We've talked about organics in
biosolids before

+ Dioxins/Furans

* Polyclorinated
Biphenols

+ Pesticides

In contrast-

Just about all of the
new orgahnics that
people are concerned
about are found in
common household
products

So why the fuss?

Why people are concerned?

Broadly-

Anti-microbials
Endocrine including
. antibiotics

Household ‘
products

Pharmaceuticals




Let's start with:
endocrine
disruptors

regulates body growth,
metabolism, behavior, sexual
development and function

the endocrine system

secretion of hormones by
ductless endocrine glands into
the bloodstream

hormones transported to
receptors where they trigger
responses

AGONISTS mimic hormones, bind o receptors producing
same response
ANTAGONISTS block hormones, prevent binding to
receptors and responses

Figure taken from eMedicineHealth.com The Endocrine System. 2005. Website
http://www.emedicinehealth.com/images/4453/4453-13250-37539-37611 Jpg

1990s - male trout in cages I
by WWTF outfalls developed
eggs in their testes

laboratory studies showed synthetic estrogen could
cause increased production of protein responsible
for egg production (vitellogenin ) as low as 1 ng/L

predicted no-effect concentration to fish for
synthetic estrogen of 0.35 ng/L (350 picograms/L)

1 ng/L equivalent to:
a single penny in $10,000,000,000
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Chemicals in Our Food, and Bodies

Your body is probably home to a chemical called bisphenol A, or
BPA. It's a synthetic estrogen that United States factories now use in
everythin,g from plastica to epoxi&s to the tune of six pounds per

Am

More than g2 percent of Americans
have BPA in their urine, and scientists
have linked it — though not
conclusively — to everything from

breast cancer to obesity, from
attention deficit disorder to genital

". abnormalities in boys and girls alike.

what are

some known
EDCs, and

what are

their fates in o
WWTFs




phthalate esters

pOSS | ble mec han IsmS Of r‘emOVCl| plasticizers - used in wide range of products from PVC fo cosmetics
Ta e
SIGNIFICANT  NOT SIGNIFICANT 2 ﬁi;? '
sorption to biosolids volatilization Ab.
+dependent on solid- *low Henry's constants
water distribution (ky) plastic toys pvc pipe detergents/surfactants
coefficient (k) ] ’ :
biodegradation chemical transformations g s %
-aerobic *hydrolysis, acid-base — e
anoxic *photocatalytic
anaerobic “precipitation paint pharmaceuticals printer ink
| phthalate esters | bisphenol A

monomer of polycarbonate plastics
adhesives, building materials, canned food liners, dental sealants,

ter bottles..
‘ not covalently bound in plastic, readily leach Y .Mf, ,er °

‘ 1-13 carbon alkyl chains ‘

:5\1 drinking water bottles adhesives canned food liner

*ballpark: pg/L in influent, <10% in effluent
~amount in biosolids varies with length of alkyl chain (10-70%)

dental composite fillings and CDs/DVDs
sealants

bisphenol A nonylphenol ethoxylates
non-ionic surfactants - detergents, pesticides, plastics, paint, liners,...
—O+O

*biodegradation mainly aerobic
*ballpark: pg/L in influent, ~70% biodegraded
*majority not biodegraded will be with biosolids

some chlorinated and biodegradation products are MORE
estrogenic than BPA

pesticides cosmetics




‘ nonylphenol ethoxylates

A~~~

8-12 ethoxylates

O

nonyl (8-10 carbon dlkyl)

‘ ~commercial mixture (technical nonylphenol) is >100 isomers

« ballpark: pg/L in influent, ~70% biodegraded
« majority not biodegraded will be with biosolids

nonylphenol

octylphenol

some breakdown products are more persistent & have greater
estrogenic activity

fragrance materials
include 2100 compounds, ubiquitous in consumer products

a‘;ﬁ
%

perfume/cologne

soap

toothpaste

cleaning products

| fragrance materials |

‘ nitromusks replaced natural musk ~50 years ago

ot
@)

‘ polycyclic musks less toxic, but more persistent ‘

=

celestolide

05

phantolide

ballpark: ng/L-pg/L in influent, majority sorbs to biosolids
musks are recalcitrant, ««50% biodegraded

galaxolide

estrogens
natural and synthetic

birth control pills

‘ ballpark: ng/L in influent ‘

natural estrogens

estrone (E1)

Testriol (E3)

17a-ethinylestradiol (EE2)

consumer goods

other?

microbial biocides

pharmaceuticals

triclosan

triclocarban

oxybenzone

octyl methoxycinnamate




Concentration ranges

Concentration Range Dry-
Analyte Weight (mg/kg)

Phthalate esters
Bis (2-ethylhexyl)

phthalate 0.66-310*

Bisphenol A 0.1-10
0.47+

Nonylphenol 2.2-1520

58.7(Australia)

Polycyclic musks 5-50

Estrogens

178B Estradiol NA*

NA(Australia)

How to measure?

I. Concentration
LC-MS-MS

+ $%%

Often BD in soil matrix
I. biological activity

In Vitro Estrogen Receptor Binding
Assays:

* recombinant estrogen-responsive cell line stably transfected
with an estrogen responsive luciferase reporter plasmid

Canadi

YEAST ESTROGEN SCREEN |

positive respanse

negative response

GEAD

“inoculated medium blanks

10Q E2 (17p-estradiol)

0.38 BPA metabolite
(4-methyl-2,4-bis(4-hydroxyphenyl)pent-1-ene(MBP))
0.25 phenolic resin
(4-(1-adamantyl)phenol (AdP))
0.05 BPA metabolite
(4,4-dihydroxy-a-methylstilbene (DHMS))
0.02 NP (nonylphenol)
0.001 BPA (bisphen

7

7

Yamaguchi et al. 2005

relative estrogenic potencies of pure chemicals...... \

‘major'h‘y due to estrogens

xenoestrogens

..and then extrapolate using known influent and
effluent concentrations




Hormonal activity in Biosolids Hormone Activities: Manures and Municipal Biosolids

Municipal Biosolids - Ontario
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biosolids

Canadi O e Canadi

. Insoil . So let's move on
Water Environment Association of Ontario

Pharmaceuticals detected in biosolid (ng/g)

. . . Triclocarban 8030 Amiodipine 120 Atorvastatin
+ Hormones- short half life in soils, no plant Cirofloxacin 5870 Norvorapamil 947 Gotine
up-‘-ake Trickosan 4880 Carbamazepine 943 Codeine
Norfloxacin 1750  Fluoxsting 898  Naproxen
+ Nonylphenol- short half life in soils, no plant Ofloxacin 1068 Valsartan 785  Hydrocodone
upTer Diphenhydramine 781  Verapamil 70.2 Ditiazem
Sertraling 497  Clarthromycin 674 Enrofloxacin
. h - Miconazols 477 Norfluceating 596 Gemfibrosil
Synthetic musks- no data e Mo bt
+ Bisphenol A- human health via land application 4Eptaracydine 385 Doxyoycine 424 EnfhromycinH,0
not a concern, no data on terrestrial toxicity ernesitag & il it =8
or persistence Iouprofan Propranclct Atorclol
. Triamianens Anhydrochloretracyciine Benztropine
+ Phthalates- slow to degrade - no evidence of Amphetamine 10-Obtamitriptytina Desmethyiiiszem 208
potential hazard in terrestrial systems Fiomive R i e s

Biosolids relative to effluent

Primary concerns
Understanding risk: Potential concerns.

Max release Release via

4
Chemical via effluent biosolids
kg

Caffeine 206160 75
Carbamazepine 3763 17
Ibuprofen 40250 69
Triclosan 4420 2690
Triclocarban 268 640




Aquatic is well defined risk

Concestrations in
Max tilewater
FICP G et r‘:h"l?dﬂumlr... | Tonicalogical endpaints {ug L'}
Naproxen 0.035 | ND-p8ss | 4900 KC,, Fivdri mitemmaia regeneration. {Qinn
| | et AL, 2008)

Acclamisophen | 0.233 ND-9.000 " 20100 LC, 48k acute exposuse Daphnis magna
(Han et al., 2006)

Truprofen 007 ND-24.56 44 3840 IC,, Hydra sttemuata regencration. {Quism

| | et al, 2008)

Catbarmarepine | 0,050 ND-2.300 544 160 {jup'kg sedimen) EC, pupation of
Chironamiur riparius (Octken et al., 2005)

Trihosan 0238 004327004 | 1200 (LOEC) Scenedesmus subspicanas. (Crvos
etal 2002)
05300 728 IC,,, Pseudokirchneriella
subeapitata. (Yang ct al., 2008)

Atemalol (R | o360 10000 (LOEC growth) Pimephales promelas
embryo. Winter ¢ al. 2008
33400 EC,,, Ceriodaphnia dubia (Fraysse and
Garric, 2005)

Trxclocarban Below LOQ | 0UT™ 17.000 T8 1C,,, Peeudodirchneriells mbcapiata
(Yang et al., 2008)

Gemfibrozl [BF. ND-0.7'% 00 IC,,, Hydra atsemuarta regencration (Quina ot
al., 2008)

Runoff potential -Ed Topp
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How about that tfoothpaste?
Antimicrobials

+ Triclosan-
- less persistent T,,,18-108 d
+ Triclocarban-

- more persistent <4% degraded in 7.5
months

- Bioavailability/extractability decreased
significantly over time

Future for antimicrobials and
antibiotics?

How Microbes Defend and Define Us

Cake
Long-term study
Xia et al., 2010
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Conclusions

Evidence for harm in aquatic systems
No evidence for harm in terrestrial
systems

Lack of data

Concern because of subtlety of
effects?




