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ABSTRACT

Biosolids from a municipal sewage treatment plant were studied from the
standpoint of partially characterizing the polar componentsin the matrix as
well as targeting specific substances. Targeted analytes were determined
by HPL C/fluorescence detection in some cases and confirmed through high
resolution mass spectrometry (accurate mass determination) or both. The
bacterial endpoints consisting of surfactants and products from surfac-
tants were present as expected and were generally greater than mg/kg lev-
els meaning that they could pose significant interferencesto target analytes
at low pg/kg levels. Thus, one goal in characterization wasto identify some
of these major components as an aid in formulating cleanup strategies.
Target analytes consisted of fluoroquinolone antibiotics. These occurred
in the ug/kg levels for some compounds. The target analytes and matrix
characterization were further studied using accurate mass UPLC/TOF-MS
which revealed many components containing polyethylene glycol moieties
and a group of quartenary ammonium surfactants. Anionic components
remain to be characterized more fully by UPLC/TOF-MS but some major
components were identified using derivatization (trimethylsilylation) and
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INTRODUCTION

Biosolids (sewage sudge) represent theend prod-
uct of bacteria digestion and applied treatmentsof raw
sewageinamunicipa sewagetreatment facility!™. The
preci pitated materia from the aqueous solution con-
sistsof arelatively intractable agglomeration made up
of both inorganic and organic substances that have
reached an environmental sink. The characterization of
thismaterial isacomplex task2.

In recent timestheinterest has shifted from dis-
posd of thebiosolid materid inlandfillsto the preferred

use of processed materia asasoil amendment!®. The
question of course arises asto the potential exposure
to biotathat would result from such an applicationin
theenvironment aswel | aseffectson human hedth that
might ariseindirectly from eating cropsexposed to the
amended soil or anima seating such cropsbeforegoing
to market. Additionally, concern centersonthelikdli-
hood of substancesfrom biosolidsenteringinto ground-
water or ultimately into drinking water dueto leachate.

The biosolids have usually undergone additional
treatment to destroy pathogenseither by heat or irra-
diation after thecons derablebacterid degradationand
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additiond processtrestment that hastaken place. Thus,
the biosolids are designated ClassA or Class B de-
pending on the extent of elimination of pathogens®.
Someof thesetreatments may destroy susceptiblecon-
taminantsand eliminatethem from consideration. Cer-
tain proponents advocate the additional step of
composting to remove/degrade the remainder of the
obj ectionable compoundsthat are currently knownto
remainin biosolidg®.

A number of papershavenow sartedfillinginsome
of our questions about the types of contaminantsin
biosolids. Thereview by Rogers® included mention of
avariety of compoundsincluding organochl orine pesti-
cides(e.g., ddrin), PCBs, and chlorophenols.

A largepresencefor nonyl phenolsand surfactants
wasaso mentioned. Thelargeand diversedlassof phar-
maceuticalsand personal care products (PPCPs) was
also mentioned and most of these compounds (e.g.,
antibiotics) would be found in the polar fraction of
biosolids components. The synthetic musksare one
group of PPCPsthat partition with thelipophilicfrac-
tion. M ethodswere given with extraction and cleanup
procedures asoincluded.

Oberget d. described the occurrence of PBDESIn
over 100 sudge samplesfrom Sweden wherethe pre-
dominant tetra, penta, and hexacongenerswerefound
aswell asthe decabromodiphenyl ether. Ying and
K ookana pointed out that high levelsof triclosan in
biosolids could beaconcernin soil applicationg®. Syn-
thetic musks were determined in biosolids®. Nonyl
phenals, pthdates, and PCBsweredeterminedinbiosolids
and soil inan effort tofollow thefate of such contami-
nantsafter biosolidswere used for soil amendment(2?.

A number of papers have focused on the polar
analytes (contaminants) foundinbiosolids. Giger et d.
reported methodol ogy for extraction and determina-
tion of antibioticsincluding thefluoroquinoloneantibi-
otics. Extractiondifficultiesand relatively low recover-
ieswere noted™. Motta eb and Brumley reviewed the
Separationsused in determining PPCPsin avariety of
environmenta matrices®2,

Inthiswork we partially characterize the hydro-
philic componentsof biosolidsto yield some perspec-
tive ontherel ative contributions of major components
and providemore specific determination on select con-
taminants,
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EXPERIMENTAL

Chemicals

Ofloxacin and norfloxacin were obtained from
Sigmaand orbifloxacin wasobtained from aveterinary
drug.

Method for FQs
Extraction/Cleanup

Biosolid sampleswereair-dried inahood and then
initially ground by mortar and pestle. Later work relied
onaball mill grinder (Reutsch) at 20 Hz for 2minusing
aglassball and glass-lined samplevessd.

The method usesan A SE (Dionex 200) for extrac-
tion of biosolidsin acetonitrile/water/formic acid (80/
20/0.1) 80°C, 2500 psi pressure. The extract was con-
centrated to an agueous phase by nitrogen blow down
and thenisolated on astrong cation exchangeresinun-
der acidic (formic acid) conditions. FQswere el uted
using ammonia/methanol (1/3 v/v) and concentrated to
an agueous phase that was devoid of ammonia. The
extract wasacidified with formic acid, about 0.5 mL
methanol added, and filtered for HPLC separation.

HPL C/Fluor escencedetection

The HPLC separation was based on a shallow
water/acetonitrilegradient under acidic conditionsus-
ingaDiscovery (Supeco) RPAmide C16 5um column
250 mmx3.0 mm ID with aDiscovery RPAmide C16
3.0mm ID cartridge . The gradient program was as
follows

Time(min) Acetonitrili% Water %
05 10 90
5-25 15 85
25-35 80 20
35-40 100 0
40-50 10 90
Both solventscontained 0.1% formic acid withflow
rate 250 uL/min.

Originally, the column used was a C18 (Luna,
Phenomenex) 250 mmx 2 mm D with the samegradi-
ent andflow rate.

A Linear Instruments L C305 fluorescence detec-
tor (FLD) was used initialy with 280 nm excitation/
450 nm emission characteristic of FQs. The detector
failed and wasreplaced with the Spex Fluorolog 2 fit-
ted with an HPL C detector cell but had a poorer de-
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tection limit. Later work used anAgilent 1200 series
FLD. TheHPLC wasaBeckman System Gold (168
detector, DAD, 126 solvent module, and 507e
autoinjector) operated with Beckman 32 Caret Soft-
ware. The DAD was used to assess cleanup and to
detect higher levelsof FQsand assess separationsand
confirm retention times of standards. Aninternal stan-
dard consisted of orbifloxacin (orbax) whichwas not
detected inthe BS samples. Typical retentiontimesfor
norfloxacin, ciprofloxacin, and orbifloxacinwere 13.49,
14.46, and 16.51 min respectively onthe RPAmide
column and 28.3, 32.09, and 34.45 min respectively
ontheC18 column.

Recoveriesfor ciprofloxacin and norfloxacin for
processing after theinitial extraction were 86.7% and
94.0%, respectively. Thisrepresentsanearly complete
recovery through the concentration and preparation
stagesfor HPLC/fluorescence. Theoverall recovery
from spiked biosolids at 100 pg/kg was 24.1% and
13.6% from ciprofloxacin and norfloxacin respectively,
indi cating that the matrix strongly retainsthese com-
pounds.

Cdibration ranged from 7.5 pg/uL to 700 pg/uL in
1 mL volumes. Internal standard was454 pg/uL foral
mL sampleextract Sze; 5 uL sampleinjections.

UPLC/TOF-MS

Accurate mass measurementswere carried out us-
ingaWaters-MicroMass LCT Premier XE intheW
modewith Leu-enkephd ein asthelock masscompound
(Mm/z 556.12345). Separationswere carried out witha
5cmx2mm C8 BEH (1.7 um particle) column (35°C)
operated at aflow of 0.3 mL/min. The solventswere
water (0.1% formic acid) and acetonitrile (0.1% for-
mic acid) beginning at acomposition of 10% and then
following agradient:

Time(min) Acetonitrili% Water %
0 10 90
1 10 90
5 85 15
10 100 0
14 100 0
16 10 90
20 10 90

Accurate mass measurementswere used to con-
firm the presence of target anaytesand internal stan-
dard asacheck compound asfollowsfor the (M+H)*
ions: norfloxacin (320.14104); ciprofloxacin (332.
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14104); ofloxacin (362.15161); and orbifloxacin (396.
15350). Cdlibrationsranged from about 100 pg/uL to
over 1 ng/uL. Theinternal standard was687 pg/uL; 2
uL sample injections. Typical retention times for
norfloxacin, ofloxacin, ciprofloxacin, and orbifloxacin
were2.25, 2.29, 2.46 and 3.49 min., respectively.

The TOF-M Swas operated inthe ESI+modewith
cone voltage 75V, desolvation temperature 250°C,
sourcetemperature 100°C, desolvation flow 450 L/hr
nitrogen and coneflow 11 L/hr nitrogen.

GC/MSof anionics

Anacidicfraction wasisolated using acid/base par-
titioning (first 1IN KOH extraction of the concentrated
extract washed with hexaneand then acidification by 3
N HCI followed by extractioninto methylenechloride).
Thiseliminated most of the neutral lipophilic compo-
nents and left us with an acid enriched fraction. We
then derivatized thisfraction with 100uL of BSTFAn
1 mL of toluene at 65°C for at least 2 hours which
would react with both carboxylic acidsand hydroxy
groups.

Full mass scansfrom m/z 50 to 550 were used un-
der El conditionson anAgilent 5973fitted witha40m
x0.18 mm ID DB5 column with 0.18um film thick-
ness. GC programwas 1 min at 105°C, then tempera-
ture program to 300°C at 15°C/min.

RESULTSAND DISCUSSION

Fluoroquinolones

Levelsof ciprofloxacin and ofloxacin werefound
at various timesin the range of lessthan 10 g/kg to
about 20 png/kg by HPLC/FLD. Good confirmative
datafor ciprofloxacinby LC/MSM Swerenot obtained
but were supportiveof itspresence.

Accurate massdataby UPLC/TOFM S supported
thepresenceof norfloxacin (30:1 S/N) and ciprofloxacin
(10:1 S/N). Thisisexplained by noting that the HPLC
work began with three standards norfloxacin,
cprofloxacin, and theinternd sandard orbifloxicin. The
orbifloxacinisaveterinary drug and was not detected
in biosolids. Thelater UPLC/TOF-MSwork added
theadditional compound ofloxacinthat hasaretention
time very close to that of norfloxacin. Thus, the
confirmative accurate mass data together with peak

Snvivonmental Science (=
A Jndian ﬂo«/maZ



ESAIJ, 4(3) January 2009

William C.Brumley and Mohammad A.Mottaleb

401

¥
g 32|
E 24i]
é 160 218
= -
0 261
L] " ] < ] - <
T.2 144 216 0B 36
mih

Figurel: HPL C/FLD chromatogram (280 nm excitation/
450nm emission) of fluor oquinolones: norfloxacin RT=28.3,
ciprofloxacin RT=30.09 and or bifloxacin RT=34.450n C18
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Figure2: HPL C/FL D chromatogram (280 nm excitation/

450 nm emission) of fluoroquinolonesin biosolid extract.

with approximate retention times norfloxacin RT=28,

ciprofloxacin RT=30, unknownsRT=29 and RT=31 and

orbifloxacin RT=34.290n C18
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Figure3: HPL C/FL D chromatogram (280 nm excitation/
450 nm emission) of fluoroquinolones: norfloxacin RT=
13.49, ciprofloxacin RT=14.46 and or bifloxacin RT=16.51
on RPAmMideC16.

shape and retention timeindicated that ofloxacin rather
than norfloxacinwasactudly themgor component. This
pointsup thedifficulty in establishing certainty inidenti-
fication without confirming datafrom mass spectrom-
etry or other technique.

Datafor thefluorescence detection areshownin
figure 1 for standardsand infigure 2 for abiosolids
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Figure4: 1on profilefrom UPLC/TOF-M Sfor m/z362.15
+0.050 in biosolid extract

sampleextract using the C18 column. Thethree com-
poundsare nearly baseline separated but the sample
extract containsanumber of responsesfrom the matrix
that could befluroquinol ones or matrix interferences.
Thefour smal pesksinthevicinity of theretentiontimes
of norfloxacinand ciprofloxacin (between 28 and 31
min) providethebasisfor thetentativeidentification/
quantitation. A comparison of figure 1 using the C18
columnfor separationsto figure 3 usingthe RPAmide
C16 columnfor separationsrevea san overadl smilar-
ity. Giger et d. used the RPAmide C16 columnfor the
separation of anumber of fluoroquinolone compounds,
but only norfloxacin and ciprofloxacinwerefoundin
biosolidg*Y.

TheHPLC/FLD calibration went to about 10 pg/
uL per component so that thefluorescence detectionis
ableto detect low ng/kg levelseasily. Although alarge
set of 15 or morefluoroquinolonesareknown, only a
small number occur inlarge enough useto be detected
inbiosolids. TheUPLC/TOF-M S cdibration went to
about 100 pg/uL sothat the M S detectionlimit wasnot
asgood asthe FLD limit.

Theaccurate mass chromatogram of m/z 362.1516
isshowninfigure4 for the biosolidsextract and com-
parison can bemadeto thesimilarly shaped peak from
the standard in figure 5. Clearly, the peak shape and
mass correspond to the standard at the sameretention
time. Inthese accurate mass chromatrogramsawin-
dow of 0.050u isused to producetheion current pro-
file centered at the theoretical exact mass. Theagree-
ment of mesasured to cal culated exact massfor ofloxacin
was 362.1514 10 362.1516, respectively, indicating an
error of 0.6 parts-per-million (ppm). The measured
massisobtained by averaging al spectraover theion
chromatogram and subtracting an averaging of back-
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Figure5: lon profile UPLC/TOF-M Sfor m/z 362.15 +
0.050 of astandar d containing ofloxacin
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Figure6: lon profilefor UPLC/TOF-M Sm/z 332.14 +
0.050in biosolid extract
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Figure7: lon profilefor aquartenary amine compound
(presumably didecyl, dimethyl ammoniumion) m/z 326.38
+0.050, RT=6.53

ground scans. A significant S/N ratio was obtained with
ofloxacin and a poorer SN resulted in figure 6 for
ciprofloxacin (m/z 332.1410). Norfloxacin could not
be detected by UPLC/TOF-MS and was, addition-
ally, obscured by a matrix ion at a different but
unresolvablemass.

Ingenerd, theinstrument specificationis3 ppmor
better so that isthe accuracy sought. In practice, the
accuracy canvary somewhat depending on massinan
unpredictableway. Onemight wanttoalow uptoa3
mmu error (10 ppm for mass 300) in considering un-
knownsfor determination of elemental composition or
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TABLE 1: Tentatively identified quartenary ammonium sur-
factantsin biosolids
Quartenary ion

Exact massExper mass Error ppm

Dioctyl,dimethyl am 270.3161 270.3160 0.4
Didecyl,dimethyl am 326.3787 326.3773 4.3
Benzyl,myristyl,dimethyl am 332.3317 332.3329 3.6
Decyl,octyl,dimethyl am 298.3474 298.3476 0.7
Benzyl,decyl,dimethyl am  276.2691 276.2708 6.2(weak ion)
Benzyl,cetyl dimethyl am 360.3630 360.3630 <0.3

aparticular val ue suggested by determining known com-
poundsvery closein massto the unknown.
TheHPLC/FLD method reported herefound pre-
sumptive evidence of norfloxacin and ciprofloxacin.
Later work with LC/M Sincluding ofloxacin supported
itspresence rather than norfloxacin. Considering the
non-exhaustive recovery found for these compounds,
the actual level present could be 4to10timeshigher.
Survey work could use arecovery surrogate to gener-
ate corrected recovery of target analytes. Future re-
search may uncover useful chemistry that improvesthe
overdl recovery of polar anaytesfrom biosolids.

SurfactantgAntimicrobials

The samplesal so contained large amountsof poly-
ethyleneglycol polymers(PEG) that act to obscurethe
presence of other components of the extracts dueto
thelr ubiquitous presence and their enhanced surface
activity reativetoionizationby ESI.

Many oligomersand typesof PEG- containing sub-
stances were observed whose mass extended beyond
the 1000 darange used for target analysis. It isconser-
vativeto say that PEGs constitute amajor component
of the polar fraction. No further effort wasmadeto pur-
suethisclassof compoundsthat areamg or component
of detergentsand sogpsthat enter the sewage system.

Anadditional classof compoundsfoundinlarge
abundancewereaseriesof quartenary ammonium sats
consisting of varying alkyl and aryl components. Spe-
cific compounds tentatively identified are given in
TABLE 1together with cal culated and observed accu-
rate mass. The compoundswere not confirmed using
standards so that theidentities havenot been confirmed
definitively. Theretentiontimes (6 to 7 min) and ex-
tremely sharp peaks (<3 sec peak width at half height)
for these substances conform to the pattern observed
with quartenary ammonium compounds, and the accu-
rate mass chromatogram of the m/z 326.3787 ionis
giveninfigure7. Quartenary ammonium surfactantsare
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Figure8: Bistrimethylsilyl-lithocholicacid sandard GC/
MS(EI)RT=21.34min

Abundance

INITRY T Y R PRl ES

PR .4 il .

Figure9: Bistrimethylsilyl-lithocholicacid identified in
acidicfraction of biosolids, GC/M S(EI) RT=21.41min

expected componentswithin the matrix becausethey
arecommonly used antimicrobid disinfection products
that work by disrupting bacterid cell wallsfor example.
Anionics

There existed anumber of responses within the
anionic fraction run by UPLC/TOF-M S but thesere-
sponses have not been correl ated with expected com-
ponents and their tentative masses encompassarela
tively large potential classthat could benefit from ob-
taining M S/M Sdatato narrow down possibilities. No
evidencewasfound for sulfates, sulfonicacids, and other
expected acidswithinthefraction weisolated. Thisclass
issubject to further study in order to darify thetypesof
anions present in thismatrix from an LC/M S perspec-
tive

However, inorder to make someheadway into the
issueof organic acidsin biosolidsapart fromLC/MS
identifications, weisolated anacidicfractionusingacid/
base partitioning. Thiseliminated most of the neutral
lipophilic componentsand | eft uswith an acid-enriched
fraction. Wethen derivatized thisfractionwithwhich,
presumably would react with both carboxylicacidsand
hydroxy groups.

Theresultsof thisanalysisreveal ed hundreds of
compoundsand many could betentatively identified by
GC/MS. Prominent responses were noted for 4-
hydroxybenzoic acid and anumber of fatty acidsin-
cluding membersfrom C16 through C24. Thefull sig-
nificance of al of these anionic compoundsisnot en-
tirely clear, but the presence of saltsof carboxylic acids
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(that would bethelikely natura formin biosolids) would
indicateasignificant presence of detergent-like com-
pounds.

In consonancewith thisidea, we suspected that the
presence of bileacidswould aso belikely and would
further add to the surfactant content of the material.
Among the compoundstentatively identified wasthe
bis-trimethylsilyl ether of lithocholic acid. To confirm
thiscompound we derivatized astandard of lithocholic
acid and found compl ete agreement of retentiontime
(24.37 versus 24.44) and mass spectrathat are given
infigures8and9.

CONCLUSION

Biosolids congtitute an extremely complex matrix
contai ning substancesof widdy different polarities. Sur-
factants make up amajor component of the pol ar frac-
tion, and fluoroquinolone antibiotics also are present.
We have confirmed the presence of abileacid within
theacidicfraction.
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