Summary of toxicology studies for commercial pentabromodiphenyl ether
	Species, Life Stage
	Composition of Test Material
	Test Duration
	Test Concentrations 


	Study Design
	Effect Level
	Reference

	Oncorhynchus mykiss,

 juvenile
	33.7% TetraBDE

54.6% PeBDE

11.7% HexaBDE
	96 h
	Nominal:  0, 1.6, 3.3, 6.5, 13 and 26 (g/L

Measured:  0, 1.1, 2.3, 3.9, 7.8 and 21 (g/L


	· flow-through

· 12 ( 2(C, pH 8.2-8.3, D.O. > 82% saturation, hardness 128-132 mg/L as CaCO3, alkalinity 172-176 mg/L as CaCO3, conductance 280(mhos/cm

· 20 animals/treatment

· GLP, protocol based on TSCA Title 40, OECD 203, ASTM E729-88a
	· 96 h LOEC > 26 (g/L (nominal) or 21 (g/L (measured)

· 96 h NOEC  ( 26 (g/L (nominal) or 21 (g/L (measured)1 

· 96 h LC50 > 26 (g/L (nominal) or 21 (g/L (measured)


	CMABFRIP 1997i 



	Oncorhynchus mykiss, 

newly fertilized embryos < 24 h old at test initiation
	0.23%TriBDE

36.02% TetraBDE

55.10% PeBDE

8.58% HexaBDE

(Great Lakes Chemical Corporation 2000f)
	87 d (27 d hatch, 60 d post-hatch)
	Nominal:  0, 1.6, 3.3, 6.5, 13, and 26 (g/L

Measured:  0, 1.2, 2.5, 4.0, 8.9 and 16 (g/L


	· flow-through

· 12 ( 1(C, pH 7.9-8.2, D.O. ( 6.8 mg/L (63% saturation), conductance 270-300 (mhos/cm, hardness 128-136 mg/L as CaCO3,  alkalinity 172-182 mg/L as CaCO3
· 120 embryos/treatment, reduced to 60 larvae/treatment post-hatch

· GLP, protocol based on  U.S. EPA OPPTS 850.1400, OECD 210, ASTM E1241-88a 
	· LOEC and NOEC expressed in measured concentrations only

· LOEC (time to hatch, hatching success, time to swim up, post-hatch survival) > 16 (g/L 

· NOEC (time to hatch, hatching success, time to swim up, post-hatch survival) ( 16 (g/L1
· LOEC (post-hatch growth) = 16 (g/L 

· NOEC (post-hatch growth) = 8.9 (g/L

      
	Great Lakes Chemical Corporation 2000a

	Oncorhynchus mykiss

(species assumed, authors identify organism only as rainbow trout), 

embryo to swim-up fry
	Bromkal 70: 

36% TeBDE

64% PeBDE

(Norstrom et al. 1976)
	7 wk. (exposed        1 wk prior to hatch, analysis of swim-up fry  6 wk later)
	Injected: 0, 0.08, 0.8 and 4 (g/embryo (nominal or measured not specified), considered to give theoretical concentrations of 0, 1, 10 and 50 (g/g fresh weight


	· continuous flow using natural ground water

· 10 ( 1(C

· 100-200 eggs/test group

· endocrine effects assessed by evaluating liver morphology and changes in ethoxyresorufin O-deethylation (EROD) activity
	· weak but statistically significant increase in EROD activity at the 0.8 (g/embryo dose; non- significant increases at 0.08 and 4 (g/embryo doses

· authors speculate that increased EROD activity may be due to the presence of impurities in commercial formulation or metabolism by fry into an inducing compound

· some change in liver morphology relative to control but authors do not indicate if changes are significant

· cumulative mortality in carrier (DMSO-injected) control 33% vs. non-injected control  < 5%. Authors state this lies within the range of mortalities found in other microinjection studies with rainbow trout embryos.
	Norrgren et al. 1993


 Summary of toxicology studies for commercial pentabromodiphenyl ether (continued)

	Species, Life Stage
	Composition of Test Material
	Test Duration
	Test Concentrations 
	Study Design
	Effect Level
	Reference

	Oncorhynchus mykiss,

age 1+
	2,2(,4,4(,5-PeBDE,

> 99% pure
	6 d and 22 d
	in diet:

6 d: total dose 4.9 mg/kg fish

22 d: total dose 19.5 mg/kg fish

(nominal or measured not specified)
	· continuous flow

· natural brackish water with annual salinity fluctuations of  7.0-7.5 ppt.

· 13-15(C, 8 fish/treatment 

· effects assessed by evaluating somatic weight, total length, somatic condition factor, liver somatic index, spleen somatic index, hematocrit, leukocytes, thrombocytes, granulocytes, lymphocytes, hemoglobin, blood glucose, EROD, glutathione reductase, catalase
	· 6 d exposure period: significant reduction in hematocrit and increase in blood glucose; other parameters not significantly affected

· 22 d exposure period: significant decrease in glutathione reductase activity; other parameters not significantly affected

[NB. Confidence interval (95%) values for some parameters quite wide making it possible that effects may not show as statistically significant]  
	Tjarnlund et al. 1998

	Gasterosteus aculeatus,

three-spined stickleback
	Bromkal 70-5DE:

44% TetraBDE

56% PeBDE

(Sellstr(m et al. 1990; Jansson et al. 1993)
	3.5 mo. exposure period to maximum 

4.5 mo. Reproduct-ive period
	Nominal: 

Low dose (LD) group fed 2% of body weight daily with freeze-dried chironomids containing 6.29 mg of 4.00 mg/mL Bromkal 70-5DE

High dose (HD) group fed as above with food containing 10.39 mg of 4.00 mg/mL Bromkal 70-5DE
	· 20 female fish/treatment during exposure, 8-11 females/treatment used in spawning, weight range for fish 0.9 ( 0.1 g

· artificial seawater with salinity 6 ppt.

· static renewal exposure with one-half renewal of test solutions once per month

· 10 ( 1(C during exposure period, 15(C during spawning period, 21(C during egg hatch

· light:dark cycle synchronized to natural conditions
	· no dose-dependent mortality

· reproduction: decreased  spawning success in HD group (20% spawned) but not LD group (100% spawned) relative to control (80% spawned); no significant difference in number of eggs laid/g female 

· liver morphology: pronounced intracellular lipid accumulation relative to control group (not analyzed statistically)

· cytochrome P450 activity: induction in both dose groups relative to control; authors comment that induction was not statistically significant but was very close to significance limit (P< 0.05)
	Holm et al. 1993

	Daphnia magna, 

< 24 h old at test initiation
	33.7% TetraBDE

54.6% PeBDE

11.7% HexaBDE
	48 h
	Nominal:  0, 1.6, 3.3, 6.5, 13 and 26 (g/L

Measured: 0, 1.2, 2.4, 4.9, 9.1 and 20 (g/L


	· flow-through using well water

· 20 ( 2(C, pH 8.3-8.4, D.O. > 96% saturation, hardness 132 mg/L as CaCO3, alkalinity 182 mg/L as CaCO3, conductance 315 (mhos/cm

· 20 animals/treatment

· GLP, protocol based on TSCA Title 40, OECD 202 and ASTM E729-88a
	· 48 h LOEC = 13 (g/L (nominal) or 9.1 (g/L (measured)

· 48 h NOEC = 6.5 (g/L (nominal) or 4.9 (g/L (measured) 

· 48 h EC50 = 19 (g/L (nominal) or 14 (g/L (measured) 

· Authors state effects may have been due to physical impairment from accumulation of undissolved substance rather than direct toxic effect since two static range finder tests showed lesser effects at higher concentrations. Flow-through system may have allowed accumulation on animals and test system.
	CMABFRIP 1997j




Summary of toxicology studies for commercial pentabromodiphenyl ether (continued)

	Species, Life Stage
	Composition of Test Material
	Test Duration
	Test Concentrations 
	Study Design
	Effect Level
	Reference

	Daphnia magna, 

< 24 h old at test initiation
	33.7% TetraBDE

54.6% PeBDE

11.7% HexaBDE
	21 d
	Nominal: 0, 1.9, 3.8, 7.5, 15 and 30 (g/L

Measured: 0, 1.4, 2.6, 5.3, 9.8 and 20 (g/L


	· flow-through using well water

· 20 ( 1(C, pH 7.9-8.3, D.O. ( 76% saturation, hardness 128-136 mg/L as CaCO3, alkalinity 174-176 mg/L as CaCO3, conductance 310-315 (mhos/cm

· 40 animals/treatment

· GLP, protocol based on OECD 202, TSCA Title 40 and ASTM E1193-87
	· 21 d LOEC (mortality/immob.) =  20 (g/L

· 21 d NOEC (mortality/immob.) =  9.8 (g/L

· 96 h EC50 (mortality/immob.) = 17 (g/L 

· 7-21 d EC50 (mortality/immob.) =  14 (g/L

· 21 d EC50 (reproduction) = 14 (g/L

· 21 d LOEC (growth) = 9.8 (g/L

· 21 d NOEC (growth ) = 5.3 (g/L

· LOEC (overall study) = 9.8 (g/L

· NOEC (overall study) = 5.3 (g/L
	CMABFRIP 1998

	Selenastrum capricornutum
	33.7% TetraBDE

54.6% PeBDE

11.7% HexaBDE
	96 h
	Nominal:  0, 1.6, 3.3, 6.5, 13 and 26 (g/L

Measured:  0, 1.7, 3.1, 5.9, 12 and 26 (g/L at start of test period

Mean measured concentrations  over duration of test: 0, 1.1, 1.8, 3.3, 6.6 and 14 (g/L

Concentrations at end of test period were below analytical limit of < 0.8 (g/L in all treatments. Possible adsorption or uptake by organisms (European Communities 2000).
	· static

· 24 ( 2(C, pH 7.4-8.2, continuous cool-white light 3880-4694 lux 

· 3 replicates/treatment

· GLP, protocol based on TSCA Title 40 and OECD 201
	· statistically significant inhibition at 24 h. By 48 h and longer, no significant difference seen. 

· 96 h LOEC (growth inhibition) > 26 (g/L (nominal) or > 14 (g/L (mean measured)

· 96 h NOEC ( 26 (g/L (nominal) or ( 14 (g/L (mean measured)1
· 96 h EC10 (growth inhibition ) > 26 (g/L (nominal) or > 14 (g/L (mean measured)

· 24 h EC10 (growth inhibition, based on cell density) = 3.1 (g/L (nominal) or 1.7 (g/L (mean measured)

· 24 h EC10 (growth inhibition, based on area under growth curve) = 2.7 (g/L (nominal) or 1.5 (g/L (mean measured)
	CMABFRIP 1997a



	Hyalella azteca, 

12 days old at test initiation
	0.23% TriBDE

36.02% TetraBDE

55.10% PeBDE

8.58% HexaBDE

(Great Lakes Chemical Corporation 2000f)
	28 d
	Nominal:  0, 3.1, 6.3, 13, 25 and 

50 mg/kg dw of sediment

Analysis of test concentrations at days 0, 7 and 28 indicated they were well maintained throughout the test. Results reported based on nominal concentrations. 
	· flow through using well water

· 23 ( 2(C, pH 8.2-8.6, D.O. 6.3-8.5 mg/L, hardness 129 mg/L as CaCO3
· artificial sediment: pH 6.6, water holding capacity 11%, mean organic matter < 2%, 83% sand, 11% clay, 6% silt

· 80 animals/treatment

· GLP, protocol based on ASTM E1706-95b and U.S. EPA OPPTS No. 850.1735 
	· control mortality 30% - no test acceptability criteria for 28 d test provided; maximum control mortality for 10 d test in referenced methods is 20%

· authors state in report “EC50 value could not be calculated”

· authors provide LOEC and NOEC values “based on the general increase in mortality at concentrations ( 13 mg/kg dw sediment” 

· 28 d LOEC (mortality) = 13 mg/kg dw 

· 28 d NOEC (mortality) = 6.3 mg/kg dw  

· growth data highly variable; any reduction in dry weight in comparison to pooled controls not concentration-dependent and not statistically significant
	Great Lakes Chemical Corporation 2000b


Summary of toxicology studies for commercial pentabromodiphenyl ether (continued)

	Species, Life Stage
	Composition of Test Material
	Test Duration
	Test Concentrations 

(Nominal or Measured) 
	Study Design
	Effect Level
	Reference

	Chironomus riparius,

first-instar larvae,

approximately 3 days old
	0.23% TriBDE

36.02% TetraBDE

55.10% PeBDE

8.58% HexaBDE

(Great Lakes Chemical Corporation 2000f)
	28 d
	Nominal:  0, 3.1, 6.3, 13, 25 and 50 mg/kg dw of sediment 

Analysis of test concentrations at days 0, 7 and 28 indicated actual concentrations were  lower than nominal. Results of study based on nominal concentrations. 
	· static using well water

· 20 ( 2(C, pH 8.1-8.4, D.O. 6.0-8.6 mg/L, hardness 130 mg/L as CaCO3
· artificial sediment: pH 6.6, water holding capacity 11%, mean organic matter < 2%, 83% sand, 11% clay, 6% silt

· 80 animals/treatment

· GLP, protocol based on OECD draft test guideline  (May 1998)
	· 28 d EC50 (mortality) > 50 mg/kg dw  of sediment 

· 28 d LOEC (mean emergence rate, mean development time) > 50 mg/kg dw of sediment

· 28 d NOEC (mean emergence rate, mean development time) ( 50 mg/kg dw of sediment1 

· 28 d LOEC (mean development rate) = 50 mg/kg dw of sediment

· 28 d NOEC (mean development rate) = 25 mg/kg dw of sediment
	Great Lakes Chemical Corporation 2000c

	Lumbriculus variegatus

adult

	0.23% TriBDE

36.02% TetraBDE

55.10% PeBDE

8.58% HexaBDE

(Great Lakes Chemical Corporation 2000f)
	28 d
	Nominal:  0, 3.1, 6.3, 13, 25 and 50 mg/kg dw of sediment

Analysis of test concentrations at days 0, 7 and 28 indicated they were well maintained throughout the test. Results based on nominal concentrations. 


	· flow through, filtered well water

· 23 ( 2(C, pH 7.9-8.6, D.O. 6.0-8.2 mg/L, hardness 130 mg/L as CaCO3
· artificial sediment: pH 6.6, water holding capacity 11%, mean organic matter < 2%, 83% sand, 11% clay, 6% silt

· 80 animals/treatment

· GLP, protocol based on Phipps et al. (1993), ASTM E1706-95b and U.S. EPA  OPPTS No. 850.1735 
	· 28 d LOEC (survival/reproduction) = 6.3 mg/kg dw of sediment

· 28 d NOEC (survival/reproduction) = 3.1 mg/kg dw of sediment

· 28 d EC50 (survival/reproduction) > 50 mg/kg dw of sediment

· growth (dry weights) not significantly different from solvent control and not concentration-dependent
	Great Lakes Chemical Corporation 2000d

	Soil microorganisms
	0.23% TriBDE

36.02% TetraBDE

55.10% PeBDE

8.58% HexaBDE

(Great Lakes Chemical Corporation 2000f)
	28 d
	0.01, 0.03, 0.10, 0.33 and 1.00 gm/kg dry soil weight (nominal or measured not specified)
	· 20 ( 2(C 

· aerobic test conditions

· sandy loam soil, 1.0% organic carbon content, pH 6.8, soil water content around 17%

· OECD 216 
	· 28 d LOEC (nitrate production) > 1 mg/kg dw

· 28 d NOEC (nitrate production) ( 1 mg/kg dw1
	Inveresk 1999 


Summary of toxicology studies for commercial pentabromodiphenyl ether (continued)

	Species, Life Stage
	Composition of Test Material
	Test Duration
	Test Concentrations 

(Nominal or Measured) 
	Study Design
	Effect Level
	Reference

	Eisenia fetida,

adult earthworm
	0.23% TriBDE

36.02% TetraBDE

55.1% PeBDE

8.58% HexaBDE

(Great Lakes Chemical Corporation 2000f)
	14 d
	Phase I: 

Nominal: 0, 3.1, 6.3, 13, 25 and 50 mg/kg dw soil

Phase II:

Nominal:  0, 100, 300 and 500 mg/kg dw of soil

Analysis of test concentrations at end of test indicated they were well maintained.
	· artificial soil: 70% sand, 20% clay, 10% sphagnum peat, pH 6.0, soil water content 33% by weight 

· 20 ( 2(C, pH 6.6-8.7,  continuous light

· 40 animals/ treatment

· GLP, protocol based on OECD 207
	· no significant treatment-related effects

· 14 d LOEC (mortality, mean body weight)       

       > 500 mg/kg dw of soil

· 14 d NOEC (mortality, mean body weight) ( 500 mg/kg dw of soil1
· 14 d LC50 in soil > 500 mg/kg dw of soil
	Great Lakes Chemical Corporation 2000g

	Zea mays, 

corn
	0.23% TriBDE

36.02% TetraBDE

55.10% PeBDE

8.58% HexaBDE

(Great Lakes Chemical Corporation 2000f)
	21 d
	Nominal:  0, 62.5, 125, 250, 500 and 1000 mg/kg soil dw

                  or

0, 50.0, 100, 200, 400 and 800 mg/kg soil wet weight, assuming 20% soil moisture content

Analysis of test concentrations  indicated they were well maintained throughout the test. Results reported based on nominal concentrations. 


	· artificial soil: 92% sand, 8% clay and 0% silt, pH 7.5, organic matter content 2.9%

· watering with well water using subirrigation, 14:10 light: dark photoperiod, 16.0-39.9(C, relative humidity 19-85%

· 40 seeds/treatment

· GLP, protocol based on U.S. EPA OPPTS Numbers 850.4100 and 850.4225 and OECD 208 (based on 1998 proposed revision)
	· no apparent treatment-related effects on seedling emergence

· 21 d LC25, LC50 (seedling emergence) > 1000 mg/kg soil dw

· mean shoot height significantly reduced at 250, 500 and 1000 mg/kg soil dw relative to controls

· 21 d EC25, EC50  (mean shoot height) > 1000 mg/kg soil dw

· mean shoot weight significantly reduced at 62.5, 125, 250, 500 and 1000 mg/kg soil dw relative to controls 

· 21 d EC25 (mean shoot weight) = 154 mg/kg soil dw 

· 21 d EC50 (mean shoot weight) > 1000 mg/kg soil dw 

· 21 d LOEC (mean shoot weight) = 62.5 mg/kg soil dw

· 21 d EC05 and (estimated) NOEC (mean shoot weight) = 16.0 mg/kg soil dw 
	Great Lakes Chemical Corporation 2000e


Summary of toxicology studies for commercial pentabromodiphenyl ether (continued)
	Species, Life Stage
	Composition of Test Material
	Test Duration
	Test Concentrations 

(Nominal or Measured) 
	Study Design
	Effect Level
	Reference

	Lycopersicon esculentum, 

tomato
	0.23% TriBDE

36.02% TetraBDE

55.1% PeBDE

8.58% HexaBDE

(Great Lakes Chemical Corporation 2000f)
	21 d
	Nominal:  0, 62.5, 125, 250, 500 and 1000 mg/kg soil dw

                  or

0, 50.0, 100, 200, 400 and 800 mg/kg soil wet weight, assuming 20% soil moisture content

Analysis of test concentrations  indicated they were well maintained throughout the test. Results reported based on nominal concentrations. 


	· artificial soil: 92% sand, 8% clay and 0% silt, pH 7.5, organic matter content 2.9%

· watering with well water using subirrigation, 14:10 light: dark photoperiod, 16.0-39.9(C, relative humidity 19-85%

· 40 seeds/treatment

· GLP, protocol based on U.S. EPA OPPTS Numbers 850.4100 and 850.4225 and OECD 208 (based on 1998 proposed revision)
	· no apparent treatment-related effects on seedling emergence

· 21 d LC25, LC50 (seedling emergence) > 1000 mg/kg soil dw

· mean shoot height of 500 mg/kg group significantly reduced relative to controls

· 21 d EC25 (mean shoot height) = 369 mg/kg soil dw 

· 21 d EC50 (mean shoot height) > 1000 mg/kg soil dw

· mean shoot weight of 250, 500 and 1000 mg/kg groups significantly reduced relative to controls

· 21 d EC25 (mean shoot weight) = 136 mg/kg dw 

· 21 d EC50 (mean shoot weight) = 217 mg/kg dw 

· 21 d LOEC (mean shoot weight) = 250 mg/kg soil dw

· 21 d NOEC (mean shoot weight) = 125 mg/kg soil dw
	Great Lakes Chemical Corporation 2000e

	Cucumis sativa, cucumber

Allium cepa,  

onion

Lolium perenne,
ryegrass

Glycine max,
soybean
	0.23% TriBDE

36.02% TetraBDE

55.1% PeBDE

8.58% HexaBDE

(Great Lakes Chemical Corporation 2000f)
	21 d
	Nominal:  0, 62.5, 125, 250, 500 and 1000 mg/kg soil dw

                  or

0, 50.0, 100, 200, 400 and 800 mg/kg soil wet weight, assuming 20% soil moisture content

Analysis of test concentrations  indicated they were well maintained throughout the test. Results reported based on nominal concentrations. 
	· artificial soil: 92% sand, 8% clay and 0% silt, pH 7.5, organic matter content 2.9%

· watering with well water using subirrigation, 14:10 light: dark photoperiod, 16.0-39.9(C, relative humidity 19-85%

· 40 seeds/treatment

· GLP, protocol based on U.S. EPA OPPTS Numbers 850.4100 and 850.4225 and OECD 208 (based on 1998 proposed revision)
	· no statistically significant differences observed between treatments and controls for emergence, mean shoot height and mean shoot weight

· 21 d LC25, LC50 (seedling emergence) >   1000 mg/kg soil dw for each of cucumber, onion, ryegrass and soybean

· 21 d EC25, EC50 (mean shoot height, mean shoot weight) > 1000 mg/kg soil dw

· 21 d NOEC (seedling emergence, mean shoot height, mean shoot weight) ( 1000 mg/kg soil dw for each of cucumber, onion, ryegrass and soybean1
	Great Lakes Chemical Corporation 2000e


Notes:

1 Study identified that the highest concentration (or dose) tested did not result in statistically significant results. Since the NOEC or NOAEL could be higher, the NOEC or NOAEL are described as being greater than or equal to the highest concentration (or dose) tested.
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