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Sequential Extraction Procedure:Background:
The overabundance of nutrients in water can lead to eutrophication, or the 
excessive growth of harmful algae and plants. The effects of lake eutrophication 
includes deteriorating water quality and detrimental impacts to aquatic biodiversity. An 
ongoing investigation of surface water and groundwater chemistry has identified elevated 
phosphorus levels in lakes, streams and groundwater throughout western Wisconsin. 
Although phosphorus is widely considered immobile in groundwater, our research 
strongly suggests phosphorus is mobile and perhaps even concentrating in groundwater. 
The role of bedrock phosphorus in groundwater must be assessed through a sequential 
extraction technique that quantifies phosphorus mobility under natural conditions.

Sequential Extraction Results:

Why is this important?
Lake eutrophication is becoming an 
increasingly important issue with 
dramatic consequences for aquatic biodiversity, 
water quality, and recreational activities. Many 
people attribute high levels of nutrients on 
anthropogenic sources, such as agriculture. 
However, phosphorus can also naturally occur 
in phosphorus bearing lithologic units. Under 
the right environmental conditions, 
phosphorus could be released into the 
environment. Our research examines under 
what natural conditions phosphorus will be 
released into the groundwater and the 
total contribution of phosphorus from local 
bedrock in Wisconsin.

Sequential extraction is a progressive, multi-step procedure in which trace 
metals are extracted from different physicochemical fractions using 
specific solvents that mimic different environmental conditions.

Step A. Exchangeable: Metals that move freely through groundwater can 
adsorb onto clay particles as they travel. This step releases and mobilizes 
these loosely adsorbed metals through simple ion exchange .

Step B. Carbonate and Organic bound: Carbonate tends to be 
a major adsorbent for many metals, particularly following reduction of 
oxide phases. Trace metals bound to carbonate are liberated under 
slightly acidic pH conditions.

Step C. Iron-Manganese Oxide bound: Metals can be trapped within iron 
and manganese oxides, which exist as nodules, concretions, or cement 
between particles. This step destabilizes oxides by creating reducing 
conditions, releasing all oxide-bound trace metals.

Step D. Sulfides and Organic bound: Trace metal 
complexation or bioaccumulation processes concentrate metallic ions 
in organic and sulfide phases. These phases are unstable under oxidizing 
conditions, which this step is designed to create.

Step E. The residual fraction liberates any remaining metals that were not 
released in the previous steps. These metals are released by complete 
mineral dissolution, which is not a condition found naturally.

Whole Rock Geochemistry and Water Chemistry:

Summary of Results:
Our study suggests phosphorus is released during the iron-oxide bound stage, C, which 
represents a reducing environment. These findings have great implications for reducing 
environments in Western Wisconsin, including lake systems. The desorption of 
phosphorus in these reduced environments suggests that oxide bound lithogenic 
phosphorus could be a contributor to lake eutrophication.

All samples showed a spike of 
both phosphorus and iron liberated within 
the oxide step, meaning that these 
elements can become mobile if subjected to 
anoxic conditions. Several samples showed 
moderate liberation of phosphorus during 
the sulfide and organic step ( D ). The 
residual step liberated little phosphorus in all 
samples, whereas iron was liberated in 
moderate to large amounts.
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These graphs plot phosphorus and iron content of samples taken from the Lone Rock Formation, 
the Eau Claire Formation, and slimes taken from silica sand mine storm/ process water ponds.

This study focuses on the 
Lone Rock Formation, which 
is a Cambrian fine-
grained glauconitic shale unit.

This project is a part of a larger study, the goal of which is to determine the background 
water quality of western Wisconsin. The study has found that the areas water is largely 
in compliance with regulation but contains elevated levels of phosphorus.

Several samples of the Lone Rock 
Formation were run through the 
sequential extraction process. The 
results are displayed as percent of 
phosphorus liberated during each 
step averaged from all samples. 
The data shows that almost three 
quarters of the phosphorus was 
held within the oxide phase, with 
the next highest phase being 
sulfides and organics.

To ensure complete recovery, samples were 
subjected to dissolution with HF during the F 
step. Phosphorus was consistently liberated 
in the highest concentrations during the 
oxide ( C ) step, whereas iron, while 
displaying a peak during the oxide phase, 
was always liberated in the highest 
concentrations during the residual (E-F) step.
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