BRUCE POND SEDIMENT CORE SAMPLING RESULTS

MARCH 13, 2008

Background

Bruce Pond (a.k.a. Round Lake) is a small 3.7 acre pond in the Village of Bruce in Rusk County.  It is a natural pond that was used as a sewage lagoon for a period of time.  This use was discontinued about 20 years ago.  There has been a local effort to rehabilitate the pond for recreational use, especially as a kids’ fishing pond.  Past samples of surficial sediment showed high concentrations of heavy metals, mercury and PCB’s (table 1), which raised concerns about the recreational use of the pond.  Cadmium, copper, lead, zinc, and mercury concentrations greatly exceeded levels known to cause acute toxicity to sediment dwelling organisms.  The mercury and PCB concentrations were high enough to possibly result in the pond’s fish being unsafe for human consumption
Methods

Five sediment cores were collected on March 13th, 2008 to provide additional information on the characteristics of pond sediment.  Samples were collected through holes augered in the ice.  The ice layer was 1.6 feet thick.  Cores were collected from the pond center and its four quarters (figure 1) using a 2 inch diameter p.v.c. coring tube with a sliding piston.  Core lengths ranged from 4.1 to 5.8 feet (table 2).  The 5 cores were partitioned into 4 layers (0-2 ft, 2-4 ft, 4-5 ft, and 5-5.8 ft) and similar depth layers from all sites were composited.  The 5-5.8 ft layer composited sample only contained sediment from the 3 cores that exceeded 5 ft in length.  Composited depth layers were homogenized in a stainless steel bowl, and transferred to zip-lock polyethylene bags and glass jars with Teflon-lined lids provided by the Wisconsin State Laboratory of Hygiene.  The bagged samples were placed in coolers on ice, and were later refrigerated prior to being shipped in iced coolers to the State Lab for testing.
The total depth of soft sediment at the 5 sites (and 1 other site) was determined by probing with a ¾ inch diameter steel pipe.  The pipe was pushed down as far as possible under the weight of a person.  Soft sediment depth ranged from 3.1 to 16.2 ft (table 2).  At 3 of the sites a sand or sand and gravel layer could be distinctly felt beneath the soft sediment with the pipe.  At the other 3 sites the pipe came to a gradual halt as it was pushed downward, and no distinctive underlying material could be felt.
Results

Sample results are shown in tables 3 and 4.  Only the top 0-2 ft layer is influenced by sewage sludge.  This is indicated by substantially higher concentrations of metals, organic contaminants, and nutrients in the top layer relative to the underlying layers.  The top 0-2 ft layer also has a lower solids percentage and a higher volatile solids percentage as a result of organic enrichment by sewage sludge.  The underlying layers are sediments deposited prior to the use of the pond as a sewage lagoon.
Cadmium, copper, and lead concentrations in the 0-2 ft layer exceed the threshold effect concentrations (TEC’s) of the Consensus Based Sediment Quality Guidelines (CBSQG) (table 3).  This indicates some chronic or acute toxicity to sediment dwelling organisms would be expected from these metals.  

Mercury, silver and zinc concentrations in the 0-2 ft layer exceed the midpoint effect concentrations (MEC) of the CBSQG’s, which indicates a higher level of chronic or acute toxicity to sediment dwelling organisms would be expected from these metals.

PCB’s and several PAH compounds were present in the 0-2 ft layer, but were not found in the underlying layers (table 4).  When adjusted for total organic carbon content, only one PAH compound (2-methylnapthalene) exceeded the TEC of the CBSQG’s.  The PCB and PAH concentrations of this layer pose very limited toxicity concerns to sediment dwelling organisms.

Application of CBSQG’s to the 0-2 ft layer has been done only to provide some perspective to the significance of the metal and inorganic contaminant concentrations found.  Sediment dwelling organisms are generally restricted to the top 4 to 6 inches of sediment.  Application of CBSQG’s to the metal and organic contaminant concentrations previously measured in surficial sediment (0-3 inches) (table 1) provides a more meaningful estimate of toxicity effects of these substances to sediment dwelling organisms in the pond.  Concentrations of cadmium, copper, lead, mercury, and zinc greatly exceed CBSQG probable effects concentrations (PEC’s) and so toxicity to sediment dwelling organisms is indicated.   
Nutrient concentrations (total phosphorus, total Kjeldahl nitrogen, and ammonia nitrogen) are high in the sewage sludge influenced 0-2 ft layer (table 3).  Nutrient concentrations are substantially lower (less than half) in the underlying layers of sediment deposited prior to the pond being used as a sewage lagoon.

Metal and organic contaminants in the 0-2 ft layer are much lower than in the 0-3 inch layer that had previously been sampled (table 1).  The lower portion of the 0-2 ft layer probably contains some “pre-sewage lagoon” sediment.  Dilution calculations were made by “mixing” the 0-3 inch layer concentrations with the “background” 2-4 ft layer concentrations of metals and PCB.  The calculations suggest that the 0-2 ft layer contains only 17 to 26% sewage contaminated material.  This means that only the top 4-6 inches of the 0-2 ft layer might contain metal and organic contaminants, and the bottom 18 to 20 inches might be clean sediment.  Additional cores could be collected and tested for metals to determine if this is the case.  This would be important if contaminated sediment removal was pursued, since an accurate depth and volume of contaminated sediment would need to be known.
Sediment Removal Considerations  
If only the contaminated sediment was removed and it is verified that only the top 6 inches of sediment is contaminated, then about 2,985 cubic yards of sediment would need removal (a 6 inch layer across a 3.7 acre pond).  Limitations of dredging equipment could require that some additional thickness of sediment be removed.
Since there is an interest in using the pond as a kids’ fishing pond, removal of additional sediment would be desirable.  In March of 2008 the pond only had a maximum water depth of 4.4 feet.  Pond depth fluctuates from year to year.  In a 1999 pond survey, maximum water depth was about 6 to 6 ½ feet.  Aeration has been needed in recent years to provide any significant over winter survival of sport fish.  Deepening the pond would improve the potential for over winter survival of fish.

DNR has an Urban Fishing Program and one of its goals is to promote kid and family fishing opportunities.  Dredging of park ponds subject to winterkill has been identified as a potential activity for funding through this program.  The Village of Bruce could work with their DNR area fish manager, Jeff Scheirer, to investigate the potential of this funding source.
DNR also has an Environmental Damage Compensation Fund that might also be a potential funding source for sediment removal.  The amount of money in this fund varies from year to year.  The DNR Upper Chippewa Basin Water Leader, Tom Aartila could be contacted to inquire about this funding source.

Rusk County has an ATC Environmental Impact Fund that is another potential funding source.  The Rusk County Land and Water Conservation Department is accepting project applications until April 1, 2009 for funding consideration.

The Rusk County Wildlife Restoration Association has also been a funding source for fish and wildlife related projects in Rusk County.     
Dredging costs can be highly variable and will depend on the volume of sediment removed and the disposal options that are needed for the level of  contaminants present.
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	PREVIOUS TEST RESULTS FOR BRUCE POND SURFICIAL (0-3 inch) SEDIMENT SAMPLES
	

	SAMPLES COLLECTED NEAR CENTER OF POND 
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	FEBRUARY 24, 1999 SAMPLE (RESULTS IN MG/KG DRY WT)
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	     CBSQ GUIDELINES*
	
	
	
	

	parameter
	concentration
	TEC 
	MEC
	PEC
	
	
	
	

	
	
	
	
	
	
	
	
	

	cadmium 
	10.4
	0.99
	3
	5
	
	
	
	

	chromium
	42.8
	43
	76.5
	110
	
	
	
	

	copper
	270.6
	32
	91
	150
	
	
	
	

	lead
	396
	36
	83
	130
	
	
	
	

	zinc
	2,083
	120
	290
	460
	
	
	
	

	
	
	
	
	
	
	
	
	

	FEBRUARY 20, 2006 SAMPLE (RESULTS IN MG/KG DRY WT)
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	     CBSQ GUIDELINES*
	
	
	
	

	parameter
	concentration
	TEC 
	MEC
	PEC
	
	
	
	

	
	
	
	
	
	
	
	
	

	mercury 
	4.61
	0.18
	0.64
	1.1
	
	
	
	

	PCB's
	1.8
	
	
	
	
	
	
	

	adjusted PCB's**
	0.09
	0.06
	0.368
	0.676
	
	
	
	

	
	
	
	
	
	
	
	
	

	*CBSQG = consensus based sediment quality guidelines; TEC = threshold effects concentration;
	

	MEC = midpoint effects concentration; PEC = probable effects concentration
	
	

	
	
	
	
	
	
	
	
	

	**PCB concentration adjusted to 1% total organic carbon, based on an estimated total organic
	

	carbon content of 20%
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	BRUCE POND SEDIMENT CORE SAMPLE SITE DATA, 03/13/2008
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	Probed**
	
	

	
	Coordinates (WGS 84)
	Water
	Core
	Soft Sediment
	Underlying
	

	SITE 
	Latitude
	Longitude
	Depth(ft)
	Length(ft)
	Depth(ft)
	Material***
	

	
	
	
	
	
	
	
	

	Central (initial)*
	45.45526
	91.26573
	3.9
	none
	3.1
	sand/gravel
	

	Cental (final)
	45.45530
	91.26579
	3.9
	5.8
	11.2
	not distinguishable
	

	Northeast
	45.45535
	91.26536
	3.8
	4.9
	5.4
	sand/gravel
	

	Northwest
	45.45556
	91.26560
	4.4
	5.7
	13.4
	not distinguishable
	

	Southwest
	45.45520
	91.26611
	3.8
	5.2
	16.2
	not distinguishable
	

	Southeast
	45.45499
	91.26576
	3.6
	4.1
	4.3
	sand
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	*The initial Central site did not have adequate soft sediment depth for a core sample.

	
	
	
	
	
	
	
	

	
	**Soft sediment depth was determined by probing with 3/4" diameter steel pipe
	

	
	to the depth penetrable.
	
	
	
	

	
	
	
	
	
	
	
	

	
	***This is the material that could be "felt" with the probe pipe.
	

	
	
	
	
	
	
	
	


	TABLE 3.
	
	
	
	
	
	
	
	
	

	BRUCE POND (ROUND LAKE) INORGANIC SEDIMENT RESULTS
	
	
	
	

	(IN MG/KG DRY WT. EXCEPT SOLIDS IN %)
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	SEDIMENT DEPTH LAYER (FEET)
	
	       CBSQ GUIDELINES*
	

	PARAMETER
	0-2
	2-4
	4-5
	5-5.8
	
	TEC 
	MEC
	PEC
	

	
	
	
	
	
	
	
	
	
	

	arsenic
	5
	2
	2
	2
	
	9.8
	21.4
	33
	

	cadmium
	2.4
	0.3
	0.4
	0.3
	
	0.99
	3
	5
	

	chromium
	28
	22.7
	33.6
	31.0
	
	43
	76.5
	110
	

	copper
	73.9
	18.7
	30.7
	31.7
	
	32
	91
	150
	

	lead
	74
	3
	4
	2
	
	36
	83
	130
	

	mercury
	0.747
	0.052
	0.060
	0.047
	
	0.18
	0.64
	1.1
	

	nickel
	18
	13
	16
	15
	
	23
	36
	49
	

	selenium
	ND
	ND
	ND
	ND
	
	              no guidelines
	

	silver
	1.9
	ND
	ND
	ND
	
	1.6
	1.9
	2.2
	

	zinc
	396
	32
	46
	39
	
	120
	290
	460
	

	
	
	
	
	
	
	
	
	
	

	total phosphorus
	1,120
	534
	550
	480
	
	
	
	
	

	total Kjeldahl N
	29,200
	11,800
	11,100
	10,800
	
	
	
	
	

	ammonia N
	1090
	248
	347
	94
	
	
	
	
	

	nitrate + nitrite N
	ND
	ND
	ND
	ND
	
	
	
	
	

	% solids
	10.0
	18.8
	23.4
	22.8
	
	
	
	
	

	% volatile solids
	40.8
	27.5
	26.8
	33.9
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	ND = less than detection limits
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	*CBSQG = consensus based sediment quality guidelines; TEC = threshold effect concentration; 
	

	MEC = midpoint effect concentration; PEC = probable effects concentration
	
	
	

	
	
	
	
	
	
	
	
	
	

	TABLE 4.
	
	
	
	
	
	
	
	

	BRUCE POND (ROUND LAKE) ORGANIC SEDIMENT TEST RESULTS
	
	
	

	(PCB'S IN UG/G DRY WT., PAH'S IN NG/G DRY WT.)
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	SEDIMENT DEPTH LAYER (FEET)
	
	
	
	

	PARAMETER
	0-2
	2-4
	4-5
	5-5.8
	
	
	
	

	
	
	
	
	
	
	
	
	

	PCB
	0.47
	ND
	ND
	ND
	
	
	
	

	
	
	
	
	
	
	
	
	

	PAH compound*
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1-methylnapthalene
	410
	ND
	ND
	ND
	
	
	
	

	2-methylnapthalene
	490
	ND
	ND
	ND
	
	
	
	

	anthracene
	35
	ND
	ND
	ND
	
	
	
	

	benzo (a) pyrene
	130
	ND
	ND
	ND
	
	
	
	

	napthalene
	100
	ND
	ND
	ND
	
	
	
	

	phenanthrene
	260
	ND
	ND
	ND
	
	
	
	

	pyrene
	280
	ND
	ND
	ND
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	ND = less than detection limits
	
	
	
	
	

	
	*13 other PAH compounds were less than detection
	
	
	

	
	limits in all samples
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	0-2 ft layer
	
	
	
	
	
	
	
	

	TOC adjusted 
	
	    CBSQ GUIDELINES***
	
	
	
	

	concentrations**
	
	TEC 
	MEC
	PEC
	
	
	
	

	
	
	
	
	
	
	
	
	

	PCB
	0.024
	0.06
	0.368
	0.676
	
	
	
	

	
	
	
	
	
	
	
	
	

	PAH compound
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1-methylnapthalene
	20.5
	          no guidelines
	
	
	
	
	

	2-methylnapthalene
	24.5
	20.2
	111
	201
	
	
	
	

	anthracene
	1.75
	57.2
	451
	845
	
	
	
	

	benzo (a) pyrene
	6.5
	150
	800
	1450
	
	
	
	

	napthalene
	5
	176
	369
	561
	
	
	
	

	phenanthrene
	13
	204
	687
	1170
	
	
	
	

	pyrene
	14
	195
	858
	1520
	
	
	
	

	
	
	
	
	
	
	
	
	

	**Concentrations adjusted to 1% total organic carbon (TOC), using an estimated TOC of 20% assuming 

	TOC is 50% of % volatile solids (40.8%)
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	***CBSQG = consensus based sediment quality guidelines; TEC = threshold effect concentration; 

	MEC = midpoint effect concentration; PEC = probable effects concentration
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FIGURE 1.  BRUCE POND SEDIMENT CORE LOCATIONS
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