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Natural organic matter (NOM)

Refractory organic matter in soils, sediments, and natural water.

NOM is a complex mixture of aromatic and aliphatic hydrocarbon
structures that have attached functional groups.
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Effluent organic matter (EfOM)

EfOM

: Organic matter originated from WWTP effluents

Transformation products
by biological treatments

Anthropogenically driven OM

Micropollutant




Water Reuse

* Moving forward to potable water reuse
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« Severe climatological droughts around the US increases
the demands on reliable and dependable water resources.
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fAdverse effects of EfOM on water

treatment processes

Precursor for disinfection by-product formation.
Exerts higher coagulant and oxidant demands.
Fouls adsorbents and membranes.

Causes corrosion problems.

Supplies substrate for biomass growth in water distribution
networks




| size and treatment processes
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Trace organic compounds (TOrCs)

« EfOM contains anthropogenically driven compounds such
as pharmaceutical and personal care products (PPCPs)
and endocrine disrupting compounds (EDCs)




Objectives

* To investigate elemental
compositions of EfOM
Accurate mass

Size
separation

* To hyphenate bulk
properties (i.e., UV abs and
Non-selective FL) with elemental

detectors (bulk compositions of EfOM.
properties)

- « To provide non-target
screening of TOrCs

» To provide fingerprinting of
EfOM
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EXPERIMENTAL




Sample collection & Preparation

Water samples were extracted using Dionex Autotrace 280
Soild-phase extraction instrument was employed for the
extraction.

Agilent Bond Elut PPL cartridge (500 mg bed mass) was used.

_______|Solvent _________|Flow ____|Volume/Time

Condition MeOH 5 mL/min 5 mL
DI water with pH2 5 mL/min 10 mL
Load Sample 10 mL/min 200 mL
Rinse DI water with pH2 10 mL/min 10 mL
Dry N, gas 60 min

Elute MeOH 5 mL/min 12 mL




SEC-LC-DAD-FLD/ESI-QTOF-MS

Agilent 1260 Agilent 1290

1.0 mL/min AN, A,
10 mM ammonium -
bicarbonate in 80:20 C————
of HPLC water:MeOH 0.8 mL/min DAD FLD
E = 4
0.2 mL/min
SEC
Pump Autosampler Column

Agilent PL aquagel-OH 30 column
(100 to 60,000 Da)
8 um, 7.5 x 300 mm

i

Ultra High Definition (UHD) Accurate-Mass Q-TOF MS

Agilent 6540




Acquisition Methods

QTOF

lon mode ESI negative

Scan range 50-3000 (m/z)

MS/MS scan range 50-3000 (m/z)

Scan rate 1.2 spectra/second

Gas temp 200 °C

SheathGas temp 350 °C

Nebulizer 35 psi DAD

Fragmentor 120V Wavelength 254 nm

SEC FLD

Column PL Aquagel-OH 30 (7.5"300mm, 8um)  wavelength Ex/Em= 220nm/295nm
Flow 1 mL/min (split: 1:4) Ex/Em= 220nm/340nm
Col Temp. 40 °C Ex/Em= 220nm/440nm
Injection 100 uL Ex/Em= 280nm/340nm
Mobile Phase 10mM ammonia bicarbonate (20% Methanol) Ex/Em= 335nm/440nm




Data process

« Data mining and statistical analysis
— Agilent Mass Profiler Professional (MPP, Ver. 12.1)
* Analysis of chromatogram and mass spectra
— Agilent Mass Hunter Qualitative Analysis (Ver. B.07.00)

« Database search
— Agilent Mass Hunter Qualitative Analysis

— Databases
« Forensic/Toxicology (ForTox) accurate mass DB

« METLIN metabolite accurate mass DB

MassHunter

Mass Profiler
Professional
Software

MPP 12.1

Version B.12.01




A

RESULTS AND DISCUSSION




Size exclusion chromatography

. Wastewater secondary effluent -

(WWSE)
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Elemental composition of EfOM

 Homologues series of organic matter was found in
WWSE1.
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Van Krevelen diagram

« Van Krevelen diagram is a plot of the molar ratio of
hydrogen to carbon (H/C ratio) and the molar ratio of

oxygen to carbon (O/C).
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and the Event Horizon of Mass Spectrometry. Analytical chemistry 80(23), 8908-8919.




Van Krevelen diagram
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Aromaticity index (Al)

« Aromaticity index (Al)
— a measure for C—C double-bond density and considers the
contribution of p-bonds by heteroatoms

A 1+C-0-5-05H
C-O-S-N-P

Al<0.5

0.5<Al<0.67 (Aromatic structure)

AlI=0.67 (Condensed aromatic structure)




Al with van Krevelen diagram

« EfOM contains aromatic compounds (Al>0.5)

* AI<0.5,
*  0.5<AI<0.67
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Molecular weight standards
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UV254 and FL with SEC
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_Evan Krevelen diagrams at different
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‘Principle component analysis

Statistical analyses including PCA and clustering were conducted using
Agilent Mass Profiler Professional (MPP) software.

WWSE1 and WWSE?2 are statistically analogous.
CAP water has different variance from the three WW effluents.
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A Clustering & Heatmap

| ’ ’ ‘ | l I | Color by normalized abundance

| - E |
éWWSE1 WWSE2 WWSE3

-1141 - 1141

| Commonly present in effluents, but
not in CAP water

lons

| Commonly present in all
waters with similar
abundance

]— Highest abundance in the effluents

1} Highest abundance in CAP water

Triplicates



R

Present in all effluents
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n=823

Present in all




Generate Formula & Database Search

Formula generation Contribution to overall score
B and bts Mass score j‘|00.00
rEI;n-\e-nt- i Minimum Maximum B : —
i C I 3 60 Isotope spacing score 150.00
1 H " 0 120 o : ,
—IF 0 1 0 20 Retention time score 100.00
! ‘
PN I 0 30
I g : 0 3 Expected data variation
L i , ‘
1P 1 0 3 MS mass: 20 mDa + |56 ppm
1 Cl ' 0 3 ’ ‘ : i
I . . .
: Br : 0 3 MS isotope abundance: 75 %
: | | 0 3 MS/MS mass: |5.0 | mDa + |75 | ppm
Retention time: ;0-1 15 min

Overall score cutoff: 50

Database Search:
- Forensic/Toxicology (ForTox) accurate mass database
- METLIN metabolite accurate mass database




Compound identification using

database search

6 _
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Sucralose x10 4 [Cpd 1: - FBF Spectrum (it: 22.590 min) ACCUFacy: 06ppm
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OH 1.25-
Cl HOL = '
0 Cl L 399.0019
0.75- (M-H)-
396.0105 398.0077
Y, - 0.5 (M-H)- (M-H)- 400.0049  400.9999
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2 / oL 1 L 01 1 5 o
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Compound identification using

database search

Target analysis
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Database Search (non-target screening)

Sucralose

C12 H19 CI3 08

396.0145

Meprobamate

CO H18 N2 O4

218.1265

lomeprol C17 H22 13 N3 08| 776.8537| 98.71
Difenamizole C20H22 N4 O 334.1788 97.92
C19 H28 04 320.1982| 97.85

Atractyligenin

Atenolol C14 H22 N2 O3 266.1623| 95.60

rotiorate lle H16 Ob S 2656.0b0] 66.6/
Nitrophenol, 4- C6 H5 N O3 139.027 87.71
Gabapentin CO H17 N 02 171.1261] 86.79

RP A h

Cymoxani

()4 P

C15 H22 O3
C7 H10 N4 O3

198.0755

294.1836| 85.28

Embelin C17 H26 04

Hydroxystilbamidine C16 H1I6 N4 O 280.1319| 84.56

Hydroxystilbamidine C16 H16 N4 O 280.132(84.43

Meralluride- degradation product|C9 H16 N2 O5 232.1061| 84.34

Renanolone C20 H30 O4 334.2146 83.81

Nitracrine C18 H20 N4 02 324.1589 83.77
C13 H18 O3 222.1256 83.62

Hexyl hydroxybenzoate

lopromide

C18 H24 13 N3 O8

790.8692] 82.72



179.9582

Find by Auto MS/MS

WWSE1 effluent: 147 ions were generated with MS/MS spectrum

Cpd 72: C7 H8 O3 S: -ESI Scan (rt: 7.184 min) Frag=120.0...
265.1447

i

551.0858
mMWWWWWW“MWw...m._‘.l......,.M.m.".H_.W we o |

m

Ll

1719120 CE=10

127.0071
107.0513

Cpd 72: C7 H8 O3 S: -ESI Product lon (rt: 7.196 min) Frag=120.0...

Cpd 72: C7 H8 O3 S: -ESI Product lon (rt: 7.199 min) Frag=120.0...

79.9568
171.0109 CE=20
107.0508 o 256.4258

Cpd 72: C7 H8 O3 S: -ESI Product lon (rt: 7.203 min) Frag=120.0...

79.9578
CE=40

117.0329 171.0418

L | ¢

80 100 120 140 160 180 200 220 240 260 280 300
Counts vs. Mass-to-Charge (m/z)

Two product ions: 79.9582, 107.0513
MFG: C,HgO5S, match score: 97.1

p-Toluenesulfonic acid?

x10 3

Cpd 12: C12 H14 O7 S: -ESI Scan (rt: 5.999 min) Frag=120....

329.0712 14Da, CH,
3010393, 425.1123

x10 3

0.5+

x103

0.5+

x10 3
14

0.5+

Cpd 12: C12 H14 O7 S: -ESI Product lon (rt: 6.011 min) Frag=12...
1CE=10

95.0518

301.9389

173.0455 241.0724

AL I lu T

Cpd 12: C12 H14 O7 S: -ESI Product lon (rt: 6.014 min) Frag=12...
1CE=20

79.9572

b A

301.0382
57.0503 o

2105

137.0938 183.0112

DS

I L Wl |

Two product ions: 257.0503, 183.0129
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x10 4 |Cpd 90: C6 H3 CI3 O: -ESI Scan (rt: 7.643 min) Frag=120.0V AN_O3_0_aut..
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Find by Auto MS/MS
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Accurate mass

Size
separation

Non-selective
detectors (bulk
properties)




A

CONCLUSIONS




Conclusions

QTOF-MS allows identification of elemental composition of
EfOM.

Hyphenation of SEC with DAD/FLD with QTOF-MS

Accurate mass obtained by QTOF-MS enables non-target
screening of TOrCs based on database search.

Statistical analyses including PCA and clustering are able
to provide fingerprints of different origin of organic matter
(i.,e., NOM and EfOM)
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