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ABSTRACT

Biosolids from eight municipal sewage treatment plants were studied from
the standpoint of determining PBDE congener target analytesin each sample.
Targeted analytes were subjected to high specificity through the use of
high resol ution selected ion recording mass spectrometry (HRSIRMS). Three
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ionsfrom the molecular ion cluster of each congener group were monitored
at 10000 resolution and PCB#204 was used as the internal standard. The
seven congeners determined ranged from low tens of pg/kg to several mg/
kg in each sample. The general presence of PBDESs indicates that biosolids
serve asan environmental sink for these compounds, and the application of
biosolids to land and other uses must take into consideration the presence

and fate of these compounds.

INTRODUCTION

Biosolids (sewage sludge) represent theend prod-
uct of bacteria digestion and applied treatmentsof raw
sewageinamunicipa sewagetreatment facility!. The
precipitated material from the aqueous solution con-
sistsof arelatively intractable mass made up of both
Inorgani ¢ and organic substancesthat havereached an
environmental sink. The compl ete characterization of
thismaterid remainsunfinished but sudiesby various
workers haveincreased our knowledge about thisma-
teria!?.

In recent timestheinterest has shifted from dis-
posd of thebiosolid materid inlandfillsto thepreferred
use of processed material asasoil amendment!®. The
guestion of course arisesasto the potential exposure
to biotathat would result from such an applicationin
theenvironment aswdll aseffectson human hedth that
might ari sefrom eating crops exposed to theamended
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soil by way of animals eating such cropsbeforegoing
to market or inhaling dust from such applications. Ad-
ditionally, concern arisesfrom any appearanceof sub-
stancesfrom biosolidsentering into groundwater or ul-
timately into drinkingwater dueto leachate.

Thebiosolids have usually undergone additional
treatment to destroy pathogenseither by heat or irra-
diation after the cons derablebacteria degradation and
additiond processtrestment that hastaken place. Thus,
the biosolids are designated Class A or Class B de-
pending on the extent of elimination of pathogens™.
Some proponents advocate the additional step of
composting to remove/degrade the remainder of the
objectionable compoundsthat are currently knownto
residein biosolidg®.

A number of papershavenow filledin someof our
guestionsabout thetypes of contaminantsin biosolids.
Thereview by Rogers¥ included mention of avariety
of compoundsincluding organochlorinepesticides(e.g.,
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adrin), PCBs, and chlorophenols. A large presencefor
nonyl phenolsand surfactantswasa so mentioned. The
largeand diverseclass of pharmaceuticalsand persond
care products (PPCPs) was a so mentioned and most
of thesecompounds (e.g., antibiotics) would befound
inthepolar fraction of dudge components. The syn-
thetic musksareonegroup of PPCPsthat partitionwith
theliphophilic fraction. Methodswere given with ex-
traction and cleanup procedures a soincluded.

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 beaconcernin soil applicationg®. Syn-
thetic musks were determined in biosolids®.
Nonylphenols, pthal ates, and PCBswere determined
in biosolidsand soil in an effort to follow thefate of
such contaminants after soil amendment using
biosolidg™9.

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™ and thiscontrastswith quantitative
recovery of nonpolar compounds. Mottaleb and
Brumley reviewed the separationsused in determining
PPCPsinavariety of environmenta matrices*?.

There are two EPA methods relevant to our ap-
proach. Method 1668aisfor PCBsand usesthreeions
from themolecular ion clustersfor monitoring. Method
1614 for PBDEsusestwoions per molecular ion clus-
ter. In both cases, quantitation isby isotopedilution so
that extensive use is made of stable isotope-labeled
compounds*314,

Inthiswork wereport using anew method involv-
ing GC/HRSIRM S in asurvey of the occurrence of
PBDE congenersin biosolid samplesfrom eight mu-
nicipa treetment fecilitiesintheU.S.

EXPERIMENTAL

Chemicals
PBDE congenerswere obtained from Accu stan-
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dard (8 congener mix BDE-CM: 28, 47, 99, 100, 153,
154, 183, 209). PCB#204 was obtained from Chem
Service.

Samples

Sampleswere obta ned from eight municipal treat-
ment facilitiesand stored in glassbottlesin afreezer.
Severa gram portionsweretaken and air driedina
hood. Thedried material waspulverizedinaball mill
grinder (Reutsch) at 20 Hz for 2 min using aglassball
and glass-lined samplevess.

M ass spectrometry

GC/HRSIR: A Waters-MicroMassAutoSpec Pre-
mier (P) wasoperated at 10000 resolutionin EI mode
(500 pA trap current, 250°C source, high boiling PFK
calibrant, 8kV accelerating voltage, 350 V photo
multipler detector). SoftwarewasMassLynx 4.1.

Method for PBDES
Extraction/Cleanup

The method uses a SW-846 approved extraction
(Method 3545A )1 of BSin methylene chloride/ac-
etone (50/50, v/v) by pressurized liquid extraction
(Dionex ASE200 80°C, 15 min static, 100% purge,
two extractions per sample). The extract is concen-
trated and then fractionated on silicausing SPE toiso-
latethefraction containingthe PBDES.A 3ml S SPE
cartridge (Phenomenex) iswashed with hexane; sample
isgppliedin1 ml of hexaneand thenthesampleisduted
with 2 ml hexane, 2 ml hexane/methylenechloride (50/
50 v/v), 2 ml methylene chloride, and 2 ml acetone.
The PBDEsarefound in the hexanefraction and hex-
ane/methylenechloride (90/10 v/v) fractionswhich are
combined. Typical samplesizewas0.5gandthefinad
volumewas 1 ml with 100 ul of internal standard added
(100 pg/ul). Theaveragerecovery for thismethod was
published previoud y*9.

GC/HRSIR

A 30m 0.25umfilm 0.25 mm ID column (DB5
Agilent-JandW) was used with temperature program-
ming: 60°C for 1 minfollowed by 60-300@20°C/min.
SIR (30 msec dwell) divided into threeretentiontime
groups: Gp 1: 403.80470, 405.80265, 407.80061,
416.97063 (PFK lock mass), 429.76057 (IS),
483.71385, 485.71112, 487.70907; 5t0 13.6 min;
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TABLE 1: Retention timesof PBDE congeners

Congener no RT
28 12.03
47 13.11
99 14.36
100 14.02
153 16.07
154 15.36
183 18.66
IS 12.93

TABLE 2: Congener levelsin biosolidsfrom eight treatment
facillitiesdetermined in triplicate

Samplet—>
Cmgma’#¢12345678
28 431 552 89 6.3 9.8 175 69 218
47 1677 1627 570 284 376 920 299 503
99 2471 2123 652 285 466 121.8 324 809

100 547 465 149 60.0 102 308 70.8 189
153 179 174 54.1 184 33.6 84.5 18.3 48.8
154 142 146 46.4 157 258 73.1 174 42.2
183 20.9 33.2 164 17.8 10.0 269 8.0 16.1

TABLE 3: Precision for determination of a single extract
(sample#3, third replicate)

Congener # ug/kg /+/-% RSD
28 9.84/1.1
47 591/6.5
99 729/ 4.6
100 165/4.1
153 60.3/6.0
154 50.3/4.4
183 20.0/6.5

TABLE 4: Supplemental data showing all threedeter mina-
tions of congener levelsin biosolids from eight treatment
facillitiesdeterminedin triplicate (thr ee separ ate portionsof
dried, ground material taken through theextraction, cleanup,
and final separ ation/deter mination independently) in pg/kg.

Sampl et6
Congener# 9 1 2 3 4 5 6 7 8
28 331 591 83 63 104 197 64 219
28 283 643 88 72 94 179 79 190
28 680 421 97 55 97 148 65 244
47 1311 1747 576 273 391 1001 268 674
47 1161 1775 538 328 352 1038 362 568
47 2559 1359 595 252 386 722 268 826
99 1565 2333 578 288 532 1244 296 719
99 1390 2586 665 330 486 1620 403 630
99 4458 1451 713 237 381 791 272 1079
100 362 491 130 614 117 328 629 168
100 311 568 155 69.2 105 378 884 147
100 968 330 162 494 834 218 61.0 251
153 115 170 491 176 422 914 187 465
153 107 240 545 21.7 325 108 229 36.8
153 317 112 587 158 260 542 133 631
154 99.2 143 426 156 298 799 163 39.1
154 911 196 472 176 248 880 214 329
154 236 98.1 493 139 228 513 145 545
183 109 272 146 127 113 287 7.9 149
183 174 503 156 114 100 324 93 129
183 344 221 191 294 87 197 6.8 206

—— Fyll Peper

Gp 2: 561.62367, 563.62163, 565.61958, 566.96642
(PFK lock mass), 641.53214, 643.53009, 645.52805;
13.70t0 18.0 min; Gp3: 719.44265, 719.44265 (PFK
lock mass), 721.44060, 723.43856; 18.1to 25.0 min.

RESULTSAND DISCUSSION

Confirmation of identity of PBDESs

The seven congenersincluded inthisstudy arethe
most common congenersdetermined in environmenta
anayss. Theretentiontimesaregivenin TABLE 1 for
the congeners. The compounds range from
tribromodiphenyl ethersto heptabromodiphenyl ether
congeners, and they were addressed using threereten-
tiontimegroups(tri-BDE and tetra-BDE, pentaBDE
and hexa-BDE, and hepta-BDE).

Confirmatory requirements are addressed using
threeionsfrom themolecular ion cluster and their rela-
tiveabundances. The supporting information fromthe
presenceof additiona congeners strengthensthe con-
clusion that we are dealing with the pol ybrominated
diphenyl ethers. Theadditiond selectivity of 10000 reso-
lution addsto our certainty asto the eemental compo-
sition, and the congener isestablished with the agree-
ment of theretention time observed in sampleextracts
with those of standards. HRSIRM Sismore selective
than low resolution MS9,

Biosolids analyses

Theandysesof theeight municipd trestment facili-
tieswere carried out in triplicate and the results are
giveninTABLE 2. Levelsof PBDEsranged from low
ug/kg to hundreds of pug/kg or to low mg/kg levels.
Congeners47 and 99 weredwaysfound asthe highest
concentration contaminantsamong the congeners. The
individual analysesof each of the biosolids samples
showed somesignificant variations. Itissuspected that
biosolidsmaterid itself ishighly heterogeneous so that
theseresultsmust beviewed asrepresentative but could
adsovary gregtly assamplesdiffer onvarioustimescales
of sampling.

Considerablevariationissometimes observed in
theresultsfor thethree sampling set and thisisattrib-
uted primarily to heterogeneity in the bi osolids them-
sves.
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Figurel: Group 1total ion current responses(including
m/z 405.80265 and m/z 485.71112 congener gr oups) show-
ing congeners# at RT=12.05 (#28) and 13.15 (#47) and
internal sandard at RT=12.96
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Figure2: Group 2total ion current responses (including
m/z 563.62163 and m/z 643.53009) showing congener s#
at RT=14.06 (#100) , 14.40 (#99) , 15.40 (#154) ,and 16.11
(#153)
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Figure3: Group 3m/z 721.4406ion current response show-
ing congener #183 at RT=18.71

Thereproducibility of asngledeterminationisgiven
inTABLE 3for sample#3 (#3replicate). Thisestab-
lishesagood estimate of precisionfor thesingleextract
and can be compared to thevariation found among rep-
licate extractionsof the same sampleif sodesired.

The precision of determination may not beasgood
asfor isotopedilution studieswhere perhaps 2% pre-
cision or better may be obtained, but the RSDs are
quite acceptable for this simpler and less costly ap-

proach. Supplementd datain TABLE 4 show thethree
independent determinationsfor each congener for all
elght municipa stesandindicate sample heterogeneity.

Theimplications of these contaminant levelscen-
tersupon concernwith the possibleintroduction of these
contaminants, that havereached an environmenta sink,
back into the environment asaresult of the gpplication
of biosolidsto landfillsor agricultura use. Leachatemay
asorepresent an additiona path back into environmentd
transport processes.

Data examples

Thefollowingfigures1-3illustrate theresponsefor
retentiontimegroups1, 2, and 3respectively insample
3 (thirdindependent analysis). In generd, the specific-
ity ishigh for determining the congenersin biosolids
despitethe complexity of the matrix[*®, Therearean
enormous number of compounds present inthismatrix,
andthisremainsafair characterization of thelipophilic
fractionitself. The PBDES exhibit some advantages
because of their negative massdefect (high resolution
monitoring thusdiminatesmany compoundswith pos -
tive massdefect) and their relatively high molecular
weightsand longer retentiontimes. Nevertheless, inter-
ferenceswere observedin low resolution monitoring
with at |east one congener group. Negative ion ap-
proaches also represent greater selectivity as does
HRMS, but specificity may belackingfor lower bro-
minated congeners sincethere may belittle or no mo-
lecular anion produced*”.

Two figures below of mass spectraillustrate the
agreement of spectraobtained from themonitoredions
for astandard and for spectraobtained from sample
extractsfor congener #99. Thetheoreticd rdativeabun-
dancefor themost abundant ions of themolecularion
cluster is51.2:100:97.8, and observed experimenta
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Figured4: M assspectrum of a standar d of congener #99
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Figure5: Massspectrum of congener #99 obtained froma
biosolid sample 3 (replicate 3)

valuesarewithin 2% of thecalcul ated values.

Detection of other congenersand specificity

In addition to themonitored congeners, additional
responses attributableto PBDEswere observed within
thegroup windows. Specificdly, inthefirst group win-
dow additiona responseswere observed for tribromo-
BDEsat RT=11.88 and 12.07 min., and tetrabromo
BDEswereobserved at RT=12.71 and 13.33 min. In
the second group window an additional responsewas
observed for a pentaBDE at RT=15.12 min and re-
sponses were observed for hexaBDEs at RT=15.45
and 16.15min.

Thesilicagel cleanup affordsan extract that has
removed themore polar coextractivesthat includethe
fecal sterolsand sterones*dl. Thisenhancesthe speci-
ficity of themethod but till allowsdetection of addi-
tiona congenersbeyond the commonly occurring com-
pounds. The additional congenerswere estimated at
levels below 100 ppb based on responses of similar
congeners.

CONCLUSION

Theseresultsconfirmtheimportant contribution thet
PBDEsmaketothecontaminant level sof biosolidsina
ubiquitous manner. Biosolidsthus constitute an impor-
tant environmenta sink for PBDES. Thelevelsreported
should enablerisk assessorsto eva uatethe gpplication
of biosolidstoland usein conjunctionwith the potentia
exposure of biotato these compounds. This method
differsfromMethod 1614 by only usngasingleinter-
nal standard and thusis much cheaper to carry out,
whileit mantainsgreater confirmative power usngthree
ionsfromthemolecularion cluster.

—— Fyll Peper
REFERENCES

H.R.Rogers; Sci.Total Environ., 185, 3 (1996).

T.A.Ternes, N.Herrmann, M.Bonerz, T.Knacker,

H.Siegrist, A.Joss; Water Res., 38, 4075 (2004).

GA.O’Connor; Sci.Total Environ., 185, 71 (1996).

M.J.LaGuardia, R.C.Hale, E.Harvey, T.M.Mainor;

Environ.Sci.Technol., 35, 4798 (2001).

‘Guidancefor Controlling Potential Risksto Work-

ersExposed to Class B Biosolids,” Publication Num-

ber 2002-149, DHHS, NIOSH, CDC, July 2002,

assessed at http://www.cdc.gov/ niosh/ docs/ 2002-

149/ pdfs/ 2002-149.pdf on 05/16/2007.

J.V.Fermante J.M eggan; Poll ution Engineering, 29,

40 (1997).

K.Oberg, K.Warman, T.Oberg; Chemosphere, 48,

805 (2002).

[8] G.GYing, R.S.Kookana; Environ. Internat., 33,
1099 (2007).

[9] L.l.Osemwengie; J.Environ.Monitoring, 8, 897
(2006).

[10] R.Gibson, M.J.Wang, E.Padgett, A.J.Beck; Analy-
sisof 4-nonyl phenols, phtha ates, and polychlorinated
biphenysin soils and biosolids, Chemosphere, 61,
1336 (2005).

[11] W.Giger, A.C.Alder, E.M.Golet, H.PE.Kohler,
C.S.McArdell, E.Molnar, H.Siegrist, M.J.F.Suter;
Chimia, 57, 485 (2003).

[12] M.A.Mottaleb, W.C.Brumley; Trends Chromatogr.,
2, 11 (2006).

[13] U.S.EPA Method 1668A (PCBs), accessed on 04/
17/2008 at http://www.epa.gov/Region3/1668a.pdf.

[14] U.S.EPA Method 1614 (PBDEsS), accessed on 04/
17/2008 at http://www.epa.gov/waterscience/meth-
ods/method/files/1614.pdf.

[15] U.S.EPA Method 3545A (Pressurized Fluid Extrac-
tion) of SW 846, accessed on 03/20/2008 at http://
Www.epa.gov/sw-846/3_series.htm.

[16] W.C.Brumley, K.E.Varner, L.A.Riddick; Environ.
Science,An Indian J., 3(3), (2008).

[17] W.C.Brumley; Anal.Chem., Indian J., 7(7), 429

(2008).

[1]
[2]

[3]
[4]

[5]

[6]
[7]

—— a%a['yttaa[’ CHEMISTRY
A ndian W


http://www.cdc.gov/
http://www.epa.gov/Region3/1668a.pdf.
http://www.epa.gov/waterscience/meth-
http://
http://www.epa.gov/sw-846/3_series.htm.

