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bstract

A method has been developed for the determination of 24 household high production volume (HPV) chemicals in municipal wastewater systems
sing solid-phase extraction (SPE) and analyses using both gas chromatography and liquid chromatography, each with tandem mass spectro-
etry (GC–MS/MS and LC–MS/MS). Target compounds include pesticides, antioxidants, fragrances, plasticizers, preservatives and personal

are products. Method reporting limits ranged from 0.1 to 100 ng/L in water and recoveries for most compounds were between 54 and 112%.
ousehold HPVs were consistently detected in raw sewage entering three full-scale wastewater treatment plants. Compounds such as vanillin,
EET, benzophenone, 3-indolebutyric acid, bisphenol A, triclosan and triclocarban were detected in all wastewater influent and effluent samples,
ut were significantly lower in the effluent. Many of the remaining compounds were detected in the influent, but below detection in effluent samples.

enthol and phenoxyethanol had the highest observed concentrations in influent samples ranging from 1.5 to 13 �g/L for menthol, and 8.8 to

2 �g/L for phenoxyethanol. MGK-11, methylresorcinol, trifluralin, hexabromododecane, acriflavin and atrazine were not detected in any samples.
he method described here detects a broad range of HPV chemicals with great sensitivity and selectivity.
 2008 Elsevier B.V. All rights reserved.

eywords: Household chemicals; High production volume (HPV) chemicals; Solid phase extraction; Gas chromatography; Liquid chromatography; Tandem mass
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. Introduction

Households regularly use products containing organic com-
ounds that ultimately enter municipal wastewater systems and
ay not be completely eliminated during water treatment. Of the

otal number of consumer product chemicals the United States
nvironmental Protection Agency (EPA) has identified, approx-

mately 500 are considered high production volume (HPV)
hemicals [1]. Chemicals considered to be HPV in the United
tates are those that are manufactured in or imported into the
.S. in amounts equal to or greater than one million pounds per

ear. The EPA estimates that there are more than 15,000 HPV
hemicals manufactured or imported into the U.S., of which
000 are organic chemicals (excluding polymers) [1]. Approxi-
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ately 43% of the 3000 organic HPV chemicals have never been
valuated for toxicity or environmental impact considering six
azardous endpoints set by the United Nations Environmental
rogram (UNEP) in the Screening Information Data Set (SIDS)
1,2].

The great interest in trace organic pollutants has lead to
n increased awareness of trace contaminants including HPV
hemicals. The lack of information both on the safety of HPV
hemicals and other organic compounds used in household prod-
cts is posing a challenge for the water industry. Based on
revious research and method development in the determination
f trace pharmaceuticals, suspected endocrine disruptors and
ersonal care products [3–5], this study developed a similar ana-
ytical approach to determine select HPV household chemicals

Table 1) in raw sewage and treated wastewater effluents.

A comprehensive list of household chemicals was initially
erived from a database offered by the National Institutes of
ealth’s (NIH) National Library of Medicine (NLM) [6]. From

mailto:beck.trenholm@snwa.com
dx.doi.org/10.1016/j.chroma.2008.02.032
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Table 1
Target compounds, use and structures

Compound Use/tier Structure

3-Indolebutyric acid Plant growth regulator, root stimulator

Acriflavine Topical antiseptic

Atrazine Herbicide

Benzophenone UV blocker, flavor agent, fragrance

BHA (butylated hydroxy anisole) Antioxidant

BHT (butylated hydroxy toluene) Antioxidant

Bisphenol A Plasticizer

Camphor Fragrance, antipruritic, flavor agent

DEET Mosquito repellant

Dibutyl phthalate Plasticizer

Hexabromododecane Flame retardant
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Table 1 (Continued )

Compound Use/tier Structure

Hydrocortisone Anti-inflammatory

Isobutylparaben Preservative

Menthol Antipruritic, flavor agent, fragrance, pesticide

MGK-11 Insect repellent

Methylresorcinol Hair dye

o-Phenylphenol Germicide

Oxybenzone UV blocker

Phenoxyethanol Preservative

Propylparaben Preservative

Simazine Herbicide

Triclocarban Antibacterial

Triclosan Antibacterial
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Table 1 (Continued )

Compound Use/tier Structure

Trifluralin Herbicide

Vanillin Flavor agent, fragrance
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his database, approximately 720 organic and inorganic com-
ounds were identified that fall within eight commodities: (1)
uto products, (2) inside the home, (3) pesticides, (4) home main-
enance, (5) personal care/use, (6) pet care, (7) arts and crafts,
nd (8) landscape/yard. However, only organic compounds were
argeted in this study. The following databases were then used
o evaluate production volumes of the identified compounds:

1) International Council of Chemical Associations (ICCA)
HPV Working List of chemicals which includes chemicals
considered HPV by various governments or industries (i.e.,
North America, Europe, or Japan) [7].

2) United States EPA’s Toxic Substances Control Act Inven-
tory Update Rule (TSCA IUR) database, which provides
information on organic chemicals that are manufactured in,
or imported into, the United States in amounts equal to or
exceeding 10,000 pounds per year [8].

3) European Chemical Substances Information System
database (ESIS) which reports on chemicals being produced
or imported in quantity of at least 1000 metric tons (equiva-
lent of 2.2 million pounds) per year in the European Union
(EU) [9].

The selection of compounds identified for further study and
etermination were based on production volumes, environmen-
al relevance and feasibility for analytical quantification. The
nitial selection of chemicals included only those compounds
isted in the EPA’s Inventory Update Rule (IUR) database [8]
ith yearly production volumes greater than one million pounds
er year and which are likely present in domestic wastewa-
er due to their physicochemical properties (i.e., moderate to
igh water solubility, low volatilization potential) and reported
nvironmental fate. Triclocarban was integrated into the target
ompound list because triclocarban can function as a model for
merging contaminants for which only a limited amount of data
ere available at the time of study initiation [10,11]. The final

election of compounds targeted in this study is summarized

n Table 1. Samples were extracted by solid-phase extractions
SPE) and analyzed using GC–MS/MS and LC–MS/MS. The
esearch method described here encompasses a unique collec-
ion and wide range of HPV household chemicals, which was

(
s
b
5

pplied as a screening method to determine their occurrence in
astewater influent and effluent samples. Preliminary results,
ased off of a limited upon sampling events, suggest that many
f the HPV chemicals were removed through the wastewater
reatment processes evaluated.

. Experimental

.1. Chemicals and reagents

All standards and reagents used were of the highest purity
ommercially available. All standards were obtained from
igma–Aldrich (St. Louis, MO) except MGK-11 and triflu-
lin from Riedel-de Haën (Seelze, Germany); atrazine and
imazine from Ultra Scientific (North Kingstown, RI); butylated
ydroxytoluene-d24 from C/D/N Isotopes (Quebec, Canada);
nd [13C6]-vanillin, [13C6]-�-BHC, [13C6]-o-phenylphenol,
13C12]-bisphenol A, [13C3]-simazine, [13C3]-atrazine, [13C12]-
riclosan, DDD-d8 and dibutyl phthalate-d4 from Cambridge
sotope Laboratories (Andover, MA). All solvents were of the
ighest purity available and were obtained from Burdick and
ackson (Muskegon, MI), except formic acid and methyl-t-butyl
ther (MTBE) from EM Science (Gibbstown, NJ) and ammo-
ium acetate from J.T. Baker (Phillipsburg, NJ).

.2. Sample collection and preservation

Full-scale monitoring for this study was carried out at three
astewater treatment facilities serving a major metropolitan area

ocated in the western United States. During full-scale occur-
ence monitoring, WWTP influents (sewage), as well as treated
nd disinfected effluent samples, were collected as composites
ver a 24-h period. Samples were collected using existing dedi-
ated facility autosamplers employed for quality and compliance
urposes. Samples were collected directly into a single, 10-L
lass container housed in a refrigerated cabinet. All samples
ere filtered onsite through 90 mm glass fiber (GF/F) filters
Whatman, England) and then collected in 1-L pre-cleaned,
ilanized amber glass bottles (Eagle-Picher, Miami, OK). Each
ottle contained 1 g sodium azide for preservation and 1 mL of
0 �g ascorbic acid solution to quench any residual chlorine.
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Table 2
GC–MS/MS and LC–MS/MS target compounds and mass transitions

Compound Precursor ions (m/z) Product ions (m/z)

GC–MS/MS EI positive
Camphor 95 (108) 67 (93)
Menthol 95 (123) 67 (81)
Phenoxyethanol 138 (94) 94 (66)
Methylresorcinol 124 (95) 95 (77)
Vanillin 151 108 + 123
BHA 165 (180) 137 (165)
BHT 205 (220) 177 (205)
o-Phenylphenol 170 (141) 141 (115)
DEET 190 (119) 145 (91)
MGK-11 175 (97) 97 (79)
Benzophenone 105 77
Trifluralin 306 (264) 264 (206)
Dibutyl phthalate 149 (223) 121 (149)
Hexabromododecane 239 (319) 157 (237)

LC–MS/MS ESI positive
Acriflavine 210 193 (166)
Hydrocortisone 363 120 (91)
Simazine 202 132 (104)
Atrazine 216 173 (103)
DEET 192 118 (91)
Oxybenzone 229 150 (104)

LC–MS/MS ESI negative
3-Indolebutyric acid 202 157 (115)
Bisphenol A 227 211 (132)
Propylparaben 179 92 (135)
o-Phenylphenol 169 114 (141)
Isobutylparaben 193 92 (135)
BHA 179 163 (149)
Triclocarban 313 159 (125)
Triclosan 287 35 (241)
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ample bottles were kept cold while transporting back to the
aboratory. Once received, samples were stored at 4 ◦C until
xtraction. All samples were extracted within 14 days of collec-
ion. Typically a 500 mL aliquot was used for each separate SPE

ethod corresponding to GC–MS/MS or LC–MS/MS analysis.
or some influent and tertiary treated samples, only a 50–100 mL
liquot of sample was used to help minimize matrix interferences
or LC–MS/MS analysis.

.3. Solid-phase extraction for GC–MS/MS

Five hundred milliliters samples were extracted in batches
f six using 200 mg hydrophilic–lipophilic balance (HLB) glass
PE cartridges from Waters Corp. (Milliford, MA). All extrac-

ions were performed using an Autotrace automated SPE system
Caliper Life Sciences, Hopkington, MA). The HLB cartridges
ere sequentially preconditioned with 5 mL dichloromethane

DCM), 5 mL MTBE, 5 mL methanol, and 5 mL reagent water
Barnstead Nanopure). Samples were spiked with 0.25 �g of
urrogate standards [13C6]-o-phenylphenol, BHT-d24, dibutyl
hthalate-d4 and 1.0 �g of [13C6]-vanillin. Samples were loaded
nto SPE cartridges at 15 mL/min. After sample loading, the
PE cartridges were rinsed with 5 mL reagent water and dried
sing nitrogen for 30 min. The SPE cartridges were eluted with
mL of 10/90 (v/v) methanol/MTBE followed by 5 mL of DCM.
he combined eluents were collected in a 15 mL calibrated glass
ial (Caliper Life Sciences, Hopkington, MA) and concentrated
ith a gentle stream of nitrogen to 5 mL using a TurboVap

Caliper Life Sciences). The extract was dried over 1 g of sodium
ulfate and transferred to another 15 mL calibrated glass vial.
he sodium sulfate was rinsed twice with 1 mL of DCM and
ombined with the sample extract. The combined extract was
oncentrated to 2 mL with a gentle stream of nitrogen. At this
oint 1 mL of iso-octane was added, vortexed, and further con-
entrated to less than 0.5 mL, at which time 0.125 �g of internal
tandards ([13C6]-�-BHC, [13C12]-methoxychlor and DDD-d8)
ere added and the final volume adjusted to 500 �L with iso-
ctane.

.4. Solid-phase extraction for LC–MS/MS

SPE for LC–MS/MS was the same as the GC–MS/MS SPE
ethod, except for the following differences. The HLB car-

ridges were sequentially preconditioned with 5 mL MTBE,
mL methanol, and 5 mL reagent water. Samples were

piked with 0.02 �g of surrogate standards [13C6]-triclosan,
13C6]-simazine, [13C6]-atrazine, and 0.1 �g [13C6]-bisphenol

and [13C6]-o-phenylphenol. The SPE cartridges were
luted with 5 mL methanol followed by 5 mL of 10/90 (v/v)
ethanol/MTBE. The combined eluent was collected in a 15 mL

alibrated glass vial and concentrated with a gentle stream of
itrogen to 500 �L.
.5. Gas chromatography–mass spectrometry

A Varian (Walnut Creek, CA) CP-3800 Gas Chromato-
raph equipped with a CP-8400 autosampler was used for all

o
V
i
F

) Confirmation precursor/product ions.

nalyses. The injector (Varian 1177) was operated in split-
ess mode with a SiltekTM deactivated glass liner with glass
rit (Restek, Bellefonte, PA). An injection volume of 2 �L
as used for all analyses. Analytes were separated on a
0 m × 0.25 mm ID × 0.25 �m DB5-MS column (J & W, Agi-
ent, Palo Alto, CA) using 1.0 mL/min helium flow and an
nitial pressure pulse of 45 psi for 0.85 min. The temperature
rogram was as follows: 90 ◦C, hold for 2.0 min; 90–280 ◦C at
◦C/min, hold for 2.0 min; 280–315 ◦C at 50 ◦C/min, hold for
.16 min. The injector and transfer line temperatures were at
80 ◦C.

Mass spectrometry was performed using a Varian 2200 ion
rap mass spectrometer (Walnut Creek, CA) set at 200 ◦C.
ll analyses were performed using multiple reaction moni-

oring (MRM) in positive electron impact mode. For most
nalytes, two mass transitions were monitored. One transi-
ion was used for quantitation while the second transition was
sed for confirmation. Mass transitions are listed in Table 2.
anillin and benzophenone did not have an abundant sec-

nd mass transition; therefore only one transition was used.
anillin was quantified using the sum of two product ions for

mproved sensitivity. An example chromatogram is shown in
ig. 1.
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Fig. 1. GC–MS/MS TIC chromatogram of 200 �g/L standard. Key: (1) cam-
phor, (2) menthol, (3) phenoxyethanol, (4) m-resorcinol, (5) vanillin, (6)
13C6-vanillin, (7) BHA, (8) BHT-d24, (9) BHT, (10) o-phenylphenol, (11) 13C6-
o-phenylphenol, (12) DEET, (13) MGK-11, (14) benzophenone, (15) trifluralin,
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lene chloride at concentrations ranging from 10 to 40 mg/L.
This stock solution was diluted to appropriate concentrations
in methanol for SPE spiking and diluted into iso-octane for
calibration standards. For LC–MS/MS compounds, a working
16) 13C6-alpha-BHC, (17) dibutyl phthalate-d4, (18) dibutyl phthalate, (19)
DD-d8, (20)) 13C12-methoxychlor, (21) cholecalciferol, (22) hexabromodo-
ecane.

.6. Liquid chromatography–mass spectrometry

An Agilent G1312A binary pump (Palo Alto, CA) and an
TC-PAL autosampler (CTC Analytics, Zwingen, Switzerland)
ere used for all analyses. Analytes were separated using a
ynergi Max-RP (Phenomenex, Torrance, CA) reverse phase
olumn (250 mm × 4.6 mm). Electrospray ionization (ESI) was
sed for LC–MS/MS analysis in both positive and negative
odes with each mode requiring a different mobile phase for

ptimal ionization. For ESI positive a dual eluent system com-
osed of 0.1% formic acid in water (A) and 100% methanol
B) was used. A flow rate of 700 �L/min was used with a gra-
ient as follows: 5% B held for 0.5 min, increased linearly to
00% B by 8.5 min, and held at 100% B for 6.5 min. After each
un, the column was equilibrated for 9.0 min with 5% B. This
esulted in a total analysis time of 24 min. ESI negative mode
sed a dual eluent system composing of 100 mM ammonium
cetate in water (A) and 100% methanol (B). A flow rate of
00 �L/min was used with a gradient as follows: 5% B held

or 0.5 min, increased linearly to 100% B by 8.5 min, and held
t 100% B for 8.5 min. After each run, the column was equili-
rated for 9.0 min with 5% B. This resulted in a total analysis

able 3
C–MS/MS source-dependent parameters

ESI positive ESI negative

ollision gas (psig) 8 10
urtain gas (psig) 10 18

on source Gas 1–nebulizer gas (psig) 50 50
on source Gas 2–turbo gas (psig) 50 50
onspray voltage (V) 5500 −4500
emperature (◦C) 600 500
robe X-axis position (mm) 5 5
robe Y-axis position (mm) 5 5
ntrance potential (V) 10 10

F
(
(
t

ig. 2. LC–MS/MS ESI positive chromatogram. Key: (1) acriflavine, (2) hydro-
ortisone, (3) simazine, (4) 13C3-simazine, (5) oxybenzone, (6) atrazine, (7)
3C3-atrazine, (8) DEET.

ime of 26 min. An injection volume of 10 �L was used for all
nalyses.

Mass spectrometry was performed using an API 4000 triple
uadrupole mass spectrometer (Applied Biosystems, Foster
ity, CA). All analyses were performed using MRM with elec-

rospray ionization in both positive and negative modes. ESI
ositive and negative mass transitions are listed in Table 2.
ource-dependent parameters for both modes are listed in
able 3. Example chromatograms of each ionization mode are
hown in Figs. 2 and 3.

.7. Calibration and recoveries

Method reporting limits (MRLs) were determined based on a
ignal-to-noise ratio greater than 10 (Table 4). A working stock
olution for GC–MS/MS compounds was prepared in methy-
ig. 3. LC–MS/MS ESI negative chromatogram. Key: (1) 3-indolebutyric acid,
2) bisphenol A, (3) 13C12-bisphenol A, (4) propylparaben, (5) o-phenylphenol,
6) 13C6-o-phenylphenol, (7) isobutylparaben, (8) BHA, (9) triclocarban, (10)
riclosan, (11) 13C12-triclosan.
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Table 4
Method reporting limits (MRLs), calibration range, average percent recovery matrix spikes, relative standard deviation (RSD) or relative percent difference (RPD)

Compound MRL (ng/L) Calibration range (�g/L) Average percent recovery
DI water matrix spike

RSD (%) Average percent recovery
surface water matrix spike

RPD (%) Average percent recovery
WWTP effluent matrix spike

RPD (%)

GC–MS/MS n = 7 n = 2 n = 2
Camphor 50 50–1000 70 12 76 20 81 10
Menthol 50 50–1000 75 9 86 20 105 13
Phenoxyethanol 100 100–2000 77 5 81 2 98 13
Methylresorcinol 100 100–2000 54 22 62 11 45 5
Vanillin 100 100–2000 74 17 54 14 109 24
BHA 25 25–500 75 7 88 3 127 22
BHT 25 25–500 74a 6 93 0 111 26
o-Phenylphenol 25 25–500 93 4 95 0 138 10
DEET 25 25–500 78 15 90 11 111 62
MGK-11 25 25–500 75 8 89 6 126 15
Benzophenone 25 25–500 87 3 101 6 163 53
Trifluralin 25 25–500 85 6 97 2 153 14
Dibutyl phthalate 25 25–500 143 23 69 49 74 11
Hexabromododecane 100 100–2000 75 11 95 1 86 15

MRL (ng/L) Calibration range (�g/L) Average percent recovery
DI water matrix spike

RSD (%) Average percent recovery
surface water matrix spike

RSD (%) Average percent recovery
WWTP effluent matrix spike

RSD (%)

LC–MS/MS n = 7 n = 3 n = 3
Acriflavine 1.0 1.0–100 61 14 70 4 17 3
Hydrocortisone 1.0 1.0–100 89 10 53 6 30 2
Simazine 1.0 1.0–100 73 20 78 4 52 3
Atrazine 1.0 1.0–100 76 19 81 4 54 1
DEET 0.1 0.1–10 70 21 nab nab nab nab

3-Indolebutyric acid 1.0 1.0–100 46 59 32 11 13 28
Oxybenzone 1.0 1.0–100 67 12 0 0 12 19
Bisphenol A 10 10–1000 111 6 84 1 70 11
Propylparaben 0.25 0.1–10 112 10 88 2 40 4
o-Phenylphenol 10 10–1000 82 13 115 3 119 3
Isobutylparaben 0.25 0.1–10 110 7 98 5 58 3
BHA 1.0 1.0–100 83 11 105 2 99 5
Triclocarban 0.25 0.1–10 75 7 17 7 nab nab

Triclosan 1.0 1.0–100 109 10 64 7 nab nab

a n = 6.
b na = data not available due to matrix spike not visible above the baseline concentrations already present in the matrices.
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Table 5
Compounds detected in blank reagent water, average concentrations and fre-
quency of occurrence (n = 7)

Compound Average concentration
(ng/L)

Frequency of
occurrence (%)

Dibutyl phthalate 130 100
DEET 0.27 71
Oxybenzone 1.3 43
Propylparaben 0.29 43
Isobutylparaben 0.29 14
T
T

s
i
a
c
m
b
T
b
L
a
h
s
l
e
e
w
t
i
c
e
d
c
t

3

3

i
o
o
O
D
B
t
e
l
w
i
D
a
q

3

w
f
l
1
2
e

w
p
m
f
b
n
b
s
o
o

3

s
(
i
w
d
p
i
d
b
l
w
I
r
B
r
r
d

d
m
s
e
u
i
p
6
b
o

riclocarban 0.17 43
riclosan 1.6 43

tock solution was prepared in methanol at concentrations rang-
ng from 0.25 to 25 mg/L. This stock solution was diluted to
ppropriate concentrations in methanol for SPE spiking and
alibration standards. Calibration curves for both analytical
ethods contained at least six points with the lowest point

eing at or just below the MRL. Calibration ranges are listed in
able 4. Quantitation was performed using internal standard cali-
ration for GC–MS/MS and external standard calibration for
C–MS/MS. Both used linear or quadratic fit, depending on
nalyte response, with correlation coefficients of 0.990 or
igher. Calibration verifications were analyzed at least every
ix samples to ensure instrument performance. Isotopically
abeled surrogate standards were added to samples prior to
xtraction to monitor the extraction efficiency. Spike recov-
ry tests were conducted in reagent water, surface water, and
astewater effluent. Recoveries and relative standard devia-

ion (RSD) results are provided in Table 4. For matrix spikes
n which only duplicate samples were done, a relative per-
ent difference (RPD) was applied. A laboratory blank was
xtracted along with every batch of samples. Compounds
etected in laboratory blanks are listed in Table 5 along with the
orresponding average concentration and frequency of detec-
ion.

. Results and discussion

.1. Target compound selection

The analytical approach developed during this study was
ntended to encompass a variety of household compounds for
ccurrence screening, but during method development some
riginal target compounds were excluded for various reasons.
ne such compound was cholecalciferol, also known as vitamin
3, which was excluded because of instrumental complications.
oth the LC–MS/MS and GC–MS/MS exhibited low detec-

or responses for this compound. Other compounds that were
xcluded due to poor instrument response included FD&C Yel-
ow #5, folic acid, farnesol and avobenzone. A few compounds

ere found to exhibit good responses and sensitivity in both

nstrumental methods investigated. These compounds included
EET, BHA and o-phenylphenol. These three compounds were

nalyzed by both methods for data comparison and additional
uality control.

c
fi
p
s
r

gr. A  1190 (2008) 253–262

.2. Solid-phase extraction

During SPE development, glass and plastic HLB cartridges
ere compared. While recoveries were similar between the dif-

erent cartridges, the use of plastic cartridges resulted in high
evels of BHT contamination, which ranged from approximately

to 2 �g/L. Background levels of BHT decreased to below
5 ng/L using glass cartridges; therefore, these were chosen for
xtraction to minimize background contamination.

For the GC–MS/MS compounds various SPE elution solvents
ere tested. A single elution with 10 mL of DCM was com-
ared with an elution using a combination of 5 mL 10/90 (v/v)
ethanol/MTBE followed by 5 mL of DCM. Using only DCM

or elution resulted in poor recoveries of methylresorcinol (0%),
ut acceptable recoveries for the other target compounds (data
ot shown). When 5 mL 10/90 (v/v) methanol/MTBE followed
y 5 mL of DCM elution was applied, the recovery of methylre-
orcinol increased to 54% in reagent water without affecting the
ther compounds. Therefore, the latter was used for SPE elution
f GC–MS/MS compounds.

.3. Matrix spikes and recoveries

Some compound recoveries in spiked wastewater effluent
amples were greater than recoveries in DI and surface waters
i.e., vanillin and BHA). This was likely due to their presence
n the unspiked effluent sample. However, environmental levels
ere slightly below the reporting limit and therefore, because the
etection could not be reported, no recovery adjustment could be
erformed. Dibutyl phthalate exhibited acceptable SPE recover-
es, but had detectable and variable background contamination
ue to the extraction process, resulting in higher RSDs. However,
ecause the background contamination levels were relatively
ow compared to the environmental levels observed in waste-
ater influent, it was not excluded from the target compound list.

n relation to the other analytes, 3-indolebutyric acid extraction
ecoveries were not ideal with low recoveries and high RSDs.
ecause its environmental levels were well above the method

eporting limit, it also remained in the method. However, data
eported for 3-indolebutyric acid are associated with a higher
egree of uncertainty and should be viewed accordingly.

Oxybenzone and triclocarban were promising during method
evelopment in reagent water, but exhibited poor recoveries in
atrix spikes, therefore, results for oxybenzone and triclocarban

hould be viewed qualitatively. During method development,
xtractions were performed at a variety of adjusted pH val-
es (data not shown). It was determined that oxybenzone had
ncreased recoveries at pH less than 7 and poor recoveries above
H 7. The pH of the reagent water typically ranged from 5.0 to
.5, whereas the surface water and wastewater effluent ranged
etween pH 7.3 and 8.1, respectively. This agrees with previ-
us research analyzing pharmaceutical residues and personal
are products in aqueous samples in which samples were acidi-

ed to pH 2 prior to extraction [3]. Triclocarban also exhibited
oor recoveries in surface water and wastewater effluent matrix
pikes. Previous research has suggested that triclocarban will
eadily bind to natural organic matter (NOM) and sediment
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Table 6
Occurrence of HPV chemicals in sewage and treated wastewater composite samples collected at three WWTPs (ng/L)

Facility 1 Facility 2 Facility 3

Influent Final Effluent Influent Final Effluent Influent Tert Effluent Final Effluent Tert Effluent Final Effluent
Collection Date: 1/25/06 1/25/06 7/23/06 7/23/06 9/20/05 9/20/05 3/08/06 3/14/06 3/14/06

GC–MS/MS
Camphor 160 <50 1800 <50 1700 <50 <50 <50 <50
Menthol 3200 <50 13000 <50 15000 <50 <50 <50 <50
Phenoxyethanol 8800 <100 17000 <100 22000 210 <100 140 <100
Methylresorcinol <100 <100 <100 <100 <100 <100 <100 <100 <100
Vanillin 1600 470 2000 190 2100 230 150 850 290
BHA 52 39 220 <25 230 <25 <25 57 <25
BHT 43 35 410 43 390 26 <25 150 240
o-Phenylphenol 99 <25 550 27 340 <25 <25 <25 <25
DEET 54 120 470 190 600 210 100 250 260
MGK-11 <25 <25 <125 <25 <25 <25 <25 <25 <25
Benzophenone 110 71 1400 65 1200 150 120 63 72
Trifluralin <25 <25 <25 <25 <25 <25 <25 <25 <25
Dibutyl phthalate 390 180 2400 150 3100 760 210 2300 1300
Hexabromododecane <100 <100 <500 <100 <100 <100 <100 <100 <100

LC–MS/MS
Acriflavine <10 <5.0 <10 <5.0 <5.0 <1.0 <1.0 <1.0 <1.0
Hydrocortisone 280 <5.0 370 38 270 <1.0 <1.0 <1.0 <1.0
Simazine <10 <5.0 <10 <5.0 <5.0 1.8 <1.0 <1.0 <1.0
Atrazine <10 <5.0 <10 <5.0 <5.0 <1.0 <1.0 <1.0 <1.0
DEET 59 51 180 110 270 91 82 210 200
Oxybenzone 300 <5.0 2300 13 860 <1.0 <1.0 2.6 1.1
3-Indolebutyric acid 2600 290 1300 170 1300 89 100 270 260
Bisphenol A 220 2600 530 1600 200 170 1900 1200 860
Propylparaben 2000 2.6 760 3.7 1500 0.40 <0.25 0.78 0.26
o-Phenylphenol 420 <50 360 <50 280 <10 <10 22 <10
Isobutylparaben 390 <1.25 83 3.6 300 0.29 <0.25 0.50 0.31
BHA 160 26 190 <5.0 160 <1.0 <1.0 50 3.3
Triclocarban 77 110 49 99 350 18 26 130 130
T
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riclosan 860 43 770 110

10]. Although every precaution was taken to minimize prob-
ems associated with matrix suppression during LC–MS/MS
nalysis, it was also observed that triclocarban was particularly
ensitive to ionization suppression. The combination of binding
nd suppression may have contributed to its poor recoveries.
n addition, matrix spike recoveries were difficult to calcu-
ate for triclocarban and triclosan in the wastewater effluents
ecause of the elevated environmental levels, making it dif-
cult to accurately calculate the difference in concentration
esulting from the spike. This was also the case for DEET in
he wastewater effluent and the surface water matrix spikes for
C–MS/MS.

.4. Occurrence of household chemicals in wastewater
ystems

Composite samples of raw sewage and treated and disinfected
astewater effluents were collected at three full-scale tertiary
WTPs. All three WWTPs employ activated sludge achiev-
ng nitrification/denitrification as the biological treatment step.
or disinfection, Facility 1 uses UV, Facility 2 uses chlorina-

ion and Facility 3 uses chloramination. Out of the 24 HPV
ousehold chemicals targeted in this study, seven compounds

r
a
m
r

1500 14 3.4 93 18

i.e., methylresorcinol, MGK-11, triflualin, hexabromodode-
ane, acriflavine, simazine, and atrazine) were not detected in
aw sewage, treated tertiary effluents or final (post disinfection)
ffluents (Table 6). Pesticides, such as acriflavine, simazine, and
trazine, are applied outside the home with fewer opportunities,
xcept for urban run-off, to enter a sewer system. Trifluralin and
exambromododecane also exhibit highly hydrophobic prop-
rties (i.e., log Kow values exceeding 5.3), which limits their
olubility in water. The highest concentrations in raw sewage
pproaching the low part-per-billion (�g/L) range were detected
or phenoxyethanol, a preservative used in many household
roducts, and menthol, a fragrance. Both compounds, however,
ere reduced to concentration levels close to or below the report-

ng limits in treated wastewater effluents. Vanillin, DEET, BHT,
enzophenone, dibutyl phthalate, 3-indolebutyric acid, bisphe-
ol A, and triclosan were consistently detected in concentration
anges from several tenths to several hundred parts-per-trillion
ng/L) in treated wastewater effluents. These findings suggest
hat conventional wastewater treatment plants are capable of

emoving HPV chemicals with efficiencies varying between 65
nd 99%. Although degradation and disinfection by-products
ay still be present, for the scope of the work presented here,

emoval is defined as the absence of the parent compound.
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Update Rule. http://www.epa.gov/opptintr/iur (last updated: 12-10-2003).
[9] European Chemicals Bureau (ECB) (2004): European Chemicals Sub-
62 R.A. Trenholm et al. / J. Chro

. Conclusions

In this study an analytical approach using GC–MS/MS
nd LC–MS/MS was developed to determine HPV household
hemicals. Twenty-four target analytes were selected from a
omprehensive list of approximately 720 compounds identi-
ed based on production volumes, environmental relevance
nd feasibility for analytical quantification. Seven of 24 target
ousehold chemicals were not detected in raw sewage. Find-
ngs suggest that conventional wastewater treatment plants can
artially remove HPV household chemicals but certain com-
ounds are still present in treated effluents at low ng/L-level
oncentrations.
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