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Yes...

des PLE
to prevent ABORTION,
PREMATURE LABOR

in ALL pregnancies . .

96 per cent live delivery with desPLEX
in one series of 1200 patients*—
— bigger and stronger babies, too. '

No gastric or other side effects with des PLEX

— in wither high or low dosage?*5

(Each desPLEX toblet starts with 25 mg. of diethylstilbestrel, U.5.P.,
which is then ullramicronized lo smooth ond accelerate absorption and
activity. A porlion of this ultramicronized diethylstilbestral is even in-
cluded in the toblet cooting fo assure prompt help in emergencies.
desPLEX tablets alse contain vitamin C ond certain members of the
vitamin B complex lo oid detoxification in pregnancy and the effectuo-
fion of estrogen.) 1
2 : For further data and a generous
trial supply of desPLEX, write to:

Medical Director

REFERENCES . X .t Am. 1. Dbar
. G r, Az N, T

& Gymee. 8313790, 1943,
. 8, L Med, 30:7811, 1930,

- BTRE, 1984
. 1933

Page 30 Am. J. Obst. & Gyn
dune, 1956

Figure 6-1 Anad promoting diethylstilbestrol addressed to obstetricians.



Diethylstilbestrol (DES)

«1940-1970 prescribed to

prevent miscarriage.

to prevent ABORTION, MISCA
PREMATURE LABOR

recommended for ré
in ALL pregnancies . .
96 per cent live delivery with desPLEX

egmesmemme " eContinued prescribed during
No gastric or other side effects with desPLEX
pregnancies until 1971.

*1953 found to be ineffective.

= in either high or low dosage*5

[Each desPLEX tablet starts with 25 mg. of diethylstilbestrel, U.5.P.,
which is then ullramicronized lo smooth ond accelerate absorption and
activity. A portion of this ultromicronized disthylsiilbestrel is even in-
cluded in the toblet cooting fo assure prompt help in emergencies,
desPLEX iablets also conlain vilamin C ond certoin members of the
vitamin B complex lo oid detoxification in pregnancy ond the effectuc-
tion of estrogen.)

For further data and a generous

trial supply of desPLEX, write fo:

Medical Director

REFERENCES 1 B M., ot ale Am. 1. Obsr. & Gymec, 85:1298, 1953,
1. Giemea, L., ite, A M. Y. S5 1 Med, 30,2813, 1930,
£ L 4. ASi1188, 1931
A, s D291, 1954; Am. I Sueg. 87/95, 1934,
3. 30, 1981, 45223, 1953,

“Brooklyn 26, N.Y.

Page 30 JAm. J. Obst. & Gyn
June, 1956

Figure &-1 Anad promoting diethylstilbestrol addressed to obstetricians.



DES — “Women”
e Increased risk of breast cancer.

DES — Daughters
e[ncreased risk of a rare cancer.

Yes...
des PLEX:
to prevent ABORTION, MISCAR
PREMATURE LABOR |

recommended for r&y
in ALL pregnancies . .

96 per cent live delivery with desPLEX
in one series of 1200 patients*—

DES — Sons
o e o o o s o e *Possible association with gender

= in wither high or low dosage*5
[Each desPLEX tablet starts with 25 mg. of diethylstilbestrol, U.5.P..
which is then uliramicronized o smooth and accelerate absorption and yS p O rl a an g e n I a
ochi 'I"p.‘ rlion of this ultrami even in-
cluded in the loblet cooting to t in e it Ll B
l‘_&lPLEx tablets alse contain vitomin C ond certoin members of the b I I I I t
\l_'l!umin B complex to oid detoxification in pregnancy ond the effectua- a n Or a I Ies L]
lion of esh -

For further data and a generous

triol supply of desPLEX, write to:
Medical Director

o M., ed el Am. J Obir. & Gyeec. 8301390, 1953,
1. Gitman, L., and Keplowits, A N, T, 30, 1 Med, 30:7811, 1930,

s DES — Third Generation
IPAN! i Brooklyn 26, N.Y. .ngher |nC|dent rate Of Il‘regU|al'
o =i menstrual periods

Figure &-1 Anad promoting diethylstilbestrol addressed to obstetricians.



-> prescribed as estrogen-replacement
until 1997.

to prevent ABORTION, Mi
PREMATURE LABOR |

recommended for ré

in ALL pregnancies . .

96 per cent live delivery with desPLEX

in one series of 1200 patients'—
— bigger and stronger babies, too.*'

No gastric or other side effects with desPLEX

— in aither high or low dosage?**

(Each desPLEX toblet starts with 25 mg. of diethylstilbestral, U.S.P..
which is then ullramicronized lo smooth and accelerate absorption and
aclivity. A pertian of this ullramicronized diethylstilbestrol is even in-
cluded in the roblet cooting ta assure prompt help in emergencies.
desPLEX toblets also conlain vitamin C ond certain members of the
vitamin B complex to aid detoxification in pregnancy ond the effectua-
tion of estrogen.)
& e For furiher dota and o generous
trial supply of desPLEX, write io:
Medical Director
. Conerie, E. M., ot ol &m. J. Obr. & Gymee. 831790, 1953,
Caman, wnd K, ire, A, T. ¥, L Med, 30:7013, 1930,
. &, 1952
9, e
M. OA, 4370, 195); 45:22), )

REFEREMCES

‘.’;!u.’. 1954
Brooklyn _26, MN.Y.

Fage 30 Am, J. Obst. & Gyn
dune, 1956

Figure 6-1 Anad promoting diethylstilbestrol addressed to obstetricians.



Endocrine Active Compounds (EACSs)

An exogenous chemical that causes
adverse health effects in an organism, or
Its progeny, conseguent to changes in the

endocrine function.




Complexity of the Endocrine System

HYPOTHALAMUS

Production of ADH,
oxytocing, and
regulatory hormones

PINEAL GLAND

Pelatonin

PITUITARY GLAND

PARATHYROID GLANDS
{on posterior surface of
thyroid gland)

Anterior lobe:
ACTH, TSH, GH, PRL,
FSH, LH, and MSH
Pasterior lobe:
Release of oxytocin

Parathyroid hormone (PTH)

and ADH

THYROID GLAND

Thyroxine (T4)
Triiodathyranineg (T )
Calcitonin (CT)

ADREMAL GLANDS
(cap each kidney)

Medulla:
Epinephrine {E}
Marepinephring {ME)
Cortex:
Cortisol, corticostarona,
aldosterone, androgens

GONADS

THYMUS

(Undergoes atrophy
during adulthood)

Thymaosins

HEART

(ANP)

(BNP)

Atrial natriuretic peptide

Brain natriurstic peptide

DIGESTIVE TRACT

Mumeraus harmaonas
(detailed in Chapter 25)

KIDNEY

Erythropoietin
(EFO)
Calcitriol

PANCREATIC
ISLETS

Insulin, glucagon

Testes (male):
Androgens (espeacially
testosterans), inhibin

Ovaries (female):
Estrogens (especially
estradiol), progesting,
inhikin

KEY TO PITUITARY HORMONES:

ACTH  Adrenccorticotropic hormaone
TsH Thyroid-stimulating homaona

GH Growth hormone

PRL Prolactin

FiEH Follicle-stimulating hormone

LH Lutginizing hormaone

MSH helanocyte-stimulating hormane
ADH Antidiuretic hormone




Endocrine Active Compounds (EACSs)

» Little change In the past 300+
million years.

» Hormones in fish and humans
are remarkably similar.

Estrogen Receptors

Estrogen target cell Non-target cell
(e.g, breast, uterine {contains no
lining, liver, etc.) estrogen receptor)

Estrogen —&
——— Tamoxifen

Estrogen
receptor

Hypothalamus

Pituitary Gland

A

Ovaries &
Testicles

1R}

y

‘ Reproduction & Behavior



Endocrine Active Compounds (EACSs)

This USGS Survey
Found:

22 Antibiotics
14 Prescription Drugs

5 Nonprescription Drugs
15 Hormones and Steroids
39 Household and Industrial

*Kolpin, Furlong, Meyer, Thurman, Zaugg, Barber, and Buxton, 2002, Pharmaceuticals, hormones, and other
organic wastewater contaminants in U.S. Streams, 1999-2000: A national Reconnaissance: ES&T, v. 36, p. 1202.



Drugs in the :
drinking water -

Tests have detected minute .
concentrations of pharmaceuticals,"
in the drinking water supplies oV’

least 46 million people in two “» ‘
dozen major American metropolita?\k

areas, an Associated Press k\ ’
investigation has found. The federal N
government does not regulate N
prescription drugs in water.



Endocrine Active Compounds (EACSs)

» A snapshot from effluents flowing into the Mississippi River:

Natural Estrogens: Synthetic Endocrine Active Compounds:
OH  Ethynylestradiol (birth control):
ﬁ e up to 3 ng/L
o nd-7.3ng/L ||* Nonylphenol (detergent):
17 pEstradol e up to 13,000 ng/L

1 Total alkylphenols: > 50,000 ng/L

Cé;b nd - 50 ng/L Combined Mood-altering drugs:

e e ~ 10,000 ng/L
OH Triclosan (anti-microbial): up to 318 ng/L

JC@--HOH Bisphen0| A (BPA) ~100-1,000 ng/L
HO

Estriol nd - 40 ng/L

nd = non-detectable; ng/L = parts per trillion




Endocrine Active Compounds (EACSs)

Common Endpoints

1. Vitellogenin — an egg yolk protein usually found in female
fish, but also produced in males when exposed to estrogens.




Endocrine Active Compounds (EACSs) —

Common Endpoints

2. Hlstology of the repodctlve tissues

R T I




Documented Environmental Effects -
Experimental Lakes Area — Ontario, Canada

- The potent estrogen Ethynylestradiol (EE2) at a concentration of
5ng/L was added to the lake during three consecutive summers
(2001-2003).




Age1-4

Age 0

Mo, B,
M R

{r'

12525

0.1+40.05
0.1+0.0TY

|
" Collapse of Filﬁh Population

2005

600

Fork Length (cm)

Kidd et al., 2007. PNAS



Documented Environmental Effects

Boulder Creek, CO
(Vajda et al. 2008)




Documented Environmental Effects

OG/' §

2,

North Shore Channel, IL

(Barber et al. In review)

North Shore c%

Total Estrogenicity: 9to 19 ng/L E2
Vitellogenin in Males: 1,000x control conc

Fish Sex Ratio: ~ 50% males

Intersex Frequency: 0% of males



Documented Environmental Effects

North Shore Channel, IL

(Barber et al. In review)

Total Estrogenicity: 9to 19 ng/L E2

Vitellogenin in Males: 1,000x control conc.

Fish Sex Ratio: ~ 50% males

Intersex Frequency: 0% of males

Boulder Creek, CO
(Vajda et al. 2008)

Total Estrogenicity: 11 to 31 ng/L E2
Vitellogenin in Males: 500x control conc.
Fish Sex Ratio: < 25% males

Intersex Frequency: 18 — 22% of males



f‘:a

1’ *Resources are most utilized by the human population.

56







Study Overview

A Comprehensive Assessment of the Potential for Endocrine Disruptors to
Impact the Reproductive Potential of Fish Populations in the Chicago
Area Waterway System

hase 1: Determining total
estrogenicity

Phase 2: Assessment of fish health
in resident populations

Correlation
Phase 3a: Caged fish studies - identifying source
contributions and biological impacts.
Identificatio

Phase 3b: MELT -
establishing
causality
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Sampling ._
] Design | i ‘?-;

emonthly sampling  {, > Sanitary
- at 45 sites for Ship Canal

estrogenicity "’:»9

« annual fish
- sampling at ~10
sites (carp, sunfish)

Lake Ca
¢
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caging of sunfish at - c

' ~10 sites =
A
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~
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Water Estrogenicity Sampling
24 Consecutive Months

Dec. I‘-’ehmar:,lI

Water Sampling

Collected water samples from
38 waterway locations and 7
Treatment Plants monthly.

Solid-phase extracted, eluded
and curated > 1,000 samples

Analyzed quarterly samples
for estrogenicity.

sample collected & curated |7 sample not collected | | estrogenicity analysis



In Vitro Endpoint — Estrogenicity

Add Luciferin l

I
o
{

- - »

et =1

:
| -
.

Read luminescence

Estrogenicity
Gradient

not measured

J\

J\

_ Only background estrogenicity
(natural sources)

| Elevated estrogenic activity
(expected with human activity)

High estrogenic activity (likely
= to result in physiological
response in fish)




[ Site ID April 2009 July 2009 May 2010 June 2010 September 2010
Estrogenicity P i _ Y ?
18 1 0 0 0 not measured 0
1 24 not measured not measured not measured 0 not measured 0
Gradient 2 = : - 0 = 0
35 3 3 3 5 0 1
36 2 0 2 not measured 0 3
37 2 4 1 0 2
nOt measu red 39 0 2 not measured 3 0 2
40 2 3 not measured 0 0 2
41 0 3 not measured 3 2 not measured
0 42 not measured 5 not measured 5 4 2
43 3 2 2 3 0 2
46 2 2 0 4 0 3
1 48 not measured 3 not measured 4 2 0
49 not measured 0 1 2 0 1
z 50 2 2 0 0 not measured 1
52 2 3 2 0 0 2
55 0 2 2 0 0 1]
3 56 0 not measured 2 2 0 2
57 1 0 2 not measured 0 2
58 2 2 0 2 3 1
4 59 2 3 2 2 0 not measured
7 2 5 N 2 e 3
5 74 2 0 not measured 2 0 2
75 1 5 not measured 0 3 2
76 s NN 2 3 0 3
_ 77 0 not measured 1 0 not measured not measured
78 2 5 2 3 not measured 3
79 5 0 2 0 0 0
80 2 2 1 0 0 0
86 1 3 not measured not measured 0 3
89 2 0 2 4 0 0
92 2 0 not measured 0 2 3
96 2 2 0 0 0 3
99 0 _ not measured 4 not measured 1
100 0 0 not measured 2 0 2
101 2 0 2 3 2
102 2 2 2 0 2
108 1 3 not measured 3 2 2
110 2 0 0 2 0 0
rpl 2 0 1 2 0 2
rp2 2 3 0 3 0 0
03 s I a 0 ;
rp4 0 0 0 3 0 4
rp5 2 4 not measured 4 0 3
rp6 3 3 2 4 2 4
rp7 2 2 1 3 0 2




[ Site ID April 2009 July 2009 May 2010 June 2010 September 2010
Estrogenicity P i _ Y ?
18 1 0 0 0 not measured 0
1 24 not measured not measured not measured 0 not measured 0
Gradient 2 = : - 0 = 0
35 3 3 3 5 0 1
36 2 0 2 not measured 0 3
37 2 4 1 0 2
nOt measu red 39 0 2 not measured 3 0 2
40 2 3 not measured 0 0 2
41 0 3 not measured 3 2 not measured
0 42 not measured 5 not measured 5 4 2
43 3 2 2 3 0 2
46 2 2 0 4 0 3
1 48 not measured 3 not measured 4 2 0
49 not measured 0 1 2 0 1
z 50 2 2 0 0 not measured 1
52 2 3 2 0 0 2
55 0 2 2 0 0 1]
3 56 0 not measured 2 2 0 2
57 1 0 2 not measured 0 2
58 2 2 0 2 3 1
4 59 2 3 2 2 0 not measured
7 2 5 N 2 e 3
5 74 2 0 not measured 2 0 2
75 1 5 not measured 0 3 2
76 s NN 2 3 0 3
_ 77 0 not measured 1 0 not measured not measured
78 2 5 2 3 not measured 3
79 5 0 2 0 0 0
80 2 2 1 0 0 0
86 1 3 not measured not measured 0 3
89 2 0 2 4 0 0
92 2 0 not measured 0 2 3
96 2 2 0 0 0 3
99 0 _ not measured 4 not measured 1
100 0 0 not measured 2 0 2
101 2 0 2 3 2
102 2 2 2 0 2
108 1 3 not measured 3 2 2
110 2 0 0 2 0 0
rpl 2 0 1 2 0 2
rp2 2 3 0 3 0 0
03 s I a 0 ;
rp4 0 0 0 3 0 4
rp5 2 4 not measured 4 0 3
rp6 3 3 2 4 2 4
rp7 2 2 1 3 0 2




[ Site ID April 2009 July 2009 May 2010 June 2010 September 2010
Estrogenicity P i _ Y ?
18 1 0 0 0 not measured 0 {
G ra d ie nt 24 not measured not measured not measured 0 not measured 0
29 2 0 1 0 0 0 <
35 3 3 3 5 0 1
36 2 0 2 not measured 0 3
37 2 4 1 0 2
nOt measu red 39 0 2 not measured 3 0 2
40 2 3 not measured 0 0 2
41 0 3 not measured 3 2 not measured
0 42 not measured 5 not measured 5 4 2
43 3 2 2 3 0 2
46 2 2 0 4 0 3
1 48 not measured 3 not measured 4 2 0
49 not measured 0 1 2 0 1
z 50 2 2 0 0 not measured 1
52 2 3 2 0 0 2
55 0 2 2 0 0 0
3 56 0 not measured 2 2 0 2
57 1 0N 2 not measured 0 2
58 2 y 4N AN 0 2 3 1
4 59 2 3 N 2 2 0 not measured
7 : 5 \ e 3
5 74 2 I 0 \not measured 2 0 2
75 1 J | 5 Yot measured 0 3 2
B - 3 - :
77 0 not measured 1 0 not measured not measured
78 2 5 2 3 not measured 3
79 5 0 2 0 0 0
80 2 2 1 0 0 0
86 1 3 nolimeasured not measured 0 3
89 2 0 | IE 4 0 0
92 2 0 notimeasured 0 2 3
96 2 2 0 0 0 3
99 0 _ nofimeasured 4 not measured 1
100 0 0 nojl measured 2 0 2
101 2 0 2 3 2
102 2 2 2 0 2
108 1\ 3 t measured 3 2 2
110 2 \ 0 J o 2 0 0
rpl 2 \ 0 / 1 2 0 2
rp2 2 3 / 0 3 0 0
rp3 3 3 4 0 3
rp4 0 0 0 3 0 4
rp5 2 N 4 S not measured 4 0 3
rp6 3 T —— 2 4 2 2
rp7 2 2 1 3 0 2




Mean
Estrogenic
Potency

6 of 7 WWTP in
upper 50% of —
estrogenic potency

Cv

Site ID Mean ng/L SD (SD/MEAN)*10
|| ow

24 0.00 0.00
18 0.06 0.13 223.61
77 0.32 0.56 173.21
29 0.37 0.59 162.23
49 0.39 0.48 124.79
56 1.03 1.79 173.19
57 1.48 1.74 117.04
55 1.50 2.98 197.84
110 1.66 2.76 165.99
80 1.74 3.23 185.51
74 3.15 4.10 130.37
100 3.27 4.63 141.58
rpl 3.33 3.57 107.36
50 3.58 3.60 100.72
92 3.64 5.30 145.76
36 3.79 5.16 136.03
96 4.48 6.87 153.44
52 4.53 4.95 109.25
40 5.10 8.38 164.30
59 5.17 5.55 107.37
39 5.75 6.12 106.59
58 5.85 5.96 101.86
89 6.20 11.96 192.89
43 7.17 7.53 104.96
rp7 7.30 7.29 99.88
86 8.55 10.45 122.21
rp4 9.42 16.34 173.46
rp2 9.87 14.41 146.03
46 10.49 12.10 115.31
79 11.75 28.19 240.00
108 12.17 10.28 84.48
41 14.82 13.17 88.85
48 15.13 17.89 118.23
75 17.80 27.72 155.70
35 18.97 26.29 138.61
rp5 20.60 23.00 111.63
78 22.04 22.91 103.91
rp6 23.83 14.98 62.87
76 27.52 36.18 131.45
37 28.96 50.44 174.19
rp3 32.76 47.91 146.27
101 35.61 78.23 219.72
102 39.59 86.55 218.62 -
42 42.90 28.24 65.83 H I g h
99 52.20 84.51 161.89
73 56.01 96.08 171.54




6 of 7 WWTP in
lower 2/3 of_<
temporal variability

emporal ~
ariation

cv

Site ID Mean ng/L SD (SD/MEAN)*100 L OW
rp6 23.83 14.98 62.87
42 42.90 28.24 65.83
108 12.17 10.28 84.48
41 14.82 13.17 88.85
rp7 7.30 7.29 99.88
50 3.58 3.60 100.72
58 5.85 5.96 101.86
78 22.04 2291 103.91
43 7.47 7.53 104.96
39 5.75 6.12 106.59
rpl 333 357 107.36
59 5.17 5.55 107.37
52 4.53 4.95 109.25
rp5 20.60 23.00 111.63
46 10.49 12.10 115.31
57 1.48 1.74 117.04
48 15.13 17.89 118.23
86 8.55 10.45 12221
49 0.39 0.48 124.79
74 3.15 4.10 130.37
76 27.52 36.18 131.45
36 3.79 5.16 136.03
35 18.97 26.29 138.61
100 3.27 463 141.58
92 3.64 5.30 145.76
rp2 9.87 14.41 146.03
rp3 32.76 47.91 146.27
36 2.48 6.87 153.44
75 17.80 27.72 155.70
99 52.20 8451 161.89
29 0.37 0.59 162.23
40 5.10 838 164.30
110 1.66 2.76 165.99
73 56.01 96.08 171.54
56 1.03 1.79 173.19
77 0.32 0.56 173.21
rp4 9.42 16.34 173.46
37 28.96 50.44 174.19
80 1.74 3.3 185.51
89 6.20 11.96 192.89
55 1.50 2.98 197.84
102 39.59 86.55 218.62
101 35.61 78.23 219.72 .
18 0.06 0.13 223.61 H I g h
79 11.75 28.19 240.00
24 0.00 0.00




Water Chemistry — Salt Creek

Nonylphenol

160
140
120
El
. EE2 A
S E2B
(@)]
B 80 mE3
EE2
60 u BPA
Non
40
20
Busse Devon

Wolf



Water Chemistry — Salt Creek

18
E3
16
14
12 BPA
El
_1 10 B PA EE2 A
2 BPA E2B
8 mE3
EE2
6 m BPA
4
2
0 . .
Busse Devon

Wolf



Water Chemistry — North Shore Channel

20
18 BPA
16
14
12 El
I BE2 A
E” 10 E2B
mE3
. E2A
EE2
m BPA
6
E2B
4
BPA
2 . -
0 T

Oakton

Touhy



Water Chemistry — Sanitary & Ship Canal

45

40

35

30

25

E3

ng/L

E1l
BE2 A
E2B
BPA — mES
BPA =
m BPA

20

15

10

E2A

E2B
El EE2
0

“
Cicero

EE2

Harlem



Water Chemistry — Cal Sag Channel

Calumet Indiana Halstead SEPA 5



Water Chemistry — Total Estrogenicity

North Shore Sanitary & Cal-Sag

Salt Creek Channel Ship Canal Channel
304 i i i A i

Estradiol Equivalency [ng/L]




Calculated vs. Cell-based Total Estrogenicity

North Shore Sanitary & Cal-Sag

Salt Creek Channel Ship Canal Channel
5091 1 ' 1 1 'L 1 !

¥

I
<

W
<

N
(=]
1

Estradiol Equivalency [ng/L]

. EEQs calculated from water chemistry Cell-based estrogenicity




Water Chemistry - Summary

* A variety of estrogenic endocrine active compounds are
found throughout the study areas.

« WWTP effluent contributes to the presence of these
compounds.

» Cell-based estrogenicity results and water chemistry
suggest additional sources of estrogens in the Chicago
Waterways.
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Aquatic Toxicology

journal homepage: www.elsevier.com/locate/aquatox

Widespread occurrence of intersex in black basses (Micropterus spp.) from U.S.

rivers, 1995-2004
Jo Ellen Hinck®*, Vicki S. Blazer®, Christopher J. Schmitt?, Diana M. Papoulias?, Donald E. Tillitt?

2 U.S. Geological Survey (USGS). Columbia Environmental Research Center (CERC), 4200 New Haven Rd., Columbia, MO 65201, USA
b National Fish Health Research Laboratory, USGS Leetown Science Center, 11649 Leetown Rd., Kearneysville, WV 24530, USA

Fall

Caged
™ Sunfish

ARTICLE INFO ABSTRACT
Article history: Intersex occurrence in freshwater fishes was evaluated for pipe rive in the United States Testlcu]ar l/ f
Received 10 June 2009 oocytes (predominantly male testes containjg
Received in revised form 29 July 2000 sex observed, even though similar numbef
Accepted 6 August 2009 Intersex was found in 3% of the fish collected: I

examined (25%) and in fish from 34 of 111 sites (31%). Intersex w4
Key wor_ds.' . . same site but was most prevalent in largemouth bass (Micropterus salmg
gr:rdol::;;f disruption mouth bass (M. dolomieu; 33% of males). The percentage of intersex fish pe
Fishes bass and 14-73% for smallmouth bass. The incidence of intersex was grea

e Dee

States, with intersex largemouth bass present at all sites in the Apalag
River Basins. Total mercury, trans-nonachlor, p,p’-DDE, p,p’-DDD, and tota
detected chemical contaminants at all sites, regardless of whether inte
genotype of the intersex fish was not determined, the microscopic appea
of mature sperm, and the concentrations of sex steroid hormones and
bass were males. Few reproductive endpoints differed significantly amor®s
vitellogenin concentration in males was not a good indicator of intersex presence. HI%
of the intersex condition to reproductive function will require a more quantitative me$
(e.g. severity index) rather than presence or absence of the condition. The baseline incide

Environment
Estrogenic

gonadal tissue in black basses and other freshwater fishes is unknown, but intersex prevalé
related to collection season, age, and endocrine active compounds in the environment. Interse
found in largemouth bass older than five years and was most common in 1-3-year-old male larg?
bass. The cause(s) of intersex in these species is also unknown, and it remains to be determined wh¥
the intersex we observed in largemouth and smallmouth bass developed during sex differentiatio:

early life stages, during exposure to environmental factors during adult life stages, or both.

Published by Elsevier B.V.

n United Ld 35

38 244

" 34

19 © 40
Y

14/2

Baseline [ 20/20 20/20 | 13/24

caged sunfish wild-caught fish

not attempted



Fish Analyses — Vitellogenin in Caged Sunfish

North Shore Sanitary &
Channel Ship Canal

al-Sag
Channel

alt Creek
b

o
A

Vitellogenin [ug/mL]
S
o
<

p<0.01 ANOVA w/ Tukey's post-test



Fish Analyses

Lk p<0.01 ANOVA w/ Tukey's post-test

3004

Vitellogenin [ug/mL]
N
=]
o

1001

Upstream WWTP Downstream



Fish Analyses

Salt Creek - Seasonal Changes in Vitellogenin Concentrations
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Vitellogenin [ug/mL]

o
L

Fish Analyses

N. Shore Channel - Seasonal Changes in Vitellogenin Concentrations

6007 Oakton i, _N. Shore WWTP i Touhy ,
2 =
S 8 & ¢
o o g g CED %
2 & ¢ g o S & & ¢
400- g g’ & > & a
F & & 58 F

200-

Time —Time b—p —Time p—»

p<0.01 ANOVA w/ Tukey's post-test



Fish Analyses

Sanitary & Ship Canal - Seasonal Changes in Vitellogenin Concentrations

6009 Cicero i, Stickney WWTP Harlem ,
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Fish Analyses

Caged (red) vs. Wild-caught (green) Sunfish at Each Site

10004 }'

5004 1 T l

Vitellogenin [ug/mL]

Illcaged Sunfish Wild Sunfish




Caged (red) vs. Wild-caught (green) Sunfish by Site
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Fish Analyses

Caged (red) vs. Wild-caught (green) Sunfish
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Mobile Exposure Laboratory Deployment - MELT

- Establishing causal relationships between observed endocrine disruption
and sources in the Chicago Waterways.

- Deployments at Stickney (Sept’10)
- 0%, 25%, 50%, 100% effluent and 30 ng/L estradiol positive control
- 12 day exposures of mature male fathead minnows




Mobile Exposure Laboratory Deployment - MELT
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Fish Analyses - Summary

 In congruence with estrogenicity and water chemistry, fish
In the study area are exposed to estrogenic endocrine
active compounds.

* Resident fish exhibit greater expression of biomarkers of
exposures - indicative of longer exposure periods.

e Seasonality in estrogenic responses is visible but not
easily resolved — awaits further analysis.

« A signal of WWTP effluents is visible in the fish data,
however, it is overlaid by other exposure sources — these
need to be explored.




Final Thoughts.....

e Urban aquatic ecosystems are exposed to biologically
active compounds through multiple pathways — including
treated wastewater effluent.

- Understanding other pathways is essential.

* Fish are impacted by these exposures to a varying degree.

- ldentifying vulnerable habitats, species, and life
stages will add critical knowledge.



Final Thoughts.....

 Remediation will require a comprehensive approach that

Involves education as much as technology.
—> The public is willing to contribute if given the

opportunity. Go t Drugs?

Turn in your unused or expired
medication for safe disposal
Saturday, April 30th

The MWRD will participate in National Take Back Day (Saturday April 30, 2011) at
three locations from 10 am till 2 pm:

Stickney Water Reclamation Plant Calumet Water Reclamation Plant North Side Water Reclamation Plant
6001 West Pershing Rd. 400 East 130th St. 3500 Howard St.
Cicero, IL 60804 Chicago, IL 60628 Skokie, IL 60076

Collection will take place at the Main Gate House/Access control point at each location.
Additional information and locations can be found at www.dea.gov



Final Thoughts.....

« Academic - Industry collaborations can
provide effective mechanisms to identify
and remediate environmental concerns.

- The St. Cloud State University —
MWRDGC collaboration has been
outstanding — Thank You!




Protecting Our Water Environment

__-lﬂm-—_

Metropolitan Water Reclamation District of Greater Chicago

Many thanks ......
Industrial Waste Division
and Wastewater Research
for sample collection

« Analytical Laboratory
Division for sample

analyses 2t -
*Microbiology for laboratory 8 R
support Sjoring 2011

All MWRDGC staff Laﬁomtory Retreat

ﬂ\féy Nature Center
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