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a  b  s  t  r  a  c  t

Five  different  passive  sampler  devices  were  characterized  under  laboratory  conditions  for  measurement
of  124  legacy  and current  used  pesticides  in  water.  In addition,  passive  sampler  derived  time-weighted
average  (TWA)  concentrations  were  compared  to time-integrated  active  sampling  in  the  field.  Samp-
ling  rates  (RS) and passive  sampler-water  partition  coefficients  (KPW) were  calculated  for  individual
pesticides  using  silicone  rubber  (SR), polar  organic  chemical  integrative  sampler  (POCIS)-A,  POCIS-
B,  Chemcatcher® SDB-RPS  and  Chemcatcher® C18. The  median  RS (L  day−1) decreased  as  follows:  SR
(0.86)  > POCIS-B  (0.22)  >  POCIS-A  (0.18)  >  Chemcatcher® SDB-RPS  (0.05)  > Chemcatcher® C18 (0.02),  while
the  median  log KPW (L  kg−1) decreased  as  follows:  POCIS-B  (4.78)  > POCIS-A  (4.56)  >  Chemcatcher® SDB-
RPS  (3.17)  >  SR (3.14)  > Chemcatcher® C18 (2.71).  The  uptake  of the  selected  compounds  depended  on
ilicone rubber
esticides
urface water

their  physicochemical  properties,  i.e. SR showed  a  better  uptake  for more  hydrophobic  compounds  (log
octanol–water  partition  coefficient  (KOW)  >  5.3),  whereas  POCIS-A,  POCIS-B  and  Chemcatcher® SDB-RPS
were  more  suitable  for  hydrophilic  compounds  (log  KOW <  0.70).  Overall,  the comparison  between  pas-
sive  sampler  and  time-integrated  active  sampler  concentrations  showed  a good  agreement  and  the  tested
passive  samplers  were  suitable  for capturing  compounds  with  a  wide  range  of  KOW’s in water.

©  2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

The continuous emissions of pesticides to the aquatic envi-
onment are posing a risk to wildlife and human health [1].
onventional methods for monitoring pesticides in the aquatic
nvironment mainly rely on grab and mechanical sampling. How-
ver, this method may  not fully account for temporal variations in
oncentrations due to fluctuations in flow, precipitation, or episodic
nputs (e.g., combined sewer overflows or sewage lagoon release)
2,3]. Another disadvantage of classical monitoring strategies is the
ow water volume typically used for analysis resulting in relatively
igh detection limits [4]. Passive sampling has been identified as

 promising alternative tool; allowing continuous monitoring of
n aquatic system over an extended period of time and deter-
ining time-weighted average (TWA) water concentrations of

esticides with minimal infrastructure and low contaminant con-

entrations [5,6]. Passive sampling is based on an in situ deployment
f devices/sorbent capable of accumulating contaminants freely
issolved in water.

∗ Corresponding author. Tel.: +46 70 2972245; fax: +46 18 673156.
E-mail address: lutz.ahrens@slu.se (L. Ahrens).

ttp://dx.doi.org/10.1016/j.chroma.2015.05.044
021-9673/© 2015 Elsevier B.V. All rights reserved.
Passive samplers have been applied for pesticides in fresh water
[7,8], cave streams [9], marine waters [10], groundwater [11] and
wastewater [12]. Passive samplers have been mainly used for
monitoring purposes [13,14], but they are also applicable for tox-
icology testing [15,16], non-target analysis [17] and serve as an
alternative to sediment- and biomonitoring [18]. To predict TWA
water concentrations of contaminants, passive samplers need to
be calibrated under controlled conditions and known exposure
concentrations [14]. The uptake of the contaminant depends on
the passive sampler-water partition coefficients (KPW), which in
turn depends on the passive sampler material, sampler design,
physicochemical properties of the contaminant and environmental
conditions (e.g., water turbulence, temperature) [13,14,19]. A range
of passive samplers are used for monitoring pesticides in water,
however, previous studies seldom characterized different types of
passive samplers for a broad range of contaminants simultaneously
[13,20].

The aim of this study was to characterize five different types
of passive samplers, including silicone rubber (SR), polar organic

chemical integrative sampler (POCIS)-A, POCIS-B, Chemcatcher®

SDB-RPS and Chemcatcher® C18, for a broad range of legacy and
current used pesticides in water. The specific objectives included
(i) to optimize and validate an analytical method for 124 individual

dx.doi.org/10.1016/j.chroma.2015.05.044
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chroma.2015.05.044&domain=pdf
mailto:lutz.ahrens@slu.se
dx.doi.org/10.1016/j.chroma.2015.05.044
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esticides using five different types of passive samplers, (ii) to
ssess the sampling rates (RS) and KPW for the pesticides in a
aboratory uptake study, (iii) to correlate the uptake of individual
esticides with their physicochemical properties, and (iv) to com-
are the pesticide concentrations derived by the passive samplers
o time-integrated active sampling in the field.

. Experimental

.1. Chemicals and reagents

In total 124 legacy and currently used pesticides were investi-
ated including herbicides, insecticides and fungicides (see Table 1
or a list of pesticides). All analytical grade standards were obtained
rom Teknolab AB (Kungsbacka, Sweden, for details see Table 1 and
ef. [21]). Internal standards (ISs) fenoprop (2,4,5-TP), clothianidin-
3, ethion and terbuthylazine-D5 were purchased from Teknolab
B (Kungsbacka, Sweden). For chemical analysis, gradient grade
ethanol (MeOH), acetonitrile (ACN), formic acid (FA), acetone

ACE), ethyl acetate (EA) and petroleum ether (PE) were pur-
hased from Sigma-Aldrich (Steinheim, Switzerland). 2-Propanol,
cetic acid (HAc), cyclohexane (CH), dichloromethane (DCM) and
5% ammonia solution were purchased from Merck (Darmstadt,
ermany). Ultrapure water was produced by a Milli-Q Advan-

age Ultrapure Water purification System (Millipore, Billercia, MA)
nd filtered through a 0.22 �m Millipak Express membrane. Stock
tandard solutions were prepared in gradient grade ACN or MeOH,
nd stored at −18 ◦C. Fresh working standards and calibration solu-
ions were prepared by appropriate dilution of the stock solutions
s required. Prior to use, all laboratory glassware was cleaned with
ot water and ethanol, cleaned in a dishwasher, and heated in an
ven at 400 ◦C for 8 h.

.2. Sampler design and preparation

Five different passive sampling devices, including SR (Altec
roducts, Bude, England), POCIS-A and POCIS-B (EST, St. Joseph, MO,
SA), Chemcatcher® SDB-RPS, and Chemcatcher® C18 (Supelco, St
aul, MN,  USA), were chosen in this study based on the character-
stics of commercially available phases and suitability for a wide
ange of compounds (Table 2). SR sheets (600 mm × 600 mm)  were
ut into stripes of 2.5 mm × 600 mm and 2.5 mm × 314 mm and
ere held together using stainless steel connectors to obtain a total

ampler stripe size of 2.5 mm × 914 mm.  The SRs were pre-cleaned
y Soxhlet extraction for 96 h using EA, dried under gentle nitro-
en gas, and mounted on stainless steel spider sample holders (EST,
t. Joseph, MO,  USA). For POCIS-A, 220 mg  of Oasis HLB bulk sor-
ent and for POCIS-B 220 mg  Isolute ENV+ and Ambersorb 1500
orbent mixture was placed between two polyethersulfone (PES)
embranes (EST, St. Joseph, MO,  USA). The Chemcatcher® SDB-RPS

nd Chemcatcher® C18 were also placed between two PES mem-
ranes. Both POCIS and Chemcatcher® were mounted on stainless
teel sample holders (EST, St. Joseph, MO,  USA).

.3. Laboratory uptake experiments

The uptake study was conducted in three rectangular glass
ontainers (each ∼95 L) filled with water from River Fyris, Upp-
ala, Sweden (DOC = 17 mg  L−1). Tank (1) SR (n = 16), tank (2)
OCIS-A (n = 16), POCIS-B (n = 16), and tank (3) Chemcatcher®

DB-RPS (n = 16), Chemcatcher® C18 (n = 16). All experiments were
erformed at a constant water temperature (∼20 ◦C) and under

urbulent water conditions (∼10 cm s−1) using two electric pumps
ttached to the wall on each side. To minimize the effect of pho-
odegradation, the experiments were performed in the dark. Each
lass container was initially fortified with a pesticide standard
r. A 1405 (2015) 1–11

mixture containing 124 pesticides (c ≈ 400 ng L−1 for individual
pesticides in the water tank). To determine the sampling rates of the
pesticides, the passive samplers were successively removed from
the tanks in duplicates at time intervals of 5, 11, 20, and 26 days.
In addition, the concentrations of the pesticides in each tank were
monitored by collecting 100 mL water samples at day 0, 5, 11, 20,
and 26. For quality control, blank samples were exposed to room
air for 1 h at day 0 and then stored and treated as real samples. All
passive samples were extracted directly after sampling. All extracts
as well as the 100 mL  water samples collected from the tanks were
stored at −18 ◦C until further analysis.

2.4. Sample extraction

2.4.1. SR
Prior to extraction, the SRs were dried under a stream

of high purity nitrogen gas and spiked with an ISs mix-
ture. Soxhlet extraction of the SR was performed separately
using different solvent mixtures for pesticides analysed by gas
chromatography–mass spectrometry (GC–MS, Agilent 5975C, Agi-
lent Technologies, Palo Alto, CA, USA) and pesticides analysed by
liquid chromatography−tandem mass spectrometry (LC–MS/MS,
Agilent G 6460, Agilent Technologies, Palo Alto, CA, USA). For pes-
ticides analysed by GC–MS, the solid–liquid extraction was carried
out using 300 mL  PE/ACE (50/50, v/v) for 19 h. The extracts were
concentrated by rotary evaporation followed by gentle nitrogen
blow-down to 1 mL  and the solvent was exchanged to CH/ACE
(90/10, v/v). For pesticides analysed by LC–MS/MS, the extraction
was carried out using 300 mL MeOH for 19 h. The extracts were
concentrated by rotary evaporation followed by gentle nitrogen
blow-down to 1 mL  and the solvent was  exchanged to ACN.

2.4.2. POCIS
POCIS-A and POCIS-B passive samplers were extracted using

solid-phase extraction (SPE) using separate extraction methods for
pesticides analysed by GC–MS and LC–MS/MS. In this method, the
POCIS sampler was carefully opened and the sorbent was trans-
ferred with 18 M�-cm Millipore water into a pre-cleaned empty
polypropylene SPE cartridge (6 mL)  containing two polyethylene
(PE) frits (Supelco, St Paul, MN,  USA). To remove all traces of
water, the sorbent was dried by vacuum. The weight of the empty
and packed SPE cartridge was  recorded to control the weight of
the sorbent material. Prior to elution, the sorbent was spiked
with a mixture of ISs. For pesticides analysed by GC–MS, POCIS-
A and POCIS-B sorbents were eluted using 5 mL  EA. The extracts
were then reduced to 1 mL  by gentle nitrogen blow-down and the
solvent was exchanged to CH/ACE (90/10, v/v). For pesticides ana-
lysed by LC–MS/MS, POCIS-A and POCIS-B cartridges were eluted
using 1.5 mL MeOH followed by 8 mL  DCM/MeOH (80/20, v/v). The
extracts were reduced to 1 mL  by gentle nitrogen blow-down and
the solvent was  exchanged to ACN.

2.5. Chemcatcher®

For the extraction of the Chemcatcher® SDB-RPS and
Chemcatcher® C18, individual disks were transferred to a glass
beaker and dried under nitrogen gas. The disk was spiked with a
mixture of ISs and sonicated two times, first with 5 mL of EA for
10 min  and then with 3 mL  of EA for 10 min. The two  extracts were
combined, transferred into a glass tube, concentrated to 2 mL  by
gentle nitrogen blow down, and split into two  1 mL fractions (for

GC–MS and LC–MS/MS analysis, respectively). For pesticides ana-
lysed by GC–MS analysis, the extracts were concentrated to 0.5 mL
by gentle nitrogen blow-down and the solvent was exchanged to
CH/ACE (90/10, v/v). For pesticides analysed by LC–MS/MS, the
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Table 1
Passive sampler sampling rate (RS , L day−1), sampler-water partition coefficients (KPW, L kg−1) and equations (Eq.) used for the calculation of concentrations in field samples for individual pesticides.a

Substance CAS-nr. Typec log KOW SR POCIS-A POCIS-B Chemcatcher® RPS Chemcatcher® C18

RS log KPW Eq. RS log KPW Eq. RS log KPW RS log KPW RS log KPW Eq.

Acetamiprid 135410-20-7 I 0.8 0.02 >1.4e L 0.38 4.6 C 0.77 4.9 0.03 4.1 0.01 2.2 E
Aclonifenb 74070-46-5 H 4.4 0.54 3.5 E 0.003 2.7 L 0.02 >3.6e NP NP NP NP NA
Alachlorb 15972-60-8 H 3.1 1.58 3.4 C 0.29 4.7 C 0.46 4.9 0.12 3.5 0.09 2.9 E
Alpha-cypermethrin 67375-30-8 I 5.5 0.72 NC C NP NP NA NP NP NPW NPW NPW NPW NA
Amidosulfuron 120923-37-7 H −1.6 0.0001 NC E 0.11 3.5 L 0.06 3.3 0.01 1.9 0.001 NC E
Atrazineb 1912-24-9 H 2.7 1.54 2.9 C 0.57 4.8 C 0.97 5.0 0.03 2.8 0.10 2.3 E
Desethylatrazine 6190-65-4 M 1.5 0.08 1.5 C 0.42 4.4 C 0.85 4.8 0.15 4.0 0.02 1.8 E
Desisopropylatrazine 1007-28-9 M 1.2 0.01 0.6 C 0.22 4.0 C 0.62 4.5 0.09 3.6 0.01 1.3 E
Azoxystrobin 131860-33-8 F 2.5 1.58 3.7 C 0.18 4.6 C 0.19 4.7 0.09 >4.0e 0.06 >3.6e L
2,6-dichlorobenzamide (BAM) 2008-58-4 M 0.38 0.005 0.3 C 0.17 3.8 C 0.57 4.4 0.03 3.2 0.005 0.7 E
Benazolin 3813-05-06 H 1.3 0.19 >1.8e NA 0.004 1.6 E 0.002 1.9 NP NP NP NP NA
Bentazone 25057-89-0 H −0.46 0.04 >1.1e NA 0.02 2.5 E 0.02 2.8 0.004 2.0 NP NP NA
Bifenoxb 42576-02-3 H 3.6 0.95 NC E NC NC L NC NC NPW NPW NPW NPW NA
Bifenox acid 53774-07-5 M 4.6 0.07 >1.5e NA 0.15 3.9 C 0.03 3.2 0.001 >2.0e NP NP NA
Bitertanol 55179-31-2 F 4.1 1.71 4.4 C 0.14 4.4 L 0.17 4.7 0.10 >4.1e 0.05 >3.7e L
Boscalid 188425-85-6 F 3.0 NPW NPW NA NPW NPW NA NPW NPW 0.01 NC 0.01 >2.4e E
Carbendazim 10605-21-7 F, M 1.5 0.14 >1.8e L 0.22 4.4 C 0.22 4.4 0.01 1.8 0.01 1.9 E
Carbofuran 1563-66-2 I, M 1.8 0.005 0.4 E 0.18 5.1 C 0.29 5.3 0.04 4.3 0.05 3.3 E
Carfentrazone-acid 128621-72-7 M –d NP NP NA 0.10 3.7 C 0.02 3.2 0.001 1.6 NP NP NA
Carfentrazone-ethyl 128639-02-1 H 3.4 0.02 NC E NC NC C 0.06 NC NPW NPW NPW NPW NA
Chlorfenvinphosb 470-90-6 I 3.8 3.60 4.2 E 0.16 5.1 C 0.25 5.4 0.06 >3.8e 0.01 >3.1e C
Chloridazon 1698-60-8 H 1.2 0.01 0.8 C 0.44 4.6 C 0.85 4.8 0.06 3.6 0.01 1.2 E
Chlorpyrifosb 2921-88-2 I 4.7 1.21 4.9 E 0.05 4.0 L 0.04 >4.1e NPW NPW NC NC L
Clomazone 81777-89-1 H 2.5 2.00 3.5 C 0.39 4.8 C 0.62 5.0 0.13 >4.1e 0.06 >3.6e L
Clopyralid 1702-17-6 H −2.6 NP NP NA NP NP NA 0.01 1.7 NP NP NP NP NA
Clothianidin 210880-92-5 I, M 0.91 NP NP NA 0.22 4.3 C 0.46 4.6 0.03 3.3 0.004 0.7 E
Cyanazine 21725-46-2 H 2.1 0.11 1.9 C 0.28 4.7 C 0.49 4.9 0.13 >4.0e 0.02 2.3 C
Cyazofamid 120116-88-3 F 3.2 0.01 1.4 C 0.07 5.3 C 0.11 5.5 NP NP NP NP NA
Cybutryneb 28159-98-0 B –d 0.29 3.1 E 0.07 >4.4e L 0.14 4.5 0.01 >2.9e 0.05 3.2 C
Cyflufenamid 180409-60-3 F 4.7 3.18 NC E 0.003 >4.2e L 0.12 >4.4e 0.02 >3.3e 0.01 >2.7e L
Cyfluthrin 68359-37-5 I 6.0 0.70 NC E NP NP NA NP NP NPW NPW NPW NPW NA
Cycloxydim 101205-02-1 H 1.4 0.003 0.5 E 0.26 5.1 C 0.23 5.1 NP NP NP NP NA
Cyprodinil 121552-61-2 F 4.0 0.14 2.8 E 0.16 4.0 L 0.07 >4.3e NP NP 0.01 >2.5e L
2,4-D  94-75-7 H, M −0.83 NP NP NA 0.03 2.7 E 0.005 2.4 NP NP NP NP NA
Deltamethrin 52918-63-5 I, M 4.6 0.48 NC E NPW NPW NA NPW NPW NPW NPW NPW NPW NA
Difenoconazole 119446-68-3 F 4.2 1.75 5.1 E 0.06 3.9 L 0.01 4.3 0.06 >3.8e 0.04 >3.4e L
Diflufenican 83164-33-4 H 4.2 0.29 3.5 E 0.14 4.5 L 0.01 >3.8e 0.04 >3.2e 0.04 >3.0e L
Dichlorprop 120-36-5 H 2.3 NP NP NA 0.03 3.1 E 0.01 2.7 0.0004 1.1 NP NP NA
Dichlorvosb 62-73-7 I, M 1.9 NP NP NA 0.18 NC E 0.05 NC NPW NPW NPW NPW NA
Dimethoate 60-51-5 I, M 0.70 0.02 1.1 C 0.40 4.6 C 0.88 5.0 0.07 3.8 0.01 1.7 E
Diuronb 330-54-1 H 2.9 NP NP NA 0.18 4.7 C 0.28 4.9 NPW NPW NPW NPW NA
˛-endosulfanb 959-98-8 I 3.1 2.34 NC E 0.50 NC L 0.59 NC NPW NPW NC NC NA
ˇ-endosulfanb 33213-65-9 I 3.1 1.86 NC E 0.08 NC E 0.21 NC NPW NPW NC NC NA
Endosulfan sulfate 1031-07-8 M 3.7 1.24 4.1 E 0.12 4.5 C 0.09 >4.6e 0.11 >4.0e 0.11 >3.7e L
Epoxiconazole 135319-73-2 F 3.3 2.22 4.2 E 0.17 4.6 C 0.28 4.8 0.06 3.5 0.04 2.7 E
Esfenvalerate 66230-04-4 I 6.2 0.38 3.4 C NP NP NA NP NP NPW NPW NPW NPW NA
Ethofumesate 26225-79-6 H 2.7 1.98 3.5 C 0.27 4.7 C 0.43 5.0 0.10 >4.0e 0.05 >3.5e L
Fenitrothion 122-14-5 I 3.3 0.56 3.7 C 0.39 4.8 L 0.08 4.5 NPW NPW NPW NPW NA
Fenpropidin 67306-00-7 F 2.6 1.07 NC E 0.21 5.5 L 0.28 5.8 NP NP 0.03 3.5 L
Fenpropimorph 67564-91-4 F 4.5 NP NP NA 0.07 5.1 E 0.73 >5.7e NP NP 0.01 NC L
Florasulam 145701-23-1 H −1.2 NP NP NA 0.01 2.2 E 0.01 2.7 0.05 >3.1e NP NP NA
Fluazinam 79622-59-6 F 4.0 NC NC NA NPW NPW NA NPW NPW NPW NPW NPW NPW NA
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Table 1 (Continued)

Substance CAS-nr. Typec log KOW SR POCIS-A POCIS-B Chemcatcher® RPS Chemcatcher® C18

RS log KPW Eq. RS log KPW Eq. RS log KPW RS log KPW RS log KPW Eq.

Fludioxonil 131341-86-1 F 4.1 0.97 3.2 C 0.08 4.4 C 0.11 4.6 0.004 >2.7e 0.003 >2.1e E
Flupyrsulfuron-methyl 144740-54-5 H 1.2 NP NP NA 0.05 NC E 0.04 NC NPW NPW NPW NPW NA
Fluroxypyr  69377-81-7 H 2.0 NP NP NA 0.003 1.4 E 0.002 2.1 NP NP NP NP NA
Flurprimidol 56425-91-3 GR 3.3 1.64 3.7 C 0.28 4.7 C 0.43 4.9 0.12 >4.0e 0.07 >3.5e L
Flurtamone  96525-23-4 H 3.2 1.09 3.1 C 0.27 4.7 C 0.45 4.9 0.09 >3.9e 0.01 2.3 E
Flusilazole  85509-19-9 F 3.9 2.50 4.3 E 0.11 4.5 C 0.18 4.7 0.08 >3.9e 0.02 2.9 C
Flutriafol  76674-21-0 F 2.3 0.89 2.7 C 0.44 4.7 C 0.61 4.9 0.07 >3.8e 0.09 3.1 E
Foramsulfuron 173159-57-4 H −0.8 0.0001 NC L 0.12 3.9 C 0.05 3.5 0.01 1.9 NP NP NA
Fuberidazole 3878-19-1 F 2.7 0.44 2.6 C 0.17 4.6 C 0.29 4.9 NC NC NPW NPW NA
˛-hexachlorocyclohexaneb 319-84-6 M 3.8 3.65 3.9 E 0.86 >5.3e L 1.11 >5.4e 0.04 >3.8e 0.07 >3.4e L
ˇ-hexachlorocyclohexaneb 319-85-7 M 3.8 0.83 2.8 E 0.50 >4.5e L 0.73 >5.0e 0.10 >4.0e 0.04 >3.4e L
�-hexachlorocyclohexaneb 58-89-9 I 3.8 2.78 3.2 E 0.45 >5.1e L 0.76 >5.2e 0.09 >4.1e 0.08 >3.8e L
ı-hexachlorocyclohexaneb 319-86-8 M 3.8 1.43 3.8 E 0.39 >5.0e L 0.57 >5.1e 0.02 NC 0.03 NC L
Hexazinone 51235-04-2 H 1.2 0.04 >1.8e C 0.44 4.6 C 0.82 4.8 0.05 >3.6e 0.01 2.0 E
Hexythiazox 78587-05-0 I 2.7 4.07 NC E 0.46 4.8 L 0.12 5.1 0.01 >3.5e 0.02 >3.2e C
Imazalil  35554-44-0 F 2.6 0.28 NC E 0.01 3.4 L 0.01 3.5 0.01 1.5 0.02 3.1 L
Imidacloprid 138261-41-3 I 0.6 0.002 >0.7e C 0.18 4.4 C 0.38 4.7 0.08 >3.8e 0.01 1.3 E
Iodosulfuron-methyl-Na 144550-36-7 H 1.6 NP NP NA 0.49 >4.7e C 0.04 3.4 0.03 3.3 NP NP NA
Iprodione  36734-19-7 F 3.1 0.42 2.3 E 0.62 4.9 E 0.78 5.1 0.10 NC 0.01 NC L
Isoproturonb 34123-59-6 H 2.5 0.65 2.6 C 0.37 4.8 C 0.63 5.0 0.14 >4.4e 0.05 3.1 E
Lambda-cyhalothrin 91465-08-6 I 6.9 0.73 4.0 C NP NP NA NP NP NPW NPW NPW NPW NA
Linuron  330-55-2 H 3.0 1.54 3.1 C 0.12 4.7 C 0.19 5.0 0.01 3.0 0.01 2.5 E
Mandipropamid 374726-62-2 F 2.1 1.88 4.1 C 0.06 4.2 L 0.03 4.4 0.01 >3.2e 0.01 >3.0e L
MCPA  94-74-6 H, M −0.8 NP NP NA 0.01 2.7 E 0.01 2.5 NP NP NP NP NA
Mecoprop  16484-77-8 H 0.02 NP NP NA 0.04 2.9 E 0.01 2.6 0.0004 >1.5e NP NP NA
Mesosulfuron-methyl 208465-21-8 H −0.5 NP NP NA 0.06 3.5 C 0.01 3.1 0.01 >2.8e NP NP NA
Methabenzthiazuron 18691-97-9 H 2.6 1.64 3.1 C 0.28 4.8 C 0.40 4.9 0.02 2.9 0.03 2.4 E
Metalaxyl  57837-19-1 F 1.7 0.58 2.5 C 0.45 4.7 C 0.74 4.8 0.06 >3.8e 0.03 >3.3e C
Metamitron 41394-05-2 H 0.9 0.01 0.8 C 0.36 4.6 C 0.71 4.9 0.05 3.8 0.01 1.5 E
Metazachlor 67129-08-2 H 2.5 1.36 3.0 C 0.50 4.8 C 0.81 4.9 0.11 >4.0e 0.05 >3.5e C
Methiocarb  2032-65-7 I 3.2 NC NC L 0.08 NC L 0.10 NC NPW NPW NPW NPW NA
Metolachlor 51218-45-2 H 3.1 1.29 3.4 C 0.22 4.6 C 0.34 4.8 0.11 >4.0e 0.07 >3.6e C
Metrafenone 220899-03-6 F 4.3 2.44 4.7 E 0.06 4.5 L 0.09 4.6 0.07 >3.8e 0.05 >3.2e L
Metribuzin  21087-64-9 H 1.7 0.18 1.9 C 0.57 4.7 C 1.00 5.0 0.11 >4.0e 0.06 2.4 E
Metsulfuron-methyl 74223-64-6 H, M −1.7 0.0001 NC C 0.07 3.5 C 0.06 3.6 0.004 2.2 0.0004 NC E
Penconazole 66246-88-6 F 3.7 2.49 4.2 E 0.17 4.6 C 0.29 4.9 0.09 >4.0e 0.07 >3.6e C
Pendimethalin 40487-42-1 H 5.2 4.71 NC E 0.001 >4.3e L 0.04 4.6 0.003 NC 0.01 NC L
Permethrin  52645-53-1 I 6.1 0.59 NC E NP NP NA NP NP NPW NPW NPW NPW NA
Phenmedipham 13684-63-4 H 3.6 NPW NPW NA NPW NPW NA NPW NPW NPW NPW NPW NPW NA
Picloram  1918-02-1 H −1.9 NPW NPW NA NC NC E NC NC NPW NPW NPW NPW NA
Picoxystrobin 117428-22-5 F 3.6 2.11 4.4 E 0.08 4.6 C 0.07 4.9 0.13 >3.9e 0.01 >3.0e L
Pirimicarb  23103-98-2 I 1.7 0.96 2.9 C 0.37 4.7 C 0.62 5.0 0.09 >4.0e 0.05 >3.4e C
Prochloraz  67747-09-5 F 3.5 0.74 3.8 E 0.01 3.7 C 0.19 NC 0.04 >3.4e 0.03 >3.3e L
Propamocarb 25606-41-1 F 0.8 0.18 >2.6e C 0.17 4.2 C 0.37 4.8 0.03 >2.9e 0.003 1.9 E
Propiconazole 60207-90-1 F 3.7 2.27 3.3 E 0.16 4.4 C 0.29 4.6 0.09 >3.9 0.02 >3.2e C
Propoxycarbazone-Na 181274-15-7 H −1.6 NP NP NA 0.05 NC E 0.01 NC 0.002 NC NP NP NA
Propyzamide 23950-58-5 H 3.3 1.46 3.1 C 0.30 >4.8e C 0.48 5.0 0.12 >4.1e 0.03 >3.4e C
Prosulfocarb 52888-80-9 H 4.5 0.52 NC E 0.13 4.4 L 0.01 3.4 NP NP NC NC L
Prothioconazole-desthio 120983-64-4 M –d 1.85 3.6 C 0.29 4.7 C 0.44 4.9 0.09 >3.9e 0.06 >3.5e L
Pyraclostrobin 175013-18-0 F 4.0 2.02 5.2 E 0.03 3.2 L 0.03 >3.7e 0.001 >1.5e 0.002 >1.7e NA
Pyroxulam  422556-08-9 H −1.0 0.0002 NC E 0.13 3.9 C 0.09 3.8 0.01 2.7 0.001 NC E
Quinmerac  90717-03-6 H −0.4 0.001 NC C 0.004 >1.9e L 0.08 3.1 0.01 2.8 0.004 1.4 E
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Quinoxyfenb 124495-18-7 F 4.7 0.52 2.8 E 0.004 2.7 L 0.02 3.4 NP NP NP NP NA
Rimsulfuron 122931-48-0 H −1.5 NP NP NA NP NP NA 0.01 4.9 0.01 NC NP NP NA
Silthiofam  175217-20-6 F 3.7 1.79 3.6 C 0.29 4.7 C 0.48 4.9 0.11 >4.1e 0.07 >3.7e C
Simazineb 122-34-9 H 2.3 0.23 1.8 C 0.48 4.7 C 0.85 4.9 0.05 >3.7e 0.05 2.2 E
Spiroxamine 118134-30-8 F 2.9 2.48 4.8 E 0.28 5.4 L 0.25 5.7 0.002 1.8 0.04 >3.3e C
Sulfosulfuron 141776-32-1 H −0.77 0.0001 NC C 0.19 4.2 L 0.04 3.6 0.01 1.9 0.001 NC E
Tau-fluvalinate 102851-06-9 I 7.0 0.30 NC NA NP NP NA NP NP NPW NPW NPW NPW NA
Terbutrynb 886-50-0 H, M 3.7 0.32 3.7 E 2.12 4.4 L 0.25 >4.7e 0.02 2.5 0.02 >3.0e C
Terbuthylazine 5915-41-3 H 3.2 2.54 3.6 C 0.45 4.8 C 0.72 5.0 0.11 >4.1e 0.07 >3.6e C
Desethyl-terbuthylazine 30125-63-4 M 2.3 1.06 2.3 E 0.97 4.7 C 1.62 4.9 0.12 >4.2e 0.02 >3.2e C
Thiacloprid 111988-49-9 I 1.3 0.03 >1.7e C 0.39 4.8 C 0.69 5.0 0.12 4.3 0.01 2.7 E
Thiamethoxam 153719-23-4 I −0.13 0.0003 NC C 0.25 4.3 C 0.62 4.8 0.06 3.5 0.005 0.7 E
Thifensulfuron-methyl 79277-27-3 H −1.7 NP NP NA 0.02 2.8 E 0.01 2.8 0.002 >2.2e NP NP E
Thiophanate-methyl 23564-05-8 F 1.5 NP NP NA NC NC E NC NC NP NP NP NP NA
Tolclofos-methyl 57018-04-9 F 4.6 1.69 4.6 E 1.37 5.1 L 0.01 4.1 NPW NPW NPW NPW NA
Tolylfluanid 731-27-1 F 3.9 NPW NPW NA NPW NPW NA NPW NPW NPW NPW NPW NPW NA
Tribenuron-methyl 101200-48-0 H 0.8 NP NP NA 0.05 3.5 C 0.03 3.4 0.02 3.0 0.002 0.3 E
Trifloxystrobin 141517-21-7 F 4.5 3.23 5.3 E 0.43 >4.8e L 0.98 >5.2e 0.01 NC 0.005 NC NA
Trifluralinb 1582-09-8 H 5.3 NC NC E NC NC L NP NP NC NC NC NC NA
Triflusulfuron-methyl 126535-15-7 H 0.96 NP NP NA 0.16 4.3 L 0.04 3.8 0.02 3.1 0.002 NC E
Trinexapac-acid 104273-73-6 M 0.26 NPW NPW NA NPW NPW NA NPW NPW NPW NPW NPW NPW NA
Trinexapac-ethyl 95266-40-3 GR −0.29 0.0002 NC L 0.03 3.7 C 0.09 3.6 0.02 2.9 0.002 1.5 E
Triticonazole 131983-72-7 F 3.3 0.99 3.2 C 0.23 4.6 C 0.41 4.8 0.08 >3.9e 0.05 >3.5e C

a NP = Not accumulated in the passive sampler; NC = not calculable; NPW = not detected in the passive sampler and water; NA = not available; L = linear model; C = curvilinear model; E = equilibrium model.
b Priority substances in the EU Water Framework Directive.
c B = Biocide, F = fungicide, GR = growth regulator, H = herbicide, I = insecticide, M = metabolite.
d Not available.
e Pesticide concentration not equilibrated in the passive sampler, values should be handled as estimates.
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Table 2
Overview of the five passive sampling devices.

Passive sampler Characteristics Surface area (ap, cm2) Sorbent mass (mp, g) Volume (Vp, cm3)

SR Silicone rubber stripes
(25 mm × 914 mm,  0.5 mm thick)

457 15.6 22.9

POCIS-A 220 mg  Oasis hydrophilic–lipophilic
balance (HLB) sorbent (particle Ø
29.4 �m,  surface area ∼808 m2 g−1)a

1.78 × 106 0.22 –c

POCIS-B 220 mg  sorbent mixture of 80% Isolute
ENV+ (particle Ø 117 �m, surface area
∼1000 m2 g−1)a and 20% dispersion of
Ambersorb 1500 (particle Ø 225 �m,
surface area ∼1200 m2 g−1)b and S-X3
bio-beads

2.82 × 106 0.22 –c

Chemcatcher® SDB-RPS Styrene-divinyl benzene reversed
phase polymer (SDB-RPS) EmporeTM

disk (Ø 47 mm)

35 0.34 1.7

Chemcatcher® C18 C18 EmporeTM disk (Ø 47 mm)  35 0.58 1.7
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a Manufacturer–supplied information.
b See ref [21].
c Not available.

xtracts were reduced to 0.5 mL  by gentle nitrogen blow-down and
he solvent was exchanged to ACN.

.6. Water samples

Water samples taken from the laboratory uptake experiments
ere analysed for pesticides using validated methods described

lsewhere [21]. For pesticides analysed by GC–MS analysis, water
amples were processed using liquid–liquid extraction (LLE) using
0 mL  water samples spiked with a mixture of ISs in an Eppen-
orf tube. For the LLE, 3 mL  of DCM was added, vortexed for 3 min,
nd decanted into a phase separator (Isolute, Biotage, Uppsala,
weden). After the two phases were separated, the DCM phase was
ercolated into a glass tube, the extraction process was  repeated
ith 3 mL  DCM, and the Eppendorf tube was rinsed with 2 mL  DCM.

inally, the extracts were concentrated to 0.5 mL  by gentle nitrogen
low-down and the solvent was exchanged to CH/ACE (90/10, v/v).
or pesticides analysed by LC–MS/MS, the water samples were ana-
ysed using large volume injection, similar to the method described
lsewhere [21].

.7. Instrumental analysis

The instrumental analysis of the CH/ACE extracts was  performed
sing GC–MS using electron ionization (EI) and negative chemi-
al ionization (NCI), respectively. For the GC–MS method using EI,
liquots of 1 �L were injected with splitless injection method on a
P-5MS UI column (30 m,  0.25 mm inner diameter, 0.25 �m film,

&W Scientific, Folsom, CA, USA). For the GC–MS method using
I, aliquots of 3 �L were injected on a HP-5MS UI column (30 m,
.25 mm inner diameter, 0.25 �m film, J&W Scientific, Folsom, CA,
SA).

The instrumental analysis of the ACN extracts was  performed
sing HPLC-MS/MS interfaced with an electrospray ionization
ource in negative ((−)ESI) and positive-ion mode ((+)ESI). For
+)ESI, 100 �L of the ACN extracts were diluted with 900 �L Mil-
ipore water adjusted to pH 5, and for (−)ESI 100 �L of the ACN
xtracts were diluted with 900 �L solution of 1% FA in Millipore
ater. The samples were injected using a large volume injection of

00 �L, enriched on an online SPE column (Strata C18-E followed
y a Strata X, both 20 mm × 2 mm i.d. and 20–25 �m particle size,
henomenex, Torrance, CA), and then transferred on an analytical

olumn (Zorbax Eclipse Plus C18, 100 mm × 3 mm,  3.5 �m,  Agilent
echnologies, Palo Alto, CA, USA) (for details see ref [21]). For the
ompounds analyzed in positive mode, a binary gradient consist-
ng of 2-propanol/methanol/10 mM ammonium formate (6/2/92,
v/v/v) and MeOH at a flow rate of 0.3 mL  min−1 was  used. For the
compounds analyzed in negative mode, a binary gradient consist-
ing of ACN/Milli-Q 0.1% HAc and ACN + 0.1% HAc at a flow rate of
0.3 mL  min−1 was  used.

Considering non-normal distribution of our data, tested by a
Shapiro–Wilk test, we  used non-parametric Spearman’s rank cor-
relation for KPW and RS vs physicochemical properties of the tested
pesticides. (Spearman’s rho ranging from −1 to 1). The statistical
test was  performed in R version 3.1.0.

2.8. Theory on passive sampling

The uptake profile of the chemical to the passive sampler
medium (PSM) can be divided into three sections. Initially, the
uptake of analytes is nearly linear and the rate of desorption from
the receiving phase to water is negligible. The linear uptake con-
tinues approximately until half-saturation of the receiving phase is
obtained and then becomes curvilinear. Finally, as exposure time
increases, the net uptake declines and approaches equilibrium par-
titioning with the medium, i.e. the uptake and release rates of the
chemical will be equal.

The volume of water that has been sampled after a given expo-
sure period is defined as the equivalent water volume (Veq, L) for a
passive sampler.

Veq = Nt

cw
(1)

where Nt is the accumulated amount of target compounds in the
passive sampler after t days of exposure (ng) and cw is the concen-
tration in the water phase using grab and time integrated active
sampling (ng L−1). The sampling rate (RS, L day−1) is derived from
the linear uptake phase of the uptake profile, by taking the slope of
Veq versus deployment time. The KPW (L kg−1) for individual pesti-
cides were calculated using Eq. (2).

KPW = Nt

cwmp
(2)

where mp is the sorbent mass per sampler (ng).
In the linear uptake phase, the sorbent is assumed to act as an

infinite sink for contaminants and the desorption rate of the analyte
is negligible compared to the uptake rate. Eq. (3) can be used to
calculate the TWA  concentration of the analyte in water derived by

the passive sampler (cTWA, ng L−1).

cTWA = Nt

RSt
(3)
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ig. 1. Uptake profiles of selected pesticides in water (�g absolute) for silicone rub
DB-RPS, and Chemcatcher® C18 at time intervals of 0, 5, 11, 20, and 26 days.

here RS is the sampling rate (L day−1), and t is the deployment
ime (days).

In the curvilinear phase, Eq. (4) can be used to calculate cTWA.

TWA = Nt

KPWmp(1 − e−(RS/KPWmp)t)
(4)

In the equilibrium phase, where the exposure time is sufficiently
ong to establish equilibrium between the water and receiving
hase, Eq. (4) can be used to calculate cTWA.

TWA = Nt

KPWmp
(5)

. Results and discussion

.1. Quality assurance and quality control

The limits of detection (LOD), limits of quantification (LOQ),
inearity, recovery and repeatability are given in Tables S1–S5
n the Supplementary Information (SI). The linearity of the cal-
bration curves were r2 > 0.99. A few pesticides were detected
n the blank samples at low concentration level (Tables S1–S5
n the SI). The LODs were calculated from the blanks (average
f blanks + 3 × standard deviation (�)) or the lowest calibration
oint if no blank was  detected. The average LODs are 8.0 pg
bsolute injected on column for SR, 1.7 pg absolute for POCIS-A,
.6 pg absolute for POCIS-B, 3.0 pg absolute for Chemcatcher®
DB-RPS, and 1.6 pg absolute for Chemcatcher® C18 (for details
ee Tables S1–S5 in the SI). Average method recoveries were 68%,
10%, 92%, 89% and 70% for SR, POCIS-A, POCIS-B, Chemcatcher®

DB-RPS and Chemcatcher® C18, respectively and the average
R), polar organic chemical integrative sampler (POCIS)-A, POCIS-B, Chemcatcher®

standard deviations for individual pesticides were 5%, 10%, 11%,
13% and 14% for SR, POCIS-A, POCIS-B, Chemcatcher® SDB-RPS
and Chemcatcher® C18, respectively (Tables S1–S5 in the SI). The
average repeatability for individual pesticides (n = 10) were 19%,
20%, 16%, 33% and 36% for SR, POCIS-A, POCIS-B, Chemcatcher®

SDB-RPS and Chemcatcher® C18, respectively.

3.2. Passive Sampler Sampling Rates and Sampler-Water
Partition Coefficients for SR, POCIS-A, POCIS-B, Chemcatcher®

SDB-RPS and Chemcatcher® C18

The uptake profiles of individual pesticides over the deployment
time are given in Fig. 1 and Figure S1 in the SI. Most pesticides
had a short linear uptake curve (5–10 days) and equilibrated after
26 days, i.e. for SR (89 of the 124 target compounds), POCIS-A
(97 of 124), POCIS-B (99 of 124), Chemcatcher® SDB-RPS (32 of
124) and Chemcatcher® C18 (36 of 124). Therefore, for most pes-
ticides a log KPW could be calculated (Table 1). If a pesticide did
not equilibrate, a log KPW was assumed to be higher than the
calculated log KPW for the equilibration phase. Eight of the tar-
get compounds were neither detected in the water phase nor in
the passive sampler (i.e. amisulbrom, desmedipham, heptachlor,
heptachlor-epoxide, indoxacarb, phenmedipham, tolylfluanid and
trinexapac-acid). This could be due to sorption to the glass wall of
the water tank or degradation due to short half-life in water.

The median RS (L day−1) were 0.86 (SR), 0.22 (POCIS-B), 0.18
(POCIS-A), 0.05 (Chemcatcher® SDB-RPS) and 0.02 (Chemcatcher®
C18). The high RS for SR can be explained by the higher sor-
bent mass (mp) of SR (mp = 15.6 g) compared to the other passive
samplers (mp = 0.22–0.58 g). The sorbent mass normalized median
RS (L g−1 day−1) were 0.06 (SR), 1.00 (POCIS-B), 0.82 (POCIS-A),
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ig. 2. Regression analysis between sampler-water partition coefficients (KPW) for s
oefficient (KOC), water solubility (SW), and molecular weight (MW).

.15 (Chemcatcher® SDB-RPS) and 0.03 (Chemcatcher® C18). The
edian log KPW (L kg−1) were 4.78 for POCIS-B, 4.56 for POCIS-
, 3.17 for Chemcatcher® SDB-RPS, 3.14 for SR and 2.71 for
hemcatcher® C18. Differences can be explained by different
urface areas (ap) which were higher for POCIS-A and POCIS-B
ap = 1.78 × 106 cm2 and 2.82 × 106 cm2, respectively) compared
o SR (ap = 457 cm2), Chemcatcher® SDB-RPS and Chemcatcher®

18 (ap = 35 cm2 for both). For POCIS-B, median RS values for 33

esticides were higher (0.48 L day−1) compared to the value pre-
ented by Alvarez et al. (median RS = 0.22 L day−1, n = 33) [23].
n contrast, the median RS for 8 pesticides using POCIS-B was

ig. 3. Box–Whisker–Plots for individual pesticides taken up by silicone rubber (SR) (n = 86
hemcatcher® SDB-RPS (n = 65), and Chemcatcher® C18 (n = 54) in correlation to their oc
ean  pesticide concentration in the passive sampler was greater than 0.1% compared to 
 rubber (SR) and octanol–water partition coefficient (KOW), carbon–water partition

lower (0.48 L day−1) compared to the previously reported data
(0.63 L day−1) by Bartelt-Hunt et al. [24]. For POCIS-A, similar
median RS values were obtained for 7 pesticides in this study
(0.42 L day−1) compared to Belles et al. using fast stirred exposure
(0.31 L day−1), whereas the median RS was  lower using slow stirred
exposure (0.15 L day−1) [25]. Furthermore, similar median RS val-
ues for POCIS-A were found in this study (0.22 L day−1) compared
to Morin et al. investigating 56 organic chemicals (alkylphenols

and phenols, hormones, pesticides, pharmaceuticals, UV  filter)
using a flow-through calibration system (0.19 L day−1) [26], and
Lissalde et al. investigating 33 pesticides using a static renewal

), polar organic chemical integrative sampler (POCIS)-A (n = 106), POCIS-B (n = 110),
tanol–water partition coefficient (KOW). Note: Pesticides were only included if the
the mean pesticide concentration in the water.
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18 deployed for 7 days for 6 sampling periods at Halland in southern part of Swe
ctive sampling and the solid line represents the median concentration for active sa

alibration system (0.19 L day−1) [27]. Similar log KPW and RS values
ave been reported for Chemcatcher® SDB-RPS and Chemcatcher®

18 [28–30]. However, Chemcatcher® SDB-RPS showed a longer
inetic sampling period which might be due to a higher sorbent
ass/surface area ratio, which was also observed in a previous

tudy [28,31]. It is important to note that the RS can vary between
ifferent calibration methods and the type of passive sampler, thus
here is a need to define standardized protocols for calibration pro-
edures [32].

.3. The influence of pesticide physicochemical properties on their
ptake by passive samplers

The KPW for individual pesticides was correlated with the
ctanol–water partition coefficient (KOW), carbon–water parti-
ion coefficient (KOC), water solubility (SW) and molecular weight
MW)  for each passive sampler type. The log KPW of SR showed

 significant positive correlation with log KOW, log KOC and MW
Spearman’s rho = 0.53 and 0.46, respectively; p < 0.0001, Fig. 2),
hile a significant negative correlation was observed between

he log KPW of SR and log SW (Spearman’s rho = 0.25 and 0.40,
espectively, p < 0.0001, Fig. 2). A significant positive correlation
as also observed between log KPW of Chemcatcher® C18 and

og KOW (Spearman’s rho = 0.48, p < 0.0001, Figure S2 in the SI).

owever, no significant correlation was found for the log KPW of the
ther tested passive samplers (i.e. POCIS-A, POCIS-B, Chemcatcher®

DB-RPS and Chemcatcher® C18) and the physicochemical prop-
rties of the tested pesticides. For the log RS values, a significant
bber (SR), polar organic chemical integrative sampler (POCIS)-A, and Chemcatcher®

 July/August 2013. Note: The dashed line represents limits of detection (LOD) for
g.

positive correlation was  only found between log RS and log KOW of
SR (Spearman’s rho = 0.56, p < 0.0001, Figure S2 in the SI). In pre-
vious studies, a positive linear relationship between RS values and
log KOW has been reported for pharmaceuticals and personal care
products (PPCPs) and endocrine-disrupting chemicals (EDCs) using
POCIS-A [33,34], whereas other studies have reported a curvilinear
relationship for pharmaceuticals using POCIS-A [35]. In contrast, no
clear trend has been found between RS values and physicochemical
properties for pharmaceuticals and their metabolites using POCIS-A
[36] and for EDCs using POCIS-A and POCIS-B [37].

The KOW has been shown to be a good parameter to predict
the suitability of the passive sampler for specific target compounds
[14,26]. A variety of different pesticides were investigated in this
study with a log KOW ranging from −2.6 to 7.0. In general, the
five tested passive samplers were capable to accumulate pesticides
with a wide range of different KOW for SR (KOW = 0.70–7.0), POCIS A
(−1.9 to 5.3), POCIS B (−1.9 to 5.2), Chemcatcher® SDB-RPS (−1.2
to 4.7) and Chemcatcher® C18 (1.3–5.3) (Fig. 3). Our results showed
that SR is more suitable for hydrophobic compounds (log KOW > 5.3),
whereas more polar compounds (log KOW < 0.70) were better taken
up by POCIS A, POCIS B and Chemcatcher® SDB-RPS (Fig. 3).

3.4. Derived water concentration of pesticides
The performance of SR, POCIS A and Chemcatcher® C18 was
investigated at the river Halland in an agricultural area in
southern Sweden. SR and POCIS A were selected for the field appli-
cation because they showed the best performance in the laboratory
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ptake study and additionally Chemcatcher® C18 was  selected to
over different passive sampler types. The TWA  concentrations for
ndividual pesticides were calculated using Eqs. (3)–(5) depend-
ng on if the concentrations accumulated in the passive samplers

ere in the linear, curvilinear, or equilibrium phase, respectively,
fter a deployment time of 7 days. Overall, the comparison between
assive sampler and time-integrated active sampler concentra-
ions showed a good agreement (Fig. 4). In total, 36 individual
esticides were detected using weekly automatic time-integrated
active) sampling at Halland over a period of six weeks, while 42,
2 and 24 individual pesticides were detected using the passive
amplers SR, POCIS-A and Chemcatcher® C18, respectively (Table
6 in the SI). The active sampler detected 4 pesticides which were
ot detected by the passive samplers (i.e. alpha-cypermethrin,
lopyralid, fluazinam and phenmedipham), whereas the passive
amplers detected in total 29 pesticides which were not detected
y the active sampler. Passive samplers are discussed to be used
s a regulatory monitoring tool, for example, to monitor priori-
ory substances in the European Union Water Framework Directive
WFD) [38]. In this study, out of 18 prioritory substances, 3 were
etected using active sampling (i.e. alpha-cypermethrin, atrazine
nd isoproturon), whereas 6 (i.e. aclonifen, alpha-HCH, atrazine,
hlorpyrifos, isoproturon and simazine), 6 (i.e. atrazine, chlor-
yrifos, cybutryne, diuron, isoproturon and simazine), and 3 (i.e.
trazine, isoproturon and simazine) were detected using the pas-
ive samplers SR, POCIS-A and Chemcatcher® C18, respectively.
he application of passive samplers as a monitoring tool for the
FD  is restrained due to the fact that the environmental quality

tandards (EQS) in the WFD  is based on the whole water con-
entration of the chemical (dissolved + particulate phase) whereas
assive samplers determine only the freely dissolved concentra-
ions [39]. Differences in the pesticide concentrations obtained
rom the active sampler and passive samplers can be explained by
ncertainties involved in the calculation of the freely dissolved con-
entration using passive sampling, environmental variables (e.g.,
ater temperature) and general analytical errors that contribute

o uncertainties and the different sampling techniques [14,40].

. Conclusion

The five passive sampler types tested in this study were suit-
ble for measuring a wide range of different pesticides including
8 priority substances based on the EU WFD  in the water phase.
he comparison of the different passive sampler types showed
he highest RS (L day−1) for SR (median = 0.86) and lowest for
hemcatcher® SDB-RPS (0.05) and Chemcatcher® C18 (0.02) indi-
ating that SR is suitable for short-term monitoring of pesticides.
n the other hand, POCIS-B and POCIS-A have the highest sorp-

ion capacity with a median log KPW of 4.78 L kg−1 and 4.56 L kg−1.
he sorption capacity (log KPW) was compound specific and showed

 significant positive correlation with log KOW, log KOC and MW
p < 0.0001) for SR and log KOW (p < 0.0001) for Chemcatcher® C18.
n general, results revealed good agreement between sampler and
ime-integrated active sampler concentrations. However, active
ampler monitoring methods have the advantage to provide gener-
lly (depending on the extraction method used) a better accuracy
f the concentration levels in the water phase, while passive sam-
lers are the ideal tool for screening of pesticides and the purpose
f temporal-spatial trend studies. For field application, several fac-
ors need to be considered when selecting the appropriate passive
ampler type: Firstly, the uptake of pesticides to the passive sam-

ler is compound-specific (e.g., SR shows a better uptake for the
ore hydrophobic compounds (high KOW), whereas POCIS-A and

OCIS-B are better for more hydrophilic compounds (low KOW). Sec-
ndly, passive samplers need to be practical and cost-effective for

[

r. A 1405 (2015) 1–11

monitoring applications. Finally, the passive sampler should be
selected according to the aim of the study, for example, target and
non-target screening studies require passive samplers applicable
for a wide variety of pesticides, and the passive sampler design
might be different for toxicity tests by passive dosing.
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[7] I. Muñoz, M.J. Martínez Bueno, A. Agüera, A.R. Fernández-Alba, Environmental
and human health risk assessment of organic micro-pollutants occurring in a
Spanish marine fish farm, Environ. Pollut. 158 (2010) 1809–1816.

[8] K. Wille, M.  Claessens, K. Rappé, E. Monteyne, C.R. Janssen, H.F. De Brabander, L.
Vanhaecke, Rapid quantification of pharmaceuticals and pesticides in passive
samplers using ultra high performance liquid chromatography coupled to high
resolution mass spectrometry, J. Chromatogr. A 1218 (2011) 9162–9173.

[9] J.T. Fox, G. Adams, M.  Sharum, K.L. Steelman, Passive sampling of bioavailable
organic chemicals in Perry County. Missouri cave streams, Environ. Sci. Technol.
44 (2010) 8835–8841.

10] C.D. Metcalfe, P.A. Beddows, G.G. Bouchot, T.L. Metcalfe, H. Li, H. Van Lavieren,
Contaminants in the coastal karst aquifer system along the Caribbean coast of
the  Yucatan Peninsula, Mexico, Environ. Pollut. 159 (2011) 991–997.

11] J.A. Dougherty, P.W. Swarzenski, R.S. Dinicola, M.  Reinhard, Occurrence of
herbicides and pharmaceutical and personal care products in surface water and
groundwater around Liberty Bay, Puget Sound, Washington, J. Environ. Qual.
39 (2010) 1173–1180.

12] J.D. Petty, S.B. Jones, J.N. Huckins, W.L. Cranor, J.T. Parris, T.B. McTague, T.P.
Boyle, An approach for assessment of water quality using semipermeable
membrane devices (SPMDs) and bioindicator tests, Chemosphere 41 (2000)
311–321.

13] I.J. Allan, K. Booij, A. Paschke, B. Vrana, G.A. Mills, R. Greenwood, Field per-
formance of seven passive sampling devices for monitoring of hydrophobic
substances, Environ. Sci. Technol. 43 (2009) 5383–5390.

14] B. Vrana, I.J. Allan, R. Greenwood, G.A. Mills, E. Dominiak, K. Svensson, J.
Knutsson, G. Morrison, Passive sampling techniques for monitoring pollutants
in  water, TrAC—Trend Anal. Chem. 24 (2005) 845–868.

15] B.I. Escher, M. Lawrence, M.  Macova, J.F. Mueller, Y. Poussade, C. Robillot,
A.  Roux, W.  Gernjak, Evaluation of contaminant removal of reverse osmosis
and advanced oxidation in full-scale operation by combining passive sampling
with chemical analysis and bioanalytical tools, Environ. Sci. Technol. 45 (2011)

5387–5394.

16] S. Pesce, S. Morin, S. Lissalde, B. Montuelle, N. Mazzella, Combining polar organic
chemical integrative samplers (POCIS) with toxicity testing to evaluate pes-
ticide mixture effects on natural phototrophic biofilms, Environ. Pollut. 159
(2011) 735–741.

http://dx.doi.org/10.1016/j.chroma.2015.05.044
http://dx.doi.org/10.1016/j.chroma.2015.05.044
http://dx.doi.org/10.1016/j.chroma.2015.05.044
http://dx.doi.org/10.1016/j.chroma.2015.05.044
http://dx.doi.org/10.1016/j.chroma.2015.05.044
http://dx.doi.org/10.1016/j.chroma.2015.05.044
http://dx.doi.org/10.1016/j.chroma.2015.05.044
http://dx.doi.org/10.1016/j.chroma.2015.05.044
http://dx.doi.org/10.1016/j.chroma.2015.05.044
http://dx.doi.org/10.1016/j.chroma.2015.05.044
http://dx.doi.org/10.1016/j.chroma.2015.05.044
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0205
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0210
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0215
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0220
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0225
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0230
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0235
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0240
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0245
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0250
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0255
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0260
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0265
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0270
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0275
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0280


matog

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

L. Ahrens et al. / J. Chro

17] I.J. Allan, C. Harman, S.B. Ranneklev, K.V. Thomas, M.  Grung, Passive sampling
for target and nontarget analyses of moderately polar and nonpolar substances
in  water, Environ. Toxicol. Chem. 32 (2013) 1718–1726.

18] K. Booij, F. Smedes, E.M. Van Weerlee, P.J.C. Honkoop, Environmental
monitoring of hydrophobic organic contaminants: the case of mussels
versus semipermeable membrane devices, Environ. Sci. Technol. 40 (2006)
3893–3900.

19] C. Harman, I.J. Allan, E.L.M. Vermeirssen, Calibration and use of the polar organic
chemical integrative sampler—a critical review, Environ. Toxicol. Chem. 31
(2012) 2724–2738.

20] F. Stuer-Lauridsen, Review of passive accumulation devices for monitoring
organic micropollutants in the aquatic environment, Environ. Pollut. 136 (2005)
503–524.

21] C. Jansson, J. Kreuger, Multiresidue analysis of 95 pesticides at low
nanogram/liter levels in surface waters using online preconcentration and high
performance liquid chromatography/tandem mass spectrometry, J. AOAC Int.
93  (2010) 1732–1747.

23] D.A. Alvarez, J.N. Huckins, J.D. Petty, T.L. Jones-Lepp, F. Stuer-Lauridsen, D.T. Get-
ting, J.P. Goddard, A. Gravell, Tool for monitoring hydrophilic contaminants in
water: polar organic chemical integrative sampler (POCIS), in: R. Greenwood, G.
Mills, B. Vrana (Eds.), Passive Sampling Techniques. Comprehensive Analytical
Chemistry, vol. 48, Elsevier, 2007, pp. 171–197.

24] S.L. Bartelt-Hunt, D.D. Snow, T. Damon-Powell, D.L. Brown, G. Prasai, M.
Schwarz, A.S. Kolok, Quantitative evaluation of laboratory uptake rates for pes-
ticides, pharmaceuticals, and steroid hormones using POCIS, Environ. Toxicol.
Chem. 30 (2011) 1412–1420.

25] A. Belles, N. Tapie, P. Pardon, H. Budzinski, Development of the performance
reference compound approach for the calibration of polar organic chemical
integrative sampler (POCIS), Anal. Bioanal. Chem. 406 (2014) 1131–1140.

26] N. Morin, J. Camilleri, C. Cren-Olivé, M.  Coquery, C. Miège, Determination of
uptake kinetics and sampling rates for 56 organic micropollutants using phar-
maceutical POCIS, Talanta 109 (2013) 61–73.

27] S. Lissalde, N. Mazzella, V. Fauvelle, F. Delmas, P. Mazellier, B. Legube, Liquid
chromatography coupled with tandem mass spectrometry method for thirty-
three pesticides in natural water and comparison of performance between

classical solid phase extraction and passive sampling approaches, J. Chro-
matogr. A 1218 (2011) 1492–1502.

28] H. Ahkola, S. Herve, J. Knuutinen, Overview of passive Chemcatcher sampling
with SPE pretreatment suitable for the analysis of NPEOs and NPs, Environ. Sci.
Pollut. R. 20 (2013) 1207–1218.

[

r. A 1405 (2015) 1–11 11

29] B.S. Stephens, A. Kapernick, G. Eaglesham, J. Mueller, Aquatic passive sampling
of  herbicides on naked particle loaded membranes: Accelerated measurement
and empirical estimation of kinetic parameters, Environ. Sci. Technol. 39 (2005)
8891–8897.

30] A. de la Cal, M.  Kuster, M.L. de Alda, E. Eljarrat, D. Barcelo, Evaluation of the
aquatic passive sampler Chemcatcher for the monitoring of highly hydrophobic
compounds in water, Talanta 76 (2008) 327–332.

31] E.L.M. Vermeirssen, C. Dietschweiler, B.I. Escher, J. Van Der Voet, J. Hollender,
Uptake and release kinetics of 22 polar organic chemicals in the Chemcatcher
passive sampler, Anal. Bioanal. Chem. 405 (2013) 5225–5236.

32] N. Morin, C. Miège, M.  Coquery, J. Randon, Chemical calibration, performance,
validation and applications of the polar organic chemical integrative sampler
(POCIS) in aquatic environments, TrAC—Trend. Anal. Chem. 36 (2012) 144–175.

33] H. Li, P.A. Helm, C.D. Metcalfe, Sampling in the Great Lakes for pharmaceuticals,
personal care products, and endocrine-disrupting substances using the passive
polar organic chemical integrative sampler, Environ. Toxicol. Chem. 29 (2010)
751–762.

34] A. Togola, H. Budzinski, Development of polar organic integrative samplers
for  analysis of pharmaceuticals in aquatic systems, Anal. Chem. 79 (2007)
6734–6741.

35] M.  MacLeod, M. Scheringer, H. Podey, K.C. Jones, K. Hungerbühler, The origin
and significance of short-term variability of semivolatile contaminants in air,
Environ. Sci. Technol. 41 (2007) 3249–3253.

36] S.L. Bartelt-Hunt, D.D. Snow, T. Damon, J. Shockley, K. Hoagland, The occurrence
of  illicit and therapeutic pharmaceuticals in wastewater effluent and surface
waters in Nebraska, Environ. Pollut. 157 (2009) 786–791.

37] A. Arditsoglou, D. Voutsa, Passive sampling of selected endocrine disrupting
compounds using polar organic chemical integrative samplers, Environ. Pollut.
156 (2008) 316–324.

38] The European Parliament and of the Council, Off. J. Eur. Commun. EC Directive
2013/39/EU, in Amending Directives 2000/60/EC and 2008/105/EC as regards
priority substances in the field of water policy.

39] G. Poulier, S. Lissalde, A. Charriau, R. Buzier, F. Delmas, K. Gery, A. Moreira,
G.  Guibaud, N. Mazzella, Can POCIS be used in Water Framework Directive
(2000/60/EC) monitoring networks? A study focusing on pesticides in a French

agricultural watershed, Sci. Total Environ. 497 (2014) 282–292.

40] R.L. Dalton, F.R. Pick, C. Boutin, A. Saleem, Atrazine contamination at the
watershed scale and environmental factors affecting sampling rates of the
polar organic chemical integrative sampler (POCIS), Environ. Pollut. 189 (2014)
134–142.

http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0285
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0290
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0295
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0300
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0305
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0315
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0320
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0325
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0330
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0335
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0340
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0345
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0350
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0355
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0360
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0365
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0370
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0375
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0380
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0385
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0395
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400
http://refhub.elsevier.com/S0021-9673(15)00754-2/sbref0400

	Characterization of five passive sampling devices for monitoring of pesticides in water
	1 Introduction
	2 Experimental
	2.1 Chemicals and reagents
	2.2 Sampler design and preparation
	2.3 Laboratory uptake experiments
	2.4 Sample extraction
	2.4.1 SR
	2.4.2 POCIS

	2.5 Chemcatcher®
	2.6 Water samples
	2.7 Instrumental analysis
	2.8 Theory on passive sampling

	3 Results and discussion
	3.1 Quality assurance and quality control
	3.2 Passive Sampler Sampling Rates and Sampler-Water Partition Coefficients for SR, POCIS-A, POCIS-B, Chemcatcher® SDB-RPS...
	3.3 The influence of pesticide physicochemical properties on their uptake by passive samplers
	3.4 Derived water concentration of pesticides

	4 Conclusion
	Acknowledgements
	Appendix A Supplementary data
	References


