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REFERENCE SITE SEDIMENT CHEMISTRY 
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This report is intended to provide information concerning sediment chemistry background values 
by ecoregion and statewide. Additional reports will be published after a suitable amount of new 
data has been collected. 

In 1990, the Great Lakes and Environmental Assessment Section biologists, through the use of 
biological surveys, began to focus on certain rivers and streams considered to be minimally 
impacted by human activities. The purpose of this effort Is to define attainable biological and 
habitat conditions. This effort is part of a continuing nation wide process to establish baseline 
data and to characterize reference site conditions in wadable streams in Michigan's five 
ecoregions. For the purpose of this report, a reference site is defined as a s~e where' the 
biological communities present have been generally categorized as excellent. 

Michigan selects and evaluates waters to establish biological criteria for a given surface water 
type or category of designated use. Slreams that were identified as supporting high quality 
biological communities were selected for follow-up sampling. Part of this process involves 
providing ambient water (Lundgren. 1994) and sediment quality data. This Is achieved through 
the collection of water and sediment samples and subsequent analysis for a variety of chemical 
parameters in order to complement biological evaluation data for each ecoregional reference 
s~e. 

Glaciation in Michigan created ftve distinct ecoreg1ons based on soil types, land use, land­
surface form, and potential natural vegetation (Omemik and Gallant, 1988). The 1994, 1997, 
and 1998 sediment sampling reference sites for this report were selected from all five Michigan 
ecoregions. For chemical mean values reporting purposes, the information obtained was then 
combined with the 1991 and 1993 data presented in reference site report MVONR/SWQ-94/055 
(Jones, 1994). 

SUMMARY 

1. General locations of each ecoregion and the 1994. 1997, and 1998 reference sample 
sites are shown in Figures 1 and 2, respectively. SpecifiC sediment sample locations, 
parameters sampled for, and sample res~lts from 1994, 1997, and 1998 are listed in 
Appendix A. Chemicals not detected in sediments by ecoregion are also presented in 
Appendix A. 

2. A total of 94 reference site sediment samples have been collected throughout the state 
from 1991 to 1998. Forty-three of these samples were collected in the Southern 
Michigan Northern Indiana Till Plains (SMNITP) ecoregion; 14 were collected in the 
Huron/Erie Lake Plain (HELP) ecoregion; 25 were collected in the Northern Lakes and 
Forests (NLF) ecoregion; 4 were collected in the Eastern Com Beft Plains (ECBP) 
ecoregion; and 8 were coDected in the North Central Hardwood Forests (NCHF) 
ecoregion. 



3. Table 1 lists lhe ecoregional mean, standard deviation, and range of mean chemical and 
physical values for the sampfing years of 1991, 1993, 1994, 1997, and 1998. 

4. Table 2 presents a list of chemicals that were not detected in sediments from any of the 
1994/1997/1998 reference sites sampled. 

METHODS 

As was done in 1991 and 1993, the 1994, 1997, and 1998 sediment samples were collected 
from wadable reference sites. in depositional areas upstream of road crossings. Flfty.seven 
sediment samples were coRected for analysis. Composites of soft sediments were obtained 
using a petite ponar dredge or a small stainless steel trowel. All samples collected were placed 
in a stainless steel bowl, mixed thoroughly with a stainless steel spoon, and spooned into 250 
mi. wide mouth glass jars using a stainless steel trowel. Samples were collected in 1994, 1997, 
and 1996 from areas that had been previously characterized as generally having excellent 
biological communities present 

All of the sediment samples from the reference sites were analyzed for metals, percent sollds, 
low level PCBs, pesticides, semi-volatile organic compounds, Kjedahl nitrogen, and total 
phosphorus. Additionally, some of the samples were analyzed for cyanide, mercury, phenolics, 
and chemical oxygen demand (COD). All samples were stored at 4•c prior to being analyzed at 
the MDEQ Environmental Protection Bureau Laboratory. 

Mean, standard deviation, and range values for sediment chemical concentrations and physical 
parameters based on 1991, 1993, 1994, 1997, and 1998 sampling events, were calculated for 
each Michigan ecoregion. Using this information, statewide ecoregional means, standard 
deviations, and ranges for the various parameters were also calculated. The same information 
(i.e., statewide ecoregional means, etc.) was developed for chemicals that, although not 
detected in every sample, were detected in at least one ecoregion. To compute statewide 
values for samples Y.>hen chemicals were not detected in some cases, one-half of the laboratory 
level of quantification was used to compute mean and standard deviation values, which were 
then rounded to two sign~icant digits. 
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Tablo 1. Sedimenl chomoslry of <elerenoe site ..,IJ'C)Ies coiiGclod ftom lhe five Michigan ec:oreg,onsln 1991, 1993, 1994, 1997 and 1998. 

Southern Michigan Northern Indiana Till Plain.s Huron Erlo Laka Plains 
Number of Stand411td Number of Standard 

Panmeter Unit• Samples Mean DovlatJon Range Par; motor Uni ts Samplos Moan Oov1atlon Ronge 

Aluminum mgll<g 39 2600 1600 630 · 7700 Ahunlnum mg/l<g 12 2900 1400 1200- 5-100 
Arsoolc mgll<g 43 5.5 39 1.0 - 17 Arsenic mg/kg 12 4.8 3.6 1,7 .. 15 

Barium mg/l<g 40 40 27 7.0 - 110 Banum mg/kg 12 29 19 5.0-80 
Elel}tlium mgll<g ~0 0 .14 0.08 K0.2 - 0.40 Beryllium mgll<g 14 0.14 0.08 K 0.2-0.33 
Codmium mgll<g 43 1.05 0.30 K2.0 - 3.0 cadmium mg/l<g 1~ nd 
Cak:lum mgll<.g 40 34,000 40,000 2800-210,000 calcium mgll<g 12 27,000 24.000 8600 - 79,000 
Chromium mgll<.g 43 6.7 tO K2.0-65 Chromium mg/kg 14 6.0 2.4 2.0 - 11 
Coba~ mglkg 40 3.9 2.6 K 5.0-11 Co bolt mgll<g 12 4.0 3.1 K50 - 11 
Copp•r mgll<g 43 5.7 4.3 K2.0-15 Coppel n'91kg 14 5.3 3.1 K20·11 
Cyanide mg/kg 6 0.22 0.20 K 0.2 • 0.56 Cyanldo mgll<g 1 nd 
Iron mgJkg 40 8100 5400 2100 ° 30,000 Iron mgll<g 12 7300 3300 2500 - 14 .000 
Load mglkg 43 11 10 K 5.0 -50 Leed mgll<g ,. 8.2 7.2 K 5.0 - 23 
Lithium mgll<g ~0 3.3 2.8 K2.0 ·12 Lithium mgll<g 12 4.8 2.6 K2.0 · 10 
Magnesium mgll<g 40 6300 4800 1300 - 23,000 Magnesium mglkg 12 7800 5100 2700 - 21,000 
Manganese mgll<g 40 370 300 •s . 1300 Manganuse mgll<g 12 260 190 47- 740 
Mon:ury mgll<g 43 nd M..-cury mgll<g 14 nd 
Nickol mgJI<g 43 5 4 4 5 KS0-20 Nickel mgll<g 14 6.4 5.9 K 50· 21 
Pot<'Jss.um mglkg 40 280 280 48 - 1200 Potassium mgll<g 12 390 270 140- 1000 
Selenium mgll<g 43 0.31 0.15 K 0.5- 0.92 Selenium mgll<g 12 nd 
Silver mgll<g 30 0.14 0 .05 K 0.25 • 0.3 Silver mgll<g 11 nd 
Sodiul'n mgll<g 40 110 69 "15. 270 SOdium mg/l<g 12 170 150 60 -630 
Strontium mgll<g 30 35 31 6.0 - 140 Strontium mgll<g 11 37 26 9.0-96 
Titanium mgll<g 40 80 24 24 - 140 Titamum mg/l<g 12 84 16 58 - 110 
VanadJum mglkg 40 7.7 3.3 3.1- 16 Vanodium mgllcg 12 9.3 3.3 4.0- 15 
Zinc mglkg 43 34 28 6 4 - 170 Zlnc mgll<g 14 29 14 16-69 
Total Solids %TS 43 50.4 13.8 23.0 - 81.9 Total Solids %TS 14 84.5 12.0 39.1 -805 
Total Volatile Soli<IS %lVS 27 6.7 48 K I 0-17.5 Total Volable Sofids %1VS 8 42 4.1 1.0 - 13.1 
Kjoklahl Nitrogen n'91k9 36 2300 1500 220-5200 Kjek!ehl NottOgen mgll<.g 12 1000 1100 K240· 4000 
Total Phosphorus mgll<g 36 380 380 81 - 2200 Total Phosphorus mgll<g 12 240 130 130-580 
coo mglkg G 57,000 56,000 6200 - 140.000 coo mgll<g 12,000 
Phenolic$ mg/kg G 2.7 1.8 0.83-5.0 Phonohec mgll<.g 12 

K • le&s Ulan 

nd • not deiOOied 



. 
Table 1 (con!). . 

Northern lakes and Forests Eastern Com Belt Pfains 
Number of Standard Number of Standard 

~ramctcr Units Samples: M ean Deviation Ran go Parametor Units Sampios Moan Dev'latlon Ran go 

Aluminurn mg/kg 19 2 100 1300 450 ·6300 Aluminum mgll<g 3 2 100 450 1700 . 2600 

Arsenic mg/kg 24 3.6 4.5 0.6 . 22 Arsenic mgll<g 4 4,7 3.3 2.0 . 9.4 

Ba(ium mg/kg 19 29 25 7.0 . 120 Barium mgll<g 3 24 14 13 . 40 

Beryllium mg/kg 19 0.12. 0.05 K 0.2 • 0.30 Beryllium mgll<g 3 nd 

Cadmium mg/kg 23 nd Cadmium mgll<g 4 nd 

Calcium mg/kg 19 16,000 17,000 1400 . 64,000 Catch.1m mgll<g 4 30.000 10,000 2.1000 . 40,000 

Chromium mg/kg 25 5.7 3.6 K 2.0 - 15 Chroml01n mgll<g 4 6.5 1.4 4.7. 6.0 
Cobalt n1!JII<g 19 3.5 2.0 K 5.0 p 8 .0 Cobalt mgll<g 4 3.9 1.6 K5.0 • 5.5 
Copper mglkg 25 5.6 5.2 K 2.0 - 25 Copper mgll<g 4 6.7 2 .9 4.5. 11 

Cyanide mg/kg 9 0.25 0.26 K0.2 • 0.92 Cyanide mgll<g 2 nd 
Iron mglkg 19 6500 4400 1900 . 16.000 Iron mglkg 4 9200 5100 4600. 17.000 

Lead mg/kg 25 5.6 5.4 K 5.0 • 23 Lead mgll<g • 5.1 5.3 KS.0 - 13 
Uthium mg/kg 19 2.3 2.1 K2.0 - 9.4 Lithium mg/kg 4 3.5 1.2 2.5 . 5.0 
Magnesium mg/kg 19 4500 3600 530. 13,000 Magnesiurn mg/kg • 7800 1900 6200 . 10,000 
Manganese mg/kg 19 290 260 73 · 920 Mang~nese IT19lkg 4 470 490 130-1200 

M ercury mg/kg 24 0.07 005 K 0.05 · 0.06 Mercury mg/kg 4 nd 
N ickel mQikg 25 4.0 2.9 KS.0 - 12 Nickel mg/kg • 6.7 3.0 K 5.0· 9.5 

Potassium mg/kg 19 270 270 48. 1200 Polassium mg/kg • 260 120 150 . 430 
Selenium mg/kg 23 0.36 0.28 K0.5·1 .3 Selenium mg/kg 4 nd 
Sitver mg/kg 10 nd Silvef mg/kg nd 
Sodium mg/kg 19 82 28 35. 140 Sodium mg/kg 4 93 27 65 . 120 

S1rontium mg/kg 10 27 27 7.0 . 92 Strontium mg/kg 1 45 

Titanium mgll<g 19 90 34 44 . 170 Titanium mg/kg 3 81 34 56 . 120 

Vanadium mg/kg 19 8.3 3.7 2.8 . 16 Vanadium mg/kg 3 8.0 1.0 7.0 . 9.0 

Zinc mgJkg 25 19 11 6.5. 51 ZJnc mg/kg 4 31 15 17.52 

Total Solids %TS 25 46 18 5.8 . 73.0 Total Solids %TS 4 67.1 14.1 47.0 . 78.6 
TotaJ Volatile Solids %TVS 24 9.4 9.7 1.0 . 43.3 Total Volatile Solids %TVS 3 3.6 4.0 1.0. 8.4 

Kjeldahi NHrogen mgll<g 15 3300 3400 350 . 12,000 Kjeidahl Nitrogen mgll<g 3 460 89 390.560 

Total Phosphorus mgll<g 15 340 260 110 - 1000 Total Phosphorus mgll<g 3 270 64 200 . 320 

COD mg/kg 7 89,000 70,000 12,000 . 200,000 COD mg/kg 2 19,000 11,000 11,000 • 27,000 

Phenolics mgll<g 5 1.1 0.58 KO.S - 1.9 Phenolics mglkg 2 1.1 0.37 0.6 . 1.32 



Tobie 1 (coni). 

North Central Hardwod Foreata Stalewide Values - All Ecoreglons 
N umber of Stondard Number or Standord 

Parameter Units Samples Mean Devtall on Range Paramttor Units S..mples Mean Oev1itJon Range 

Aluminum mgll<g 8 860 940 270 . 3100 Alumint~m mgll<g 81 2300 1500 210 - 7700 
Arsenic mgll<g 8 1.4 1.0 K 0.5 · 3.3 Arsenic mg/kg 91 4.5 4.0 K0.5 • 22 
Barium mgll<g 8 10.3 10.3 4.0 . 35 Banum mg/kg 82 32 25 4.0 - 120 
8erytflurn mg/kg 8 nd Beryllium mg/kg 84 0.13 0.07 K 0.2 · 0.33 
Cadmium mg/1<9 8 nd Cadl'nh.un mg/kg 92 1.0 0.21 K 2.0- 3.0 
Caldum mglkg 8 7600 7000 1100 - 24,000 Calcium mgll<g 83 26.000 31,000 1100-210,000 
Chromium mg/kg 8 2.6 3.1 K2.0 · 10 Chromium mglkg 94 6.1 7.2 K2.0 • 65 
Coball mg/kg 8 nd Coboll 1ng/l<g 83 3.7 2.4 K 5.0 - 11 
Copper mgll<g 8 2.8 4 2 K2.0-13 Coppor mg/l<g 94 5.4 4.3 K 2.0 · 25 
Cyanldo mgll<g 7 nd Cyonldo mglkg 25 0.18 0.19 K 0.2 • 0.92 
Iron mgll<g 8 2800 2800 690-9300 Iron mglkg 83 7100 4900 690 - 30,000 
Lead mg/1<g 8 4.9 69 K50·22 Lead mg/kg 94 8.4 8.6 K5.0 · 50 
U1hium mgll<g 8 12 053 1(20- 2.5 UttWm mglkg 83 3.1 2.6 I( 2 0-12 
~~~~ mgll<g 8 1900 1600 190 -4700 MegneSl~Jm mg/l<g 83 5600 4500 190- 23.000 
MangaM ... mgll<g 8 93 83 8 .0-250 Mang8nese mglkg 83 310 280 8.0- 1300 
MMcury <ng/l<g 8 nd Mercury mg/l<g 93 0.0~ 0.04 1(0.06 - 1.3 
Nickel mglkg 8 2.0 1 2 2.!). 6.0 Nickel mgll<~ 94 5.0 4.2 I( 50.21 
Potassium mglkg 8 95 105 36.350 Potassium mgll<g 83 270 280 38- 1200 
Selenium mglkg 8 0.47 0.62 KO.S - 2.0 Selenium lng/kg 90 0.33 0.25 K 0.5-2.0 
Silvor mglkg 1 nd Silver mg/l<g 53 0.13 0.04 K0.25- 0.30 
Sodium mgll<g 8 64 18 45. 100 Sodium <nglkg 83 110 60 35-630 
Strontlul'n mglkg 1 nd Strontium mQikg 53 34 29 6.0- 140 
Tllanlum mglkg 8 58 23 31.93 Titanium mglkg 82 81 27 24 - 170 
Vanadium mgll<g 8 3.9 2.1 1.4 - 8.0 Vanadium rngll<g 82 7.7 3.5 1.4-16 
Zinc mglkg 8 13 21 KS.0-64 Zinc mgll<g 94 27 23 K 5.0-170 
Tolal Solids 'f, TS 8 56 20 15.0-75.0 Tolol Solids %TS 94 52.7 16.6 5.8 - 81.9 
TOIOI Volalllo Solids %TVS 8 8.3 16 K 1.0 - 47.5 TOiol Vololilo Solids % TVS 70 7.4 8.5 K 1.0- 47.5 
Kjelda~l N1trogon mg/1<g 8 2200 4200 165. 13,000 Kjeldohl Nitrogen mglkg 74 2200 2400 165- 13,000 
Total Phosphorus mg/1<g 8 160 230 44-730 T oCal Phosphorus mg/l<g 74 320 300 44 - 2200 · 
coo mg/1<g 7 24.000 25,000 4800.61 ,000 coo mg/l<g 23 51,000 55,000 4800 - 200,000 
Phenoliea mglkg 7 1.6 089 0.62. 3.1 PIM>nolics mglkg 21 1.7 1.2 0.62-5.0 



' fable 2. Chemicals not detected in sediment samples COllected from all five ecoregions 1994, 1997 and 1998. 

Parameter No. of Samples 

Molybdenum 

Thallium 

1 ,3-Dichlorobenzene 

1, <!-Dichlorobenzene 

1,2-Dichlorobenzene 

Hexachloroethane 

1 ,2,4· Trichlorobenzene 

Hexachlorobutadiene 

2 -Chloronapthalene 

Hexachlorobenzene 

g-BHC (lindane) 

Penlachloron~robenzene 

Heptachlor 

Aldrin 

Heptachlor epoxide 

g-Chlordane 

a-Chlordane 

4.4'·000 

4,4'-0DT 

Hexabmmobenzene 

Mirex 

Aroclor 1242 (PCB) 

• Aioclor 1016 (PCB) 

'Aroctor 1221 (PCB) 

'Aroc!or 1232 (PCB) 

'Aioclor 1248 (PCB) 

'Aroclor 1262 (PCB) 

• Aroclor t 268 (PCB) 

BP-6 (PBB) 

'Toxaphene 

mg/kg = milligrams per kilogram or perts per million 
ug/kg = micrograms per kilogram or parts per billion 

57 
53 

4 

4 

4 

55 

55 

55 

55 

55 

55 
55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

• = results and detection lim~s reported semi-quantitatively 
Note: all values are on a dry weight basis unless othel\vise noted 

Detection Limits Units 

5.0 mglkg 

1.0 mg/kg 

220-360 ug/kg 

220-360 ug/kg 

220-360 ug/kg 

22-290 uglkg 

220-2900 ug/kg 

22-290 ug/kg 

670·8800 uglkg 

22-290 Ug/l<g 

22-290 uglkg 

22-290 uglkg 

22-290 uglkg 
22-290 uglkg 

22-290 uglkg 

22-290 uglkg 
22-290' ug/kg 

22-290 ug/kg 

22-290 ug/kg 

45-590 ug/kg 

22-290 ug/kg 

30-360 ugikg 

30-360 ug/kg 

30-360 ug/kg 

30-360 ug/kg 

30-360 ug/kg 

30-360 ug/kg 

30-360 ug/kg 

110-1500 ug/kg 

220·2900 ug/kg 
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Figure 1. Ecoregions of Michigan (Omernilc 1988). 
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f i&u re 2. Michigan Sediment Reference Sites Samples in 1994, 1997 and 1998. The triangles represent 
sites sampled in 1994 and 1997. The circles represent sites sampled in 1998. 



Appendix A 



Table 1A. Sedll'flll!nt cl'lemiStry ot the Souchrtm MIC:hiiQ-an Northern h'Kt•ana Till Pklins ecoregion re1erance ~e sample$. 

Date Aluminum Arsenic Barium Beryllium Cadmium Calcium Chromium Co batt Coppor 
Watcrbocty Colloetcd ."'9/~0J (!rlglkg) t_mgll!g) (nl'(llk.g) C~kOI (mulkQl (mgJIF.g) (mg/ll.g) tin"" I) 

Swan Creek 
Holitey Road, Branch CouMy 11198 1800 8.3 48 K0.2 K20 82500 4.0 6$ 4 $ 

Harper ere..!< 
B Drive H • ColhooJn CcoJnty 2197 2700(2S001 17 ( tl) 65 (03) KO 2 CI<0.2l K20ouoo 21900 11&9001 6.0 (~0) K$.00<5.01 4 .9(4.$) 
. p..,.,...,_ iftai:a• ~ Malytis teJUib 

Kalamazoo River 
B Olive N., Calhoun County '2197 2740 9.4 61 0.24 1(20 75000 65 KS.O 13 

Kalamazoo Rrver 
dis from MarshilU WWTP, call\oun Co. 11196 2050 4.5 47 K0.2 K 20 31400 25 6.4 1$ 

N.. Br. Ka.lamazoo RNer 
29 112 Mile R08d. Ca.,_, County 2197 1450 33 17 K 0.2 1(20 34100 30 KS.O 3.0 

St. Joseph River 
9 Mile Road, CNhoun County 11/98 3170 11 63 K0.2 K20 30500 8.0 7.0 7.5 

Christiana creek 
North Shore Drive, Coli County 11198 630 17 108 K 0.2 K2.0 213000 K2.0 11 4.0 

S, Bfanch T obaceo River 
Grant Avenv-e, Cllre County 12/98 2500 93 49 K0.2 K2.0 29700 6 .0 5.0 7.5 

Cedar ROte< 
campt>el Road, G-In C«<nty 1'2J98 2100 53 27 K0.2 K2.0 26700 40 KS.O 3.5 

M. Branch T obaooo R;vcr 
MCCullagh Road, Gladwin Counly 1'2J98 7650 9.9 83 0.4 K2.0 75000 14 11 13 

N, Branch Tobecoo Rlvor 
G.oul Rood. Gladwin County 1'2198 3060 5.7 39 K02 K2.0 31700 10 $0 5.0 

S. Branch Tobiieco Rrvor 
G-' (TO'Mlhal) Road. Gla<lww> C«ootY 121911 5870 10 64 0.33 K2.0 46600 12 90 IS 

Sugar Riv&r 
M-30 (Meridian Rood), Glodv.in County 12/98 6150 7.3 76 035 K2.0 73500 11 11 11 

Chippewa Rlvor 
Coldwatat Road, Isabella County 3/97 1260 1.' 9.0 K 0.2 - K2.0 7800 2.8 K 5.0 I( 2.0 

moflr.Q -= mllig:ramt t*f IUII))rttn or pans PCf mii!On 

"''lea • ~· f* kloorMtGri*I'U per bllbn 
- • ld &MIIflllld fOt 

K•~'*' 
DC.=~was~ 

' • ....rue len 11\\1'1 ~IOtllll'fltll 
J • ~a~.~a~ .... My o. ~r 
N .. t l'-· I'll vflh ,..,. fiP' nl'! a tlf'IWIIIGI1l bol!iiJ "" !.U ~~ flotO>d 



Table 1A {oont). 

•ron leild Lithium MagnesWm Mang~nese Nickel Potassium SoloNum Silver Sodium 
Waterbody (molt•l -·1 .. 0"11 1 ....... (rntflo.tJ ,,...., 1~0) (mgtkg) '"""'"' , .... I 

SwnnCr4ek 
Hort<ey Road, Brancf'l County 8250 13 2.5 10500 735 8.0 150 KO.S 0.25 110 

Harpor Croat< 
8 Onve N .• CalhOun County 15100 (1-t.SO:>) K 50 (KS.O) 3 0()0} 4000 (3SOQ) 340(>10) K 5.0(K5.0) 145(127) K0.5(KOSl K 0.25 (1( o.>S) 130(120) 
• P~-.e' lr.:hoJte 0'4!1Q• an~~lyllls ••l'llls 

KaJemazoo River 
e o.w. N • C.lhoun Coontr 14800 33 3,0 4300 802 64 182 092 K025 130 

~River 
d/1 lrcm ~lan;hai1/WITP, Caltloun Co 9160 50 2.5 4600 3 10 12 155 KOS 0.3 110 

N. Br. Kal:ii!OOZOQ River 
29 112 Mila Road, Calhoun County 5150 K50 K2.0 3400 170 KS.O 101 K05 K0.25 11 0 

St. Joieph River 
9 M1!e Ro.)d, C.alhoun County 17500 18 3.5 6250 745 9.5 165 053 K0.25 11 0 

CMstlan.a Creek 
North Shore Drive. Cass Counly eooo 21 K20 6650 555 11 50.5 KO.S K 0.25 130 

S. Brand'l TObacco River 
Grant Avenue. Cfare Cotny 6900 17 35 9850 310 70 300 056 K0.25 140 

Cedar River 
Ca~ll Rood, Glactwin County 5050 13 30 8850 420 K S.O 270 KO.S K0.25 100 

M Braneh TObaOCO River 
McCullegh Road, Gladwin County 16900 25 12 19300 835 19 1190 077 K0.25 170 

N. Branch Tobaoco River 
Grout Road. Glaef'Win County 8150 26 5.0 11900 410 7.5 410 K0.5 K0.25 ItO 

S. Brinch Tobac(Xl River 
Grout (Townhalij ROod, Gladwin County 14100 21 ~0 17600 1100 15 906 K05 0 .3 ISO 

SugarR~ 

M·JO (M<ltlcl.an ROod), Gl-Coulty 12300 21 12 23000 300 20 1200 KOS K0.25 150 

Chippe'Aia River 
Colctwater Road. Isabella Coun~ 33()0 K5.0 K20 3 100 45 KS.O 995 K 0.5 K0.25 80 



Table lA (coni) 

Date Aluminum Arunlc Barium Bt rylllum Cadmium Calc.ium Chromium Cobalt CoJ)t)er 

Watorbody Collected (t'I'IQIIlOI Cn1~gl (•nglliQ) bn~g) (mt(SIQI (mtfk9) Jmgii<O) ~ ...... ) _.,, 
Chippe-.va River 
Chippewa Rd., Isabella Co101ty 3197 2:!30 3.1 26 K 0.2 K 2.0 22700 s.o K S.O 4.5 

Choppewa River 
Meridoon Road, 1-Comly 12198 1600 3.1 20 K 0.2 K 2 0 26500 4 0 KS.O 3.0 

N. Branch Chippewa River 
Stovcnson l uke Road, Isabella County 12198 2270 5.8 63 K 0.2 K 2.0 9850 5.0 KS.O 3.0 

Cok.lwater River 
Ba;eline Road, lsabena County 12198 1300 2.~ 32 K0 2 K 2.0 51000 3.0 K5.0 3.5 

R'""Creek 
10 Uie Rei. W., K<1n< C:OU..y 3197 1500 17 13 K 0 2 K20 6100 4.7 K5.0 5.0 

Hooey Creek 
Datwk'l Ret , Uving'ton Count)' 2197 2000 8 7 26 K0.2 K20 1~ 5.0 K 5.0 3.5 

Portage River 
Toma Rd., Livingston County 21!17 1150 1.3 10 K 0.2 K 2.0 12700 3.0 K5.0 K 2.0 

N, Br Clinton Rrver 
N 28 Mile Rd., Macomb County 2197 5120 7 2 50 0.27 K 20 58000 10 K 5.0 13 

N Branch Clloppewo River 
t~ (30th A..,.,.,.), Mocoola C...n1Y 12198 1750 2.4 20 K0.2 K2 0 5350 40 K 5.0 K 2.0 

Allen Creek 
Oidl.enson Road, Newaygo County 12198 2780 1.2 27 K 02 K2.0 2750 5.0 K 5.0 3.5 

Freeman Creek 
Maple Island Avcnuo, Newaygo County 12198 3100 2.4 33 K 0.2 K2.0 9750 B.O K 5.0 7.0 

Clinton River 
Elizabelh Lake Rd • O.kland C...n!y 2197 1570 ••• 17 K 0 2 K2.0 26400 4 0 K5.0 4 5 

N &ancll Coss RMir 
Germania Road, Stll'lilac County 12m 3700 10 45 0.2 3.0 18100 7.0 5.0 6.0 

Belle River 
Braidwood Ro;~d, St. Clair County 12198 3830 5.4 34 0.22 K 2.0 13700 7.0 6.0 6.0 

Huron River 
N. Territorial Rd .• Wesrnenaw County 2197 3100 6.3 109 K0.2 K 2.0 141000 7.0 K50 13 

Fioming<:.-
<l<!ddes Road. Wash~enaw c...nJy 2197 3930 53 n 0 23 K 20 38900 7.0 K5.0 13 



Tablo 1A (c:onl). 
rOtat Total Vol11tite !ljolclah l Total Aroetor 1254 Aroelor 1260 

Strontium Titanium Van;dium Zinc Solids SOlids Nhrogen Phcnphorus (PCB) (PCB ) 4,4'.0DE 
WOIOfbody - ....... ..... ~ (mglt.cg) r'!'T$) """"' ....... - "'"""' - ··-

SWan Crook 

HOflcey - · ll<an<t> Cotmly 
56 125 8.0 29 59.6 2.2 e80 230 39 39 78 

H&rp<or Creek 
B Drive N., ColhOUn County 16 (16) 1 1 (II) 9 .0(8.0) 37 (l'J 34. , (30.5) 4300(5~0) 610tHi.OO) K 73 (I( "'I K 73(K 00) K 150{l< 110) 

• Pllr.anthe*lr!(tlcilte chipiGatcr >~Miysis nm.th 

Katamnzoo R1vcr 
8 Otlvo N., Calhoun County 37 65 8 .0 170 33.4 4700 670 K 73 K 73 K 150 

Kalamazoo River 
dis from Morsholl W>Nrf'. C.llloun Co. 21 10 7.6 99 37.6 10.2 680 280 K 40 K40 K 81 

N. Br. Kallt'fl.ttZ:OO River 
2Sil 112 ._,itt Road, Calhoun County 20 71 50 21 53.3 2100 240 K 43 K 43 K85 

SC Joseph River 
9 Mile Roed, CalhOun County 26 77 10 49 64.2 3.0 3000 480 K58 K58 K 120 

cn....,a Crod< 
Nonh Sholo ll<lolo. ca.. County 138 24 •.o 21 50.1 3.7 1280 81 K52 K52 K 100 

S BranchToboc<:oRover 
Grant Avenue, Clare County 28 ~ 9.0 25 32.• 17.5 4700 440 K76 K78 K 150 

Cedat RiVer 
Campbell Rood, Glodwin Counly 23 82 8 .0 25 60.4 2.4 1990 330 K39 K39 K 78 

M. 8ranctl Tobacco River 
MeCullegh Rofld, Gladwin County 58 106 16 65 33.4 13.1 3900 590 K78 K 78 K 180 

N, Branch Tobooco Rive-r 
Grout Road, Gladwin County 27 81 8.0 40 51.7 6.3 1970 330 K 46 K <6 K93 

S. Branch Toboooo River 
GrouL {TownhaU) Road, Gl.id'w\n County 60 94 14 48 41.8 8 < 2700 620 K62 KG2 K 120 

SugarRI~r 

MoJO (Melldian Road), Gladwrn County 52 137 15 45 81.9 1 5 K240 210 K31 K31 K 62 

CllillPew> RMir 
~"" Road. baballa County 8.0 83 4.8 12 50.5 910 130 81 K 100 K 100 



Table 1A (con!). 

Iron Lead Uthiurn Magnesium Mlnganese Nickel Potassium Selenium SIIWr Sodium 
Wat.rbody -· 1 ....... , -·· (tii'I')JJ(S) 1 ... , ... 1 ....... ,,...., -·· - """""'' 

ChWewa Rivet 
Ch~wa Rd .. lsabOu-a County 6150 !1.6 l.S 7250 390 K 5.0 370 K0.5 K0.25 150 

Chi~wa RIVer 
Me""lan Road, lsabeb County ~ 11 2.& 6750 280 KS.O 17t K O.S K0.25 95 

N. Branch Chippewa River 
SieYl!n50fl Lake Road. Isabell• Counly 8100 tO 2.5 2900 1300 K 5.0 155 K0.5 K0.25 90 

eo-ate< River 
BueiJno Road. lsabela County 3800 13 K20 4100 170 KS.O 10t K0.5 K 0.25 tOO 

RurnCreek 
t O Mile Rd. W., Kent County 3500 K S.O K2.0 2500 !i1 K5.0 103 K0.5 K 0.25 96 

HoneyC....,k 
Darwin Rd .. Livingston County 10900 K 5.0 2.5 5000 390 1(5.0 120 KO.S K0.25 ItO 

Portage River 
Toma Rd., Livingston County 2600 K S.O K2.0 4700 5& KS.O 87 KO.S K025 75 

N. 8<. Clirml Rivw 
N 28 We Rd .• M8comb County 13200 t2 G.9 t0900 400 6.4 600 KO.S K 0.25 270 

N. 8nlnoh CllClpewa Rivet 
M~ (301hAvenue), -.county 3600 K S.O K 2.0 2300 130 K 5.0 t36 K0.5 K 025 eo 
Allen creek 
Dickenson Road. Newoyoo Counly 4500 K 5.0 4.0 2100 72 K 5.0 290 K0.5 K0 25 60 

Freemen Creek 
Mapte Island Avenue, Newa~ County 6650 10 4.5 5150 565 KS.O 330 K0.5 K 0.25 eo 
Clinton River 
Eliulbeth Lake Rd .. Oakland COt.wloy 4000 15 K2.0 5300 130 KS.O 104 K0.5 K0.25 95 

N. B<aneh Cass R ..... 
Cl<ttmanla Road, Sonilioc COt.wlty 7600 15 65 4900 2t0 8.5 430 K O.S K0.25 90 

Bello IVvor 
Braidwood Road. St. Clair Counly 8600 11 60 5400 210 9.0 430 K0.5 K0.25 130 

Huroo1 Rl""' 
N Tc1titoriaJ Rd., Washtenaw County 11300 30 3.5 9150 609 6.4 ,4QO K0.5 K0.25 2.20 

Fleming Creek 
Geddet Road, washtenaw County 13100 6.9 4.9 5400 460 6.4 440 KO.S K0.25 430 



Table 1A (oont). 
Total Total Volatile Kjeldahl Total Aroclor 1254 Aroclor 1260 

Strontium TiUinlum Van01dlum Zinc Solids Solids Nitrogen Phosphorus (PCB) (PCB) 4,-t'·DDE 
Waterbody (mglkg) (mgJkg) (m9fkg:) em""'"' t"TS) "'TVS) (mglkg:l lmglkol , ..... , lutlkf) , ..... , 

Chippewa River 
Chippewa Rd., Isabella County 21 105 7.0 25 57.4 1200 330 K48 K48 K96 

Chippewa River 
Meridian Road, Isabella County 26 78 6.0 27 46.6 5.4 1840 220 K53 K53 K 110 

N. Branch Chippewa River 
Stevanson Laka Road, ls.:tbolla COtJr'lty 12 85 6.0 37 35.3 13.9 4100 500 K86 KS<; K 170 

Coldwater River 
Baseline. Road, Isabella County 72 12 5 29 -17.6 4.9 1820 198 K49 K49 K98 

R\.lm Creek 
10 Mite Rd. W .. Ken1 C<lunty 8.0 134 5.8 11 50.6 2200 230 KSO K50 K 100 

Honey Creek 
0;1rwin Rd., Livingston County 15 100 7.0 23 38.0 2600 430 K40 K40 K80 

Poctage River 
Toma A.d.,llvingston County 10 '110 s.o 11 70 .1 340DL 130 K35 K35 K70 

N. Sr. Clinton River 
N 26 Mile Rd., M acomb County 50 71 14 60 41.9 2500 no K45 K 45 K90 

N. Branch Chippewa River 
M-66 (30th Avenue}, Mecosta County 8.0 9Q 5.0 33 49.5 6.1 2100 230 K48 K48 K96 

AJ!e:n Creek 
Dickenson Road, Newaygo Cou.nty 6.0 94 8.0 35 (,6,1 7.2 2500 320 K68 K68 K 140 

Fre~man Ct~k 
Maple Island Avenue, Newaygo County 11 72 10 45 34.7 13.3 4200 490 K61 K61 K 120 

Clinton Rive.-
Eliz•beih lake Rd .. Oakland C<lunty 21 100 6.0 31 58.3 980 150 K38 28 1,2 K 75 

N. Branch Cass River 
Germania Road, Sanilac County 24 59 10 54 57.5 5.9 1870 290 K40 K 40 K81 

Sene Rivet 
Braidwood Road, St. Clair County 23 62 11 45 65.6 3.0 000 290 K 38 K 38 K76 

Huron River 
N. Territorial Rd., W3shtenaw County 119 90 10 50 23.0 5100 540 K80 55 1..2 K 160 

Fleming Creek 
Geddes Road. Washtenaw County 58 100 11 44 41,4 2400 520 K50 K SO 57 1 



·' ' 

' Table 1 B. Chemicals not detected in sediment samples coUecte.t rrom the Southern Michigan Northern lncllana 
Till Plains Ecoregion in FebruafY and March 1997, and November and December 1998. 

Parameter No. of Samples 

Molybdenum 

Mercury 

Thallium 

Hexachloroethane 

1 ,2,4-T richlorobenzene 

Hexachlorobutadiene 

2-Chloronapthalene 

Hexachlorobenzene 

g-BHC (lindane) 

Pentachloronitrobenzene 

Heptachlor 

Aldrin 

Heptachlor epoxide 

g-Chlordane 

a-Chlordane 

4,4'·000 

4,4'-DDT 

Hexabromobenzene 

Mirex 
Aroclor 1242 {PCB) 

'Aroclor 1016 (PCB) 

'Aroclor 1221 (PCB) 

'Aroclor 1232 {PCB) 

'Aroclor 1248 {PCB) 

'Aroclor 1262 {PCB) 

'Aroctor 1268 {PCB) 

BP-6 (PSB) 

'Toxaphene 

mglkg = m~igrams per Idiogram or pans per million 
uglkg = micrograms per kilogram or pans per biUion 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

• = resulls and detection lirnts reported semi-quantitatively 
Nolo: an values are on a dry weight basis unless otherwise noted 

O.tecllon Llmlrs UniiS 

5.0 mg/kg 

0.05-{).25 mg/kg 

1.0 mglkg 

60·280 ug/kg 

600-2800 uglkg 

60·280 ug/kg 

1800-8400 ug/kg 

60-280 uglkg 

60-280 ug/kg 

60-280 ug/kg 

60-280 ug/kg 

60-280 ug/kg 

60-280 ug/kg 

60-280 ug/kg 

60-280 uglkg 

60-280 uglkg 

60-280 uglkg 

120-560 uglkg 

60-280 ug/kg 

30·140 uglkg 

30·140 uglkg 

30-1 40 uglkg 

30-140 uglkg 

30-140 uglkg 

30-140 ug/kg 

30-1 40 ug/kg 

300-1400 uglkg 

600-2800 ug/kg 



Table2A. Sediment chemistry ol the Huron Erie Lake Plain• """"'9ion reference site samples. 

Date 
Waterbody Collocted 

Molasses River 
Maple Poinl Rd .• Gladwin County 12/98 

E. Br. Tittabawassee River 
Homer Rd., Gladwin County 12198 

M. Br. TIItabawassee River 
Bensch Rd., Gladwin County 12/98 

Rock Falls Creek 
Schock Rd., Huron County 3197 

Pinnebog River 
Eby Rd., Huron County 3197 

Big Sell River 
Alamando Rd • Midland County 12198 

Big san River 
Coleman Rd., Midland County 3197 

Chippewa River 
M-20 & S. Meridian, Midland Co. 12198 

Lillie Salt Creek 
MacGruder Rd., Midland County 12/98 

Pigeon River 
McAlpine Rd., Huron County 3197 

Salt Creek 
Coleman Rd., Midland County 12198 

m;fl(g • mklignlms per kilogram or parts ptU million 

uglkg • micrograms per kilogram or parll p@f bilion 

K • less than 
·- • not •a~ed f01 

Aluminum 
(mg/kg) 

2.270 

2740 

5130 

2.02.0 

2.920 

3300 

3890 

1500 

5370 

3400 

1200 

Note: all vatues are on a dry weigl1t bailS un~Hs othe-rwise noted 

Arsenic Barium Beryllium 
(mglkg) (mg/kg) (mQ11<g) 

4.0 20 K 0.2 

7.4 42 K 0 2. 

15 80 0.29 

4.0 12. K 0.2 

4.1 24 K 0.2. 

2.3 25 K 0.2 

3.3 32 0.2 

2.2 5.0 K 0.2 

4.6 41 0.33 

3.7 29 K 0.2 

1.7 19 K0.2 

Calcium Chromium Cobalt Copper Iron Lead 
(mglkg) (mgll<g) (mgll<g) (mg/kg) (mglkg) (mQ11<g) 

8550 5.0 K5.0 2.5 5850 9.0 

20500 6.0 5.0 5.5 8800 11 

75000 10 10 11 14100 23 

17100 3.9 K 5.0 4.0 5350 K 5.0 

11900 5.8 K 5.0 3.4 7160 K 5.0 

22800 6.0 K S.O 4.5 6050 8.5 

24000 7.0 K 5.0 6.5 8950 K 5.0 

16300 4.0 KS.O 2.5 4700 13 

78500 11 11 11 12300 23 

26900 6.0 K 50 64 6680 K 5.0 

18100 2.0 KS.O K2.0 2500 K5.0 



Table 2A (cont). 

Lithium 'Mgneslum Manganese Nickel Potassium Sodium Strontium Titanium Vanadium Zinc 
Watorbody (mg/lcg ) (mgllcg) (mgll<g) (m glkg) (mglkg) (m(lllegl (mglkg) (m(lllegJ (m(llleg) (mglkg) 

Molasses Rover 
Maple Poont Rd., Gladwin Couoty 3.0 5150 270 K S.O 173 110 9.0 85 9.0 29 

E. Br. Tillabawassee River 
Herner Rd .. Gladwin County 4.0 7950 370 6.5 290 110 31 74 10 69 

M. Br. Tillabawassee River 
Bensch Rd .. Gladwin County 8.5 21000 735 17 755 150 96 90 14 45 

Rock Falls Creek 
Schock Rd . Huron County 3.5 5750 120 K 5.0 189 120 14 98 8.0 2.2 

Pinnebog River 
Eby Rd., Huron County 4.4 4700 160 Ks.O 310 110 11 90 10 28 

Big SaH River 
Alamando Rd • Midland County 5.5 7350 190 6.5 490 160 48 79 9.0 25 

Big San River 
Coleman Rd .. Midland County 7.0 8550 250 5.0 580 130 38 96 11 29 

Chippewa River 
M·20 & S. Meridian. Midland Co. 2.5 6950 47 K S.O 165 630 28 75 6.0 25 

L~tle Sail Creek 
MacGruder Rd., Midland County 10 14900 430 21 985 170 61 111 15 37 

Pigeon River 
McAlpine Rd., Huron County 5.4 6850 150 K5.0 410 120 20 97 10 27 

Sail Creek 
Coleman Rd., Midland County K 2.0 2700 120 KS.O 176 130 50 58 40 21 



Table 2A (cont). 

Total Total Volatile Kjeldahl Total 
Solids Solids Nitrogen Phosphorus 

Waterbody ('4TSI (%TVSJ Jmgll<gJ Jmglkg) 

Molasses River 
Maple Point Rd., Gladwin County 63.1 3 .2 890 170 

E. Sr. Tittabawassee River 
Herner Rd., Gladwin County 44.2 7.4 2600 400 

M. Br. Tittabawassee River 
Bensch Rd., Gladwin County 39.1 13.1 4000 560 

Rock Falls Creek 
Schock Rd., Huron County 80.5 K240 170 

Pinnebog River 
Eby Rd., Huron County 73.8 550 160 

Big Salt River 
Alamando Rd .. Midland County 62.4 2.5 820 260 

Big Salt River 
Coleman Rd .. Midland County 64.2 1.7 950 300 

Chippewa River 
M-20 & S. Meridian, Mid land Co. 69.4 2.6 620 132 

Little Sa" Creek 
MacGruder Rd., Midland County 74.6 2.0 340 230 

Pigeon River 
McAlpine Rd., Huron County 72.3 590 210 

Salt Creek 
Coleman Rd .. Midland County 65.8 600 156 



Table 2B. Chemicals not detected in sediment samples collected From the Huron Erie Lake Plain in March 1997 
and December 1998. 

Parameter No. of samples 

Cadmium 
Mercury 
Molybdenum 
Selenium 
Silver 
Thallium 
Hexachloroethane 
1 ,2,4-Trichlorobenzene 
Hexachlorobutadiene 
2-Chloronapthalene 
Hexachlorobenzene 
g-BHC (lindane) 
Pentachloronitrobenzene 
Heptachlor 
Aldrin 
Heptachlor epoxlde 
g-Chlordane 
a-Chlordane 
4.4'-DDE 
4.4'-DDD 
4.4'-DDT 
Hexabromobenzene 
Mirex 
Aroclor 1242 (PCB) 
Aroclor 1254 (PCB) 
Aroclor 1260 (PCB) 
•ArociOr 1016 (PCB) 
·Aroclor 1221 (PCB) 
'Aroclor 1248 (PCB) 
· Aroclor 1262 (PCB) 
'Aroclor 1268 (PCB) 
BP-6 (PBB) 
'Toxaphene 

mglkg : miWgrams per kilogram or parts per million 
uglkg = micrograms per kilogram or parts per billion 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

• = results and detection limits reported semi-quantitatively 

Detection Limits 

2.0 
0.05 - 0.2 

5.0 
0.5 

0.25 
1.0 

60-150 
600-1500 
60-150 

1800-4500 
60-150 
60-150 
60-150 
60-150 
60-150 
60-150 
60-150 
60-150 
60-150 
60-150 
60-150 
120-300 
60-1 50 
30-76 
30-76 
30-76 
30-96 
30-76 
30-76 
30-76 
30-76 

300-760 
600-1500 

Note: all values are reported on a d'Y weight basis unless otherwise noted 

Units 

mg/kg 
mg/kg 
mg/l<g 
mg/l<g 
mg/l<g 
mg/l<g 
ug/kg 
ug/kg 
ug/Kg 
ug/kg 
ug/kg 
ug/kg 
uglkg 
uglkg 
ug/l<g 
ug/l<g 
ug/l<g 
ug/l<g 
ug/l<g 
ugll<g 
ug/l<g 
uglkg 
ug/kg 
uglkg 
uglkg 
ug/kg 
ug/kg 
ug/kg 
ugikg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 



Table 3A. SOOim&nt Chemistry of the Northem Lakes and Fc:wests ecoregion reference sUe samples. 

Date Aluminum Arsonic Barium BeryWum Calcium Chromium Cobalt Copper Cyanide Iron Lead 
Walerbody Collected (mglt;g) ........ ......... (rnolkO) tmgrto) (mgll<g) (m.gl~g} ( ........ (mg.llt.g) . ........ ........ , 

Bamfield Creek 
Au SC'Ib!e Ft.oad, Alcona County 12198 1500 8.7 41 K 0.2 5250 3 .0 K5.0 K2.0 7800 6.5 

E. Stanch PiM River 
Procunier Road, Alcona County 12198 6 250 1.3 45 0.3 38600 12 7.4 10 9210 9.9 

$ , Branch Pin& River 
Cruzen Road. Alconii County 12196 2630 3.0 29 KO.Z 16300 6 .0 K5.0 3.5 5850 8.0 

W. Branch Pin& River 
Cruzen Road, Alcona County 12196 3540 3.4 34 KO.Z 34300 7.0 5.4 5.4 7870 9.9 

N. Branch Au Sable 
N. Down River Road, Crawfold County 12196 2300 9.2 60 K0.2 63500 6 .0 6.0 11 17100 19 

Big Creel< 
N. Down Rlv&r Road, Crawroca County 12198 1520 1.8 12 1< 0.2 6050 4.0 1< 5.0 3.0 3300 1<5.0 

E. Branch lllg Creel< 
Griffin Road. Oscoda County 12196 1800 3.1 12 K0.2 11600 5.0 K5.0 3.0 3600 6.9 

W. Branch Big Creek. 
Town Line Road, Oscoda County 12196 1380 1.7 11 K0.2 6350 4.0 K5 .0 2.5 3900 K5.0 

McGregor Creek 
100 yds uls of conftue<lce w<h W. Br. 
Escanaba Rivet, Oldc.lnson County 
T MN R-26W S-25 NE Comer 6194 1250 0 .76 13 K0.2 1390 3.0 KS.O 6.0 K0.6 3700 K5.0 

Two Mile Creek 
Turner Truck Rd., Dickfnsoo Count)' 

T-43N R·29W 8-18 1630 2.6 20 K0.2 3370 6 .0 K5.0 3.5 K0.3 6600 K5.0 

Ford River 
Turner Truck Road, Dickinson County 
T -43N R-29W S-16 6194 3070 1.5 17 K0.2 9200 9.0 K5.0 13 0.92 7550 K5.0 

Orianna Brook 
City of Marquette, Matquette County 6/94 1865 3.1 40 K0.2 2270 6.3 K5.0 7.9 K0.4 6320 K5.0 

Big Creek 
Brown Cabin Road, Oscoda County . 12198 3140 22 115 0 .23 39300 15 6.0 11 17500 23 

Perry Creek 
F-32 (McKinlay Road), Oscoela County 12196 2930 1.5 28 K0.2 7950 8.0 K5.0 4.9 4500 6.9 

mg/kg = milligrams pt:tr kilOgram or pCIJU per Mil lon 
K • less lhan 
4
·- .. not sampled for 

Noto: au "atues are on a (lry weighl basis unless olherwlse noted 



T•ble 3A (coni). 

LIUllum Magnesium Manganese Mercury Nickel Potassium Selenium Sodium Strontlum Titanium Vanadium 
Waterbody (mglkgl (m~) 1"'911<01 (l'l'lf/k9t (MSJII\g) {tngfk$) !..., ... (fn9/k9J (mgt~) (mgl .. ) (mglkg) 

Somfield Creek 
Au Sable Road, AI(;()!' a County K2.0 1210 150 K 0.2 I< 5.0 129 K 0.5 50 7.0 63 5.0 

E. 8f3nch Pine River 
Procunicr f{oad. Alcona County 9.4 12900 270 K0.05 12 1230 K 0.5 140 42 165 14 

S. Branch Pine River 
Cruzen Road, Afcona County 3.5 5850 200 KO.S KS.O 390 KO.S 65 16 136 7.0 

W. Branch Pine River 
Cruten Road, Alcona County 4.9 12100 180 K0.1 7 .9 625 K O.S 110 43 127 10 

N. Branch Au Sable 
N. Down River Road, Crawford County 2.5 8200 600 K0.3 10 360 1.1 120 34 55 10 

Big Creek 
N. Oown River Road. Crav..rforct County K 2.0 3500 130 KO. I KS.O 177 KO.S 65 7.0 90 5.0 

E. Branch Big Creek 
Gclff'in Road, Osooda County K 2.0 4500 39 KO. l KS.O 165 KO.S 85 12 120 7.0 

W. Branch Big Creek 
Town Une Road, Oscoda County K2.0 2700 150 K0. 1 K 5.0 157 K 0.5 00 6.0 115 5.0 

McGlego< Creek 
100 yds uJs of confluence with W Sr. 
Escanaba River, Dickinson County 
T -44N R-28W S-25 NE Comer K 2.0 530 260 KO.OS KS.O 69.5 KO.S 70 96 7.0 

Two Mile Creek 
Turner Truck Rd., Dickinson County 
T43N R-291/V S-18 K2.0 2030 490 K O.OS Ks.o 143 KO.S 35 80 10 

Ford River 
Tumer Truck Road, Dickinson County 
T~3N R-29\N S-16 3.0 4800 86 0.06 KS.O 270 0.56 95 120 16 

Orianna Btook 
City of Marquette. Marque1te C<Kinty K 2.0 960 ll86 KO.OS K S.O 167 K O.S 55 65 13 

e;g Creek 
Btown Cabin Road, Oscoda County 3.5 5800 915 K 0.3 9.5 390 1.3 130 92 69 12 

Perry Cr~k 
F-32 (McK;nley Road), Oscodo County 3.5 3100 72.8 K 0.1 K 5.0 350 K 0.5 70 9.0 110 6.0 



Table 3A (coot). 
Total Total Volatile Kjeldahl Total 

Zinc Solids Solids Nltrogen Phosphorus 

Waterbody (mglk.g) (%T$) 1'% TV$. tm!J(ki,J) (11'1!;/k:g) 

Bamf~kl Creek 
Au SabiG Road, A lcona County 17 29.4 21.4 4200 430 

E. Branch Pine River 
Procuntet Road. A*tons County 30 53.9 6.9 1760 390 

S. Branch Pine River 
Cruzen Road. A loona County 15 57.6 5.0 1430 260 

W. Btanoh Pine River 
Cruzec1 Road. Alcona County 23 39.4 12.4 3400 450 

N. Branch Au Sable 
N. Down River Road, Crawford County 46 17.5 30.1 10600 1020 

Big Creek 
N. Oown Rivet Road. Crawford County 15 48.5 7.7 2500 220 

E. Branch Big Creek 
Gritno Rood, O•cod• County 22 43.2 9.9 3000 220 

W. Branch Big Creek 
Town Line Road, Oscocfa County 19 44.3 9.9 2400 290 

McGregor Creek 
100 yds ufs of confluMCC IMth W. Sr. 
Escanaba River, Dickinson County 
T -.44N R·28W S-2.5 NE Corner 9.0 31.4 8.2 

Two Mi3e Creek 
Turner Truck Rd., Oicldnson County 
T -<13~ R-29W S-18 1S 5.8 5.8 

Ford River 
Turner Truck Road, Dickinson County 
T-<13~ R-29W 5·16 31 28.8 12.4 

Orianna Brook 
City of Marquette, Marquetle County 26 53.0 7.9 

BlgC..ek 
Brown Cabin Road. Oscoda County 51 15.8 43.3 11800 850 

Perry Creek 
F·32 (Mcl<ioley ROad), Oscoda County 20 49.8 6,4 1640 190 



·Table 38. Chemicals not detected in sediment samples collected from the Nonhem lakes and Forest Ecoregion 
in May and June 19e4. and December 1998. 

Parameter No. of Samples 

Cadmium 14 
Molybdenum 14 
Silver 10 
Thallium 10 
1,3-Dichlorobenzene 4 
1.4-Dichlorobenzene 4 
1 ,2-Dichlorobenzene 4 
Hexachloroethane 12 
1 ,2,4· Trichlorobenzene 12 
Hexachlorobutadiene 12 
2-Chloronapthalene 12 
Hexachlorobenzene 12 
g-BHC (lindane) 12 
Pentachloronitrobenzene 12 
Heptachlor 12 
Aldrin 12 
Heptachlor epoxide 12 
g-Chlordane 12 
a-Chlordane 12 
4,4'-00E 12 
4,4'-000 12 
4,4'-00T 12 
Hexabromobenzene 12 
Mirex 12 
Aroclor 1242 (PCB) 12 
Aroclor 1254 (PCB) 12 
Aroclor 1260 (PCB) 12 
'Aroclor 1016 (PCB) 12 
'Aroclor 1221 (PCB) 12 
'Aroclor 1248 (PCB) 12 
'Aroclor 1262 (PCB) 12 
'Aroclor 1268 (PCB) 12 
BP-6 (PBB) 12 
'Toxaphene 12 

mg/kg = milligrams per kilogram or parts per million 
uglkg = micrograms per kDogram or parts per billion 
• = results and det. Limits reported semi-quantitatively 
Note: all values are on a dry weight basis unless otherwise noted 

Detection limits 

2.0 
5.0 
0.25 
1.0 

220-360 
220-360 
220-360 
22-290 

220-2900 
22-290 

670-8800 
22-290 
22-290 
22-290 
22-290 
22-290 
22-290 
22-290 
22-290 
22-290 
22-290 
22-290 
45-090 
22-290 
45-360 
45-360 
45-360 
45-360 
45-360 
45-360 
45-360 
45-360 
110-180 
220-360 

Note: Pesticide/PCB results for Orianna Brook and Two Mile Creek were not used due to 
unacceptably high levels of detection 

Units 

rnglkg 
mglkg 
mglkg 
mglkg 
ug/kg 
ug/kg 
uglkg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
uglkg 
uglkg 
ug/kg 
ug/kg 
uglkg 
ug/kg 
ug/kg 
ug/kg 
uglkg 
uglkg 
uglkg 
uglkg 
uglkg 

.• 



Table 4A. Sediment chemistry of the Eastern Com Belt Plains Ecoregloo reference site samples. 

Date Aluminum Arsenic Barium Calcium Chromium Copper 
Waterbody Collected (mg/l<g) (mg/kg) {mg/l<g) (mgll<g) (mg/kg) (mglkg) 

Saline River 
Curtiss Park dis of M-12, 
Washtenaw Co. 2197 2020 2.7 19 37700 7.0 5.4 

Table SA. Sediment chemistry of the North Central Hardwood Forests Ecoregion reference site samples. 

Watorbody 

WamerCreek 
Barber Road, Charlevoix Co. 

Dato 
Collected 

12198 

mg/kg • mllligrOims per kilogram Of parts p&r million 
- • not $!lmpled for 

K = less than 

OL = sample was diluted 

Aluminum Arsenic Barium Calcium Chromium Copper 
(mg/l<g) (mglkg) (mg/l<g) (mg/kg) (mglkg) (mg/kg) 

3130 1.8 35 23900 10 13 

Noto: all values arc on "- dry weight basis unless otherwise noted 

Iron Lead Lithium Magnesium Manganese 
(mglkg) {mg/kg) (mg/kg) {mgll<g) (mg/kg) 

7030 13 2.5 8250 200 

Iron Lead Lithium Magnesium Mangane&e 
(mgtkg) (mglkg) (mglkg) (mglkg) (mg/kg) 

9250 22 2.5 2800 250 



Table 4A (coni). 

Total 
Total Volatile Kjoldahl Total 

Nickel Potassium Selenium Sodium Strontium Titanium Vanadium Zinc Solids Solids Nitrogen Phosphorus 

Watorbody (mglkg) (mgllcg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (%TS) (MVS) (mglkg) (mg/kg) 

Saline River 
Curtiss Park dis of M-12, 
Washlenaw Co. K5.0 198 K 0.5 120 45 120 8.0 28 78.6 430 DL 320 

Table 5A (cont). 

Total 
Total Volatile Kjeldahl Total 

Nickel Potassium Selonium Sodium Strontium Titanium Vanadium Zinc Solids Solids Nitrogen Phosphorus 
Waterbody (mglkg) (mgllcg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mg/kg) ('loTS) (%TVS) (mg/kg) (mgrkg) 

Wamer Creek 
Barber Road. Chartevoix County 6.0 350 2.0 100 38 61 8.0 64 15.0 47.5 12600 730 



' -· fab le 48 and 58. Chemicals not detected in sediment samples coPected from the Eastern Com Bett Plains 
Ecoregion in February 1997, and from the North Central Hardwood Forests Ecoregion in December 1998. 

Parameter No. of Samples 

Beryllium 2 
Cadmium 2 
Cobatt 2 
Mercury 2 
Molybdenum 2 
Silver 2 
Thallium 2 
Hexachloroethane 2 
1,2,4· Trichlorobenzene 2 
Hexachlorobutadiene 2 
2-Chloronapthalene 2 
Hexachlorobenzene 2 
g-BHC (lindane) 2 
Pentachloronltrobenzene 2 
Heptachlor 2 
Aldrin 2 
Heptachlor epoxide 2 
g-Chlordane 2 
a-Chlordane 2 
4,4'-DDE 2 
4,4'-00 0 2 
4,4'-DDT 2 
Hexabromobenzene 2 
Mirex 2 
Aroclor 1242 (PCB) 2 
Aroclor 1254 (PCB) 2 
Aroclor 1260 (PCB) 2 
"Aroclor 1016 (PCB) 2 
"Aroclor 1221 (PCB) 2 
'Aroclor 1232 (PCB) 2 
'Aroclor 1248 (PCB) 2 
'Aroclor 1262 (PCB) 2 
' Aroclor 1268 (PCB) 2 
BP-6 (PBB) 2 
'Toxaphene 2 

mg/l<g = miQigrams per kilogram or parts per mi Hon 
ug/l<g = micrograms per kilogram or parts per billion 
• = results and detection limits reported semi-quantitatively 
Note: all values are oo a dry weight basis unless o therwise noted 

Detection Limits Unite 

0.2 mg/kg 
2.0 mg/l<g 
5.0 mg/Kg 

0.05 · 0.3 mg/kg 
5.0 mg/kg 
0.25 mglkg 
1.0 mg/kg 

60-290 ug/kg 
600-2900 ug/kg 

60-290 ug/kg 
1800-8800 uglkg 

60.290 uglkg 
60-290 ' uglkg 
60.290 ug/kg 
60.290 ' uglkg 
60·290 uglkg 
60.290 uglkg 
60·290 uglkg 
60-290 uglkg 
60.290 ug/kg 
60.290 ug/kg 
60·290 ugikg 
120·590 ug/l<g 
60.290 ug/l<g 
30.150 ug/l<g 
30-150 ug/l<g 
30-150 ug/l<g 
30-1 50 ug/l<g 
30-150 ug/l<g 
30-150 ug/l<g 
30·150 uglkg 
30-150 ug/kg 
30·150 ug/kg 

300.1 500 ug/kg 
600.2900 ug/kg 



Table 6A. Locations of roforence site sediment samples taken in 1994, 1997 and 1998. 

, ~, ,~~" 'Ai-~f~ltf~ ·~: . ?~.f~~~~~~ij~~·_: 'c, ;~---,:~ ·-'lllc,;~ .':c ·-:< !"<; J, • t"''=c!,-':''J;_ . - • ~ .. ,; 
IR•mr.~l~ Creek ~Sable Road Alcona NLF 25N 05E 1 1 83 47' 31" 44 34' 17" 
I~ 1 Pine River __ Cruzen Road ~leona_ NLF J SN 08E 04 83 27' 46" 44 35' 35" 
[S. Branch Pine River Cruzen Road Alcona NLF 25N 08E 09 83 27' 46" 44 34' 26" 
[E. Branch ri;;;River r Road A leona NLF 26N 08E 27 83 27' 17'' 44 36' 44" 
[Swan Creek • Road Branch SlvfNlTP 06S 08\V 35 85 12' 08" 41 54' 08" 
IK• "" River IB Driv~-North Calhoun Sl'vfNITP 02S 05W 26 84 51 ' 19" 42 15' 41" 
IK • River dis from Marshall WWTP Calhoun SMNITP 02S 06\V 26 84 58' 27" 42 I 5' 47': 
I Ho r~w Creek B Drive North Calhoun SMNITP 02S 07W 3 1 85 09' 36'~ 42 157 ,;iO" 
[l-J.Br

0 
v 1 Ri _ 129 112 Mile Road Calhoun SMNITP 03S 04\V 01 84 43' 37" 42 14' 46" 

1St Joseph River 19 M~-Road Calhoun SMNITP 04~ 07\V .. . 34__ -85 07' 08" 42 04' 5 i-;;-
lt'~ Creek INo11h Shore Drive Cass Sjlvi]\II! P 07S 15W 36 85 59·6ri" -4149;-i-8" 

· Creek c Road Charlevoix NCHF ~ 06\V 25 84 59' 18" 45 08' 45" 
Is " - •- Tobacc_o_f{iver Grant Avenue Clare SMNITP 17N 0<!\Y 28 84 47' 18" 43 49' 47" 
IN Au Sable N. D_own Riv~r ~oad Cmwford NLF 27N 01 W 22 84 25' 12;.- 44·42-59" 
~~ig Cree~ N. Down River Road Crawford NLP 27N 0 I W -23 84-24;3:F -444:F.S6•; 
IE. ~ B,iJ! Creek Ori flin Road " '"w""u NLF 27N 01 W 13 84 22' 4S'' 49 44' 20" 
IW. , B;g Creek If own Li~c R~ad - ·- · r-. - NLF ---· 28N OJ W 34 84 25' 28" 44 46' 08" 

ITwo Mile Creek 11 umerTmck Road _ Dickef1SOl1 NLF 43N 29\V 18 87 58' 28" 46 07' 37" 
IFord River I ' urner Tmck Road Dickenson NLF 43N 29\V 16 87 57' 41" 46 07' 34" 

100 yds uts of conOuence 

j£'~''··~"·~~C~r~e~ek~- ~~~==I with W. Br. Escanaba Dickenson NLF 44N 
~~I " n> 1 • River ~-cC~IIegh R~ad _ Gladwin SMNITP 17N 02W 03 84 31' 31" 43 53' 20" 

IS. Branch Tobacco River_ Grout Road l • vw 1 '* G "~1·~- ~-~ ~:>~IVlN~ 11 ~ 11 ~~ f-....:1:..:.:.: 7N_ 1 _ _:0::.:22~W+~'.::_ 6 -1-..::.:.. 841..::::.. 32''...:...:... 44 "-1-..:::... 431 5==._2'' 0::.,: 11....: " I 
River lr I Road(R-~~;~) C "l:~~.:._ "IVIN II.:r __ 

1
_ ...:1_8::N:.:_-J-O:..:ll..:; W_ 30 84 28' 30" 43 55' 46" 

River Maple Point Road Gladwm H_ELP 18N 02E -1- _ _::-19 :..__1_...::.:. 84.:...:.... 17'"...:. 11..:_ 6" -1-....:.::. 431..:.::. 56''...::.:. 54"_1 
IN. Branch Tobacco River Grout Road Gladwin SMNITP - 18N 02\V 28 1_ 8 • .;4>...:::. 32''~ 42-1" _:4:.:::31..::.::_ 55'~0::::0_" 1 
[sug~ River - =]M~-3~0~ t~~~= Ro=ad}=j~G~I~ad~w~i ntl=s~rv~fN~IT~PjU'~9N~LO~I~W~t~'3cfi84H22E' f02~"8~44~02~' ~03[" 1 1:--. . 
IW. Tittabawassee Road Gladwin HELP 20N 01 W 23 84 23' 14" 44 06' 15" 
IM. Branch Tittabawassee River Bensch Road Gladwi n HELP 20N 02E 07 84 17' 19" 44 08' 45" 

-~~=-~~~~~------
IE- Branch Tittabawassee River Herner Road Gladwin HELP 20N 02E 
I'E. a·;:rigeo~ River , • .- .A in:oc Road n) Huron SMNITP ISN l iE 

28\V 25 87 51' 37" 46 12' 17'' 



Ta blo 6A (cont) 

Station Name Street Location County Ecoregion Town Range Section Longitude Latitude 
- - -. 

Pinncbog River i Eby Road Huron HELP 16N liE 15 83 09' 55" 4348' 41" 
~ 

Rock Falls Creek Huron HELP 16N ISE 23 82 39' 47" 43 48' 42" - Schock Road -
Chippewa River Chippewa ~oad Isabella SMNITP 14N 03W I I 84 37' 42" 43 37'26" 
Chippewa River Meridian Road Isabella SMNITP 14N osw- 1- 24 84 50' 54" 43 34' 38" -

1 ~oldwater River Baseline Rond Isabella SMNITP 15N osw 3 1 84 57' 22" 43 38' 23" 
Chippewa River Coldwarcr Road Isabella SMNITP 15N 06W 

I 
35 84 59' 16" 43 39' 07" 

N. Ornnch Chippewa River Stevenson Luke Rood ltiabclla SMNITf> 16N OSW 14 84 52' 28" 43 46' 13" -
Rum Creel< I 0 Mile Road Kent SMNITf' 09N lOW 32 85 31' 50" 43 07' 04" 
Il-l one)• Creek Darwin Road Livingston SMNITP OIN 04E 25 83 55' 30" 42 26' 33" 
Portage R ivcr Toma Road Livingston SMNITP OIN 04E 35 83 56' 42" 42 25' 28" -·. -· ----
N. Br. Clinton River N. 28 Mile Road Macomb SMNITP 04N 13E 22 82 54' 24" 42 44' 45" - -- - --
Orianna Brook City of Marquette M~rq~~tte NLF 48N 25W 27 87 24' 47" 46 3 1' 38" -
N. Or:1nel~ Chippewa River M-66 (30dt Avenue) Mecosta SMNITP 16N 07W 28 85 08' 52" 43 45. 43" 

Little Salt Creek MacCruder Rood Midland IIELP 13N 02W 0 2 84 30' 30" 43 33' 10" 
Pine River MacCruder Road Midland HELP 13N · 02w 26 84~0' 3 1 " 43 29' 34" - -· -
~ippewa River M-20 & South Meridian Midland HELP 14N OIW 24 84 22' 09" 43 35' 39" -Salt Creek Coleman Ro:td Midland lfELP 14N 02W 29 84 35' 17" 43 34'22" - - -
Oig Salt River Alamando Road Midland HELP 15N 02W 15 84 3 1' 39" 43 41' 32" -- - .. ~-
Big Salt River Coleman Road M idland HELP f-· 15N 02W 18 84 35' 16" 4341'23" --- ··~ -··· -·-
Freeman Creek Maple Island A venue Newayg~- SMNITP 16N 14\V 3 1 86 02' 20" 43 44' 27" - --- - --·- -· 
A llen Creek Dickenson Road ~ewaygo SMNITP 16N 14W 19 86 0 1' 06" 43 45' 48" -- 83 24' iii·;- -f_!!mon River Elizabeth Luke Ro"d Oakland SMNITP 03N 09E 2 1 42 38' 42" -
Big Creek Brown Cabin Road Oscoda NLF 26N OlE 13 84 15' 32" 44 39' 08" .::.:.· -
Perry Creek F-32 (!"lcKin~.t ~<?_ad~ Oscoda NLP 26N 03E 09 84 04' 59" 44 39. 29" ... -- -

I 43 39' 35" N. Branch Cass River Gennan ia Road Sanilac SMNill' 14N 12E 12 83 0 1' 04" -·----.- ---- I--06N -Belle Rinr Braidwood Road Sl. Clair SMNITP 14E 28 82 48' 02" 42 54' 58" - - -
Huron River N. Territorial Road Washtenaw SMNITP OIS 04E 13 83 54' 39" 42 23' 13" -. - - -
Fleming River Geddes Road Washtenaw SI\-INITP 02S 06E 25 83 40' 02" 42 16' 27" 
Saline River !curtis Park, dis ofM-1 2 - Washtenaw ECBP 04S OSE 01 83 47' 07" 42 09' 43" 




