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NIST ROLE IN NANOTECHNOLOGY ENVIRONMENTAL
HEALTH AND SAFETY (NANOEHS)

Predictive Modeling
& Informatics

Assessment
& Management

Nanomaterial Measurement
Infrastructure

National Nanotechnology Initiative 2011 Environmental Health
and Safety Research Strategy
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NIST Reference Nanomaterials

Gold nanopatrticles (10, 30, and 60 nm)

Single-wall carbon nanotube (raw soot) and dispersed into
three length populations

Titanium dioxide nanoparticles (made from Degussa P25)
2 nm silicon nanoparticles

Silver nanoparticles (75 nm, 10 nm in preparation)
Multiwall carbon nanotube (raw soot)

Can be useful for interlaboratory comparisons, instrument
validation and calibration, and positive and negative controls
for nanotoxicity studies Vincent Hackley

Critical for establishing comparability of nano-related
measurements.
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Documentary standards

ALy By &) OECD

ul [ QI BETTER POLICIES FOR BETTER LIVES
INTERNATIONAL

NIST participates in standards organizations that provide validated

documentary standards on a range of topics

- Nanoparticle characterization using a range of instruments for all
nanoparticles (DLS, TEM, etc.) through the NIST/NCL protocols

- Sonication protocols that provide reproducible, traceable NP
sonication between instruments and laboratories

- MTS assay for cell toxicity from nanomaterials

- Guidance document for aquatic toxicity testing of nanomaterials

NIST

MATERIAL MEASUREMENT LABORATORY




DESIGN FOR COMPARABLE DATA
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Data indicate means and error bars

“CCQM Guidance Note: Estimation of a consensus KCRV and associated Degrees of Equivalence” Draft 2010-03-01, Stephen LR Ellison, LGC and Maurice Cox, NPL

NIST
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ARTIFACTS IN
NANOECOTOXICOLOGY
MEASUREMENTS




IRONMENTAL
lence & lecinologg

Identification and Avoidance of Potential Artifacts and
Misinterpretations in Nanomaterial Ecotoxicity Measurements

- Toxe - 580 v - . . . .
Elijah J. Petersen, "* Theodore B. Henry,"“’” Jian Lhao,l Robert L. MacCusple,#’V I'eresa L. Kn'schlmg,o
Marina A. Dobrovolskaia, ® Vincent Hackley,” Baoshan Xing,™ and Jason C. White'l

Artifacts can potentially occur at each step of

nanoecotoxicology testing

1. Procurement of NPs (impurities, incorrect sizes)

2. Storage (dissolution, release of coatings)

3. Dispersion (ROS from ultrasonication)

4. Measurement of toxic endpoints (interaction with test

reagents)
5. Characterization in tissues (misidentification using TEM)
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NANOECOTOXICOLOGY ARTIFACTS

Coating
Toxicity
Coatings as a

Food Source ’7“
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Confounding Results
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Petersen et al., 2014, Environ. Sci. Technol. 48(8), p 4226-4246.
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DEVELOPMENT AND
INTERLABORATORY TESTING
OF MTS NANOCYTOTOXICITY

ASSAY
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Flowchart with the main process steps of the MTS Assay

[ Seedcells - 24 h J

'

Treatment with nanoparticles
and chemical control - 24 h

v

Remove supernatant

v

[ ]
[ J
[ Treatment with J
[ J

MTS reagents - 1 h

'

Absorption measurement
at 490 nm with plate reader
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Raw Data-absolute aEsorEance, individual sca|e,

3|l experiments by different labs

Polystyrene 24h

e\/ariations in
absolute absorbance.
e\/ariations in
response shape.

eAll do show a
“toxic” trend.

Lab

value
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WHAT CAN WE DO TO INCREASE
CONFIDENCE IN THE MEASUREMENT

Treat the assay as a measurement process

Add process controls as evidence that the measurement process is
proceeding as expected

e A

Adapt the “seven basic tools for quality” to cell assays | SedelerEn
« Cause and effect diagram ) v .
« Check sheet \ Tand chemical control- 24 )
« Control charts v
. Histogram : Remove supernatant :
» Pareto chart ) Y .
« Scatter diagram | STeagens- 1
* Flow chart v i

Absorption measurement
at 490 nm with plate reader
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Cause & Effect Analysis of MTS Assay

1. Cell : 3. Instrument
( maintenance ) C 2. Pipetting ) C performance

Time before Assay

Handli
andling / f

Passage Seed Density

Experimental
seeding density

Non Linearity

<€— Repeatability

Cell 1D Repeatability

Culture Med'a\ User-Technique Stray light
Conditions
Temperature — Between Columns
co, Humidity Gradients during Background —>
Incubator Pipetting
Cell Growth Calibration

Repeatability Between Row

Pl
ates Tips

Manufacturer

Sources of
> Variability
Repeatability

Prep to Prep Dosing

Freeze/Thaw Cycle Curve fitting

Agaglo/Agagre. Water sol.

Repeatabllity Kit0o kit “«€— Blank exper. conditions

Solubility

Washing Step Surface "Chemistry"

Purity Chemical Composition

Nano Particle Repeatability Specific Surface

Chemical
' Interference

Compound Particle Size

Morphology

(4. Toxic chemical) ( 5. Assay ) ( 6. Engineered nanomatenal)
positive control protocol handling and characterization
Roesslein et al., 2014, Chemical Research in Toxicology, 2015, 28 (1), 21-30
NIST
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Novel 96 well plate layout with control experiments

ENM concentration
BG indicates best

guess of EDy, value
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INTERLABORATORY COMPARISON

S * 5 national metrology institutes were involved
KRI=>S in the interlaboratory comparison

* Experimental design:
EMPA° * Share two A549 cell lines from ATCC and
EMPA

Materials Science & Technology o Serum from IOcaI provider
* Reagents from local provider
e Serum and serum-free tests

* Multiple replicates
* Share nanoparticles (+ve PS) and chemical

control (CdCl,)

JOINT RESEARCH CENTRE

The European Commission’s in-house science service

Elliott et al., 2017, Altex, 34, 201-218.

NIST
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Flowchart with the main process steps of the MTS Assay

Cell Line in Culture
with monitored growth conditions
’

N
|
(
I
1

I
1
I
1
\

Harvest Cells from Culture
using Trypsin-EDTA

T
max. 5 min

Count the harvested Cells
using a counting chamber

{

’

Seed Cells - 15'000 cells/well
with 200 pL in 96 well plate

N

J

\. /
T
incubate for 24 h - 37°C - 5% CO,
Y
f N
Remove the Medium
J/
| max. 5 min
1
H N
max Smin 1 Wash 3 x with 200 yL PBS
i \ ; /
' max. 5 min
1
s H g s
Treatment with NH,-PS NP g : E Treatment with NH,-PS NP
and Chemical Control § I3 and Chemical Control
. r J | 8 A r J/
incubate for 48 h - 37°C - 5% CO, ! incubate for 24 h - 37°C - 5% CO,
¥ : ¥
1
Remove the Medium i Remove the Medium
\ i J \ \ i J
max. 5 min ' max. 5 min
1
e ~ ' e ~
Treatment with MTS in phenolred ! Treatment with MTS in phenolred
free medium - with 120 pL I free medium - with 120 gL
\. | J ' \. | J
incubate for 60 min ' incubate for 60 min
1
s y N H - N
Absorption Measurement ! Absorption Measurement
at 490 nm with Plate Reader ! at 490 nm with Plate Reader
1
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Two cell lines were tested in the interlab comparison

Cell line Cell cycle time (h) Medium volume Short Tandem
(um3)? Repeat (STR)
analysis?
A549-A 22.512.4 2047190 In agreement
with ATCC
A549-B 22.612.2 2327194 Missing allele 12
(CSF1PO)
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STR analysis of the two cell lines

a. FAM dye channel

b. NED dye channel
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Interlaboratory Agreement with Positively Charged Polystyrene Nanoparticles

serum free serum

1007 cell Line: A B

E3A549-A
E1A549-B

~
(0] ]
1

NH, — PS ECs (ug/mL)
(1
HH
HIH
HH
HIH

>0 Ll = i =
_:____::::::::::::::::ﬁ::::::
25 % 2 = _= =
*
0_

Conslensus A B C D E Consénsus A B C D E
Laboratory
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Design Element 1: Within Multichannel Pipette (MCP) Seeding Density

10 11 12

MP concentration
(BG indicates best
guess of EDgg value)

0
0.05(BG)
0.5(BG)
BG
2(BG)
4(BG)

oo eeeel IS
MP test repl ........ co
MNP test rep2 ........ o
MNP test rep3 ........

6-channel pipette

I 6O m m g O W P

90000000 '

90000000
+ Ctrl repl ........ w
+ Ctrl rep2 .......‘ e
+ Ctrl rep3 ........ wn
cells

9O OOOOO®

90000000

ells
ells

+ Ctrl/f
+NP/

s/
-treatment

Positive Chemical Ctrl MNP test
Assesses within multichannel pipetting variance. Non-treated cells seeded with a single
multichannel pipette ejection step. Absolute absorbance measurement provides insight on
nominal cell growth. Indicates technical problems with the pipette.

NIST
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e
Design Element 1: Within Multichannel Pipette (MCP) Seeding Density
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A
A
_ 3
b4 A A A
£ -, A4
»
;E)Z A ° A$ ‘?A
°, oo A
£ I ] % o °
: L .
@ o °,
£ o o
D o
(@] o0
g %
3 o*®
= .
&
0_
A B C D E
Laboratory
304 B Medium: ® Serum free 4 Serum Cell Line: ® Empa—A549 o NIST — A549
520 ® ¢
3
fa) .
2 . A
[ o
3 A ®
A
S ..
o 10+ A
' L ] ..
L d
Ap . : “ A *
o
m AN o
£ B 2 i, A
®.
0- °
A B C D E

MATERIAL MEASUREMENT LABORATORY



T
Design Element 4: Nanoparticle influence on assay readout (after rinsing)

Laboratory:
oA
B
031 *C
D
@E

Medium:
@ serum free
o serum

N
>

OD (instrument units)
>

o
>

0.0-

10 25 50 100
concentration of NH, —PS NP (ug/mL)
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Design Element 5: CHemical Control aose response

10 11 12

MP concentration
(BG indicates best
guess of EDgg value)

0
0.05(BG)
0.5(BG)
BG
2(BG)
4(BG)

6-channel pipette

Tr & m m g O W
00000000 -
00000000 -
00000000 -
seeeee I
oo 90000000 -
- 90000000 -
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-t | @) Q00000 ® -
a2 | Q0 00OO® -
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ells

+NP/

+ Ctrl/
+ cells/f
treatment
-cellsf
treatment

=
o
Pt
D
I
+

Positive Chemical Ctrl

Triplicate reference chemical control. Shows that the assay worked as expected.
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Design Element 5: Chemical Control dose response

serum free serum
1001 Cell Line: A oo
5 A549— A I I I I T I
FIA549-B B B -
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Design Element 5: Chemical Control dose response

A549-A A549-B

()]
o
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NN
o
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o
1

o
1

ECs59 based on MTS — OD for concentration of CdSO4 (umol/mL)

halrd séft intelrlab . ha;rd sclaft intelrlab
experiment
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Specification of process controls:

Control

Serum free

Control 1 (within) B6 —
G6

Control 2 (between)
B3-B6 B8-B10

Control 3A Background
B7-G7

Control 3B ¥
Background Chemical
Control B2-G2

Control 3C 2
Background NP B11-
G1l1

Control 4 3) Chemical
reaction control

NIST

1.5-2.00D <10%

0.05-0.090D <6% see serum free

1) If no additional background from the chemical reaction control is observed
2) No values given, because some of the laboratories observed a background signal under serum condition due to NP agglomerates sedimentation
cS O e I\ C i € dIec i c C

S ING; 0 0rag OIm A and
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EVALUATION OF A STANDARD
METHOD WITH C. ELEGANS




Environmental »
Science 5 sy

PAPER

@gggsgﬂir__g Feasibility of using a standardized Caenorhabditis
elegans toxicity test to assess nanomaterial

Cite this: Environ. Sci.: Nano, 2016, t o Xi Ci ty T

3,1080

Hanna,*® G. A. Cooksey,” S. Dong,®® B. C. Nelson,? L. Mao,”

S. K.
J. T. Elliott® and E. J. Petersen®

Shannoh Hanha
Main focus was to evaluate the robustness of an ISO standard method

with nanoparticles using a measurement science approach

MATERIAL MEASUREMENT LABORATORY




ISO Method 10872

Preparation Assay
Add E. colito Luria dd chemicals, E. coli, and J1
Broth and incubate nematodes to 12 well plate,
at 37° C for 17 h incubate at 20°C for 96 h
Add 200 ul Rose
Plate E. colion NGM and
bat ht Bengal, heat plate
[HELER sz 2LEME at 80°C for 10 min
Add Dauer larvae to plate Allow plgte 2 cc?o!, add
and incubate for 72 h 1ml of mineral 0|I,.|mage
plate, and analyze images

* Uses positive control benzylcetyldimethylammonium chloride
(BACC16 —EC;; = 15.1 mg I!)

e Only test specification is growth inhibition of 20-80% at 15 mg |*
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QUANTITATIVE MICROSCOPY

[i (Fiji Is Just) Image) @m
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File Edit Image Process Analyze Plugins Window Help
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Cause & Effect Analysis of C. elegans Assay

1) Organism 2) Reference -
. A

Culture Stability — Live vs dead
approach : | bacteria
PP Organism Cor.1centrat|on
health In water Bacterial
Pipetting concentration
Organism siz Growth during
assay
DG >
/ Size of Calibration — Dispersion
' worm — Addition
container identification .
W " order with
orm bacteria .
Washing Vaiid ek — Settling,
L Medi o s . :
edia orotocol alidity chec dissolution, etc

for number of 7
ng
5) Worm lengt @p spe@
measurement
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Reproducibility with BAC-C16

100-
g T
= 80-
o (o]
Ig &0~ o 072915
;g - § 0 083115
'é ; é A (090315
= 201
O
O 0 g | 1 ] L '
10 20 30 40 50

BAC-C16 (mg 1)
ECs, for growth = 18.7 £ 2.6 mg I
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Reproducibility with PSNPs

100 o
S s § 2

~ 80 0 d

S %

= 60 } o0 072915
< 40 %% o 083115
——

§ 50 % Ao (090315
o

O 0 T —

T T
50 100 150 200

PSNPs (mg 1)
EC,, for growth =71.7 £ 37.2 mg I
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Images of plates

Control 100 mg Lt PSNPs
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VIHU " —
Ie“ce & ec “ﬂ 0qu & Cite This: Environ. Sci. Technol. 2018, 52, 5968—5978 pubs.acs.org/est

Agglomeration of Escherichia coli with Positively Charged
Nanoparticles Can Lead to Artifacts in a Standard Caenorhabditis

elegans Toxicity Assay

Shannon K. Hanna,*'# Antonio R. Montoro Bustos, Alexander W. Peterson, Vytas Reipa,
Leona D. Scanlan,” Sanem Hosbas Coskun, Tae Joon Cho, Monique E. Johnson," Vincent A. Hackley,
Bryant C. Nelson, Michael R. Winchester, John T. Elliott, and Elijah J. Petersen

Is this assay robust when tested with a broader range of
nanoparticles?

PSNPs — amine coated, 55nm
Si NPs — amine coated, 2nm

Au NPs — various coatings (PVP, PEG, Citrate, bPEl,
dendron) and sizes (10-100nm)
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NP toxicity to C. elegans 1SO 10872
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Light microscopy analysis

MATERIAL MEASUREMENT LABORATORY 38




Heteroagglomeration of Positively Charged Nanoparticles

with E. coli using enhanced darkfield microscopy
A

0 min 15 min 60 min

100 nm bPEl, E. coli

- - it <~ 300 pum Control PEG 30 nm
= 100 nm E I bPE! 30 nm
Q g I bPE! 60 nm = 250
© ™ I bPE! 100 nm = I bPEI 60 nm
VK A 901 ¢ 200 N DPEI 100 nm
-3 C .a
2 § S 601 o 1501
(4] ——
=) 0 - 100
g £ @ g 10
' Ee) (o)
o S 201 2 50-
o < (@)}
R 9. << 04
Omin 15 min 60 min 24 h Omin 15min 60min 24 h
Incubation time Incubation time
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Heteroagglomeration of Positively Charged Nanoparticles
with E. coli using enhanced darkfield microscopy
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S 08 /\ 60 nm Mie PEG PVP (e)) bPEI
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N 206
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53 041 \ 029 017 066 040
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NP toxicity to C. elegans using an axenic medium

41
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NP toxicity to C. elegans using a water-only Mortality Assay

42
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Conclusions

Many potential artifacts in nanotoxicology are now known
and control experiments are defined.

Measurement science tools have been used to quantify
sources of uncertainty in a C. elegans assay and the MTS
cytotoxicity assay (now published as an ISO standard).

Comparability of data among experiments and between
laboratories can be evaluated through process control
measurements. These process control measurements
need to cover potential artifacts and biases that can occur
during the assay, and also interactions among variables
(e.g., change in cell number changing the ECg, value).
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