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Safe Drinking Water Act 
passed into law in 1974

Gave the federal government 
the authority to regulate 
drinking water quality and 
treatment in Public Water 
Supplies (CWS)

~20 regulated parameters 
initially, now >100

Nitrate was one of the original 
20 (MCL=10 mg/L)
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Public Water Supply Definition

EPA has defined three types of public water systems:

Community Water System (CWS): A public water system that supplies water to the same 
population year-round.

Non-Transient Non-Community Water System (NTNCWS): A public water system that 
regularly supplies water to at least 25 of the same people at least six months per year. 
Some examples are schools, factories, office buildings, and hospitals which have their 
own water systems.

Transient Non-Community Water System (TNCWS): A public water system that provides 
water in a place such as a gas station or campground where people do not remain for 
long periods of time.
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Iowa

880 Public Water Systems
• 30% are classified as “vulnerable” to nitrate 

contamination, i.e. finished water >5 mg/L at times

• ~60 are removing nitrate or blending to lower 
finished water levels

Private Wells 

• 12% >10 mg/L



National Compliance: SDWA

Slide courtesy Dave Cwiertny



Iowa’s Drinking Water –
Where do we struggle? 

https://echo.epa.gov/

Radionuclides 79

Nitrates 39

Surface Water Treatment Rule 32

Revised Total Coliform Rule 21

Arsenic 19

Stage 2 DBP 14

Groundwater Rule 8

Volatile Organic Contaminants 7

Total Coliform Rule 6

Long-term 1 Enhanced Surface Water Treatment Rule 2

Other Inorganic Contaminant 1

Iowa PWS Health-Based Violations (2017)



1. Nitrate is regulated by the EPA in 
drinking water (at 10 mg/L or ppm)



Nitrate regulation of 10 mg/L set for 
methemoglobinemia (blue-baby syndrome)

• Nitrate transforms to nitrite in 
body, reacts with hemoglobin, 
reduces ability of blood to carry 
oxygen

• Can lead to trouble breathing, 
vomiting, anoxia

• Rarely diagnosed in U.S.

• ~2000 cases diagnosed 
worldwide from 1945-1970

• Most recent Iowa case was in 
late 1970s / early 1980s



Dietary nitrite/nitrate

Nitrite +

Amines/amides (protein)

-Catalyzed by heme iron

(red meat)
-Inhibited by antioxidants
(Vitamin C)

Endogenous 
formation of 
NOC in GI tract

Nitrate from 

drinking water

More recent concerns: Endogenous formation of 
carcinogenic N-nitroso compounds (NOC) from 
ingested nitrate and nitrite

Nitrate → 

Nitrite



Is our MCL for nitrate strict enough? 



Is 10 mg/L low enough? 

Cancer Risks (Iowa Women’s Health Study)

• Bladder cancer
• 1.6× risk at >5 mg/L for ≥4 years (Jones 2016)

• Ovarian cancer
• 2.0× risk at >3.0 mg/L for ≥11 years  (Inoue-Choi 2015)

• Thyroid cancer
• 2.6× risk at >5 mg/L for ≥5 years (Ward 2010)

Reproductive Health (National Birth Defects Prevention Study)

• Iowa-Texas Study results (Brender 2013)
• Spina bifida: 2× more likely to ingest ≥ 5 mg of nitrate daily from drinking 

water than control mothers

• Limb deficiencies: 1.8× more likely to ingest ≥ 5.42 mg of nitrate daily

• Cleft  palate: 1.9× more likely to ingest ≥ 5.42 mg of nitrate daily
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Who in Iowa is drinking water above 5 mg/L?
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5.6 million Americans drink water with Nitrate-N >5 mg/L

800,000 are Iowans
1% of the U.S. population
14% of Americans drinking water >5 mg/L are Iowans. 
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Treatment Mitigation

Ion Exchange

Pros: 

• Low energy

• Doesn’t alter 
hardness or 
alkalinity

Cons: 

• Wastes water

• Salt Purchases

• Increases Na 
Content of 
finished water 

• Produces salty 
discharge

Reverse Osmosis

Pros: 

• Waste is more 
benign than IX

• Good for small 
systems

Cons: 

• Wastes water

• High Energy

• Reduces 
hardness 
alkalinity

Blending

Pros: 

• No waste stream

• Doesn’t waste 
water

• Low Energy

Cons: 

• Reduces finished 
water quality

• Capacity 
problems
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Monitoring
Compliance Monitoring governed by PWS permit (IDNR)

• Annual, Monthly, Daily lab monitoring depending upon 
source water nitrate and available treatment. (Is compliance 
monitoring adequate to protect public health?)

• Methods: Ion Chromatography, Automated colorimetry 
(Lachat), ion selective electrode (How applicable is 
continuous monitoring to compliance).
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Real Time Sensors for Nitrate

Nitrate absorbs UV at 210 nm 



IIHR―Hydroscience & Engineering
Research, Education, and Service

19

IIHR Water Quality 
Sensor Setup
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Establish accuracy and 
precision of sensor relative 
to lab analysis
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Utilities

Utility
Population 

Served
Water source Nitrate Mitigation Strategy

PWS1 63,265 GWUDI Blending with emergency sources

PWS2 26,684 Surface Reverse Osmosis, blending

PWS3 133,499 GWUDI Blending

PWS4 12,700 GWUDI Blending

PWS5 523,098 Surface, GWUDI Ion Exchange, blending

PWS6 25,594 Surface Blending with emergency sources
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Time series
Sensor vs finished 
water data

River
n 

(days)
Average NOx-N 

(mg L-1)
Maximum NOx-

N (mg L-1)
% of days 

> 10 mg L-1

Iowa 2106 5.9 14.9 11.4

Raccoon 2426 7.7 20.5 31.1

Cedar 1607 7.3 18.5 17.1

Skunk 1227 5.4 14.5 8.5
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Utility
PWS

1
PWS

2

PWS3 
Plant 

1

PWS3 
Plant 

2

PWS
4

PWS5 
McMullen

PWS
6

Ratio of 
finished/sensor 
NOx-N

0.66 0.97 0.51 0.62 0.26 0.68 0.93

Sensor NOx-N that 
would generate 10 
mg L-1 in finished 
water

15.1 10.3 19.7 16.1 38.5 14.8 10.8
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Potential MCL violations

Plant Potential Violations

CR NW Plant 5

CR J Ave 0

Oskaloosa 0

Ottumwa 55

CUIC 0

UI 187
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Conclusions

• Sensors are adequate proxy for lab analysis

• Compliance monitoring frequency is not adequate 
to capture all potential MCL violations

• Sensor: $20,000

• 1 year of daily lab analysis: $14,600

• Sensors can inform plant operations

• Real-time data can inform water customers on the 
quality of their water
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Statewide N Loading 2020
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2020 Stream Nitrate Data
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Land Draining to Missouri R.
17,444 square miles (31% of Iowa)
Total Nitrate-Nitrogen Load: 191 million pounds (31% of state total)
Total Water Discharge: 1.18 x 1010 cubic meters
Nitrogen Loss per acre: 17.1 pounds
Nitrogen Loss per crop acre: 22.7
Water Yield (runoff per watershed area): 10.0 inches  

Land Draining to Upper Mississippi R.
38,828 square miles (69% of Iowa)

Total Nitrate-Nitrogen Load: 435 million pounds (69% of state total)
Total Water Discharge: 3.31 x 1010 cubic meters

Nitrogen Loss per acre: 17.5 pounds
Nitrogen Loss per crop acre: 27.0

Water Yield (runoff per watershed area): 13.0 inches  
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Black: lbs/acre

Red: lbs/crop-acre

Blue: Runoff (inches)
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Missouri

3.3% of the land
12% of the water
55% of the nitrate
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Upper Mississippi

21% of the land
21% of the water
45% of the nitrate
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4.5% of the land
5.9% of the water
29% of the nitrate

Mississippi-Atchafalaya-Gulf of Mexico



How Much Nitrogen Leaves Iowa?
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5-Year Running Annual Average N Load (US Tons)

IA-UMRB IA-MoRB IA-Tot

+100.0%

+72.2%

+191.0%
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Floyd

S. Fork
Walnut Cr (US) 

Yellow

Turkey

Upper Iowa

Rock 

Tipton Cr
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About 32% of 
“surplus” 
makes it to 
streams



IIHR―Hydroscience & Engineering
Research, Education, and Service

40

Can we “soil 
health” our way 
out of this?
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What Can Be Done?

1. Ban cropping in the 2-year Flood Plain

2. Ban fall tillage

3. Ban manure on snow and frozen ground

4. Make farmers adhere to ISU fertilization guidelines

5. Reformulate CAFO Regulations


