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Shedding light on potential
toxins that lurk in blood and
breast milk

Fomey . . New“one-shot” analysis
£ I"  quickens identification of
flame retardants by five

_I Flame

UB chemistry professor Diana Aga, left, and chemistry doctoral candidate Deena Butryn
exomine blood and breest milk samples using the one-shot method. Credit: Douglas
Levere.




What are Emerging Contaminants

» QOccurrence in the environment has been reported only in the last 20 years
» Cause adverse ecological and human health effects at very low levels
 Man-made and naturally occurring chemicals

« Antibiotics and other pharmaceuticals
» Personal care products

« Estrogens and other hormones
 New Halogenated flame retardants
 Engineered nanomaterials




Environmental Impacts of Emerging Contaminants

Estrogen knocks out fish in whole-lake experiment

For the first time, scientists have western Ontario—a pristine wilder-
demonstrated in a natural lake ness of lakes and boreal forest on
ecosystem that the synthetic estro- granite bedrock known as the

gen found in birth control pills can Canadian Shield, says Karen Kidd,
cause the collapse of fathead min- ecotoxicologist with the Canadian
now populations. The findings sup- Department of Fisheries and
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Dozens of researchers in acade-
mia and government in the United
States and Canada tracked changes
in the populations and physiology
of fish, bacteria, phytoplankton,
zooplankton, and insects in Lake
260 and several reference lakes
both before and during estrogen
additions, Kidd says. Although pre-
liminary results do not yet point to
dramatic changes in the lower lev-
els of the food web, fish are clearly
stressed.
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A researcher adds estrogen to Lake 260, Fathead minnows, which live
a pristine lake in Canada. just 2-3 years, once numbered
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Important Milestones on Emerging Contaminants Research

1970. Synthetic estrogens detected in
wastewater by colorimetric reactions [11]
]

1974_ DBPs identification by GC/MS
in water chlorination [12]

1975. Pharmaceuticals & other

1892 Clofibric acid detected in
groundwater by GC/MS [16]

1993-1994 . Link between sewage
effluents and endocrine effects [18, 19]

2002. US survey of organic contaminants
in streams (GC/MS and LCMS) [1]

1994. Clofibric acid
detected in
drinking water [18]

1970 1975 1980 ’985 !993 !995 2000 2&5 2010 2015

1965. Estrogens in wastewater pollutants detected in wastewater
by UV absorbance [9] by GCMS [2]
ECs research
I o }
1950 1955 1960 1965
Instrumentation
highlights 1984 ESI[15]

1953. Quadrupole 1968. GC/MS single 1978. QqQ MS [14] 1

mass analyzer by quadrople [10]

Wolfgang Paul [8]

lon spray — QqQ [3.4]

1977. Commercial LCMS
interface: moving belt [13]

Noguera-Oviedo, K.; Aga, D.S. Journal of Hazardous Materials, 2016, 316, 242-251

1989. Commercial LCMS/MS:

1994. Q-TOF MS [6]

1.0a-TOF MS [5]

2005. Commercial Orbitrap™ [7]



Two Decades of Publications on Emerging Contaminants
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Web of Science search entry: ((pharmaceutic* OR drug OR drugs) AND (effluent*OR wastewater* OR
waste water* OR river* OR stream* OR sedimen* OR (waterNEAR/8 pollut*))) OR ((emergent or emerging)
NEAR/5 contamina*) OR endocrin*NEAR/4 disrupt* OR estrogenic NEAR/4 (compound* OR chemical*).
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LESSON #1

Human pharmaceuticals and personal care products (PPCPs) are
Introduced into the environment because they are not completely
eliminated in treatment systems

Phamaceuticals, Hormones, and
Cther Organic Wastewater
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Recomaissance
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Differences in Efficiencies of Wastewater Treatment
Plants in Removing Pharmaceuticals

Environ. Sci. Technol. 2005, 39, 5816—5823

many surface water resources that receive discharges from

Removal of Antihiotics in
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municipal wastewater treatment plants (WWTPs) and ag-
ricultural runoff (3—6). A recent study showed that as high
as 4 ug/L tetracycline and 1.2 ug/L chlortetracycline have
been detected in municipal wastewater (7). Further, a
reconnaissance study by the United States Geological Survey
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Enhanced Biodegradation of
lopromide and Trimethoprim in
Nitrifying Activated Sludge'

processes available for each stage of treatment. Several reports
have shown that the current wastewater treatment proce-
dures do not completely eliminate many of these micro-
contaminants (4—9).

Recently, there has been an increased effort to investigate
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Removal in Conventional Activated Sludge (CAS) and
Membrane Bioreactors (MBR)

—| CAS B

MBR —|C

Primary Sedimentation Tank

Celiz, M.D.; Pérez, S; Barcelo, D.; Aga, D.S. Journal of Chromatographic Science, 2009, 47, 19-25.




Trimethoprim Removal

~ 29 % removal for conventional activated sludge (CAS) &
~ >85 % removal for membrane bioreactor (MBR)

INFLUENT CAS MBR
Trnimethoprim

Celiz, M.D.; Pérez, S; Barcelo, D.; Aga, D.S. Journal of Chromatographic Science, 2009, 47, 19-25.




Carbamazepine Removal

No significant removal in CAS or MBR

(A
O)\NHZ

carbamazepine

INFLUENT CAS MBR
Carbamazepine

Celiz, M.D.; Pérez, S; Barcelo, D.; Aga, D.S. Journal of Chromatographic Science, 2009, 47, 19-25.




LESSON #2

Advanced Oxidation Process (AOP) followed by Biofiltration is a very
promising technology to mineralize recalcitrant pharmaceuticals

UV technologies combined

with H,O, generate hydroxyl
. radicals




Experimental Setup for AOP of Carbamazepine

1 mg/L “cold” CBZ + 0.262 mg/L “hot” CBZ
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Degrade H,0O, with

bovine catalase
Advanced oxidation: /
1800 mJ/cm? Activated sludge

10 mg/L H,0, biodegradation
(mixed liquor from WWTP)




Liquid Scintillation Counting of Samples After Biofiltration

A. Without UV/H,0, B. With UV/H,0,
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Radiochromatograms of CBZ after AOP-Biofiltration
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Keen et al. Environ. Sci. Technol. 2013, 6222-6227
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Enhanced Biodegradation of Carbamazepine after UV/H,0,
Advanced Oxidation
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The pilot system
At Boulder (CO) WWTP
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Pilot Scale System

R .y : l £ ‘.

.-.JF‘ ..;m':.\--‘r' g; '.1'_ ¢
Vi R s Biological Aerated Filters
. tank g A R

MP UV
Equalization

UV MP Reactor

UV LP Reactor

H,O, Injection




Operational Parameters

= UV dose 750 - 1500 mJ/cm?
= Nitrate (native) 13.1 mg/L-N

Secondary effluent

b * Added H,O, =10 mg/L
LP
HZOZ
P>} > EM I \l/
e . J X
MP H,0,
Flow regulator \L
< FM I
Flow meter X

Sampling port
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Advance Oxidation Process for lopromide (IOP)

OH

10 mg/L “cold” IOP + 0.3 mg/L “hot” IOP

HO ﬁ \
SRR\

No treatment

v

Degrade H,0O, with

bovine catalase
Advanced oxidation: /
1800 mJ/cm? Activated sludge

10 mg/L H,0, biodegradation
(mixed liquor from WWTP)




Liquid Scintillation Counting After Biofiltration
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Biodegradable Transformation Products of lopromide

RO
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Application of Metabolite Profiling Tools and Time-of-Flight Mass
Spectrometry in the Identification of Transformation Products of
lopromide and lopamidol during Advanced Oxidation
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and Diana S. Aga*‘T
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ABSTRACT: The efficiency of wastewater treatment systems
in removing pharmaceuticals is often assessed on the basis of
the decrease in the concentration of the parent compound.
However, what is perceived as “removal” during treatment may
not necessarily mean mineralization of the pharmaceutical
compound but simply conversion into different transformation
products (TPs). Using liquid chromatography coupled to a
quadrupole time-of-flight mass spectrometer (LC-QToF-MS),
we demonstrated conversion of iopromide in wastewater to at
least 14 TPs after an advanced oxidation process (AOP) using
UV (fluence = 1500 mJ/cm?) and H,0, (10 mg/L). Due to
the complexity of the wastewater matrix, the initial experi-
ments were performed using a high concentration (10 mg/L) of iopromide in order to facilitate the identification of TPs. Despite
the high concentration of iopromide used, cursory inspection of UV and mass spectra only revealed four TPs in the
chromatograms of the post-AOP samples. However, the use of METLIN database and statistics-based profiling tools commonly
used in metabolomics proved effective in discriminating between background signals and TPs derived from iopromide. High-
resolution mass data allowed one to predict molecular formulas of putative TPs with errors below S ppm relative to the observed
m/z. Tandem mass spectrometry (MS/MS) data and isotope pattern comparisons provided necessary information that allowed
one to elucidate the structure of iopromide TPs. The presence of the proposed iopromide TPs was determined in unspiked
wastewater from a municipal wastewater treatment plant, but no iopromide and TPs were detected. Using analogous structural
modifications and oxidation that results from the AOP treatment of iopromide, the potential TPs of iopamidol (a structurally
similar compound to iopromide) were predicted. The same mass fragmentation pattern observed in iopromide TPs was applied
to the predicted iopamidol TPs. LC-QToF-MS revealed the presence of two iopamidol TPs in unspiked AOP-treated wastewater.

OH

HO Parent lopromide

/wtﬁ% i Lo

TP 789a O TP 789b
499% removed HO \)J\NH 499% removed

O TP 775 O

53% removed

N TE I

TP 635b

TP 635a 98% removed

40% removed

Singh et. al, Environmental Science and Technology 2015, 49, 2983-2990
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LESSON #3

Veterinary drugs are introduced into the environment through
land application of manure

Table 1. Manure Production per 200 Cows*

P?:bl?;'y Per Year (LB)
Feces and 24,100 8,800,000
Urine
Total Solids | 3,360 1,230,000
Volatile Solids | 2,800 1,020,000
Total N 126 46,000
Total P 26 9,610
Total K 812 23,600

*does not include wastewater and bedding
*estimates may increase with milk production

Manure as fertilizer

 Lower cost of crop
production

* Improve soil water infiltration
* Reduce soil erosion potential

http://www.epa.gov/agriculture/ag101 /printdairy.html




2013 Sales of Antimicrobial Drugs
Approved in Food-Producing Animals in the US

Class Annual Total (Kg)
Tetracyclines 6,514,779
lonophores (e.g. monensin) 4,434,657
Penicillins 828,721
Macrolides 563,251
Sulfonamides 384,371
Aminoglycosides 270,342
Lincosamides 236,450
Cephalosporins 28,337

Others (e.g. Polypeptides, Streptogramins) 1,527,646

US Food and Drug Administration, 2015. Summary Report: Antimicrobials Sold or Distributed for Use in
Food- Producing Animals.



Tetracycline concentration (Yg/kg)
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LESSON #4

Even advanced manure treatment systems do not remove
antibiotics, hormones, and antibiotic resistance genes

A 2,200-cow dairy with an advanced digestion facility that includes a pasteurization
step (1h, 67 °C), followed by a 22-day anaerobic digestion process.



Sampling Points in Advanced Digestion System
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Storage
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Antibiotics Used in Dairy Farms:
B-Lactams (penicillin, ampicillin, amoxicillin, ceftiofur, cephapirin)
Tetracyclines (oxytetracycline), Sulfonamides
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Target Analytes

Sulfonamide Antibiotics
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Target Analytes

Clarithromycin (CLA)

Erythromycin (ERY)
Surrogate Standard: N-Methyl *C Erythromycin
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Concentration ng/100mg dry weight

Gene Counts/gram sediment (normalized to 16s)
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A new system that
and and
manure solids into
clean sand, usable crop -
An a|y5| s of

clean enough to drink

making life a whole lot

lonophore in Manure
treated by Livestock
Water Recycling
(LWR) Unit

The system can extract up

TO DRINKABLE WATER to 70 percent of the water

out of the manure while
. aki 2 -lad and beddi and ati it back 1 | and, use- - - -
NERYER Sy ] e A o e i e leaving the nutrients in a

goes a” In on But once the separation system is refined and working, it definitely makes life a
- H whole lot easier for Nate Hartway, finance and environmental compliance manager t t t d f
nutrient reCYChng for McCormick Farms, Bliss, N.Y. The farm milks 2,000 cows and farms some 8,500 Se para e CO n Ce n ra e O rl I l .

BY JIM DICKRELL  acres of corn, alfalfa and potatoes. The operation spans five counties with some fields

up to 40 miles from the dairy operation.

McCormick Farms installed a Livestock Water Recycling (LWR) System a year
ago. And after some initial hiccups and start-up problems, the system is now operating
pretty much as designed and promised.

Manure-laden sand from three freestall barns is now being cleaned and can be
re-bedded just a month after processing. The nutrients in the manure are being sepa-

rated into lliirugrn/[)ui:nll and a pllosp]ml'lla/‘org;ml( matter components.

“Prior to installing the system, we were struggling to reclaim and clean-up the
sand,” Hartway says. The farm had been recycling water from one of its lagoons,
but the dissolved nutrients in the lagoon water stayed in suspension and created a
syrup-like goo that clogged up the liquid/solids separation press to the point where
nothing came out.

About the only solution was to completely drain the lagoon and start over with
fresh water. The logistics of doing that with the dairy still in operation were daunting.

After visiting dairies in New York and Michigan, Hartway and Jim MeCormick,
owner of McCormick Dairy, decided to go with the LWR System. “The Michig
dairy was sand bedded and had a set-up similar to us,” Hartway says. “That convinced £

us to go this route.” T
Sand flushed from the freestall barns goes through a sand lane where the largersand %
particles drop out. Then, the slurry is sent through a screen separator where the larger 8
manure particles are pressed out. ¥ 3 2

8 MAY 2016 dairyherdcom  DAIRY HERD



Sampling points in Dairy Farm with LWR

.. . Pre-LWR Installation
Liquid-Solid r———————— e I
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lonophore Concentrations in Solid Manure

Monensin
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lonophore Concentrations in Liquid Manure
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LESSON #5

Decrease in concentration of parent compound does not always
mean “removal”

17a-estradiol (17a-E2) 17B-estradiol (17B-E2) Estrone (E1)
Estrogens in Digester Manure (Winter)
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=
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S
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2 3000 OE1
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g 2000 OE2 beta
@]
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1] I [

Raw manure After pasteurization Post digestion



Inter-conversion of Estrogens During Anaerobic Digestion
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Transformation of EE2 by Ammonia Oxidizing Bacteria

Environ. Sci. Technol. 2009, 43, 3549-3555

Characterization of Metaholites
Formed During the
Biotransformation of
17a-Ethinylestradiol hy
Nitrosomonas europaea in Batch
and Continuous Flow Bioreactors
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Radiochromatogram Reveals Additional

Metabolites in Heterotrophic Cultures

Counts

20+

20 ' 30 |
Time [min]

Skotnicka-Pitak, et al. Environ. Sci. Technol. 2009, 43, 3549-3555



Importance of Transformation Products

Environmental Toxicology and Chemistry, Vol. 28, No. 12, pp. 24732484, 2009
* 2009 SETAC
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Critical Review

PHARMACEUTICAL METABOLITES IN THE ENVIRONMENT: ANALYTICAL
CHALLENGES AND ECOLOGICAL RISKS

Mary D. CerL1z, JERRY TS0, and DiaNAa S. Aga®*
Department of Chemistry, University at Buffalo, The State University of New York, Buffalo, New York 14260, USA

Environ. Sci. Technol. 2012, 46, 10485-10486

pubs.acs.org/est

o-l-_.,e Q'I'.-L..-I-....

Micropollutant Fate in Wastewater Treatment: Redefining “Removal”
Lauren B. Stadler,*’T Alexi S. Ernstoffft Diana S. Aga,§ and Nancy G. Love'

TLDepartment of Civil & Environmental Engineering, University of Michigan, Ann Arbor, Michigan 48109, United States
*Environmental Health Sciences, School of Public Health, University of Michigan, Ann Arbor, Michigan 48109, United States
Department of Chemistry, University at Buffalo, The State University of New York, Buffalo, New York 14260, United States



LESSON #6

Emerging contaminants are spread in the environment and may
potentially reach food products consumed by humans

Biosolids
Application

Human Consumption






Pharmaceuticals Tested

Target pharmaceuticals available as OTC and prescribed medication
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~ N’O/ HO

o~ o) ’?\j/ ~
HZNQEL H
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HN“l Sulfamethoxazole
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Acetaminophen OH
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| NSAIDs/Pain Relievers
Diclofenac
O Dilantin
O)\NHZ o 3 INH (Phenytoin)
carbamazepine (0]
Anti-Convulsant | Anti Epileptic
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Use of Urine and Struvite as Fertilizer

Urine has naturally high levels of N,P,K, exact ratios are diet
dependent, but ~10:1:4

<1% of the total volume of
wastewater

WWTP

Precipitate as Struvite or
magnesium ammonium
phosphate

Direct use as liquid (MgNH,PO,-6H,0) and
fertilizer use as solid fertilizer




Lettuce and Carrot Sampling Set-Up

e Lettuce and carrots are sampled when “market” ready
 They are washed to simulate typical salad preparation
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Pharmaceuticals in Urine and Struvite
(using the same urine feedstock)

Concentration (ng/g struvite), (ng/mL urine)

3500

3000 H

500 ~

Ll

I Struvite
[ Urine

L]

I'='

ACT CAF TMP CIP DES A-SMX SMX ERY CBZ DIL NPX DIC IBU

Pharmaceuticals
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Pharmaceuticals in Lettuce

Pharmaceuticals in Lettuce Treated with Struvite and Urine

60
[ Struvite: Lettuce
I Urine: Lettuce
50 1 —
40 -
30 1

Concentration ng/g dry weight

20
10

ojjwﬁjﬂjjﬁiﬂﬁ

ACT CAF TMP CIP DES A-SMX SMX ERY CBzZz DIL NPX DIC IBU

|

Pharmaceuticals



Carrot Core and Peel

Pharmaceuticals in Carrot Treated with Struvite and Urine

350

T I Struvite: Carrot Core
I Struvite: Carrot Peel
[ Urine: Carrot Core
1 Urine: Carrot Peel

w

o

o
|

N

a

o
]

N

(=

o
]

]

=

(o)

o
1

100 - —

Concentration ng/g dry weight

a
o
|

T i
Ll g I gl

ACT CAF TMP CIP DES A-SMX SMX ERY CBZ DIL NPX DIC IBU

Pharmaceuticals "



Pharmaceutical levels in crops vs. tablets

_ 400
S 300
ggzoo
g 100
S 0
O

265.4 ug/kg=—> 26.54 ug/kg

Freeze dried: According to USDA avg carrot weighs ~ 122 ¢
Concentration

is 10x because
carrots are >90%
water Tylenol
0.122kgx _ tgblet ~500
26.54ug/kg
p. mg ACT

Must consume...
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LESSON #7

Challenges in the analysis of emerging contaminants limit our knowledge

Manure Sample Collection Sample Preparation

B — L i Sl e —— wr
-, B _.1 T
e e T

- T




Challenges in the Analysis of Antibiotics in Animal Wastes

Manure Sample Collection

B =, iy ]

0




Challenges in Antibiotic Analysis

PAPER www.rsc.org/jem | Journal of Environmental Monitoring

Addressing the challenges of tetracycline analysis in soil: extraction,
clean-up, and matrix effects in LC-MS

Seamus O’Connor, Jonas Locke and Diana S. Aga*

Received 31st July 2007, Accepted 31st July 2007
First published as an Advance Avticle on the web 14th August 2007
DOL: 10.1039/b711731k

/N\ OH « Anhydrochlorotetracycline (ACTC

Demeclocycline (DMC)




Accelerated Solvent Extraction (ASE) of Solid Samples

70 a)
. %07 1 i pH 4 OTC
Oxytetracycline I pH8OTC
50
40 H
30 1 —Ir
o 201 | :
Chlortetracycline § { ﬂ w
a
g D T T T T 1
5 0 20 40 60 80 100 120
100 b)
I pH 4 CTC
80 - 1 pH8CTC
60 { }
40 4 |
) __ |i |>| E[‘
0 ’i T T T T 1
0 20 40 60 80 100 120
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Sample Clean-up by Solid-Phase Extraction (SPE)
iz i
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50uL of 500ppb standard

Lyophlllzatlon (natives and surrogates)
\
. . \ \l/
Pulverization r 3
and 0.1 g manure
. . (Hoetal. 2014)
__homogenization \ /
f . N
Extraction

| (3x5 mL 20:30:50 ACN/MeOH/Buffer) |

Dilution
| (Addition of 400 mL nanopure water) |

SPE Cleanup
(NH,:HLB - 0.5-1.0 mL/min)

Elution
(10 mL MeOH)

|

Evaporation & Reconstitution
(1.0 mL in 95/5:H,0 MeOH + 0.1% HA)

!

LC/MS/MS Analysis
(Standard Addition and isotope Dilution)
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Signal Interference from Co-extracted Matrix

1.2e+5
— MS
‘ —_— UV
1.0e+5 A OTC /1-CTC
N
8.0e+4 - -
| ep1-1-CTC
P
6.0e+4 - /a_CTC
J epi-a-CTC
S 4.0e+4 | /
[0]
2. /
< 20e+4 | J y
/
i\“ﬁ. ~— // \\--.___
00 4 ~TTmm——— - ——
2 4 6 8 10 12 14 16
Time (min)

O'Connor, S.; Locke, J.; Aga, D. S., Addresing the chalenges of tetracycline analysis in soil: extraction, clean-
up, and matrix effects in LC-MS. Journal of Environmental Monitoring 2007, 9, (11), 1254-1262.



Liquid Chromatography / Mass Spectrometry

« Single quadrupole
e |on-trap

e Triple quadrupole
e Time of flight

e Orbitrap

* Fourier Transform lon Cyclotron Resonance




Improved Limits of Detection (LOD) with Triple
Quadrupole (QQQ) MS

1

Compound |_|8?> t(rnZF/)L) LO([?)((gn%/L)
Acetaminophen - 2.0
Caffeine 71 2.0
Carbamazepine - 1.0
Ciprofloxacin 30 31
Diclofenac - 17
Erythromycin 75 9.0
Ibuprofen - 4.0
Naproxen - 6.0
Sulfamethoxazole 83 1.0
Trimethoprim 91 29

I Batt, A.L. and D.S. Aga, Simultaneous Analysis of Multiple Classes of Antibiotics by lon Trap LC/MS/MS for
Assessing Surface Water and Groundwater Contamination. Analytical Chemistry, 2005, 77, 2940-2947.



Avoiding “false positives” using MS/MS

24.6 522.0

C. Erythromycin-H,O
Spiked Distilled Water
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lonization Suppression by Manure Matrix

Relative Abundance

100 -
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T L I& T T J} T 1 1 1 1
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Quantification by Isotope Dilution

Measurement of analyte mixed with known amount of
Isotopically-labeled analyte (*H or 13C)

Sarnnle (1) Take

Q J/) allquut

(2) Add labeled

int. std. /

e |

-

(4) Clean up,

(3) Solubilize derivatize,

e

etc. concentrate

—
(5) Inject
(6) Measure ion ratio into the mass
of analyte versus spectrometer
internal standard
> - analyte, M
@ __~int. std., M+x
L
i=

time



LESSON #8: No “One-Size Fits All” Method

J O URMHNAL

AGRICU LTURAL AND
FOOD CHEMISTRY (2011, 59, 2213-2222) pubs acs.rgIAFC

Simultaneous Analysis of Free and Conjugated Estrogens,
Sulfonamides, and Tetracyclines in Runoff Water and Soils Using
Solid-Phase Extraction and Liquid Chromatography—Tandem Mass
Spectrometry

Jerry Tso,” Sudarshan Dutta," Shreeram lna1ndar,§ and Diana S. Aga"'+

"Department of Chemistry, University at Buffalo, The State University of New York, Buffalo, New York 14260, United States
*Department of Plant and Soils and SBioresources Engineering, University of Delaware, Newark, Delaware 19716, United States

Journal of Chromatography A, 1217 (2010) 4784-4795

Contents lists available at ScienceDirect

Journal of Chromatography A

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

A systematic investigation to optimize simultaneous extraction and liquid
chromatography tandem mass spectrometry analysis of estrogens and their
conjugated metabolites in milk

Jerry Tso, Diana S. Aga*

Department of Chemistry, University at Buffalo, The State University of New York, Buffalo, NY 14260, USA
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Estrogens From Poultry Litter

 Contains: chicken excrement, malted feathers, dead birds, food,
bedding (sawdust, wood chips, peanut shells, etc.)

 Delmarva Poultry Production
— Produces > 565,000,000 broiler chickens/yr (~7% of US total)

Image courtesy of: bayjournal.com Image courtesy of: goyolocal.com



One-Size Fits All?

J] O URNAL

AG RICULTURAL AND
FOOD CHEMISTRY (2011, 59, 2213-2222) pubs acs.rgIAFC

Simultaneous Analysis of
Sulfonamides, and Tetracyc
Solid-Phase Extraction and Li
Spectrometry

Jerry Tso,” Sudarshan Dutta,’ Shreeram Inamdar,§ '

"Department of Chemistry, University at Buffalo, The State Univers ffalo, New York 14260, United States

*Department of Plant and Soils and SBioresources Engineering, Univer are, Newark, Delaware 19716, United States

Journal of Chromatography A, 1

journal homep Isevier.com/locate/chr

A systematic investigation to optimize simultaneous extraction and liquid
chromatography tandem mass spectrometry analysis of estrogens and their
conjugated metabolites in milk

Jerry Tso, Diana S. Aga*

Department of Chemistry, University at Buffalo, The State University of New York, Buffalo, NY 14260, USA
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Estrogen Derivatization

OH\\
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Lin, et al., Rapid Commun. Mass Spectrom. 2007, 21, 1973-1983
Szarka, et al., Anal. Bioanal. Chem. 2013, 405, 3399-3406 65
Xu, Spink, Anal. Biochem. 2008, 375, 105-114



Quantification by Isotope Dilution

Isotope Dilution
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LESSON 9

Sometimes the “Obvious” is not the best approach in analysis

Rapid

Research Article

2
(wileyonlinelibrary.com) DOI: 10.1002/rcm.6895

Analysis of trace organic pollutants in wastewater to assess
biodegradation using wrong-way-round ionization in liquid
chromatography/tandem mass spectrometry

Lijuan Su’', Wendell O. Khunjar? and Diana S. Aga'*

"Department of Chemistry, University at Buffalo, State University of New York, Buffalo, NY 14260, USA
2Hazen and Sawyer P.C., Fairfax, VA 22030, USA

P L. 1 1 1 1 e Y T

Anal. Chem. 2011, 83, 269-277

e NG N Wrong-Way-Round lonization of Sulfonamides and
Tetracyclines Enables Simultaneous Analysis with
Free and Conjugated Estrogens by Liquid
pK, 1 PK, . Chromatography Tandem Mass Spectrometry
- - _—
- ® ~ @
H H Jerry Tso and Diana S. Aga*
O=—=S—=O0 O=—S——=0 O=—=S—=0
| | Department of Chemistry, University of Buffalo, The State University of New York, Buffalo, New York 14260, United States
NH NO©
The increasing demand to monitor multiple classes of of the analytes, the mobile phase is typically adjusted with an acidic
= = analytes has been mirrored by increased analytical cost or basic modifier in order to protonate or deprotonate the analytes
N N N N N d d d th For i the anal £ L . .
and decrease roughput. For instance, the analyses o because it is assumed that the charge of the ion formed in ESI
| )\J\ M estrogens and antibiotics by liquid chromatography with depends on the equilibrium solution-phase chemistry in the bulk
HaC AN CH HsC x CH, HyC AN CHs tandem ma.ss spectrometry (LC-MS/MS) are typically solution.® Hence, for LC-MS analysis of multiple classes of
° peﬁo@ed m.two separate met]?ods becf"“? E§tro.gen compounds, needed for instance in the screening of environmental
analysis requires electrospray with negative ionization, samples and in food testing, at least two separate methods are

while sulfonamide and tetracycline antibiotics are ana- used to analvze for acidic and hasic comnonnds. The common



Poor LOD due to lonization Suppression by Manure Matrix
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Importance of Transformation Products: Tetracyclines

C) (b)

Tetracycline Oxytetracycline Chlortetracycline
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Sample Collection: Which samples are important?




LESSON 10

Good funding and excellent students are key to finding solutions to
problems posed by emerging contaminants

US Department of Agriculture

US Environmental Protection Agency
National Science Foundation

Water Environment Research Foundation
New York State Pollution Prevention Institute




Thank YOU!

+ National Science Foundation
WHERE DISCOVERIES BEGIN

’ﬂ\rl
USDA #ssNIFA
=~ I
United States Department of Agriculture
National Institute of Food and Agriculture

Water Environment Research Foundation
Collaboration. Innovation. Results)
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Lysimeter Water: Struvite

Struvite fertilized lysimeter water (ng/L)
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Pharmaceuticals
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Lysimeter Water: Urine

Urine fertilized lysimeter water (ng/L)

700
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300 +
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Pharmaceuticals
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Pharmaceutical levels In
crops vs. tablets

265.4 ug/kg—> 26.54 ug/kg

Freeze dried: According to USDA avg carrot weighs ~ 122 ¢

400 Concentration
g is 10x because
'% ,_\300 carrots are >90%
s 2200 water Tvi

X nol
g 2100 0.122kgx _ 324/ tyble t0~500
== ) 26.54ug/kg per caprot anie
O A 4 mg ACT
?.0

Must consume...

& 150,400 carrots | =
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