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It is estimated that more than 800 commercial produ  cts containing
manufactured nanomaterials (MNs) are currently inp  roduction. This
number is expected to increase in an exponential fa  shion.
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It is estimated that more than 800 commercial produ  cts containing
manufactured nanomaterials (MNs) are currently inp  roduction. This
number is expected to increase in an exponential fa  shion.

What will be the consequences of the intentional or unintentional
release of these products into the environment?
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It is estimated that more than 800 commercial produ  cts containing
manufactured nanomaterials (MNs) are currently inp  roduction. This
number is expected to increase in an exponential fa  shion.

What will be the consequences of the intentional or unintentional
release of these products into the environment?

Existing EPA and OECD standardized procedures form  easuring
manufactured chemical aqueous solubilities and octa nol/water
partition coefficients are unlikely to be applicabl e to insoluble
nanomaterial agueous suspensions...
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Previous work has demonstrated that the historical DLVO theory of
aqueous colloidal particle stability may be useful In assessing the
potential stability (and migration) of engineered na nomaterial colloidal

suspensions in aguatic media.
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Previous work has demonstrated that the historical DLVO theory of
aqueous colloidal particle stability may be useful In assessing the
potential stability (and migration) of engineered na nomaterial colloidal
suspensions in aguatic media.

DLVO theory assumes that particles in agueous suspe nsion
experience two energies: 1) electrostatic repulsive energies and 2)
attractive, dipole interaction energies.
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Previous work has demonstrated that the historical DLVO theory of
aqueous colloidal particle stability may be useful In assessing the
potential stability (and migration) of engineered na nomaterial colloidal
suspensions in aguatic media.

DLVO theory assumes that particles in agueous suspe nsion
experience two energies: 1) electrostatic repulsive energies and 2)
attractive, dipole interaction energies.

When the repulsive energies dominate, a relatively stable aqueous
suspension is formed; when attractive energies domi nate, a
suspension aggregates and becomes immobilized.
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The Critical Coagulation Concentration (CCC) is the minimum ionic
strength (or dissolved salt content) needed to indu ce rapid
aggregation of a colloidal suspension in water.
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The Critical Coagulation Concentration (CCC) is the minimum ionic
strength (or dissolved salt content) needed to indu ce rapid
aggregation of a colloidal suspension in water.

DLVO theory yields procedures for estimating the Cr itical Coagulation
Concentration (CCC).
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3.84x10%y
CCC = - m0| dm -3
8.74x103%y*
CCC = - m0| dm -3
A?z6
8.1x103%*
CCC = - mol dm -3
A?z6

Y = (EXP(zeW/2kT)-1)/(EXP(ze ¥/2kT)+1)
k = Boltzmann constant

e = charge of the proton

A = Hamaker constant
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(Shaw, 1992)

(Ross and Morrison, 1988)

(Overbeek, 1952)

Y = zeta potential
T = absolute temperature
Z = counterion valence
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To calculate a minimum ionic strength needed to ind uce rapid
aggregation of any colloidal suspension in water (C CQC), one needs
estimates of:

1) The temperature and valence of the counterion in water
2) The Hamaker constant (A)
3) The zeta potential ( )

. can be experimentally estimated from electrophoreti c mobilities
or can be assumed to equal or be less than the diffu ~ se layer
potential ( w.) obtained from geochemical speciation models.
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Due to the availability of data, colloidal amorphou S iron oxide was
selected as a test substrate.

- representative water chemistry data and Hamaker con  stants for

iron oxides are available in the literature
- datasets can be generated for conducting MINTEQA2  geochemical

speciation model predictions of diffuse layer poten tials with both

the MIT Diffuse Layer Model and the Triple Layer Mo  del.
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Methods
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Chemical properties of natural waters (moles/liter)

Rain GW 0.1MSW 0.7MSW  River
(Rothert, (Pope-Reid, (Hem,
1999) 1985) 1970)

Ca** 2.6 x106 1.81 x10° 1.47 x103 1.03 x102 7.50 x10+
Mg** 8.6 X107 1.39 x103 7.54 x103 5.28 x102 3.40 x10*
Na* 3.9 x106 2.32 x103 6.70 x102 4.69 x101 2.70 x104

K+ 4.6 x107 1.25 x104 1.46 x103 1.02 x102 5.90 x10°
SO/~ 1.1 x10° 3.02 x103 4.03 x103 2.82 x102 2.30 x10+4
Cl- 4.2 x106 1.67 x103 7.80 x102 5.46 x101 2.20 x10+4
Nominal

IS 0.0000332 0.014498 0.09931  0.6952 0.0029
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Literature reported Hamaker constants for
amorphous iron oxide
1.9x101° J Visser (1972)
1.0x1019 ] Phenrat et al. (2007)
1.35%x101° J Mosley et al. (2003)
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MIT DLM stoichiometry log(K) Site/Reference

>FeOH <« >FeO + H*Y -8.93 Dzombak & Morel, 1990
>FeOH + H* < >FeOH,* 7.29 Dzombak & Morel, 1990
>FeOH + H* + Cl- < >FeOH,CI 8.64 Loux, 2008
>FeOH + Na*' < >FeONa + H* -8.37 Loux, 2008
>FeOH + Ca?* « >FeOH Ca?* 4.97 1/Dzombak & Morel, 1990
>FeOH + Ca?* & >FeOCa* + H* -5.85 2/Dzombak & Morel, 1990
>FeOH + Mg?t <« >FeOMg* + H* -4.6 2/Dzombak & Morel, 1990
>FeOH + SO,% + H* & >FeSO,

+ H,0 7.78 Dzombak & Morel, 1990
>FeOH + CO,> + H* & >FeCOy

+ H,0 13.862 1,2/Dzombak & Morel, 1990
>FeOH + CO,% <> >FeOHCO,* 6.415 1,2/Dzombak & Morel, 1990

2.31sites/nm 2 (Dzombak and Morel, 1990)
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TLM stoichiometry log(K) Reference
>FeOH < >FeO- + H* -109+x 0.5 Smith & Jenne, 1988
>FeOH + H* < >FeOH,* 5.0+0.5 Smith & Jenne, 1988
>FeOH + H* + Cl- < >FeOH,CI 6.2 Smith & Jenne, 1988
>FeOH + Na* < >FeONa + H* -9.3 Smith & Jenne, 1988
>FeO- + Ca?t « >FeO-Ca?* 4.3 Smith & Jenne, 1988
>FeO- + CaOH* « >FeO-CaOH* 7.9 Smith & Jenne, 1988
>FeO- + Mg?t < >FeO-Mg?* 4.1 Smith & Jenne, 1988
>FeO- + MgOH* « >FeO-MgOH* 6.7 Smith & Jenne, 1988
>FeOH,* + SO,> < >FeOH,*SO,?* 5.5 Smith & Jenne, 1988
>FeOH,* + HSO, <& >FeOH,*HSO 9.2 Smith & Jenne, 1988
>FeOH,* + HCO; < >FeOH,*HCO;- 5.0 Smith & Jenne, 1988
>FeOH,* + H,CO; < >FeOH,*H,CO, -2.1 Smith & Jenne, 1988

TLM site density = 9.89 sites/nm 2 (Davis and Leckie, 1978); C ; = 1.4 F/m?, C,=0.2
F/m?2 (Yates, 1975; Davis et al., 1978,: Davis and Leckie , 1978; Goldberg and
hee of Ressmch and Devsloprrent Johnson, 2001; Goldberg, 2005)
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Results
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Simulated MIT DLM predictions of am. iron oxide sit e distributions in the
groundwater environment over a pH range of 4 to 10.
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Simulated MIT DLM diffuse layer potentials for amor  phous iron oxide in all
systems over a pH range of 4 to 10.
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Simulated TLM predictions of am. iron oxide site di stributions in the
groundwater environment over a pH range of 4 to 10.
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Simulated TLM diffuse layer potentials for amorphou S iron oxide in all
systems over a pH range of 4 to 10.
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Predicting amorphous iron oxide colloidal suspensio n stability:
Stable suspension: log ,,(CCC/IS)>0

Unstable suspension: log ,,(CCC/IS) <0
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Prediction of iron oxide colloidal suspension stabi lity (MIT DLM)
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Prediction of iron oxide colloidal suspension stabi lity (TLM)
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Source of variation Est. variation inlog  ,,(CCC/IS)
Water chemistry contributionsto ¥, ~7
Y, (DLM) vs. ¥, (TLM) ~4
(seawater)
Variations in Hamaker constant ~0.6

Variations in distance to plane of

shear (DLM): ~0.1/ k ~0.2
~0.2/k ~0.4
~0.7/k ~1.2

CCC expression variation (egns. 1-3) ~0.4
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Conclusions

1) Major ions will play a role in the electrokinetic properties of MNs
In natural waters; aquatic chemistry is a dominant variable...

2) DLM predictions of ¥, likely overestimate %,and TLM predictions
of ¥, likely underestimate ¥,

3) OM coatings will likely stabilize colloidal amorp hous iron oxide
suspensions

4) Given the large number of assumptions required in the simula-
tions, extensive experimental datasets will likely be required in
order to validate model predictions
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