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Ice Nucleating Substances (INSs)

• In the atmosphere, homogenous freezing of water occurs 

at temperature ≃ -38 °C

• INSs can initiate ice formation at temperatures > -38 C

• INSs affect cloud radiative properties, cloud lifetime and 

the hydrological cycle1,2
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RESULTS

This work demonstrates the broad applicability of SPINDL for characterizing a wide range of 

organic and inorganic atmospheric INSs. 

Future work: 

1. Further test this method on internally mixed samples to assess separation ability

2. Apply method to determine organic and inorganic INS concentrations in an atmospheric 

sample and use those results to improve predictions of INSs in climate models.
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• Absolute and relative concentrations of organic and 

inorganic INSs in the atmosphere are not fully known

• Current climate models often do not consider organic 

INSs2,3

Leads to uncertainties when modeling INS global 

contributions and climate impacts

• Current methods for determining the relative and absolute 

concentrations of INSs suffer from poor statistics, 

accessibility, selectivity and false positives4

 Can lead to over or underestimating INS concentrations 

and limited sample throughput
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Develop a method to quantify a wide range of organic and inorganic 

INS concentrations using density gradient centrifugation.

Step 3: Droplet freezing technique4,5 to quantify INSs

Goal: Assess SPINDL method on 
isolated INS suspensions. For 
example, water-soluble organic 
lignin

Results: Unprocessed control similar 
to low-density
INS median (25th-75th) recovery in 
low-density 115% (98-150%).

Need for better understanding of organic and inorganic 

INS concentrations in the atmosphere to test 

and improve predictions of INSs in the atmosphere.
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Goal: Assess SPINDL method on an 
INS mixture. 

Results: Unprocessed lignin similar 
to low-density.
Unprocessed K-feldspar similar to 
high-density.

INS median (25th-75th) recoveries in 
low-density 79% (64-100%) and in 
high-density 84% (40-139%).

STEP 1: Density gradient centrifugation to separate INSs into low-density and 
high-density isolate

Low-density
isolate

Density: < 1.3 g cm-3

High-density
isolate

Density: > 1.3 g cm-3

2 h centrifuge
3214 x g

: Low-density (< 1.3 g cm-3) organic INSs

: High-density (>1.3 g cm-3) inorganic INSs

: Density gradient medium (1.3 g cm-3)

: INS suspension in water

STEP 2: Washing procedure to remove excess density medium and collect INSs 
using centrifugation and ultrafiltration

Summary of results for all INSs tested:
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% Recovery:

[INS (T)]:

INS mixture: Organic lignin and inorganic K-feldspar

Goal: SPINDL method on a 
range of samples. Are the 
INSs recovered in the 
expected isolate?

Results: Recovered water 
soluble INSs from 34-169% 
and water insoluble INSs 
from 52-142%

Recoveries in low-density 
and high-density show 
SPINDL can separate and 
quantify inorganic, organic, 
water soluble, water 
insoluble and INS mixtures.
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