Point and non-point sources of endocrine
disrupting compounds and their potential effects on
fish and frogs In the New Jersey Pinelands
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The endocrine
system is...

a collection of tissues
In animals that
produce hormones to
regulate essential life
processes

e.g., reproduction,
development, etc.
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What Is an endocrine disrupting chemical?

Compounds within an ecosystem with the potential to interfere with the
endocrine function of natural populations of fish and wildlife, resulting
In deleterious effects on development, metabolism, reproduction,
Immune response or other biological outcomes.
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Sources and
examples of EDCs

AHormones (natural or
synthetic)

APharmaceuticals/antibiotics

APesticides

ASurfactants

APlastics

AFlame retardants

APersonal care products
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Potential effects

U Female based sex ratio
U Intersex

U Immune suppression
(parasites)
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Study Questions

A Are EDCs present in the surface water of
streams above and below municipal sewage
treatment plants and in the surface water of
stormwater basins and ponds located in alterec
landscapes?

A Do biological manifestations of endocrine
disruption occur in native and nemative fish
and frog species at these sites?

A Do differences in the proposed biological and
chemical measures of endocrine disruption exi
between point and nofpoint sources in the
Pinelands?

A How do the results for these impacted sites
compare to the results for minimally impacted
reference streams and ponds?




Study Design

AOn-Stream- point source
Impacted
A1 stream complex
A1 lake complex
A2 reference lakes

AOff-stream - nonpoint source
Impacted

A 10 degraded ponds/stormwater
basins

A3 reference ponds
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Onlake sites

Medford Lakes Borough STP discharge
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Off-stream sites
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Landuse Information

Site Type n | Upland Agricultureg Development| Altered Land

Off-Stream Sites (Wetlands)

Reference 3 0% <4.5% <4.5%
Degraded 10 0¢30% 0.7¢43% 12¢64%
On-Stream Gtreams/Lakeks

Reference 2 0c0.4% 0.3¢2.8% <3.5%
Above WWTP 4 0¢1.6% 40¢75% 41¢75%
Below WWTP 2 0.2¢1.1% 48¢73% 41¢75%




Water Sampling

A Onstream: 32 total samples (8 sites X
sampling events)

A Off-stream: 52 total samples (13 S|tes
4 sampling events)

Chemical Analysis:

A Basic water quality parameters

A Naturally occurring phytoestrogens & ‘- -
mycotoxins

A Hormones & hormone conjugates

A Trace metals

A Compounds indicative of human
activity



Water chemistry

U 23 trace elements

U Estrogenicity - bioindicator of
estrogenic activity

U 6 phytoestrogens and 8 mycotoxins

U 42 hormones and hormone
conjugates

U 70 waste indicator compounds
Including: surfactants, fragrances,
antioxidants, disinfectants, food
additives, plastics, industrial solvents,
PAHSs, fecal and plant sterols,
phosphate flame retardants and

pesticides o USGS
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Inorganic ResultsAll sites

Contaminant Class Number of | Concentration | Compounds observed
compounds | Range (ug/L)
observed

Toxic Heavy Metals 4 0.258.69
Arsenic (As), Cadmium (Cd), Chromium (Cr), Lead (|

Metalloestrogens 12 21-814 Aluminum (Al), Arsenic (As), Barium (Ba), Cadmium
(Cd), Cobalt (Co), Chromium (Cr), Copper (Cu), Lea
(Pb), Nickel (Ni), Antimony (Sb), Selenium (Se),
Vanadium (V)

Cumulative inorganics 22 250-7,700
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Organic ResultsAll sites

Contaminant Class Number of Concentration | Compounds observed
compounds Range (ug/L)
observed

Steroids 10 0-15 17-alphaEstradiol, 17kEstradiol 3sulfate, 17beta-Estradiol, 3beta-Coprostanol, 4
Androstene3,17-dione, Cholesterol, Equilin, Estriol-ddlfate, Estrone, Progesterone

Phytochemicals 12 0-122 3-Methyl-1Hindole, betaSitosterol, betaStigmastanglCaffeine, Camphor, Daidzein,
Equol Formonentin Genestein Indole, Methyl salicylate,-@resol

Pesticides 5 0-0.68 1,4-Dichlorobenzene, Atrazine, Metolachlor, Pentachlorophenol, Prometon

Personal Care 11 0-15.8 4-Cumylphenol, Nonylphenol (all isomers), Acetophenone, AHTN, Benzophenene, D

Products Limonene, HHCB, Isophorone, NDkthytm-toluamide, Triclosan, Triethyl citrate

PAHs 10 0-27 2,6-Dimethylnaphthalene, -Methylnaphthalene, 9,1\nthraquinone, Anthracene,
Benzea-pyrene, Carbazole, Fluoranthene, Phenanthrene, Phenol, Pyrene

Mycotoxins 3 0-0.073 Beauvericin, Deoxynivalenol, Zearalenone

Industrial chemicals 9 0-2.19 5-Methyl-1H-benzotriazole, Chloroethylphosphate, Diethyl phthalate, FYROL FR 2, TE

Tetrachloroethene, Tribromomethane, Tributyl phosphate, Triphenyl phosphate

Cumulative organics 60 0.09-156 B USGS
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Cumulative concentrations of organji
and inorganic contaminants

A B

. 10,000+ B
— - - - —
= 120 4 | 2 8,000 |
3 _9 o 7 b s s
g | : |
c
© 80 A o
E) o
c
Cc)n 40 - ® I ; L I A Pinelands Preserve impoundment; Photo credit: John
el L el a Bunnell, New Jersey Pinelands Commission
s 7, oo 3 o |
s /1 a | S 4,000
g LR N | § |
]

O b O
e T | S . - | ~
= 54 - 1 > 2,000
E I a (_; I a
>3
£ L v é - = - =

0 i
= 24 28 . 8 16 8 =8 24 28 8 16 8

T T T T T T T l T T T
Ref Deg Ref Above Below Ref Deg I Ref Above Below
Off-stream sites I On-stream sites Off-stream sites On-stream sites

‘ USG A Pinelands stream; Photo credit: Phakkan New Jersey

science for a changing world Pinelands Commission



On-Stream sites
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Contaminant

Onstream (streams/lakes)

grouping
trati Reference lakes Above WWTP Below WWTP
(ng/L)
Cumulative 490 (254,686) 2,710 (1,88Q6,640) 4,310 (2,35Q7,680)
inorganics

Toxic heavy metals

0.626 (0.4580.981)

1.40 (0.49@2.61)

1.42 (0.4182.19)

Metalloestrogens

112 (48.9140)

87.3 (58.6270)

89.9 (30.£245)

Cumulative organics

0.58 (0.091.49)

0.80 (0.2€3.19)

2.31 (0.6€6.41)

Steroids

0.20 (@;0.90)

0.25 (@1.8)

0.50 (0.000§0.80)

Phytochemicals

0.255 (©0.481)

0.310 (@1.92)

0.377 (0.764)

Pesticides 0 (0c0.01) 0 (0£0.68) 0 (0z0.64)
Personal care 0.10 (0.020.80) 0.09 (0.38) 0.59 (0.1¢2.96)
products

PAHSs 0 (0c0.09) 0.03 (@¢0.55) 0.11 (0.020.34)
Mycotoxins ND ND 0 (0;0.048)
Industrial chemicals 0 (z0.2) 0.05 (@0.54) 0.21 (0.062.19)




Contaminant

grouping
concentration
(Lg/L)

Reference
(n=3)

Degraded
(n=10)

Cumulative inorganics

654 (297.1,510)

966 (3644,250)

Toxic heavy metals

2.37 (0.8188.39)

1.54 (0.2485.48)

Metalloestrogens

197 (70.5814)

104 (21.@538)

Cumulative organics

4.04 (0.528.82)

4.80 (0.88Q156)

Steroids 0.865 (@4.20) 2.00 (@15.0)
Phytochemicals 0.930 (@3.86) 1.92 (@122)
Pesticides 0 (0z0.020) 0 (00.600)

Personal care products

0.170 (0.06Q1.95)

0.120 (€15.8)

PAHs 0 (0z2.17) 0 (0z27.0)
Mycotoxins 0 (00.002) 0 (0z0.073)
Industrial chemicals 0 (0z1.40) 0 (0z0.430)
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Point vs Nonpoint Sources
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| anduse and
contaminants

ALandscape alteration driver of
several contaminant
groupings in study area

APAH, industrial, and
cumulative inorganics
Increase with development

ACumulative organics, steroids,
phytochemicals, and
metalloestrogens increased
with agricultural laneuse.
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Upland Development
Agriculture

Cumulative Organics 0.30 --
Cumulative Inorganic: - 0.79
Pesticides -- --
Steroids 0.24 --
Industrial Chemicals -- 0.34
PAHs -- 0.39
Mycotoxins -- --

Personal Care -- --
Products

Phytochemicals 0.29 --
Heavy Metals - -
Metalloestrogens - -0.43




Streams Above & Below WWT

Frog and Fish Sampling
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Fish tesselated darters, redbreast
sunfish

Endpoints intersex, external
abnormalities, immune function
(parasite loads)
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Onlake sites
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Fish largemouth bass, black crappie,
blueqill

Endpoints intersex, plasma
vitellogenin (bass only), external
abnormalities, immune function
(parasite loads)
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Off-stream sites
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PARASITES IN THE LUNGS

Adult parasite
with young




LIVER OBSERVATOINS

+ Liver tissue '

aggregates
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Sunfish

Native Banded Sunfish

AFish collected from 2 reference lakes had parasites
In gill, liver, muscle and kidneys

ASex ratio = 19% male
Alntersex prevalence = 20%

Redbreast Sunfish

AFish collected below WWTP had higher condition
factor and eye parasites compared to fish above

ANo other differences

ALntIersex ranged from 7% above WWTP to 25%
elow

Sy, Sy S S T
- USGS Redbreast sunfish
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Tessellated Darter

Peripheral Species: Tessellated Darter (Etheostoma olmstedi)

ALonger and heavier above comparec
to below
* no swim bladder

ANo other differences s oo sa it

» current and oxygen
« absent from lakes

Alntersex = 0% SR AR .5 ¢ inchoslons

AParasite occurrence and diversity
was low compared to other fish
species

AMay nOt be aS SenSitive to InfeCtiOn , Ph;tocredit: John Bunnell, New Jersey Pinelands Commission.
despite changes in water quality
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Bluegill

Introduced Species: Bluegill (Lepomis macrochirus)

AHeavier and longer above
- introduced gamefish compare to below WWTP outfall

* circular nest

* male guards nest ANO Other dlfferences Observed

* up to 10 inches long
Alntersex:

A Above outfall = 7%

ABelow outfall = 0%

.4 - ™ 2 N Sl
Photo credit: John Bunnell, New Jersey Pinelands Commission.
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Black Crappie

Photo credit: John Bunnell, New Jersey Pinelands Commission.

AHeavier and longer above compared
to below outfall

AHiugherprevalence of liver and
spleen parasites above compared to
below outfall

ANo differences in sex ratio or
Intersex

Alntersex
A Above outfall = 43%
ABelow outfall = 50%
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