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• Flint, Michigan (2014) and Washington D.C. 

(2001) found high levels of lead in their drinking 

water pipelines.

• Problem: Lead in pipes is corroding and 

contaminating the drinking water.

• Goal: To study the aggregation behavior and find 

the optimal conditions for lead (Pb) removal from 

the drinking water pipes and the soil.

Background

Effects of Water Chemistry on the Aggregation of Lead Phosphate Nanoparticles  

Experiments 
To find a solution, we conducted experiments to 

study the following:

• Effects of Natural Organic Matter (NOM)

• Effects of Total PO4/Pb Ratios

• Effects of Ionic Strength (IS)

• Effects of Cations & Anions

Chemicals used:

Techniques Used:

- Dynamic Light Scattering (DLS): to 

measure the size and the zeta potential of the 

lead phosphate particles formed in solutions. 

- Raman: to measure the mineral phase of the 

particles generated. The results show that 

particles generated were 

hydroxylpyromorphite. 

- Inductively Coupled Plasma Mass 

Spectrometry (ICP-MS): to check if there is  

Ca2+ of Mg2+ ion structural incorporation into 

the lead phosphate particles. 

• National Science Foundation

• The Honors College
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1.2 mM CaCl2 1.2 mM CaCl2 + 5 ppm Fulvic Acid 

Zeta Potential (mV) -11.0 ± 0.4 -15.8 ± 0.8

Ionic Strength 

Cations & Anions

IS 0.58 4 11 21 30 50 80 90
ZP (mV)-32.2±1.1 -32.0.±2.0 -34.6±1.1 -31.0±1.1 -34.5±1.4 -34.7±3.1 -36.3±0.9 -35.0±2.1

Ratio (R) 1000 100 60

ZP (mV) -37.8±1.9 -30.9±1.9 -28.7±2.4

Ion NaNO3 Ca(NO3)2 Mg(NO3)2 NaCl CaCl2 NaHCO3

ZP 
(mV)

-32.0
±2.0

-10.3
±0.5

-10.9
±0.5

-25.1
±5.0

-11.0
±0.4

-26.6
±1.5

❖ The highly concentrated 

(2mg/L & 5mg/L) fulvic 

acid inhibited aggregation 

successfully due to the 

increase of the negative 

charge; however, for the 

2mg/L concentration, the 

particles grew in size after 

several days. 

❖ For low IS (up to 20mM), 

the particles sizes were 

relatively small and 

constant. For larger IS, 

there was greater 

aggregation. 

❖ Additionally, the IS 

doesn’t affect the zeta 

potential.

❖ For different total PO4/Pb 

ratios, particles sizes were 

relatively similar

Note: As more phosphate 

is added, the aggregation 

of lead particles increases. 

❖ As more phosphate is 

added, the particles 

became more negatively 

chaged.

❖ For the cations, we can see 

that Na+ had slower short-term 

aggregation rate compared to 

Ca2+ & Mg2+. While anions had 

no effect on short-term 

aggregation. 

• Addition of Ca2+ and Mg2+ (hardness) promotes lead phosphate aggregation under 

typical IS in soil and pipes. 

• Using high concentration of fulvic acid (NOM) is effective in inhibiting aggregation; 

however, lower concentrations aren’t as effective.

• It is important to determine the optimal amount of phosphate needed in the 

solution because excessive amounts of phosphate can cause the system to 

become more stable, which inhibits aggregation. 
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