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Abstract
In this study, Pleuronectes yokohamae (P. yokohamae) were exposed to the sediment mixed with mixture of nonylphenol (NP), octylphenol (OP), estrone (E1) and 17β-estradiol (E2) which makes up Endocrine Disrupting Chemicals (EDCs). The target compound was detected in water sample, and NP and OP concentrations were found to be the highest, 7.66 μg/L and 0.63 μg/L respectively (E1 and E2 concentrations were below the limit of detection). In pore water on the other hand, NP concentrations recorded the highest with 35.3 μg/L, while concentrations of OP, E1 and E2 were 4.08 μg/L, 0.06 μg/L and 0.18 μg/L respectively. P. yokohamae shown rapid and maximum accumulation of NP and OP on day 3, where NP recorded to be 2200 ng/g d.w. and OP 168 ng/g d.w. The recorded BAF values in low and high exposure groups were 0.010 and 0.065 for NP, and 0.065 and 0.084 for OP. The BAF findings recorded, being less than 1 indicated that there were no bioaccumulations in the tested fish of both groups. However, due to their nature of being more predisposed to accumulating EDCs than the water column, the bioaccumulation of contaminant in benthic fish should be continually monitored.
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Abstrak
Dalam kajian ini, campuran bahan kimia pengganggu endokrin (EDC) terdiri daripada nonilfenol (NP), oktilfenol (OP), estron (E1) dan 17β-estradiol (E2) telah dicampur ke dalam sedimen dan didedahkan kepada Pleuronectes yokohamae (P. yokohamae). Sebatian sasaran telah dikesan dalam sampel air dengan kepekatan NP dan OP tertinggi iaitu masing-masing 7.66 μg/L dan 0.63 μg/L (kepekatan E1 dan E2 adalah di bawah had pengesanan), manakala kepekatan tertinggi di dalam air liang ialah 35.3 μg/L untuk NP, 4.08 μg/L untuk OP, 0.06 μg/L untuk E1 dan 0.18 μg/L untuk E2. Kepekatan NP dan OP di dalam P. yokohamae meningkat dengan mendadak pada hari 3 dan mencapai kepekatan maksimum 2200 ng/g d.w. dan 168 ng/g d.w. Nilai BAF dalam kumpulan kepekatan rendah dan tinggi ialah 0.010 dan 0.065 untuk NP, dan 0.065 dan 0.084 untuk OP. BAF telah dikira kurang daripada 1 menunjukkan tiada biopenumpukan EDC dalam ikan untuk kedua-dua kumpulan kepekatan. Walaupun begitu, biopenumpukan bahan cemar kepada ikan bentik harus sentiasa dipantau melalui sedimen berikutan kebolehannya menumpuk bahan EDC adalah lebih tinggi berbanding kolum air.

Kata kunci: biopenumpukan, sedimen, bahan kimia pengganggu endokrin, Pleuronectes yokohamae, marbled flounder
 

Introduction
Endocrine Disrupting Chemicals (EDCs) are either estrogenic or natural – the estrogenic chemicals such as nonylphenol (NP), and octylphenol (OP) are mostly industrial byproduct of surfactants in detergents and paints, agricultural dispersing agents, and other industrial applications [1] while natural forms which include 17β-estradiol (E2) and estrone (E1) excreted by humans and livestock, are discharged from sewage treatment works and agricultural run-off into the aquatic ecosystems [2]. As a result, these compounds were frequently reported to disturb the reproductive system in fish such as reduced in testicular growth and formation of eggs in testis [3]. 

Endocrine disruption in fish occurs as a result of the binding of natural and manmade compounds in the aquatic environment to estrogen receptors, in place of endogenous hormone. The EDCs then alter the enzyme system controlling steroidogenesis, causing mimicking or blocking effects that disrupt normal endocrine pathways [4]. Researchers hypothesised that EDCs could be hydrophobic substances with affinity to bind to particles and accumulate on bottom sediments [5]. EDCs tend to get adsorbed into sediment due to high octanol-water partition coefficient (log Kow), resulting in vulnerability of aquatic organisms to accumulation [6].




P. yokohamae resides in sandy-mud bottoms less than 100 m depth [7] and recognised as commercially important species [8]. In Japan, winter is the breeding season of P. yokohamae. Both male and female fish reach maturity at the age of 1 year [9]. P. yokohamae prey mainly on benthic animals and were reported to accumulate organic compounds such as tributyltin (TBT) [10], 1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene (DDE), hexachlorobenzene (HCB) and polychlorinated biphenyls (PCBs) [11] in the liver. Thus, P. yokohamae can serve as a good indicator of EDCs accumulation from sediment. 

Bioaccumulation of EDCs has been demonstrated in both field and laboratory-based experiment [12, 13]. To date, nearly all experiments conducted on EDCs apply either the waterborne [14] or intraperitoneal exposure methods [15]. Very few studies adopted dietary and sedimentary exposure. Following this observation, this experiment aims to determine the bioaccumulation factor of EDCs through direct sedimentary uptake. Realising the significance of fisheries as an important commodity and main sources of diet for Japanese people, investigation on potential bioaccumulation of EDCs in fish is undeniably necessary.

Materials and Methods
Test organism (P. yokohamae)
P. yokohamae were purchased from Regional Government Aquaculture Center in Yamaguchi, Japan. They were acclimatized in the laboratory condition for six months to the desired body size and fed with commercial diet. P. yokohamae were kept in the water temperature below 25°C as it will die in warm water.

Sampling of sediment
Approximately ten kilograms of sediment were collected randomly around the Amori River mouth in Kagoshima Bay (Figure 1) on 24 October 2012. Upon arrival at the laboratory, all sediment samples were dried under the sunlight and at room temperature for one week. Prior to spiking with EDCs, the sediment samples were combined and mixed well after sieving using sized 1- mm mesh sieve.
























Figure 1. Sediment sampling stations (1, 2, 3 and 4) located in Kagoshima Bay

Preparation of EDCs spiked sediment
Three kilograms of the sieved sediment were transferred into each glass aquarium (60 x 30 x 40 cm) of control, low and high test groups. The mixture of EDCs was then prepared according to Table 1.





Table 1. Mean EDCs concentration, ng/g dry weight (d.w.) in control and spiked sediment, n = 2

	EDCs 
	ng/g dry weight (d.w.)

	
	Control 
	Low 
	High

	NP 
	5.09
	2750
	30,400

	OP 
	0.63
	169
	1,210

	E1 
	2.36
	1.90
	10.8

	E2 
	n.d
	0.83
	6.70


                                                      n.d – Not detected
 
Exposure scheme
Before introducing P. yokohamae, the sediment in each aquarium (60 x 30 x 40 cm) was flooded and inundated with 60 L of seawater for a week. This condition was maintained in a water-flow-through system. After one week, fifteen of P. yokohamae were introduced into each aquarium including the control group. They were fed ad libitum with commercial fish diet twice daily for 14 days of the experimental duration. Sampling of P. yokohamae were done on days 0, 3, 7 and 14 while water sampling was done on days 4, 8, 10 and 13. At the end of exposure, sediment and pore-water samples were gathered. The body weight of individual P. yokohamae at the initial of exposure ranged from 7.30 g and 8.70 g. During sampling, P. yokohamae were anaesthetized using 0.05% 2-phenoxyethanol. The body length and weight were recorded prior to storage of the samples in freezer    (-18 °C) until analysis stage. Water parameters such as temperature, dissolved oxygen, pH and salinity were measured periodically using the YSI multiprobe meter.
	
Pre-treatment of samples
After thawing, each benthic fish was weighed into a glass bottle to record the wet weight. The fishes were then freeze dried at -48 °C and 7.8 Pa for 7 days, and immediately after that, the dry weights of fishes were recorded. Sediment samples were treated the same way as benthic fishes. Wet and dry weights of sediments were recorded before and after freeze drying process. Water and pore water samples were analysed on the day of collection.

EDCs analysis
EDCs were analysed according to the published procedures in Nurulnadia [16]. After addition of external standard of p-n-NP-d4, target chemicals in the freeze-dried benthic fish (weights of homogenate sample ranged from 0.78 to 3.05 g) were ultrasonically extracted twice with 20 mL of methanol for 15 minutes. After centrifugation (4 °C, 760 x g, 10 minutes), the organic layer was collected and transferred into a separating funnel. Later, 3 mL Milli-Q water and 3 mL hexane were added. As lipid interfere with the measurement, they were removed from methanol using 20 mL hexane with 5 minutes shaking. This step was repeated three times. After shaking, hexane layer was discarded, while methanol (denser than hexane) was collected and combined. Methanol was put into the separating funnel again and mixed with 50 mL of 5% sodium chloride (NaCl) and 0.2 mL concentrated hydrochloric acid. The mixture of solvents was extracted twice using 20 mL dichloromethane and 10 min shaking and concentrated to 0.5 mL using a rotary evaporator and gentle stream of nitrogen (N2). The concentrated extract was then replaced with 3 mL hexane and concentrated again to 0.5 mL using N2. This step was repeated three times. Cleaning up process was performed in a 5 mL glass pipette (6 mm i.d. x 17 cm) filled with florisil (containing 3% water) and prewashed with 30 mL hexane. The target chemicals were then eluted with 50 mL hexane-isopropyl alcohol (9:1, v/v). The eluate was later concentrated to dryness using a rotary evaporator and gentle stream of N2. Finally, internal standard (E2-16,16,17- d3) and acetonitrile were added to achieve the final volume of 0.2 mL before liquid chromatography-tandem mass spectrometry (LC-MS/MS) measurement.

Similar procedures were applied for sediment, water and diet samples.

Measurement using LC-MS/MS-ESI
LC–MS/MS analysis was carried out using Agilent 1200 LC system (Agilent Technologies, USA) coupled to an API-2000 triple stage quadruple mass spectrometer (Applied Biosystems, USA). The ESI was employed in negative mode. The optimized parameters were set as follows: curtain gas (40 psi), turbo gas (80 psi) and auxiliary gases (80 psi) using nitrogen, CAD gas, 5 psi; ion spray voltage, -4,500 V; and turbo temperature, 400°C. MS/MS measurements were performed in multiple reactions monitoring mode and target chemicals were four EDC compounds as shown in Table 2. The EDCs were analysed by gradient liquid chromatography using a reverse-phase Extend C-18 column (2.1 mm i.d. 9100 mm, 3.5 μm of particle size, Agilent) kept at 40 °C. The mobile phase consisted of solvents A (100% acetonitrile) and B (water containing 0.1% triethylamine, (v/v)).

Quality assurance test was performed using fish diet spiked with 100 ng/g of each EDC standards and internal standard (E2-16,16,17-d3). The EDCs standard extraction and measurement were done as above procedures. Mean percent recovery, as determined from an estimate of the amount of added and recovered, were between 70.0 % and 102.3 %. Analysis were conducted in triplicate (n = 3) with error of all analysis were within ±20 %.

Table 2. Precursor and daughter ions of EDCs and limit of detection by LC-MS/MS-ESI

	EDCs
	Precursor Ions,
m/z (amu)
	Daughter Ions,
m/z (amu)
	Limit of Detection (ng/g)

	
	
	
	Diet (ng/g)a
	Water (μg/L)b

	NP 
	219.0
	132.9
	2.67
	0.54

	OP 
	205.0
	132.9
	0.31
	0.05

	E1 
	269.1
	145.0
	1.01
	0.05

	E2
	271.1
	144.9
	1.50
	0.10


                                         aDetection limit using 0.3 g diet sample; bDetection limit using 0.5 L seawater

Data analysis
BAF (bioaccumulation factors) were calculated as the ratio of concentration in biota to sediment [17, 18] using the formula stated below: 

BAF = (EDCs concentration at steady state in P. yokohamae)
          (EDCs concentration in sediment)						   (1)

Results and Discussion
Water parameters and control sediment
In the present study, range of water temperature and dissolved oxygen were 12.8 to 14.6 °C and 5.93 to 8.48 mg/L respectively, whereas pH and salinity were 8.01 to 8.08 and 36 to 38 psu respectively. Sediment sample collected from Amori River contains three of the target EDCs as shown in Table 1 (control). Amori River is one of the longest (42.5 km long) river, flowing into Kagoshima Bay, hence it receives large amount of effluent from residential and municipal activities daily. This most likely contributed to some concentrations of NP, OP and E1 in the control sediment. The total organic carbon and total organic nitrogen in sediment were 1.43±0.0.6% and 0.11±0.004% (n=5) respectively. 

The concentration of EDCs was measured in the water sample during the exposure test, showing a range of 0.85 and 7.66 μg/L for NP, and 0.49 μg/L and 0.63 μg/L for OP, respectively whereas E1 and E2 concentrations were below the limit of detection. Low concentrations of EDCs were expected to be released into the water as P. yokohamae dwell onto the sediment. Low concentrations of EDCs were also recorded in pore water collected right after the exposure period ended (Table 3). In laboratory controlled uptake studies for NP, Bio Concentration Factors (BCFs) yielded ranged from 200 to 300 [19, 20] whereas, OP were recorded to be from 250 to 350 [21, 22]. If P. yokohamae in this study has bio accumulated the target compound from water, the estimated concentration of NP and OP from maximum value would be approximately 2,300 and 221 ng/g w.w., respectively. However, the maximum wet weight concentrations of NP (532 ng/g w.w.) and OP (45.4 ng/g w.w.) in P. yokohamae in this study were recorded much lower than those estimated concentration. Thus, it was assumed that P. yokohamae in the present study accumulated EDCs from the spiked sediment.

Table 3. EDCs concentration (μg/L) in pore water, n = 2

	Exposure Group
	NP 
	OP
	E1
	E2

	Control 
	16.9
	n.d
	n.d
	n.d

	Low 
	11.7
	0.15
	n.d
	n.d

	High 
	35.3
	4.08
	0.06
	0.18


   n.d – Not detected

NP and OP concentrations in P. yokohamae
As reported in previous study [23], E1 and E2 could not be detected in P. yokohamae due to rapid metabolism of the substance in the fish. The accumulation of NP and OP in P. yokohamae from the sediment is shown in Figure 2. The concentration is calculated in dry weight (d.w.) basis to ease the determination of bioaccumulation factor (BAF). On day 0, NP and OP were detected in P. yokohamae with 114±91 and 34.4±15 ng/g d.w., respectively. Both compounds probably accumulated from commercial diet fed during the acclimatization period [24] as they were measured 27.9±1.77 ng/g d.w of NP and 3.02±0.34 ng/g d.w of OP in the control diet. P. yokohamae rapidly accumulated NP and OP on day 3 of exposure period and reached the maximum concentration. The highest concentration of NP in low and high exposure groups were 249 and 2200 ng/g d.w. respectively, whereas the recorded OP concentrations were 56.3 and 168 ng/g d.w. respectively. After day 3, observations shown that the concentrations declined consistently until the end of experiment. Hence, day 3 was decided as the point at which steady state was reached for both NP and OP and these concentrations were used for the BAF computation.

Bioaccumulation factors (BAF)
BAFs were calculated using the concentration of NP and OP at day 3 of each group relative to measured concentration of the respective compound in the spiked sediment (Table 4). BAF values were similar between the low and high exposure groups indicating that the difference in concentration does not affect the bioaccumulation. However, NP and OP were not bio accumulated in P. yokohamae as the BAF values less than 1 [23].

Table 4. BAF in low and high exposure groups

	EDCs 
	Low 
	High

	NP
	0.010
	0.065

	OP 
	0.065
	0.084







Figure 2. Accumulation of NP and OP (ng/g dry weight) in P. yokohamae in control, low and high exposure groups. Error bars indicate the standard deviation (n = 3)

BAF from previous studies are tabulated in Table 5. Based on the values, NP was discovered to be bio accumulated in bluegill, flounder and goby with BAF of 2.33, 6.24 and 27.0, respectively. These fishes were collected near sewage treatment water effluent; thus, it was probable that they may have accumulated NP from the water as well. NP was also found to be bioaccumulated in worm, mussel and bivalve. As sediment-dwelling organism, worms are in direct exposure to the pollutant in sediment – which may cause bioaccumulation [25]; higher concentration of NP in benthic worm compared to sediment was also observed in our previous field study [26]. Meanwhile, mussel and bivalve were sampled in urban and industrial areas [16, 27], hence received NP at frequent term which could lead to bioaccumulation. However, many other studies reported the same results as the present study that NP was not bioaccumulated in fish. In the case of OP on the other hand, no bioaccumulation was observed either in fish or invertebrate.


Table 5. Bioaccumulation factors (BAF) of NP and OP in fishes and invertebrates

	
	BAF
	Study Area
	Reference

	
	NP
	OP
	
	

	Fish
	
	
	
	

	Bluegill 
	2.330
	n.a 
	Kalamazoo River, US
	[28]

	Flounder 
	6.240
	n.a
	Tyne Estuary, UK
	[29]

	
	0.042 
	0.960
	Tees Estuary, UK
	

	Various fish 
	0.208
	0.121
	Ebro river basin, Spain 
	[30]

	Flatfish 
	0.981
	n.a
	Southern California Bight 
	[31]

	Black seabream 
	0.013
	0.009
	Yundang Lagoon, China 
	[32]

	Yellowfin seabream 
	0.082
	0.014
	
	

	Tilapia 
	0.303
	0.073
	
	

	Goby 
	27.00
	n.a
	North American Pacific Coast estuaries
	[12]

	Sole 
(P. yokohamae) 
	0.038
	0.075
	Lab exposure
	Present study

	
	
	
	
	

	Invertebrate
	
	
	
	

	Shrimp 
	0.002
	n.a
	Scheldt estuary, The Netherlands
	[33]

	Bivalve 
	6.580
	n.a
	Northeast coast of China
	[34]

	Worm 
	5.900
	n.a
	Lab exposure
	[26]

	Short-necked clam 
	0.065
	0.042
	Yundang Lagoon, China
	[32]

	Mussel 
	1.990 
	n.a
	Venice lagoon, Italy
	[27]


            n.a – not available

NP and OP did not bioaccumulate in P. yokohamae through the sediment as suggested by BAF values. However, certain aquatic organisms could probably accumulate EDCs (e.g. bluegill, flounder, and goby). This provides an impression that accumulation is probably influenced by species specific. This study was conducted to investigate the extremely high BAF values of EDCs measured in benthic worm compared to sediment samples of Osaka Bay [16]. If the worm accumulated EDCs from the sediment, the fish might accumulate the same compounds. Following this hypothesis, the EDCs have great potentials to be transferred into human as they consume the fish. Therefore, the EDCs measurement in fish from Osaka Bay should be conducted in order to prove the hypothesis.

Conclusion
P. yokohamae in this study rapidly accumulated NP and OP from the sediment until day 3. After that the concentrations of both EDCs decreased to constant level until the end of experiment. E1 and E2 could not be detected in P. yokohamae due to rapid metabolism which were proven in our recent study [23]. BAF values for both compounds (NP and OP) indicated bioaccumulation did not occur in P. yokohamae after being exposed to EDCs spiked sediment. However, bioaccumulation of EDCs to benthic organism should be continually investigated as sediment can concentrate higher levels of pollutant than the water column.
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				concentration (ng/g dw) + hex portion												Average conc.				(ng/g dw in fish exposed to sediment)										sd

				NP		BP		OP		E1		E2						NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

		DOC1		9.33				17.98								D0 control		114.07		1.82		34.37								90.7789798181				14.4610968582

		DOC2		162.92				45.31								D3 control		220.70		0.91		67.28								238.6527853817				66.7736153951

		DOC3		169.97		1.82		39.84								D3 low		248.69		1.78		56.34								138.6736335433				17.499732769

		D3C1		389.46		0.00		114.49								D3 high		2195.50				167.94								1735.1698230034				95.7807294172

		D3C3		51.95		1.82		20.06								D7 control		274.19		1.45		57.06								319.1239663812		0.4547577268		44.4239379844

		D3L1		163.67				50.90								D7 low		223.23		1.20		63.15								105.0566145408		0.8379035104		18.9079299533

		D3L2		408.72				75.91								D7 high		631.19		1.02		67.55		0.86		0.77				426.45		0.01		41.78		0.38

		D3L3		173.70		1.78		42.20								D14 control		97.21				38.41								41.4515231103				18.6101590224

		D3H1		678.32				80.79								D14 low		245.81		1.85		66.27								245.2654633286		0.0226603775		58.0554677303

		D3H2		4087.42				270.49								D14 high		857.07				118.46								924.1539320616				123.0610637089

		D3H3		1820.77				152.55

		D7C1		641.96				108.23

		D7C2		110.14		1.13		34.55								Control														sd

		D7C3		70.45		1.77		28.39										NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

		D7L1		109.34		1.79		49.46								0		114.0742597957		1.8248361253		34.3748044321								90.7789798181				14.4610968582

		D7L2		243.98		0.61		84.73								3		220.7035095142		0.908412236		67.2769262397								238.6527853817				66.7736153951

		D7L3		316.36				55.28								7		274.1851020835		1.4515622724		57.0553026572								319.1239663812		0.4547577268		44.4239379844

		D7H1		146.13				22.80								14		97.2085430723				38.4134842514								41.4515231103				18.6101590224
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		D7H3		800.24		1.01		74.31		0.59								NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

		D14C1		62.39				25.02								3		248.6936398374		1.7760378733		56.3357858839								138.6736335433				17.499732769

		D14C2		143.06				59.66								7		223.228516067		1.2024872542		63.1547112654								105.0566145408		0.8379035104		18.9079299533

		D14C3		86.18				30.56								14		245.8080097034		1.8470502549		66.2651591447								245.2654633286		0.0226603775		58.0554677303

		D14L1		9.14		1.86		5.40

		D14L2		498.85		1.83		121.03								High

		D14L3		229.44				72.37										NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

		D14H1		1844.14				249.44								3		2195.5045852627				167.9426082741								1735.1698230034				95.7807294172

		D14H2		12.36				5.25								7		631.1873654186		1.015		67.5545521556		0.86		0.77				426.4541677403		0.0070710678		41.7848020104		0.3818376618

		D14H3		714.70				100.70								14		857.0667998086				118.4623680082								924.1539320616				123.0610637089
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		BP-not spiked to sediment						ng/g dw (Fish)

				Control														sd

						NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

				0		114.0742597957		1.8248361253		34.3748044321								90.7789798181				14.4610968582

				3		220.7035095142		0.908412236		67.2769262397								238.6527853817				66.7736153951

				7		274.1851020835		1.4515622724		57.0553026572								319.1239663812		0.4547577268		44.4239379844

				14		97.2085430723				38.4134842514								41.4515231103				18.6101590224

				Low

						NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

				3		248.6936398374		1.7760378733		56.3357858839								138.6736335433				17.499732769

				7		223.228516067		1.2024872542		63.1547112654								105.0566145408		0.8379035104		18.9079299533

				14		245.8080097034		1.8470502549		66.2651591447								245.2654633286		0.0226603775		58.0554677303

				High

						NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

				3		2195.5045852627				167.9426082741								1735.1698230034				95.7807294172

				7		631.1873654186		1.015		67.5545521556		0.86		0.77				426.4541677403		0.0070710678		41.7848020104		0.3818376618

				14		857.0667998086				118.4623680082								924.1539320616				123.0610637089

		NP												sd

				0		3		7		14				0		3		7		14

		control		114.0742597957		220.7035095142		274.1851020835		97.2085430723				90.7789798181		238.6527853817		319.1239663812		41.4515231103

		low				248.6936398374		223.228516067		245.8080097034						138.6736335433		105.0566145408		245.2654633286

		high				2195.5045852627		631.1873654186		857.0667998086						1735.1698230034		426.4541677403		924.1539320616

		OP

				0		3		7		14				0		3		7		14

		control		34.3748044321		67.2769262397		57.0553026572		38.4134842514				14.4610968582		66.7736153951		44.4239379844		18.6101590224

		low				56.3357858839		63.1547112654		66.2651591447						17.499732769		18.9079299533		58.0554677303

		high				167.9426082741		67.5545521556		118.4623680082						95.7807294172		41.7848020104		123.0610637089

		E1						0.86										0.3818376618
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				Concentration in fish (ng/g dw)												Conc in spiked sediment (ng/g dw)
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						0		3		7		14						NP		OP		E1		E2

				control		114.0742597957		220.7035095142		274.1851020835		97.2085430723				control		5.0934768822		0.6271956872		2.3570570146

				low				248.6936398374		223.228516067		245.8080097034				low		2745.1087306873		168.9873902125		1.899668738		0.8340827081

				high				2195.5045852627		631.1873654186		857.0667998086				high		30378.7961048412		1206.3856576835		10.7835297171		6.69725786

				OP

						0		3		7		14

				control		34.3748044321		67.2769262397		57.0553026572		38.4134842514

				low				56.3357858839		63.1547112654		66.2651591447

				high				167.9426082741		67.5545521556		118.4623680082

				Concentration in fish (ng/g dw) minus control												Conc in spiked sediment (ng/g dw) minus control

				NP		3		7		14								NP		OP

				low		27.9901303232		-50.9565860164		148.5994666311						low		2740.015253805		168.3601945253

				high		1974.8010757485		357.0022633351		759.8582567364						high		30373.702627959		1205.7584619963

				OP		3		7		14

				low		-10.9411403558		6.0994086082		27.8516748933

				high		100.6656820345		10.4992494984		80.0488837568

																day 3								day 7

				BAF										BAF				low		high						low		high

																NP		0.01		0.065				NP		0.019		0.012

				NP		3		7		14						OP		0.065		0.084				OP		0.036		0.009

				low		0.0102153192		-0.0185971906		0.0542330801

				high		0.0650168042		0.011753663		0.0250169782

				OP		3		7		14

				low		-0.0649865034		0.0362283295		0.1654290967

				high		0.0834874357		0.0087075893		0.0663888219
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		0		0		0		14.4610968582		14.4610968582		17.499732769		17.499732769		95.7807294172		95.7807294172

		3		3		3		66.7736153951		66.7736153951		18.9079299533		18.9079299533		41.7848020104		41.7848020104

		7		7		7		44.4239379844		44.4239379844		58.0554677303		58.0554677303		123.0610637089		123.0610637089

		14		14		14		18.6101590224		18.6101590224
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				concentration (ng/g dw) + hex portion												Average conc.				(ng/g dw in fish exposed to sediment)										sd

				NP		BP		OP		E1		E2						NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

		DOC1		9.33				17.98								D0 control		114.07		1.82		34.37								90.7789798181				14.4610968582

		DOC2		162.92				45.31								D3 control		220.70		0.91		67.28								238.6527853817				66.7736153951

		DOC3		169.97		1.82		39.84								D3 low		248.69		1.78		56.34								138.6736335433				17.499732769

		D3C1		389.46		0.00		114.49								D3 high		2195.50				167.94								1735.1698230034				95.7807294172

		D3C3		51.95		1.82		20.06								D7 control		274.19		1.45		57.06								319.1239663812		0.4547577268		44.4239379844

		D3L1		163.67				50.90								D7 low		223.23		1.20		63.15								105.0566145408		0.8379035104		18.9079299533

		D3L2		408.72				75.91								D7 high		631.19		1.02		67.55		0.86		0.77				426.45		0.01		41.78		0.38

		D3L3		173.70		1.78		42.20								D14 control		97.21				38.41								41.4515231103				18.6101590224

		D3H1		678.32				80.79								D14 low		245.81		1.85		66.27								245.2654633286		0.0226603775		58.0554677303

		D3H2		4087.42				270.49								D14 high		857.07				118.46								924.1539320616				123.0610637089

		D3H3		1820.77				152.55

		D7C1		641.96				108.23

		D7C2		110.14		1.13		34.55								Control														sd

		D7C3		70.45		1.77		28.39										NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

		D7L1		109.34		1.79		49.46								0		114.0742597957		1.8248361253		34.3748044321								90.7789798181				14.4610968582

		D7L2		243.98		0.61		84.73								3		220.7035095142		0.908412236		67.2769262397								238.6527853817				66.7736153951

		D7L3		316.36				55.28								7		274.1851020835		1.4515622724		57.0553026572								319.1239663812		0.4547577268		44.4239379844

		D7H1		146.13				22.80								14		97.2085430723				38.4134842514								41.4515231103				18.6101590224

		D7H2		947.20		1.02		105.55		1.13		0.77				Low

		D7H3		800.24		1.01		74.31		0.59								NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

		D14C1		62.39				25.02								3		248.6936398374		1.7760378733		56.3357858839								138.6736335433				17.499732769

		D14C2		143.06				59.66								7		223.228516067		1.2024872542		63.1547112654								105.0566145408		0.8379035104		18.9079299533

		D14C3		86.18				30.56								14		245.8080097034		1.8470502549		66.2651591447								245.2654633286		0.0226603775		58.0554677303

		D14L1		9.14		1.86		5.40

		D14L2		498.85		1.83		121.03								High

		D14L3		229.44				72.37										NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

		D14H1		1844.14				249.44								3		2195.5045852627				167.9426082741								1735.1698230034				95.7807294172

		D14H2		12.36				5.25								7		631.1873654186		1.015		67.5545521556		0.86		0.77				426.4541677403		0.0070710678		41.7848020104		0.3818376618

		D14H3		714.70				100.70								14		857.0667998086				118.4623680082								924.1539320616				123.0610637089
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graph

		BP-not spiked to sediment						ng/g dw (Fish)

				Control														sd

						NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

				0		114.0742597957		1.8248361253		34.3748044321								90.7789798181				14.4610968582

				3		220.7035095142		0.908412236		67.2769262397								238.6527853817				66.7736153951

				7		274.1851020835		1.4515622724		57.0553026572								319.1239663812		0.4547577268		44.4239379844

				14		97.2085430723				38.4134842514								41.4515231103				18.6101590224

				Low

						NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

				3		248.6936398374		1.7760378733		56.3357858839								138.6736335433				17.499732769

				7		223.228516067		1.2024872542		63.1547112654								105.0566145408		0.8379035104		18.9079299533

				14		245.8080097034		1.8470502549		66.2651591447								245.2654633286		0.0226603775		58.0554677303

				High

						NP		BP		OP		E1		E2				NP		BP		OP		E1		E2

				3		2195.5045852627				167.9426082741								1735.1698230034				95.7807294172

				7		631.1873654186		1.015		67.5545521556		0.86		0.77				426.4541677403		0.0070710678		41.7848020104		0.3818376618

				14		857.0667998086				118.4623680082								924.1539320616				123.0610637089

		NP												sd

				0		3		7		14				0		3		7		14

		control		114.0742597957		220.7035095142		274.1851020835		97.2085430723				90.7789798181		238.6527853817		319.1239663812		41.4515231103

		low				248.6936398374		223.228516067		245.8080097034						138.6736335433		105.0566145408		245.2654633286

		high				2195.5045852627		631.1873654186		857.0667998086						1735.1698230034		426.4541677403		924.1539320616

		OP

				0		3		7		14				0		3		7		14

		control		34.3748044321		67.2769262397		57.0553026572		38.4134842514				14.4610968582		66.7736153951		44.4239379844		18.6101590224

		low				56.3357858839		63.1547112654		66.2651591447						17.499732769		18.9079299533		58.0554677303

		high				167.9426082741		67.5545521556		118.4623680082						95.7807294172		41.7848020104		123.0610637089

		E1						0.86										0.3818376618

		E2						0.77
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								66.7736153951		66.7736153951		18.9079299533		18.9079299533		41.7848020104		41.7848020104

								44.4239379844		44.4239379844		58.0554677303		58.0554677303		123.0610637089		123.0610637089

								18.6101590224		18.6101590224



control

low

high

Experimental days

ng/g dry weight

OP



				Concentration in fish (ng/g dw)												Conc in spiked sediment (ng/g dw)

				NP

						0		3		7		14						NP		OP		E1		E2

				control		114.0742597957		220.7035095142		274.1851020835		97.2085430723				control		5.0934768822		0.6271956872		2.3570570146

				low				248.6936398374		223.228516067		245.8080097034				low		2745.1087306873		168.9873902125		1.899668738		0.8340827081

				high				2195.5045852627		631.1873654186		857.0667998086				high		30378.7961048412		1206.3856576835		10.7835297171		6.69725786

				OP

						0		3		7		14

				control		34.3748044321		67.2769262397		57.0553026572		38.4134842514

				low				56.3357858839		63.1547112654		66.2651591447

				high				167.9426082741		67.5545521556		118.4623680082

				Concentration in fish (ng/g dw) minus control												Conc in spiked sediment (ng/g dw) minus control

				NP		3		7		14								NP		OP

				low		27.9901303232		-50.9565860164		148.5994666311						low		2740.015253805		168.3601945253

				high		1974.8010757485		357.0022633351		759.8582567364						high		30373.702627959		1205.7584619963

				OP		3		7		14

				low		-10.9411403558		6.0994086082		27.8516748933

				high		100.6656820345		10.4992494984		80.0488837568

																day 3								day 7

				BAF										BAF				low		high						low		high

																NP		0.01		0.065				NP		0.019		0.012

				NP		3		7		14						OP		0.065		0.084				OP		0.036		0.009

				low		0.0102153192		-0.0185971906		0.0542330801

				high		0.0650168042		0.011753663		0.0250169782

				OP		3		7		14

				low		-0.0649865034		0.0362283295		0.1654290967

				high		0.0834874357		0.0087075893		0.0663888219
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