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Abstract: Passive dosing has been used to maintain constant concentrations of hydrophobic organic
compounds in water resulting in more accurate measurements of their solubility partitioning
coefficients and adverse effects. Compared with traditional active dosing passive dosing is
advantageous in compensating the loss of chemicals in water due to glassware adsorption
volatilization photolysis  hydrolysis and organism uptake etc. As a result more constant water

concentrations and more accurate measurements can be achieved. Polydimethylsiloxane ( PDMS) is
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the most commonly used material for passive dosing. With high biocompatibility PDMS has been
successfully used for dosing various compounds into water vyet the application of the method has
some limitations. So far passive dosing has been mainly used for chemicals with lg K, ranging from
3 to 6 such as polycyclic aromatic hydrocarbons and some polychlorinated biphenyls. On the other
hand its application for highly hydrophobic compounds with 1g K, values over 6 was limited. Most
studies using passive dosing were conducted in small testing systems with short exposure time
although long term testing in large systems in more environmentally relevant. Moreover there is no
method for quantifying the capacity of PDMS to buffer chemical loss in water neither the standard
guide for using passive dosing methods. Therefore future development of passive dosing methods
should consider the following aspects including more studies on the relationship between release of
chemicals from PDMS and their compensation in water improving standard guides on the application
of passive dosing on the basis of theoretical research and establishing new methods for long-term and
large-system testing. In addition incorporating in situ sampling and laboratory toxicity testing by
using passive sampling and passive dosing simultaneously would help to take bioavailability into
consideration in ecological risk assessment.

Keywords: PDMS  passive dosing bioassay effect-directed analysis  hydrophobic organic

compound.
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Table 3 Advantages and disadvantages of passive dosing and active dosing methods
Advantages Disadvantages
PDMS
Passive dosing
Active dosing
PDMS
PDMS PDMS
. PDMS
PDMS . Adolfsson—
Erici pp- 9
PDMS PDMS PDMS
8d
3.2 PDMS ( Buffering capacity)
PDMS
PDMS . PDMS
PDMS
PDMS
PDMS
Li 7
PDMS- ( Kocreoms) PDMS- ( Kiwp rpous)

' g Kopysw =lg Kow— 0.87 lg Ko =lg Koy = 0.55 Ko /ppus =2
g Kippw =lg Koy + 0.14 g Kypysw =lg Koy = 0.87 Kijpppys = 10.
PDMS PDMS .Bandow 32
PDMS EDA PDMS



1186 36

onclusions and perspectives

Conclusi d i
58
.PDMS PDMS
PDMS R N R N R
59
60
33
PDMS
N N .Gilbert 2 POPs
.Claessens B
Kow (lg Koy =3—06)
PDMS-
(lg Koy =3—6) .PDMS N

11

( References)
SCHREIBER R ALTENBURGER R PASCHKE A et al. How to deal with lipophilic and volatile organic substances in microtiter plate
assays J . Environmental Toxicology and Chemistry 2008 27( 8) : 1676-1682.
MAYER P WERNSING J TOLLS J et al. Establishing and controlling dissolved concentrations of hydrophobic organics by partitioning
from a solid phase J .Environmental Science and Technology 1999 33( 13) : 2284-2290.
HEINIS L. ] HIGHLAND T L. MOUNT D R. Method for testing the aquatic toxicity of sediment extracts for use in identifying organic
toxicants in sediments J . Environmental Science and Technology 2004 38( 23) : 6256-6262.
PERRON M M BURGESS R M HO KT et al. Development and evaluation of reverse polyethylene samplers for marine phase Il whole—
sediment toxicity identification evaluations J .Environmental Toxicology and Chemistry 2009 28( 4) : 749-758.
KWON JH WUETHRICHT MAYER P et al. Development of a dynamic delivery method for in vitro bioassays J . Chemosphere 2009
76 (1) :83-90.
MAYER P TOLLS ] HERMENS J L et al. Peer reviewed: Equilibrium sampling devices J . Environmental Science and Technology
2003 37(9) : 184A-91A.
MAYER P VAES W H HERMENS J L. Absorption of hydrophobic compounds into the poly( dimethylsiloxane) coating of solid-phase
microextraction fibers: High partition coefficients and fluorescence microscopy images J . Analytical Chemistry 2000 72( 3) : 459-464.
OUYANG G PAWLISZYN J.SPME in environmental analysis J .Analytical and bioanalytical chemistry 2006 386( 4) : 1059-1073.
SMITH K E REIN A TRAPP S et al. Dynamic passive dosing for studying the biotransformation of hydrophobic organic chemicals:
Microbial degradation as an example J . Environmental Science and Technology 2012 46( 9) : 4852-4860.
TER LAAK T L. BUSSER F J HERMENS ] L.Poly( dimethylsiloxane) as passive sampler material for hydrophobic chemicals: Effect of
chemical properties and sampler characteristics on partitioning and equilibration times J . Analytical Chemistry 2008 80 ( 10):
3859-3866.
KWON H C KWON J H. Measuring aqueous solubility in the presence of small cosolvent volume fractions by passive dosing J .
Environmental Science and Technology 2012 46( 22) : 12550-12556.



1187

12

13

14

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

34

35

36

ZHAO ] WANG Z GHOSH S et al.Phenanthrene binding by humic acid-protein complexes as studied by passive dosing technique J .
Environmental Pollution 2014 184: 145-153.

JAHNKE A MAYER P.Do complex matrices modify the sorptive properties of polydimethylsiloxane ( PDMS) for non-polar organic
chemical®? ] .Journal of Chromatography A 2010 1217( 29) : 4765-4770.

KWON ] H WUETHRICH T MAYER P et al. Dynamic permeation method to determine partition coefficients of highly hydrophobic
chemicals between poly( dimethylsiloxane) and water J .Analytical Chemistry 2007 79( 17) : 6816-6822.

SMITH KEC DOM N BLUST R et al.Controlling and maintaining exposure of hydrophobic organic compounds in aquatic toxicity tests by
passive dosing J . Aquatic Toxicology 2010 98( 1) :15-24.

— J . 2015

10( 2) : 45-55.

QIHX LI HZ YOU J. Application of passive dosing methodology in aquatic ecological risk assessment: A case study of measuring
partition coefficients of polychlorinated biphenyls J . Asian Journal of Ecotoxicolog 2015 10( 2) : 45-55 ( in Chinese) .

XIA X LIH YANGZ et al.How does predation affect the bioaccumulation of hydrophobic organic compounds in aquatic organisms? J .
Environmental Science and Technology 2015 49( 8) : 4911-4920.

MACKAY D SHIU WY MA K C et al. Handbook of physical-chemical properties and environmental fate for organic chemicals M .
Boca Raton: CRC press 2006: 804-810.

BILLINGTON J] W HUANG G L SZETO F et al. Preparation of aqueous solutions of sparingly soluble organic substances: 1.
Singlecomponent systems J . Environmental Toxicology and Chemistry 1988 7(2):117-24.

YANGZY ZENGEY XIAH et al Application of a static solid-phase microextraction procedure combined with liquiddiquid extraction to
determine poly ( dimethyl) siloxane-water partition coefficients for selected polychlorinated biphenyls J . Journal of Chromatography A
2006 1116( 1) : 240-247.

KWONHC ROHJY LIMD et al. Maintaining the constant exposure condition for an acute Caenorhabditis elegans mortality test using
passive dosing J . Environmental Health and Toxicology 2011 26. http: //dx.doi.org/10.5620/e ht.20 11.26.e2011015.

KRAMER N1 BUSSER FJ OOSTERWIJK M T et al.Development of a partition-controlled dosing system for cell assays J . Chemical
Research in Toxicology 2010 23( 11) : 1806-1814.

BOOIJ P LAMOREE M H LEONARDS P E et al.Development of a polydimethylsiloxane film-based passive dosing method in the in vitro
DR-CALUX® assay J . Environmental Toxicology and Chemistry 2011 30( 4) : 898-904.

ESCHER B1 MEWBURN B HERMENS J L et al. Understanding and controlling bioavailability: Passive dosing of persistent organic
pollutants into recombinant cell bioassays C .Dioxin 2012 conference Cairns Australia 2012: 27-31.

SMITH KEC OOSTINGH G J] MAYER P.Passive dosing for producing defined and constant exposure of hydrophobic organic compounds
during in vitro toxicity tests J . Chemical Research in Toxicology 2010 23( 1) :55-65.

GILBERT D MAYER P PEDERSEN M et al. Endocrine activity of persistent organic pollutants accumulated in human silicone
implants—dosing in vitro assays by partitioning from silicone J .Environment International 2015 84:107-114.

OOSTINGH G J SMITH K E TISCHLER U et al. Differential immunomodulatory responses to nine polycyclic aromatic hydrocarbons
applied by passive dosing J . Toxicology in Vitro 2015 29( 2) :345-351.

BOUGEARD C GALLAMPOIS C BRACK W. Passive dosing: An approach to control mutagen exposure in the Ames fluctuation test J .
Chemosphere 2011 83( 4) : 409-414.

SMITH K E HERINGA M B  UYTEWAAL M et al.The dosing determines mutagenicity of hydrophobic compounds in the Ames II assay
with metabolic transformation: Passive dosing versus solvent spiking J . Mutation Research/Genetic Toxicology and Environmental
Mutagenesis 2013 750( 1) : 12-18.

SMITH K E JEONG Y KIM J.Passive dosing versus solvent spiking for controlling and maintaining hydrophobic organic compound
exposure in the Microtox® assay J . Chemosphere 2015 139:174-180.

BRAGIN G E PARKERTON T F REDMAN A D et al. Chronic toxicity of selected polycyclic aromatic hydrocarbons to algae and
crustaceans using passive dosing J .Environmental Toxicology and Chemistry 2016 DOI: 10.1002/etc.3479.

BANDOW N ALTENBURGER R STRECK G et al.Effect-directed analysis of contaminated sediments with partition-based dosing using
green algae cell multiplication inhibition J .Environmental Science and Technology 2009 43( 19) : 7343-7349.

CLAESSENS M MONTEYNE E WILLE K et al.Passive sampling reversed: Coupling passive field sampling with passive lab dosing to
assess the ecotoxicity of mixtures present in the marine environment J . Marine Pollution Bulletin 2015 93( 1) : 99.

ROJONIETO E SMITH K E PERALES ] et al. Recreating the seawater mixture composition of HOCs in toxicity tests with Artemia
franciscana by passive dosing J . Aquatic Toxicology 2012 120:27-34.

ENGRAFF M SOLERE C SMITH K E et al. Aquatic toxicity of PAHs and PAH mixtures at saturation to benthic amphipods: Linking
toxic effects to chemical activity J .Aquatic Toxicology 2011 102( 3) : 142-149.

SEILER T B BEST N FERNQVIST M M et al.PAH toxicity at aqueous solubility in the fish embryo test with Danio rerio using passive
dosing J . Chemosphere 2014 112:77-84.



1188

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

VERGAUWEN L. SCHMIDT S N STINCKENS E et al.A high throughput passive dosing format for the fish embryo acute toxicity test J .
Chemosphere 2015 139:9-7.
KIPARISSIS Y AKHTAR P HODSON P V et al.Partition—controlled delivery of toxicants: A novel in vivo approach for embryo toxicity
testing J . Environmental Science and Technology 2003 37( 10) : 2262-2266.
BUTLER J D PARKERTON T F LETINSKI D J et al.A novel passive dosing system for determining the toxicity of phenanthrene to early
life stages of zebrafish J .Science of the Total Environment 2013 463:952-958.
SCHMIDT S N HOLMSTRUP M DAMGAARD C et al.Simultaneous control of phenanthrene and drought by dual exposure system: The
degree of synergistic interactions in springtails was exposure dependent J .Environmental Science and Technology 2014 48( 16):
9737-9744.
HOLMSTRUP M SLOTSBO S SCHMIDT S N et al.Physiological and molecular responses of springtails exposed to phenanthrene and
drought J .Environmental Pollution 2014 184:370-376.
SESE B T GRANT A REID B J.Toxicity of polycyclic aromatic hydrocarbons to the nematode Caenorhabditis elegans J . Journal of
Toxicology and Environmental Health Part A 2009 72( 19) : 1168-1180.
BROWN R S AKHTAR P AKERMAN J et al. Partition controlled delivery of hydrophobic substances in toxicity tests using poly
( dimethylsiloxane) ( PDMS) films J .Environmental Science and Technology 2001 35( 20) : 4097-4102.
ALLANTJ B K K KRINGSTAD A et al.Should silicone prostheses be considered for specimen banking? A pilot study into their use for
human biomonitoring J .Environment International 2013 59: 462-468.
MAYER P HOLMSTRUP M.Passive dosing of soil invertebrates with polycyclic aromatic hydrocarbons: Limited chemical activity explains
toxicity cutoff J .Environmental Science and Technology 2008 42( 19) : 7516-7521.
TER LAAK T L. TER BEKKE M A HERMENS J L.Dissolved organic matter enhances transport of PAHs to aquatic organisms J .
Environmental Science and Technology 2009 43( 19) : 7212-7217.
BRACK W.Effect-directed analysis: A promising tool for the identification of organic toxicants in complex mixtures? ] .Analytical and
Bioanalytical Chemistry 2003 377( 3) : 397-407.
BRACK W SCHMITTJANSEN M MACHALA M et al.How to confirm identified toxicants in effect-directed analysis J .Analytical and
Bioanalytical Chemistry 2008 390( 8) : 1959-1973.
SCHMITT C VOGT C MACHALA M et al.Sediment contact test with Potamopyrgus antipodarum in effect-directed analyses-Challenges
and opportunities ] .Environmental Science and Pollution Research 2011 18( 8) : 1398-1404.
BRACK W BANDOW N SCHWAB K et al.Bioavailability in effect-directed analysis of organic toxicants in sediments J . Trends in
Analytical Chemistry 2009 28( 5) : 543-549.
BANDOW N ALTENBURGER R LUBCKE-VON VAREL U et al.Partitioning-based dosing: An approach to include bioavailability in
the effect-directed analysis of contaminated sediment samples J .Environmental Science and Technology 2009 43( 10) : 3891-3896.
FISCHER F BOHM L HOSS S et al.Passive dosing in chronic toxicity tests with the nematode Caenorhabditis elegans J . Environmental
Science and Technology 2016 50( 17) : 9708-9716.
BRACK W AIT-AISSA' S BURGESS R M et al. Effect-directed analysis supporting monitoring of aquatic environments—an in-depth
overview J .Science of the Total Environment 2016 544:1073-1118.
BRACK W BURGESS R M. Considerations for incorporating bioavailability in effect-directed analysis and toxicity identification
evaluation/ /Effect-directed analysis of complex environmental contamination M . Springer 2011: 41-68.
BIRCH H GOULIARMOU V LUTZH@FT H C T et al.Passive dosing to determine the speciation of hydrophobic organic chemicals in
aqueous samples J . Analytical Chemistry 2010 82( 3) : 1142-1146.
ADOLFSSON-ERICI M AKERMAN G JAHNKE A et al. A flow-through passive dosing system for continuously supplying aqueous
solutions of hydrophobic chemicals to bioconcentration and aquatic toxicity tests J . Chemosphere 2012 86( 6) : 593-599.
LI JY TANG JYM JIN L et al. Understanding bioavailability and toxicity of sediment-associated contaminants by combining passive
sampling with in vitro bioassays in an urban river catchment J . Environmental Toxicology and Chemistry 2013 32( 12) : 2888-2896.

( POPs) J. 2013 32( 11):
2072-2081.
YUAN XY YANGY Y LIQ X et al.Present situation and distribuction characteristics of persistent organic pollutants in freshwater in
China J . Environmental Chemistry 2013 32( 11) : 2072-2081( in Chinese) .
JAHNKE A MAYER P SCHAFER S et al.Strategies for transferring mixtures of organic contaminants from aquatic environments into
bioassays J .Environmental Science and Technology 2016 50( 11) : 5424-5431.
JAHNKE A WITT G SCHAFER S et al.Combining passive sampling with toxicological characterization of complex mixtures of pollutants

from the aquatic environment M . Advance in Biochemistry Engeering and Biotechology 2015: 1-37.



