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Abstract

Background, aim, and scope Quantitative risk comparison of
toxic substances is necessary to decide which substances
should be prioritized to achieve effective risk management.
This study compared the ecological risk among nine major
toxic substances (ammonia, bisphenol-A, chloroform, copper,
hexavalent chromium, lead, manganese, nickel, and zinc) in
Tokyo surface waters by adopting an integrated risk analysis
procedure using Bayesian statistics.

Methods Species sensitivity distributions of these substances
were derived by using four Bayesian models. Environmental
concentration distributions were derived by a hierarchical
Bayesian model that explicitly considered the differences
between within-site and between-site variations in environ-
mental Medians and intervals of
the expected potentially affected fraction (EPAF) of species
were then computed by the Monte Carlo method.

Results The estimated EPAF values suggested that risk from
nickel was highest and risk from zinc and ammonia were also
high relative to other substances. The risk from copper was
highest if bioavailability was not considered, although toxicity
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correction by a biotic ligand model greatly reduced the
estimated risk. The risk from manganese was highest if a
conservative risk index estimate (90% upper EPAF confidence
limit) was selected.

Conclusion It is suggested that zinc is not a predominant
risk factor in Tokyo surface waters and strategic efforts are
required to reduce the total ecological risk from multiple
substances. The presented risk analysis procedure using
EPAF and Bayesian statis| is expected to advance
methodologies and practices in quantitative ecological risk
comparison.

Keywords E: risk risk
analysis - Quantitative risk comparison - Bayeman statistics -
Uncertainty analysis - Species sensitivity distribution

1 Background, aim, and scope

The purpose of ecological risk assessment is to assist decision-
making about risk management of chemicals (Suter 2006).
Typical ecological risk assessments are conducted to
consider whether risk reduction measures are required for a
single substance (e.g., European Commission 2003; OECD
1995). However, there are generally multiple toxic substan-
in the environment. It is therefore often necessary to
decide which substances should be prioritized to achieve
effective risk management given limited financial and human
resources. For prioritization, it is necessary to assess
quantitatively the ecological risk from different chemicals.
For such quantitative risk assessment, a risk analysis
technique that can handle uncertainty and variability by
probabilistic methodologies is considered suitable
(EUFRAM 2006; Vose 2007). Species sensitivity distribution
(SSD) methodologies are widely used in probabilistic
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Fipronil application on rice padd

7\ —_ — — p pp paddy
(Eﬁn N /J=)ox/ )b* - J/T)l’% R ) fields reduces densities of common
skimmer and scarlet skimmer
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Several dling nursery-b of some systemic insecticides
i fipronil) is th ine in dragonfly since the 19905
in Japan. We conducted paddy mesocosm experi to investigate the effect of th

rice paddy field biological communities.

Concentrations of all insecticides in the paddy water were reduced to the limit of detection

within 3 months after application. However, residuals of these insecticides in the paddy soil were

detected throughout the experimental period. Plankton species were affected by clothianidin and
right after the but they recovered after the concentrations decreased.

\Y
N On the other hand, the effects of fipronil treatment, especially on Odonata, were larger than those of
| ] ~ A anyo(hertrea(ment The number of adult eclosion ly decreased in
: 'l ,\ treatment. Th that th ion of these insecticides in paddy soil

versity by eliminating dragonfly nymphs, which occupy a high trophic level in paddy fields.

gEB \ I S Rice paddy fields serve several important functions for biodiversity in Japan. For example, paddy fields act as
'?/ I:l ve habitats for marsh-inhabiting aquatic organisms'. Japanese paddy fields occupy 24 690km? (6.5%
of Japans land area)?, which is nearly twice the total area of surface water in Japan (13 400 km?)*. Paddy fields

also contribute to the formation of qualitatively unique agroecosystems. Rice paddies exclude large fishes, which
occupy the apex predator niche in bodies of fresh water. The conditions of Japanese paddy fields alternate between
dry (in autumn and winter) and wet (in spring and summer) in synchrony with the monsoon climate of East Asia.
‘Thus, many aquatic organisms in paddy fields need to escape the temporary dry conditions,

Dragonflies (Odonata) have been regarded as an indicator of the ecological quality of aquatic environments*”.
In environments with no large fishes, both the adults and nymphs of dragonflies occupy a relatively high trophic
level,and thus cause top-down effcts on padybiological communities. Inaddition. dragonflies avea ong gen-

e

~ /. eration time, so their condition is likely to reflect the effec Is on paddy atannual
I - ’ > or longer time scales. Paddy fields are indispensable mmm for several dragonfly species. For example, some
H Sympetrum species [including Sympetrum frequens (Selys), Sympetrum darwinianum (Selys) and Sympetrum

S infuscatum (Selys)) use paddy fields as their main oviposition site and nymph habitat®.

Several reports suggested that nursery-box application of neonicotinoid insecticides and fipronil are the major
causes for the decline of Japanese Sympetrum species since the 1990s!!"1%, According to standard application
methods specified by insecticide manufacturers, these pesticide is applied to nursery-boxes only once before
transplantation and continues to control pests for several months via systemic or slow effects. These applications
because the transplantation of rice seedlings tends
to be conducted within few weeks in each area. Unfortunately, some aquatic organisms with limited migration
ability, including Sympetrum nymphs, are not likely to be able to escape from these areas of high concentration.

Mesocosm ecotoxicity testing is a good method for investigating which species in paddy fields are affected
by pesticides™. For example, Sanchez-Bayo & Goka'® and Hayasaka et al.” reported that the aquatic commu-
nities treated with imidacloprid had lower species abundance than that of the control and another treatment
(zinc pyrithione'™; fipronil”") based on paddy mesocosm experiments. When assessing the effects of pesticides

""F on communities that include non-target species, the species that will respond to pemnde application is generally
—
*National Institute for Environmental Studies, Onogawa 16-2, Tsukuba, Ibaraki 305-8506, Japan. “Faculty of
— Agriculture, Kindai University, Nakamachi 3327-204, Nara 631-8505, Japan. Correspondence and requests for
materials should be addressed to A K. (email: kasai.atsushi@nies.go.jp)
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» - - Kasai et al. (2015) in Scientific Reports 6:23055
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