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Developments in Industrial Microbiology - 1970
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In fact, the concentrations of steroid hormones are 
decreasing to due modern wastewater treatment plants…

WHO Definition of an EDC

“ …an exogenous substance or mixture that alters 
function(s) of the endocrine system and 

consequently causes adverse health effects in an 
intact organism, or its progeny, or 

(sub)populations.”

“ Analysis of human data by itself, while generating 
concerns, has so far failed to provide firm 

evidence of direct causal associations between 
low-level   (i.e., levels measured in the general 

population) exposure to EDCs and adverse health 
outcomes.”

WHO. 2002. Global Assessment of the State-of-the-
Science of Endocrine Disruptors. World Health 

Organization, International Program on Chemical Safety. 
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EDCs: Mode of Action

• Estrogenic
– birth control - alkylphenols

• Androgenic
– testosterone - androstendione

• Thyroid-related
– perchlorate and nitrate

Thyroid HormonesThyroid Hormones
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California DHS California DHS –– Draft EN5Draft EN5
Steroids EDCs Pharms & Others

Ethinylestradiol Bisphenol A Acetaminophen
Estradiol Nonylphenol Amoxicillin
Estrone NPEs Azithromycin

Octylphenol Caffeine
OPEs Carbamazepine
PBDEs Ciprofloxacin

EDTA
Gemfibrozil
Ibuprofen
Iodinated CM
Lipitor (atorvastatin)
Methadone
Morphine
Salicylic Acid
Triclosan

Analytical Methods
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Recoveries in Various Waters
Using Isotope Dilution
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Wastewater Treatment Plant EffluentsWastewater Treatment Plant Effluents

Analyte ppt ppt ppt ppt ppt
Hydrocodone 256 232 14 <10 83
Trimethoprim 37 33 10 44 1.0

Acetaminophen <5.0 <5.0 7.8 19 <1.0
Caffeine 51 50 362 776 <10

Erythromycin-H2O 144 128 8.9 33 39
Sulfamethoxazole 878 831 3.8 <10 24

Fluoxetine 19 18 <1.0 <10 52
Meprobamate 351 333 <1.0 <10 444

Dilantin 167 153 8.8 20 685
TCEP 388 376 92 205 213

Carbamazepine 221 205 73 147 433
DEET 193 191 6.4 21 39

Atrazine <5.0 <5.0 <1.0 <10 601
Iopromide 27 18 1340 4030 4.9
Naproxen 13 13 118 483 <1.0
Ibuprofen 19 18 82 137 103
Diclofenac 59 52 8.8 11 <1.0
Triclosan 101 78 6.3 <10 <1.0

US Drinking Water Occurrence 
(n=23)

Pharmaceuticals (20) Potential EDCs (26) Steroid Hormones (5)   Phytoestrogens (11)

Raw Water Finished Water

Atenolol Atrazine Estradiol Apigenin
Atorvastatin Benzophenone Estrone Biochanin A
o-Hydroxy atorvastatin BHA Ethinylestradiol Chrysin
p-Hydroxy atorvastatin BHT Progesterone Coumestrol
Carbamazepine aaaa-BHC Testosterone Daidzein
Diazepam bbbb-BHC Equol
Diclofenac gggg-BHC Formononetin
Dilantin dddd-BHC Genistein
Enalapril Bisphenol A Glycitein
Fluoxetine Butylbenzyl phthalate Matairesinol
Norfluoxetine DEET Naringenin
Gemfibrozil Diazinon
Meprobamate Dioctyl phthalate
Naproxen Galaxolide
Risperidone Linuron
Simvastatin Methoxychlor
Simvastatin hydroxy acid Metolachlor
Sulfamethoxazole Musk ketone
Triclosan Nonylphenol
Trimethoprim Octachlorostyrene

Octylphenol
TCEP
TCPP
Tonalide
Traseolide
Vinclozolin
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Blanks and Blanks and ngng/L/L
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0 20 40 60 80 100

Carbamazepine

Dilantin

Diazepam

Meprobamate

Fluoxetine

Caffeine

% Removal

UV 40 mJ Ozone 2.5 mg/LChlorine 3.5 mg/L

Clark County Clark County 
Water Reclamation DistrictWater Reclamation District

Projects 04-007 & 06-012 ªAdvanced Oxidationº
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Jun-05 Jan-06 Jan-06 Jun-05 Jan-06 Jan-06

Target Compound ng L -1 ng L -1 ng L -1 Target Compound ng L -1 ng L -1 ng L -1

Androstenedione <1 1.6 2.4 Ibuprofen 19 5.6 15
Caffeine 51 21 31 Iopromide 22 139 45
Carbamazepine 210 139 139 Meprobamate 332 796 737
DEET 188 133 123 Musk Ketone 133 NM NM
Diclofenac 54 73 71 Naproxen 13 25 71
Dilantin 154 143 110 Oxybenzone 6 <1 3.0
Erythromycin 133 162 149 Sulfamethoxazole 841 669 695
Estr iol <5 5.7 <5 TCEP 373 235 187
Estrone <1 5.4 20 Testosterone <1 1.8 <1
Fluoxetine <1 14 11 Tr iclosan <10 35 58
Galaxolide 1170 NM NM Tr imethopr im 35 191 229
Gemfibrozil <1 16 567
Hydrocodone 240 199 161 EEq* 0.63 1.00 3.17

CCWRD Av. Conc.CCWRD Av. Conc.

Jun-05 Jan-06 Jan-06 Jun-05 Jan-06 Jan-06
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Carbamazepine 210 139 139 Meprobamate 332 796 737
DEET 188 133 123 Musk Ketone 133 NM NM
Diclofenac 54 73 71 Naproxen 13 25 71
Dilantin 154 143 110 Oxybenzone 6 <1 3.0
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Estrone <1 5.4 20 Testosterone <1 1.8 <1
Fluoxetine <1 14 11 Tr iclosan <10 35 58
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Gemfibrozil <1 16 567
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CCWRD CCWRD 
shade = <MRL @ 3 mg/L Oshade = <MRL @ 3 mg/L O33
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Difficult to OxidizeDifficult to Oxidize
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But But what about the byproducts?what about the byproducts?

Pentoxifylline

Metolachlor

Galaxolide

TCEP

Musk Ketone Atrazine

ngng’’ss of theseof these¼¼ form form ngng’’ss of ?of ?

But But mgmg’’s of these form mgs of these form mg’’s of ?s of ?
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Relevance to Human HealthRelevance to Human Health
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Relevance to Human HealthRelevance to Human Health

Foods/Beverages

± Bottled water
± Soy sauce
± Beer
± Tea
± Coffee
± Apple/vegetable juice
± Milk (cow/soy based)
± Baby formula (cow/soy based)
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E-screen Assay

· MCF-7 breast cancer cell line proliferates in 
response to estrogenic compounds

· Developed by oncologists Ana Soto, Carlos 
Sonnenschein at Tufts University

»»»»

5.8 Liters Secondary 
Wastewater

(0.7 ng/L)

1 cup coffee 
(17 ng/L, 240 mL)

EEq Comparison
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6.4 Liters Secondary 
Wastewater 

(0.7 ng/L)

»»»»

EEq Comparison

Teaspoon of Soy Sauce 
(300 ng/L, 15 mL)

Soy Baby Formula
(1700 ng/L, 4 oz Bottle)

73 Liters of Secondary 
Wastewater

(0.7 ng/L)

»»»»

EEq Comparison
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Steroids Comparison

Glass of Milk 
(3800 ng/L, 240 mL)

34 Gallons Tertiary 
Wastewater

(7.2 ng/L)

»»»»

http://jecfa.ilsi.org

= 50 = 50 ngng/Kg = 3500 ng/70 Kg person/Kg = 3500 ng/70 Kg person
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What does it mean?
One Way to Think About Preliminary Results (Human)

What will we find at pg/L, fg/L, åg/L?

Developments in 
analytical technology 
will allow the detection 
of more contaminants 
at lower levels¼

Today’s non-detect will be 
tomorrow’s emerging 
contaminant!
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The Wor ld’s Ten Largest Countr ies in Population† 
 

2006   2050 

Country 

 
Population 

(millions)   Country 
Population 

(millions) 
  China 1,311   India 1,628 
  India 1,122   China 1,437 
  United States 299   United States 420 
  Indonesia 225   Nigeria 299 
  Brazil 187   Pakistan 295 
  Pakistan 166   Indonesia 285 
  Bangladesh 147   Brazil 260 
  Russia 142   Bangladesh 231 
  Nigeria 135   Dem. Rep. of Congo 183 
  Japan 128   Ethiopia 145 
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Key Messages
· Pharm/EDC have been document in water for >40 years

±Harvard U. published first article on steroids in 1965

±EPA published the first article on pharmaceuticals in 1975

· Lists of pharmaceuticals available

· Lists of EDCs are speculative ± NO definitive list

· A diversity of methods can be applied

±Sensitivity in sub-ng/L is becoming routine (0.0000000001g/L)

±Blanks are a limiting factor (QA/QC critical)

±Detection limits should be based on health (not publicity)

±Without toxicological based limits, ND is meaningless

· Nitrate and EDC/Pharma occurrence is related
± Nitrate also can mean higher oxidant demand/decay
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Key Messages

· Using EPA risk assessment paradigm and available data

±Calculated DWELs are far above occurrence levels

±Conservative safety factors used (300-1000x) ± mixtures

· Ecological concerns must be addressed

± Population effects vs. biomarkers (history of occurrence)

· We should strive for cleaner & safer water

± But remember the public will bear the costs

± Cost benefit analyses are important

· CCWRD already has extremely low EEQ and pharms

± Don’t forget infrastructure & disinfection byproducts

· Sustainability ± Climate Change ± Power ± Solvents 

Shane Snyder , Ph.D.
shane.snyder@snwa.com


