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1. INTRODUCTION

The element boron does not exist in nature byfitset it combines with oxygen and other
elements to form boric acid, or inorganic saltsalhare generally referred to as “borates”. Most
of the simple inorganic borates exist predominaafiyundissociated boric acid in dilute aqueous
solution at physiological and environmental pHgdieg to the conclusion that the main species in
the body water of mammals and in the environmeninigissociated boric acid. Boric acid is a
Lewis acid (hydroxide ion acceptor) rather thanrariBted acid (proton donator). The following
equilibrium is found B(OH) + 2H,0 «[B(OH),]” + H;0O"; pKa = 9.0 at 25°C. Boric acid exists
mainly as undissociated boric acid B(QH} pH < 5, whereas at pH > 12.5 the metaborate ion
[B(OH)4] becomes the main species in solution. Both speeggsectively polynuclear complexes
are present at pH 5 to 12.5.

As these substances are present inter alia asdmd@nd as borate anion at environmentally and
physicologically relevant concentrations in aquesoisition, the systemic effects and also some
of the local effects of simple inorganic boron campds can be traced back to boric acid. Results
from one substance can be transferred to evalbatether substance on the basis of boric oxide
(B20Os) (hydrolysed boric oxide is present as boric doidaqueous solution B®; + 3 HO—
B(OH);) or by using boron equivalents, calculated byfthetion of boron on a molecular weight
basis. Conversion factors are given in table 1welo

Table 1: Conversion factors to Boron Equivalents

CAS# EC# Substance Conversion factor for
Equivalent dose of B

Boric acid 10043-35-3 233-139-2 B0, 0.175
Boric acid, crude naturdl 11113-50-1 | 234-343-4] Not specified -
Diboron-trioxide, boric oxide 1303-86-2 215-125-8 B 0.310
Disodium tetraborate decahydrate 1303-96-4 215-540-4)  NB4O; * 10H,0 0.113
Disodium tetraborate pentahydrate 12179-04-3 | 215-540-4 N&,O; * 5H,0 0.148
Disodium tetraborate anhydrous * 1330-43-4 | 215-540-4 NB.O; 0.215
Tetraboron disodium heptaoxide, hydrate * 12267-73-1| 235-541-3 BlaOr.x H0 -
Orthoboric acid, sodium salf * 13840-56-7 | 237-560-2 BJD;x Na

* There is another entry on the fourth priorityli&ir boric acid, CAS# 11113-50-1, EC# 234-343-4jokhs described as “crude
natural, containing not more than 85% ofBi@;, calculated on a dry weight basis”. This substasca Low Production Volume
substan(?e Further, the according EINECs entry was changetthat the sentence “crude natural, containingmote than 85% of
H3BO; calculated by weight” has been deleted in 2002 ¢Othe EC 2008/C 54/08, March, 2002). The curfeMECS index
therefore contains two entries for boric acid, dméng specified by the formula (CAS# 10043-35-3 #E233-139-2, boric acid,
BH;0;) while the other entry remains unspecified (CA$£13-50-1, EC# 234-343-4, boric acid).

* substances summarised under index number 0030#L- Annex VI (EC) No 1272/2008 (the “x” in therfoula indicates an
unspecified number of waters of crystallisation andium, respectively)

$ The opinion does not cover these substances E&AG has received specific indications from indushat they are no longer on
the EU market

* Commission Regulation (EC) No 2364/2000 concerttiegfourth list of priority substances as foreseeder Council Regulation
No 793/93.
2 ECB ESIS: European chemical Substances Inform&jatem, Version 5.00



Aqueous solutions of the pure substances boric auitdiboron-trioxide result in an acidic pH,
whereas the other substances lead to an alkalind’pbtographic developers (main application
of boron for photochemicals) contain various sulista and generally reveal an alkaline pH (8-
9).

2. HUMAN HEALTH EFFECTS

2.1) Justification that effects on fertility and derelopmental effects are the leading health
hazards of boron compounds

A detailed overview on toxicokinetics and humanltieaffects can be found in Austria (2009). A
summary is included in Annex IV.

2.1a) Foetal development is one main target of bororiciiyx Developmental effects comprise
reduced foetal body weight as well as skeletahasckral malformations in different species (rat,
mouse and rabbit)

2.1b) Several repeated dose toxicity studies identiffexitestis as main target of boron toxicity
(rat, mouse, deer mouse, dog). These effects wereosted by fertility studies which found male

as well as female fertility affected after boronmawistration. The most severe effects seen in
repeated dose toxicity studies were effects or$esnhd spermiation. Hormone levels (FSH, LH
and testosterone) were also changed. Cross overgnsdtls in rats and mice revealed infertility

for treated males with untreated females and tefat@ales with untreated males.

2.1c) For acute effectsrespiratory and eye irritation were describedrafdgosure to airborne
boron compounds. Effects on eyes were only seerdigmdium tetraborate pentahydrate and
decahydrate (read across to disodium tetrabordtgdaous is possible), while boric acid induced
only reversible effects which do not justify cldgsition. In contrast, effects on the respiratory
tract were described for disodium tetraboratestamit acid. From several studies on humans and
one Alarie test in mice it can be derived that bocompounds are sensory irritants. In Austria
(2009) a DNEL was derived based on a NOAEC of OBBhnt. It was stated that the same
value would also be protective with regard to eyiating effects (for details see Austria (2009)
& Annex IV). However, it was not discussed withimetRAC whether sensory irritation or a
DNEL derived for the occupational setting was ral@vfor the evaluation of risks resulting from
the application of photochemicals by consumers.

2.2) Decision on the appropriate dose descriptors

2.2a) With regard to developmental effects no human daist. The available data from animal
studies are sufficient to conclude that prenataosure to boron by the oral route can cause
developmental toxicity. Developmental effects wseen in three different mammalian species,
namely rat, mouse and rabbit, with the rat beingtsensitive. From the most robust study in rats
(Price et al., 1996) the lowest NOAEL = 9.6 mg Biig/day can be derived. Reduced foetal
body weight per litter and increased incidencehiarsrib XIIl were seen at the LOAEL = 13.3
mg B/kg bw/day. In another rat study a LOAEL = 181 B/kg bw/day for skeletal effects (short
rib XlIII) was derived (Heindel et al., 1992). Otheffects seen at maternally toxic doses were
visceral malformations like enlarged ventricles aaddiovascular effects.

2.2b) Fertility effects of boron compounds were investégl in several epidemiological studies in
workers and populations living in areas with higivieonmental levels of boron. Truhaut et al.,
1964, Tarasenko, 1973, Krasovskii et al., 1976, Mémy 1994, Tuccar, 1998 and Sayli, 1998,
2001, 2003 were available at the time the Commisgitmrking Group of Specialised Experts in
the field of Reprotoxicity (Ispra, October 5-6, 20@vas held. They came to the conclusion that
the epidemiological studies available at that tiwere of insufficient quality to demonstrate
presence or absence of fertility effects. A recentew, on studies carried out on Chinese boron
workers (Scialli et al., 2009) was generated byegpert panel initiated by industry. It allows no
final conclusion on effects of boron exposure oman fertility.



Male infertility was observed in studies in ratdcen deer mice and dogs (Weir, 19664, b, c, d,
Fail et al., 1991, Dixon et al., 1979, Lee et 4878, Treinen & Chapin, 1991, Fail et al., 1989).
The underlying cause for male infertility was idéat to be testicular atrophy. A series of
studies was published providing insight into thechamistic nature of the lesions in rats. Good
correlation between doses inducing spermatogeméstaand infertility could be observed. The
effects were reversible at lower doses, but nouwegooccurred at doses causing germ cell loss.
Germinal depletion correlated well with increasedsma levels of FSH. Levels of other
hormones, like testosterone and LH were not alvadfgsted. A NOAEL of 17.5 mg B/kg bw/day
in rats (Weir, 1966a,b,c,d) could be derived.

Female fertility was affected as demonstrated by &aal. (1991) and Weir (1966c, d). The
underlying mechanism is much less investigated tfmneffects on male fertility. Effects

observed were infertility in female rats at 58.8Bukg bw/day (Weir, 1966¢,d) and reduced
fertility in female mice at 111.3mg B/kg bw/day {Fet al. 1991).

Fail et al. (1991) investigated different endpotslifferent dose levels in a continuous breeding
study according to the NTP protocol. The followieffects in female mice were seen at the
lowest dose at which these effects were investgfit®AELs). FO females had normal cyclicity,
but revealed reduced average dam weight on poast day O, reduced average gestational period
and their litters showed significantly reduced vigshen adjusted for litter size (111.3mg B/kg
bw/day). The last observation was also seen ierditfrom the F1 generation. In contrast to FO
females the oestrus cycle length was reduced iiefahles (26.6mg B/kg bw/day).

Weir (1966¢,d) described infertility of female ras 58.8 mg B/kg bw/day when paired with
untreated males (only 2 out of 16 matings produitel). With regard to number of conceptions,
number and size of litters, number of deaths, weifiipups at 24 hours and at weaning as well as
cross signs of abnormalities no differences comparyeontrol animals were recorded at 17.5 mg
B/kg bw/day. A NOAEL of 17.5 mg B/kg bw/day could derived.

2.3) Rationale of DNEL derivation - choice of assement factors (AFs)
2.3 a)Interspecies differences

The studies used for DNEL derivation were carried im rats. Animal studies suggest that
interspecies variability in toxicodynamics exigésorption and distribution of boron compounds
are similar in rats and humans, and boron is ntéalbodised. A 3 to 4 times faster elimination rate
in rats compared to humans was described to benthr difference with regard to
toxicokinetics.

Based on the described similarities between radshamans the interspecies default assessment
factor of 10 was reduced to 3.16 in the IPCS maagigron Boron (WHO, 1998). While the
factor of 2.5 for toxicodynamics was not changedhis monograph the factor for allometric
scaling was reduced from 4 to 1.26.

In two other WHO documents evaluating boron toyi¢itvHO, 2003, 2009) as well as in EFSA
(2004) the values for the interspecies defaulioiastere not reduced. They referred to Dourson et
al. (1998), who evaluated the available toxicokinetata and concluded that additional studies
were needed on rats to be able to modify the ip&giss assessment factors with confidence.

In the Biocides Report (2009) the standard asseassfaetor of 10 for interspecies variation was
not reduced.

With regard to toxicokinetic differences betweenh aad human the RAC concluded that the
available data are not sufficient to reduce théofafor allometric scaling. No deviation from the
default assessment factor of 10 for extrapolatiomfrat to human was introduced.

2.3 b) Intraspecies differences



Intraspecies variation of boron toxicokinetics tetaprimarily to variations in clearance. Half-life
values in volunteers administered boric acid oralyg intravenously were the same by either
route and had a duration of approximately 24h sg [@ansen et al 1984, Schou et al 1984). The
average half-life value from case reports in alm®@D patients poisoned with boric acid was
13.4h, ranging from 4-27h (Litowitz et al 1988).cémplete or inconsistent patient histories
contribute to the variation of the measured h&dfialues.

In the IPCS monograph from 1998 the intraspecisssasnent factor was reduced from 10 to 8.
Human data suggest some limited variability in Imoatsorption and distribution. However, due
to the lack of boron metabolism in humans and erpartal animals the default value for kinetic

differences was reduced from 3.16 to 2.5. It wasckhaled that the available data on

toxicodynamics did not support a deviation from deéault of 3.16.

The background document for development of WHO €linds for Drinking Water Quality
(WHO 2003, 2009) and EFSA (2004) have proposednaertainty factor of 6 instead of 10 for
intraspecies variation. The basis for this modifaarelies on an assessment of the glomerular
filtration rate (GFR) and its variability in pregmawomen (Doursen et al. 1998), the vulnerable
group with regard to effects on the developingdeetn the absence of data describing clearance
of boron in pregnant women, the mean GFR in 36thgalomen (144 £ 23 ml/min in early
pregnancy and 145 + 32 ml/min in late pregnancy3 used as surrogate. In order to estimate the
degree of intraspecies variation, the ratio of ean GFR (144ml/min) during late pregnancy
and the mean GFR minus two standard deviationsl@4 — (2 x 32) = 80) was calculated. This
results in a value of 1.8 for the toxicokinetic quonent of the intraspecies assessment factor, and
an overall factor of 6, rounded from 5.7.

It has to be noted that Dourson et al. (1998) anbjuded healthy pregnant women in their
evaluation and data from different studies werdguhdt is possible that in these studies different
methods were used to assess GFR which would hsairersg impact on the results. The value of
1.8 only considers the lower range of the GFR Wéitg among healthy pregnant women.

In the Biocides Report (2009) the standard assegsfaetor of 10 for intraspecies variation was
not reduced.

Due to the urgency of the current request to RAtithe to evaluate the data with regard to their
suitability to reduce the intraspecies assessmacitorf was not sufficient. For the present
evaluation the default of 10 is used for DNEL dation.

2.3 c¢)Quality of the whole database and exposure duratio

No additional factor is needed as the overall degabincludes sub-chronic and chronic studies on
several species and several studies on reprodutiireity. These studies cover the relevant
exposure durations for the effects evaluated aedrelevant for the exposure scenarios under
assessment.

2.3 d) The DNEL for developmental effects is the leaddigEL

NOAELdevelopmental effects 9.6 AF =100 DNELsystemic: 0.096 mg
mg B/kg bw/day (Price et al.,| (interspecies — rat to humanB/kg bw/day
1996) 10; intraspecies: 10)
NOAE Leftects on male & female fertiity | AF = 100 (interspecies — rat| DNELgystemic= 0.175 mg
=17,5mg B/kg bw/day to human: 10; intraspecies: | B/kg bw/day

10)

2.4) Dermal absorption

Several studies report that dermal absorption ebbb@ompounds across intact skin is low in
human new-born infants (no rise in plasma boroelgVFriis-Hansen et al., 1982), adult humans
(no increase in boron excretion in urine; Beyealet1983; Hui et al, 1996; Wester et al, 1998),
rabbits (Draize and Kelley, 1959), and rats (ncslaght increases in urine boron concentration



Nielsen, 1970). In contrast, borates have been dstraied to penetrate damaged or abraded skin
(Draize and Kelley, 1959; Nielsen, 1970, Stiittgeale 1982). The use of different vehicles may
change the absorption through diseased skin (Miel€70 and Stiittgen et al, 1982).

It is well known that boron compounds absorbedhsy drganism rapidly lead to a rise in urine
boron concentrations (Nielsen, 1970, Jansen et%84, Sutherland et al. 1998). Most of the
above listed studies had, however, difficulties whanalysing minimal rises in urine boron
content after dermal absorption. These analyticHicdlties are aggravated by the fact that
natural urine boron concentrations are prone togésdepending on dietary composition.

Wester et al. (1998) tried to overcome these aicalytlifficulties. They applied’B-enriched
boron compounds in two separate studies, one m stivdy involving human volunteers and one
in vitro study using human cadaver skin. The applieron compounds contained 99%8, while
the natural distribution is 19988 to 81%"'B.

Skin absorption data were obtained in human vorst@Nester et al., 1998). They were advised
to avoid boron rich food or other boron sources tmbleep a feed diary. The volunteers (8 per
group) were dosed (non-occluded) with boric acidlisodium tetraborate decahydrate (borax;
5% in aqueous solution). A volume of 1.8ml was agrever an area of 900ér(80cm x 30cm)

on the volunteer’'s backs which resulted in a dofséZLd/cmz, which was stated to be the
maximum volume not running off the skin. The deles dose was quantified by weighing the
syringe before and after dosing. The dosed areaaliased to air dry and then the volunteers
were dressed in commercial T-shirts. Twenty-fouarsdater the residual dose was removed by
washing. T-shirts and skin washes as well as wwameples were analysed for their boron content
using coupled mass spectrometry.

To determine backgrourtdB to B ratios and total boron content for the urine aétevolunteer,
pre-treatment urine was collected on 4 consecutayes (24 hour samples, day 1 to day 4). These
data were used to calculate a baseratio for edcimteer.

On day 5 the first dose was applied to the volutgdzacks for 24 hours. From day 5 to day 11
post-treatment urine samples were collected (24 bBamples). On day 11 a 2% SLS (sodium
lauryl sulphate) solution was spread over the viglens backs, followed by a second 24 hour
application of boron test material on day 12. Tthémtment was intended to simulate absorption
via irritated skin, however, it failed to induceirskrritation. No visible signs of irritation were
noted and no difference in TEWL (transepidermalewddss) was measured before and after
SLS-treatment. Continuous 24 hour urine sampleg weltected until day 17.

The '°B concentrations in urine exceeding the pre-treatraalues were regarded as the amount
of boron absorbed via skin and were expressed &emefrom the applied dose (table 2). The
formulas used for calculating the exc&&excreted are presented in Annex Il

One of the main drawbacks of this study is thaaltotcovery of the applied dose ranged from
48.8 - 63.6%, therefore 36.4-51.2% of the applieskedis not accounted for. The authors suggest
that this may be due to loss to outside clothind badding. However, in this case the results
would not reflect absorption over 24 hours but oer time until loss to outside clothing was
made possible. Moreover, part of the lost dose alsg be located in the body or in the skin at
the application site, which hence should be comsitlas being absorbed.

From the original study report which was availaiolehe rapporteur it can be derived that B
concentrations in the pre-treatment urine samesal as in the post-treatment samples exerted
considerable variability. (This information is bdsen the calculated values, as the measured data
for 1% and™'B content of the urine samples were not includethestudy report.) As the urine
boron concentration measured during the 4 prerreait days was used to set the baseline for the
whole experiment the high variability of these wHlhas a strong impact on the results of the
whole study.



It was noted that boron excreted on day 11 (i.@ays after the first application of test material)
was not added to the amount excreted after thetfeatment, although the values for day 11
were presented in the original study report. Moegpit was recognised that for some individuals
comparatively high°B concentrations were detected at the last sampliyg(day 17). As this
information can be extracted from the original gtugtport percent absorption were also
calculated including day 11 (in relation to thesfidose applied) and for the total excreted amount
of 1% from day 5 to day 17 (in relation to the firstsecond dose applied), see table 2. As the
application of 2% SLS-solution prior to the secauplication of boron compounds failed to
induce skin irritation, also the second dose stephe regarded as an experiment on intact skin.

Table 2: Dermal Absorption in Humans of boric acidand disodium tetraborate decahydrate

Boric acid (5%) Borax (5%)
% absorbed + SD Mean + SD % absorbed + SD Mean + SD
Days 5to 10 0.226 £ 0.125 0.351 0.210 £ 0.194 90.40
Days 5to 11 * 0.250 + 0.118 0.368 0.225+ 0.221 46.4
Days 12 to 17 0.239 + 0.147 0.413 0.184 +0.219 03.4
Days 5to 17 * 0.245 +0.133 0.378 0.205 £ 0.193 398.

It further has to be criticised that the study assd that 100% of boron absorbed via skin was
excreted and that no accumulation occurred. Thdysisl also flawed by lack of information
about the volunteers regarding sex and race.

In a second experiment published by Wester etl@0g) in vitro percutaneous absorption' &
enriched boric acid and disodium tetraborate dedatty was tested on human cadaver skin in a
flow through cell system. Absorption was determitgdreceptor fluid accumulation over a 24h
dosing period and by skin content at the end oPdte period. Receptor fluid was sampled every
4 hours. Most of the dose could be recovered.

1000ul of solutions of 5%, 0.5% and 0.05% boricdaend of 5% disodium tetraborate
decahydrate (borax) were applied per?cskin, which can be regarded as an infinite dose
experiment. Wester et al. (1998) derived percesbmdtion, fluxes and Kp values. They applied
statistical methods (Hoaglin et al. 1983) usingdtatistical analysis system SAS 6.1 (Cary, NC)
in order to identify outliers. For identified outts new values were imputed using least squares
estimation from a linear model (Little & Rubin, I®8 These calculations were, however, neither
presented in the original study report nor in thiblighed paper and could therefore not be
evaluated. The present evaluation therefore relresecalculated Kp and flux values based on
measured data from the original study report (abtet3). These values were used for scenarios
with continuous direct contact to photochemicalks,darmal absorption from liquids is better
described by the use of fluxes (Permeability (Kptoncentration (C)) than by using percent
absorption. This is supported by Moody & Chou (9%ehneider et al. (1999), ICPS (2006) and
US EPA (20044, 2007).

Table 3: Fluxes and Kp-values calculated from an ffinite in vitro experiment by Wester et
al. (1998), at the 4-hour time point

Concentration of dosing solution Flux (ngfeh) Kp (cm/h)
5% Boric acid, 8165 pgB/cm’ 1.819 2.2 x 10
0.5% Boric acid, 816.5 ugB/cm’ 0.039 4.8 x 10
0.05% Boric acid, 81.6 uyB/cm® 0.388 4.8 x 10
5% Borax, 5270 ugB/cm’ 0.224 4.2 x10
Mean value of all Kp values 2 x40




Penetration increased over 24 hours, as the sldaniie more permeable during the prolonged
wet conditions (see Figure in Annex lll). Exposuherations of the scenarios of the present
evaluation do not exceed 4 hours. Therefore theuainof '°B detected in the receptor fluid after

4 hours was used instead of the 24 hours time poirdrder to avoid an overestimation of skin

absorption in these scenarios. For other risk assg®ts dealing with scenarios with longer
exposure durations appropriate time points shoeldiwsen for Kp derivation.

These values are derived from experiments usirgdifferent human cadaver skins. In contrast
to the published study we excluded one skin (skinfér the recalculation of the results, as its
integrity appeared to be affected (very high valitgbamong different test units was observed).
Integrity of the skins was not tested in the expent. For the present evaluation the values were
not corrected for outliers.

Fluxes, J (ug/chth), are supposed to increase with concentratidrithentest substance in the
donor liquid. This is not reflected by the valugesented in table 3. In contrast to fluxes, Kp
values (= Flux (J) divided by concentration in thanor liquid (C)) are substance specific values
and should by definition be constant for a givebssance across different concentrations. In our
calculation there is a slight variability among tp values calculated for the different boron
concentrations. The variability of the calculatddxés and Kp values might be caused by
considerable and differing amounts of test mateetgined within the skin during the experiment
and by outliers which were not corrected for thespnt evaluation. The skin from the same
donors were used to derive Kp values for solutiwitl different boron content. The highest Kp
value (for the experiment testing 0.05% boric asik table 3) is therefore not demonstrating a
rather permeable (sensitive) skin, but is ratheised by methodological variations. The mean
value of all four Kp values is therefore the mgsprapriate value to describe dermal absorption
from liquids for the present evaluation (see ta)le

As recommended in the OECD guidance document amaleabsorption (OECD, 2004) the test
material contained within the skin was not includedhe calculation of the Kp value, although
considerable amounts ofB were detected within the skins when analysechatend of the
experiment. The amount detected within the skirgeanbetween 30% and 70% of the absorbed
dose (absorbed dose = amount®f detected in the receptor fluid + amoti® within the skin -
the amount of°B washed from the skin surface after the experijndtite performance of a new
in vitro study might therefore be considered fdufe evaluations.

Though predating GLP and OECD guidelines for skisoaption tests the in vivo rat skin
absorption study by Nielsen (1970) appears to bk eemducted and the data presented are
judged useful for a weight-of-evidence approache Fludy was designed to compare dermal
boric acid absorption from aqueous versus oleagireparations, through intact and severely
damaged skin. Compared to human studies the bgotakel via food can be considered to be
more constant in experimental animals. Still, soragations in food consumption and boron
content of the food could have occurred. In conttas severely damaged skin for which
absorption values were as high as 24% and 33% fhemaqueous preparation, absorption via
intact skin did not exceed 1.04%. Elimination Hé#-of boron in rats was estimated to be <13
hours (Farr and Konikowski, 1963; Ku et al. 199293) and as low as 3 hours by Vaziri et al.
(2001). Therefore the tested time intervals sedevaat for evaluating dermal absorption. The
aqueous jelly based preparation appears to dematmsrrelevant scenario for skin absorption
from aqueous solutions. However, as the compourgdapplied in an aqueous jelly based vehicle
the results cannot be compared directly to absmrpfrom aqueous solutions of boron
compounds. Furthermore, the amount of boron apgiedcni skin in the in vivo study by
Wester et al. (1998) was 8.75 pg B, whereas Nig|$8i0) applied 310 pg B. This might have
influenced the percentage of absorption.

As human in vivo studies are most relevant for humsk assessment and urinary boron was
demonstrated to be a sensitive indicator for banteke (Sutherland et al. 1998) the human in
vivo data by Wester et al. (1998) were used toregg dermal absorption. Though this study has
several shortcomings the results are supporte@dgakinetic studies which indicate that boron



compounds have a low potential to accumulate in bloely (for more information on
toxicokinetics see Austria, 2009). Also the in vinad skin absorption study by Nielsen (1970)
supports the low skin absorption values derivetaster et al. (1998). Though it is not fulfilling
modern quality requirements it supports low derglasorption values through intact rat skin.
Absorption values through intact rat skin did neteed 1.04%. Several reports and guidance
documents state that rat skin is typically two éo times more permeable than human skin
(ECETOC, 1993; Ross et al., 2000; Raavenzway g2@04), while other data support that rat
skin permeability occasionally resembles human pkimeability (Ross et al., 2000).

In the Biocides Report (2009) as well as in Aus{@@09) the in vivo study by Wester et al.

(1998) was used to assess dermal absorption. Huetsa dose (in %) for boric acid, which was
higher than for disodium tetraborate decahydratas wsed to derive a dermal absorption for
boron compounds of 0.5% (rounded from 0.4%), foilmyvaddition of the standard deviation

(SD). The standard deviation was added to covets p#r the uncertainty resulting from the

described shortcomings of the study. This valugcwhesults from an observation period of the
volunteers for 5 days after dermal administratidriest material, is also used for the present
evaluation in scenarios Al, A2, B1, B2, C1, C2, &M D2 covering exposure to dry powder or
dried liquids.

From the infinite dose in vitro study by Westeragt (1998) a Kp of 2.0 x 1Dcm/h could be
derived. This is the mean of four Kp values deriied solutions with different boron
concentrations, at the 4-hour time point. As tl@ikie was derived based on the original data from
the study report without correction for outlierge tRAC recommends a reevaluation of this study
for future assessments. The Kp value was usedclmasios with continuous contact to boron
containing photochemicals (Scenarios A3, B3, C3,08 D4).

3. HUMAN EXPOSURE ASSESSMENT

Based on information provided by industry assooieti (e.g. EPIA 2009a,b,c, I&P Europe
2010a,b, see Annex lll), literature screening (émgernet) and guidance on application of
consumer photochemicals retrieved from represemt&@afety Data Sheets, exposure scenarios
for consumers were developed and exposure levelgede For data gaps default values and
conservative estimates were introduced. No stuatidsmodels are available for the determination
of the particular case of exposure of non-profesd® to photographic chemicals. The use of
personal protective equipment (PPE) and risk managemeasures (RMM) is not considered for
consumers, even if they are recommended by the famnver. This is in line with ECHA
guidance on Information Requirements and Chemiaf#t$ Assessment, Chapter R15.

Exposures to boric acid and borates are expresasttms of boron (B) equivalents based on the
content of boron of the substance on a moleculéghtédasis. The rationale for this approach is
detailed in the introduction. The conversion fastcan be retrieved from table 1.

Two approaches per scenario are presented:

The first approach is the “typical case” basedriat@ on the data provided by EPIA and I1&P. It
represents the expected, typical exposure levéhefscenario referring to conservative values
within the given variability of data as well asstandard default values.

As every scenario reveals uncertainties which atecavered by the available data (e.g. different
hygiene of users during application, different diores of time needed for a particular task,
different exposure rates, incorrect - maybe impropdandling, possible increase of boron
content in future photochemicals in comparison wiité currently available products), a second
approach intended as a “reasonable worst case” (RdMtBe same scenario is presented to cover
these uncertainties on possible exposures and &k characterisation ratios are presented for
both approaches.

Despite these considerations, it has to be stregssdhigher exposure levels via the use of
photochemicals are conceivable, but are not coresidas these scenarios would result from
unforeseen applications of the products (e.g. fiseeophotochemical products for other purposes



than the processing of photographic films). Poisgrof general public, including oral uptake by
children, is considered as an exceptional case thakfore is not within the scope of this
evaluation.

3.1 Identification of main exposure routes for huma exposure towards boron from its use
in photographic applications

Boron compounds are readily absorbed orally andnhgilation as demonstrated by numerous
studies reporting increased levels of boron in d)aissues, or urine after exposure via both
routes (Austria, 2009). For the present evaluatiosorption rates for oral and inhalation route are
assumed to be 100%.

Dermal absorption is considered to be 0.3%is value is used to assess the dermal absorpfion

solids on skin and is applied for Scenarios B1 Béiccovering the preparation of solutions from

powder formulations via dust release into the@iring the preparation of diluted solutions from

liquid concentrates and the use of prepared saolsitfor tank development of films (Scenarios
Al, A2, B2, C1, C2, D2), dermal exposure to theilig is expected to be short as the involved
pouring tasks are not expected to last longer ¢hBaw minutes. It is assumed that liquids dry on
skin within a short time and solid residues remaiermal absorption value of 0.5% is applied,
washing of the hands is not considered for thiaade.

A permeability (Kp) of 2.0 x 16 cm/h is used in scenarios A3, B3, C3, C4, D3 adAd\khich
cover photographic processing in trays with cordgimicontact to solutions. This value was
derived from the in vitro study by Wester et aB48) using an exposure time of four hours (see
table | and section 2.4 on dermal absorption). pheduct of permeability and concentration
corresponds to the flux of boron through the skip x C = flux).

The main routes of human exposure to boron origigdtom the application of photochemicals
and the corresponding absorption values are ligtethble | below. Inhalative and dermal
exposure of non-professionals to boron is possilleng the preparation/use and disposal of
photographic solutions. Oral exposure is not releyar consumers, as misuse (e.g. oral uptake
by children) is not covered by this assessment.

Table I: Main paths of human exposure to boron vigohotographic solutions (for details on
toxicokinetics see section on dermal absorption andustria (2009))

Absorption Human exposure during preparation
Exposure path of solutions intended for
photographic applications
Inhalation 100% Yes
Dermal
(for dry powder or dried 0.5% Yes
liquid)
Dermal
(penetration from liquidg
under conditions with Kp = 2.0 x 10 cm/h Yes
permanent skin contac
to the liquid)
Oral 100% Not relevant

3.2 Human exposure of non-professional users durin@pplication of boron-containing
photochemicals

3.2.1 Exposure Scenarios
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Referring to information provided by EPIA and I&RufGpe, boron is present in some of the
following currently available products, which argended as photographic chemicals for non-
professionals:

 Film developers:supplied as liquid concentrates (Scenario A), pawbbrmulations
(Scenario B) and ready-to-use solutions

»  Fixers (intended for the development of films amgegrs):supplied as liquid concentrates
(Scenario C), powder formulations (Scenario D) agatly-to-use solutions

Exposures to the ready-to-use solutions are comsid® be covered by the scenarios describing
the use of liquid concentrates and powder formoteti as the application for photographic

processing is considered to be similar to theseasaes except for the absence of an activity of
preparing working solutions.

The exposure scenarios for film developers anddixee expected to be comparable to a great
extent. Differences between developers/fixers amguid concentrates/powder formulations are
considered and refer to the boron content of thgiral product, boron concentration of the
prepared solutions and frequency and duration oifvies. As the handling and relevant
exposure scenarios of film developers and fixeessasumed to be comparable, the same models
of calculation can be applied.

Four product types are considered in general Sizenar
Scenario A: Use of film developers solutions madenfliquid concentrates
Scenario B: Use of film developers solutions madenfpowder formulations
Scenario C: Use of fixer solutions made from ligo@hcentrates
Scenario D: Use of fixer solutions made from powidemulations

These scenarios are subdivided based on prepaeatibuse of the product types:
Pouring liquid concentrates into container (A1, C1)
Pouring powder formulations into container (B1, D1)
Tank processing (A2, B2, C2, D2)
Tray processing of films (A3, B3, C3, D3)
Tray processing of papers (C4, D4)

11



3.2.2 Scenarios Al and C1 - Pouring liguid conedagr into container

General descriptiontiquid concentrates (film developers and fixersg aupplied in a form
requiring dilution before use. A typical dilutios 1+4; one part (by volume) of the concentrate is
mixed with four parts (by volume) of water. On aatihscale, this would typically be done using
a measuring container. Inhalation exposure is gasded as no mists or aerosols are generated
during these tasks and gaseous releases are Idigaied by high water solubilities of borate
compounds and low vapour pressures of the puretasutes, which is typical for solid
compounds with high melting points). Even in thesecaof saturated air (max. possible
concentration as gas in air), the concentratioaiirand thus exposure via inhalation would be
low (negligible in comparison to the other souradsexposure). It is assumed, that dermal
exposure is the most relevant route for the udegoid concentrates and subsequent handling of
prepared solutions. The applied model relies onttilrelayer model, which is recommended as
Tier 1 model for the instant application of a sabse contained in a preparation within the
ECHA guidance on IR and CSA, Chapter R15.

Typical exposure levePotential dermal exposure due to spillages is ptessiuring pouring of

the concentrate into the container. It is assurhatithe operator contaminates a surface area of
420 cnt of his skin with the concentrate during preparat{touching contaminated surfaces,
spillages spread over skin, etc.). 420%aromplies with the total surface area of one hand
respectively with the surface area of the palmspgetively backs) of both hands (420%m
default value). The applied boron concentratiorégtae given densities of the solutions are based
on data provided by I&P Europe and EPIA: 0.46 %fiicers (I&P Europe 2010), 0.85% for film
developers (EPIA 2009c). To cover the variationtleé available liquid concentrates, the
maximum values of the given concentration datdaiten.

Worst case approaciFor this calculation contamination of 840 ZTaekin area is assumed. This
value covers uncertainty by possible improper hagdby the consumer resulting in exposure of
the total surface area of both hands. Alternativélyvould cover preparation of two stock
solutions per day instead of one (2 x exposure 2ff dnf) in the case of losing a prepared
solution due to improper handling, e.g. due tolagd. Furthermore, a boron content of 1% of the
concentrate instead of 0.85% respectively 0.46%4dAd C1) is assumed which is the maximum
possible boron content based on the solubilityheftioron compounds subject to this assessment
in aqueous photographic solutions (EPIA 2009a, seetion on 5.2.3). This should cover
uncertainties with regard to boron concentrationgdssible future products.

Table Il reveals the calculation of Scenario Alarivg the preparation of diluted film developer
solutions made from liquid concentrates.

Table Ill reveals the calculation of Scenario Ctartng the preparation of diluted fixer solutions
made from liquid concentrates.



Table II: Dermal exposure via Scenario Al
Pouring liquid film developer concentrates into

Table Ill: Dermal exposure via Scenario C1
Pouring liquid fixer concentrates into container

container
Typical exposure Worst-case exposure Typical exgosu Worst-case exposure

User Non-professional Non-professional Non-professional Non-professional
Bodyweight- BW [kg] 60 60 60 60
Frequency of event- F [1/d] 1 1 1 1
Boron-concentration- BC [%ow/w] 0.85 1 0.46 1
Density of solutionp [mg/cnT] 1300 1300 1350 1350
Surface-area exposed per event-SA7cn 420 840 420 840
Thickness of liquid film on skin-Th [cm] 0.01 0.01 0.01 0.01
Dermal absorption- DA [%0] 0.5 0.5 0.5 0.5
Systemic exposure-SE [mg B/kg bw/d] __0.0039 0.0091 0.0022 0.0095

Calculation

F x BC/100 xp x SA x Th x DA/100 /BW = SE




3.2.3 Scenarios B1 and D1: Pouring of powder foatioihs into a container

General descriptionPowder formulations (film developers and fixen&ed to be dissolved in
water before use (Scenarios B1 and D1). Exposucarsavhen pouring the powder into the
receiving container to make a “stock” solutionheit by skin contact or by inhalation of dust.
During subsequent stirring and mixing no airbormstds generated, as the powders are readily
wet and dispersed on contact with water. Inhalaé®gposure via gaseous releases can also be
disregarded as the vapour pressure of the substaneater is expected to be low and generation
of mists or aerosols does not take place (see rexjen 3.2.2).

The pouring of the powders is expected to be peradrindoors and in the absence of local
exhaust ventialation. As no personal sampling da&ge also 5.2.5) or suitable models are
available, EASE (EUSES 2.1) has been used to dstimbalation and dermal exposure ranges
for this activity. The parameters used for inhalatiexposure are: a non fibrous dust, dry
manipulation, no LEV and a non-readily aggregatilugt. Assuming these conditions, EASE
gives an exposure range of 5 to 50 mg dust peffhve max. value of 50 mg dust pet imtaken
forward for the RWC-approach and the arithmetic mef27.5 mg/m for the typical approach.
The parameters used for dermal exposure were dabty non-dispersive use and direct handling
with incidental contact. The estimated exposuregeamor these parameters is 0.0 to 0.1
mg/cnf/day. The max. value of 0.1 mg/tday is taken forward for the RWC-approach and the
arithmetic mean of 0.05 mg/éfday for the typical approach.

Based on a dermal absorption fraction of 0.5% @erifrom the in vivo part of Wester et al.
(1998), it is assumed that 0.5% of the boron dépdson skin during the exposure time is
absorbed. Calculation of inhalation exposure redieghe corresponding Tier 1 model within the
ECHA guidance on IR and CSA, Chapter R15.

Typical exposure levelAmateur users of powder formulations will normatisoduce sufficient
solution to allow several respectively all planreents of photographic processing on a single
day. Therefore, the number of events of preparihged solutions will typically be one event per
day (EPIA 2009b). Potential dermal and inhalatioqpasures via airborne dust are possible
during pouring of the powder into the receiving teomer. Dust concentration in air during this
task is expected to be typically 27.5 myffor 15 minutes. It is expected that the total scef
area of the hands is exposed (default, 84fcithe applied boron concentrations of the powder
formulations are based on industry data: 5.5% ifor @levelopers (EPIA 2009c) and 0.18% for
fixers (I&P Europe 2010a).

Worst-case approact& contamination of 4370 chis assumed referring to the surface area of
upper extremities and face of an adult (defaultes) table R.15-7; ECHA guidance on IR and
CSA, Chapter R15) to cover uncertainty on exposethees in the case of improper handling

respectively on powder formulations revealing ahhdystiness. Furthermore, two preparation
events per day instead of one are considered ter amcertainty in the case of losing a prepared
solution due to improper handling (e.g. due tolagd). Based on the current knowledge it cannot
be excluded that products containing a higher bammmtent than identified as the maximum

concentration in currently available powder produetll be placed on the market in the future.

To cover this possibility B-contents of 10% (filnevklopers) and 0.5% (fixers) are used as
estimated notional values.

Table IV reveals the calculations for Scenario Btering the preparation of developer solutions
from powder formulations.

Table V reveals the calculations for Scenario Didecimg the preparation of fixer solutions from
powder formulations.



Table IV

Table V

Scenario and Route

Dermal exposure via Scenario B1:
Pouring of film developer powder formulations into

Dermal exposure via Scenario D1:

Pouring of fixer powder formulations into a contairer

a container
Typical exposure Worst-case exposure Typical exgosu Worst-case exposure

User Non-professional Non-professional Non-professional Non-professional
Bodyweight- BW [kg] 60 60 60 60
Frequency of event- F[1/d] 1 2 1 2
Boron-concentration- BC [%w/w] 5.5 10 0.18 0.5
Surface-area exposed per event-SAqcm 840 4370 840 4370

Dust deposition-DD [mg/cfid] 0.05 0.1 0.05 0.1

Dermal absorption- DA [%] 0.5 0.5 0.5 0.5
Systemic exposure- SE [mg B/kg bw/d] __0.0002 0.0073 0.00001 0.00036

Calculation

F x BC/100 x SA x DD x DA/100 /BW = SE

Scenario and route

Inhalative exposure via ScenariB1:
Pouring of film developer powder formulations into

Inhalative exposure via Scenario D1:
Pouring of fixer powder formulations into a container

a container
Typical exposure Worst-case exposure Typical exgosu Worst-case exposure

User Non-professional Non-professional Non-professional Non-professional
Bodyweight- BW [kg] 60 60 60 60
Respiration rate- RR [fh] 1.25 1.25 1.25 1.25
Frequency of event- F [1/d] 1 2 1 2
Duration of event- D [h] 0.25 (15 min) 0.25 (15 min 0.25 (15 min) 0.25 (15 min)
Boron-concentration- BC [%w/w] 5.5 10 0.18 0.5
Dust concentration- DC [mgfh 27.5 50 27.5 50
Inhalation absorption- 1A [%] 100 100 100 100
Systemic exposure- SE [mg B/kg bw/d] __0.0079 0.0521 0.0003 0.0026

Calculation

F x BC/100 x DC x IAx RR x D /BW = SE




3.2.4 Scenarios A2, B2, C2 and D2- Tank processing

General descriptionthe most common application for the preparatiofilimis among consumers
is the use of developing tanks. The films are pw light-tight container. This allows the operator
to develop photographic films in day light enviroemb The photographic solutions as
developers, stop bath and fixers are added and veinone after another. During film
development the filled tank is continuously shakexved thoroughly in order to distribute the
developer/fixer evenly. During the shaking procésiher manual or automatic) the tank is
closed. Exposure of the user is therefore not dggedPotential exposure to the prepared
solutions is only possible during filling and disab (Ilford 2004, Kodak 2007).

The applied model is based on the thin-layer masleich is recommended as a Tier 1 model for

the instant application of a substance containedpreparation within ECHA guidance on IR and
CSA, Chapter R15.

Typical exposure levelDepending on the type of the tank and on the sfzthe films, one or
more films can be placed in one tank. It is assuthatla developer tank is prepared two times
per day for film/paper processing. Dermal expossipossible to occur during filling/emptying of
the developer tanks before/after applying the pexbasolutions (film developer, fixer). It is
assumed, that 840 émkin are contaminated during these two steps ofipg liquid (840 crfias
default surface area for two hands). No continumrgact of skin with the solutions is assumed
for these calculations. The presented boron cora@mts (0.17% and 0.23% for Scenarios A2
and B2, 0.09% and 0.03% for Scenarios C2 and D@)demsities of the prepared solutions are
based on data provided by EPIA (2009c) and I&P gBer@010a) and represent maximum values
referring to the recommended dilutions given witthia instruction leaflets of the suppliers.

Worst case approackour instead of two tank development preparatpersday are assumed in
contrast to the typical scenario. According to IR&rope, there is no practical advantage of using
film developer solutions containing higher boromaentrations than the given values of 0.17%
and 0.23% (Scenarios A2 and B2) (I&P Europe 2010bgrefore, no uncertainty on future boron
concentrations is considered in the worst- caseoagh. To cover uncertainty on possible higher
boron concentrations of prepared fixer solutionduiture products, a content of 0.2% boron is
considered as a notional and worst-case valuerépaped fixer solutions (scenarios C2 and D2)
(see section 5.2.3).

Table VI reveals the calculations for Scenarios @guid concentrates) and B2 (powder
formulations) covering the use of prepared filmealeper solutions for tank development.

Table VII reveals the calculations of Scenarios (@8uid concentrates) and D2 (powder
formulations) covering the use of prepared fixdusons for tank development.



Table VI: Dermal exposure via A2 and B2:
Use of film developers for tank development

Table VII: Dermal exposure via C2 and D2
Use of fixers for tank development

Typical exposure Worst-case exposure Typical exqgosu Worst-case exposure

User Non-professional Non-professional Non-professional Non-professional
Bodyweight [kg] 60 60 60 60
Frequency of event [1/d]- F 2 4 2 4
Boron-concentration [Yow/w]- BC 0.171]0.23 0.17]0.23 0.09]0.03 0.20]0.20

[A2 | B2] [A2 | B2] [C2|D2] [C2|D2]
Density of solutiorp [mg/cnT] 1060 1060 1090 | 1070 1090 | 1070

[C2|D2] [C2|D2]

Surface-area exposed per event- SAcm 840 840 840 840
Thickness of liquid film on skin- Th [cm] 0.01 0.01 0.01 0.01
Dermal absorption- DA [%0] 0.5 0.5 0.5 0.5
Systemic exposure- SE [mg B/kg bw/d] 0.0025 | 064003 0.0050 | 0.0068 0.0014 | 0.0004 0.0061 | 0.0060

A2 | B2] A2 | B2] C2|D2 [C2 | D2]

Calculation

F x BC/100 xp x SA x Th x DA/100 /BW = SE




3.2.5 Scenario A3, B3, C3 and D3- Film processmtays

3.2.5.1 Scenario A3 and B3: Application of film @é&per solutions for processing in trays

General descriptioritray development is the most economic way of prsingssheet films. This
processing has to be done in complete darknesdiliifseare introduced by hand which results in
the immersion of parts of the hands at each stdgthe process (development, stop bath,
fixation). Continuous or intermittent agitation hiasbe assured while the sheets are in contact
with the developer solution. If the sheets are igexl one by one, this can be assured by moving
the tray. In this case the scenario involves ptssind contact with the developer solution when
introducing the sheet and when taking it out. Pngsslown the sheet with one hand after
introduction may also be possible. For processimgenthan one film sheet at a time, “shuffle
agitation” can be practised (Anchor et al. 1998adnjay 1999, Schaefer 1999, Wikipedia 2010
and Park, You Tube, 2010). The sheets are intrallooe by one into the developer solution.
Then they are moved during the whole developmem ty lifting the sheet at the bottom of the
sheet track to the top in a constant rhythm.

Tray development results in longer durations oftachof the operator with the solutions than in
the case of tank development (up to several hoersday). In order to consider the kinetic of
dermal boron absorption from continuous contaslations, the dermal exposure resulting from
this scenario is described using a Kp (permeabpitify2.0 x 10* cm/h, which is calculated from
the results of an infinite dosing experiment (Seetion 2.4 on dermal absorption). The product of
Kp and concentration corresponds to the flux obhdhrough the skin (Kp x C = flux).

Typical exposure leveBased on fact sheet data (liford 2004), 10 minetbgpment time can be
considered as a typical value, this results in 19 @ermal contact with the solutions per cycle.
Two cycles per day (task: about 2 hours, dermalosuqe: 20 min) are estimated to be
representative. The contaminated surface areaeafghrator’s skin is expected to be 426 amd

to be continuously exposed to the diluted solutié20 cnf comply with the surface area of one
hand, respectively of two half hands. The concéintreof the prepared solutions is estimated to
be 0.17%, if they are prepared from liquid concaes (EPIA 2009¢c, maximum value) and to be
0.23%, if they are prepared from powder formulai¢i&P Europe 2010a, maximum value).
Dermal contamination during pouring and removinlyigons is considered to be already covered
by this scenario. The use of gloves or tweezemsigonsidered.

Worst-case approachio cover uncertainty on use frequency, four cypesday are considered
(four hours of developing films instead of two)su#ing in 80 minutes of continuous contact to
the diluted solution. Furthermore, to cover undetyaon exposed surfaces, it is anticipated that
the operator uses both hands to move the filmisarsolutions (840 cfh

Table VIII reveals the calculations of Scenarios ABuid concentrates) and B3 (powder
formulations) covering the use of prepared filmeleper solutions for development in trays.



Table VIII: Dermal exposure via Scenarios A3 and B3solutions made from liquid concentrates/powder fonulations)

Use of film developers for tray processing

Typical exposure

Worst-case exposure

User Non-professional Non-professional
Bodyweight- BW [kg] 60 60
Frequency of event- F [1/d] 1 1
Contact time- CT[h] 0.33 (20 min) 1.33 (80 min)
Surface-area exposed - SA f[gm 420 840
Density of solutionp [mg/cnT] 1060 1060
Permeability- Kp [cm/h] 2.0x 10" 2.0x 10"
B-Concentration- C [%w/w]

Scenario A3 (Liquid concentrates) 0.17 0.17
Scenario B3 (Powder formulations) 0.23 0.23
Systemic exposure- SE [mg B/kg bw/d]

Scenario A3 (Liquid concentrates) 0.0008 0.0067
Scenario B3 (Powder formulations) 0.0011 0.0091

Calculation

F x CT x SA xp x Kp x C/100 /BW = SE




3.2.5.2 Scenarios C3 and D3: Application of fixnsfilm processing

General description: A recommended and efficienthoe of fixing film (or paper) is to use the
two bath fixing technique. Two separate fixing Isatii the same volume are prepared. The film is
fixed in the first bath for half of the recommendedng time and then transferred to the second
bath for the remaining time. Work is continued thigy until the capacity of the first bath is
reached, and then it is discarded and replaced tiwdghsecond fixer bath. A completely fresh
second bath is prepared and used. This procespeated as required with the result that the film
or paper is always thoroughly fixed by the reldinfeesh fixer in the second bath (lIford 2002)

2 to 5 minutes of fixing time per cycle are recomuhed without hardener and 4 to 10 minutes
per cycle with hardener (lliford 2002). Based orsthealues, 10 minutes per cycle are taken for
the calculation of the reasonable worst case appraad 7 minutes per cycle (average value of 4
and 10 minutes) for the typical approach.

As the users are expected to be continuously egpostixer solution for significant durations of
time, dermal exposure is determined on the basthefkin permeability value Kp derived for
Scenarios A3 and B3 (Kp: 2.0 x“1@m/h).

Typical exposure levelThe contaminated surface area during this taskpected to be 420 ém
420 cnt comply with the surface area of one hand respalgtiof two half hands. The size of this
surface seems to be justified considering spilladjes to possibly quick movements within the
tray and the possibility of using both hands fondiang several films (see references for
Scenarios A3 and B3). The concentrations of thegresl fixer solutions are 0.09% ¢ 1090
mg/cn?), if they are prepared from liquid concentrated &m be 0.03%( ~ 1070 mg/cr), if
they are prepared from powder formulations. Thesees are based on data provided by I&P
Europe (2010a) and refer currently to only two piid (one fixer supplied as powder and one as
liquid concentrate). Two cycles per day are assutodake typical complying with two hours of
processing (see Scenarios A3 and B3). Considerifigirg time of 7 minutes per cycle this
results in 14 minutes of contact with the solutidbhe use of gloves or tweezers is not considered.

Worst-case approachip cover uncertainty on use frequency and duraifdixing, four cycles of
fixing films per day and a fixing time of 10 mingtper cycle are considered (four hours of film
processing instead of two; see Scenario A3 and®B8)lting in 40 minutes of continuous contact
with the prepared fixer solutions. Furthermoregdoer uncertainty on the size of exposed skin, it
is anticipated that the operator uses both handsice the films in the solutions and that they are
totally exposed during this activity (840 &mThe concentration of the fixer solutions (manterf
liquid concentrates and powder formulations) isiassd to be 0.2% for both products. 0.2% is a
notional value (~ double as high as 0.09% for bemgservative) (see section 5.2.3).

Table IX reveals the calculations of Scenarios @Quifl concentrates) and D3 (powder
formulations) covering the use of prepared fixdusons for film processing in trays.



3.2.6 Scenarios C4 and D4: Application of fixensgaper processing

General description: As for Scenarios C3 andHg3two bath fixing technique is assumed to be a
representative exposure scenario. Referring todlI{@002) 0.5 to 2 minutes of fixing time per
cycle are recommended. Referring also to representact sheets, development times of papers
are in the range of a few minutes. The fact shie&w'paper developers” (lIford, January 2004)
recommends development times from 1 to 3 minut@setonds in the stop bath and at least 30
seconds of washing papers in running water. Basethis information, it is assumed that one
third of the duration of one cycle is spent on fixation of papers as a conservative estimate.
Assuming 2 hours of paper processing as typicaldahdurs as a reasonable worst case (breaks
and other tasks are not considered), this resud® iminutes respectively 80 minutes of using the
fixer.

Typical exposure levelt is assumed that the operator uses one hanldde papers into the fixer
solution resulting in dermal contact with the liduiFurthermore, it is expected that the papers are
moved with the fingers of one hand or the traysmaozed manually. Continuous or intermittent
agitation has to be assured while the sheets arentact with the fixer solution. Referring to the
fixing times of a few minutes, it is estimated tkta® contaminated skin area remains wet during
the whole time of fixation. The exposed size ofhskiestimated to be 210émomplying with the
surface area of the half of one hand (fingers)alsady explained above, 40 minutes of contact
time with the fixers are assumed.

Worst-case approaciTio cover uncertainty on the duration of handlimgers, 80 minutes of
exposure time are taken forward referring to 4 foofr paper processing. Furthermore, it is
anticipated that the operator uses both handsléming and moving the papers in the solutions
and that 420 cfiskin are exposed. The concentration of the fixdutEms (made from liquid
concentrates and powder formulations) is assumebet®.2% for both products. 0.2% is a
notional value (~ double as high as 0.09% for b&ogservative) (for further information see
section 5.2.3).

Table X reveals the calculations of Scenarios ddquid concentrates) and D4 (powder
formulations) covering the use of prepared fixelusons for paper processing in trays. The
densities and boron concentration are the samar &lsef Scenarios C3 and D3.




L

Table 1X: Derm. exposure via Scenarios C3 and D3 Table X: Derm. exposure via Scenarios C4 and D4
Use of fixers for film processing in trays Use of fixers for paper processing in trays
Typical exposure Worst-case Typical exposure Worst-case

exposure exposure
User Non-professional| Non-professiongl  User Non-professional| Non-professiona
Bodyweight- BW [kg] 60 60 Bodyweight- BW [kg] 60 60
Frequency of event- F [1/d] 1 1 Frequency of evertt/d] 1 1
Contact time- CT[h] 0.23 (14 min) 0.67 (40 min) @anet time- CT[h] 0.67 (40 min) 1.33 (80 min)
Surface-area exposed per event- SAq[crh 420 840 Surface-area exposed per event- SA|[c 210 420
Density of solutionp [mg/cnT] Density of solutionp [mg/cnT]
Scenario C3 (Liquid concentrates) 1090 1090 Scenario C4 (Liquid concentrates) 1090 1090
Scenario D3 (Powder formulations) 1070 1070 Scenario D4 (Powder formulations) 1070 1070
Permeability- Kp [cm/h] 2.0x1b 2.0x10" Permeability- Kp [cm/h] 2.0x1d 2.0x10"
B-Concentration- G%w/w] B-Concentration- C [mg/ct
Scenario C3 (Liquid concentrates) 0.09 0.20 Scenario C4 (Liquid concentrates) 0.09 0.20
Scenario D3 (Powder formulations) 0.03 0.20 Scenario D4 (Powder formulations) 0.03 0.20
Systemic exposure- SE [mg B/kg bw/d] Systemic exposure- SE [mg B/kg bw/d]
Scenario C8Liquid concentrates) 0.0003 0.0041 Scenario C4 (Liquid concentrates) 0.0005 0.0041
Scenario D3 (Powder formulations) 0.0001 0.0040 Scenario D4 (Powder formulations) 0.0001 0.0040

Calculation

F x CT x SA xp x Kp x C/100 /BW = SE




3.2.7 Consumer exposure during use of boron-contamy photochemicals

Development of films in trays (A3, B3, C3 and DS3)léss widespread among consumers than
tank development of films, as the relevant proceslare time consuming and complex

Table XI: Film developers: Total human exposure duing application of liquid concentrates
(Scenario A)

) ) Estimated Internal Exposure
Combined Scenarios
. . [mg/kg bw/day]
Application of film developers
made from liquid concentrates Inhal. Dermal Oral Combined
uptake uptake uptake | exposure
Liquid co_ncentrate | Typical exposure level 1. 0.0039 1 0.0039
- Scenario Al: Pouring
concentrate into
receiving container Worst case exposure level b 0.0091 ! 0.0091
Diluted solution Typical exposure level 1. 0.0025 ! 0.0025
- Scenario A2: Tank
Processing Worst case exposure levell 1. 0.0050 e 0.0050
Diluted solution Typical exposure level L 0.0008 ! 0.0008
- Scenario A3:
Processing of films in
trays g Worst case exposure levell 1. 0.0067 e 0.0067
The combination of Scenario A1 and A2 results tgpacal exposure level of  0.0064
and in a worst case exposure leve| of 0.0141
The combination of Scenario Al, A2 and A3 resuita itypical exposure level of 0.0072
and in a worst case exposure leve| of 0.0209

! This route of exposure is expected to be not eglefor the referring task

Table XII: Film developers: Total human exposure duing application of powder
formulations (Scenario B)

) ) Estimated Internal Exposure
Combined Scenarios
- ) [mg/kg bw/day]
Application of film developers
made from powder formulations Inhal. Dermal Oral Combined
uptake uptake uptake exposure
Powder formulation
. .| Typical exposure level 0.0079 0.0002 . 0.0081
- Scenario B1: Pouring
powder formulation
into receiving Worst case exposure | g ggp1 0.0073 L 0.0594
container level
Prepared solution Typical exposure level 1. 0.0034 ! 0.0034
- Scenario B2: Tank
processing pyorst case expostre : 0.0068 : 0.0068
evel
Prepareq solution Typical exposure level 1. 0.0011 L 0.0011
- Scenario B3:




trays level '

1=
o
o
o
©
=

The combination of Scenario B1 and B2 results iyp&cal exposure level of 0.0115
and in a worst case exposure leve| of 0.0662

The combination of Scenario B1, B2 and B3 results typical exposure level ¢f 0.0126
and in a worst case exposure leve| of 0.0753

! This route of exposure is expected to be not agiefor the referring task

Table XIII: Fixers: Total human exposure during application of liquid concentrates
(Scenario C)

] ) Estimated Internal Exposure
Combined Scenarios
. . [mg/kg bw/day]
Application of fixers
made from liquid concentrates Inhal. Dermal Oral Combined

uptake uptake uptake | exposure

Liquid co_ncentrate | Typical exposure level 1. 0.0022 L 0.0022

- Scenario C1: Pouring

concentrate into

receiving container Worst case exposure levell b 0.0095 ! 0.0095

Diluted solution Typical exposure level 1. 0.0014 ! 0.0014

- Scenario C2: Tank

processing Worst case exposure levell 1. 0.0061 e 0.0061

Diluted solution Typical exposure level L 0.0003 ! 0.0003

- Scenario C3:

tl?;(;zessmg of flms in | \yorst case exposure level b 0.0041 ! 0.0041

Diluted solution Typical exposure level L 0.0005 ! 0.0005

- Scenario C4:

tF;;(;c;essmg Of Papers iN\yorst case exposure levell 1. 0.0041 e 0.0041

The combination of Scenario C1, C2 and C3 resnltstiypical exposure level of 0.0039
and in a worst case exposure leve| of 0.0196
The combination of Scenario C1, C2 and C4 resnltstiypical exposure level ¢f 0.0040

and in a worst case exposure leve| of 0.0196

! This route of exposure is expected to be not sgiefor the referring task

Table XIV: Fixers: Total human exposure during appication of powder formulations
(Scenario D)

Estimated Internal Exposure

Combined Scenarios [mg/kg bw/day]

Application of fixers

made from powder formulations Inhal. Dermal Oral Combined
uptake uptake uptake exposure
Powder f lati .
owdertormulation 1+ ical exposure level 00003| 000001 ! - | 0.00026
- Scenario D1: Pouring




powder into receiving

4 1
container Worst case exposure levell 0.0026 0.00036 -| 0.00297
Prepared solution Typical exposure level 1. 0.0004 ! 0.0004
- Scenario D2: Tank
processing Worst case exposure levell 1. 0.0060 1 0.0060
Prepared solution Typical exposure level L 0.0001 ! 0.0001
- Scenario D3:
tFr’;(;zessmg of flms in | \worst case exposure levell 1. 0.0040 e 0.0040
Prepared solution Typical exposure level L 0.0001 ! 0.0001
- Scenario D4:
tF;;c;(;essmg Of Papers iN\yorst case exposure level 1. 0.0040 1 0.0040
The combination of Scenario D1, D2 and D3 results typical exposure level of 0.0008
and in a worst case exposure leve| of 0.0130
The combination of Scenario D1, D2 and D4 results fypical exposure level of 0.0009
and in a worst case exposure leve| of 0.0130

! This route of exposure is expected to be not sgiefor the referring task

3.3 Exposure of general public via environment

Boron is a naturally occurring element and sigaificamounts can be found in human food and
drinking water representing major sources of expmsBoron enters the environment mainly
through weathering of rocks, boric acid volatilivat from seawater and volcanic activity, to a
lesser extent it is also released from anthropagsources. Anthropogenic sources include
agriculture, refuse, fuel and wood burning, poweneyation using coal and oil, glass product
manufacture, use of borates/perborates in homenatugtry, borate mining/processing, leaching
of treated wood/paper and sewage/sludge disposal.

According to Austria (2009) and other assessmants YWHO, 1998), it is estimated that food
and drinking water contribute nearly 100% to thenha boron uptake via the environment,
whereas exposure via air and ingestion of soitameparatively low and can be neglected.

Rich sources of boron are generally fruits, vedewmbpulses, legumes and nuts. Significant
amounts can also be found in coffee and wine. Coatipaly high boron contents can also be
present in drinking water and mineral water, depandn their origin. Dairy products, fish, meat

and most grains are poor sources of boron. Thewally exposure levels of boron via food and
drinking water are applied for this assessmentr{sAustria, 2009).

Total daily boron uptake of man via food and drinking water:
Typical: 2.3-2.74 mg B/person/day (0.038 — 0.046grB/kg bw/day)
RWC: 3.5 — 3.94 mg B/person/day (0.058 — 0.066 m¢kg bw/day)
"These values refer to a body weight of 60kg (défaalult)

The uptake can differ significantly, depending ba origin of food/water and the diet habits of

individuals. Therefore, it cannot be excluded tvatn higher exposures to boron via food and
drinking water can occur.
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4 RISK CHARACTERISATION OF APPLICATION OF BORON-CON TAINING
PHOTOGRAPHIC CHEMICALS AND MAN VIA ENVIRONMEN

Risk characterisation ratios (RCRs) for the humaalth section are derived by comparing
exposure levels to derived no-effect levels (DNE&sY express the risk to man resulting from
the expected exposure levels. The following equdtaised to describe this relation.

Exposure to boron (mg/kg bw/d)

RCR =
DNEL (mg/kg bw /d)

RCRs are positive and dimensionless values (>)trGloof risk for a substance is demonstrated
when the RCRs for all exposures from all exposuaenarios, all endpoints, all timescales and all
exposed populations are below one (Exposure < DNEL)

A General Population-DNEL long term systemic of980mg B/kg bw/day for developmental
effects was derived within this assessment. Refgno the bodyweight of an adult (60kg, default
value), this is equal to 5.76 mg boron per Hay.

The determined exposure levels of the derived saenaovering photographic applications as
summarised in tables Xl to XIV result in the follmg risk characterisation ratios. These ratios
describe the risks resulting from consumer appboabf photochemicals only. Other boron
sources are not considered.

Scenario A and B cover the use of film develop8cenario C and D refer to the use of fixers for
film respectively paper processing (see 3.2.1).yTtantain the tasks ,preparation of working
solutions” and “their application for tank respeety tray processing”. The development of plane
films in trays is time consuming and complex (Scen&3, B3, C3, D3), therefore, this

procedure is much less widespread among consumanstihe development of films in tanks
(Scenario A2, B2, C2, D2) and tray processing qfeps (C4, D4). Therefore, combination of
scenarios A1+A2, B1+B2, C1+C2+C4 and D1+D2+D4 cioggionly “preparation of working

solutions”, “tank processing of films” and “trayqmessing of papers”(only relevant for fixers) are
expected to comply with the common use patternastroonsumers (see table below).

Table XV: Risk characterisation ratios of combinedscenarios expected to occur frequently

Risk characterisation ratios' Combined exposure| RCR of scenario
Scenarios [mg/kg bw/day] []
Film developer: liquid .
concentrates Typical exposure level 0.0064 0.07
Al + A2
Preparation + tank processirlg Worst case exposure leve 0.0141 0.15
Film developer: powder .
formulations Typical exposure level 0.0115 0.12
Bl + B2
Preparation + tank processirgWorst case exposure level 0.0662 0.69
Fixer: liquid concentrates Typical exposure level 0.0040 0.04

! It is acknowledged that the REACH guidance recomisaoute-specific RC, but in order to simplify the
comparison with dietary exposure to boron, thegmeRC is rather based on the combined exposure and
an oral systemic DNEL.
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Ci+C2+C4
Preparation + tank processir
+ tray processing (papers

only)

9 worst case exposure leve

0.0196

0.20

Fixer: powder formulations
D1+ D2+ D4

Typical exposure level

0.0009

0.01

Preparation + tank processir
+ tray processing (papers

only)

g
Worst case exposure level

0.0130

0.13

'Referring to a General Population-DNEL long termtegnic of 0.096 mg B/kg bw/d

Nevertheless, it cannot be excluded that tank amy development of films and papers takes

place on one day. This could be relevant for a migmup of appliers. Therefore, the
combination of the following scenarios covering osélm developers and fixers is presented.

Table XVI: Risk characterisation ratios: Application of liquid concentrates and powder
formulations, including tray development of films.

Risk characterisation ratios" Combined RCR of scenario
_ exposuré []
Scenarios [mg/kg bwiday]
Film developers Typical exposure level 0.0072 0.08
Use of liquid concentrate
Scenario A: A1 + A2+ A3 | Worst case exposure leve 0.0209 0.22
Film developers Typical exposure level 0.0126 0.13
Use of powder formulations
Scenario B: B1 + B2 + B3 | Worst case exposure level 0.0753 0.78
Fixers: film processing Typical exposure level 0.0039 0.04
Use of liquid concentrates
Scenario & C1+ C2 + C3 | Worst case exposure leve 0.0196 0.20
Fixers: paper processing Typical exposure level 0.0040 0.04
Use of liquid concentrates
Scenario & C1 + C2 + C4 | Worst case exposure level 0.0196 0.20
Fixers: film processing Typical exposure level 0.0008 0.01
Use of powder formulations
Scenario D: D1 + D2 + D3 Worst case exposure leve 0.0130 0.13
Fixers: paper processing Typical exposure level 0.0009 0.01
Use of powder formulations
Scenario B: D1 + D2 + D4 | Worst case exposure level 0.0130 0.13

'Referring to a General Population-DNEL long termtegnic of 0.096 mg B/kg bw/d
Consideration of all relevant exposure routes dytite performance of a task.

The values describing exposure via environment vieken from Austria (2009, section on
exposure if man via environment). A summary of dieeived exposure levels is given in section
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3.3. Referring to a General Population-DNEL longrtesystemic of 0.096 mg B/kg bw/d, they
result in the following risk characterisation ratio

Table XVII: Risk characterisation ratios: Exposure via food and drinking water

Risk characterisation ratios' Exposure RCR
Scenarios [mg/kg bw/day] [1
Regional exposure of Min. value 0.038 0.40

man via environment
Typical values

Max. value 0.046 0.48
Regional exposure of Min. value 0.058 0.60
man via environment
Reasonable worst case
values Max. value 0.066 0.69

'Referring to a General Population-DNEL long termtegnic of 0.096 mg B/kg bw/d

The combination of the “photographic-applicatioesarios” with the “man via environment-
scenarios” is done by summing up the relevant ctekracterisation ratios (see tables XVIII and
XIX). The max. values of 0.48 and 0.68 of the tgbiand the reasonable worst case range of man
via environment are taken as representative estdn@dee table. XVIl). The RCR’s of the
“Photographic-Application-Scenarios” are taken frimle XV and XVI.
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Table XVIII: Risk characterisation ratios: Cumulati ve exposure to boron via photographic applicationgfrequent scenarios taken from table XV)
and via environment (food and drinking water)

RCR of photographic Cumulative RCR Cumulative RCR
Combined scenarios of photographic processing application scenario +0.48 +0.68
[mg/kg bw/day] [] []
Film developer: liquid concentrates| typical 0.07 0.54 0.75
Al + A2
Preparation + tank processing worst case 0.15 062 0.83
Film developer: powder formulations typical 0.12 0.64 0.80
Bl +B2
Preparation + tank processing worst case 0.69 117 1.37
Fixer: liquid concentrates typical 0.04 0.52 0.73
chc1+C2+C4
Preparation + tank processing + tray worst case 0.20 0.68 0.89
processing of papers
Fixer: powder formulations typical 0.01 0.48 0.69
D D1+ D2+ D4
Preparation + tank processing + tray worst case 0.13 0.61 0.82
processing of papers

'Referring to a General Population-DNEL-long terrateynic of 0.096 mg B/kg bw/d

“Cumulative RCR refers to the combination of the R@Rthe photographic application scenarios with rtian via environment-scenarios. Occupational
exposure and exposure via other consumer prodreetsod considered and included, but would furtheréase the cumulative RCRs.



Table XIX: Risk characterisation ratios: Cumulative exposure to boron via photographic applications ¢enarios taken from table XVI) and via
environment (food and drinking water)

RCR of photographic Cumulative RCR Cumulative RCR
Combined scenarios of photographic processing application scenario +0.48 +0.68
[mg/kg bw/day] [] []
Film developers typical 0.08 0.55 0.76
Use of liquid concentrate
Scenario A: A1 + A2 + A3 worst case 0.22 0.69 0.90
Film developers typical 0.13 0.61 0.82
Use of powder formulations
Scenario B: B1 + B2 + B3 worst case 0.78 1.26 1.47
Fixers: film processing typical 0.04 052 0.72
Use of liquid concentrates
Scenario & C1+ C2 + C3 worst case 0.20 0.68 0.89
Fixers: film processing typical 0.01 0.48 0.69
Use of powder formulations
Scenario D: D1 + D2 + D3 worst case 0.13 0.61 0.82

'Referring to a General Population-DNEL long terrategnic of 0.096 mg B/kg bw/d

“Cumulative RCR refers to the combination of the R@R the photographic application scenarios with fiien via environment-scenarios. Occupational
exposure and exposure via other consumer prodreetsod considered and included, but would furtherease the cumulative RCRs.

Scenarios Cand D are presented in table XVIII.



5 UNCERTAINTY ANALYSIS AND DISCUSSION OF INPUT PARA METERS
5.1 Human Health Effects
5.1.1 Assessment factors:

Boron compounds are substances for which refineroérihe default assessment factors for
interspecies and intraspecies variability seemssiples as toxicokinetic differences between
animal species and human individuals are reducetpaed to other substances. Absorption of
boron compounds is similar in rats and humans disaseamong different individuals and boron
distributes rapidly and evenly within the body watoron compounds are not metabolised, but
differences for excretion of boron compounds wergcdbed. However, for a possible refinement
of the default assessment factors additional dateoxicokinetic behaviour in rats and a detailed
evaluation of the complete available toxikokinetatabase would be necessary. As this was not
possible in the limited time available for the reguy default values for inter- and intraspecies
differences were used for the present evaluation.

The use of the default values for inter- and imtegses differences contributes to an
overestimation of the risk. For more details sexice 2.3 and Annex |.

5.1.2 Dermal absorption:

From the human in vivo study by Wester et al. ()988/alue of 0.5% absorption was taken
forward to estimate exposure to dry powder or dtigdids. The same value was used in the
Biocides Report (2009) as well as in Austria (200%) available studies carried out on intact
skin (human and experimental animals) indicate ey dermal absorption, which is also

revealed by the fact that difficulties occurred whig/ing to detect the minimal increase of boron
in urine after dermal administration of boron compds.

However, it has to be emphasised that the studgéster et al. (1998) has several shortcomings
(see section 2.4) which introduces a high degreencértainty to the derived value of 0.5%. It

appears that the excretion of dermally applied boras not completed when the study was
finalised, boron excretion before and after dogdiegtion exerted considerable variability and a

large fraction of the applied dose was not recal/ésee annex ).

It was decided not to divide the value of 0.5% vkt from the 24 hours study in human
volunteers in order to adapt it to the actual darabf the tasks in specific scenarios. This is
because it is unknown how long the actual expoduration of the probands in the in vivo study
lasted. It was mentioned that 5 to 10% of test reteras washed off the skin of the volunteers
at the end of the experiment. Parts of the matemight have been lost much earlier and were
therefore not contributing to the dose for 24 hours

Based on the described flaws of the in vivo study bigh variability of the data, methodological
problems, the fact that excretion of administerededmight not have been completed) higher
absorption values are conceivable. Even minor asge in percent absorption can have
considerable effects on the resulting risk charaztgon ratio.

For exposure scenarios describing continuous expdsiboron containing photochemical liquids
a Kp value was derived using the original data ftbminfinite dose in vitro study by Wester et
al. (1998). Instead of the values from the 24 hexposure experiment the data from the 4 hour
experiment were used for this calculation. As pexilgy of the skin increased over the 24 hours
exposure time it would be an overestimation of gsorption if the value for 24 hours would be
used for the derivation of the Kp value, becausectlihandling of photochemicals by consumers
is not expected to exceed 4 hours per event. Fenasios with longer exposure durations
appropriate time points should be chosen for Kjvdéon. These values were not corrected for
possible outliers. A re-evaluation of the studyhisrefore recommended for future assessments.
For the calculation of Kp values it is not recomuheth to include the skin content (OECD, 2004).
Rather high and variable amounts of boron werectisdewithin the skin at the end of the
experiment, therefore it might also be consideeadrry out a new in vitro study for future
evaluations.



The assessment of dermal absorption is based ooraypality data base. Although an evaluation
of the whole data base indicates that dermal abisarthrough intact skin is low there remains an
uncertainty concerning the estimates used, whicihdclead to both, an underestimation and an
overestimation of dermal absorption. It has to beed that absorption through damaged skin is
considerably higher.

5.2 Exposure Assessment
5.2.1 Use of “shuffle agitation method” for trayopessing of films

According to I&P Europe (2010a), only 1% of consurusers of film use sheet film. Industry
representatives also indicated that they were wnetre that their consumers used the “shuffle
agitation method” to process their films. In costri this information descriptions of the method
were found in two manuals for photographic procesg$Anchor et al. 1998, Schaefer 1999), on a
website for large format photography (Dhananjay2.9@ a video instruction (Park, You Tube,
2010) and in Wikipedia (2010). Personal experienith the method was communicated by
photographers in different internet fora (APUG 208PUG 2010, Large Format Photography
Forum 2009). In contrast to the statement from $tigurepresentatives the above references
support the conclusion that there are non-profassigshotographers who use this method as their
standard procedure. In order to cover all realissie situations, the method was considered in the
exposure scenario for sheet film processing, intesmf the fact that this might cause
overestimation of exposure for consumers who pofiks sheets with other equipment.

5.2.2 Dermal exposure modelling

For exposure to liquid spillages (Scenarios Al, B2, C1, C2, D2) the thin-layer-model for the
instant application of a substance contained iregpgration was applied according to ECHA
guidance on Information Requirements and Chemiedet® Assessment, Chapter R15. For
dermal contact to dusts (Scenarios B1, D1), dusbsiéon values given by EASE (EUSES 2.1)
were taken forward for the calculation. Dermal aps8on was considered with a dermal
absorption fraction of 0.5% derived from the inwipart of the study by Wester et al. (1998, see
section 2.4). This value refers to an exposure 24 hours. If hygiene and awareness of the
user was assumed to a certain degree, the depdsited from solution spillages or powders
would remain on skin for a much shorter time anel dpplication of this value would possibly
lead to considerable overestimation of exposuresvever, the actual exposure duration in the
experiment carried out by Wester et al. (1998) mast probably much shorter than 24 hours (for
discussion of dermal absorption see section 5.1.2).

On the other hand, a forum thread concerning uséggoves during photochemical processing
revealed a large variety of consumer attitudes laeldaviours concerning dermal contact to
photochemicals (Flickr, 2009). Immediate washinghaf hands with water cannot be expected in
any case (e.g. using only a towel for rubbing theds clean, if no running water is present).

The calculation model for continuous exposure totpgraphic solutions (Scenarios A3, B3, C3,
C4, D3, D4) depends on concentrations, exposedacirbrea and the substance specific
permeability coefficient (Kp), which was derivedin infinite dosing in vitro experiments by
Wester et al. (1998, see section 2.4). Applicatbrihe thin-layer model with the absorption
fraction from the in vivo study by Wester et al99B) would have resulted in underestimations of
exposure for scenarios with continuous contact Hotggraphic solutions. The results of the
infinite in vitro study by Wester et al. (1998) wetonsidered to better describe skin absorption
during continuous exposure to photographic solstion

5.2.3 Boron content of products and prepared swigti

The data on boron concentrations of the products pepared solutions are based on values
provided by EPIA respectively 1&P Europe which ralv&ypical” and “maximum” values (see
tables XXI to XXIV). I&P Europe represent 90% ofetiEuropean photochemical industry.
Therefore, their information on the presence ofohom photographic chemicals and boron
concentrations in these products are only reprateatfor their companies (see tables XVIII and
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XXI), 10% of the products on the market are notezed. This uncertainty could lead to
underestimation of exposures.

For the present evaluation maximum values wereieg@or the typical approaches and more
conservative notional values were applied for thg@Rapproaches. The applied concentrations
for the typical approach are expected to coverntr@tion of concentrations of products on the
market, this may possibly overestimate average wuas exposures. But as consumers are
expected to use mostly the same products (“brayaltid) and the same dilution/concentration of
the prepared solutions, it is possible that theesaomsumers are always exposed to the same and
possibly high concentrated products/prepared swistduring photographic processing.

No quantitative information on the produced amouritsthe single products was available.
Therefore, it was not possible to estimate how n@msumers are exposed to products with high
boron concentrations respectively low boron comegions. Although the given typical
concentrations indicate the concentration of theetily most widespread product(s), it is not
clear, how much of higher concentrated and the mmaxi concentration products are sold
(maybe up to 49%- e.g. 2 products available). Tiheee the maximum values of boron contents
of products and working solutions provided by ERI& assumed even for the typical approaches,
as the use of the maximum concentration productatdme assumed to occur in rare cases.

The worst case level is expected to also coverrtaiogy on possible higher boron concentrations
in future formulations of liquid concentrates omogucts. Referring to this uncertainty, EPIA

stated that the highest boron level attainableafor photographic (aqueous) solution would be
1.1% and recommended to consider 1% B as a maxipossible concentration for photographic

solutions, as it is unlikely that the various comemots could all be dissolved (or dissolved within
a reasonable timescale). This recommendation has aecepted for liquid film developer and

fixer concentrates (Application of 1% B as RWC &menarios Al and C1).

According to the available instruction leafletshairon containing photochemicals, “1+4” diluted
solutions (1 part concentrate + 4 parts water) esgmt generally the highest recommended
concentrations of applicable working solutions.Agsa maximum B concentration of 1% (see
prior statement) a B-concentration of 0.2% can Iladcutated for the diluted solutions
(disregarding that the concentrates and water doexactly reveal the same densities). As no
relevant differences in the boron content betweesrking solutions made from liquid
concentrates and powder formulations are expe06t@ép B is considered to be also in the upper
concentration range of working solutions made frmwder formulations (Application of 0.2% B
as RWC-concentration for Scenarios C2, D2 and CB(fders), if no other information were
available).

According to industry (EPIA 2009c, 1&P 2010a), thes no practical advantage to a level above
the concentrations of 0.17% for diluted film deysdo solutions made from liquid concentrates
(Scenarios A2 and A3) respectively 0.23% for pregafilm developer solutions made from
powder formulations (Scenarios: B2 and B3). A vaifi®.12% boron was originally indicated in
the filled-in questionnaire as maximum value in ttese of film developer preparation from
powder formulations. As formulae for solutions witiigher levels have been published by
consumers, 0.23% was recommended as worst-cask dgvi&P Europe (2010a). As this
argumentation has been accepted and 0.17% and @aB8%orrelate with the assumption, that
the maximum boron concentration should be in tingeesof 0.2% B, these values are considered
in the RWC approaches of these scenarios.

Table XX: Boron concentration of film developers: Liquid concentrates- Scenario A

Boron-concentration of liquid Typical:0.46 % w/w boron
concentrates as supplied: Maximum: 0.85 % w/w boron
Boron-concentration of prepared Typical: 0.09 % w/w boron
solution intended for use: Maximum: 0.17 % w/w boron
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Table XXI: Boron concentration of film developers: Powder formulations- Scenario B

Boron-concentration of product as Typical:0.32 % w/w boron
supplied: Maximum: 5.5 % w/w boron
Boron-concentration of prepared Typical: 0.03 % w/w boron
solution intended for use: Maximum: 0.12 % w/w boron

Table XXII: Boron concentration of fixers: Liquid c oncentrates*- Scenario C

Boron-concentration of liquid Typical:0.46 % w/w boron
concentrates as supplied: Maximum: 0.46 % w/w boron
Boron-concentration of prepared Typical: 0.09 % w/w boron
solution intended for use: Maximum: 0.09 % w/w boron

*application either for film and paper processing

Table XXIlI: Boron concentration of fixers: Powder formulations*- Scenario D

Boron-concentration of liquid Typical:0.18 % w/w boron
concentrates as supplied: Maximum: 0.18 % w/w boron
Boron-concentration of prepared Typical: 0.03 % w/w boron
solution intended for use: Maximum: 0.03 % w/w boron

*application either for film or paper processing

5.2.4 Estimation of contaminated surface area iof dlring single tasks

No studies, models or recommended default valugs @xposure rate) were available for
estimating exposure levels resulting from the detiexposure scenarios. Skill, experience and
hygiene can differ significantly among consumetser¢fore, the applied surface area of
contaminated skin via the presented scenariosnégaded to be conservative and to cover this
uncertainty and variation. If the applier revedl#l ind experience, the resulting exposure levels
and the size of the contaminated surface area gected to be significantly lower as the
determined exposure levels. In this case, the asdisize of contaminated skin is expected to
represent a significant overestimation for mosesas

On the other hand, it needs to be stressed thatxjpesure scenarios should cover all potential
appliers, which includes unskilled handling of upesienced persons of the general public.

Discussion of the applied values

Referring to the scenarios covering the pourintiquiids (Al, A2, B2, C1, C2, D2), the assumed
exposed surface area of skin is expected to berggnan overestimation of the average
exposure level, as it is unlikely that the totalface area of one hand is exposed each time during
one event of pouring liquid. Spillages will usuallg limited to smaller areas than assumed (total
surface area of one or two hands).

Scenarios A3 and B3 “Development of films in tragshsider total dermal exposure of one hand
respectively two half hands (420 dnfor the typical case and of two hands for the RWC
approach. It might be the case that the typicabligihotographer uses only his fingertips for
moving the films in the tray. However, films hawelte moved continuously up to ~ 20 minutes.
Therefore, it cannot be excluded that the handerasionally immersed more deeply into the
solutions and due to spillages, significant largeas than the surface area of the
fingertips/fingers might remain continuously wetidyg this activity. The assumption of the size
of the surface area (420 &napplied for these scenarios seems to be justified

5.2.5 Exposure during handling of powder formulagi¢Scenarios B1 and D1)

No studies, models or recommended default valuas €xposure rates) were available for
estimating exposure levels resulting from handbhgowders by non-professionals.



For dermal exposure, industry recommended dust etdrations on skin of 0.1 mg/éfd
(typical) and 0.2 mg/chid (RWC). For inhalation exposure, industry recomdesl dust
concentrations of 10 and 20 md/mir as typical and maximum concentrations, basediaia
published by Woskie et al (1994). However, thestteladata reflect the occupational
environment, which differs from the expected expescenarios of consumers. Additionally, the
recommended values are rather vague estimates ambtdrepresent the mean or the highest
value measured, but rather aré" fercentile values from the values reported by Weosk al.
(1994).

Exposure calculations were therefore based on awsrprovided by EASE (EUSES 2.1) (see
section 3.2.3) which do not refer to this particideenario, but to occupational settings based on
measured values from a diverse range of activiliéés is considered to reflect and cover the
present exposure situation best without any furtiaa for refinement. The maximum values of
the calculated EASE-values were applied for the RapProach (dermal 0.1 mg/éf,
inhalation 50 mg/r}) and the arithmetic mean of the range for thecsipapproach (dermal 0.05
mg/cnf/d, inhalation 27.5 mg/fh

Ventilation conditions at industrial workplaces aegpected to be better than in consumer
settings, considering that powder handling by coress is performed indoors, possibly in small
rooms with little or no ventilation. The applied EE-values may lead to an underestimation of
consumer exposure. On the other hand, the amodnmoduct handled, release times and
resuspension of settled dusts are expected to b imigher in industrial workplaces, which
would lead to overestimation of consumer exposude.variation of the exposure rates is
expected to be high depending also on the skilllyigiene of the operator and on the properties
of the product (e.qg. particle size distributiomcartainty and variation are estimated to be high.

27.5 and 50 mg/frseem to be comparatively conservative estimategust concentrations in air
during pouring of these powders (one package peadi0 g). Based on the described properties
of the powder formulations it is assumed that pkasi will settle rapidly (This assumption is not
validated by measurements or by representativaclgarize distributions of the products).
Therefore, the duration of exposure is estimateldsb1l5 minutes as no details for a refinement
were avaiable. Further, it is assumed that conssirgenerally keep distance from the powder,
during the short peaks of dust exposure. Spendngithutes at air concentrations of 27.5 and 50
mg/nT is expected to be a conservative approach.

EPIA and EASE estimates are based on data whiehn tefworking rooms with some kind of
ventilation, which cannot be expected, for the @nésscenarios. They might therefore
underestimate concentrations, if the developerixediin an unventilated darkroom. No model or
measured data on consumer dust exposure in an tilatexh room were available. Rough
estimates of inhalation exposures under unventila@nditions are given at the end of this
document, which are intended to gigenotion on the range of possible exposures fosethe
uncertain conditions (See Annex V).

5.2.6 Frequency and duration of tasks

Estimates of the frequency and duration of tasKermag to the handling of the liquid
concentrates and powder formulations as suppliedn@&ios Al, B1, C1, D1) were provided by
EPIA and I&P Europe. It is assumed that consumetBese products produce sufficient solution
to allow several respectively all the planned eseaitphotographic processing on a single day.
The number of events of preparing solutions shdadyenerally not higher than one event per
day (EPIA 2009a). Based on this statement the egtiequency of one event per day for the
typical scenario seems to be realistic, and 2 sveet day have been applied in the RWC
scenarios to cover remaining uncertainty of tasgdiency.

Frequency and duration of the preparation of sohstiand film development in tanks respectively
in trays (Scenario A2, A3, B2, B3, C2, C3, D2, 282 personal estimates relying on information
from safety data sheets, literature and experiaricappliers (expert judgement, screening of
discussion forums in the internet). The combineenados A1+A2+A3, B1+B2+B3, etc. are
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intended to comply with several hours of photogreinocessing per day (estimate: duration of
the combined scenarios: typical: ~3 hours, RWChetrs). As the variability and the preferences
among appliers might differ significantly, seveshbrt lasting events of photographic processing
per week respectively single events of long last@agjvities per month are also likely and

conceivable. The assumed frequency and duratidasks are considered to cover the likely use
pattern of consumers. If some operators intenddcetpuently perform higher numbers of cycles
respectively to develop more films than estimatadis assessment, it is likely that this is done
using larger tanks containing more films, respetyithat the user is supported by automatic
processing for efficient handling of the films. $would probably result in less or at least similar
exposure levels as for the derived scenarios.

The assumed developing times for preparation ofisfiin trays (10min respectively 20min,
Scenarios A3, B3, C3, D3) rely on values from salanstruction leaflets of different
manufacturers and suppliers (Kodak 2007, liford £0@tc.) which are intended as
recommendations for the users. They are expectdu teepresentative to estimate typical and
maximum values.

6 DISCUSSION OF RESULTS

The RCRs are derived using a General PopulationiDgRg term, systemic of 0.096 mg B/kg
bw/day for developmental effects. This DNEL wasivkt using the study with the lowest
NOAEL (9.6 mg B/kg bw/day) from an oral developna&nstudy fulfilling the information
requirements to evaluate developmental effects (QBC4, GLP). With regard to developmental
effects a single peak exposure can be sufficiemidace effects on the developing foetus when
occurring in the appropriate time window of devetegmt. For effects on fertility a DNEL of
0.175 mg B/kg bw/day was derived. Effects on fiytibre covered by the lower DNEL for
developmental effects.

Scenario A and B cover the use of film develop8cenario C and D refer to the use of fixers for
film respectively paper processing (see sectionl®.Z'hey contain the tasks ,preparation of
working solutions” and “their application for tandspectively tray processing”. The development
of plane films in trays is time consuming and coemp|Scenario A3, B3, C3, D3), therefore, this
procedure is much less widespread among consumansthe development of films in tanks
(Scenario A2, B2, C2, D2) and tray processing gfeps (C4, D4). Therefore, combination of
scenarios A1+A2, B1+B2, C1+C2+C4 and D1+D2+D4 coreonly “preparation of working
solutions”, “tank processing” and “tray processiofy papers” (only relevant for fixers) are
expected to comply with the common use patterna@gtroonsumers.

As it cannot be excluded that an operator, who loggdilms in trays, additionally prepares films
in tanks, it is possible that all three scenaridstA2+A3 or B1+B2+B3 are performed on the
same day, even if the probability of this scenaz@mbination is expected to be low (the
probability of this case is unknown). The deriveH& for this combined scenario are
determined to be 0.08 (typ.) and 0.22 (RWC) forrace A and 0.13 (typ.) and 0.78 (RWC) for
Scenario B, if excluding boron exposure from otheurces (see table XVI). These RCRs are
below one, but already quite close to one whenrdigg the RWC-values. Based on the
calculations in the present evaluation, these smEneepresent a significant source of exposure.

The RCRs of the combined scenarios referring to uke of fixers are comparable to the
combined scenarios for film developers for the dgpnd RWC approaches (see tables XV and
XVI). Therefore and as the same models and siragsumptions were applied, film developers
and fixers are discussed together. The RCRs ofdh&ined scenarios are not summed up with
the RCRs of other photographic products (e.g. fideveloper (liquid concentrate) + fixer
(powder)), as it is unknown how likely it is, theatconsumer uses two or more boron containing
photochemicals. There are only a few boron comgiproducts on the market.

It needs to be stressed that the typical approaelsd intended to be conservative and to cover
risk based on data provided by industry (boron eatration of currently supplied products and
recommended dilutions of working solutions). As tiee pattern, skill, experience, hygiene of
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consumers and the boron content of products an#imgpsolutions can differ significantly and
are also partially unknown, the variation and utaety of these input parameters were
encountered using conservative estimates, resultinggh RCRs for the RWC-approach. The
RCRs of the RWC-approaches describe the risk, tieguirom the assumption that all applied
parameters are as disadvantageous as conceivaklefdre, these scenarios seem to be unlikely
to occur, but indicate also the impact of the patens and the possible range due to uncertainties
and variation.

Furthermore, the high RCRs result partially frora #ssumption of no use of PPE. Considering
use of personal protective PPE e.g. gloves, tweagamot justified for this assessment as this is
not the general way of estimating consumer expofaoréne with ECHA guidance on IR and
CSA, Chapter R15), even if it is recommended bynlamufacturer. The reason is, that it can not
be excluded that operators waive the use of PPEaluemfort and unawareness of the risk. In
the present case, screening of internet forumsateddhat some operators use their bare hands
during all tasks, also for tray development of §lmesulting in an intense and continuous contact
with the diluted solutions.

The presented exposure scenarios and exposure Eneekxpected to cover foreseeable use and
exposure of consumers. Nevertheless, underestimatfoexposure levels is possible when
considering the uncertainty of the derived dermxglosure values. The current value for percent
absorption is rather low (0.5%) and the data supmpthis value are not very robust. Though in a
total weight of evidence it was concluded that ddrabsorption of boron compounds through
intact skin is low, higher values than 0.5% areceivable. If the dermal absorption would e.g. be
doubled, the dermal exposure levels of the refgrsoenarios would also be doubled. The
resulting total exposure via the combined scenaias RCRs would be considerably increased.
Moreover, it has to be noted that boron absorgtioough damaged skin is significantly higher.

The combination of the photographic applicationnse®s and the background exposure levels
via food and drinking water suggest that RCR’s Wwelb are expected for most combined
exposure scenarios (see table XVIII and XIX). Ofdy the worst-case exposure level in the
combined Scenarios B1+B2 and B1+B2+B3 the RCR gahikt be above 1 when combined with
typical and RWC background exposures, suggestipgtantially unacceptable risk (combined
RCRs of 1.17 and 1.26, with a contribution of 0#8m typical food and drinking water
exposure, and combined RCRs of 1.38 and 1.47,avitbntribution of 0.69 from RWC food and
drinking water exposure).

As possible occupational and consumer exposureadracluded in this calculation but could
contribute with significant amounts to the totatdioexposure it can be anticipated that the RCRs
of the derived scenarios could be considerablydrighurther, a broad variability with regard to
nutritional boron uptake must be assumed, consigeregetarians and people consuming mineral
waters with rather high boron concentrations (ddpenon the geochemical origin). Another
source could be nutrition supplements which canlrés boron uptake as high as 1-10 mg/day.
Risk for human health is possible considering cativg exposure based on several potential
sources. Photographic applications might leaddigmificant contribution to the boron uptake on
single days when photochemicals are applied.

The present evaluation relies on conservative gssons due to uncertainties and data gaps. This
means that more information and a refinement ofdirdved conditions would help to achieve
more realistic estimates. Refinement is mainly ebrable with regard to improving the
knowledge on the exposure levels expected for coassl It would be important to have data on
airborne dust concentration which can be expectégnwconsumers are applying boron
containing photochemicals (e.g. particle size ttgtions of products, measurements of
comparable tasks - consumers, small rooms, nolagati). With regard to exposure to liquids
the possibilities for refinements are minor aslibeon content of the working solutions cannot be
reduced without affecting its utility.

Another factor that could help to refine the assesg is the recommended reevaluation of the
derived values for dermal absorption. It could Hartbe considered to carry out another in vitro
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test using finite as well as infinite dosing. Thigyht not lead to big changes in the derived values
but would increase the reliability of the values.

Further, a refinement of the default assessmetri&aéor DNEL derivation seems possible when
new information on toxicokinetic behavior in ratscbhmes available and a detailed evaluation of
the complete available toxicokinetic database igaxhout.

7 SUMMARY OF RESULTS AND CONCLUSION

Summary of results

For all typical and reasonable worst case scen&wiosonsumer applications of photochemicals
RCRs are below 1. This holds true when each seeigaregarded on its own and when the use of
only one boron containing photochemical producioissidered per day (see tables XV and XVI).
RCRs of combined typical consumer exposures aelkmbw 1 when added to typical or RWC
background exposure levels via food and drinkintewgsee tables XVIII and XIX).

RCRs above 1 are reached when typical and RWC bawkd exposures are combined with
consumer RWC exposure scenario B. The combinafi&®®VéC-scenarios of the single scenarios
A, C, or D including typical and RWC background egpre would lead to RCRs below 1,
although already quite close to 1 for the RWC wvalue

The combination of background exposures with coatimns of RWC scenarios of A, C, and D
would result in RCRs above 1. However, the liketidothat several boron containing
photographic chemicals, e.g. film developer anérfbare used on the same day is unknown as
there are only a few boron containing productshenmarket.

It is to be noted that many of the applied appreach the present evaluation rely on conservative
assumptions due to uncertainties and data gapscdrservatism applied could be replaced by a
refined assessment, if adequate information ane was available.

At the present stage, risk management measures (Ri¥iduild be considered in order to improve
exposure determinants of the RWC scenarios. Thadd be the requirement to only supply the
general public with products in the form of grameth powder, the substitution of powder
formulations by liquid formulations or alternatiydb introduce a concentration limit for the use
of boron compounds supplied in powder products.

Possible risk management measures

As indicated above, at the present stage risk nemegt measures (RMM) should be considered
in order to achieve acceptable control of risksdpecific amateur uses of photochemicals. The
only scenarios, for which not adequately controtislls were identified in the present evaluation,
were those in which powder formulations of film depers were applied (considering boron
exposure via diet and drinking water).

Possible measures to reduce the risk could beubstigition of powder formulations by liquid
formulations or the requirement to only supply general public with products in the form of
granulated powder. It has to be noted that fedsitdhd effectiveness of this measure to reduce
boron exposure of consumers was not evaluatednoiptesent assessment. A replacement by
boron-free products seems possible and shouldftineriee considered as another option.

The products containing film developers in powdamf are currently the only photographic
consumer products with boron concentrations exogettie specific concentration limit of 1%
boron (this equals e.g. 5.5% boric acid) for classion and labelling of mixtures as toxic to
reproduction (Category 2, R60, 61). Labelling adgurcts can be regarded as a RMM, but as for
the application of PPE, it cannot be guaranteed tihe labelling of a product triggers the
appropriate behaviour of the consumer.

The introduction of a concentration limit for theeuof boron compounds supplied in powder
products would be another RMM option.
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Conclusion

RAC concludes that the use of boric acid and bsratghotographic applications in itself does
not pose a risk to consumers. However, as therenare possible sources that contribute to the
total boron exposure of consumers, these additispatces have to be considered in the risk
assessment of boron compounds.

Food and drinking water represent a significant@®@wf exposure to which the general public is
exposed on a daily basis. When data on exposuoeighrdiet and drinking water is applied as
estimated by Austria (2009) an RCR above 1 is obthifor the scenarios based on reasonable
worst-case parameters in the specific case of coesiwhich may prepare solutions from
powder formulations for film developers and usertiter tank or tray processing of film on the
same day.

The identified risk partly results from conservatiassumptions due to data gaps with regard to
use pattern, consumer behaviour and boron contiemsain future products and products of
companies not covered by the information presebyeiPIA and I&P. Further, it has to be noted
that a detailed evaluation of the toxicokineticadfdr boron compounds in rats and humans may
result in a higher DNEL than applied for the preésesk characterisation.

In contrast it has to be considered that other cesunof boron exposure (like other boron-
containing consumer products, or occupational exm)swere not considered in the present
evaluation, but would further contribute to theatoboron exposure, and thus to the risk for
consumers.
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ANNEXES

Annex I Overview on human health endpoints - summry of Austria (2009).

Annex Il Formula and calculation of the dermal asorption percentage according to
Wester et al., 1998.

Annex Il 198 content in the receptor fluid in the in vitro experiment by Wester et al.
(1998).

Annex IV: Feasibility of exposure calculation for the dilution of a powder developer in

an unventilated darkroom (comment on Scenarios Band D1)

ANNEX I: Overview on human health endpoints. Summay of Austria (2009).

Toxicokinetics

- Absorption Readily absorbed orally and by inhalation (withamebto respirable particles
Dermal absorption see section 2.4

- Distribution Rapidly and evenly distributed through body water
With the exception of bone - no accumulation isues

- Metabolism Not metabolised
Exists mainly as boric acid under physiologicalditinons

- Elimination Excreted almost exclusively in the urine, regamsiiefsthe route of

administration; clearance is slightly higher ingitant women compared to
non-pregnant individuals; tubular reabsorption osén both.

Half-life < 27.8 hours in humans

Renal clearance is 3-4 times faster in rats conap@réumans based on a
body weight comparison

Acute toxicity
- oral
- dermal
- inhalation

The boron compounds under investigation are natiflad for acute toxicity,
Acute toxicity studies are available for boric acidisodium tetraborat
anhydrous, pentahydrate and decahydrate for cgathal and inhalation routs
LDsy/LCs values are far above the derived NOAELSs for repotitie toxicity
and the cut off values for classification, basedoron equivalents. For acu
toxicity read across to boric oxide, orthoboricdagodium salt and tetrabore
disodium heptaoxide, hydrate is possible on theshkddoron equivalents.

Human poisoning cases occured after oral and itibalaxposure as well g
after dermal exposure via damaged skin. In theslitee, the human oral leth
dose is regularly quoted as 2-3 g boric acid féarits, 5-6 g boric acid fg
children and 15-30 g boric acid for adults. Thesatadare largely
unsubstantiated. In most cases it is difficult taken a good quantitativi
judgment particularly since medical interventiorcurred in most cases ali
there were often other unrelated medical conditi@@slver and Hubbard
1996). One recent case of an 18-month-old child wifem following the
accidental ingestion of a boric acid-containing,maeercially available
household pesticide against cockroaches, ants kesl (Hamilton, 2007
indicates that the toddler population is a vulnkrayoup. It has to be note
that powder pesticides contain up to 99% of barid.a

In the past there were several poisoning casesraéidical treatment of burn
and damaged skin with preparations containing tarid (Kliegel, 1980).
Such medical uses are now obsolete because oftsfficacy and
comparatively high toxicity.

No DNEL has to be derived for acute toxicity.

[¢)

nd

d

Irritation/Corrosivity
- skin
- eye
- resp. tract

NOAEC = NA No AF needed NA
0.8mg B/ni (human data,

NOEC, worker

population)
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Skin irritation: The boron compounds under investigation are ragsdied as skin irritants. Boric acid,
disodium pentahydrate and decahydrate were mitdtant to abraded skin, but not irritant to intakin
(skin irritation studies on rabbits, according ppeoved guidelines, Austria, 2009).

Eye irritation: Disodium tetraborate anhydrous, pentahydrate awhhddrate fulfill the criteria for
classification as eye irritant according to Anndx 87/548/EEC. Boric acid does not fulfill thes@eria.
When tetraborates, orthoboric acid, sodium salt &tdaboron disodium heptaoxide, hydrate |are
dissolved in aqueous solution this results in dwlaede pH. In contrast, boric acid leads to acidic
conditions This can also be expected for boric @xithe differences in pH in the eye lining liquic
probably the explanation for the different effeat¥oron compounds on the eye.

Respiratory irritationThe boron compounds under investigation are rassdied as respiratory irritan
However, in Austria (2009) boron compounds weraiified to act as sensory irritants based on effect
observed in humans (EPA, 2004; Wegman et al. 18@tabrant 1984, 1985; Woskie et al., 1994, 1998;
Cain et al., 2004, 2006) and by the results of friéitest on mice (Krystofiak & Schaper, 1996)eTh
acute irritant effects were observed in workersosgpl to boric acid and tetraborates. Many of ttitirt
symptoms (sensory irritation of the nose and thraaigh, phlegm production and broncho-constrictipn
as evidenced by a decrease in forced expiratoynwelin 1 sec (FEV1)) are part of the respiratory
defense reflex, the function of which is to protdwe body from inhaled irritants. This reflex caa|b
triggered by agents that stimulate receptors irré3piratory tract e.g. on the trigeminal nerve ¢gvidan
et al. 1991, Nielsen et al., 2007, Krystofiak & 8phr, 1996). In this respect osmolarity was disxliss
an important factor next to pH changes in the tglaiyer above the mucous membranes. The agtual
mechanism, however, has not yet been elucidateslidemtified dose-descriptor for acute irritanieets
is the NOEC value of 0.4 mg Brbased on Wegman et al. (1991). The value has toivected by the
factor 2 as the methods used for exposure measntemederestimated air concentrations. This results
in a final NOEC of 0.8 mg B/fn For more details see Austria (2009).

Corrosivity: The boron compounds under investigation are nobsive.

In Austria (2009) a Worker-DNEL acute, inhalatitotal = 0.8mg B/mwas derived based on the NOEC
of 0.8mg B/nf (Wegman et al., 1991). This value is on the loare when comparing it to national ahd
international recommendations for boron air conegiuns in the occupational setting. The deriveldea
was mentioned to be also protective against eiating properties of boron compounds.

Table A: International/national recommendations regrding boron (boric acid & borates) in air

Organisation Standard Remarks Reference
AGW: 0.5 mg boron/m
boric acid 2.6 mg/fh

BAUA, . based on Wegman
Germany, soggu dr?d;?_t{:tliggag;;nhgggﬁs dzrj:[em;,g/(m et al. 1994 and BAUA, 2007
Europe b Y -1 Culver etal. 1994

mg/nt, sodium-tetraborate decahydrate
4.0 mg/n.
Borate compounds, inorganic (*)
(borax, boric acid and sodium
ACGIH, USA tetraborates) ACGIH, 2006
TLV (8-hour TWA): 2 mg/r
STEL (15 min TWA): 6mg/rh
Borax (*)

NIOSH, USA REL TWA (10 hours): 5 mg/fh NIOSH, 2005
AGW Arbeitsplatzgrenzwert = Occupational Exposuesél; MRL = Minimal Risk Level, TWA Time
Weighted Average; STEL Short Term Exposure LimltyTThreshold Limit Value; REL Recommended
Exposure Limits.

(*) These values are not enforceable regulatoryesabnd are only recommended exposure limits.
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Sensitisation
- skin
- resp. tract

The boron compounds under investigation have ncsitsging properties
Negative Buehler tests according to OECD 406 amdlable for boric acid
disodium tetraborate pentahydrate and disodiumalietate decahydrate
(Austria, 2009). There are no indications from wetéce exposure that these
compounds are respiratory sensitisers.

No DNEL has to be derived for sensitisation.

Repeated dose
toxicity

- oral

- dermal

- inhalation

A number of studies on boric acid or disodium tetrate decahydrate in diet pr
drinking water for periods of 30 days to two yesrgats, mice and dogs afe
available. Some of these studies do not comply wiittent standards and dre
not GLP conform. However, the majority of thesedgs confirm that the main
target organ of boron toxicity is the testis.

As all boron compounds are transformed to borid aeder physiological
conditions these results can be translated to tier doron compounds under
investigation.

The repeated dose toxicity effect on the testisogered by the section gn
reproductive toxicity.

Mutagenicity

O

From several negative in vitro studies (OECD 4716,4473) and one in viv
study (OECD 474) on boric acid it can be conclutted the boron compounds
under investigation have no mutagenic properties.

No DNEL/DMEL has to be derived for mutagenicity.

Carcinogenicity

Based on a 2-year mouse study following the NTRegeal (NTP, 1987) boric
acid is not carcinogenic. Further, several chraoigcity studies on boric acid
and disodium tetraborate decahydrate in rats ante dow quality studies in
dogs exist in which no indications for carcinogemeifects were observed.
Another 2-year study in rats can be used to agsasmogenic effects of boric
acid and disodium tetraborate decahydrate. Onlariithals/sex of the control
and high-dose group were macroscopically and lugichlly examined, which
limits the conclusions that can be derived frons #iudy. Although not carried
out according to modern standards, nor to GLPsitwell performed and
reported. As all boron compounds are transformedbdoic acid unde
physiological conditions these results can be lad@d to the other boron
compounds under investigation. Based on the aveilatata he boron
compounds under investigation are judged non cageinic.

No DNEL/DMEL has to be derived for carcinogenicity.

Reproductive toxicity

Fertility impairment

- oral
- dermal
- inhalation

NA NOAELefrects | AF =100 NA DNELsystemic
on fertilty = (interspecies — =0.175mg
17.5mg B/kg | rat to human: B/kg
bw/day 10; bw/day*

intraspecies:
10)

Fertility effects of boron compounds were invediégh in severa
epidemiological studies in workers and populatitivi&ig in areas with high
environmental levels of boron. Truhaut et al., 196#arasenko, 1973,
Krasovskii et al., 1976, Whorton, 1994, Tuccar, 8 2%hd Sayli, 1998, 2001
2003 were available at the time the Commission \WigrkGroup of Specialise
Experts in the field of Reprotoxicity (Ispra, Oceslb-6, 2004) was held. The
came to the conclusion that the epidemiologicatlistl available at that tim
were of insufficient quality to demonstrate preserar absence of fertilit

\(D~<“L.L
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effects. A recent review, on studies carried ouChimese boron mine workefs
(Scialli et al., 2009) was generated by an expanepinitiated by industry. |
allows no final conclusion on effects of boron esy@ on human fertility.

Male infertility was observed in breeding studiasrats, mice, deer mice and
dogs (Weir, 19664, b, c, d, Fail et al., 1991, Died al., 1979, Lee et al., 1978,
Treinen & Chapin, 1991, Fail et al., 1989). The enging cause for mal
infertility was identified to be testicular atrophyA series of studies was
published providing insight into the mechanisti¢duna of the lesions in rats.
Good correlation between doses inducing spermatogenest and infertilit
could be observed. The effects were reversiblewél doses, but no recovery
occurred at doses causing germ cell loss. Gerndepletion correlated well
with increased plasma levels of FSH. Levels of othermones, lik
testosterone and LH were not always affected. A EOAf 17.5 mg B/kg
bw/day in rats (Weir, 1966a,b,c,d) could be derived

Female fertility was affected as demonstrated by éiaal. (1991) and Wei
(1966¢, d). The underlying mechanism is much legsstigated than for effects
on male fertility. Effects observed were infertilin female rats at 58.8mg B/kg
bw/day (Weir, 1966c¢,d) and reduced fertility in e mice at 111.3mg B/k
bw/day (Fail et al. 1991).

Fail et al. (1991) investigated different endpoiatsdifferent dose levels in |a
continuous breeding study according to the NTPqmait The following effect
in female mice were seen at the lowest dose athwthese effects we
investigated (LOAELSs). FO females had normal cytlidout revealed reduced
average dam weight on post natal day 0, reducedgegestational period and
their litters showed significantly reduced weighthesa adjusted for litter size
(111.3mg B/kg bw/day). The last observation wase aksen in litters from the
F1 generation. In contrast to FO females the ogstyale length was reduced |in
F1 females (26.6mg B/kg bw/day).

Weir (1966¢,d) described infertility of female ratis58.8 mg B/kg bw/day when paired
with untreated males (only 2 out of 16 matings picatl litter). With regard to number
of conceptions, number and size of litters, nundfeteaths, weight of pups at 24 hours
and at weaning as well as cross signs of abnoipmlito differences compared [to
control animals were recorded at 17.5 mg B/kg bw/da NOAEL of 17.5 mg B/kg
bw/day could be derived.

Developmental tox
- oral
- dermal
- inhalation

NA NOAEL = AF = 100| NA DNELsystemic
9.6mg B/kg | (interspecies: =0.096mg
bw/day 10; B/kg bw/day

intraspecies: *
10)

With regard to developmental effects no human éatat. The available data
from animal studies are sufficient to conclude tir@natal exposure to boron by
the oral route can cause developmental toxicitydbmmental effects wer|

seen in three different mammalian species, nana|ymouse and rabbit, with
the rat being most sensitive. From the most roBusdy in rats (Price et all,
1996) the lowest NOAEL = 9.6 mg B/kg bw/day cardeeived. Reduced foetal
body weight per litter and increased incidencehiorsrib XIIl were seen at the
LOAEL = 13.3 mg B/kg bw/day. In another rat study@AEL = 13.7 mg B/kg
bw/day for skeletal effects (short rib XIIl) wasroiked (Heindel et al., 1992).
Other effects seen at maternally toxic doses weeekal malformations like
enlarged ventricles and cardiovascular effects.
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Annex II: Formula and calculation of the dermal ab®rption percentage according to
Wester et al., 1998.

A basic''B/*°B ratio for each volunteer was calculated from boexcretion on 4 consecutive
pre-treatment days. For this purpose a weightedageeof the basic ratio over that period was
calculated.

. The amount of expecté®B in ug (reflecting thé’B amount resulting from dietary boron
consumption) was calculated using total urine bovatues, the basi¢'B/*°B ratio and the
relative weight ratio of'B to *°B.

The following formulas were used:

(1): TOTBORON ='B +'B

(2): BASIC RATIO * (weight''B / weight*B) =B /B &

B11 = BASIC RATIO * (weight'B / weight'°B) * 1B =&

%) + (2): TOTBORON =% + BASIC RATIO * (weight''B / weight'°B) * °B = divided by
B:

TOTBORON /*°B = 1 + BASIC RATIO * (weight'B / weight'°B) 2

Change formula to:

198 /TOTBORON = 1/ /(1 + BASIC RATIO * (weight'B / weight'°B)) =&

Multiplied by TOTBORON:

%8 = TOTBORON / (1 + BASIC RATIO * (weight'B / weight'°B)) &

As this is the expected B10 the following formuga de derived:

198 EXPECTED = TOTBORON / (1 + BASIC RATIO * (weightB / weight°B))

. The amount of totd’B excretionis calculated in a similar way: instead of theibaatio

the actually measured ration for each day is usi@ following formula can be derived:

B10TOTAL = TOTBORON / (1 + Measured RATIO per dayteight™'B / weight'°B))
. To calculate the Exce$®B excretedB EXPECTED was subtracted frofiB TOTAL

B10EXCESS 2B TOTAL - 1°B EXPECTED

Figures 1 presents the calculated values for ex8Bssxcreted during the whole period for the
experiment. In figure 2 the same graph is showludicg standard deviations.

—+—borax: mean of 8 volunteers —s—boric acid: mean of 8 volunteers ——includingstandard deviations  —=—including standard deviations
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Figure 1 Figure 2
Annex Ill: '°B content in the receptor fluid in the in vitro experiment by Wester et al.
(1998).

Figure A shows the results for all 6 skins from thiénite experiment for 5% boric acid (Iml /
1cnf). In figure B skin #4 was removed. The resultshi$ skin showed a rather high variability
among different test units (single exposure cells).
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Annex IV: Feasibility of exposure calculation for the dilution of a powder developer in an
unventilated darkroom (comment on Scenarios B1 an®1):

Powder Developers are used for black and white filmcessing in spiral tanks, deep tanks
dishes/trays or rotary processors. This proceshemgy to be done in a room which can be
completely blacked out. The user is advised topshtsl darkroom first and to mix the chemicals
and do the processing afterward$Vtiichever room you choose as your darkroom (kitchen
bathroom or cupboard), it needs to be completedglad out to stop light from entering. For
windows use thick card cut to shape and held ineplaith black canvas tape. For doors use tape
or black cloth or canvas to seal the edges.” @f@003) This means, that very small rooms may
be chosen and that no ventilation can be expectedgithe whole process.

While pouring powder developer into water, dust rhayreleased into air. (Granular and powder
products of boric acid have a mean patrticle diameiage of <75 — 680um, which clearly
includes particle diameters for suspended and nadspi particles (ECHA 2008a).) Exposure to
this dust will continue during the whole proce$shé darkroom is closed before dilution. Current
databases for exposure assessment to dusts, li&& BA Models from the Technical Notes of
Guidance for Human Exposure to Biocidal Products based on measured data under conditions
which include a certain kind of ventilation, evémo LEV is provided. This means, that these
models cannot be applied to developer use in aeniilated darkroom at home, because they
may underestimate dust exposures.

Therefore, exposure to dust developers in unvéatildarkrooms can only be calculated by very
rough methods which are not able to give more ¢ghaation about the range of exposure.

Exposure via inhalation

Assuming that released dust behaves like a volatifepound in the air, the equation from the
ECETOCTRA tool Version 2 may be used for assessmieakposure via inhalation. It is based
on tier 1 equations from the ECHA Guidance on IR @$A Chapter R15, but it includes a factor
for the fraction released into air. In reality, @ small amount of the developer powder will be
released into air. This amount depends on mecHamacalling conditions and particle diameters.
Concentrations may be reduced in time due to partdeposition which depends on patrticle
diameter, too. But as these conditions are not knaweither the released percentage nor the
percentage reduced by deposition can be estimatetdlustrate the relationship between release
fraction, dust concentration and Boron exposur@osure is calculated for different orders of
magnitude of the released fraction. The calculat®oone with the following use conditions
listed in table 1.
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Table 1: Conditions of powder developer use

condition Worst Case Source Typical Case Source

Productlngredient 0.055 EPIA 0.055 EPIA

(9/9)

Amount Product Used per| 570 EPIA 120 EPIA

Application (g/event)

FreQuency of Use 1 EPIA 1 EPIA

(events / day)

Exposure 0.7 Maximal development | 0.5 typical development

Time time at 20°C for time at 20°C for

(hr) Microphen according Microphen according
lIford 2004: 27 min, IIford 2004: 15 min,
plus 15 min preparation plus 15 min preparation
time (EPIA) time (EPIA)

InhalationRate 1.42 AUH 1995 light 1.08 AUH 1995 light

(m®hr) activity, adult activity, adult

RoomVolume () 10 ConsExpo General 10 ConsExpo General
Factsheet, bathroom Factsheet, bathroom

BodyWeight  (kg) 60 Standard default 60 Standard default
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Table 2: Worst case consumer exposure to powder deleper via inhalation with different fractions released to air

Product Amount FreQuency Fraction Exposure Inhalation Conversion Room Body Exposure Dust
Ingredient Product of Use  Released Time Rate Factor Volume Weight Concentration
(g/9) Used per  (events/  to Air (hr) (m3/hr) (m3) (kg) (mgB/kg (mg/m?3)
Application day) (g/9) /day)
(g/event)
(PI x A Xx FQ x F x ET x IR Xx 1000) /] (V x BW)
0.055 570 1 1 0.7 1.42 1000 10 60 51.9365 57000
0.055 570 1 0.1 0.7 1.42 1000 10 60 5.19365 5700
0.055 570 1 0.01 0.7 1.42 1000 10 60 0.519365 570
0.055 570 1 0.001 0.7 1.42 1000 10 60 0.0519365 57
0.055 570 1 0.0001 0.7 1.42 1000 10 60 0.00519365 5.7
Table 3: Typical consumer exposure to powder developer viahalation with different fractions released to air
Product Amount | FreQuency | Fraction | Exposure | Inhalation | Conversion Room Body Exposure Dust
Ingredient | Product of Use |Released| Time Rate Factor Volume Weight | (mg/kg/day) | Concentration
(9/9) Used per | (events/ | toAir (hr) (m3/hr) (m3) (kg) (mg/m3)
Application day) (g/9)
(g/event)
(PI «x A Xx FQ x F x ET x IR Xx 1000) / (V x BW)
0.055 120 1 1 0.5 1.08 1000 10 60 5.94 12000
0.055 120 1 0.1 0.5 1.08 1000 10 60 0.594 1200
0.055 120 1 0.01 0.5 1.08 1000 10 60 0.0594 120
0.055 120 1 0.001 0.5 1.08 1000 10 60 0.00594 12
0.055 120 1 0.0001 0.5 1.08 1000 10 60 0.000594 1,2




Exposure under typical conditions would be belo@60ng B/kg/day, if the released fraction was
below 1%. As this exposure would derive from a vagh dust concentration of 120 mg/m3, it
seems unlikely that a consumer would expose hingélffor half an hour.

Exposure under worst case conditions will be beédd@2mg B/kg/day, if the released fraction is
below 0.1%. This exposure would derive from a aosicentration of 57mg/m3.

Dermal exposure

Dermal exposure will result from contact to paggkuspended in the air, from dust deposition
from the air and from direct contact to powders epdrse dusts.

According to ECHAGuidance on IR and CSA ChaptR15, exposure from a non-volatile
substance in a volatile medium might be calculdi@dtier 1 purposes, assuming that the
substance contained in a thin layer over the skimact area is fully absorbed. Applying this
concept in a tier 1 calculation, no absorptiondashould be applied together with the thin layer.
Table 4 shows that according to this concept, axgo$rom suspended particles would be
negligible, even with the highest calculated dwstoentration of Table 1:

Table 4: Worst case dermal exposure to suspendedntiales from powder developer

Product Dust Contact | FreQuency | Thickness | Conver- Body Exposure
Ingredient | Concen- Area of use of Layer sion Weight (mg/kg/day)
(g/9) tration (cm?) (events / (cm) Factor m3 (kg)
(mg/m3) day) tocm:3
(PI x | CD x CA x| FQ x TL x F / BW
0.055 57000, 2082.5 1 0.01| 0.000001 60 0.00108811

Even so, dermal exposure from dust deposition datweo calculated due to the manifold
influences on this process and the lack of inforomabn particle diameters.

But if the release fraction is low, dermal exposonight derive mainly from direct contact with
powders and coarse dusts, which does not depermiies from ventilation as dermal exposure
from suspended and deposited particles. Therefforesxposure from direct contact, calculation
models from EASE based on measured data in workplagithout LEV might be an
approximation.
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