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ABSTRACT

Biosolids from a municipal sewage treatment plant were studied from the
standpoint of characterizing the matrix as well as targeting specific sub-
stances. Part of this interest stems from the land application of biosolids
that may contain pharmaceuticalsand personal care products (PPCPs). Tar-
geted analytes were subjected to higher specificity than usual, and this was
achieved either through multidimensional chromatography or through high
resolution mass spectrometry (accurate mass determination) or both. The
bacterial endpoints consisting of fecal sterolsand fecal steroneswere present
as expected and were generally greater than ppm levels meaning that they
could pose significant interferences to target analytes at low ppb levels.
Thus, one of our goals in characterization was to identify some of these
major components as an aid in formulating cleanup strategies for the deter-
mination of PPCPs. Target analytes included nonyl phenols, polybromi-
nated diphenyl ethers (PBDEs), and estrogens. These ranged from ppm
levels for the first two groups to low or sub ppb levels for the estrogens.
The nonyl phenols were further confirmed using high resolution voltage
scanning and mass peak profiles at high resolution. The PBDEs were fur-
ther confirmed using high resolution selected ion recording as were the
estrogens. © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

Biosolids (sewage s udge) represent theend prod-
uct of bacteria digestion and gpplied treatmentsof raw
sewagein amunicipa sewagetreatment facility!™™. The
preci pitated material from the aqueous solution con-
sgtsof ardativey intractable material madeup of both
inorgani c and organic substancesthat havereached an
environmenta sink. Thecharacterization of thismate-
rial remainsincomplete but moreisbeing revealed by
variousworkersthroughout theworld.

In recent timestheinterest has shifted from dis-
posal of thebiosolids material in landfillsto the pre-
ferred use of processed materid asasoil amendmentt?,
Thequestion of course arisesasto the potentia expo-
sureto biotathat would result from such an gpplication
inthe environment aswell aseffectson human health
that might arise from eating crops exposed to the
amended soil or animal seating such cropsbeforegoing
to market. Air transport of dust made up of such mate-
rial would also be apotential concern. Additionally,
migration of substancesfrom biosolidsinto groundwa:
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ter or ultimately into drinking water duetoleachingisof
concernt4,

In examining biosolidsissues, oneshould maintain
thedistinction betweenthecaseof biosolidsarisngfrom
treated human waste and applications of animal ma-
nurethat hasbeen used asfertilizer for hundredsif not
thousands of yearsor to the practice of using raw hu-
man waste on crop lands. Thebiosolidshave usually
undergone additional treatment to destroy pathogens
either by hest or irradiation after the considerable bac-
terid degradation and additiona processtreatment that
hastaken place. Thus, thebiosolidsaredesignated Class
A or ClassB depending on the extent of €limination of
pathogens®. Some proponentsadvocatethe additional
step of composting to remove/degrade the remainder
of the objectionable compounds that are currently
knowntoresidein biosolidg®.

A number of papershavenow sartedfillinginsome
of our questions about the types of contaminantsin
biosolids. Thereview by Rogers® included mention of
avariety of compoundsincl uding organochl orine pesti-
cides(e.g., adrin), PCBs, and chlorophenols. A large
presencefor nonyl phenolsand surfactantswas men-
tioned. Thelargeand diverse classof pharmaceuticals
and personal care products (PPCPs) was described
and most of these compounds (e.g., antibiotics) would
befoundinthepolar fraction of biosolidscomponentg”3,
Thesynthetic musksare onegroup of PPCPsthat par-
tition with thelipophilicfraction. Methodsweregiven
that included extraction and cleanup procedures.

Oberget d. described the occurrence of PBDESIn
over 100 dudge 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 be a concern in soil applicationg?,
Synthetic muskswerea so determined in biosolids.™
Nonylphenols, pthal ates, and PCBswere determined
in biosolidsand soil in an effort to follow thefate of
such contaminantsafter il amendment using biosolidg™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*3. Mottaleb and Brumley reviewed the
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separations used in determining PPCPsin avariety of
environmental matrices*¥. The National Research
Council haspresented an overview of issues concerned
with applyingbiosolidsto land*,

Inthiswork we partidly characterizethelipophilic
componentsof biosolidsto yield someperspectiveon
therd ative contributions of maor componentsand pro-
vide definitive confirmations of identity on select con-
taminants.

EXPERIMENTAL

Method for nonylphenols
GC/IMS

A 40m0.18umfilm 0.18 mm 1D column (DB5ms
Agilent-J& W) wasusad with temperature programming:
60°C for 1 min followed by 60-300@15°C/min to
300°C. Scan range 50-500 under El conditions. Injec-
tor temperaturewas 280EC. Internd standard wasd14-
terphenyl (quantitationion m/z 244, 2.5ng/uL inthe
extract, 1°L injection ) and quantitation was performed
by summingthetotd ion current between 12.2 and 14.2
min using technica nonyl phenol asastandard. Techni-
ca nonyl phenol isamulticomponent mixture of nonyl
phenolsand octyl phenolsand hasmorethan 13 mgor/
minor components.

Extraction/Cleanup

The method uses a SW-846 type extraction of
biosolids in methylene chloride/acetone by either
Soxhlet or ASE. The ASE conditionswerea10g cell,
80°C, 2500 psi, 15 min extraction.

An SPE cleanupisolated the nonyl phenolsin me-
thylene chloride and methylene chl oride/hexanefrac-
tionsonsilica. A3mL Si SPE cartridge (Supelco) is
washed with hexane; sampleisappliedin 1 mL of hex-
aneand then the sampleiseluted with 2 mL hexane, 2
mL hexane/methylene chloride (50/50 v/v), 2mL me-
thylenechloride, and 2 mL acetone.

Method for PBDES
Extraction/Cleanup

Themethod usesa SW-846 type extraction of BS
inmethylenechloride/acetoneby ether Soxhlet or ASE.
Theextract isconcentrated and then fractionated on
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silicausing SPE toisolate thefraction containing the
PBDEs. A 3mL Si SPE cartridge (Supel co) iswashed
with hexane; sampleisappliedin 1 mL of hexaneand
then thesampleisduted with2 mL hexane, 2mL hex-
ane/methylene chloride (50/50 v/v), 2 mL methylene
chloride, and 2 mL acetone. ThePBDEsarefoundin
thehexanefraction.

GC/MS

A 40 m 0.18umfilm0.18mm ID column (DB5ms
Agillent-J& W) wasusad withtemperature programming:
60°C for 1 min followed by 60-300@15°C/min to
300°C.

Themethod uses quantitation ionsfrom specific
PBDE congeners (congeners 181, 28, 183, 47, 99,
154, 66, 85, 153, 100, 155) for quantitation (m/z
403.8, 405.8, 407.8, 483.7, 485.7, 487.7, 561.6,
563.6, 565.6, 641.5, 643.5, 645.5, 719.4, 721.4,
723.4) . Theinternal standard isPCB#204 (m/z 427.8,
RT=15.77, 100 pg/uL intheextract, 1uL injection).

Method for estrogens
Extraction/Cleanup

Themethod uses a SW-846 type extraction of BS
inmethylenechloride/acetone by either Soxhlet or ASE.
Theextract is concentrated and then fractionated on
silicaSPE into hexane, hexane/methylene chloride,
methylene chloride, and acetonefractions. Theestro-
gens(estrone (EST), 17?-estradiol (ESD), and ethynyl
edtradiol (EED)) arefound inthe acetonefraction. The
method uses quantitationionsof theindividual estro-
gens. Theconcentrated extract wasfurther concentrated
by agentle nitrogen stream and evaporated to dryness
ina60 mL glasstube. Thedry film wasredissolved
with 1 mL hexanefor applicationto the SPE cartridge
cleenupusngslica

SPE cleanup

A 3-mL cartridgeof LC-Si (Supel co, Bellafonte,
PA, USA) waswashed with 6 mL hexaneswithasmall
portion retained abovethefrit. The 1-mL sampleex-
tract wasadded and pulled through dong with 2 mL of
hexanes, dwaysretainingasmall liquidleve abovethe
frit. Next, asolvent gradient was gppliedin thefollow-
ing sequence: 2 mL (v/v, 50/50) hexanes/methylene
chloride, 2 mL methylenechloride, 3.5 mL acetone.
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Theestrogenswererecovered in theacetonefraction
and concentrated to dryness under agentle nitrogen
streaminal3-mL test tube. A 1-mL diquot of hexanes
was added and used to wash down thewalls. The hex-
anes solutionwasthenfiltered prior toinjection onthe
HPLC porousgraphitic carbon (PGC) column.

HPL C fractionation on PGC

A 1-mL hexanes solution of thesamplewasloaded
onaVaco 10-portinjector (VICI, Houston, TX, USA)
for injection on a 5um PGC HyperCarb (Hypersil,
Keystone, Bellefonte, PA, USA) column 4.6 mm D x
100 mm. A flow rate of 2.5 mL/min of mobile phase
was used. Thegradient cons sted of : 100% hexanefor
2min, from 2to 5min devel ops 18.7% toluene; from5
to 10 min devel ops 50% tol uene, 20% acetonitrile; from
10to 16 min develops 100% acetonitrile; from 16 to
18 maintains 100% acetonitrile; from 18 to 26 devel-
ops 100% toluene; from 26 to 30 min devel ops 100%
hexane; from 30 to 36 min maintains 100% hexaneto
equilibratebeforethe next run. Fractionswere collected
by aFoxy Junior Collector (ISCO, Lincoln, NE, USA)
with 1 min/13-mL test tube. Tube 9 contained EED
and 10 contained EST and ESD. Estriol isnot collected
in either tube so no native contribution is present to
affect quantitationusing estriol asaninternd standard™d.

GC/MS

Thiswork wasperformed onanAgilent 5973 GC/
M SD with a6890 gas chromatograph. A 40 m (0.18
mm 1D with 0.18 umfilm) DB5ms(Agilent-J& W) was
used withaHeflow of 0.5 mL/min. Theinjection pa
rameterswere 1ul pulsed splitlessinjection (40 psig
pulsepressure), 280°C injectiontemperature, and trans-
fer linetemperature of 280°C. The GCinitial tempera-
tureat 105°C washeld for 1.0 minute, then increased
to 300°C at arate of 20°C/min and washeld for 20.0
minutes. Thetransfer [inewas set at 280°C.

Thefollowingions(m/z) weremonitored by com-
pound: 504.4for estriol (3-TM Sderivative) asinterna
standard (530 pg/uL in the extract, 1uL injection);
342.2,257.1,218.1, 327.2for EST (1-TMSderiva
tive); 416.3, 285.2, 326.2, 232.1 for ESD (2-TMS
derivative); 368.2, 285.2, 301.2, 232.1 for EED (1-
TMSderivative); 425.3, 440.3, 301.2, 285.2 for EED
(2-TMSderivative).
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RESULTSAND DISCUSSION

Overview of results

Thiswork partidly characterizesBSintermsof the
organic base/neutra extractables (hydrophobic com-
ponents). Theextraction conditionswerecondstent with
published work on theextraction of biosolidsfor these
typesof andyteswherewe have used pressurized and
hested sol vent extraction. Thevery polar andioniccom-
pounds such asthefluoroguinol one antibiotics consti-
tuteamore complex analytical problemwith regardto
characterization of their presencein BS and are not
treated inthiswork.

Thebase/neutrd fraction consstsof severad mgor
componentsand classes of compounds. Thetotal ion
chromatograminfigure 1 under the conditionsof full
scan EIM Silludtratestherdativeamountsof somemgor
biosolids componentsinasinglevisible context.

The expected presence of fecal sterolsand corre-
sponding sterones (ketoneforms such as coprostanone
relativeto coprostanol) arethe major componentsand
consist of coprostanol, epicoprostanol, dihydro
cholesterol, ethylcholestanol, and coprostanone. The
presence of coprostanol haslong served asanindica
tor of the possible contamination of surfacewater and
sediments by raw sewage. Some unmetabolized cho-
lesterol and plant sterolsremain present in thismatrix.
Thesecomponentswere confirmed using standardsand
the correspondence of retention timeand spectra. Rec-
ognition of thehigh level s of these substancesisimpor-
tant indevel oping cleanup proceduresfor target andytes.

Fecal sterolsand sterones represent endpoints of
bacterial degradation both in the humanintestineand
apparently in the wastewater treatment although the
occurrence of compoundscompletely unchanged (e.g.,
fatty acids) asthey reach thissink is also observed.
There occur anumber of highmolecular weight hydro-
carbon greases among the smaller peaks along the
baseline. Another prominent peak corresponds to
ga axolide, asynthetic musk. A mgor presence of nonyl
phenolsisobserved adong with theunsulfonated alkyl
benzenesthat accompany linear dkyl benzenesulfonate
surfactants. A large pesk dueto big(ethyl hexyl)phthalate
isseenaswd | asabroad hump dueto e ementa sulfur.
These components present the picture of ahighly hy-
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Figure1: Total ion chromatogr am of the or ganic extract
of biosoids, El full spectrum m/z50-500. Theextract was
not derivatized for thiscomparison of relativer esponses.
Example compounds. hydrocarbon greases such as
tridecaneat RT=9.61 and tetradecaneat RT=10.54; nonyl
phenolsarefound ca. RT=13.44 min (lesser amounts of
alkyl benzenesarepresent in front of and within thesame
area); galaxolideisat RT=14.28; elemental sulfur isin
thebroad peak center ed ca. RT=15.0; diethylhexyl phtha-
lateoccursat RT=18.45; and thefecal sterolsand sterones
begin caRT=24.49 min

drophobic compositionwith the presence of somemod-
erately polar hydrophobics such asthe estrogensmore
than 1000 times|ess concentrated than thefecal ste-
rols. We know of coursefrom other work that thereis
ahighly polar andionic compositionaswell including
inorganicionic substancesaccompanying thislipophilic
meterid.

Among mag or components contributed by various
sources outside of thefecal substancesarethe musks
(galaxalide), nonyl phenols, and PBDES.

Thematrix representsan environmenta sink result-
ing from bacteria degradation and application of pre-
cipitation agentsremoving both hydrophilic and hydro-
phobic components from awater system. Thus, the
primary concern may be one of long term degradation
and the occurrence of various scenariosthat could lib-
erate various componentsfrom thisreservoir of waste
products. In this regard, the advisability of using
composting to further break down substancesand to
provideincreased availability of nutrientsbecomesa
congderation.

Nonyl phenols

Theextraction conditionswere cons stent with pub-
lished work on the extraction of BSfor theseana ytes.
Nonyl phenol isamajor component of BSwith levels
found at 684 ppbinamunicipal biosolidsmaterid. All
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components representing nonyl phenolsand other re-
lated phenols(e.g., octyl phenols) wereincludedinthe
overdl level. Thisleve iscongstent with arangeof lev-
elsreportedfor BS. Detection limitsfor nonyl phenols
in biosolidswere not determined becausethey consti-
tuteamajor characteristic component inthe material.
Figures2A and 2B show how mass peak profileslead
to accurate and sensitive mass assignment even with
capillary GC peaksand revea whether interferences
affect the peak shape*”). TheAF inthefiguresisthe
agreement factor produced by using anonlinear |east
squaresca culation based onthe R factor of Hamilton*8,

PBDEs

Theextraction conditionswere cond stent with pub-
lished work onthe extraction of BSfor theseanal ytes.
The PBDEsweredoneasacongener-specificanayss
withthefollowingresults
PBDE congener# Amount
181 313 ppb
24.2 ppm
886 ppb
3.74ppm
5.17 ppm
424 ppb
172 ppb
912 ppb
959 ppb
677 ppb

23 ppb

Theresultsrangefrom low ppm levelsto tens of
ppb levelson aper congener basis. Thedataconfirm
the previousreportsin theliterature of the prominent
occurrence of PBDEsin BSand presentsthedataona
congener specificbass Theseleve srepresent amounts
comparableto thoseof thenonyl phenolsand themusks
that are major components. Figure 3illustratesresults
for pentabromo congenersviathe m/z 563.6216ion
usng HRSIRmonitoring.

Recovery of PBDES was checked using spiked
matrix with congener #155 and averaged 123% con-
firming our expectation that hydrophobic anaytesare
extracted efficiently as expected. Based on congener
#155, PBDEsare detectablein biosolids at about 10
ppbwithasignal to noiseratio of 8:1.

HEnRBGB8IAKR

Estrogens
The estrogenswere determined using ion monitor-
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Figure2: Masspeak profile of themolecular ion of nonyl
phenolsat 10000 esolution (a): 11 point profilewith as-
signment 0.9 ppm in error and (b): 7 point profilewith
assignment 0.4ppminerror
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Figure 3: Exampleof m/z563.6216 of PBDE #100 and 99
at RT 14.24 and 14.60 min at 10000 r esolution

14.5

ing for EST, ESD, and EED with estriol astheinterna
standard (HPL C fractionation removed any naturally
occurring estriol). Figure4indicated aninterferencefree
responsefor EST and arepresentativelow resolution
(MID) spectrum produced from the monitored ions.
ESD and EED were presumptively present at lower
levelsin comparison and were subject to cod ution of
additional components. Thefact that theionsexhibited
by thetarget ana ytesare also very commoninthe ste-
roidal typestructuresof congtituentsof biosolidsaswell
astheir presence at athousand fold higher level to-
gether raise specificity issues. Thelow resolution data
was judged to have weak presumptive evidence for
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Figure4: Low resolution El ion monitoringfor theestro-
gens(EST, ESD, EED) after deanup and derivatization usng
BSTFA; EST at RT=15.84
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Figure5: High resolution (10000) SIR of m/z 342.2015
for EST at RT 11.51

ESD and EED whichwerenot confirmed.

Recovery of EST was checked by matrix spikes
with relaively highlevelswith an averageof 77%re-
covery obtained. Thisdetermination hasamore com-
plex cleanup associated withit, and thereforethere-
covery has decreased relative to other analytes. The
detection limitsof EST, ESD, and EED lieinthel1to
10 ppb range.

High resolution mass spectrometry

Threetechniqueswere used in high resolution ex-
perimentsand al were carried out at 10000 resolution.
Accderaing voltagescansall owed alimited massrange
to be acquired on capillary GC peaks. In the case of
nonyl phenolsthemolecular ion (m/z 220) and afrag-
ment ion at m/z 191 were mass measured accurately.
Theagreement with theory for m/z 220 (calc 220.1827,
obs 220.1836, 4 ppm) and for two ions at m/z 191
(calc 191.1436, obs 191.1440for theloss of C2H5 2
ppm; calc 191.1800, obs 191.1803 for thelossof CHO
1.5 ppm). Asafurther aid to the elucidation of theel-
emental composition for the molecular ion, we em-
ployed mass peak profiling to seek alower error inthe
accurate mass determinationi*”. Thistechnique uses
small incremental massesinthevicinity of the observed

Lipophilic organic components

ESAIJ, 4(3) January 2009

accurate massand acquirestheresponseusingthe SIR
descriptor. Theareasof theionsare plotted and abest
fit of thedatato agaussian peak iscarried out usngthe
full nonlinear equation of the peak and is assessed
through the use of the Hamilton RFactor(*®. The mo-
lecular ion at m/z 220 (calc 220.1827, obs 220.1825
0.9 ppm for 11 data points and 220.1826 for the cen-
tral 7 datapoints 0.4 ppm) was particularly accurate
for acapillary GC peak (Figure2).

TheHRM S SIR techniquefor PBDEsresultedin
the confirmation of thequantitated compoundswiththe
proper relative abundances (Figure 3). Occasionally,
PBDE congenersare subject to someinterferenceon
oneioninthelow resolution resultsand the HRM S
SIR obtainsthe proper ratio suggested by theory.

Inthe case of the estrogens, an acceptablelow reso-
lution mass spectrum was obtained for EST as stated
previoudy. Nevertheless, recoursetoHRMSSIR gave
astrong confirmation to themolecular ion at m/z 342
for EST (Figure5). ESD and EED had yielded pre-
sumptive but equivoca evidenceand could not be con-
firmed by low resol ution mass spectrometry. Wesk re-
sponses (about 20 fold lessthan that of EST) at reten-
tiontimesdlightly different than ESD and EED were
a so obtained for the respective molecular ions. It was
concluded that neither ESD nor EED could be con-
firmed and may be effectively removed inthe BS patho-
genremova process.

CONCLUSION

Thispartid characterization hasresultedintheiden-
tification of mgjor componentsof biosolids. Thefecal
sterolsand steronestogether with high levelsof other
contaminants such asnonyl phenol s present cleanup
chdlengesindeterminingtraditiona nonpolar anaytes
and new compounds targeted from PPCPsthat may
be 1000 times|ower in concentration. Choice of SPE
Si iseffectivefor analytesnot e uting with the sterols.
Application of multidimens ond chromatography usng
PGC with HPLC provided additional separation for
the estrogens and use of HRM S afforded increased
specificity and selectivity in determining e ementa com-
positionsandin SIR monitoring at high resolution.
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NOTICE

TheUnited SatesEnvironmenta ProtectionAgency
through its Office of Research and Devel opment funded
and managed the research described here. It hasbeen
subjected toAgency’sadministrative review and ap-
proved for publication.
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