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• TP loads were found to be 45%, 17%, and 26% lower in 
gypsum 1 ton/acre, gypsum 2 tons acre-1 and gypsum 6 
tons acre-1, respectively, compared to control. TSS loads 
were 52%, 59% and 20% lower in gypsum 1 ton acre-1, 
gypsum 2 tons acre-1 and gypsum 6 tons acre-1, 
respectively, in comparison to control. Sulfate loads were 
1272%, 2985%, and 6211% greater in gypsum 1ton acre-1, 
gypsum 2 tons acre-1 and gypsum 6 tons acre-1, 
respectively, in comparison to control.

• TP concentrations were 25%, 20% and 27% lower in 
gypsum 1 ton acre-1, gypsum 2 tons acre-1 and gypsum 6 
tons/acre respectively, compared to control. TSS 
concentrations were 35%, 36% and 27% lower in gypsum 
1 ton acre-1, gypsum 2 tons acre-1 and gypsum 6 tons acre-1, 
respectively, in comparison to control.

•12 surface runoff flumes established in 2018 at Southern 
Illinois University Farms with Hosmer silt loam soil.
•Each flume area is 16 ft length and 3 ft width . Each has 
received one of the four treatments on an alternate year basis.
•Runoff samples collected after each significant rainfall event 
(≥ 0.5").
•Water samples are tested for DRP, TP, sulfate, and total 
suspended solids (TSS).
•Soil sampling from 0-2 in and 2-6 in for runoff study. 
•Soil Physical properties (Bulk Density, Aggregate Stability, 
Soil Infiltration Rate, Soil Penetration Resistance) measured  
in both flumes site and yield sites. 

Experimental Setup For 
Water Quality Study

Objective

• To assess the impact of FGD Gypsum application on 
water quality, soil quality and crop production in Southern 
Illinois.
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• Complete Randomized 
Design (CRD) with 4 
treatments, each with 3 
replicates.
•Treatments are: 

• Control
• Gypsum 1ton acre-1 (T1)
• Gypsum2tons acre-1 (T2)
• Gypsum6tons acre-1 (T6)

Materials and Methods for Water Quality Study

Experimental Setup For 
Yield Study 

Complete Randomized 
Design (CRD) with 4 
treatments, each with 3 
replicates.
•Treatments applied are: 

• Gypsum
• Lime
• Sulfur
• Control
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Trace elements
(kg ha-1)

EPA standard 
(kg ha-1)

Control Gypsum 1ton acre-1 Gypsum 2 tons acre-1 Gypsum 6 tons acre-1

Pre-treatment 
2018 

Post-
treatment 

2021
Pre-treatment 

2018

Post-
treatment 

2021
Pre- treatment 

2018

Post-
treatment  

2021
Pre-treatment 

2018

Post-
treatment 

2021

Arsenic 41 18.56 12.61 17.81 13.45 17.27 12.89 18.07 14.14

Cadmium 39 1.07 2.12 1.05 2.01 1.03 2.00 1.04 2.21
Chromium 3000 41.72 29.05 39.04 28.01 38.90 27.98 39.21 30.62

Copper 1500 21.84 17.29 20.09 17.36 19.89 16.95 20.92 18.14

Lead 420 24.59 31.34 28.12 31.24 26.23 31.16 25.75 34.03

Mercury 300 ND ND ND 0.12 ND ND ND ND

Molybdenum 17 ND ND ND ND ND ND ND ND

Nickel 18 34.07 34.40 38.96 34.37 35.84 34.32 35.23 37.10
Selenium 100 ND ND ND ND ND ND ND ND

Zinc 2800 91.77 86.59 100.49 76.20 88.20 77.96 91.81 79.13

• Results demonstrate that the gypsum can be used as an effective tool to reduce TP levels in surface 
runoff in southern Illinois soils.

• The P abatement effectiveness of gypsum diminishes gradually over an annual time frame.
• Relatively high sulfate levels initially in the treatments compared to control demonstrate that the 

calcium and sulfate in gypsum is dissociating, and free calcium is available to bind with phosphate.
• Gypsum did not increase heavy metal levels in soil.
• Gypsum, lime, and sulfur treatments did not affect soybean or corn yields at three farms in southern 

Illinois. 
• Economic analysis demonstrated that the application of gypsum at 1 ton acre-1 to a standard corn-

soybean rotation in southern Illinois can reduce phosphorus loads by 2.19 to 3.29 pounds per acre 
per year compared to the control group. 

• The cost of phosphorus removal from runoff averaged $2.98 per pound across the study. This is 
economically efficient and lower than most P abatement strategies published in the literature. 

• Sulfate loads drastically increased in the post treatment for gypsum1 ton acre-1, gypsum 2 tons acre-1

and gypsum 6 tons acre-1, suggesting successful dissociation of calcium and sulfate, and likely 
conversion of soluble and leachable P into less soluble Calcium Phosphate. 

• Mann-Kendall test was used to analyze time series analysis to assess the P abatement effectiveness of 
gypsum over time. The effect of gypsum treatments (1 ton acre-1, 2 tons acre-1 and 6 tons acre-1) on 
DRP concentration was diminishing slowly over time. As a result, we saw increasing trend of DRP 
concentration in all three treatments. Gypsum treatment effects on sulfur concentration was found to 
be a decreasing trend. This suggests that dissociation of Ca and S in gypsum is a relatively fast 
process, and the excess S can leach relatively quickly.  

• The majority of the TP export in runoff from the fields was in the DRP form, which can have direct 
impacts on freshwater eutrophication issues. 

• Heavy metal analysis of the soil shows that the only metal exceeding the EPA limit was Nickel, which 
was found to be exceeding in control plots in the pre-treatment period (2018), suggesting that the 
gypsum treatments did not contribute additional heavy metal contamination of the soil. 

Conclusions

Materials and Methods for Yield Study

•12 experimental plots established in three private farms.  
Kinmundy with Cisne silt loam, St. Claire with Marine silt 
loam and SIU University Farms with Hosmer silt loam soil.
•Each plot is 50 ft in width and 300 ft in length and receives 
one of the four treatments.
•Grain yield data collected and analyzed every fall.
•Soil sampling from 0-6 inches for assessing treatments 
impact on chemical properties of soil.
•Soil physical properties (Bulk Density, Aggregate Stability, 
Soil Infiltration Rate, Soil Penetration Resistance) measured 
and assessed. 

Results

Post-Gypsum Application Period (1/1/2021 - 12/18/2021)

Treatment

Runoff 
Volume 
(L)

DRP 
Conc. 
(mg L-1)

TP Conc. 
(mg L-1) 

S Conc. 
(mg L-1) 

TSS 
Conc.   
(mg L-1) 

DRP Load 
(kg ha-1)

TP Load 
(kg ha-1)

S Load 
(kg ha-1)

TSS 
Load 
(kg ha-1)

Control 58.57 A 0.804 A 1.436 A 0.835 D 325.940 A 0.105 A 0.195 A 0.103 D 45.592 A

1 ton/acre 
(T1) 43.51 A 0.874 A 1.066 B 17.497 C 211.550 B 0.084 A 0.106 B 1.414 C 21.577 B

2 tons/acre 
(T2) 57.17 A 0.836 A 1.146 B 31.627 B 208.680 B 0.112 A 0.160 B 3.178 B 18.508 B

6 tons/acre 
(T6) 58.39  A 0.813 A 1.038 B 56.019 A 235.210 B 0.107 A 0.144 B 6.501 A 36.436 B

p value 0.1254 0.448 0.0006 <0.0001 0.0267 0.1394 0.003 <0.0001 0.0061
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Runoff DRP Concentration in Gypsum 6 tons acre-1 Plots over Post-Gypsum 
Application Period
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Runoff S Concentration in Gypsum 2 tons acre-1 Plots 
over Post-Gypsum Application Period
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Runoff S Concentration in Gypsum 1 ton acre-1 Plots over 
Post-Gypsum Application Period
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Runoff S Concentration in Gypsum 6 tons acre-1

Plots over Post-Gypsum Application Period

Sen's slope

Parameter Treatment MK p value S value Sen slope Trend in the Series
DRP Control 0.008 88 0.002 Increasing
DRP Gyp 1ton acre-1 <0.0001 124 0.004 Increasing
DRP Gyp 2 tons acre-1 0.002 102 0.003 Increasing
DRP Gyp 6 tons acre-1 <0.0001 138 0.003 Increasing

Parameter Treatment MK p value S value Sen slope Trend in the Series
Sulfur Gyp1 ton acre-1 <0.0001 -176 -0.117 Decreasing
Sulfur Gyp 2 tons acre-1 <0.0001 -172 -0.200 Decreasing
Sulfur Gyp 6 tons acre-1 0.0001 -156 -0.318 Decreasing

Heavy Metal Analysis in Soil
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*ND, Not Detected
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Yield Results


