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the clay data and is similar to the distributions for copper and arsenic. Spatial 

distribution of sand and clay data for zinc can be seen in Figures 38 and 39.  

Effects of arsenopyrites and arsenic-rich iron oxyhydroxides on soils data can be 

seen in arsenic data for sand and clay. More investigation is needed to confirm these 

findings, but this shows promising confirmation that bedrock influences metal 

concentrations in soils. Areas of thin glacial drift seem to have higher occurrences of 

metals than areas of thick glacial drift. Clay soils have higher concentrations of metals 

than sand soils. The Huron-Erie glacial lobe has higher occurrences of some metals than 

the other two glacial lobes. Further investigation is needed to comprehend why this is 

occurring. It could be different bedrock compositions are responsible, or it could be the 

greater industrialization in this area has contributed to higher metal levels in soils 

thought to be largely unaffected by humans. 

 Data are compared between USGS studies and Michigan studies to observe 

variances concerning four metals (See Table 5).  

 

Table 5: Five Survey Comparison 

 USGS 1984 USGS 2013 MBSS 1991 MBSS 2005 2015 

As 7.2 7 4.1 3.6 3.7 

Cu 25 19.8 12.2 7.4 8 

Pb 19 16.6 10.6 7.1 6.9 

Zn 60 58 33 33 32.8 

 

 

 



44 

 

 

 

Figure 38: Sand - Zinc Map 

Figure 39: Clay - Zinc Map 
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Both USGS studies have very similar arsenic and zinc soil concentrations.  The USGS 

2013 study has lower concentrations of copper and lead than the 1984 study. For the 

Michigan studies, the 2005 and the 2015 survey have very similar soil concentrations for 

all four metals. Copper and zinc concentrations are higher in the 1991 study than the 

other two Michigan studies. Michigan has lower soil concentrations of arsenic, copper, 

lead, and zinc than the contiguous United States. Each metal in Michigan is at least one 

half or lower than the average metal concentration of that same metal in the United 

States. Instead of comparing only to the average concentration over the contiguous 

United States, it would be interesting to compare Michigan data with other states and 

regions of the entire United States. 

A hypothetical site in Calhoun County was investigated to explain how the soil 

background database will be used for sites with environmental contamination. This site 

contained a wood treating facility with a large area for lumber storage. Main 

constituents used for wood treatment at this site included: arsenic, chromium and 

copper. Recognized environmental concerns occurred in the lumber storage yard. Four 

soil borings were drilled to determine the extent of contamination on the property (See 

Table 6).  

 

Table 6: Hypothetical Site Data 

 

 

 

SB-01 

(3') sand 

SB-01 

(6') clay 

SB-02 

(3') sand 

SB-02 

(6') clay 

SB-03 

(3') sand 

SB-03 

(6') clay 

SB-04 

(3') sand 

SB-04 

(6') clay 

As (µg/kg) 3,800 5,200 30,000 42,000 2,800 4,800 25,000 45,000 

Cr (µg/kg) 3,000 7,500 27,000 36,000 2,000 4,000 32,000 39,000 

Cu (µg/kg) 4,200 5,600 36,000 55,000 1,500 3,000 30,000 38,000 
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Site geology consisted of sand on the surface to 4 feet and clay underlying the 

top layer of sand.  Ideally, additional background samples would be taken at this site to 

compare with the soil background database as well as the other soil samples at the site. 

After comparing site data to background data and soil criteria the following was 

observed: two soil borings, SB-02 and SB-04, had sand and clay samples that were over 

criteria and background values. These soil borings come from an area on site where 

contamination has occurred. SB-01 had background concentrations for all metals in 

sand. Regarding clay, SB-01 had naturally-occurring arsenic concentrations above 

residential drinking water protection criteria and GSI protection criteria. Similarly, SB-

03 had background concentrations for all metals in sand and arsenic values in clay above 

environmental criteria.    
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FUTURE WORK 

Important work that would vastly increase the usefulness of the current and 

future soil background datasets include: in depth mineralogy and metals analysis of 

bedrock in Michigan and a soil background field study addressing metals of greatest 

environmental concern. Field sampling for soil background data would address spatial 

issues and produce a dataset with a comparable number of samples for each metal, and 

not waste time on metals with little or no environmental concern. Additional 

information on mineralogy and metals content of bedrock in Michigan would 

immensely improve analysis of the influence of glacial drift thickness and bedrock on 

metals in soils. Speciation of each metal should also be determined when conducting a 

soil background field study and bedrock analysis. The reason that is important is that 

different species or valence states of metals behave as if they were different entities, 

have different chemistries and toxicities, and thus should be considered separately. All 

of these analyses suggested for future work would help better understand current 

environmental conditions and how these conditions were affected by past geologic 

events.  
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CONCLUSIONS 

 

 To avoid needless cleanups of soils that have metals present due to natural 

processes, Michigan Department of Environmental Quality (MDEQ) tried to establish the 

natural background concentration of metals in uncontaminated soils.  This study is an 

elaboration and refinement of MDEQ studies in 1991 and 2005, adding 265 new sand 

samples and 95 new clay samples plus other samples from a 2013 USGS study. One goal 

was to achieve a minimum of 12 samples per county. Another goal was to find all of the 

sample data in environmental files of existing analyses, since no resources were 

committed to field sampling. Statistical analyses involved in previous studies were 

refined. All of the soils data were compared with glacial lobes which are responsible for 

most of Michigan’s land cover to see if there were deposits which shared high levels of 

certain metals. Soil samples were also examined by texture to see if there were significant 

differences between metals concentrations in sands and clays. 

 Given the additional data collected for this study, sand data has good spatial 

distribution throughout the study area. A majority of clay data is concentrated in the 

Huron-Erie glacial lobe. Looking at the different soil textures, clay mean values for each 

metal are higher than sand mean values. Clay has higher concentrations of metals than 

sand. Several specific metals have similar spatial distributions within the study area: 

arsenic, barium, cobalt, copper, nickel, and zinc. Greater concentrations of these metals 

occur in soils overlying the Huron-Erie glacial lobe. Regarding soil criteria and 

environmental health protection, seven of the metals within this study sometimes exceed 

health criteria and could adversely affect human health and the environment: arsenic, 

cobalt, iron, lithium, manganese, strontium, and vanadium.  
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Areas with thin glacial drift have higher concentrations of metals in soils. Where 

glacial drift is thicker, soils have lower concentrations of metals. In areas of thin glacial drift, 

metal concentrations in soils are heavily influenced by metals within local bedrock. This 

influence from bedrock can be seen in clay data in areas with higher arsenic values near 

where the Coldwater Shale subcrops glacial drift. Sand data for arsenic show this influence 

near where the Marshall Formation subcrops glacial drift.  High arsenic values can possibly 

be attributed to arsenopyrites and arsenic-rich iron oxyhydroxides within the Coldwater 

Shale and the Marshall Formation. 

 Having metals in soils above soil criteria can negatively impact human health and 

the environment. When addressing human health, drinking water and agriculture are two 

aspects directly influenced by soils. Recreation is another way humans can be exposed to 

naturally high concentrations of metals in soils. Due to the limited scope of this study, 

additional work must be done to better understand the naturally-occurring environment. 

Future work to better understand naturally-occurring metals in soils includes: 

additional field sampling to get an improved spatial distribution of samples in each area, 

bedrock analysis of metals, and looking at speciation of metals for those metals that are 

above soil criteria. Better education for the public about these naturally-occurring metals 

concerns will also help protect human health. A better understanding of the naturally-

occurring environment and how past processes shaped the landscape today will provide 

the knowledge needed to help protect human health and the environment. 
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Appendix A 

Shacklette (USGS) 1984 Summary Statistics 
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Element Average 

(mg/kg) 

Range 

(mg/kg) 

Al 72,000 700 - >10,000 

As 7.2 <0.1 - 97 

B 33 <20 - 300 

Ba 580 10 – 5,000 

Be 0.92 <1 - 15 

Br 0.85 <0.5 - 11 

C, total 25,000 600 – 370,000 

Ca 24,000 100 – 320,000 

Ce 75 <150 - 300 

Co 9.1 <3 - 70 

Cr 54 1 – 2,000 

Cu 25 <1 - 700 

F 430 <10 – 3,700 

Fe 26,000 100 - >100,000 

Ga 17 <5 - 70 

Ge 1.2 <0.1 – 2.5 

Hg 0.09 <0.01 – 4.6 

I 1.2 <0.5 – 9.6 

K 15,000 50 – 63,000 

La 37 <30 - 200 

Li 24 <5 - 140 

Mg 9,000 50 - >100,000 

Mn 550 <2 – 7,000 

Element Average 

(mg/kg) 

Range 

(mg/kg) 

Mo 0.97 <3 - 15 

Na 12,000 <500 – 100,000 

Nb 11 <10 - 100 

Nd 46 <70 - 300 

Ni 19 <5 - 700 

P 430 <20 – 6,800 

Pb 19 <10 - 700 

Rb 67 <20 - 210 

S, total 1,600 <800 – 48,000 

Sb 0.66 <1 – 8.8 

Sc 8.9 <5 - 50 

Se 0.39 <0.1 – 4.3 

Si 310,000 16,000 – 450,000 

Sn 1.3 <0.1 - 10 

Sr 240 <5 – 3,000 

Ti 2,900 70 – 20,000 

Th 9.4 2.2 - 31 

U 2.7 0.29 - 11 

V 80 <7 - 500 

Y 25 <10 - 200 

Yb 3.1 <1 - 50 

Zn 60 <5 – 2,900 

Zr 230 <20 – 2,000 
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Appendix B 

Ohio EPA 1996 Summary Statistics 
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Metal Initial # 

of Obs. 

Final # 

of Obs. 

25% 

(Q1) 

50% 

(Median) 

75% 

(Q3) 

95% Mean 
(mg/kg) 

St.Dev. Mean 

+2St.D. 

Arsenic 542 511 3.20 5.00 7.70 12.90 5.646 3.493 12.632 

Barium 569 539 43.00 60.40 83.50 138.00 66.175 33.607 133.38
9

Cadmium 623 561 0.25 0.26 0.60 1.25 0.458 0.332 1.122 

Chromium 764 704 7.40 11.00 14.25 20.00 11.216 5.039 21.294 

Lead 769 711 8.30 12.50 20.00 35.00 15.055 9.686 34.427 

Mercury 489 418 0.05 0.05 0.05 0.13 0.058 0.035 0.128 

Nickel 478 459 9.20 14.00 20.00 31.00 15.255 8.366 31.987 

Zinc 420 389 32.00 42.00 59.00 86.00 45.917 21.833 89.583 
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Appendix C 

Washington State 1994 Summary Statistics 
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Al As Be Cd Cr Cu Fe Pb Mn Hg Ni Zn

State wide 37,200 7 2 1 42 36 42,100 17 1,100 0.1 38 86

Puget Sound 32,600 7 0.6 1 48 36 58,700 24 1,200 0.1 48 85

Clark County 52,300 6 2 1 27 34 36,100 17 1,500 0 21 96

Yakima Basin 33,400 5 2 1 38 27 51,500 11 1,100 0.1 46 79

Spokane 21,400 9 0.8 1 18 22 25,000 15 700 0 16 66

units (mg/kg) 
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Appendix D 

State of Oregon 2013 Summary Statistics 
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Metal Detection Frequency 

Non-Detect 
Range 

(Min –Max) 

Detect Range 
(Min – Max) 

Mean 
(mg/kg) 

Standard 
Deviation 

Calculation Method  
(Mean and SD) 

Antimony 145/234 62% 0.0155 – 0.6 0.0204 – 1.917 0.225 0.290 Kaplan-Meier 

Arsenic 1,047/1,288 81% 0.6 – 10 0.228 – 73.4 4.977 5.612 Kaplan-Meier 

Barium 1,330/1,330 100% -- 10.5 – 1,855 508.70 233.60 Standard 

Beryllium 1,106/1,290 86% 0.203 – 1 0.031 – 6 1.341 0.721 Kaplan-Meier 

Cadmium 224/1,243 18% 0.102 – 2 0.0263 – 4.7 0.297 0.319 Kaplan-Meier 

Chromium 1,331/1,331 100% -- 0.878 – 1,520 76.920 111.20 Standard 

Copper 1,329/1,332 100% 2 2 – 308 38.080 29.920 Kaplan-Meier 

Lead 1,282/1,328 97% 4 – 10 1 – 135 13.080 10.620 Kaplan-Meier 

Manganese 1,292/1,292 100% -- 22.5 – 5,914 1015.0 557.50 Standard 

Mercury 738/1,210 61% 0.02 – 0.04 0.0069 – 12.23 0.062 0.394 Kaplan-Meier 

Nickel 1,320/1,322 100% 4 1 – 2,850 45.10 105.60 Kaplan-Meier 

Selenium 374/1,180 32% 0.2 – 4.1 0.0613 – 5.045 0.239 0.348 Kaplan-Meier 

Silver 83/1,221 7% 0.02 – 2 0.02 – 4 0.114 0.293 Kaplan-Meier 

Thallium 114/208 55% 0.0568 – 4.224 0.0705 – 5.581 1.264 1.853 Kaplan-Meier 

Vanadium 1,322/1,322 100% -- 4 – 486 150.30 82.320 Standard 

Zinc 1,325/1,325 100% -- 11.5 – 730 93.470 41.160 Standard 
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Appendix E 

MDNR 1991 Summary Statistics 
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Appendix F 

MBSS 2005 Summary Statistics 
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METAL 

 
Number 

of 
samples 

 
Percent 

Non- 
detect 

 
Assumed 

Distribution 
of Data 

 
Mean 

(mg/kg) 

 
Standard 
Deviation 

 

 
Median 
(mg/kg) 

 

Typical 
Range of 

data (mg/kg) 

Aluminum (Al) 295 0 % Lognormal 3215 2.291 3420 2603 - 16,324 

Antimony (Sb) 35 94 % Nonparametric -- -- < 5 < 0.04 – 2.5 

Arsenic (As) 926 3 % Lognormal 3.6 2.829 3.8 0.47 - 27.7 

Barium (Ba) 463 1 % Lognormal 31 2.707 38 4 - 220 

Beryllium (Be) 128 77 % Nonparametric -- -- < 0.5 < 0.2 - 1.8 

Cadmium (Cd) 535 72 % Nonparametric -- -- < 2 < 0.05 - 2.5 

Chromium (Cr) 595 9 % Lognormal 8.8 2.559 10 1.4 - 55 

Cobalt (Co) 265 60 % Nonparametric -- -- < 5 < 3 - 12 

Copper (Cu) 580 8 % Lognormal 7.4 2.565 10 1 - 58 

Iron (Fe) 266 0 % Lognormal 5403 2.565 5645 852 - 34,233 

Lead (Pb) 682 21 % Censored-Log 7.1 2.562 7.73 1 - 45 

Lithium (Li) 259 30 % Censored-Log 3.8 3.373 3.5 0.35 - 41 

Magnesium (Mg) 86 0 % Lognormal 1360 4.837 824 62 - 29,875 

Manganese (Mn) 326 0 % Lognormal 139 3.235 190 14 - 1391 

Mercury (Hg) 431 83 % Nonparametric -- -- < 0.1 < 0.025 - 0.6 

Molybdenum (Mo) 100 100 % -- -- -- < 5 < 5 

Nickel (Ni) 492 23 % Censored-Nor 12.3 13 11 2.4 - 39 

Selenium (Se) 430 82 % Nonparametric -- -- < 0.5 < 0.05 - 1.2 

Silver (Ag) 202 84 % Nonparametric -- -- < 0.5 < 0.2 - 2 

Sodium (Na) 82 10 % Normal 101.5 46.5 98 8.5 - 194.5 

Strontium (Sr) 39 0 % Nonparametric -- -- 100 30 - 150 

Thallium (Tl) 90 86 % Nonparametric -- -- < 1 < 0.08 - 3.8 

Titanium (Ti) 68 0 % Normal 124 46.4 112 31 - 217 

Vanadium (V) 122 1 % Lognormal 12.5 2.729 10.9 2 - 89 

Zinc (Zn) 582 3 % Normal 33 21.1 32 2.5 - 75 
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Appendix G 

MBSS 2005 Sand Summary Statistics 
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SAND 

 

Dist. = Distribution of data (L~ Lognormal, non ~ nonparametric, N ~ Normal).  

n = number of samples. 
x = arithmetic or geometric mean, nonparametric median (mg/kg). 
SD = arithmetic or geometric standard deviation, not applicable for nonparametric. 
min = minimum value in data set (mg/kg). 
max = maximum value in data set (mg/kg). 
 
 
 
MDEQ – MBSS 2005

 

D
is

t.
 Glacial Lobe Area Statewide 

HURON - ERIE SAGINAW MICHIGAN SUPERIOR SAND - Combined Statewide Data 

n x SD n x SD n x SD n x SD n min max x SD 1 SD 2 SD 

Al L 2 1699 1.171 54 2339 1.952 34 2624 1.816 3 1230 1.102 93 260 16400 2373 1.891 4487 8272 
Sb non 1 6.45 -- 3 < 1 -- 3 < 1 -- 0 -- -- 7 < 1 6.45 < 1 -- 2.7 5.9 

As L 34 3.42 2.437 118 2.6 3.244 53 1.25 2.645 3 < 1 -- 208 < 0.4 40 2.2 3.139 6.9 20.7 

Ba L 22 75.2 2.914 71 12.4 2.014 51 16.6 2.052 3 5.6 1.073 147 2.6 200 17.7 2.693 47.7 123 

Be non 3 < 0.2 -- 51 < 0.2 -- 6 < 1 -- 0 -- -- 60 < 0.2 0.645 < 0.2 -- < 1 0.37 

Cd non 22 < 2 -- 67 < 2 -- 39 0.11 -- 3 < 2 -- 131 <0.01 2.1 < 2 -- < 2 1.8 

Cr L 22 4.0 2.29 90 5.2 1.986 67 3.9 2.209 3 8.6 1.372 182 1 50 4.6 2.125 9.8 20.2 

Co non 2 < 5 -- 61 < 5 -- 16 < 5 -- 3 < 5 -- 82 < 3 8.7 < 5 -- < 5 7 

Cu L 22 6.3 2.204 90 3.2 2.484 67 3.5 2.596 3 4.1 1.197 182 0.4 28 3.6 2.523 9.1 22.1 

Fe L 2 4247 1.051 55 3612 2.192 17 3418 1.88 3 3023 1.108 77 99.5 20400 3559 2.063 7342 14715 

Pb L 25 4.7 2.358 95 2.9 2.963 52 3.9 3.230 3 < 5 -- 175 1.0 30 3.5 2.906 10.2 28.3 

Li L 2 < 2 -- 62 2.3 2.223 11 2.2 3.333 3 < 2 -- 78 < 2 20 2.14 2.402 5.1 11.9 

Mg L 2 840 1.017 44 871 4.09 13 671 1.759 0 -- -- 59 35 28000 821 3.471 2850 9411 

Mn L 2 41 1.071 62 50.3 3.809 24 107 3.649 3 36.7 1.178 91 1 1500 60.5 3.773 228 817 

Hg non 17 < 0.04 -- 66 < 0.05 -- 22 0.03 -- 3 < 0.1 -- 108 <0.018 0.62 <0.05 -- < 0.1 0.08 

Mo -- 2 < 5 -- 51 < 5 -- 6 < 5 -- 0 -- -- 59 < 5 < 5 < 5 -- < 5 < 5 

Ni L 8 9.3 1.875 78 4.8 2.185 40 4.0 2.175 3 <5 -- 129 1.2 34 4.6 2.243 10.3 22.4 

Se non 18 < 0.4 -- 62 <0.5 -- 20 <0.5 -- 3 <0.5 -- 103 <0.05 1.5 < 0.5 -- <0.5 0.56 

Ag non 8 <1 -- 48 <0.5 -- 13 0.017 -- 0 -- -- 69 <0.01 0.71 <0.25 -- <0.5 0.66 

Na N 2 140 14.1 44 81 42.5 12 123 22.5 0 -- -- 58 25 210 92 42.9 135 178 

Sr non 0 -- -- 7 50 -- 6 70 -- 0 -- -- 13 30 150 70 -- 104 150 

Tl non 3 <0.5 -- 46 < 1 -- 9 <0.086 -- 0 -- -- 58 <0.5 6.13 < 1 -- < 1 5 

Ti N 2 186 10.6 44 121 43.2 0 -- -- 0 -- -- 46 13 227 124 44.4 168 213 

V L 2 9 1 51 8.9 2.693 19 9.4 2.226 0 -- -- 72 0.05 98 9 2.519 22.7 55 

Zn N 22 27 19.4 80 17 15.5 64 18.2 16.6 3 6.3 0.29 169 1.3 95 19 16.9 36 53 

Data Range Lognormal Normal Nonparametric 

1 SD (x)(SD) x + (1)SD 84th quantile 

2 SD (x)(SD)1.96
 x + (2)SD 97.5 quantile 
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Appendix H 

 

MBSS 2005 Clay Summary Statistics 
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CLAY 

 

D
is

t.
 Glacial Lobe Area Statewide 

HURON - ERIE SAGINAW MICHIGAN SUPERIOR CLAY - Combined Statewide Data 

n x SD n x SD n x SD n x SD n min max x SD 1 SD 2 SD 

Al L 23 8182 1.248 51 6862 1.428 6 8691 1.548 3 9490 1.131 83 1720 15570 7416 1.40 10382 14341 
Sb non 8 6 -- 0 -- -- 12 <0.04 -- 0 -- -- 20 <0.04 7.2 <0.4 -- 6.2 6.9 

As L 126 9 2.047 224 4.7 1.978 17 2 1.888 3 2 1.077 370 0.2 88 5.6 2.201 12.3 26.3 

Ba L 104 74.2 1.959 48 44.9 1.577 6 49.5 1.592 3 94.7 1.032 161 6.8 291 63.2 1.906 120 224 

Be non 11 0.65 -- 9 <0.2 -- 12 <0.5 -- 0 -- -- 32 <0.2 1.82 0.275 -- 0.7 1.6 

Cd non 128 < 2 -- 108 < 2 -- 16 <0.4 -- 3 < 2 -- 255 <0.12 4.7 < 2 -- 1.5 2.9 

Cr L 107 22 1.708 111 14.3 1.626 17 10.1 1.521 3 27 1.038 238 < 5 70 17.1 1.753 30 51.4 

Co non 29 9.1 -- 22 9 -- 6 4 -- 3 6.5 -- 60 1.9 13 8.9 -- 11 12.5 

Cu L 103 16.3 1.738 103 14.1 1.485 17 12.6 1.474 3 20.6 1.078 226 0.56 52 15 1.613 24 38.3 

Fe L 26 20110 1.107 24 15090 1.398 6 10120 1.603 3 10970 1.119 59 5000 26000 16180 1.419 22959 32127 

Pb L 126 9 1.859 125 9.7 2.770 17 12.1 2.017 3 < 5 -- 271 1 32 10.1 2.076 21 42.3 

Li L 29 20.1 1.437 22 14.4 1.698 4 9.1 1.542 3 11 1.095 58 3.5 77 16.3 1.630 26.6 42.5 

Mg N 0 -- -- 8 36690 13040 2 12450 16340 0 -- -- 10 895 49000 31844 16324 48168 64492 

Mn L 29 343 1.508 52 277 1.463 6 182 1.554 3 256 1.097 90 84 730 288 1.515 436 650 

Hg non 97 <0.1 -- 54 <0.1 -- 5 <0.1 -- 3 <0.1 -- 159 <0.02 0.9 <0.1 -- 0.19 0.63 

Mo -- 3 < 3 -- 9 <5 -- 0 -- -- 0 -- -- 12 <3 <5 <5 -- <5 <5 

Ni N 100 25.8 9.6 105 19.9 8.4 6 15.4 8.8 3 20 1.73 214 2.5 53 22.6 9.5 32.1 41.6 

Se non 94 0.33 -- 43 <0.5 -- 16 <0.4 -- 3 <0.5 -- 156 <0.05 2.4 <0.5 -- < 1 0.72 

Ag non 61 0.6 -- 28 <0.5 -- 12 <0.4 -- 0 -- -- 101 <0.2 3.3 < 1 -- 1 3.1 

Na N 0 -- -- 8 170 38.5 2 164 22.6 0 -- -- 10 110 220 169 34.9 204 239 

Sr non 3 150 -- 1 100 -- 0 -- -- 0 -- -- 4 70 150 125 -- 150 150 

Tl non 8 0.6 -- 8 < 1 -- 1 <0.5 -- 0 -- -- 17 <0.5 0.72 < 1 -- 0.64 0.69 

Ti N 0 -- -- 8 123 67.3 0 -- -- 0 -- -- 8 42 210 123 67.3 190 258 

V L 4 104 1.886 9 20.6 1.756 2 16.8 1.95 0 -- -- 14 6 150 28.3 2.437 69 162 

Zn N 126 52.6 15.25 97 35.9 14.91 6 23.8 11 3 30.7 3.22 232 8.4 140 44.6 17.4 62 79 

 

Dist. = Distribution of data (L~ Lognormal, non ~ nonparametric, N ~ Normal). 

n = number of samples. 
x = arithmetic or geometric mean, nonparametric median (mg/kg). 
SD = arithmetic or geometric standard deviation, not applicable for nonparametric.  
min = minimum value in data set (mg/kg). 
max = maximum value in data set (mg/kg). 
 

 

MDEQ – MBSS 2005         

Data Range Lognormal Normal Nonparametric 

1 SD (x)(SD) x + (1)SD 84th quantile 

2 SD (x)(SD)1.96
 x + (2)SD 97.5 quantile 



66 

 

 

REFERENCES 

Breckenridge R.P., Crockett A.B. 1995. Determination of Background Concentrations of 

Inorganics in Soils and Sediments at Hazardous Waste Sites. United States 

Environmental Protection Agency. 

Cox C. A., Colvin G. H. 1996. Evaluation of Background Metal Concentrations in Ohio 

Soils. Ohio Environmental Protection Agency. 

Esch, John. Michigan Glacial Drift Thickness Map. November 2012. 

<http://www.mbgs.org/newsletters/2012/MBGS_11_12.pdf>. 

Interstate Technology & Regulatory Council. ‘Incremental sampling methodology.’ 15 

September 2014. <http://www.itrcweb.org/ism-1/>. 

Kolker, Allan. et al. Arsenic in southeastern Michigan. Arsenic in Groundwater. pp 281-

294. 2003. 

Leverett, Frank and Taylor, Frank. 1915. The Pleistocene of Indiana and Michigan and 

the History of the Great Lakes. United States Geological Survey. 

Michigan Department of Environmental Quality. 2005. Michigan Background Soil 

Survey 2005. Waste and Hazardous Material Division. 

Michigan Department of Environmental Quality. 30 December 2013. Part 201 Soil 

Criteria. 

Michigan Department of Natural Resources. April 1991. Michigan Background Soil 

Survey. Waste Management Division. 

Michigan Department of Natural Resources. 1987 Bedrock Geology of Michigan. 

<http://www.dnr.state.mi.us/spatialdatalibrary/pdf_maps/geology/bedrock_geolog

y_map.pdf>. 



67 

Shacklette H. T., Boerngen J. G. 1984. Element Concentrations in Soils and Other 

Surficial Materials of the Conterminous United States. USGS Professional Paper 

1270. 

Slayton, David. Michigan Department of Environmental Quality. Michigan Glacial Lobes 

[Shapefile geospatial data].September 2014. 

Smith, D.B., Cannon, W.F., Woodruff, L.G., Solano, Federico, Kilburn, J.E., and Fey, 

D.L., 2013, Geochemical and mineralogical data for soils of the conterminous 

United States: U.S. Geological Survey Data Series 801, 19 p., 

<http://pubs.usgs.gov/ds/801/>. 

State of Oregon Department of Environmental Quality. 2013. Development of Oregon 

Background Metals Concentrations in Soil. Technical Report. Land Quality 

Division. 

Washington State Department of Ecology. 1994. Natural Background Soil Metals 

Concentrations in Washington State. Publication #94 


