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This report ls intended to provide informa11on concemlng secfrnent chemistry background values 
by ecoregion arid statewide Additional repo!U will be pubffshed after a suhable amount of new 
data has been collected. 

In 1990, the Great Lakes and Environmental Assessment Sectlon biologists, through the use of 
biological survey,, began to focus oo certain l1ve111 and streams considered to be mlnlmally 
inlpaclad by human actlvitfes. The purpose o( this effort is to define attainable blologlcal and 
habitat conditions.- This effort is part of a conllnuing nation wide process to establish baseline 
data and to c:haracteJize reference site conditions In wacla.ble streams In Mlehl9an's live 
ecoregions. Fo1 the purpose of this report, a reference Site 1s defined as a srte whare'lhe 
biological communities present have been generally categorized as excellent 

Michigan selects and evaluates waters lo establish blologlcal criteria for a given surface water 
type or category ol designaled use. Streams that were Identified as supporting high quality 
biological communlUes were selected for follow-up sampling. Part of this process Involves 
providing ambient waler (Lundgren, 1994) and sediment quafity data. This Is actileved through 
the collection of water a/1d sediment samples ai1d subsequent analysis for a variety of chemical 
parameters in order 10 complement blologlcaJ evaluatjon dara for each ecoreglona) rol�ce 
site. 

Glaciatlon in Michigan created five distinct ec:oreg10ns based on so� types, land use, land
surface form, and potential natural Vef}etation (Omernik 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 informaHon obtained was then 
combined with the 1991 and 1993 data presented In rererence stte report MI/DNR/SWQ-94/055 
(Jones, 1994). 

SUMMARY 

1. General locations of each ecoregion and t'1e 1994, 1997.and 1998 refefl!nce sample
sites are shown In Frguras 1 and 2, respec1,vety, Spealic sedime111 sample locations.
parameters sampled ror, and sample results from 1994, 1997, and 1998 are llsted in
Appendix A. Chemicals not detected rn sediments by ecoreglon are also presented in
Appendix A.

2. A total of 94 reference site sediment samplM have been collected throughout the state
from 1991 lp 1998 Forty-three or these samples were collected ln the Southern
Miehigan Northern Indiana Till Plains (SMNITP) ecoregion; 14 were collected in the 
Huron/Erie Lake Plain (.HEtP) ecoreglon: 25 were collected in the Nol1hem Lakes and
Forests (Nlf) ecoregion; 4 were coUected In lhe Eastern Com Belt Plains (ECBP)
ecoregion, and 8 weie coqected in the NoM Central Hardwood Forests (NCHF)
ecoreglon.



3. Table 1 lists lhe ecoreglonal mean, standard deviation, aod range oJ mean chemlcal and
physical values tor the sampfing years ot 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, f997. end 1998 seaJtnenl samples were coOected 
from wadabte reference 5ites, in deposroonal areas upstteam of road crossings. Fifty-seven 
seoiment samples were collecied for analysis. Composites of soft sediments were obtained 
using a pe0te ponor dredge or a small sta[nless steel trowel. All samples collected were placed 
in a stainless steel bowl, mixed thoroughly with a stainless steel spoon, and spooned Into 250 
ml. wide mouth glass 1ars using a stainless steel trowel. Samples were collected in 1994, 1997, 
and 1998 from areas that had been prevlC1usly characterized as generally having excellent
biological communities present 

All of the sediment samples from the reference sites were analyz.ed for metals, percent soflds, 
tow level PCBs, pesticides, semi-volatile organic compounds, Kjedahl nitrogen, and total 
phosphorus. Addit,onany, some of the samples were analyzed for cyanide, meraJry, phenofics, 
and chemical oxygen demand (COO). All samples were stored at 4•c prtor lo being analyzed at 
the MDEO Environmental Protection Bweau Laboratory. 

Mean, slandard de�fallon, and range values for sediment chemical concentrations a11d physical 
parameters based on 1991. 1993, 1994, 1997, and 1998 sampling events, were calculated for 
each Michigan ecoregfon. Using this information, statewide ecoregional means, slandard 
deviations, and ranges for the various parameters were also calculated. The same Information 
(i.e., statewide ecoregional means, etc.) was developed ror chemicals that, although not 
detected in every sample, were detected In at least one ecoregicn. To compute statewide 
valuas for samples wtien chemicals were not detected in some cases, one-hair of the laboratory 
level of quan�ficaUon was used to compute mean and standard deviation values, which were 
then rounded to t'M:> significant digits. 
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Table 1 ~conO, 

1Nol1he:m La,k-0s and F'on1sts astern Com Be 't Plains 
Numborof Standard Number of Standard 

Parameter- Units Samplru;; PMan D.aviation :RaRgi:! Pa:r.ammair Units Sampl·9g Mct,an Devlaitlor, Range 

Alumin un,1 mglkg 19 2100 1300 450 - 13300 Al"1mlnom . g(kg 3 2 100 450 1700 - 2000 
Arsenic ·mg/kg 24 3.6 'f,5 0 6-22 Arseruc Ji'iglkg -4 -4 ,7 3.3 2.0-9.4 
Barium rnglk,g HI 2g 25 7 o-, 0 Barium rnglk;g 3 24 14 3- 40 
Ber,111 m ,rmik,g 19 0.12. 0 .05 K0,2 - 0 ,SO Elel)lllium mg/kg 3 nd 

CaqmJ1.1rn mg/kg 23- l'ld C dmium rngfkg, 4 nd 

Calci1.1m mgil:;g 19 16.000 11,000 1400 • 6'4•1•000 Ca ci1,1r mg/kg 4 30,000 10;000 2 , 1000 - 40,000 

C.hromi1.11tn mgtt.g 25 5.7 3.6 K 2.0- 5 Chmmlutn mg/'kg 4 •6.5 1,.,4 4.7 - s.o 
Coba-ll mg/kg "1 9 3,5 2,0 K5.0•- 8.o Co.t;iaft ~9 g 4 3,9 1.S K 5 .0 • 5.:5 

Copper mglkg 25 5J3 5.2 K2.0~ 25 Copp . mgll::Q 4, E! .7 2.9 4.5 -11 
Cyffllide mgJkg 9 D.25 0.28 K0 .. 2 - 0.92 Cyanide mgll{g 2 nd 

I on mg/kg 19 6500 <MOO 1900 - 18,000 lrM lli'ltJ/kg 4 92QO 5 00 4600 - 17,000 
L~:!!d mgJkg 25 5.6 5,4 K 5.0-23 ~ d g/111.{I 4, 5.1 5,3 K5.0 13 

Lilhlum M!Jlkg 19 2.3 2 .1 K2.0 - 9.4 Lithium mg/kg 4 J .5 ·1,2 2,5--5.0 
Magnesium mg/1,;g 19 45{)0 3600 530 - 13,000 MagnesiHlli - mg/Ilg 4 7800 1900 62 , 0 • 10,000 

Man~:ii11es11 rngili::9 19 290 .zeo 73 - 910 Man~ijnes mg.11-:g 4 470 490! 130 - '1:200 
Mereuty msJkg 24 0.0J □ (}5 K 0 .05 - 0 06 Mercury mgJkg 4 rid 

Nlcl<el n]9,lk.g 25 4.0 2.9 1< 5 .0 12 Niclrel rngJkg 4 6.7 3.0 K 5.0-9.5 
Potass.iu rn rngf,kg 19 270 27() 46 - 1200 Potassium mgJkg 4 260 120 150 . 430 
s lenfurll mg/kg 23 0.35 Cl .2 K 0,5 - ·1.3 Selenium mgJkg 4 rid 
Sik,,er - g/;kg 1[J nd Silver mglkg 1 t1d 

Sodium glkg 19 132 26 35 - 140 Sod lu.m h"lg/kg 4 93 27 65- 120 
Stromrmn mg/,k.g 10 27 Z7 7.0 - 9'2 Strontium mgJkg• .. 45 
Titarilum mg/,kg 18 90 34 ;1,4 - 170 Titaniu · mg/kg 3 81 34 56 - 120 
\lanadi1.JJ11 mg\'1{g 19 B.3 3] :2,6 - 16 VMEldil rl1 mg/kg 3 8 .0 1.<l 7.0 • 9.0 
~rte mgtkg 26 19 '11 6,,5 - 51 Zinc mgl:kg 4 31 15 U • 52 
Total S-OHdG %TS 25 46 18 5.8 - 73.0 Tolal Solids %TS 4 67 1 14.1 47,0 - 78.6' 
Total Volatile, Solidls- %1\l'S 24 l) ,4, 97 0, . 4 :33 'Total Vo1!ime SQrids %TVS- 3 3.8 4.0 1.0 - e.4 
Kje!d.ihl Nitrogen .mgl,kg ·15 .3300 3400 350 - 12:.000 KJel~hl Ni~rog,-m mg/kg 3 460 89 390 .• 5BO 
Tblal Pho~phorus mg/kg 15 340 260 n o, -1000 Total Phosp'horns mg~g 3: 270 64 2.00 - 320 
COD mg/kg 1 ,89,000 70,000 12,000 - 200,000 COD ~9 2 19,000 11.oOO 11,000 - 27 ,ooo 
Ph0nollcs mgi'kg 5 1, 0.58 KOJl - 1.9 Phemolic.s rngil:g 2. .1 ·0.37 D.8 - ;32 
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•Iable :2. Cheofcals not detected i sedimen,t sarn les ool cte-d from all five ecoregions 1994, 1.997 and 1998. 

.Parametel' No, of Samples 

Molybdenum 

Tilalll1,1m 

113~0· hlorobe-nzen,e 

114-0' ·hlorobenzen,e 

1.2~0· hlorobenzen,e 

Hexachloro~ hane 

1,.2.4-TrichJor<it>enzene 
Hexachlorotmladiene 

2,Chloronapthale e 

H@xachlorobenzene 

:9~BHC (IIMane) 
p, 1aoh oronitrobenz.ene 

Heptachfor 

Aldrin 
Heptaohfar epoxlde 

g.Ch.lordan e 

a-Chlordane 

4, '-DOD 
4,4'-DD 

Hexabromohenzen-e 

Mirex 

Arocior 242 (PC1B} 

k.Afoclor t016 (PCB) 

~Aroctor 1221 (PCB) 

Amcror 1232 (PCB) 

·Aroctor 12.48 (PCB) 

•Arodor 1262 (PCB) 

.. Aroctor 12{18 ( PCB) 
BP-6 {PBB) 

"Toxaphene 

mg/Kg :: mllllgrems per kilogram or parts per million 
ugfkg = ·crograms per ll<□ogram o parts per bolllfon 

57 

53 
4 

,4 

4 

,55 

55, 

55 

55 

55 
55 

55 
55 

55 

55 

55 

55 

5 
55 

55 

55 
55 
5:5 
55 
55 

55 

55 
55 
55 

55 

• 
1= results a d detec 'on limits reported se i-qu~ tilatively 

Note: all values are a d!ry v.•e"fght basis, unless o her.vise noted 

Detection Limits Units 

5.0 mg/kg 

1.0 mgfkg 

220-360 ug/kg 

220-360 ug/kg 

220-31)0 ug{kg 

22-290 Ug/',<g 

220-2900 ug/kg 

22--290 ug(l<g 

670-8800 ug(kg 

22-290 uglkg 

22--290 uglkg 

22-290 ug/kg 

22-290 I ug/kg 

22~290 Ug/kg 

22-290 ugJkg 
22-290 u9ikg 
2:2-290. ug/kg 

22-290 ug/kg 

22-290 gfkg 

45--590 ug/kg 

22-280 g~g 
~0-&l{J g/kg. 

3{)-360 g/kg1 

30-360 g/~1 

30-360 g/kg 

30-360 I.Jg/kg 

30-360 ug/kg 

30-36-0 g/kg 

110-1500 11.!glkg 

220-29-00 ug/kg 
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Table 1.A. (cont _ 
Tolill Tot.a l Vo[atile Kjeldahl Total Aroclo..- 1254 l\nldo r 1260 

S1ronl!lum Titanium Va.nacHum Z IAe Solids. :Solids Nitrogen Plwsphorm,;. (Peei (PCB.) 4,4'-DPE 
Waterbody (IP!llk!I ) jmg/~g) ,t,ngll<!I) (m!Jlkol rf.TS ) 4, TYSl !JDIJ'kg) !mgll<gl [Ilg/I. ~ flrG/kS,] !llla,1<(1,} 
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Me an Road. l.sabella County 26 78 i:rn 27 46.6 !>.4 1840 220 1( 53 K53 K to 

N. Brandl C!)lp?eW.l Rwer 
Ste.venson Lal<e Roae11 l$ab Ila c o,unty S5 6.0 37 35.3 ,3.9- 4'100 590 Ke.6 K'36 K 70 

Coldwater RIV1!ir 
5S$ellr)e RQacl, 1satw:ma Coooty 72 72 5 ia 47,6 49 1620 198 49 K 49 K98 

Rum Creek 
10 1!9 R.dl. W. . i(enl Counr.,. 8.0 134 5.8 11 5!1_.6 2200 230 K50 K50 K 100 

HoneyC,~I< 
tlalWin Rd,, LIY1ng1.ton County 15 100 7.0 23, l fLO 2600 430 K <10 K40 K80 

PCKtage River 
Toma Rd •• I ngston Coltllty 10 l 10 5.0 'l 70 _t 340 DL 130 K l5 K35 K70 

N. Br. Cl nton Rive,r 
N l 8 M1 e Rd., M.i,c;om'b CQunty .50 71 14 6() 1.9 2500 no K45 K4S K90 

_ B anch Chippewa wer 
M-<i6 (30Ca Avenue }, Meoosla County 8.0 ·90 5.0 3 9.5 6.1 2100 230 K 48 K 48 KOO 

Alli!-nCreek 
IDiokem;.oo Road, ~ewar90 County i:l_O 9'4 8.0 35 46.1 7,2 2500 320 K~ iKSB K 1140 

. re ,man Clllfl lic 
~af>le lslard A'leJ1ue, N waygo County· 11 72 1D 45 3,G t 3.3 <1200 490 K61 K6 I< 120 

Clinton River 

'El12:abeth Lake Rel .. Oa land County 21 100 6,0 31 -58.3 !;}SO 150 K 38 28 '2 K 75 

N. Bn,mch Cass River 
Genn.ani~ Roeo, S.ir'lilac Counly 24 l3 10 54 SH 5.9 870 290 K 40 K 40 KS1 

Bel River 
Br wocd Road, St. Clair County 23 6:2 4 5' 65.6 a.o 90D 290 K 38 K. 38 K 76 

Lu:mn River 
N.. Terrilarial Rd., Washtenaw Co rity 119 go 10 50 23.0 510[) 54D K 80 55 1. 2 K 100 

Fleming Creek; 
Geddes Road , Wash enaw C-ounly 58 100 11 44 41.4 24.0D 620 K50 K 60 57 



·Table 1 B. Ohemica not detected in sedlmen.t samples coUected frnm the Southern Michigan Northern Indiana 
Till Plains Ecoregion in FebnJary a d March 1997, and November and December 1999. 

Parameter No, of Samplts 

Molybdenum 30 
Mercury 30 

Thallium 30 

He)(3Chloroethane 30 
1,2,4-Trich' orobenzene 30 

Hexachlorobutadiene 30 
2-Ch lororia.plhalene 30 
Hexachlarobenzene 30 

g-BHC (llndane) 30 

P~11tachloronitroben:z:.ene 30 

Hep1achlor 30 

Aldrin 30 
IHeptac 10.r_ epoxide 30 

g-Chlord e 30 

a•Oh!Otda e 30 
4.4'-OD:D 30 

4,4'-DDT 30, 

Hexabromobenzene 30 

Mirex 30 

Aroclor 1242 {PCB) 30 

Aroc!Qr 1 016 {PCB) 30 

•A.rocror 1221 {PCB) 30 

'Aroclor 12.32 (PCB) 30 

·Aroclor 1248 (PCB) 30 

Aroolor 12.62 (PCB) 30 

"Aroc _ 12f.i8 (PCB) 30 

BP-6 (PBB) 30 

'"To.xa_phene 30 

mglkg .. m ligrams per kilogtam or pans per mil on 
uglkg - micrograms per ki log m or parts pe-r bi ioo 
·=results and detec iol'l lirntts .reporte:d semi-quantitative!I/ 
Note: an values are on a dry weigtl.t basis unless oiherw· e noted 

Dete-cUon Umlts Units 

5.0 mg/kg 

0:05-0.25 mg-lkg 

1.0 mg/kg 

60-280 uglkg 

600-2800 ug/kg 

00-280 uglkg 

1900-8400 ug/kg 

00-280 ug(kg 

oo;.2so ugrkg 

60-280 1.19/kg 

60-280 ugfkg 

60-280 ug/kg 

60-280 fkg1 
60-280 llg{l<,g 

60-260 uglk,g 

60-280 uglkg 

60-280 llg/1<9 

120--560 ug.~g 

60-.280 Ilg/kg 

30-140 ug/l<g 

30-140 ugfkg 

30-1 40 uglkg 

30-140 uglkg 

30~140 uglkg 

30-140 I.Jg/kg 

30-f,40 uglk.g 

30-0-1400 uglkg 

600-2800 ug/kg 



T-b 2A~ Sedlflilellll ; di I H n ,Eriel 

D:ate 
Waterbod Coll -ete,dl 

M_ as_es River 
I~ 1 Point Rd .. Gladw n C u111ty 12198 

,e r TrltabawasStsle IRiv r 
IH r 1Rd .• Gla<M- Co 2f98 

2198 

Cf 
3;97 

Inn .bog iver 
I by Rd,., Huron County J/97 

lg Sa lt Riv-er 
All ,o R , Midland Cou 12f98 

Co nty MH' 

, M I f!d Co. 1Z/98 

12100 

IOfli Cotutnt; 

C 
Coleman Rel. County 1219 

ffl9/k ■ m II r.:ims pe-r k ilagi m or pm _ pttr I lllion 

-togra:ms per l!Dgt.Ul'I or I'll p- billi::m 

i'i 

~ fO( 

2.2 0 

7-0 

5 30 

020 

2920 

33{}0 

38 0 

1500 

6,370 

00 

1200 

' ll~ndlic,;l 

p 

•t O 

1 4 

5 

4.0 

4.1 

2.3 

3.3 

2.2 

41 .6 

3, 

IBaJiurn t, Copper llro 
fmgfklJJ ,1111 :- g) t~ 1111 

20 K 0.2 865'0 5.0 I( 0 2.5 5850 9.0 

2 1<02 2050 16,Q s.o !;i.5 aaoo 

80 I 2 00 0 "D 4 00 23 

Ko, 1'7-100 3.9 KSO 4-0 5-350 .0 

24 0,2' 11900 :;,.8 I( , .0 3Ai 7160 11< ,0 

25 K 0.2 22800 6_0 K .0 ,4.5 0050 e 

32 0.2 000 .0 'K _o 16_5 8950 .0 

5.0 KO - 30 4_ 1< 5,0 2.5 47, -0 13 

41 0.33 78500 1 12300 23 

;l.-9 K0.2 .cl D .0 K 0 6.4 6680 K '· 

0.2 8 00 0 I .0 1(2.. 2500 1(6.0 



Strontium 
rtMHly 

in Oou ty 3. 10 K o.O 7 no 9.0 85 9,0 

- a, River 

m County -4 ,0 B a 270 6.5 no 31 74 0 

M. lk TIU b~assee River 
Bens.ct F«d ,, Glad~vin County 8,S :uoo 735 17 715 1 a 96 90 14 45, 

Rock. II Cr k 
chock Rd . Huron Cou J.!i 7 0 120 5,, 18 120 M 98 80 22. 

.4 4-00 1 5. 10 a 11 0 28 

nd Ooun: 5. 7350 19D 6.5 490 48 79 90 25 

M ldla_nd Coo I 1.0 85 -0• 250 6.0 5 0 11:30 36 

Ell 

s. an, Mi "la d Go. 2.6 9 0 11,7 5.0 '165 63-0 26 76 6. 25 

ILiltl alt Cree 
M cG ri.K! r Rd .• Mid land County io 14 a 430 2 85 170 61 1 1 , 37 

Ca nty 5,'I 68 0 150 5.. -110 11 0 20 97 a 27 

d ,' _Uld Coun: _.O 700 1 0 1 I 30 50 2 



Table 2A (cont). 

Total T,otal VolaHle KjeNahl Total 
Solids sords Nittogc:n Phospborus 

Waturoody (¾TS} f%,TV$j, l)mglllgj {mgl¼J:) 

Molasses River 
Maple Point Rd., Gladwin County 63 ,1 3.2 890 170 

. Br, TrttaDawa.ssee River 
Herner Rd., Gladwin County 44 .2 7A 2600 400 

M, Br. Tittabawassee River 
eenscll Rd., Gfadwin Caun,ty 39 1 13.1 4000 560 

Rock s Cne-e!I{ 
Schock Rd. , Huron County 80.5 K 240 170 

Pi,nnebog Riv, ii' 

Eby Rd., Huron Cou n.ty 73.B 550 1 G 

Big Salt River 
Alama.ndo Rd .. Midland County 624 .2.5 820 260 

1Big Salt IRtver 
Coleman Rd., M id!a:nd covnty 64.2 1.7 ·950 300 

Clhippewa River 
IM-20 & S. Meridian, M idlarnd Go. 69.4 2..6 620 13,2 

Lit~la Salt Cre13 k 
I a<:Grode Rd., MidJan:d Cou l'lty 74.6 2..0 340 230 

Pigeon Riv r 
McAlpi.ne. Rd ., Huro fl Coun 72.3 590 210 

Salt Creek. 
Coleman Rd., Midland County 6,5.8 600 156 



' Tal:>!e .2B. Chem"cals not deteoted in sedimen:t samples collected 'from the !Huron Erie Lake Plain in March 1997 
and Oe,cember 1998. 

Parameter No. ol Samples, 

Cadm·um 
Mere r1 
Molybdenum 
Se ·urn 
3i ver 
Thallium 
Hexach loro-ethane 
1.2,4-Trichloro anzene 
· exach lorob utad ie e 

2- toronaptha'lene 
exac lorobenzene 

g~BHC (lindane) 
entachloro itro ben @ne 
.eptachlor 

Aldrin 
Hepta · lor apoxlde 
g-Ch ordane 
a-Ch1o:rdane 
4.4'~0DE 
4.4'-,000 
4.4'-DOT 
Hexa'bromoo.e ene 
Mirex 
Arodor 1242 {PCB) 
Ar,odor 1,254 { PCB) 
Aroclor 1260 ( PCB) 
*Aroclor 1016 (PCB) 
.. Aroc1or 1221 (PCB) 
~ Aroelor 1248 ( PCB) 
~Amclor 1262 (PCB) 
"Aroclor 1268 (PCS) 

BP·6 (f'BB) 
• oxaphene 

mg/kg = m- grams per kilogram or parts per million 
ugn<g "" · icrograms pe,r 'kilogram or parts per billroo 

11 
11 

11 
11 
11 
11 
111 
11 
11 
11 
11 
11 
11 
1:1 
n 
n 
1 
1 

H 
1 
1 

11 
·n 
11 
11 
11 
11 

1 
H 
11 

1' 1 
1 

" ;; results .and detection li·nf s repo,-te semi-q an it:ativety 

D~tection !Limits 

2.0 
0.05 - 0.2 

5.0 
0.5 

0.25 
1.0 

60.150 
600- :;;.00 
60- 50 

1800- 500 
60-150 
60-150 
60-150 
60-15 
60-150 
60-150 
60~150 
fi0. 150 
60-150 
60-150 
60-150 
1' 0 
60-1 50 
30-76 
30-76 
30..76 
30-00 
3 -76 
30•76 
30-76 
30-716 

300-760 
600-150 

Note: an values are reported on a dry weight basis unless olherwise note(! 

Units 

mg/kg 
mgJkg 
mg,lkg 
mgJkg 
rng}k.g 
mg/kg 
ug!kg 
ugfkg 
ti.glkg: 
U.'gi°kg 
u:g/kgi 
ug/kg: 
uglk·g 
uglkg 
ugfkg 
uglkg 
ug/l<g 
Llg/kg 
ugflt:g 
uglkg 
Ug/kg 
ug.lkg 
ug/kg 
ug g 
ugfkg 
ugtikg 
uglkg 
ugtkg 
ugtkg 
ugtkg 

gtkg 
ug/kg: 

g/kg 



Table 3'A. .8&.Jimenl ctiemi&tfy oftM NorlJiem tak. s nd esls ecoreg oo r,81'erert~ 17 salll'lj)fflS. 

Date Alum l.r,111111 .An;enle Bar,l11m Bel)'! m Calcium Clu'oinh.1m C.obalt Cop;per Cyanide 'Iron Lead 
Wate1,body Collected (mg~) j ing,1tg1 1.ma,llc:11'.1 j~!I)- (nllr,rl,;al (mg~g) hooi~ ~g) -~} {mglleg) rmo'k'O) 

IB:amlietd' Creek 
Ao, Sable Road, Alcona County 12198- 1500 8,7 41 K0.2: 5250 3.0 K S.O K .2 .. 0 7600 6.5 

E. Brancll Pioo River 
ProQ!rtier R()a<I, Alct>r\a county 12/98 6250 1.3 45 0.3 386'00 12 7.4, 10 9210 9.9 

S. 13,.i™,h Pioo Rivar 
CrlJZefl Road', .Alcoria County 12196 2830 3.0 29, K 0. 16300 6.0 K 5.0 35 5850 6.0 

W. B$'tcl\ Pirie, Rivl!lr 
Cr~ Road, Alcoria County 12198 35'10 3.4 34 KO.Z 34300 7.0 5.4, 5.4 7870 g_9 

N. Brlilndl A11 S.ible 
N. Down River Roao. Cfllwkmj County 12!98 2300 9.2 60 K0 . .2 63500 6.0 8.0 11 17100 19 

Big Creek 
N. e>own 1Ri\l.or Road, Crawf.01<1 Co11.nty 12)98 1520 1.8 12 K 0.2. 805-0 11.0 K 5.0 3.0 3"300- K5.0 

E. Bra11toh Big, Cre,ek 
Griffin Roadl. Oseo<la. Coimty 1z,98' 1800 3.1 12 ·" 0 .2 11Q'O(J ~-0 :K~.o 3,Q 3800• 6.9 

w. BraqctJ erg Creek 
Tllwn lne ~.id, Oscoda, Co1.111ty 12/981 1:3,ll(l, 1,1 11 K0.2 13i3SO 4,0 K-s.o, 2,5 $900 1<5.0 

McGregor Creek 
100 )ids 1.tls af conilluence w1U1 W. Br. 
Escanaba Rl.v , Dlddnson County 

-44N R.-28,W S-c2!i N'.E CQ.rncu S/94 12~0 0.78 f l K0.2 1,390 3,,0 K5.0 ELO KO.S 37•00 K5.0 

TwoMiili!iCreek 
TumerTruck Rd!., Oickrmwo11 Coull)' 
T-43N R-291!/11 S-18 5.19,4 '1830 2,6 K0.2 3370 6,0 KS.O 3.5 K0:3 6800 K5.0 

l"OrdRl...-ar 
TumerTruek Road, Djc::tinson Cod ty 
T43N R-.29W S-16 6J94 3070 1.6 17 l<'. 0.2 9200 9.0 K5.0 13 0.92 7550 KS.O 

Oriar1J18 Brt.10ll 
City of Marquette, Ma,qoottc Coonty 5194 1865 3.1 40 K0.2 2270 6.3 K5.0 7.9 K0,4 8320 s.o 
BIO Creek 
Brow-o C<ibilll ~Clad, OSC(lda Cou~ 12/98 3140 22 115 0.23 39300 15 8.0 11 117:500 29 

PeriryCreek 
F-32 (McKin1er1 Road), Osoocta County 12196 2930 1-5 :2a KO,:2 7950 8.0 1<5:.0 4..9 ◄500 3.9 

mg,rkg = rililligrams ,p~ Jiik)gram or pans per mma11 
l':. • le~lhan, 
--- .. net esnipled frJir 
NI)'-': va _ are on a ~')I we1gh1 b~$ls urites.s 01herv.ise noted 



Table 3A (cont),. 

Utl1lum Ma.gneshim Manganese, Mer-cury !Nicl!ell Pot~ssium Sele.nium Sodium Strontium T'itani!-Jm V'anadlum 
Watei'bOdif ,(lllil!!ky} {m~!!l l"-[l/t111 1mmt111 lmt1l,k9), cm.ulli.Ol l~ I ,,~tkgl Cm9111.9 {mgtkgj !mglltsl, 

esmlield Creek 
Ail Sablii: Road. Alc-0n.a Count~ K 2,0 1210 '1!50 Ko.i I< l;;,0 29 l{ D .. 5, 50 7.0• ·63 5.0 

E. Bnmch Pine er 
f'rocuniaf Ro.-.d, Alcona Counly 9.◄ 12000 270 KO.OS 2 230 0.5- 140 .!!.!' 65 4 

S. Brnn,ch Pine 1Jer 
Cruzen, Ro~ •. Alc;Qn1;1 CO\J11t~ 3. 5850 200 K0.5 KS.O 390 K0.5 65 16 35 7.0 

1111. Branc Pine Ri..,el' 
Crnrefl Road, Alcona Co'U'lt~ ,4.'9 12 00 1il0 K ·0.1I HI G25 KD.5 111) 43 27 0 

N. Br:anch Au Sable 
N. 00,•.vn ve, Roat!, Crawt,ml Cotmtlf .2.5 8200 ,60(} K0.3 0 360 t, 1 ,20 ~ 65 1D 

.Big1 Cr k 
N.~wn er R.oa.i, ·Orawfiml Couflty K 2.•0 3500 130 K0. 1 K5.0 'ITi" K 0.5 65 .o 90 5.0 

- , Br8!1ch lg Cn;!~k 
Gf1ffin cad, Osooda County IK2.0 4-500 g.9 K.0.1, K· O· 1 -5 KO. 8 t2 120 1-0 

W. Branch 8iEJ C . ~k 
To11,m Urle Road, Osc.oda County - K2.0 2100 150 K0.1 K5.0 157 K 0.5 80 6.0 11!! 5,0 

Mi:Gr,e,gor Creek 
100Y(b uls 0 oonfluence lo'!'i01 W Br. 
Escanaba R er, Dtcldnson CC1mly 
T-44,N R-28W 5.25 E comer K2.0 260 0,05 1(;1,,0 69.~ K0.5 70 96 7.0 

T'l;'O Mile cre~k 
Tumer T~w:k Rd., Dicil<ii,scn County 

--43N R--29W S-18 K2.0 2000 490 K 0.05 K5.0 143 K0 5 35 80 10 

Ford Rive 
Turner Truck Roadl. Dick! on County 
T --'13N R-29'W S-16' 3.() 4800 86 0~06 K.5.0 270 0.5S 9~ '120 16 

Orilm11a BmCJt 
City of Marquette, Marq1.1ette Co\lnl,)' K2.0 930 886 0.05 KS. 167 KO. 5 65 3 

.Er Creek 
:Brovm Calbiri Road, Qs,coi:fa Counfy 5.5 560D ·915, K0.3 9_5 39D 1.3, 130 92 69 12 

Perry Cre-@k 
f ~82 (McKinley Roai;I), O~coda Ci;,uni.y 3-.5 3 ,oo n.a K 0.1 KS.O $50 ,KO. 70 9.0 110 1;1,0 



Table 3A (oo,nt), 

To I Tofal VQf~U!e Kfeldah.l Tota:1 
Zl~l'\C Solids :Sollds troge:n Ptu)sphorus 

W.-tesrlrmdy (IJIC/ql t%TS)· t'1, Ti/$) !mi,'k<,Jl j~I•~ 

Elam Creek 
Ati Sable R·Qad, Alcona Cour1ty 17 29.4 2 ,.<i 4200 430 

E. f! r.ancti Pina RiiJ.@r 

Prnca,miet' Roacl. Alcona C<1i.!f'l1Y 31) 53.9 6.S 1700 300 

S. Bran$ Pine Ri~·er 
Oru~en R!Jact, A!oona Oounty 15 57.6 5.0 143'.) 260 

W . Branch eRi..,er 
Crnzen Rmd, Atcona Counly 23 39".4 12.4 3~00 45□ 

rt Brancti. A/J Sable 
N. Down R1v!!'t Rt>ad, Crawforo CoW1ly ,116 17 .8 30.1 ·10000 1020 

Big ,Cr,ilGI< 

r-l'. Down Rw r Road. Cra•n1foro Count)' 15 -1!!;1.5 1.7 2500 220 

E Branch Big Crirek 
Glifnn Road, 0 CWlil. County 22 43,2 9,9 ~oa 220 

W, Bran.ch Big Creek 
Tow11 Line Roitd, Osood<li Co , 19 44,:3 9_g 2400 290 

McGregor CteeK 
100 ~d!l uf.e. o· c.onllum'IOOllllth W. Br, 

Cl!l'l~ River, Dickinsoo CotJnly-
, , -44N R-.2.aW S 25 NE Cori 9.0 31,4 S.2 

TwoM Cr,!!@k. 
Tur11er Truck R-<I •• D.1 nSClll Co.:1.n.fy 
"T 3 R•.2Wli' 5-·Ul, ,s 5,EI 5.EI 

Ford Rive 
Turner Tr~ck Rosel, Di.dkloson Cotm!Y 
T-43 R-29'1/J S-16 31 28.8 12.4 

Olia n:o Brook 
Cilry oJ Ma,,que«e. Marq,uetle CiJsurrty 2S 5$.0 7.9 

BigC~ 
BroWll Cahill Roat!, Oscoda County 51 15,8 4J,J 800• 850 

Perry Cree'k 
F--32 (Md<inle·y Road.I, Oscoda Counl)' .20 49-,6 64 1640 00 



Table 3B. Chemicals, no del:eci in s~imoot $iamples coll~d 'from tl'1 Northem Lak s and Forest Eco egion 
May and June 199'4, and Oeee,m,ber 1S'98. 

Parameter No. of Samp.tes 

coorn· m 14 
Moly'bdenl.lm 14 
Si~t 10 
Thallium 10 
1,3-0ichlorooen:zene 4 
1.4-Dichloro benzene 4 
1,2-0ichlombenzene 4 
Hexa.chloroeltlane 12 
1,2,4-Trichloroberu:ene 12 
Hex.achloroburadiene 12 
.2-Cl'lloronaptha!ene 12 
Hexachlorobenzerie· 12 
g-BH C ( lind ,me} 12 
Pient:a:ehlororii robenzene ·12 
Heptachlor 12 
Aldrin ·12 
Heptschlor poxid 12 
g-Chlordane 12 
a.-c I ordane 12 
4.4'-DDE 12 
4,4'-IDDD 12 
-4,4'-DD'T 12 

exabromobenz ·e ·12 
Ma-ex- 12 
ArQdlor 1242. (:!PC~) 12 
Aroclor 1254 (PCB) 12 
Amelor 1260 {PCB) 12 
"Aroclor 016 (PCB) 1.2 
'"Arocto-r 1221 (PCB) 1.2 
'~Ar-0,cto.r 124$· ( PCB)- 1.2 
'"ArOcior 1262 (PCB) 12 
"Arodor 1288 ( F'CB} 12 
BP-6(PBB} 12 
~toxaph:e e tZ 

mg/kg .. mill"grarr,e, per knogram or parts per minton 
ugl'k,g = mic: ograms pe k ogram or parts per btmon 
~ = results and det Limi s re-potted semi-qua titab\t!:IIV 
Note: all val . es . e on ai dry weight basis unless oltlerwise noted 

Detecll:on Umlts 

2.0 
5.0 

0.25 · 
1.0 

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

220--2:900 
22-2.'90 

67()-8800 

22-2'90 
22-2.'90 
22-290 
2.2-290 
2'2-290 
22-290 
22 290 
22•2~0 
22,-2"90 
2_2-290 
2:2-290 
4&-590 
225 290 
45-360 
45--300 
45--36{) 

45-360 
45-360 
45--360 
45--360 
45-300 
1 '10-180· 
220-360 

Note: Pesticid:e-lPCB results for Olianna 'Brook am:! Two Mile Cteek were not used cfue to 
unacceptably htgh levels of deleciio:n 

Units 

mgJk-g 
mgikg 
mgJ g 
mg/kg 
UQlkQ 
ug/kg 
u,_g/ikg 
ug/kg 
ui:i/ikg 
ug/l<g 
uglikg 
ug~kg 
ugtkg 
u,-glk9 
u9/kg 
u,g/kg 
u9t,kg 
ugl~ 
uglkg 
uglk.g 
uglkg 
ug/,[(g 
ug/kg 
ugJl<g 
ug/kg 
ug/kg 
ug/kg 
ugJk.g 
ug/kg, 
ugJkg: 
ugt1<g1 
ug/kg 
1,,19/kg 
uglkg 



n b!le- 4A. Sed1lmerlt chemistry of l11e 1Ea$ler,n ,Corr'! Belt Plains Ecoreglon rref'erence site. samples, 

IDate Aluminum ArsenJc Barium Calcium C.hromium Copp.-cr 
Waterbody Coltected (m~ 91 {mg/kg} {m9'kgl (mgAtlg) [mgfl!;g) (mglJ,:g.) 

Saline Rive·r 
C uniss Pa ik ells: o M-1i2, 
wa tit ~:naw co_ 2/97 2020 2-7 1$ 37700 7.0 5.4 

Table 5A. Sediment chemistry of the North Central Hardwood Forasts Ecoregion reference site samples. 

IJiate 
Wa1orbgd,y Collected 

Wamer Creek 
Bar.ber Road, Charlevoix Co. 12198 

mg~ milligram~ per kilogram Of parts per million 

- '" n.01 :,.arnpled fQr-

11< - lesi,. n 

DL = :;am Wa5 diluted 

Aliurninium 
(m9'119) 

3130 

Noto: aI111aIues arc on a di)' welgtit l;J;i.i ls u less □1t.erwis.e 11oted 

Arsemic 
{m9lk9} 

1.8 

:Barium Calcium Chrom um Copper 
{m,glllg) (mglik9l [mgtl!g) lmglkg) 

35 23900 10 13 

ron Lead Lifbillm M.?!gncsimn Manganoso 
lm glll.Q) (nn,g,lkg> {rn!)ll<ill (rn,j'Ji!ltg) (iii'lgflijl] 

7030 13 2.5 8250 200 

lron Lead Lithium Magnesium Man93ineae 
[mg/kg} !m{l'lk1JI ('1T!g,likg) lm9l1!91) jrng,!l!g} 

9250 22 2..5 2800 25-0 



Tabh, 4A {cont)_ 

Watc,body 

Saline :River. 
Ourtiss Park dis of M-12, 
Washl -naw Co. 

Table SA (cont). 

Waterbody 

Wamer Creek 

Nlckiel Pota.ss um Selenium .Sodium Suontium Tttaniium Van~dium Zi111e 
(mglk9I tmglkg) {mgl!li:g~ (mg/kg~ jmglk;g) (mi:JlkiJ} (m rJ!ikgl• mglkg) 

K5.0 198 K0_5 120 45 ·120 8-0 28 

Nickel P,ctassi uim Selenium SotHum BtJontlum Titanium Vanadium Zinc 
jmglkgl (m~g) ,(mg.lkg~ (mg/kgl jmg/Rg,) (mgl\kg} {mg/kg) {tnQ/ka) 

Barber Road, Chartevoix County 6 .. 0 350 2.0 100 38 61 64 

Total 
Totat Volatilo Kjeldahl Total 
So Ids Solids, N'ulrogen Plilos.phOIJldS, 

j"Ai TS) j% TVS) {mglkgl (mglkg) 

78.6 4300l 320 

Total 
Total Volatile Kjeldaht Tota.I 
sords Sollllds Nl:trog·en Ptlosphorus 
(%TS I (%fV,S) (mQ/k.9) (mgllcgl, 

15 .0 47.5 '1 2600 730 



1 - - f'.a ble 48 and SB. Chemicals not det:eded 1n s.edrroent sall'lf)les eoUe.cted from th 1e IEastem Com Belt Plal ns 
Ecoregion in Febrt1ary 1997, arid from lhe NonJ,1 Central Hardwood Forests IE.coregion i,11 1December 1998. 

Parameter N'o. of· Sarnpln 

Beryllium 2 
Cadmium 2 

Cobalt 2 

Mercury 2 
Motybdenum 2 
-·tver 2 
Thallium 2 
1He.xachloroe1han~ .2 
1,2 ,4-Trioh lorobernz:ene 2 
1-iexachlorobll'lad iene 2 
2-Chlo:ro apttlaleM 2 
He)(ac:hlorobenz;ene 2 

,g-BHIC (lindane) 2 
?~htaohloron ltrobenzerJe 2 
Heptaohtor 2 
Aldri 2 

Heptachlor epoxi a 2 
~-Cl'1iorda11e 2 
a-Chlomane 2 
4,4'-DDE 2 
,4, i-DDD 2 
4,-4'-DDT 2 
He:i::ebromobenzene 2 
Mirex 2 

Aroclor 1242 {PCB} 2 

Aroclor 11254 (PCB} 2 
Aroclor 1260 {PCB} 2 
~Aroclor ,016 (PCB) l 
"Aroclor 1221 (PCB) 2 
•Aroclor 1 :232 (PCB) 2 
•Arocl:Ot 1248 (PCB) 2 
"Aroctor 1262 {PCB) 2 
"'Aroclor 1268 (PCB) 2 
BP-(l (PBB) 2 
~Toxa[l)hene 2 

mg/kg = mi ig:rams per k.Uogram. or parts per m on 
ug/kg -= micrograms per llogram or f)arts per bll on 
"' .. re:su Its and detection Jirnits reported semkiu:a11titatively 
Note; all \la.1uas are on a ~ry weigiht basis u nle:ss otherNise noled 

Det•ction Lim its Units 

[L2 mg/kg 
2Jl mgfkg 
5.0 mgJ!cg1 

0.05-0.3 mgJkg 
5.0 mgJkg 
0.25 mgll(g 
1.0 mg/kg 

~290 ugtkg 
600-2900 ugtkg 
60--290 uglkg 
800-8800 Uglk.g 
60-290 uglkg 
•60-290 I ugfkg 
60-290 ug/kg 
·60-290 I ug'Jkg 
60-290 ug'/kg 

60-290 ug·lkg 
60-290 ug.lkg 
60-290 tJg/kg 
60,.;290 u:g.lk,g 
60..290 ugvkg 
60-290 ug/kg 
t20-59·0 glkg 
60-290 Uglkg 
30..1 50 ~ 
30-150 g)kg 
3"0-150 ug}kg 
30-150 uglkg 
30-150 ug/kg 
30-150 uglkg 
M-150 ugJikg 
3{)-150 ug/:kg 
30-150 uglkg 

300-1.SOO ~glkg 
600-2900 Ug/kg 



T:abJe 6A. locatio:ns of rof~r~nce site sedimeot sarnpres taken Ir, 1994, 1997· and 1998. 

W. Branch Pine River 

$. Branch Pine River 

E. Branch Pine ruver 
S 'ran Creek -----
Kalainazoo Ri er 

Kalamazoo Rh- er 

Har~~ C!_eek _ 

Crnzen Road - --
,C rnzen R oa.d 
Prncunter Road - - -

- t!_o•!~:r ~mw 
B Drive NQrth 
dis from arshal l W\VrP 

~ Dr1 ve North 
·29 ]/2 ii Ro-ad 

9 MHe Road 
lmre Drive _,_ _______ __ 

Alcona 
Bnlnd1 

Ca1hoLin 

Calholin 

CalhoLm 

Calhoun 

oa.d Charlevoix __ _, 

s_ Branc:h Tobacco R iver rant venue Clare - ,- - - . -
N. Branch Au Sahe N_ Down Ri er Road Crawford 

--- -- --
Bi Creek _ Do'\:\r:n River Road Crat ford 

NLF 

NLF 
NLF 
M .ITP 

--------1----------1------1------1 

25N 

25N 
26, 

-
06S 
02 I 

08E 

08E 09 

08E 27 
08W 35 
0 W 

06W 

07W 
04W 

26 
26 
11 

0] 
34 

8:3 27' 46" 
g3 27' 46'• 

S:3 27' J 7'1 

g5 12' 08'' 

84 51.' 19 11 

84 581 27 11 

R,5 09' 611 

84 43' 371'1 

44 34' 26'' 

44 361 44:" 
4i 54' 018"' 

42 l '41" I 
42 15' 47''' I -
42 15' 40" 

42 14' 46" 

85 07' OM '1 42 041 51 '' 
-

U7W 

I 5W 36 8~ 591 60ri 4] 49; 18 11 
-- - -~-t- -~--------+------• 

32 06W 
04W 

·O l \\i' 

Ol W 

17N OI W 

25 g4 59' I 8'1 45 08' 451' 

28 &4 47' 18 11 43 49' 41"' 

22 84 25' 12" 44 42' 59" I 

23 84 24' 32 ;, 44 42' 56" 

E. Branch Oi~ Creek Griffin Road r-awford 
- -- - - - ------ - -------- 8:4 22' 48" 49 44' 20"' 

84 25' 28'' 44 46' 08'' W. ig Creek Town Lin_c_R_o_.a_d___ Crawford 

T, -eek ·111rner Tni.ck Raad o·ckenson 

Ford Ri,,e-r . urner Truck Road 

McGregor Creek 

M. Branch Tobacc;o River - -------
S. Branch Tobacco River 

Cedar River 
-------
Molasses River 
--- --

I 00 yds ·uJs of oonllu · c 
with W. Br, Escanaba 

- ---- ~cc Jl~ghR~d __ 

Grout Road ( Q\ 'liliaU) 
.-11 Road (Ri ver Rd.) 

-+-----'"-----
O L n t Road 

. Braacib Tobacco R.i er rout Road ------ - - -
Sugar Rtver M-30 J_ ~ridian Road) 
W. Branch Titl.aibawassee Fitz.\.,,.ater ..:Oa 

M. Branch Tittahawassee River Bensch Road 

. . Branch Titta'bawassee River 1-Terner Road 
- -
E . Br. Pigeon River McA!pi , e Roa<l (Gi,g ·to1,....-n) 

Dfoken·on 

Di!ckenson 

Gl!ach;1,-in 
----
Gfa.d\vin 
t.aad\.vrun 

Gfad,.vin 

Gladwin 

Gladwin 
<Hadwin 
Gladvtin 
Gladwin 

l-lu!l'"O II 

NLF 

HELP 

SMNJTP -

S!v JTP 

HELP 

44 

18 

l!f 

J8N 
19N 
20W 
20N 

20N 

01 W 

29W 

29W 

34 

18 

16 

28W 25 
02W 03 

S7 58' 28" 46 0'7' 7" 

S757'411' 46 07' 34" 

87 51' 37'' 461.2' ] 7'1 

84 31' 311' 43 53' 20" 
----+----+-----
02\V 16 !M 32' 44" 43 52' 01'1 

- -- ,-----+-------+-------
0 rw JO B4 2s1 30" 43 ss• 46" 

02E 19 84 17'1611 4356'54" 
-- -- ---1-------+----1 
O2W 28 84 32' 42,t 43 55' 00" - --
01 W 13 S4 22' 02" 44 02' 03 11 

Ol W 23 S . 23' U" 44 061' iS" 
02E 01 &4 17' l911 44 081 45-" 

]5 8413; 40" 44 0144'; 
-
30 8J, 06' 44" 43 42' 17° 
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