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Why the recent interest?

AP Probe Finds Drugs in Drinking Water

By JEFF DONN, MARTHA MENDOZA and JUSTIN PRITCHARD - Mar 9, 2008

ulsants, mood stabilizers
r -_uppll_z: of 1t least 41 million

: -:urrJd in quantities of
5 insist their

But the presence of so many prescription drugs — and over-the-counter medicines like
acetaminophen and ibuprofen — in g0 much of our drinking water is heightening worries
amaong scientists of long-term consequences to human health.

In the course of a five-month inguiry ted in the

the AP discovered that drugs have been detec
a ia

: of 24 major metropalitan areas — from Southern Califarnia to

||||-,|

How do the drugs get into the water?

~ 7 o €
2 USUIS
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Drugs are not the only
concern!

Bisphenol

~{ About Bisphenol A

uman Health & Safety
{ Environmental Safety ;

1. Scientific Publications

ress Room

SIS
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of BPA in everyday Sl
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he debate about one of the most commonly used
a has mowved quickly from biotech experts and
ors to moms and dads shopping in their

ry stores.

Join the Bisphenol-
A mailing list.

Final National

1emailaddress
lled BPA, can be
ks such as those
bottles, in the

CLICKE IMAGE
TO EMLARGE

The US Mational Toxicol
exposure to bisphenol A
no direct evidence for he
exposure to bisphenol A

MNTP's overall conclusion
ranging from ‘serious co
concerns for any age grg
for adult men and wome
from laboratory animal 5
effects on the mammary

Government
of Canada

R4

Home = The Challenge

Chemical Substances
in Canada

Canada's approach on
chemical substances
The Canadian
Environmental Protection
Act, 1999

Categorization

What is categorization?

How were substances
categorized?

Gouvernement
du Canada

Canada

Chemical Substances
an ecoACTION initiative

Contact Us canada.gc.ca

Government of Canada Protects Families With Bisphenol A
Regulations

On October 17, the Government of Canada announced it will immediately proceed with drafting

regulations to prohibit the importation. sale and advertising of polycarbonate baby bottles that contain r
bisphenal A (BPA). The Government will also take action to limit the amount of bisphenol A that is being [k
released into the environment.

See below for more information on the Government’s approach to bisphenol A:

a1 Government of Canada Pratects Families With Bisphenol A Requlations




Drugs are not the only

concern!
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USGS Interest In
pharmaceuticals began over
10 years ago...

Researchers looking for a pesticide in Swiss lakes
and the North Sea and found clofibric acid...

CH,
CI—@O COOH CIOO COOH
HXCH3 chfxc:H3
Mecoprop Clofibric Acid
(Herbicide) (Cholesterol Drug)

s SIS’ (Buser and others, 1998)



Organic Wastewater
Compounds (OWCs)

) PP
EDG >« Human Drugs e Antioxidants CP’S

 Vet. Drugs * Fire retardants
, * Antibiotics * Disinfectants ;
HAAS « Hormones * Fumigants PhAC S
'S o Steroids * Fragrances
@Q  Detergents * Insecticides/ ES's
O » Plastics Repellants
CEc 'S MP’s MC'S

2 U365
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Human Waste Pathways

* WWTPs

* CSOs >

* Septic Systems o
Chua

* Industry

e Landfills
e \Water Reuse

5.4/' o a0
—t )

SCIHGE it & Clidd: i wiond



Animal Waste Pathways

* Waste Lagoons
e Land Application
* Processing
e Aquaculture

%l :J -l:&
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USGS National Stream Survey

Are OWCs present Iin rivers?

ﬁ-'" B Shait m:ﬁr:_n.'llrﬂrrrn lrftr_'pjwsll- 3= i i

139 streams in 30 states e sl

i

Stream Reconnaissance 1999-2000

a US(S (Kolpin and others, 2002)

chonee o chawping Wy 11



USGS National Stream Survey

One or more chemicals were detected in 80% of

How much exactly is one part per billion?
- one drop In a rallroad tanker car

- one second over 32 years

- one hamburger in a chain of hamburgers
circling the earth at the equator 2.5 times

75% of the streams had more than one
50% had 7 or more
34% had 10 or more

a US(S (Kolpin and others, 2002)
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SW versus GW
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(Kolpin and others, 2002; Barnes and others, 2008)
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the water!

N

't look just

Don

O Water (30) B Sediment (36)
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It OWC concentrations are so
low, why all the fuss?
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Ecological Concerns

Toxicity

Uptake by organisms
Antibiotic resistance of
pathogens
Endocrine disruption

a USES Boxall and others (2006); Kinney and bthers (2005 and 2008)

SCIUHCE it & Cliai it worid 17


http://upload.wikimedia.org/wikipedia/commons/thumb/9/98/Corn_field_ohio.jpg/800px-Corn_field_ohio.jpg�

Antibiotic Resistance

- More than 50 million pounds of antibiotics are
produced annually in the U.S.

. 2510 75 percent of an antibiotic taken can be
excreted unaltered

- Many antibiotics are not completely removed
during secondary wastewater treatment

- Bacteria exposed to non-lethal concentrations of
antibiotics can develop resistance

s SIS’ (Kolpin and others, 2002)

18



Antibiotic Resistance

Most frequently detected antibiotics in water

(% of samples)

« Trimethoprim 27.4
« Erythromycin 21.5
« Lincomycin 19.2
« Sulfamethoxazole 19.0
 Tylosin (cattle and swine) 13.5

s SIS’ (Kolpin and others, 2002)
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Endocrine Disruption

* Natural and synthetic compounds
mimic or block the action of natural
hormones that may cause health
effects at the parts per trillion range

* Potential health effects include
 reproductive abnormalities
* behavioral problems
e Impaired immune functions
e Various cancers

= ‘/,/ 2 U eJ r-l [ 2
S AU
B ONIC 7
SCItHICE it & l-'f’iﬂliyjf;y wiurid


http://images.google.com/imgres?imgurl=http://www.usgs.gov/themes/FS-189-97/1.gif&imgrefurl=http://www.usgs.gov/themes/FS-189-97/&h=275&w=288&sz=11&hl=en&start=1&tbnid=nJr0ORbIWLYn3M:&tbnh=110&tbnw=115&prev=/images%3Fq%3Dfrog%2Bendocrine%26gbv%3D2%26hl%3Den�

-~ Analytical Methods

' Field sample collection

Overnight

Shipment Suriple

processed

[ on lce [l at 1S mL/min.

Field Filtration

Solid-phase extraction
and isolation

* High Performance Liquid
Chromatography / Mass
Spectrometry

e Gas chromatography / Mass
Spectrometry

5_/"//', l :J u ®d
= v P
S ONIO)
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Analytical Methods

67 Wastewater Indicators &USGS

Fragrances, detergents, dyes, ot oAty h 0. Gedogs Sy

Mabonal Walnr Chsly Lsbornlong—Dofsmination of

Winstiranlor Compoimas. by Polyralymiird-Dvyvansy S s

fuels, disinfectants, flame e o 0 e o

retardants, pesticides, herbicides, e ———

and 3 pharmaceuticals (menthol,
cotinine, and caffeine)

USGS PUBLISHED METHOD 13 Dot e e
Solid-phase extraction, gas -
chromatography / mass spectrometry

RL range of 0.08 to 5 ug/L

ANOTI
= US\aS
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Analytical Methods

18 Human Pharmaceuticals

Acetaminophen, albuterol
(asthma), caffeine, codeine,
cotinine, 2 antibiotics, other drugs

USGS PUBLISHED METHOD
Solid-phase extraction, high performance
liguid chromatography / mass spectrometry

RL range of 0.026 to 0.1 ug/L

Available online at www.sciencedirect.com

aclzuc:@nlngcr- JOURNAL OF
CHROMATOGRAPHY A

£280
ELSEVIER ] { Chromatography A, 1041

Determination of pharmaceutical compounds in surface-
ground-water samples by solid-phase extraction and high-per!
i chromat lectr ioni

Jeffery D. Cahill*, Edward T. Furlon,
Lany G

Abstract

Commonly used prescription and over-the-counter pharmaceutic
bient concentratior L 1In thi

nceof pharmaceuticals in U
asulting in a method thatcontain:

dard and more frequent ESI source maintenance minimized m:
several pharmaceuti o etected at 0.010-0, 10

~ o pa €
= US\aS
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Cahill and others (2004)
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Analytical Methods

33 Human and Veterinary Antibiotics

Fluroquinolines, macrolides (erythromycin),
sulfonamides, tetracyclines, 2 pharmaceuticals
(carbamazepine and ibuprofen), degradates, and
other antibiotics

USGS PUBLISHED METHOD
Liquid chromatography / mass
spectrometry

RL range of 0.005 to 0.1 mg/L

J_)_JJ Meyer and others (2007)

S‘WW Cliddizgi:g wovd
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Analytical Methods

19 Natural and Synthetic Hormones

Estradiol, cholesterol, progesterone, testosterone,
androsterone (anabolic steroid), mestranol (oral
contraceptives), equilin (equine estrogen and
hormone replacement)

USGS RESEARCH (CUSTOM) METHOD
Gas chromatography / tandem mass spectrometry

RL range is 0.8 to 4 ng/L

L&‘ J.)_JJ

“W Cliddizgi:g wovd
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Are these compounds
regulated?

Out of the 137 compounds included in the
previous analytical schedules, only three are
regulated

USEPA Maximum Contaminant Levels

. 1, 4-Dichlorobenzene (fumigant) @ 75 ug/L

- Benzo(a)pyrene (PAH from incomplete combustion) @ 0.2 ug/L
- Tetrachloroethylene (dry cleaning/solvent) @ 5 ug/L

USGS Health Based Screening Levels (HBSL)
- Bisphenol A (plastics) @ 400 ug/L

}_4', U (] r.l (M
S UIUe

EEAIOVUIC)
SCithive fol & Chidi:yig wovd
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SGS National Recon Il:
ntreated Drinking Water
ources

' EXPLANATION
HAWAII S : R
e 1; - & Ground-water sampling site

e " s
= & Surface-water sampling site

B et
PUERTO RICO

a US(S Focazio and others (2008)

SCiIiCe (b & Ciidi:ying worid 27



USGS National Recon Il

- 100 wastewater, pharmaceuticals, and
antibiotic compounds analyzed

- 63 detected at least once; however, 36
pharmaceuticals/antibiotics were not
detected In any water sample

- Median of 4 compounds were detected at
every site

- Concentrations were typically in the sub-
ug/L range

Focazio and others (2008)
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NJ Study of Drinking Water

Objective: ldentify the treatment steps that
are most effective at reducing
concentrations of OWCs

Approach: Obtain 12 samples at each of 6
sites In a drinking-water plant in a heavily
developed drainage basin

:UJQWJJ Stackelberg and others (2007)

2



NJ Drinking Water Plant

finished water

A

Site 6
2nd disinfection (Naclo)
(chlorine residual ~1.2 mg/L)
; Site 5
Filter backwash |, sand/GAC filtration
solids (t, = 1.5 -3 min)
t Site 4
disinfection (NaClO; t, = 200-300 min)
| Site 3
sludge f (FeCL; @ g(')igfr:;ﬁ_tl:)s 15-20 min)
1 Site 2
» source & recycled water
decant (H,SO,: pH 4.5-5.5)
t Site 1
screening
a USS solrce water Stackelberg and others (2007)

SCitlice Ul & Clidgiyli:g worid 30



NJ Drinking Water Plant

Influent
to composite

24-hour
composite
water
samples

N/

US> Stackelberg and others (2007) .

SCitlice Ul & Clidgiyli:g worid



NJ Drinking Water Plant

Concentration (%)
3 8 &8 & 3
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c
o
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3
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°
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x

o

clarification disinfection GAC filtration

Cumulative reduction in average concentration
through treatment processes

ﬁu_;g:; Stackelberg and others (2007)
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Water Plant

| —
C————————
. .
N
@)) . I
C —_—
| e
.~ ImEs
B @

Ink

NNEDJ|

filtration

GAC

[osaJo-d
auayla0iojyoeel
auousydozueq
auouinbeiyjue
a0 [Ayiely
[0Je)sajoyo

9jozequed
Jojyoe|olawl
uouizelp
|Aiequeon

1330

Joydweo

NLHY
g90HH

sualyueusyd
aualAd
auayuelony

d9.l
ddl
d30L
didlL
v Jouaydsig
d391

032d0O
dN

suidipayuocipAysp
OzHuAwoiyifua
aujuoo
uaydouiejeoe
gjozexouyjaliens
aulLyeo
suidazewequeo

(=]

o wn o
M~ wn [

(%) uonesjuasuo) abeiaay ul uononpay

pesticides

frags.

pharmaceuticals

retardants

degs.

33

Stackelberg and others (2007)

(13)

U3

SCitlice Ul & Clidgiyli:g worid

/-1/1"'
—



Ohio Studies

Great and Little Miami Rivers e

(N AWQ A) Water Quality in the

Great and Little Miami River Basins
Dhio and Indiana, 1999-2001

Sampled 29 small streams
with varied land use, a mixed-
land-use river (GMR at
Hamilton), and 25 urban wells

Analyzed for wastewater &
pharmaceutical compounds

R

i
£

_jf:,“r Rowe and others (2004)

b b Clisi:yit:g W 34



Ohio Studies

Great and Little Miami Rivers (NAWQA)

Detergents Personal

Drugs and

#
g5
o
=
(T
@

Animal or

Multiple-use

byproducts

plant
products

products

byproducts products

* Benzophenone

# para-Monylphenol

* A-fgrf- /\phenol

aine

Acetaminophen

1, 7-Dimet ithing

Sulfamethoxazole

Trimethoprim

Carbamazaping

* tri{2-Chloroethyl )jphosphate
# fri{Dichlorisopro
Ethanol, 2-buto

Cholesterol
3-beta-Coprostanol
Pherol
Anthraguinone
Triphenyl phosphate
% Bisphenol A

% Pantachlorophenol
#1 4-Dichlorobenzens

Small streams

Mixed-land-use river
n=100or13

Urban ground water

DETECTION FREQUENCY, IN PERCENT

~ o pa €
= US\aS
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Rowe and others (2004)

35



Ohlo Studies

Great Miami River Basin

14 surface-water sites
Greenville Ck Wildcat
Stillwater Boyer
GMR Indian Lake
Bockengahelas Creek
Stillwater Covington
Greenville Cr Croft Mill
Stillwater Horseshoe Bend

1 groundwater site
Troy Ml44

MIAMI
(CONSERVANCY
DISTRICT

Honey Ck at MCPD

Lost Creek

Stillwater Siebenthaler

Upper Great Miami R Huber Hts
Tawawa Creek

Loramie Ck Fort Loramie
Loramie Ck at Lockington Dam

2 USGES: Ekberg, Miami Conservancy District, 2005-2007

SCitlice Ul & Clidgiyli:g worid
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Ohio Studies

MIAMI
(CONSERVANCY
DISTRICT

Great Miami River Basin

Detections of

Acetaminophen |Ibuprofen
Caffeine Progesterone
Carbamazepine Sulfamethoxazole
DEET Testosterone
Esterone Triclosan
Estradiol Trimethoprim

Fluoxetine (Prozac) Triphenylphosphate

Gemfibroazil

Tris (1,3-Dichloropropyl-2)
Phosphate (TDCPP)

s U el r.. el
S AU

B ONIC
SCItHICE it & l-'f’imiyjf;y wiurid

Ekberg, Miami Conservancy District, 2005-2007
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Ohio Studies

City of Columbus and the Upper Scioto River Basin

Objective: determine
occurrence and
concentrations of
OWCs in source and
finished drinking
waters of Columbus-
area plants

a USIS Finnegan and others, USGS

SCitlice Ul & Clidgiyli:g worid 38



Ohio Studies

City of Columbus and the Upper Scioto River Basin

Surface Water Drinking Water Ground Water
(source and finished)
depth and width-integrated grab sample grab sample
collection
5 stream sites 3 water treatment plants 1 production well
sampled 3-4 times sampled 3-4 times sampled 2 times
- e

—
»

y *I
. _‘!.*
9

ﬁUSJS Finnegan and others, USGS

SCitlice Ul & Clidgiyli:g worid 39
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http://www.indymedia.ie/attachments/oct2006/taps.jpg�

Ohio Studies

City of Columbus and H= B

_ : , _ﬂ lue = Surface water
the Upper Scioto River |

Yellow =

e —— 0" C\aeT

Detections of waste- T —
source water

water compounds |
and antibiotics in ] Sy S i
both source and = i finished water
finished waters |

Powder Lick nr Somersville

Mill Creek Below Marysville

Date of sample collection

Scioto River at Dy

Big Walnut a

Number of Detections

EXPLANATION

[—JGroundwater [ Source waters from WTP
[—Jsurfacewater [__JFinish waters from WTP

Figure 7. Detections of antibiotic compounds in source and finished waters of the Sciota River Basin, central Ohia., 2005-06.

a US(S Finnegan and others, USGS

SCitlice Ul & Clidgiyli:g worid
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Ohio Studies

Tuscarawas River Basin

. Sampled 2 stream sites and
7/ wells for wastewater
compounds

« Surface water contained
detectable concentrations of
N,N-diethyl-meta-toluamide
(DEET) but did not contain
detectable concentrations of
any other wastewater
compounds

J_)_JJ Haefner and Simonson (2010)

euw Cliddizgi:g wovd
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Ohio Studies

Tinkers Creek, northeast Ohio

* Objective: assess the
occurrence & distribution of
OWCs at locations upstream
and downstream from 7
WWTPs and 2 reference
sites outside the watershed

e Used Polar Organic
Chemical Integrative
Sampler (passive samplers)

=2 1ISGS Tertuliani and others (2009)

iUl b Ciisi:yit:g wovid 42



Ohlo Studies

Tinkers Creek, Northeast Ohio

< USGS

sry b gy word

i ¢ aporstoem woith Bt Dbier 'Wase! Developmmern Ruhniry, Matsansd Fark Bervice; Dties ol lawsa,
Eadlord Ervslerd Homghts, Scira. asd Terimburg Partage and Sumeast Caprtien; e in colisbertizn
et e Ok, Eawir oot sl Proseciios Agency

Occurrence of Organic Wastewater Compounds in the
Tinkers Creek Watershed and Two Other Tributaries
to the Cuyahoga River, Northeast Ohio

B Number of compounds
detected

O Awerage of frequency of

detection at all stations (%)

Sciantific Investigations Report 2008-5173

1.8 Bipartanl o B kot v
W5 Goalogecal Survey

2 USGS Tertuliani and others (2009)

SCiIiCe (b & Ciidi:ying worid 43



Ohio Studies

Catalina Mobile Home Park, Butler County

Catalina MHP

o Partially treated
wastewater discharged
to unlined lagoons
since late 1960’s

* Objective: Determine If infiltration to
groundwater poses a public health threat

< UJLJJ

a‘o-enu Ut & clidd:yli:g worid

Kenah and others, Ohio EPA
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Ohio Studies

Catalina Mobile Home Park, Butler County

- GW samples detected sulfamethoxazole and
carbamazapine in boring and monitoring wells

« Distribution of detections consistent with chloride
and TDS plume geometry

. Within single boring, concentration of
pharmaceuticals decrease with depth

fUJ&J Kenah and others, Ohio EPA

45



: Ly C.d T C &L~ .
,g.“ i ,p ‘“\ SN _‘ T” A f_"“' & \“ ~ 28 Sulfamethoxazole in
nE- i rN e % ow W

*'7“.* f\"‘“"\“ y.\ f x,\ AR\ _1,““?& B Catalina MHP
1) “‘\\‘\\\ 4 s Wastewater Lagoons
000 and Boring Samples

N

A

0:014 90171 m o
=10/000 & 07757} 0057 R 1000 KL S Sulfamethoxazole
b Y TRE = Size of sample symbol is
proportional to concentration

Shallow Samples

©  Middle Samples

A Deep Samples
Sample Results (ppb)

0 Shallow Sample
[ 0 wMiddle Sample

0 Deep Sample

o Storm Water Lagoon

Wastewater Lagoons

a USIS Kenah and others, Ohio EPA

SCiGte 1ot & cligi:yicg worid



What have we learned about
OWCs?

 Present at sub-ppb concentrations in both
streams and ground water
 Present as complex mixtures

 Reflect a wide range of human activities

« Some compounds mobile and persistent
 Present in various environmental media (water,
sediment, tissue)

= // I l e r.l *d
as » ' I
SCIGHLE 10t & cliat:yitg wood
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What have we learned about
OWCs?

o Effects of endocrine disruptors on aquatic
organisms have been documented

o Little is known about human-health effects
assoclated with chronic exposure to trace
levels of OWCs

o Little is known about synergistic human-
health effects of combinations of compounds

= // I l e r.l *d
as » ' I
SCIGHLE 10t & cliat:yitg wood
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For more information...

- USGS Toxics Substances Hydrology Program
http://toxics.usgs.gov

Health Based Screening Levels
http://water.usgs.gov/nawga/HBSL/

« Ohio Water Science Center
http://oh.water.usgs.gov

al JJ_JJ

GMM Cliddizgi:g wovd
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Contact Information

Ralph Haefner

(Groundwater)
614.430.7709
rhaefner@usgs.gov

Water Quality
Donna Francy
614.430.7769
dsfrancy@usgs.gov

Columbus Project

Dennis Finnegan
614.430.7731
dpfinneg@usgs.gov

Surface Water
Greg Koltun
614.430.7708
gfkoltun@usgs.gov

Tinkers Creek / POCIS Project
John Tertuliani
614.430.7778
tertulia@usgs.gov

~ o pa €
= US\aS
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