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Background
Lake sediment core collection in 2006 found a buried layer of black sediment near the mouth of “Tannery Creek”, an unnamed stream on the north side of Rib Lake.  The black sediment layer contained animal hair and had a strong oil-like odor.  Rib Lake is a shallow 324 acre lake.  Past sediment surveys of the lake found soft sediment depths of up to 40 feet.  The lake received waste materials from a tannery and a sawmill The tannery operated from 1892 – 1923.  The sawmill operated from 1881 – 1948.    Waste materials such as hair, bark fragments, charcoal, and logs are present in the lake sediment.  Other than sunken logs, these waste materials are generally present in only the top 3 feet of sediment, indicating most sediment in the lake has been naturally deposited. 
Past Rib Lake sediment analyses found high levels of mercury in surficial sediment (1.5 mg/kg in top 0-4”).  Arsenic, copper, and zinc concentrations are also somewhat high.  The source of these elevated metal concentrations has been undetermined.  Past information suggested the old tannery was using a bark tanning process only and was unlikely to be the source.
Methods
Sediment cores were collected from 28 sites (figure 1) near the mouth of Tannery Creek to document the extent of the buried layer of black sediment.  Cores were collected through the ice on March 19th and 21st 2008.  A 2”(?) diameter acrylic tube with a sliding piston was used.  Each core was extruded from the sampling tube and the thickness and characteristics of the sediment layers were recorded.  Sediment layers being tested 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 Lab of Hygiene.  The 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 darkened layer from site 12 was partitioned into 2 layers (1.0-2.1, 2.1-3.4 ft) for separate analyses.  Composite samples from 3 sites each were used to test the black layer from locations where it was 1 ft thick and 0.5 ft thick.  

GPS coordinates of core sites were measured in the field, and later plotted on maps.  The boundary of the contaminated area, and a 1 ft thick black layer isobar were plotted by interpolation and extrapolation from measured sites.

Results      

The measured thickness of the black layer at the core sites is shown in figure 2.  The maximum thickness found was 2.4 ft.  The boundary of the contaminated area and the 1 ft thick isobar is shown in figure 3.  The total contaminated area is 2.3 acres.  The contaminated area with a black layer thickness >1 ft is 0.48 acres.  The total volume of contaminated sediment is 2,320 yd3.  

Figure 4 shows the thickness of the overlying “clean” sediment at the core sites.  The thickness of the clean layer ranges from 1.0 to 2.6 ft, and averages 1.45 ft.  The volume of overlying clean sediment is 5,447 yd3.  The total volume of both the clean sediment and the black layer is 7,767 yd3.
The overlying clean sediment is a medium brown color, and composed of very fine to coarse particulates.  Wood chips are often present (table 3).

The contaminated layer is black and consistently contains animal hair.  It has an oil-like odor and a faint bluish sheen can be seen on the surfaces of extracted samples.  

Test results for the contaminated layer samples are shown in tables 1 and 2.  Results from previous Rib Lake sediment samples and Consensus Based Sediment Quality Guidelines (CBSQG’s) are also shown for comparison.  CBSQ’s are based on toxicity to sediment dwelling organisms.  While these organisms are typically restricted to the upper 4-6 inches of sediment, applying these guidelines to deeper sediment still provides some perspective of the significance of the contaminant concentrations.
Inorganic test results (table 1) show mercury concentrations are very high, ranging from 2.8 to 10.7 mg/kg.  These are far in excess of CBSQG probable effects concentration (1.1 mg/kg).  Concentrations of arsenic (33-80 mg/kg) and copper (202-234 mg/kg) also exceed CBSQ probable effects concentrations.  Zinc concentrations (159-205 mg/kg) are moderately high, but only exceed the CBSQ threshold effects concentration.  

The concentrations of all 4 metals in the contaminated layer samples are substantially higher than in the 1998 open lake sediment samples.  This fact in combination with the consistent presence of animal hair in the contaminated layer samples indicates past tannery discharges are the primary source of the elevated metals concentrations in the lake sediment.

Organic test results (table 2) show the petroleum product present in the contaminated layer is motor oil.  Oil is used in finishing leather.  Tannery leather is reported to have a 16-19% oil content.  The consistent presence of animal hair with the oil also indicates the tannery was the source.
PCB’s were not detected.  They were not in use at the time of tannery operation.  Total organic carbon ranged from 18.9-26.6%.  Several PAH compounds were present in the samples.  None of them exceeded CBSQ’s threshold effects concentrations (at 1% total organic carbon).  PAH concentrations in the 1998 open lake sediment samples at some sites were higher than those found in the contaminated layer samples.  The PAH compounds found also vary somewhat between the two sets of samples.  This suggests additional PAH sources have affected the open lake sediment.
Considerations for the Future
If undisturbed, there is probably little movement of mercury, arsenic, copper and zinc out of the contaminated layer.  It is currently capped with 1 ft or more of cleaner sediment.  Overlying water depth is about 3-6 ft.  Some disturbance by outboard motors and boat anchors may occur.  An extreme windstorm could conceivably cause resuspension of the contaminants.  If the lake level became lower, (the outlet dam has a 1 ft head) the potential for wind-induced resuspension would probably increase.  Any sediment disturbing activities in the area should be avoided.
The most desirable solution would be the removal of the contaminated material.  However, the cost of removal may be prohibitive.  A total of about 7,767 yd3 of material would need to be removed.  There is some woody debris buried in the sediment, especially closest to the creek mouth, which might complicate sediment removal.  
Potential funding sources for dredging are limited.  DNR has an Environmental Damage Compensation Fund that might 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.

The ATC Environmental Impact Fund is a potential funding source that Taylor County has.  Arlen Albrecht with the Taylor Co. UW-Extension program can be contacted to inquire about this funding source.
Dredging costs can be highly variable and will depend on the contaminant concentrations of the mixed dredge spoils, the distance to a disposal site, and the method of dredging.  Further evaluation of these variables would be needed to obtain a cost estimate.
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	TABLE 1.  RIB LAKE SEDIMENT SAMPLE INORGANIC RESULTS
	
	
	
	
	

	MARCH 21, 2008 SAMPLES FROM NEAR MOUTH OF "TANNERY" CREEK
	
	
	
	

	(RESULTS IN MG/KG DRY WT)
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	1998
	
	
	
	

	
	
	
	
	
	
	RIB LAKE
	
	
	
	

	
	SITE 12
	SITE 12
	COMPOSITE*
	COMPOSITE*
	
	4 SITE
	
	
	
	

	
	1.0-2.1 FT
	2.1-3.4 FT
	0.5 FT THICK
	1.0 FT THICK
	
	0-42 INCH
	
	
	CBSQG**
	

	PARAMETER
	LAYER
	LAYER
	LAYER
	LAYER
	
	LAYER
	
	TEC'S
	MEC'S
	PEC'S

	Mercury
	5.4
	10.7
	5.2
	2.8
	
	0.06 - 0.36
	
	0.18
	0.64
	1.1

	Arsenic
	37
	80
	63
	33
	
	14 - 30
	
	9.8
	21.4
	33

	Copper
	211
	202
	234
	226
	
	25 - 41
	
	32
	91
	150

	Zinc
	191
	159
	205
	189
	
	94 - 136
	
	120
	290
	460

	
	
	
	
	
	
	
	
	
	
	

	
	*3 site composites of black layer underlying >1 ft. of "clean" brown sediment
	
	

	
	**Consensus based sediment quality guidelines probable effects concentrations
	
	

	
	TEC = threshold effects concentration, MEC = midpoint effects concentration,
	
	

	
	PEC = probable effects concentration
	
	
	
	
	
	


	TABLE 2.  RIB LAKE SEDIMENT SAMPLE ORGANIC RESULTS
	
	
	
	
	
	

	MARCH 21, 2008 SAMPLES FROM NEAR MOUTH OF "TANNERY" CREEK
	
	
	
	
	
	

	(RESULTS IN NG/G DRY WT, EXCEPT TOC AND SOLIDS IN %)
	
	
	
	
	
	

	
	
	
	
	
	
	1998
	
	
	
	

	
	
	
	
	
	
	RIB LAKE
	
	
	
	

	
	SITE 12
	SITE 12
	COMPOSITE*
	COMPOSITE*
	
	4 SITE
	
	
	
	

	
	1.0-2.1 FT
	2.1-3.4 FT
	0.5 FT THICK
	1.0 FT THICK
	
	0-42 INCH
	
	
	
	

	PARAMETER
	LAYER
	LAYER
	LAYER
	LAYER
	
	LAYER
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	PCB
	no detect
	not tested 
	not tested 
	not tested 
	
	no detect
	
	
	
	

	total organic carbon
	21.8%
	18.9%
	21.4%
	26.6%
	
	22 - 25%
	
	
	
	

	solids
	17.0%
	13.0%
	11.0%
	13.0%
	
	5 - 6.4%
	
	
	
	

	
	
	
	
	
	
	
	
	
	CBSQG**
	

	PAH compound
	
	
	
	
	
	
	
	TEC'S
	MEC'S
	PEC'S

	2-methylnapthalene
	72
	59
	100
	82
	
	not tested
	
	20.2
	111
	201

	acenapthene
	no detect
	no detect
	no detect
	no detect
	
	n.d. - 560
	
	6.7
	48
	89

	acenapthylene
	no detect
	no detect
	180
	no detect
	
	n.d. - 1500
	
	5.9
	67
	128

	anthracene
	180
	95
	130
	110
	
	n.d. - 450
	
	57.2
	451
	845

	benzo (a) anthracene
	690
	700
	170
	no detect
	
	no detect
	
	108
	579
	1050

	benzo (a) pyrene
	990
	no detect
	no detect
	430
	
	no detect
	
	150
	800
	1450

	benzo (b) fluoranthene
	220
	no detect
	no detect
	no detect
	
	no detect
	
	240
	6820
	13400

	chrysene
	1600
	no detect
	550
	no detect
	
	no detect
	
	166
	728
	1290

	fluoranthene
	no detect
	no detect
	no detect
	no detect
	
	310 - 1800
	
	423
	1327
	2230

	fluorene
	no detect
	no detect
	no detect
	no detect
	
	n.d. - 390
	
	77.4
	307
	536

	napthalene
	140
	180
	770
	240
	
	no detect
	
	176
	369
	561

	phenanthrene
	860
	560
	720
	670
	
	500 - 3200
	
	204
	687
	1170

	pyrene
	1800
	870
	930
	1100
	
	n.d. - 2600
	
	195
	858
	1520

	perylene
	not tested
	not tested
	not tested
	not tested
	
	n.d. - 880
	
	none
	none
	none

	
	
	
	
	
	
	
	
	
	
	

	petroleum product
	motor oil
	not tested
	not tested
	not tested
	
	not tested
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	*3 site composites of black layer underlying > 1 ft. of "clean" brown sediment
	
	

	
	** Consensus based sediment quality guidelines at 1% total organic carbon
	
	

	
	TEC = threshold effects concentration, MEC = midpoint effects concentration,
	
	

	
	PEC = probable effects concentration
	
	
	
	
	
	
	


	TABLE 3.  RIB LAKE SEDIMENT CORE SITE DATA, MARCH 19th AND 21st 2008

	
	
	
	
	
	
	
	

	
	
	
	
	BLACK
	BLACK
	
	

	
	
	
	WATER
	LAYER
	LAYER
	
	

	
	
	
	DEPTH
	THICKNESS
	DEPTH
	
	

	NO.
	LAT
	LONG
	(feet)
	(feet)
	(feet)
	COMMENTS
	OTHER LAYERS

	0
	45.31877
	90.19977
	2.1
	0
	0
	no oil top 2', woody, hard to core
	0-2.0 brown (core end)

	
	
	
	
	
	
	
	

	1
	45.31862
	90.19975
	2.8
	0
	0
	no oil top 1.5', woody, hard to core
	0-1.5 brown (core end)

	
	
	
	
	
	
	
	

	2
	45.31852
	90.19975
	3.2
	1.5 plus
	1
	woody, core stopped at 2.5'
	0-1 brown, coarse particulates

	
	
	
	
	
	
	
	1-2.5 black, oil odor, hair (core end)

	
	
	
	
	
	
	
	

	3
	45.31822
	90.19967
	4.8
	0.7
	1.7
	
	0-0.7 brown, coarse organics

	
	
	
	
	
	
	
	0.7-1.7 brown, fine

	
	
	
	
	
	
	
	1.7-2.4 black, oil odor, hair

	
	
	
	
	
	
	
	2.4-3.7 brown, smooth

	
	
	
	
	
	
	
	

	4
	45.31812
	90.19971
	5.7
	0.2
	1.5
	
	0-1.5 brown, med. particulates

	
	
	
	
	
	
	
	1.5-1.7 black, oil odor, hair

	
	
	
	
	
	
	
	1.7-3.8 brown, smooth

	
	
	
	
	
	
	
	

	5
	45.3182
	90.19994
	4
	1.4
	1.7
	
	0-1.7 brown, med. particulates

	
	
	
	
	
	
	
	1.7-3.1 black, oil odor, hair

	
	
	
	
	
	
	
	3.1-5.0 brown, smooth

	
	
	
	
	
	
	
	

	6
	45.31835
	90.20027
	3.9
	0.4
	2
	
	2-2.4 black, oil odor hair

	
	
	
	
	
	
	
	

	7
	45.31822
	90.20035
	3.9
	0
	0
	no oil top 2', abundant wood chips
	0-2.0 brown, abundant wood chips (core end)

	
	
	
	
	
	
	
	

	8
	45.31834
	90.19926
	5.2
	0
	0
	3' core was clean
	0-3.0 brown

	
	
	
	
	
	
	
	

	9
	45.31856
	90.1995
	3.3
	0.6 plus?
	2
	dense hair prevented deeper core
	0-2.0 brown

	
	
	
	
	
	
	
	2-2.6 black, oil odor, hair (core end)

	
	
	
	
	
	
	
	

	10
	45.31858
	90.19904
	5.8
	0.1
	1
	some hair, not black
	0-1.0 brown

	
	
	
	
	
	
	
	1.0-1.1 dark brown, some hair

	
	
	
	
	
	
	
	1.1-3.0 brown, smooth

	
	
	
	
	
	
	
	

	11
	45.31886
	90.19901
	5.2
	0.5
	1
	part of 0.5' composite
	0-1.0 brown, fine particulates

	
	
	
	
	
	
	
	1.0-1.5 black, oil odor, hair

	
	
	
	
	
	
	
	1.5-4.0 brown, smooth

	
	
	
	
	
	
	
	

	12
	45.31844
	90.19978
	3.9
	2.4
	1
	layers sampled, 1-2.1, 2.1-3.4
	0-1.0 brown, coarse particulates

	
	
	
	
	
	
	
	1.0-2.1 black, oil odor, hair

	
	
	
	
	
	
	
	2.1-3.4 very dk brown, some hair, some oil odor

	
	
	
	
	
	
	
	3.4-4.5 med to dk brown, smooth

	
	
	
	
	
	
	
	

	13
	45.31828
	90.19986
	4.6
	1.1
	1
	part of 1' composite
	0-1.0 brown, med particulates

	
	
	
	
	
	
	
	1.0-2.1 black, oil odor, hair

	
	
	
	
	
	
	
	2.1-3.8 brown, smooth

	
	
	
	
	
	
	
	

	14
	45.31838
	90.19965
	4.8
	0.9
	1
	part of 1' composite
	0-1.0 brown, med particulates

	
	
	
	
	
	
	
	1.0-1.9 black, oil odor, hair

	
	
	
	
	
	
	
	1.9-3.9 brown, smooth

	
	
	
	
	
	
	
	

	15
	45.31868
	90.19932
	4.1
	1.6
	1.5
	
	0-0.7 brown with wood chips

	
	
	
	
	
	
	
	0.7-1.5 brown, smooth

	
	
	
	
	
	
	
	1.5-3.1 black, oil odor, hair

	
	
	
	
	
	
	
	3.1-3.8 dk brown, smooth

	
	
	
	
	
	
	
	

	16
	45.31878
	90.1991
	5.1
	1
	1
	part of 1' composite
	0-1.0 brown

	
	
	
	
	
	
	
	1.0-2.0 black, oil odor, hair

	
	
	
	
	
	
	
	2.0-3.7 brown, smooth

	
	
	
	
	
	
	
	

	17
	45.31818
	90.19967
	5.5
	0.6
	1.8
	part of 0.5' composite
	0-1.8 brown, some wood chips

	
	
	
	
	
	
	
	1.8-2.4 black, oil odor, hair

	
	
	
	
	
	
	
	2.4-3.7 brown, smooth

	
	
	
	
	
	
	
	

	18
	45.31834
	90.20016
	4.1
	0.6
	1.7
	part of 0.5' composite
	0-1.7 brown with wood chips

	
	
	
	
	
	
	
	1.7-2.3 black, oil odor, hair

	
	
	
	
	
	
	
	2.3-4.1 dk to med brown, smooth

	
	
	
	
	
	
	
	

	19
	45.31821
	90.20006
	4.7
	0.4
	1.9
	
	0-1.9 brown with wood chips

	
	
	
	
	
	
	
	1.9-2.3 black, oil odor, hair

	
	
	
	
	
	
	
	2.3-4.3 dk to med brown, smooth

	
	
	
	
	
	
	
	

	20
	45.3181
	90.20007
	4.5
	0.1
	2.6
	
	0-2.6 brown with wood chips

	
	
	
	
	
	
	
	2.6-2.7 trace of black, oil odor, hair

	
	
	
	
	
	
	
	2.7-4.3 brown, smooth

	
	
	
	
	
	
	
	

	21
	45.31841
	90.19934
	4.1
	0.3
	1.8
	
	0-1.8 brown, some wood chips

	
	
	
	
	
	
	
	1.8-2.1 black, oil odor, hair

	
	
	
	
	
	
	
	2.1-4.3 brown, smooth

	
	
	
	
	
	
	
	

	22
	45.3185
	90.19938
	4.5
	1.3
	1.3
	
	0-1.3 brown with coarse particulates

	
	
	
	
	
	
	
	1.3-2.6 black, oil odor, hair

	
	
	
	
	
	
	
	2.6- 4.5 dk to med brown, smooth

	
	
	
	
	
	
	
	

	23
	45.31894
	90.19884
	5.9
	0.3
	1.4
	
	0-1.4 brown, smooth

	
	
	
	
	
	
	
	1.4-1.7 black, oil odor, hair

	
	
	
	
	
	
	
	1.7-3.9 brown, smooth

	
	
	
	
	
	
	
	

	24
	45.31897
	90.19868
	5.9
	0.4
	1.1
	
	0-1.1 brown, smooth

	
	
	
	
	
	
	
	1.1-1.5 black, oil odor, hair

	
	
	
	
	
	
	
	1.5-3.5 brown, smooth

	
	
	
	
	
	
	
	

	25
	45.3192
	90.19827
	5.8
	0.1
	1.4
	
	0-1.4 brown, smooth

	
	
	
	
	
	
	
	1.4-1.5 black, oil odor, hair

	
	
	
	
	
	
	
	1.5-4.3 brown, smooth

	
	
	
	
	
	
	
	

	26
	45.31877
	90.19859
	6
	0
	0
	
	0-3.4 brown, smooth

	
	
	
	
	
	
	
	

	27
	45.31884
	90.19926
	3.7
	0?
	0?
	
	0-1.0 brown, abund. wood chips, hair at bottom

	
	
	
	
	
	
	
	no oil observed (core end)

	
	
	
	
	
	
	
	

	28
	45.31899
	90.19991
	3.1
	0
	0
	creek channel 75' below bridge
	0-3.0 brown with plant fragments



FIG. 1  RIB LAKE SEDIMENT CORE LOCATIONS


                         For scale, site 7 to 25 is 648 feet





�





�











FIG. 2  THICKNESS (FT) OF CONTAMINATED LAYER (IN RED)


                                For scale, site 7 to 25 is 648 feet
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