


2

• Therapeutic (disease control)
• Sub-therapeutic (growth promotion)

Human uses

Animal production uses

What are CECs?

• Prescription drugs 
• over-the counter drugs
• Therapeutic drugs
• Veterinary drugs
• Fragrances
• Cosmetics
• Sun-screen products
• Diagnostic agents
• Nutraceuticals (e.g., vitamins)
• Illegal drugs
• Flame retardants 
• Additives in consumer products

http://www.123rf.com/photo_3471900.html


Widespread occurrence of CECs in aquatic systems

Beek et al., 2016. Environ. Toxico. Chem. 35:823–835

• Worldwide
631 CECs have been detected in 71 countries

ECs in 80% of the streams
82 of the 95 ECs were found

ppt to several hundreds ppb 
levels

• United States (Environ. Sci. Technol, 2002, 36:1202-1211)

139 US streams across 30 states 

31 antibiotics
15 prescription drugs
7   nonprescription drugs
18 steroids and hormones
24 personal care-related

compounds



CECs in the Chesapeake Bay and its 
watershed:

• Limited occurrence datasets

• Tend to mirror national studies
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Spatial distribution of 15,014 US WWTPs classified by daily average influent flow.

Seiple et al., 2017. J. Environ. Management 197:673-680

0.26 ton dry biosolids/Ml 
wastewater treated

13-130

Biosolids (dry ton/d)

> 130

1.3-13
< 1.3
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Biosolids production, usage, and disposal

1998 2000 2005 2010
Year
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r)

6
6.5

7
7.5

8
8.5

9

7.1
7.6

8.2

6.9

U.S.

U.S.

Benefits:
• primary nutrients
• secondary nutrients
• root growth promoters
• enhance soil structure
• C sequestration

(Brown et al., Environ. Sci.  
Technol., 2011, 45:7451)

13.8

2015

Seiple et al., 2017. J. Environ. Management 197:673-680

37%

Chesapeake Bay States
(852 WWTPs)

Biosolids
1.3 Mdt/y

(0.5 M acres)



Water Research, 2010, 44:658

Occurrence of CECs in biosolids
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TCC, TCS, PBDEs, and 4-NP in soil after 33 consecutive years 
of  biosolids application (Environ. Toxic. Chem. 2010. 29:597)

Result summary:
Target compounds Results

Levels in soil
increase with biosolids loading
sharp decrease with soil depth

PBDEs persistent
TCC, TCS, 4-NP less persistent
Concentrations in soil 4-NP > TCC > PBDEs >TCS (180:26:14:1)
PBDEs, 4-NP immobile
TCC, TCS limited mobility
Plant (corn) uptake No

Occurrence and fate of CECs in biosolids-amended land?



Concentrations of CECs in surface runoff from a field at various times post-application of 
broadcast incorporated municipal biosolids.

Topp et al., 2008. Sci. Total Environ. 396: 52-59
Sabourin et al., 2009, Sci. Total Environ. 407: 4596-4604



Aquatic systems

CECs
Manure holding 
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• Animal manure generated/year:

U.S. > 1 billion tons of dry matter

Chesapeake Bay States > 44 million tons of dry matter

Benefits:
• primary nutrients
• secondary nutrients
• enhance soil structure
• Soil organic matter
• C sequestration

• Land application of animal manure

Manure is applied to 48% of farmland 
in the Chesapeake Bay States 

Animal manure production and usage 



Concentrations of progestagens, androgens, and estrogens in swine manure 
generated at different life stage.
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Occurrence of CECs in animal manure - hormones
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Each year United States farm animals excrete:
Estrogens 49 t 
Progestogen 4.4 t
Androgens 279 t Lange et al., 2002, Analytic Chimica Acta. 473:27-37



Occurrence of CECs in animal manure - antibiotics

(Van Epps & Blaney, 2016, Curr Pollution Rep. 2:135–155)

Antibiotics approved for domestic 
use in food-producing animals in 
the United States in 2015

(FDA Annual Summary Report on 
Antimicrobials Sold or Distributed in 2015 
for Use in Food-Producing Animals)
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 1928 – discovery of penicillin

Alexander Fleming

 1940’s – wide usage of penicillin

 1955 – 1st scientific report on usage of 
antibiotics in food animal production for 
growth promotion (Science. 1955. 121:733-734 )

Why are antibiotics used in animal production?
Alexander Fleming’ Nobel lecture in 1945:
"The time may come when penicillin can be bought by anyone in 
the shops. Then there is the danger that the ignorant man may 
easily underdose himself and by exposing his microbes to non-
lethal quantities of the drug make them resistant."
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>50,000 chickens /year >1,000,000 chickens/year

1949 2007

Journal of Water and Health. 2010. 8:646-670.

 1950-now, 
US animal production ↑ 100%

# of production units ↓ 80%

Concentrated feeding
operations (CFOs)

Antibiotics
• therapy
• control & prevention
• growth promotion

US antibiotic production:  
55,000 tons/y

~70%  animal use
~30%  human use



Occurrence and fate of CECs in manure-amended land?
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• Minimal leaching –
concentrated in top 0-5 cm soil

• Downslope movement

• Buffer is effective –
none-detectable in the stream

• Progesterone more persistent –
detectable 3 months after 
manure application

• Similar observation –
DE coastal plain poultry litter 
amended soils 
(Water Air Soil Pollut, 2012, 223:2821–2836)
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Occurrence and fate of CECs in manure-amended land?
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• We do know:

• What we don’t know:

o Wide spread occurrence of CECs in biosolids and manure

o Land application of biosolids and manure  occurrence 
of CECs in soil and runoff  aquatic environment

o Proper biosolids/manure management and land 
application methods can reduce input of CECs

o CECs budget in CBW?

o Antibiotic resistant?

o Environmental impact?



Pathways of chemicals of emerging concern and their impact

Soil processes & functions:
• degradation
• sorption/desorption
• dissipation
• evolution
• nutrient cycling
• native microbial diversity & function
• soil fauna diversity/activity 
• C sequestration

Ecosystem services

Manure holding 
or treatment
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Runoff 
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Plant uptake

Ground water

Human health 
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Thank you!

Questions?
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