Size-Based Fractionation and Quantification of Mobile Colloids and Colloidal Organic Carbon in Field Samples
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INTRODUCTION

> Natural colloids, i.e. entities with sizes from 1.0 nm to 1.0 um, have large
surface areas therefore high reactivity with and ability to facilitate the
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Figure 2. Scatter plots and regression curves of the turbidity and mass concentration of soil colloids from 37 Figure 5. Colloid and TOC conc. in difterent size fractions in various natural ecosystems.
L
\

150 : | : | : | ' | ' |

Anion

soils in different size fractions: 0.45-1.0, 0.10-0.45 and < 0.10 pum (from left to right).

Clay ®

T T - T ~
T T SR =
&
&

15

5 1)

I[ron-oxide

> Most data fall on the same turbidity-concentration curve with acceptable variation, except for < 0.1
um colloids;
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Figure 1. Schematic representation of colloid mobilization and colloids’ association Effect of colloid composition on tu rbidity-colloid relations

with organic carbon. Length scale corresponds to sizes of particulate, colloidal, truly
dissolved and operationally defined dissolved phases.
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> Turbidity-colloid concentration correlations were determined for soil colloids in
two size fractions (0.1-0.45, 0.45-1.0 um) based on measurements for 37 soils

from the U. S. and Denmark;

Using the correlations, colloid concentrations were determined for samples

collected from agricultural, forestry, wetland and estuary ecosystems at

various sampling times;

> Total organic carbon (TOC) in different size fractions (e.g. < 10 kDa, 0.1, 0.45,

1.0 um) were quantified.
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» T shifts are theoretically proved by Mie theory.
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> The specific turbidity (T ) indicates the light scattering intensity per unit mass of colloids;
> High free iron oxides (> 0.5% Fe oxide) > Large Tg;
> No significant difference in T for different organic carbon content (1.0 - 30.9% OC);
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Figure 4. Specific turbidity of colloids in soils with different iron and organic carbon content; theoretical equation
and plots of specific turbidity based on Mie theory (r: colloid radius; p: colloid density; Q: scattering coefficient)
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Figure 7. Correlation between Truly Dissolved and Operationally Defined Dissolved OC (DOC,,, DOC_,) from this
study (hollow points in figure, red in table) and previous works (solid points in figure, black in table)

» DOC,,/DOC_, ratios ranged from 0.68-0.94 and the regression ratio was ~0.92, indicating colloidal
organic carbon can contribute at least 8% and up to 32% OC to DOC,.

SUMMARY

Size-dependent turbidity-concentration correlations were obtained for 0.45-1.0 and 0.10-0.45 um

colloids and they can be used for quick quantification of colloid concentration in field samples;

More than half (66.0 =22.7%) of natural colloids (0.10-1.0 um) were < 0.45 um, indicating that the

operationally defined size cutoff underestimates the colloidal pool in all aqueous samples tested;
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At least 8% of organic carbon in the DOC_, is colloidal; this may have important implications in
assessing the fate of organic carbon hence in regional or global carbon budget estimations.




