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Research Progress in Several Common Passive Sampling Techniques in Water Environment

WANG Pan-pan', WANG Jing®, LIU Zheng-zheng’, CHEN Jin-yuan'
(1. College of Environment, Zhejiang University of Technology, Hangzhou, Zhejiang 310014, China; 2. Zhe-
jiang Province Environmental Monitoring Center, Hangzhou, Zhejiang 310015, China)

Abstract: Several commonly used passive sampling techniques were summarized in this paper, including semipermeable membrane
devices (SPMDs) , polar organic chemical integrative sampler (POCIS) , a chemical catcher named Chemcatcher, and Silicon rub-
ber sampler. The device structure, model, principle, sample pretreatment, influence factors and application range of each of the
technique were summarized, and technical issues was pointed out during current application. Future applications was summarized
prospected.
Key words: Passive sampling technology; SPMDs; POCIS; Chemcatcher; Silicon rubber
G RAE T, D FRAE BRI RAEFOR, RS RE T R RS %

S W i 2 e — I 205 e W) O R B o R R R T
WAFMLE RAEEBZ AR M- R aiGy ]
FOEICE MR B SRR B o0 TR Ry L]
Y RAEAR T, I A W 852 70 A, BCHl B AL R, AN
I T K i 15 e 175 e B B 75 g, T Hluckins 5707 1990 4§ 0 — 438 B bl 5
TTHHE 47 BLIE A9 (POCS) K HER Bl (HOCs) PR Rl Sl PR B A LA = Tl

o TS A ME M LR BB s 4 D e g p IR B R 205 (LDPE ) 45 (JE 249 75 ~90 wm)
4. SPMDs R EE i 14 30 ~90 cm, §5 4 2 ~

SPMDs
SPMDs #4 8 &,

SPMDs ( semipermeable membrane devices) , J&

AR R LUR o R R A7 IRk AR AR o L e 220 o A LK
WYy R B 77 A R W 1% 2 Y W e LA 3 em e <20 em /N, H
RFE ) T BB o

BfRAE LB AR I o T Bl R AR BOR AR D — i
FBURAE Ty, WAL RS2 B 7K AR R i e i
RAE A o3BT, IR H A T B4 it B KURS: B, 7
PR S5 s 00 A L P B

B 7K A o TL Rl 8 T 0 85 3 SR R B Y 25 A

1.2 SPMDs RAEELA R 7 32
FF SPMDs & £ ) 1k 2% I . 8l Jy 27 A5 A
(CRK #E7) ] DLHE R H ARG Je e K R EE P Y

75 B :2015 - 12 - 20;1&3T H#3:2016 -03 - 11
EEUHE 2014 4R Hf {148 R BH L B0 H (2014C03026) ;

R IO PR Y R A A Y A B LS TR R
o7 FH Y B 25 AT A 4, I IR 45 T B SR AR B AR 1Y
V7 JH I S55% B A AE 8 Ta) L, DAY Ry K A R A BLTS

2016 4FE WA SRR BHEZ U (2016 A011)
fEE B TEW B (1992—) 55 FE BB L WF 52 4, BF 52 07 1)
B



BSL WM

TE Wy 0 45 . JURR B LA 8l R A R AE K 3R 5T b fF 5 ok e

2016 4£ 8 H

FHuE"
C,

C\» - R
V\_Kw[l - exp( — ! )]
V.K,,

A : €, KR EE o H bR 5 G W) i o 5 vk
ng/L;C 2k SPMDs t H A5 75 44 ) 75 W it 7] | i oa
g/ g VO RFEIR TR, L K o H AR 9 18 W B
F = KA A9 43 T R, em®/em® s RN SRABE T R
L/d;t JpRFEFE],

1.3  SPMDs & 77 & 22 VA & AF S 3R B

KR GG ) SPMDs B T E &rp, -20 C
EAF el S B = R R R R (e e k) BR &
SPMDs %< & 1 1Y 2% W) J5 , ¥ SPMDs 32 i 7 7 £
B, VB VR 2 B B A A 2% BT fS , AU T fik
AN A e PP S I B R IR K . Z S AE180 TR,
S 125 ~ 150 mL 1E & %Ei& Hr 18 h, f§ H 125 ~
150 mLiE ke 6 h, B IF5 IF PRI i A ik,
AME 1 mL, it SEC (A ) ik, GC - MS/
MS HEATAG I
1.4 SPMDs R#fi & R 4% R &

— & R 7 SPMDs SRAE 5 X0 15 G4 W) (1 R A
TG00 ANETGRPIE) R ERFDE S i AR BT A
(B FEEHN Kpy) ™ BZHEENZ W, T84
R L pH {E Y5 Y %, Huckins % F 55
LW e —E RN, H ARG G Wy R B i 18] 3 A0
3G K, Bl J5 23 35 B0 B P, b T FIR S o e
—FE ] A, R i 7 A 0 A T K
TGY AR R . Hd A AR F 458, 0 Chang
2R W R S B IR FEE R T 119 A8 T A A

ICH BP0 R Al B Bl R AR R B R
P&, HRI IO R 5, — R a5 = i A
UL I0 FE SABRL I L
1.5 SPMDs # 5

SPMDs SR A¥ 1o 78 v 35 i AH R0 VS A T B 28 70N
15 Y W) ok #E A LDPE (/5 FL A, T SE IR 8K B
SPMDs A LR 48 Wi v 25 B 1 380 R A% Ve i A Bl TS
Yol (LogKyy >3.0) " AT LR 1.0 < LogK,,
<3.0 By —Le b5 Wy, (HRH X I Ath SR AE 3 A, UL A
A RER L% RAL B 5 A s A 45 . SPMDs JF
KUK, FE T KK KA LTS S B R
FAE, WA £ 95 & (PAHs) Y M B
(PCBs) ™' HHLAARZ (OCPs) " BrEH" %
AT ZHEYE (PCDDs ) Al 22 & — 2 I Wk i ( PC-
3

DFs) "' & | Karacik 25" BFFEIESE ] SPMDs SR FE
WK A& i) PAHs (PCBs ,OCPs B fig FL 32 £ 2K
TR A ML M BE . Jungkim 2277 (4 BF 5% 32 0 1
FH SPMDs SR AE 45 PCBs #il PBDEs [i] 2 ¥ 1) 45
5 E S RAE AT 19 45 R B A B WA DG AR OC &R
BORy R 0.745 1 F10.998 7, #i ] SPMDs fig
AR 32 Bl R AR AR W — 2 g K P B E g M LTS
YWy, SPMDs (A EMETERESEE T H
BLR Bk K G HLTs e .

2 POCIS
2.1 POCIS #928 &

Wt A HLAE & W) 8 5 R A 4% (Polar organic
chemical integrative sampler, POCIS) J& Alvarez 7F
1999 4F4i2 i g — Fh gl SR AERE AR ™ . POCIS J2 i
PN AN I BT 2 18], e 5 9 )2 G AL, 1 )2 A AL
R 22 ) L T A R S 5, I L 5 = A R R [
A5 BB L — R R
2.2 POCIS #y #+4+it 4

POCIS T4 fLIE I 44 i 2= 52 1 POCIS 19 R, DL K
RAE A, AT 8 #5458 79 POCTS ff AL+ 73 5
%o POCIS AL 22 AR 4l A 7] H A5 75 3 40 14 152 Fff
15 DU S AN [R] J5AE R A 20 358 7h 32 B A9 75 e A8 DL E AT
MedE o Kingston 55" B ST 4 H PS 5 (R BUEL) XF
WA B Y A T8 R T Alvarez 457 F 58
HESE PES JRE (SR MEDEE ) 1Y R AF BUR T 5, 24 W)
TGP AR, R Far k. Ik, BLAE PO-
CIS SR rp— 8 PES fiiE,

PP 5 22 i) £ [T A W B A4 7] /& POCIS ) B %2
LB 4, Alvarez %5 N2 BF 5 W9 Bl [ AR W B
L BRE L 8:2 WK LI — — LR AR g A
[ 5, %F W Pesticide — POCIS R HE#% , & & 4% 25 fl
B R S TR R s 2 R AH T O IR A A
WM S HE B 1) Oasis HLB B [} 551 , %) b Pharma-
ceutical ~ POCIS S FE 28>0 3T 45— 46 3 11 14 24 1y
M I B o XF T aX B AP POCIS 1 fff 7, Mazzella
a5 a% i) Pharmaceutical — POCIS % [ [ 5 7]
B P RE L Pesticide — POCIS B 4, i Li 287 1) 3A
N Pesiticide — POCIS i Mg Bff 2 o0 5, — RSkt
Pharmaceutical - POCIS iy T H A K FEM S8 A,
Pesticide — POCIS B A7 {3 o 1t A, At A4 1% Ff 751
e T & e WG, £ 5 Oasis MAX™' | Oasis
MCX ') Strata XAW > 45— 2 Wi . {5 H T



BSL WM

TE Wy 0 45 . JURR B LA 8l R A R AE K 3R 5T b fF 5 ok e

2016 4£ 8 H

F L JE ] Oasis HLB AE 2l POCIS 1 [i] AH 1 B 571
2.3 POCIS R Af4:A B 7 72

POCIS RAE# S Bl sl f 2o — e ™

C. = C‘K“

B RFEB BeZ M I R o, K e KT K,
W o AH H s e ok R R R AR R A 6, il €L =
C.K.t,5| A RAGF:

C. R
s = MS

A e €2y POCIS [&] A1 W& B 5% H H A5 5 G
Py g W B B L, ng/g; € DK R H B 15 B Y
JoT i W BE g/ Ly My W BRE AR 1% ot A R KR K,
SRy W TR i W R SR B, L/ (g - d) s K B AR
W) A W B AR — KR R R Ay T R B, em/em® 5t Ol
M), ds
2.4 POCIS # 87 4 22 VA B H 5 32 R
2.4.1 POCIS # & 1t

PES fi& fff HI #if /1 200 mL 1 i of %% 2 min,
400 mLAB 4K sk 10 min, 4135 &F 19 POCIS #
200 mL5F 0. 1% (V/V) &K i B B 7 W3R I
J& MR A 20 mL R 40 mL 4l K 45 bk
10 min, 7% fk 45 B9 POCIS JH 45 94 48 % £ 4 C
TRAF

Cc

2.4.2 POCIS # % £ I

[l POCIS ity Wz ff 7], 5% %% % 6 mL 3% {3
() SPE /INKE (3T /1 20 pum [ B 38 2F 4, FH T By
A AT S ) W R R A 9 2R ) L AR IR 6 mL % 0. 1%
(V/V) G K0 F B W R 6 mL HY vk 1B, e 4 ok
VR, AMCE 0.5 mL, 4K E A ZE 1 mL,
HPLC - MS/MS #4746
2.5 POCIS kAt & R 4930 B & & &
2.5.1 RW®EmHAEZE

[i] SPMDs # 8l >R # #§ — #£, POCIS 1 R, H Hi
W OV T S RO A TR, — R o S R
PR 55 7 SUHESE . 52 POCIS SRAE R R 1Y
BN Z 55 SPMDs 25 5ROk, T84 W' iR
O yE g pH (AR Y SRRk = Ah,
R 832 %) POCIS v i L B T35 78 W B A R A B 0
el B H AL P R (U0 LogK . fH) 2w Y o
B 732 o S 0 5 B SR M B AY T R L
H AR B o) B B 2 R A B IR A R R
iR RISE M W50 & B, 6 BRI 0T R AT 5
R R L A RS LogK . £ 7E IE AH &
K Z T ELT AT R LR R,
2.5.2 POCIS & i A

I LA POCIS (1) HoAth i WL 3% 1

£ 1 3EJLE POCIS 7E7K BR 1 M5 i b 19 2 R

R/ HET ARERITE] SRAEA R o 0 35 (ONE =
#e 2l HiFi/Kk  14d 200 g Oasis HLB,PES JE (0.1 um) UHPLC - MS 2015 [38]
APIs(BHJR 245, DU K, DUI AR Hige/k 30d 200 g Oasis HLB,PES f§£(0.1 pm) LC - MS/MS 2015 [39]
TR I ]

BRPUE R B - 24

HiFk 22 ~52d 200 g Oasis HLB, PES 5 (0. 1 pm) , 5 5 ifi

HPLC - MS/MS 2015 [40]

141 em?

W Mk 4 25 FAR 3 7 4 MK  14d 200 mg Oasis HLB,PES (0.1 um) UHPLC - (Q) - TOF 2015 [41]

9 # AT 4 25 ( NSAIDs) MK  15d 200 mg Oasis HLB,PES JE(0.1 wm) , 52 5 & LC - MS/MS 2015 [42]
F145.8 cm?

o3 . 741 MK  28d 200 mg Oasis HLB,PES [ (0.1 pm) , R % I LC - MS/MS 2014 [43]
F141 em?

WM EZ R EEA BB #hFEAK  14d 200 mg Oasis HLB, 200 mg 80:20 ( W/W) RP - HPLC , 2014 [44]

B2 Isolute ENV  + ., ( Ambersorb 1500 /S - GC - MS
X3),PES i LC - QTOF/MS

DA ) (B I S ) 75K 27d 200 mg Oasis HLB,PES i (0.1 wm) , 2 & HPLC - MS/MS 2014 [45]
141 em?

YO 1K 14d 200 mg Oasis HLB,PES i (0.1 pm) LC - MS/MS 2014 [46]

POCIS & —Fi il PE R A R AL AR, 2 BT A AF R
— PR ESEA L R E D POCTS 3R AN T
SPMDs TGk e i 31l 7K A Al 1R 75 B 1) (LogK
<4)Wy A . POCIS H Rl L 7E A Rk drh i i, 42

TR K TR Tk Ak e Y s Y
77 THG B4 7 FH 2 A 2 R4S A9 B i (PPCPs ) |
P W T4 (ECDs ) i M 4R 245 Bk B 30 45 35 e
P WM Stephone % 1 BF 5T 2 W], POCIS



BSL WM

TE Wy 0 45 . JURR B LA 8l R A R AE K 3R 5T b fF 5 ok e

2016 4£ 8 H

REAZ A &I W #iiy K {4 o PHACs (ECDs /1) TWA
W, e i A RS T A R SR AR A H PO-
CIS AN 5 AH XS 70 1 Jot e AR A9 A & W0 19 SR A
Harman % ™' (i 5 52 5% , POCIS R4 23 1 F K )
s D00 i 2% 25 W 9 A AR A, O AT DL S IR AR R
FEBE A il AR B = AR AR 19 W), 3T 4E, POCIS 1
PFCs( 4 AL A 4) B9 W bt A — 8 HE B,
Kaserzon 2" ©f 5% FH okt ¥ POCIS (600mg Strata
XAW Ay W B 571, S — Ff s B B - 58 4 Al ) R
FE DU AS 42 JUR IR AN 42 U IR £ 2 Bl PFCs R Z 5 &
B R AR A5 W B A G AT M E R B R =0.92,

3 HMmwsh RERA
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D3I RAEBARA T 58 3 B ME KL, FERT AR K
FE LA TR H AR5 S Wy, 16 4% 3 19 B8l R AR AR (A
POCIS ) H 1 [8] % Wit o 751 s 2 2 3l SR A B AR K J 1Y
— P EH A

[ &% k]

[1] MAZZELLA N, DEBENNEST T, DELMAS F. Comparison be-
tween the polar organic chemical integrative sampler and the sol-
id-phase extraction for estimating herbicide time-weighted average
concentrations during a microcosm experiment [ J ]. Chemo-
sphere, 2008, 73(4) : 545 -550.

[2] LISSALDE S, CHARRIAU A, POULIER G, et al. Overview of
the Chemcatcher® ; for the passive sampling of various pollutants
in aquatic environments Part B: Field handling and environmen-
tal applications for the monitoring of pollutants and their biologi-
cal effects[ J]. Talanta, 2016, 148 572 - 582.

[3] SCHMID P, KOHLER M, GUJER E, et al. Persistent organic
pollutants, brominated flame retardants and synthetic musks in
fish from remote alpine lakes in Switzerland. [ J]. Chemosphere,

2007, 67(9) :S16 - S21.



BSL WM

TE Wy 0 45 . JURR B LA 8l R A R AE K 3R 5T b fF 5 ok e

2016 4£ 8 H

[4]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

PETER S, CHRISTIAN B, NANCY B, et al. The missing piece:
sediment records in remote Mountain lakes confirm glaciers being
secondary sources of persistent organic pollutants. [ J]. Environ-
mental Science & Technology, 2011, 45(1) ;203 -208.
HUCKINS J N, TUBERGEN M W, MANUWEERA G K. Semi-
permeable membrane devices containing model lipid: A new ap-
proach to monitoring the bioavaiiability of lipophilic contaminants
and estimating their bioconcentration potential [ J]. Chemo-
sphere, 1990, 20(5) : 533 -552.

HUCKINS J N, PETTY J D, BOOIJ K. Monitors of organic
chemicals in the environment: semipermeable membrane devices
[M]. Springer Science & Business Media, 2006.

HUCKINS J N, MANUWEERAA G K, PETTY J D, et al. Lip-
id-containing semipermeable membrane devices for monitoring or-
ganic contaminants in water[ J]. Environmental Science & Tech-
nology, 1993, 27(12) ; 2489 —2496.

MARRUCCI A, MARRAS B, CAMPISI S S, et al. Using SPMDs
to monitor the seawater concentrations of PAHs and PCBs in ma-
rine protected areas ( Western Mediterranean) [ J]. Marine Pol-
lution Bulletin, 2013, 75(1): 69 -75.

HUCKINS J N, PETTY J D, ORAZIO C E, et al. Determination
of uptake kinetics ( sampling rates) by lipid-containing semiper-
meable membrane devices (SPMDs) for polycyclic aromatic hy-
drocarbons ( PAHs) in water [ J].
Technology, 1999, 33(21) . 3918 —3923.

BOOIJ K, SLEIDERINK H M, SMEDES F. Calibrating the up-

Environmental Science &

take kinetics of semipermeable membrane devices using exposure
standards[ J]. Environmental Toxicology and Chemistry, 1998,
17(7) : 1236 - 1245.

RICHARDSON B J, ABBOTT S B D L, MCCLELLAN K E, et
al. The use of permeability reference compounds in biofouled
semi-permeable membrane devices ( SPMDs): A laboratory-
based investigation [ J]. Marine Pollution Bulletin, 2008, 56
(9): 1663 - 1667.

CHANG W T, LEE C L, BRIMBLECOMBE P, et al. The
effects of flow rate and temperature on SPMD measurements of
bioavailable PAHs in seawater[ J]. Marine Pollution Bulletin,
2015, 97(1): 217 -223.

PETTY J D, ORAZIO C E, HUCKINS J N, et al. Considera-
tions involved with the use of semipermeable membrane devices
for monitoring environmental contaminants[ J]. Journal of Chro-
matography A, 2000, 879(1) . 83 -95.

UTVIK T I R, JOHNSEN S. Bioavailability of polycyclic aromat-
ic hydrocarbons in the North Sea[ J]. Environmental Science &
Technology, 1999, 33(12): 1963 - 1969.

WANG Y, WANG Z, MA M, et al. Monitoring priority pollu-
tants in a sewage treatment process by dichloromethane extraction
and triolein-semipermeable membrane device ( SPMD) [ J].
Chemosphere, 2001, 43(3) : 339 —346.

VERWIJ F, BOOIJ K, SATUMALAY K, et al. Assessment of

bioavailable PAH, PCB and OCP concentrations in water, using

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[27]

[28]

semipermeable membrane devices ( SPMDs ), sediments and
caged carp[ J]. Chemosphere, 2004, 54(11); 1675 —1689.
SHAW M, MULLER J F. Preliminary evaluation of the occur-
rence of herbicides and PAHs in the Wet Tropics region of the
Great Barrier Reef, Australia, using passive samplers[ J]. Ma-
rine Pollution Bulletin, 2005, 51(8): 876 —881.

GALE R W, HUCKINS J N, PETTY J D, et al. Comparison of
the uptake of dioxin-like compounds by caged channel catfish and
semipermeable membrane devices in the Saginaw River, Michi-
gan[ J]. Environmental Science & Technology, 1996, 31 (1) :
178 - 187.

KARACIK B, OKAY O S, HENKELMANN B, et al. Water
concentrations of PAH, PCB and OCP by using semipermeable
membrane devices and sediments[ J]. Marine Pollution Bulletin,
2013, 70(1) : 258 —265.

KIM U J, KIM HY, ALVAREZI D, et al. Using SPMDs for mo-
nitoring hydrophobic organic compounds in urban river water in
Korea compared with using conventional water grab samples[ J].
Science of the Total Environment, 2013, 470 —471(2) . 1537
—-1544.

ALVAREZ D A. Development of an integrative sampling device
for hydrophilic organic contaminants in aquatic environments
[M]. UMI Dissertation Services, 2008.

ALVAREZ D A, PETTY J D, HUCKINS I N, et al. Develop-
ment of a passive, in situ, integrative sampler for hydrophilic or-
ganic contaminants in aquatic environments[ J]. Environmental
Toxicology and Chemistry, 2004, 23(7) : 1640 - 1648.
KINGSTON J K, GREENWOOD R, MILLS G A, et al. Devel-
opment of a novel passive sampling system for the time-averaged
measurement of a range of organic pollutants in aquatic environ-
ments[ J]. Journal of Environmental Monitoring, 2000, 2(5) ;
487 —495.

Brnm, WEM, FRE. WA PSP A RESORTE
KIEAE YL Ry s h s R L] SR L 2%, 2013
(07) :1376 - 1387.

MAZZELLA N, LISSALDE S, MOREIRA S, et al. Evaluation
of the use of performance reference compounds in an Oasis-HLB
adsorbent based passive sampler for improving water concentra-
tion estimates of polar herbicides in freshwater[ J]. Environmen-
tal Science & Technology, 2010, 44(5): 1713 - 1719.

LI H, VERMEIRSSEN E L M, HELM P A, et al. Controlled
field evaluation of water flow rate effects on sampling polar organ-
ic compounds using polar organic chemical integrative samplers
[J]. Environmental Toxicology and Chemistry, 2010, 29(11) .
2461 -2469.

FAUVELLE V, MAZZELLA N, DELMAS F, et al. Use of
mixed-mode ion exchange sorbent for the passive sampling of or-
ganic acids by polar organic chemical integrative sampler ( PO-
CIS) [J].
(24): 13344 - 13353,

LI H, HELM P A, PATERSON G, et al. The effects of dis-

Environmental Science & Technology, 2012, 46



TE Wy 0 45 . JURR B LA 8l R A R AE K 3R 5T b fF 5 ok e

2016 4£ 8 H

[31]

[32]

[33]

[34]

[36]

[37]

[38]

[39]

[40]

solved organic matter and pH on sampling rates for polar organic
chemical integrative samplers ( POCIS) [ J]. Chemosphere,
2011, 83(3): 271 -280.

KASERZON S L, VERMEIRSSEN E L M, HAWKER D W, et
al. Passive sampling of perfluorinated chemicals in water: Flow
rate effects on chemical uptake [ J]. Environmental Pollution,
2013, 177 58 - 63.

RUJIRALAI T, BULL I D, LLEWELLYN N, et al. In situ polar or-
ganic chemical integrative sampling (POCIS) of steroidal estrogens
in sewage treatment works discharge and river water[ J]. Journal of
Environmental Monitoring, 2011, 13(5) . 1427 - 1434.

ALVAREZ D A, HUCKINS J N, PETTY J D, et al. Tool for
monitoring hydrophilic contaminants in water: polar organic
chemical integrative sampler (POCIS) [J].
lytical Chemistry, 2007, 48 171 - 197.
SEEAR. R TI A B SR A 5 1 R 5 25 4 P 4 T A T
FREATHID]. RN AR¥, 2014

VERMEIRSSEN E L M, KORNER O, SCHONENBERGER R,

Comprehensive Ana-

et al. Characterization of environmental estrogens in river water
using a three pronged approach: active and passive water sam-
pling and the analysis of accumulated estrogens in the bile of
caged fish[J].
(21). 8191 -8198.

LINDBERG R H, OLOFSSON U, RENDAHL P, et al. Behavior

Environmental Science & Technology, 2005, 39

of fluoroquinolones and trimethoprim during mechanical, chemi-
cal, and active sludge treatment of sewage water and digestion of
sludge[ J ].
(3): 1042 —1048.

BAYEN S, SEGOVIA E, LOH L L, et al. Application of Polar

Environmental Science & Technology, 2006, 40

Organic Chemical Integrative Sampler (POCIS) to monitor emer-
ging contaminants in tropical waters[ J]. Science of the Total En-
vironment, 2014, 482, 15 -22.

HARMAN C, REID M, THOMAS K V. In situ calibration of a
passive sampling device for selected illicit drugs and their metab-
olites in wastewater, and subsequent year-long assessment of
community drug usage[ J]. Environmental Science & Technolo-
gy, 2011, 45(13); 5676 - 5682.

KASERZON S L, KENNEDY K, HAWKER D W, et al. Devel-
opment and calibration of a passive sampler for perfluorinated al-
kyl carboxylates and sulfonates in water[ J]. Environmental Sci-
ence & Technology, 2012, 46(9) . 4985 -4993.

GUIBAL R, LISSALDE S, CHARRIAU A, et al. Improvement
of POCIS ability to quantify pesticides in natural water by reduc-
ing polyethylene glycol matrix effects from polyethersulfone mem-
branes[ J]. Talanta, 2015, 144 1316 - 1323.

GONZALEZ - REY M, TAPIE N, Le MENACH K, et al. Oc-
currence of pharmaceutical compounds and pesticides in aquatic
systems[ J]. Marine Pollution Bulletin, 2015.

JAIMES - CORREA J C, SNOW D D, BARTELT - HUNT S L.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Seasonal occurrence of antibiotics and a beta agonist in an agri-
culturally-intensive watershed [ J ]. Environmental Pollution,
2015, 205 87 -96.

GUIBAL R, LISSALDE S, CHARRIAU A, et al. Coupling pas-
sive sampling and time of flight mass spectrometry for a better es-
timation of polar pesticide freshwater contamination: Simultane-
ous target quantification and screening analysis[ J]. Journal of
Chromatography A, 2015, 1387. 75 - 85.

TANWAR S, DI CARRO M, MAGI E. Innovative sampling and
extraction methods for the determination of nonsteroidal anti — in-
flammatory drugs in water[ J]. Journal of Pharmaceutical and Bi-
omedical Analysis, 2015, 106: 100 - 106.

DALTON R L, PICK F R, BOUTIN C, et al. Atrazine contami-
nation at the watershed scale and environmental factors affecting
sampling rates of the polar organic chemical integrative sampler
(POCIS) [J]. Environmental Pollution, 2014, 189 134 - 142.
LISCIO C, ABDUL - SADA A, AL - SALHI R, et al. Method-
ology for profiling anti-androgen mixtures in river water using
multiple passive samplers and bioassay-directed analyses [ J ].
Water Research, 2014, 57 258 -269.

BOLES T H, WELLS M J M. Pilot survey of methamphetamine
in sewers using a Polar Organic Chemical Integrative Sampler
[J]. Science of the Total Environment, 2014, 472, 9 —12.
BARRANGER A, AKCHA F, ROUXEL J, et al. Study of genetic
damage in the Japanese oyster induced by an environmentally-rele-
vant exposure to diuron: Evidence of vertical transmission of DNA
damage[ J]. Aquatic Toxicology, 2014, 146 93 —104.

VRANA B, MILLS G, GREENWOOD R, et al. Performance
optimisation of a passive sampler for monitoring hydrophobic or-
ganic pollutants in water[ J]. Journal of Environmental Monito-
ring, 2005, 7(6) : 612 —620.

AGUILAR - MARTINEZ R, GOMEZ - GOMEZ M M, Palacios
— Corvillo M A. Mercury and organotin compounds monitoring in
fresh and marine waters across Europe by Chemcatcher passive
sampler[ J ]. International Journal of Environmental Analytical
Chemistry, 2011, 91(11) . 1100 -1116.

CHARRIAU A, LISSALDE S, POULIER G, et al. Overview of the
Chemcatcher® ; for the passive sampling of various pollutants in a-
quatic environments Part A Principles, calibration, preparation and
analysis of the sampler[J]. Talanta, 2016, 148 556 —571.
SMEDES F, BOOLJ K. Guidelines for passive sampling of hydropho-
bic contaminants in water using silicone rubber samplers[ M ]. Inter-
national Council for the Exploration of the Sea, 2012.

RUSINA T P, SMEDES F, KLANOVA J. Diffusion coefficients
of polychlorinated biphenyls and polycyclic aromatic hydrocar-
bons in polydimethylsiloxane and low - density polyethylene pol-
ymers[ J]. Journal of Applied Polymer Science, 2010, 116(3) :
1803 - 1810.



