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Methods Results Figure 1a. Within laboratory variability (%RSD_r) at 24 h Figure 1b. Between laboratory variability (%RSD_R) at 24 h Discussion

- a mm = .t m - - Gastric—2h M Perspiration—24h Lysosomal—24h B Interstitial—24 Gastric—2h M Perspiration—24h Lysosomal—24h B Interstitial—24 |n the curre nt StUdy. Within‘[a borato I”y Vd Flablllty Was geﬂerally
Bioaccessibility Assays Repeatability [within laboratory 40 70 satisfactory for all treatment conditions with the exception of some
“ach of 5 laboratories (coded A-E) performed Val'latIOI'I] Was good for 3 of 4 fluids : 60 - metals in Iinterstitial fluid. prgver, variability betvyeen la.boratories.vvas
ploaccessibility testing according to a Standard Operating The within-lab variability was found to be generally s . Zg_ found to exceed acceptgd criteria, the extent of which varied depending
Procedure (SOP) in the following four simulated acceptable for all treatment conditions (Figure 2 20- 3 on whether the s.:s_ratios or the RSD approaches were used.
oiologlical. fluids: gastrig, lysosomal, interstitial, and 1a). The average s. among all treatment conditions > 154 > Several lessons can be learned from this exercise. For example,
perspiration. Laboratories megsured the releasel Qf varied only slightly, with the exception of interstitial 1(5’: I substances that are being compared should always be tested side-
seven different meltals depending on ﬁhe composition fluid at 24 h (data not shown). There were 5 0- by-side or at least in the same lab. Limiting longer exposure times
of the 6 test materials [Tablg 1. In brief, test materials instances where the RSD_r exceeded 10% out of (&o\»@ QO@@ & W @o@ A when complicating factors such as CO, incorporation and precipitation
were adde.d to smulatgd fluids ?”_‘d extracted for a set a potential 70 treatment+metal/test substance (}0@:\‘9 06@ QQQ,«@Q LA @(@@ U phenomena are introduced may reduce interlaboratory variability.
period of time uhder g|ve.n.cond|t|on5. The compositions analyses combinations. All fluids, except interstitial, & M AS W © A Refinements to the SOP are clearly needed to improve upon both within
aﬂ(_j general testing ;ond|t|on5 of each.of the.5|mu.lated had fairly low within-lab variability at 24 h (<4%). and between laboratory agreement; recommendations include better
fluids are described in Table 2. Following a filtration defining pH control measures, a defined solution buffer technique,
step, extracts were analyzed and the amount of metal R ‘il ; - and ways to minimize evaporation. In addition, streamlined LODs are
' eproducibility (between laborator Table 3. s.:s_ratio results. y . vaporation. . SRR
release was reported as pg metal/g sample. All test p i y ( i y A needed as the wide variation in the laboratories” detection limits greatly
materials were powders with a median particle size <60 Va”atlon] was not satlsfactory overall impacted the study due to a number of values (e.g., those <LOD) having
Hm. A comparison between the 5UP and the 5 laboratory The s;:s_ratios demonstrate that the between-lab to be excluded from the analysis.
reports resulted in the exclusion of some datasets from 5 reemént ~elative to the within-lab Metal - Test Substance Sq:S, ratio
. . . . - agreement RSt . o
statistical analysis due to methodological differences. In g | g _ In the context of some other studies of similar characteristics i1t Is
> . . was not Sat|gfactory overall (Table 3). The Co - Cobalt compound 2.0 24.0 10.4 2.1 6.4 7.1 2.9 ble that th tari dh he t - t F [
addition, datasets with 2 or more labs reporting results L " POSSIDLE that the Chteria Used here may be too Sstringent. For exampie,
9 | perspiration treatment conditions were poorly Co - Cobalt powder 6.2 12.7 5.5 10.0 4.7 13.2 4.0 n one studv using a saliva miaration test for oraanic plasticizers
below the limit of detection (LOD) were excluded. - Y 9 9 9 P '
reproduced between labs and need improvements Cr - Inconel alloy 718 - - 42.0 - 2.1 - - an RSD of 30% was found to be the best obtainable reproducibility™?.
Statistical Analvses [rat|o§ > 6]. There was fair agreement under the | Cu - Copper concentrate 3.3 4.0 2.4 55 3.5 6.5 8.3 Similarly, in an interlaboratory study to validate a method for
y gatstmc agd [Ogiiter?l Lytshosoma[ treatr.nent? [ratios Cu - Leaded brass alloy I - o 14 93 |7 99 environmental assessment of metals®, only 15/37 measurements
The statistical ana[ysis of retained measurements was e \_Neen _ ?n k wWhile € averadge 5g:5, ratlos _ y i i Y i } had C\/% values <25%. If an RSD of 30% or 40% had been used as the
. | for interstitial fluids and the short-term lysosomal Fe - Inconel alloy 718 J g 11:5 et
based on IS0 5725-2"": based on this method, outliers Ht | 2R | standard for the current study, all between laboratory reproducibility
. . . treatment indicated good agreement in variability Ni - Inconel alloy 718 1.7 5.4 4.7 1.9 10.6 3.7 2.4
BaCkground were discarded and stragglers retained. The ratio of between labs (ratios < 3). While RSD analysis Ni - Nickel d 2.7 4.0 2.3 2.3 4.0 3.0 vvoulld.have b_een deemed gcceptable for most metals _and reatment
the repeatability standard deviation [s,; within-lab] and between labs lratios <l While RoD analysis - Nickel compou - - - - - - ' conditions, with the exception of Cr from Inconel alloy in 168h
In vitro bioaccessibility studies have been increasingly used as an alternative reproducibility standard deviation (sg; between-labs) of tata cot ! P e et Yo ; Pb - Leaded brass alloy 5.6 8.6 ' 28 58 I ' perspiration fluid and Zn from leaded brass alloy in 24h interstitial fluid.
0 /n vivo testing to meet the demands of new and evolving regulatory . R . between than within-laboratories (Figure 1b). -or most applications, only measures of relative bioaccessibility are
. t = Hilit f £0 th ¢ of £l as an Indicator of the agreement between laboratories. Treatment Averages I 130 8.9 23 >3 2.2 2:3 needed, diminishing the requirement for satisfactory interlaboratory
OrOg ams [n recen yearS |OaCCGSS| . | y e erS O e amount of Mmetalis Relative standard deviation [RSD] of the LOg concentration s indicates agreement between the variability in repeatability and reproducibility: <3 = good, 3-6 = fair, 6 = poor reprOdUCibiUty in absolute metal releases as discussed above. The h|gh
eleased from a material in fluids designed to mimic those of the human Wa[S also USheddtO assess thRengucttlJa“O”SZég/theSatfoo/ Shased values exceed a reio o within-laboratory repeatability supports the use of these bioaccessibility
: : - : : I : : - relative to the aata mean; values < and < - :
nody and provides a conservative estimate of bioavailability"4. Bioavailability e methods for the assessment of relative metal release and calculation of
were used to assess agreement for reproducibility and . . . . - - - - -
of the metal at the target site in an oraanism is generally the most imoportant it e Table 2. General description of bioaccessibility fluids and protocols. effective concentration of metals in complex materials where a matrix
, ST o J T S $ y | 2 repeatabiiity, Tespectively™. effect can be present. This application can permit more toxicologically
ractor in determining toxicity of metals. As such, measures of relative relevant classifications when effective concentrations are compared to
pioaccessibility are often used in grouping and read-across approaches N classification cut-off Limits for mixtures.
. y . J PG PP Table 1. Description of test materials used in this study. Composition Reagent g/L  Reagent g/L  Reagent g/L  Reagent 9/L
for hazard and risk assessment of metals, metal substances, and complex of fluid
: : T : : . Hydrochloric acid 2.95  Sodium chloride 3.21 Magnesium chloride hexahydrate 0.203  Sodium chloride 5.0
materials. Bioaccessibility 1s already incorporated in some standard test S (el 400 Sodium chloride 102 Urea ' 0
fnethodg and requlator framevvork53‘5 and some arouns have sou ht to Citric acid 20.8 Potassium chloride 0.298 Lactic acid 1.06 -
_ g _ y 4.8 g p _ g o Calcium chloride dihydrate 0.097  Sodium phosphate 0.142 CO“C[USIO“S
standardize specific methods®®. However, standardized fluid compositions | Sodium phosphate heptahydrate 0.179  Sodium sulfate 0.071 o Withilaborat SR - el ;
and testing protocols are limited and existing studies demonstrate cobalt oxide “0as Col73.43 “7 >odium sulfate 0037 calcium chloride dihydrate )-568 eorration fuide for all treatmont conditione was saticfacto
gp o g | Magnesium chloride hexahydrate 0.106  Sodium acetate trihydrate 0.953 perspiration fluids for all treatment conditions was satisfactory.
‘hat sample characteristics and methodological differences can affect Glycine 0.059  Sodium bicarbonate 2.60 « Interlaboratory variability was generally higher than within-
. 910 : : Cobalt metal Co Co (99.98] 3.4 Sodium citrate dihydrate 0.077  Sodium citrate dihydrate 0.097 . . .
the absolute amount of metal released”™. Defined pl’OtOCO[S that yleld Sodium tartrate dihydrate 0.090 laboratory suggesting that the absolute bioaccessibility results
-eproducible bioaccessibility results are needed. sodium lactate 0.06° n some fluids fluctuate between (aboratories.
oaium ruvate . : :
(c:::cpeer:'trate N/A Cu (23.58) 29.2 Formald?;wde 10 mL e A better-defined SOP. stricter adherence to the SOP, and
consistent LODs could help achieve better concordance in
pH 1.5+ 0.1 4.7 +0.2 7.4 +0.2 6.5+0.1 absolute metal releases.
] _ iNconEtaroy N/A Er Hig} 6.1° Temp (°C) 37 + 1 37 + 1 37 + 1 30 + 1 e However, for hazard and risk assessment applications, the use
Ob ectlve &1 IH00 of these methods to generate relative release data and calculate
Loading (g/L) - effective concentration of metals in complex materials appears
We performed a cross-laboratory bioaccessibility study of six metal- Time (hours) 2 2% 168 24 168 24 168 to be acceptable.
- : : : : - - : Leaded brass N/A Cu (58.45), 56.2
Conta_l f ng materla [S ISt [ated blOlOg |Ca[ f“L”dS represehtl ng alloy Pb (3.22], Protocol Ten (10.0 £ 0.5) mg of test material was weighed in ~ One hundred (100.0 + 5.0) mg of test material was One hundred (100.0 £ 5.0) mg of test material was weighed in One hundred (100.0 + 5.0) mg of test material was
Qr‘a[ 1N ha [ann a nd der‘ma[ routes Of eXpOSU re. The resyltl ng Zn (37.75) Overview triplicate into three separate 250 mL Erlenmeyer weighed in triplicate into three separate 250 mL triplicate into three separate 250 mL Erlenmeyer flasks for each weighed in triplicate into three separate 250 mL
_ ! ! o . flasks. Subsequently, 50 mL of extraction fluid Erlenmeyer flasks for each sampling time. Subsequently, sampling time. Subsequently, 50 mL of extraction fluid was added to Erlenmeyer flasks for each sampling time. Subsequently,
nloaccessibi [lty data were evaluated by characterizl Ng witnin- was added to each test vessel flask and to one 50 mL of extraction fluid was added to each test vessel each test vessel flask and to two blank control flasks. After adjusting 50 mL of extraction fluid was added to each test vessel References
o C oy ) _ _ ; blank control flask. After adjusting for pH, the flask and to two blank control flasks. After adjusting for for pH, the flasks were covered with a stopper or parafilm, placed flask and to two blank control flasks. After adjusting for | Henderson, R.G. et al., 2012, Reg. Toxicol. Pharm. 63:1, 20-28.  Ashley, K., et al. 2012. J. Environ. Monit., 14(2):360-367.
d bO rato 'y repeata b||.|ty d nd between = [a boratO 'y rep I”Od UCI bll.lty Nickel sulfate NiSO,e6H,0 Ni (23.07) 12.4 flasks were covered with a stopper or parafilm, pH, the flasks were covered with a stopper or parafilm, into shaker bath, and agitated for 24 or 168 hours. To maintain the pH pH, the flasks were covered with a stopper or parafilm, > Ruby, M., et al. 1999, Environ. Sci. Technol. 33, 3697-3705. * Stopford, W., et al. 2003. J. Environ. Monit. 5. 675-680.
hexahydrate placed into shaker bath, and agitated for one hour. placed into shaker bath, and agitated for 24 or 168 hours. throughout the extraction at 7.4 + 0.2, 5% CO, was introduced in the placed into shaker bath without agitation for 24 or 168 ? British Standard EN 1811. 2011 ' Hedberg et al. 2012. Eviron. Sic. Processes Impacts. 65, 135-146.
Flasks were allowed to sit without agitation for After the appropriate extraction time, the test vessels test vessel during the test. After the appropriate extraction time, the hours. After the appropriate extraction time, the test ;fgmrisca”d%getéfgrggg%ngognd Materials. 2007. ASTM, Annual Book of " International Organization for Standardization 5725-2. 1994.
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