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1. Introduction

Poorly water-soluble chemicals tend to be accumulated in the sediment due to their hydrophobicity.
Equilibrium partitioning method (EP method) assuming sediment toxicity can be estimated from
toxicity to the aquatic species is widely used both in Japan and in EU as an alternative (EU, 2003;
Ministry of Environment et al., 2014.) mainly due to the lack of sediment toxicity tests using
benthic organisms. Few studies had compared the sensitivity between the aquatic and benthic
species, and among various exposure pathways in detail. In my bachelor thesis, polycyclic aromatic
hydrocarbons (PAHs) and their derivatives had been selected as a model group of hydrophobic
chemicals and acute toxicity tests using a popular aquatic crustacean species for ecological risk
assessment Daphnia magna and a benthic species Hyalella azteca often used for sediment toxicity
test in North America. The toxicity of a 4-ring PAH pyrene was found to be higher in the sediment-
water toxicity test than in the water-only test for both D. magna and H. azteca (Tani et al., 2017).
Thus, the toxicity of various PAHs should be clarified in sediment systems by considering the
sorption and desorption to the sediment and focusing on the exposure pathway by measuring body
concentration.

2. Materials and Methods
2.1 Sorption and desorption experiments for artificial sediment

Sorption and desorption experiments for an artificial sediment were conducted for a 3-ring PAH
Phenanthrene (Phe), a 5-ring Benzo[a]pyrene (BaP), and an amine derivative of Pyrene 1-
Aminopyrene (Apy) in addition to Pyrene (Pyr) itself. The sorption/desorption coefficient (Kq4) for
each substance was determined to establish appropriate sediment-water system containing sediment
and water. The artificial sediment composition in OECD test guideline No. 218 was used.
2.2 Ecotoxicity test
Water-only acute toxicity test

Water-only acute toxicity test was conducted using D. magna according to OECD Test Guideline
No. 202 Daphnia sp. Acute Immobilization test and H. azteca according to Test for Survival and
Growth in Sediment Water Using the Freshwater Amphipod H. azteca published by Environment
Canada. DMF 0.01% was used as a solvent. Actual concentrations in aqueous phase were monitored
by a high performance liquid chromatography (HPLC) every 24 hours. 48 h-ECs¢ (median effect
concentration) for D. magna and 96 h-LCso (median lethal concentration) for H. azteca were
obtained. Body concentrations were measured for Pyr and BaP at the end of the test.
Sediment-water acute toxicity test

Sediment-water acute toxicity tests using the spiked sediment were conducted for all the selected
PAHs and a test using the spiked water was conducted for Apy based on each K4 in the same way
as water only acute toxicity test. The ratio of sediment and water was set at 1:10, and ECso and
LCso were determined from the measured concentrations in water and sediment. Body
concentrations were measured for Pyr and BaP at the end of the test.
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3. Results and discussions

K4 values (L/kg) were 3.4 X 10% for Phe, 2.0 X 103 for Pyr, 1.6 X 10* for BaP, and 7.2 X 10? for Apy.
The highest K4 was found for BaP, the most hydrophobic PAH selected in this study.

Fig. 1. provides dose-response curves for D. magna and H. azteca for Phe and BaP. In sediment-
water acute toxicity tests, the toxicity of Phe and Pyr was significantly higher than the water only
system in both D. manga and H. azteca. In contrast, toxicity of BaP in the sediment-water toxicity
test was lower than the water-only test both in D. manga and H. azteca. In addition, toxicity of Apy
in both in the spiked water and spiked sediment showed no significant difference from the water-
only test. Table 1. shows the effect concentration acquired from the measured body concentration.
The body concentration-based toxicity value for Pyr in the sediment-water toxicity test was
significantly lower than the water-only toxicity test, therefore the contribution of sediment could
be large. Contrarily, the body concentration of BaP in sediment-water toxicity test could be
approximately half of the one in water-only toxicity test. It means that BaP adsorbed in sediment
might not fully bioavailable in organisms and as a result the toxicity became weak by the presence
of sediment.

Comparing the EP method to the experimental results with sediment toxicity test, the risk of Phe
and Pyr was underestimated by the EP method for H. azteca, while the effect of Apy was
overestimated and protective. The presence of the sediment might lower the toxicity of BaP which
had the relatively large K4, which suggests the variation due to the compound. Further investigation
is necessary to reveal the characteristics of sediment toxicity by examining some additional
chemicals and focusing further on the exposure pathway for the accurate sediment risk assessment.
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Fig. 1. Relationship between concentration and effect in the ecotoxicity test.
(Concentrations on abscissa are measured values and lines are regression curves.)

Table. 1. ECso and LCs acquired from body concentration (95% confidence interval in parentheses)

D. magna Body Conc. 48 h-ECsg H. azteca Body Conc. 96 h-LCsy
(X10* ug/ug-dry weight) (X10* ng/png-dry weight)
Water-only Sediment-water Water-only Sediment-water
Pyr 35 (27~44) 15 (11~19) 3.7 (3.1~4.4) 0.34 (0.26~0.42)
BaP 16 (12~20) >8.7 8.0 (3.7~33) >3.1
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