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Blazer et al (2007) Intersex (Testicular Oocytes) in Smallmouth Bass Micropterus dolomieu From the Potomac River and Selected 

Nearby Drainages. Journal of Aquatic Animal Health. 19.242-253.

South Branch of the Potomac River 

2002-2003

• Fish kill reported in the South 
Branch of the Potomac River during 
2002

• Variety of species affected, but 
primarily Centrarchids

• The diversity of opportunistic 
pathogens suggested environmental 
stressors that may lead to 
immunosuppression

• Complete histological examination 
led to an unexpected finding.





What is Intersex?

An abnormal condition 

characterized by the presence of 

male and female reproductive 

components in a gonad that should 

be exclusively male OR female.



Mature sperm

Immature oocytes

Intersex Male 

(testicular oocytes)



Intersex in Gonochorist Fishes

• Immature oocytes within testes

• Used as an indicator/ biomarker of 
exposure to estrogenic compounds

• Probably induced early in 
development, but can possibly occur 
later



Site
Prevalence

TO

TO 

Severity

Index

Mean 

Vitellogenin

Conc. mg/ml*

Conococheague

Upstream
100% A 2.1 ± 0.3A 0.117 ± 0.051A

Conococheague

Downstream
90% A 1.8 ± 0.4A 0.050 ± 0.036B

Monocacy

Upstream
82%a 1.2 ± 0.3a 0.059 ± 0.010a

Monocacy 

Downstream
100%a 1.9 ± 0.3a 0.143 ± 0.085a

Blue Plains 23% 0.2 ± 0.2 0.577 ± 0.165

� Sample above and below WWTP

� Elevated Vitellogenin

� Species differences

� Considerable agriculture influence

� EDCs identified, Estrogenic activity

USFWS collaborative 

project 2005-2006

Effects of  WWTP

Iwanowicz et al (2009) Environ Toxicol Chem 28: 1072-1083

Alvarez et al (2009) Environ Toxicol Chem 28: 184-1095
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Positive correlation 

between prevalence/ 

severity of intersex and 

human population 

density/ agriculture land-

use

Blazer et al (2007) J Aquat Anim Health 19:242-253.



Blazer et al. (2012) Environmental Monitoring and Assessment. 

Spawning Study 2007

Compound Gauley SB Mon Shen

17a-estradiol -- Y Y

17b-estradiol -- Y Y

estrone -- Y Y Y

androstenedione Y Y Y Y



Are there EDCs and emerging chemicals present?

Chemical

group Gauley South Branch Monocacy Shenandoah

herbicides 2 3 5 4

insecticides 14 14 22 20

antibiotics 0 5 7 8

Flavors/fragances 3 3 7 5

Industrial (waste water) 5 5 6 6

Nonprescription 1 1 3 3

Prescription 0 2 9 5

PAH 5 6 18 15

Household (waste water) 3 2 3 2

Detergent metabolites 3 0 0 3

Flame retardants 1 1 2 2

hormones 1 3 4 3

sterols 1 0 1 1

104 of the 158 chemicals measured had a least one detection. 

31 pesticide compounds (25 insecticides, 5 herbicides, 1 fungicide)

22 PAHs

10 prescription pharmaceuticals

7 antibiotics

7 flavors and fragrances

7 industrial wastewater compounds

6 nonprescription pharmaceuticals

4 hormones

3 household wastewater compounds

3 detergent metabolites

2 plant/animal sterols

2 flame retardants

Kolpin et al. (In press) Sci. Tot. 

Environ 



Land-use Characteristics Intersex Prevalence Intersex Severity

r2 p r2 p

Human population density 0.39 0.10 0.42 0.08

Number of WWTP 0.22 0.24 0.34 0.13

WWTP Flow 0.32 0.15 0.63 0.02

Percent agriculture 0.63 0.02 0.50 0.05

Tot. Animal Feeding Operations 0.28 0.17 0.56 0.03

Poultry houses 0.27 0.18 0.50 0.05

Total animals 0.27 0.18 0.48 0.06

Animal density 0.49 0.05 0.58 0.03

Site
Human

Density1
WWTP2

WWTP

Flow3

%

Ag4
AFO5

Animal

Numbers6
Intersex7

Gauley

River

0.06 0 0 0.5 0 464 11.3%

0.02  (0.07)

South Branch

Petersburg

0.07 3 0.95 16.4 296 

(296)

1,450,120 74.3%

0.97  (0.95)

South Branch

Moorefield

0.07 4 1.43 15.2 497 

(496)

7,384,685 54.5%

0.50  (0.50)

South Branch

Springfield

0.08 5 1.93 15.2 565 

(562)

8,719,093 82.2%

1.02  (0.76)

Shenandoah

North Fork

0.28 50 1.59 32.7 1,174

(960) 

11,757,596 90.0%

1.16  (0.78)

Shenandoah

Mainstem

0.43 101 25.66 32.6 3,655 

(2,539)

33,928,442 93.0%

1.64  (0.93)

Shenandoah

South Fork

0.56 19 20.84 35.9 2,029

(1,176)

14,788,173 100.0%

1.83  (0.65)

Conococheague

Creek (lower)

0.69 13 8.31 50.3 10 

(1)

1,819,225 87.5%

1.03  (0.78)

Associations of Land-use with Intersex
(Spawning Study 2007)

Blazer et al. (In press) Environ Mon Assess. 



Bioactivity of chemical extracts from water samples

Polar Organic Chemical Integrative Sampler (POCIS)

Semipermeable Membrane Device (SPMD)

Grab water sample

OASIS HLB 



Development and Application of 

in vitro/ vivo based screening

(Collaborative Research)



BLYES Reporter System
‘Estrogenicity’

pBLYES

~10kb

pL CIRE SDE

IRE Sfrp

~12.1kb

A B
C D E

Light Myristyl aldehyde

Myristyl acid

Grab water or POCIS 

extracts screened using 

a yeast reporter system

Light measured as an 

endpoint

Available reporters 

designed to measure 

estrogens/ androgens

Sanseverino et al. (2005). Applied and Environmental Microbiology, p. 4455-4460, Vol. 71, No. 8 



Tissue-specific responses to 

environmental estrogens

D. Gorelick

M. Halpern

Hawksbill Creek

grab sampling

Mill Creek

passive sampling

16 of 19 site samples activated reporter

3 displayed preference for heart valves



- Translocation assays

- Allow for high-

throughput screening

- Identification of 

bioactive site prior to 

investment in chemical 

analysis

- Have already identified 

GR agonists at numerous 

sites

- Beyond estrogen-centric 

research

Collaboration with NCI

(Stavreva & Hagar)

In press;  Scientific Reports
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Square root total density AFOs (#/1000 acres)
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2009
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R2=0.87

Ciparis  et al. (2012) Sci Tot Environ





Summary

• A number of EDCs and emerging contaminants have been identified in 

the Potomac River Watershed

• They are not exclusively associated with WWTPs; in fact, agricultural 

activities correlate better with estrogenicity

• Their effects on fish populations in the Potomac Watershed is unclear, 

but we suspect they may partially explain the increased observation of 

fish kills and intersex

• To date experimental sampling design has not been specifically 

tailored for source tracking, but this is a critical next step to make 

informed management decisions 

• Intensive sampling and complimentary end-point methods required 


