ IDFWRU LV XVHG E\ VR PH Rk D ldbD ¥ Lis RdQ¥hedh&r dp kiR ¥hifi-

for other remaining uncertainties (typically related to expacance in the application of the TTC approach, unless it could be

VXUH VFHQDULRY RU DFFRXQWLQJ iderdfiod Wabthdr @ dbimpddisl 3 Vike)Pt&R foduddd tebffec H

DUHDV QRWHG DERYH of concern’ However, this is not playing to the full potential of
7\SLFDOO\ IRU 77& RQO\ WKH (UVW WZR XDHKLHKWPRXQWE HQ\R DDEDWD NHY K. @QWR J
DFFRXQW WKXV WKH WUDGLWLRQDOHIQGESRIWODW VEHFL; FBIOGKORG DOQWRY IRL
VSHFLHY DQG LQWHU LQGLYLGXDO YBHBULWEUBVWROSERVWDLQRWLHNURDGHBULHD
PLWLIJDWHG E\ XVLQJ 12$%$(/ DVVXPLQJXNXPIPQ WL FDWIORHDHYSRMXQRZ JHQHUDO
ZLWKRXW FRUUHFWLRQ IRU VKRUWH UDB[G RWKHINH D BDQRE HEWD \HLQQGSW K@ W N&SEHL ¢ F
GXFWLRQ RQ PDQ\ VXEVWDQFHV DQGot&GSRLQWY 8QFHUWDLQWLHV IURP
exposure scenarios (6) might, however, need further considera
WLRQ VHH EHORZ D GLVFXVVLRQ WGahileRge 8 Rahladdiiodal WdbHcR IWHQ QHJOHFW

J)DFWRU LQFOXGHV VXVFHSWLE G@tHorSit&ixna DRy ()69$
ZLWK LWV 6FLHQWL¢{(F &RPPLWWHH Fé& @JjierGstbstahcs imprave ATCPPSOH ZKHWKHU
WKH 77& DSSURDFK FRXOG EH DSSOLHEWRULFFHD@IOLQTD& WR/UXIHEIHRWWKH FDU
DJH RI PRQWKV LQ ZKRP QRW DO-O Bdpataiely. F@ bxanipl@, GheHzlusgion @DAWvdSs Rl&@a SriJeRemi
FHVVHVY DUH \HW PDWXUH $V WKH W &a[d Wik NttutuHalvaldrtsGdr igerdidAicityF pravidedd sMahHiid Q
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WLQFWLRQ )HOWHU HBEcdnse Ames datdadieRaB, Wddtitg irta lower TTC for higher doses and a higher TTC

often the only data available in the publicly available literaturel RU VKRUWHU GXUDWLRQ 7KH UDWLRQDO

or easily generated for newly identified chemical contaminants, ~ studies are conducted with limited duration of dosing and the

it is important that the tiered approach offers a way to integratetal exposure is relatively low.

these data into the appropriate TTC-based exposurg tier The conservative risk estimate for the original TTC means
$QRWKHU W\SH RI ELRORJLFDO LQ ItRdl i dpjhréach iedults indagelgdfeyHnyamy@s$-for dll\éxcept

PHWDEROLVP 7KH FRPSXWDWLRQD O th¢ m&sOpdtentdaicivogehD The$tAgaKTHIC vauePdhvvld & E XV

D JHQRWR[LF PHWDEROLWH RI D QR QlyXela Rises[ af fleteRpriéit Bhd=& SashRidd@icdual-com

for example, would strongly affect TTC values in the curreriound in cases where several genotoxic impurities are present

XVH $ QXPEHU RI UHYLHZV RQ PHWItk tReeix¢eptdbl of GighFy\pateRt@arvihRde s \Boih ddhcepts

DYDLODEOH %RRELV HW DO . X @eXeDittrQducdd WiittbtBe intentionld® provigiddgHtble industry

DQG %HUJVWU|P ORVWUDJ 6]OLEKWKQY RPGGAHRUBMKOLW\ DQG D ULVN PLWL
7VDLRXQ HW DO 7TKH ()6% - de@lpriet\Whagerof & e BrugVThe staged TTC approach is

tee judged: it is not straightforward to apply such toolsinaDOVR DQ HVVHQWLDO HOHPHQW RI WKH (0%
regulatory context, and further work in this area is needed for - JHQRWR[LF LPSXULWLHV (0$ 86 )'$
practical application to the TTC approach. In particular, there These intake levels are estimated to give an excess cancer

is a need to develop tools capable of quantitatively predictingg LV N R | LQ D PLOOLRQ SHRSOH RYHU D
metabolite and degradate formatidn HUHG HIWUHPHO\ FRQVHUYDWLYH 3DV ORZ

$Q HVSHFLDOO\ LQWHUHVWLQJ FR PAEARPDPNCIRIE) gikan the éuHenRli@timneRancerr&k in the
ZLWK UHDG DFURVV RU 4 6%5 HVSHFILIR®ONDWVLRRWAK itBR kbW DAV, Eh® BFS2 eV
FRVWO\ (VWDEOLVKLQJ D SURIig#liEed O HQWR |, K RPRBEL WWHH IMKWHQRW FRQ,GHQW
WRROV DV GLVFXVVHG DERYH FDQ VEQBUW\]RI ZGWMXYWL QAL WKH 7,7T& YDOXH IRU
KD]DUG FDQQRW EH H[FOXGHG ZLW Kal&LidKgeh&®igity Br@dr Hon-cah&er\eKdRon® Gor shorter
allow to demonstrate whether exposure is relevant for suechha# KDQ FKURQLF GXUDWLRQV RI H[SRVXUH

ard to manifest. WKDW WKH LVVXH EH DGGUHVVHG FDVH E\
Challenge 9: Should we develop an internal TTC, Challenge 11: Can TTC be applied to mixtures?

i.e., one based on blood concentrations of the Recently, a discussion has started on whether TTC values can
substances associated with no adverse effects? DOVR EH XVHIXO IRU WKH DVVHVVPHQW R
SDUWRVFK HW DO DGGUHVVHG WKH RLA/NODNYV Y HY V BPHQUW W 1 BAXVE VRVCD/QHF R1 D F

HVY ZLWK D ORZ DEVRUSWLRQ E\ WKHRRSDO HER YWRHW RH VKU BXIKS5VNHER@3 DQG |
+HUH WKH LQWHUQDO H[SRVXUH L HHKM/KHDELEDY BGO®PE MH DWD ¥ WM. RQ R K M/ IOHS S
dose, is more relevant than the external exposure. The Eupooach for a screening-level assessment of chemical mixtures
SHDQ 5($&+ OHJLVODWLRQ DOORZV VEKDWR RVEHWWH/WP DIXW QRVD &G RHFHYHW DO
VDU\ IRU VXEVWDQFHYV ZLWK QHJOL alr&advély h&wdent&oty acRadind-toHSCHER WritheOgvalu
internal exposure. In order to derive internal TTC values, thBWLRQ SRVVLEO\ LQFOXGLQJ H[DPSOH FIL
HIWHUQDO 12$%$(/ ZDV PXOWLSOLHG EYKUKNHMKIGRB PBIQOD ENVOTXM\WRH WXXHSULVLQJ |
individual chemical predicted using ansilico prediction tool TTC are for mixtures, i.e., additives and contaminants in food
(ACD Percepta). This intriguing concept might allow narrowingDQ G GUXJV $OVR WKH XVH IRU SHVWLFLG
down interspecies differences (thus uncertainty), which are vesgtegory. However, certainly with increasing understanding of
SURQRXQFHG IRU ELRDYDLODEL O L W \co¢kiad affectDad cheicasNvie will have to adapt our TT-C as
VHVVPHQWY WR WKHVH SRVVLEOH FRQIRXC

Challenge 10: Adaptation to
less-than-lifetime exposure
Whereas the existing TTC exposure limits assume a lifetime &f Conclusions
exposure, human exposure to unintended chemicals in food is
often only for a limited time. Recommendations are madetorg LUVW RI DOO LW VKRXOG EH FOHDUO\ V\
¢QH WKH DSSURDFK IRU OHVV WKDQ anvays i bwid the SdRWEndé df upidteEndéd chermhidald io

$ VWDIHG 77& 0¢OOHU HW DO produdtsDavid Ehid En@irdhdddSaRd/ H detddRed, to take steps to
GUXJ LPSXULWLHY DGDSWLQJ DFFHSWHPROH G RER\FIKGW DNMHOYDIWK BG RURSULDW

J GD\ IRU OLIHWLPH LQWDNH WR cLs&tD allbR pollutiR QWK DV YLUWXDOO\

VDIH GRVHV 7KLV PHDQV WKDW WKH BH&ERY D GTMX VDWHIGPEHD @ WNW R JEHORVRVFUHH
FRQVLGHUDWLRQ ERWK WKH GRVH DQGHWKHWERXBDWHRWRL GV KWHFEB Q@WLLETFO Q\OJ L

11 hitp://seer.cancer.gov/statfacts/html/all.html
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transparent decisions as to the urgency of responses needed.Safety and regulatory consideratio@antact Dermatitis 4,7

LV D SUREDELOLW\ EDVHG VFUHHQLQJ WRBRQ DQG WKXV LW GRHV QRW RI
IHU FRPSOHWH FHUWDLQW\ 7KH JRD@DWNWRWNWDE®LWOBZ80ORDFKHVPEKDW
DUH SURWHFWLYH RI SXEOLF KHDOW KorZhe/dévBlopkivenX 6 giterrfrativé nbriJanional) DnetbodPfarQ J
FRQVXPHUV RU GLVUXSWLQJ WUDGH sis@@ic Widiy\edtingAITEXV2D SUX GHRQW DQG

UHVSRQVLEOH XVH RI OLPLWHG UHVRROMWHH )HOWHU HW DO 7KH
77& OLPLW PXVW WKHUHIRUH EH F R Bagddn) AD Widrav&hazd, KB, FRavahOM.Rang 1$iod@héro, M.
that exposures exceeding this level are not necessarily a health $SSOLFDELOLW\ RI SK\WLFRFKHF

FRQFHUQ EXW LQGLFDWH WKH QHHG |I&Wd teatarkdd Un HNrE8sBoKIDAN TdxiQological Concern

7KH GLVFXVVLRQ RI 77& KDV QRZ EHHDYYVRVYQP HRIWIRUFPRQWIMWEKDMHFKQLFDO &
two decades and regulatory implementation is still rather slow KWWS ZZZ HIVD HXURSD HX HQ VXSSRI
GHVSLWH WKH IDFW WKDW QR ZURQJ ®HFHWMHELG EDVHEL RQ 77& KDV EHHQ
UHSRUWHG WR WKH EHVW RI WKH DXDKRNHY NQRY¥B6KIBUH 67 KH RIHPDQQLARHU L
FKDOOHQJHY DQG KXUGOHV VKRXOG E(H DMDXXINW HREQ ERXIW VL MWP HV HL [WAUUHD/SSRRM@D/W E E
to carry out testing on a large scale if such rather simple limits G D W D E D V HTdxid@ LBtH\V285 GRL M
could help prioritize resources for other cases. WR[OHW

$Q REYLRXV DUHD RI DSSOLFDWLR Q% NUQ@XRRU 1BQ H+E L QUBRSHWH R Q@ Z KHIUQU L F |
WKH FHQWUDO REVWDFOH WR EURDG [ESBDiefryred Qefddiciivie LidkiaMyK testnig V Erkar V L R
DURXQG QRQ PRQRWRQRXV GRVH UHV 3RKH 5 (BXUYBHWJIVHMHDWKIR@® U$S BBSURSRV D (
6ZHGLVK &KHPLFDOW $DHBGHQEM UJ HWelbvant exposureToxicol Lett 176 GRL M
5KRPEHUJ DQG *RRGPDQ /DJDUGHVRWNW B @ L H WKH

LGHD WKDW ORZHU FRQFHQWUDWLRQLWNV BKV¥EVVWEFREH FD Q OKIODYEHH Wi | 1& FWW |
not seen at higher concentrations. This is highly controversial GDWDEDVH RQ UHSHDWHG GRVH WRJ[LF
EXW DW OHDVW IRU HVWURJHQLF D Q Ghénrad)RjriQfiunetidnall tddRé&y Takiedl PRarmbbolvV K H U
unlikely, as we have in comparison enormous endogenous hor46 GRL M \UWSK
mone activities, making it unlikely that such low-dose-effect¥s ODFNEXUQ . 6WLFNQH\ - 8 &DUO
FRXOG PDQLIHVW L H DGGLQJ D GURBORI| ZDWH®S\W R LWRW [ERXG NRHHIWWKH WKUH

8SRQ UHTXHVW RI RXU ERDUG WKH &bnQam Hpproseh té Dghetiehtd D WersokbVand RogseHold
PDO 7THVWLQJ &$%7 LV FXUUHQWO\ H \taDEdlcts RégRlat VibiKiebl 7PhérngaBoD @8D E R
UDWLRQ EXW ZH KDYH DOVR KDSSLO\GMRLQHG MXVUWWHSIXW QHZ LQLWLDWLYHV
E\ ()6$ $ PDMRU VWHS IRUZDUG ZRX@RIHEHDQ A[SOLFLW ORIDRXQ® WKUHVKRO
WLRQ RI D *RRG 77& 3UDFWLFH ZKL F KfownaHoaNddnand KobgenoldkiR car& riskd: Aankaematical
KRZ LW VKRXOG EH GRQH DQG KRZ LWQWKRKIORE R BiL € Ri€kX AN HIEX B Q G
reported. Such a consensus document would further push theG R L UuLvbD
limits of TTC use. In this sense, | would like to close with @20 RRELV $ *XQGHUW 5HP\ 8 .UHPHUV
TXRWH E\ WKH $PHULFDQ SROLWLFDO 3ilied pfegivdan\of\AIIME @ndHph& QaR dkinstivs. RéporEdfl U W
Simon “One finds limits by pushing them~ [HW{V SXVK DQ H[SHUW PHHWLQJ R UELDI@PharmCGelE\ & 26

Sci 17 GRL 6

%RRELV $ %XGLQVN\ 5 &ROOLH 6
References analysis of literature on low-dose synergy for use in screening
%DOO0O 1 &URQLQ 0 7 ' 6KHQ - H\sheiGal mixtures foRridlDddsesshikERiGRev Toxicol 41
UHDG DFURVYV SUDFWIAEFEX®3$3 JXLGDQFH GRL
GRL DOWH][ %UHQW 5 [/ DQG )DZFHWW [/ %

%DUORZ 6 O .R]JLDQRZVNL * ce U WipHi€plogy, du@sGangl HédaD 2Natdyehésis. In E. A. Reece
7TKUHVKROG RI WR[LFRORJLFDQGFR QF HRE ER@GSFHsEHICE DI@ Fetus and

VXEVWDQFHV SUPFFM)HQPWmLT@(IOMK%Q-I G L HWother &KDSWHU rd edition. Malden, MA:
GRL 6 %ODFNZHOO 3XEOLVKLQJ ,QF
%DUORZ 6 O 7KUHVKROG RI/U\NQNFIROR\BLFFNIIHLFCRI-QFHUQ)QG -DJHU |

$ WRRO IRU DVVHVVLQJ VXE VWDQFHYDRIYXQNQRRQFWRWHLWSHFULHY ¥BQYWRQV
at low levels in the dielLSI Europe Concise Monograph in the context of the registration procedure according to
Series KWWS LOVL HX ZS FRQWHQWRKAED.Rii3tiue Tot Mpplivd Ecology. Downloaded from

& 7KUHVB7R[ SGI ODVW DFFHVVHGKWMW®V ZZZ RHNR GH RHNRGRF
%DVNHWWHU ' $ (YDQvV 3 *HUEHWHAH VY HG HWXQRO

Factors affecting thresholds in allergic contact dermatitis’%s X VT XHW ) DQG +DUWXQJ 7 7K

12 hitps://www.kemi.se/global/pm/2013/pm-2-13.pdf
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development of safety sciencesALTEX 34 3-21. Chem 79 GRL SDF

GRL DOWH][ (&(72& 7TDUJHWHG ULVN DVVHVVPHQW

&DQEDG\ 5 /DQH 5 3DROL * HW DO1R (XHRSHWPQ QLQAWWKH IRU (FRWR[LFR(

DSSOLFDELOLW\ RI WKUHVKROG RI WRJ[L RKGRLIFBDIOY FRQUKINMHD S S WRIDEG KIHWP K

WR VXEVWDQFHYV CriR Rey Godd(Bci RIRrGBS ZS FRQWHQW XSORDGYV (&(72& 75
GRL FHVVHG -XQ

&DUWKHZ 3 &ODSS & DQG *XWVHOG+$ XEBDOUFH ROV HQGIRUPDWLRQ 5H

waiving: The application of the toxicological threshold of & KHPLFDO 6DIHW\ $VVHVVPHQW &KDSW
concern (TTC) to inhalation exposure for aerosol ingredients VSHFL¢F JXLGDQFH 'UDIW 9HUVLRQ ‘

in consumer product$zood Chem Toxicol 47 HFKD HXURSD HX GRFXPHQWYV L
GRL M IFW SHIJBHQ SGI GE D EE IF H Il HI
&KHHVHPDQ 0 $ ODFKXJD ( - DQGFHBDVEB\ 3$-X®

A tiered approach to threshold of regulati?tobod Chem ()6 % 6FLHQWL,F RSLQLRQ RQ H[SOF
Toxicol 37 GRL 6 SURYLGLQJ SUHOLPLQDU\ DGYLFH DERXMW

&2& *UHDW %ULWDLQ &RPPLWWHH RQ BEDVURVQROMBAGFRW\ WK&KHARQFBIGW RI WKL
LQ )RRG &RQVXPHU 3URGXFWYV DQGcoNdérH (TICYHFISRDWHQW KWWS RQOLQHOLEL
*XLGDQFH RQ D 6WUDWHJ\ IRU WKH 5ERR SWRVYHVVPHRW IR/ID&EKHPLFMHEG I
&DUFLQRJHQV 6HOISXEOLVKHG /RQB&HREQ SDIHNWNHQW GHYHORSPHQWYV LQ WI

&RPEHV 5 %DUUDWW 0 DQG %D O @fVchebicals in foofl GndR théirUppten@al impact on the
strategy for the testing of chemicals for human hazard andVDIHW\ DVVHVVPHQW RI VXEVWDQFHV

ULVN DVVHVVPHQW XQGHU AVIKAH31(8 S5rifitials. FRSANHLR KWW S RQOLQHOLEUDU
GRL M HIVD SGI
&UDPHU * 0 )RUG 5 $ DQG +DOO B50(/$ QRA\PLPALDWWLHRK) IRIU OHGLFLQDO 3UF
toxic hazard — a decision tree approdebod Cosmet Toxicol 8VH &+03 *XLGHOLQHV RQ WKH OLPL
16 GRL 6 LPSXULWLHV &303 6:3 d _XRQGRQ
'DQNRYLF ' % IDXPDQQ % ODLHW VS HEZDQ@WVLKDWD FRP XSGDWHJXLGDC(
7KH VFLHQWL¢{F EDVLV Rl XQFHUWDSQW\OIDWW RBVFHXYVHG LQXMHWWLQJ
occupational exposure limits. Occupat Env Hygiene 12 (0$ *XLGHOLQH RQ WKH /LPLWV RI *H(
Suppll 6 GRL &RPPLWWHH IRU OHGLFLQDO 3URGXFW)
'"HODQH\ ( - $Q LPSDFW DQDO\XKHV3RI WKIHRBDIBSQLPBEBELRIQQHY $IHQF\
of the threshold of toxicological concern concept to 4:3
pharmaceuticalsRegul Toxicol Pharmacol 49 (0% 4XHVWLRQ $QVZHUV RQ WKH &
GRL M \UWSK RQ WKH /LPLWV RI *HQRWR[LF ,PSXULW
'"HZKXUVW |, DQG 5HQZLFN $ * 6:3YDOXDWLRQ RI WKH
threshold of toxicological concern (TTC) - challenges(0 $ 'UDIW *XLGHOLQH RQ WKH $VVHVV]
and approacheskRegul Toxicol Pharmacol 65 Rl +HUEDO 6XEVWDQFHYVY 3UHSDUDWLRQV
GRL M \UWSK Medicinal Products (HMPC). European Medicines Agency,
GH :ROI : 6LHEHO 6DXHU $ /HFORX|[R®GRW BO (0($ +ORGH
of action and aquatic exposure thresholds of no concerfi0 $ &RQFHSW SDSHU IRU D JXLGHO
Environ Toxicol Chem 24 GRL 5JHQRWRIJ[LF LPSXULWLHYV (0% &903 6:3
'RODQ ' * IDXPDQQ % ' 6DUJHQWWWS HAWZDBPD HXURSD HX GRFV HQB*C
Application of the threshold of toxicological concern concept 6 FLHQWL¢(FBJXLGHOLQH t& SG
to pharmaceutical manufacturing operatioRegul Toxicol FHVVHG -XQ
Pharmacol 43 GRL M \UWSK (& £ (XURSHDQ &RPPLVVLRQ 2SLQLR
'RUQH - / & 0O DQG 5HQZLFN $ * Threshdld téf Toigo@didalHCDMWern (TTC) Approach for

RI XQFHUWDLQW)\ VDIHW\ IDFWRUV E®PDQVEDIHAWHSVFHYWP HEFQWWRH &KHPLFD
LQFRUSRUDWLRQ Rl GDWD RQ WR[LFRREXQWHWQF&RY P HMALFO/L IVQ & & KAPROONWU 3UR
Toxicol Sci 86 GRL WR[VFL N, SS H

'RXUVRQ 0 / )HOWHU 6 3 DQG(&SRELQVRRPPLVVLRQ ,PSOHPHQWLQJ 'H
(YROXWLRQ RI VFLHQFH EDVHG XQFHILRNBIPGEWU IDFWRRUNK LQHOQRQAN GRRHBQQH ,

risk assessmentRegul Toxicol Pharmacol 24 1R Rl WKH (XURSHDQ 3DUOLDPHQW
GRL UWSK on Cosmetic Product®ff J Eur Union L315
"XIIXV - o+ 1RUGEHUJ 0 DQG 7HPBORHKWRQG6 '( 0O7TOXF]NLHZLF] , %DWNH 0 H

*ORVVDU\ RI WHUPV X étiBorl. Buré\ARIL F ROIRL\QKDODWLRQ 77& YDOXHV ZLWK WK
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Regul Toxicol Pharmacol 58 GRL Challenges in the 2%1century and in vitro opportunities.
\UWSK ALTEX 30 GRL DOWH][

JHOWHU 6 /DQH 5 : /DWXOLSSH G6DUWXWQDO?7 S5HEMNIQ@I ELJ VHQVH
the threshold of toxicological concern (TTC) for risk WR[LFRORJ\ E\ ALFEX@3DFURVERL
prioritization of trace chemicals in fooBood Chem Toxicol DOWH]

a7 GRL M IFW +DUWXQJ 7 D JRRG IRU WKRXJKW
JHUUDULR ' %UXVWLR 5 DQG +DUALREXJ 3% *ORKWWWDE\ ZZZ DOWH][ Fk
of reference terms for alternative test methods and therDOWHI[B BB B B(GLWRULDO SGI
validation.ALTEX 31 GRL DOWH{DUWXQJ 7 E 2SLQLRQ YHUVXV H
JUDZOH\ - 3 6FLHQWL¢F HYLGHQ Fidvd @y FrénP @l e stiqyN. FE)D 34

D EDVLV IRU IRRG SD Fbbd Cospnét Tokidok O BWRLR Q V DOWH][

5 +HQQHV ( & $Q RYHUYLHZ RI YDO
*D\ORU ' : 6KHHKDQ ' O <RXQJ of tpxidolqp®al0i¢akhLTdRQ! Lett 211

"5 7KH WKUHVKROG GRVH TXIBRWLRQ L® WRUDHNWMRIHQHVLYV

Teratology 38 GRL WHUD +RIIPDQQ 6 DQG +DUWXQJ 7 ‘LI

*ROG /| 6 6DZ\HU & % 0DJDZ 5TryiHgNto Dapply approach®s of clinical diagnostics and
FDUFLQRJHQHVLV SRWHQF\ GDW D E D prevaRnca/ihkdxicdlMyyrr@nEidetatdiisiita Scilds/ X O WV
Rl DQLPDO HEbh®a@nVvNdaltl Persp 58 GRL WR[VFL Ny
GRL HKS -(&)$ (YDOXDWLRQ RI FHUWDLQ |

*ROG [/ 6 60RQH 7 + DQG %YHUQVWRIQWDPLQDQWXPEPDIHW\ HYDOXDWLRQ
RI FDUFLQRJHQLF SRWHQF\ DQG SRVUMWLYHSERURURI WHRGHQ@W )$2 :+2 (
FDUFLQRJHQV LQ WKH FDUFIEQWRANMHQLIR BB VEIBGEWGDMAMD EDVH/HFKQLFDO 5HSR

Health Persp 79 GRL HKS +HDOWK 2UJDQLVDWLRQ *HQHYD 6ZLW
*UDQW 5 / .DGOXEDU % - (UUDJX@W$OD 1 . (VPRDCXBRMQIHREXWW FHUWDLQ |
0 (YDOXDWLRQ RI DFXWH L QRO DVALIRID QR L BIDWHNWRHYDOXDWLRQ
chemicals with limited toxicity informatiorRegul Toxicol IRXUWK UHSRUW RI WKH -RLQW )$2 :+2
Pharmacol 47 GRL M \UWSK JRRG $GGLWLYHV :+2 7THFKQLFDO 5HSR
*UbDVV * 0 DQG 6LQNR 3 - SKIVLARW R 2LUFIDAQA WV BWWHR® *HQHYD 6ZLW
pharmacokinetic simulation modellingdv Drug Deliv Rev -(&)$ (YDOXDWLRQ RI FHUWDLQ |
54 GRL 6 ; FRQWDPLQDQWY )RUW\ VL[WK PHHWLQ
*URE . &RPSUHKHQVLYH DQDOEXpeN Goinnftied WbD Good/ AddiR/es (JECFA), WHO

food-packing materials: A challengeood Addit Contam 19 7THFKQLFDO 5HSRUW 6HULHYV 'RUOG

GRL *HQHYD 6ZLW]JHUODQG
*URVV 0 'DJLQQXV . 'HYLOOHU *-(RW$DO -RLORWU YK RICGMSHUW &RPPL\

RI WR[LFRORJLFDO FRQFHUQ IRU H QAddRtives| Satdty F¥ralMdtiynHof \Certaid WBdQAE dtVesLaRd
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