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CREOSOTE 

Creosote is a coal tar distillate containing over 200 different compounds. 
Creosote is predominantly composed of polyaromatic hydrocarbons (P Alis), 
which are multiple-ring organic chemicals. The chemicals of most concern at the 
Moss-American site and in the river are eight carcinogenic P AHs that arc pan 
of the creosote mixture. The eight P AHs are benzo( a ]anthracenc, cluysene, 
benzo(b ]fluoranthene, benzo[k )tluoranthene, benzo[ a )pyrenc, 
indeno[ i,2,3-cd)pyrene, chbenzo[ a,h )antbracene, and benzo[g.h,i]pery)ene. 

OBJECTIVES 

The objectives of this investigation were: 

• To define the nature and extent of contamination resulting from 
past operation of the creosoting facility 

• To identify physical characteristics of the site and environment that 
may affect the distribution of contaminants 

• To define the human health and environmental risks resulting from 
pas: site operation. 

n~'DISGS 

General findings of the field investigation are as follows: 

1. 

3. 

4. 

s. 

Elevated P AH concentrations are present at the facility in most of 
the surface soil west of the river and in groundwater between the 
process area and the river. 

Elevated P AH concentrations arc present in the soils in a relatively 
small area cast of the river (the dredgings landfill). 

The depth of soiJ and groundwater contamination below the facility 
is limited by a dense silty-clay till from 10 to 20 feet below ground. 

Elevated P AH concentrations arc present in varying amounts in 
the Little Menomonee River sediment over the entire 5-milc reach 
downstream of the site. 

Surface water in the Little Menomonee River is not generaUy 
affected by the site. Oils sheens, however, develop on the water 
surface when sediments are disturbed. 

The risk assessment based on the results of the field investigation concluded that 
the presence of carcinogenic P AHs at the site and in the river sediment has 
increased the probability that exposed individuals may develop cancer. The 
individual excess lifetime cancer risks ranged from 4 x 10-6 to 3 x 10·2 at the site 
and from 1 x 10~ to 6 x 10-<i in the river. Documented cases of chemical burns 
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EXECUTIVE SUMMARY 

INTRODUCTION 

CH2M HllL conducted a remedial investigation (RI) of the Mou-American 
wood preserving facility in Milwaukee, Wisconsin, for tbe United States 
Environmental Protection A,ency (U.S. EPA). The investigation included the 
Moss-American propeny and the Little Menomonee River downstream to its 
confluence with the Menomonee River (Figure 1 ). 

SITE OPERATIONS 

The Moss-American site was a wood preserving facility that treated railroad tics 
with creosote and fuel oil. The site operated from 1921 to 1976. Predominant 
site features and major land use areas associated with operation of the facility 
arc shown in Figure 2. They arc: 

• The processing area and vicinity 
• The untreated storage area 
• The treated storage area 
• The settling ponds 
• The gravel fill (previously described as a sludge disposal area) 
• The solid waste pile 
• The river dredgings area 
• The dredgings landfill 

The creosoting process consisted of impregnating wood products with a 50/50 
mixture of creosote and No. 6 fuel oil. Wood products were loaded into retons 
in the processing area for impregnation under elevated temperatures and 

· ·pressures. The treated wood was then stacked on railcars and parked on the 
drip tracks to dry. Treated wood was finally stored in the treated storage area. 

Liquid wastes were discharged to the settling ponds that ultimately discharged to 
the Little Menomonee River. In 1971, liquid wastes were divencd to the 
sanitary sewer. The fate of solid wastes (bottom sludges from the retons) is not 
documented. After divening liquid discharges to the sewer in 1971, the sludge 
residue in the settling ponds was dredged and buried in the dredgings landfiU in 
the field nonheast of the river. The river passing through the site was also 
dredged at this time. Creosote contaminated river sediments were spread along 
the west bank of the river. 

The facility closed in 1976 and in 1978 it was demolished. Four hundred fifty 
cubic yards of oil saturated soil from the process area was excavated and 
shipped to a hazardous waste facility for disposal. The excavated area was 
covered with clean fill. The western one-third of the site was subsequently 
redeveloped. paved and is currently used to transfer new automobiles between 
rail and truck transpons. The rest of the site is undeveloped parkland. 
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RESULTS OF THE REMEDIAL INVESTIGATION 

SITE DESCRIPTION 

The Moss-American facility is within the City of Milwaukee. Land use along 
Brown Deer Road east and west of the site is pan of a commercial corridor. 
Nonh of Brawn Deer Road, a wetland along the river is surrounded by light 
industrial and commercial properties on the west and an apartment complex on 
the easL South of the facility, the Uttle Menomonee River Parkway follows the 
river to its confluence with the Menomonee River. The wooded parkway is pan 
of the Milwaukee County park system. From Good Hope Road south, the 
Parkway has a paved biking and biking path through the woods alona the river. 

The depth to groundwater varies from zero feet in the wetlands near the river 
to about 12 feet. The shallow groundwater system consists of a thin zone of 
saturated soils above the dense silty-clay till. The saturated thickness above the 
dense till confining layer is between S and 15 feet. This groundwater is not used 
as a source of water; local residents use municipal water. 

The channel characteristics of the Little Menomonee River are relatively 
consistent along the reach between the facility and the Menomonee River. The 

. typical base flow water depth is l to 2 feet, with a corresponding width of about 
20 feet. The sediments are typically silt or clay, soft in some areas and hard 
packed in others. 

NATI,ltE A.1'1> EXTE!'1 OF CO1'1AMINATION 

The major contaminants found during ~he investigation were P AHs. Total P AH 
concentrations were as high as 3 percent in some soils on the facility and 0.6 
percent in some river sediments downstream from the facility. Free product in 
one monitoring well contained over 22 percent P AHs. Other compounds were 
also detected. Dibenzofuran. often a component of creosote. was detected m 
onsite soil and in river sediment. Toluene appeared to be ubiquitous, appearing 
in most of the soil samples-including background areas-and m otherwise clean 
samples. 

Soils 

The extent of soil contamination within the former site boundarv is shown on 
Figure 3. The basis for the boundaries shown in Figure 3 is the concentration 
of carcinogenic P AHs. Field observations and screening results were also used 
to determine the shape of the contours. Carcinogenic PAHs are shown because 
they arc responsible for the risks associated with the site. The extent of 
contamination is general1y the same for other parameters, such as BTXs and 
noncarcinogenic PAHs: however the precise boundaries vary slightly (sec 
Chapter 3). 

The processing area and vicinity. the settling ponds. the treated storage areas 
(particularly the eastern edge). the northeast landfill. and the southeast landfill 
were identified as contaminated on the basis of the field screening results anc 
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from skin contact with creosote from the Llnle Menomonee River indicate acute 
risks may still exist, although such risks cannot be quantified. 

METHODS 

The investigation included the entire facility and s. miles of the Little 
Menomonee River below the facility. The soil and ,roundwater investigation at 
the facility focused on identifying the horizontal and vertical extent of 
contamination in areas known or suspected to have been affected by site 
operations. The investigation of the river included the surface water, bonom 
sediment, and flood plain soils (including dredgings piles in channelized areas). 

At the facility, surface soil samples (to a depth of 4 feet) were collected at 100-
to 200-foot intervals within suspected areas of contamination and at random 
intervals in other areas. Subsurface samples were collected from boreholes to 
characterize deep contaminant migration and hydroaeologic conditions. All soi1 
samples were visually screened by the field team and then analyzed at an onsite 
laboratory to determine the concentration of extractable organics. Additional 
soil samples were then collected and analyzed for P AHs. other organic 
pollutants, and trace metals to quantify pollutant concentrations. 

Groundwater monitoring wells were installed in most of the borings made at the 
site. The wells were sampled and analyzed for P AHs. other organic compound:,. 
and trace metals to determine the nature and extent of groundwater 
contamination. In addition. the monitoring wells were used to obtain hydraulic 
data on the groundwater system to characterize contaminant transpon 
mechanisms. 

Eight water samples from the Little Menomonee River were collected and 
analyzed for P AHs. other organic compounds. and trace metals to evaluate 
contamination of the surface water. 

Sediment samples were collected at 300-foot intervals along the entire reach of 
the river to evaluate the lateral extent of contamination. Sediment samples were 
also collected from cross sections of the river channel at 1,200-foot intervals to 
refine the estimated quantity of contaminated sediment. All sediment samples 
were screened using the same procedure as for onsite soils. Additional samples 
were collected and analyzed for P AHs, other organic compounds, and trace 
metals to quantify contaminant concentrations in the river sediment. 

Samples from the flood plain and dredging piles along the river and tributary 
inlets to the river were also sampled and screened during the investigation for 
visible contamination and extractable organics. 
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Menomonee and Menomonee Rivers and in an adjacent watershed. Samples 
were also collected downstream in the Menomonee River. 

RISK ASSESS:MENT 

The baseline risk assessment evaluated the potential threats to public health and 
the environment from the Moss-American site in the absence of any remedial 
action. Potential effects on the environment were also evaluated. 

Exposqre Seuiqs 

Exposure settings were developed to descnbc potential human exposures under 
current site conditions and potential future site uses. The exposure assumptions 
upon which the risk assessment is based arc summarized in Table 1. Three 
settings were developed for the Moss-American site. To evaluate human health 
risks under current site conditions, a trespass setting was developed to descnbe 
exposure to people who could come onto the site. A residential use setting was 
developed to evaluate a maximum exposure setting to assess potential future site 
use. Exposure resulting from recreational use along the Uttlc Menomonee 
River is descnbed by the recreational use setting. An exposure setting for 
direct skin contact with creosote was not developed because no method exists to 
quantify this risk even though skin burns have resulted from direct contact with 
sediment in the past. 

Risks 

The results of the risk assessment arc summarized in Tables 2, 3, and 4. The 
individual excess lifetime cancer risk to individuals who come onto the site and 
ingest the surface soil in quantities comparable to the assumptions of the 
exposure setting range from S x 10°' (based on the highest detected 
concentrations) to 5 x 10-6 (based on mean concentrations). Future residents 
who contact contaminants exposed during site development would face risks 
estimated to range from 4 x 10·2 (highest concentrations) to 2 x 10"' (mean 
concentrations). Individuals who accidentally ingest sediments from the river 
encounter risks ranging from 1 x 10-' (highest concentrations) to 3 x 10-6. The 
individual excess lifetime cancer risk is the incremental increase in the 
probability of developing cancer during one's lifetime over the background 
probability of developing cancer. 

Effects from acute dermal exposure to creosote is also a concern. Bums 
resulting from contact with sediment from the Little Menomonee River have 
been documented on at least two occasions. In 1971 volunteer workers received 
skin bums from wading in the river, and in the late 1970s laboratory workers 
received bums while conducting tests on river sediment. The potential for skin 
bums is assumed to continue to exist, but risk estimates cannot be quantified. 

The ecological impact on aquatic plants and animals in the Little Menomonee 
River was not studied as pan of this investigation. Previous investigations on 
the Little Menomonee River have led to the conclusion that the river 
downstream from the site is ecologically impaired. Some of the ecological 
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analytical data. The most contaminated areas are the processing area (in the 
immediate vicinity of the old retons ), the eastern edge of the treated storage 
area, the nonheast landfill, and the southeast landfill. 

Groundwater 

The estimated lateral extent of sroundwater contamination is shown in Figure 4 
along with a 1:nmmsuy of the hydraulic characteristics of the aquifer. The 
shaded areas represent organic compounds detected in the groundwater samples. 
No inorganic contamination was detected in the filtered groundwater samples. 
Groundwater contamination extends from the processing area to the river in a 
band that could be up to 400 feet wide. The shaded area on the map shows 
the maximum expected width of the band. The conwninated plwne generally 
follows the groundwater gradient at the site, which is nonheasterly toward the 
river. 

Groundwater contamination extends to a maximum depth of 20 feet below 
ground. No contaminants were detected in intermediate and deep wells at the 
facility. The lower extent of groundwater contamination is limited by the dense 
silty-clay till, which acts as a confining layer. 

River Water 

Eight surface water samples were taken from the Little Menomonee River and 
from ditches on the site. !'\o P AHs or other contaminants were detected in the 
river samples. P AHs in surface water were detected in the ditch that drains 
water from the site to the river. Oil from the former settling pond outfall 
appears to discharge to the river, producing an oiJy sheen on the river adjacent 
to the outfall during low flow conditions. During normal flow conditions, the 
discharge is either not noticeable or does not occur. 

· Sediment 

The compounds detected in the river sediment arc consistent with those found 
onsitc. The primary contaminants arc P AHs. BTX compounds were not 
commonly found in the sediment samples. Other detected compounds were not 
widespread and were at low concentrations. 

The concentration of carcinogenic P AHs in sediment from the Little 
Menomonee River is shown in Figure 5. The venical axis in Figure 5 represents 
the Linlc Menomonee River. Sample locations arc shown relative to the major 
road crossings on the river. PAHs were detected along the entire reach from 
Brown Deer Road to the Menomonee River. In general, contaminant 
concentrations appear to decrease with distance from the site. In addition, 
contaminants were not detected in some samples, indicating an uneven 
contaminant distribution. 

Additional sediment samples were collected in October 1989. The results of 
those samples will be rcponcd in a separate document when they are available. 
The samples will characterize background levels upstream in the Little 
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Table 2 
Summary of Onsite T,espass Risks 

Moss-Ame,ican Site 

Nancac:IIIQOMlk: R1911• C.dnogef"-: Rhll•- ....... 

&.-.• , .... ,.., .. on lnhelallon a-.. 
Sefflng Conc9nlrllllon ......... ......... Huerdlnde• &ee.lntRI> 

-----

Eell Highell Chlld 0.15 0 14 None 
Detected 

o-..,1c Chlld 0.'1 0014 None 
Mean 

Hlohell Adult 0.073 0012 None 
()fllecled 

Geometric Adutl 0.055 00lf None 
Mean 

--------
Well .......... Chlld 2.4 0.023 None 

Oelected 

Geometric Chlld 0.24 0.008 None 
Mean 

ffiOhell Mull Ub 0018 None 
Detected 

Geometric Adull 0.12 oooe None 
Mean 

E•po1111e Assumption■: 
Nonr.llfclttogenic Rl■k1 - 35 Ilg body weight tchldt. 70 lit body weighl (adull), 0 _ I glday ■off lnlelle _ 
ch1l,I 11,t,11l11linn rate 13 I/min, erlult Inhalation rllle 20 I/min_ 
C111cim,ge111c Rish - 70 •o body weigh!, 0 I glday ■off Int•••· 2-deylwll, 20-wb/y,, 10 yNII. 

TotetlngetNon 
&_l........_ 
Cancer RI• 

lE-04 

5E-oe 

5E-O<t 

2E-05 

• PAU• lnclmle tmn11,t11!enthtec-. benzofbllootent'"'"8, benzot•lfluol••llhene, ben1ol•1Pyrene, betuofg,h,ljperylene 
ch1y5m11,, tlihonrl11.hjanllt11teene. lndenof l,2,3-cd1Pyr-

h No ind1v1<h111I 1:hnmic1tl l11111•e 1111ceeda RFD When hetard 
111cle•ns Arn rn nshnu,14"1 hy ht1Allh 11llecl. no tublndt11Ut1 e•c-1 I 

...... ell ....... 

PAltl(e) 

PAH■(at 

PAHi(-, 

PAHi(-, 

cu• 11 Hit ,..._H: 1hfoe: , ..... ,,. ........... 
C-fM 

IE-GI PAHl(•I 

4E-GI PAH■(e) 

tE-GI PAH■C•I 

tE-07 PAHl(e) 



Table 1 
EXPOSURE ASSUMPTlONS 

MOSS-AMERICAN SITE 

Tll'glt Aeclptor Rout• Intake Flat• Body Weight FraQuency 

JrMPWs,ning 

Child lng•tion 0.1 gfday 35-kg 

Adult Ingestion 0.1 g/dly 70-kg 

Individual uNd tor Ingestion 0.1 g/dly 70-lcg 40days/yr 
lifetime cancer risk 10 yrs 
estimate 

.. .,1 

Child Inhalation 13 Vmin 35-kg 

Adult Inhalation 20 I/min 70-kg 

Individual used tor Inhalation 20 I/min 70-kg 2 hr/day 
lifetime cancer risk 40 days/yr 
estimate 10 yrs 

B!§i~tntial ~tting 

Toddler Ingestion 0.2 g/day 15-kg 

Adult Ingestion 0. 1 g/day 70-kg 

Individual used tor lngest,or Age 1-5: 70-kg 365 days/yr 
lifetime cancer risk 0.2 g/day 70 yrs 
estimate 

Age 6-70: 
0. 1 g/day 

Recreational Setting 

Child Ingestion 0. 1 g/day 35-kg 

Adult Ingestion 0.1 g/day 70-kg 

Individual used tor Ingestion 0. 1 g/day 70-kg 40 days/yr 
lifetime cancer risk 10 yrs 
estimate 



Table 3 
Summary of Residential Development Risks 

Moss-American Sile 

Noncarcinogenic: RI, .. C•dnooanlc fWtli1 - ln11 Ill .11 ----·----

Exr-• , ....... lnQellinrl 

Selttng eonc..--.. fl'ufu1t .. 1inn Hara,d lnde11 
---·---·-· 

Ea&I HIQhell Child 092 
Oelecled 

Onnn ... ,ic Child O 49 
Mean 

HIQhell Adull 0099 
Oelecled 

G.ametrlc Mufi 0051 
Meen 

----- ·----- .. 

West Highell ChHd 12 
Delecled 

Oeomelrlc Child OS 
Mean 

HighNt Adutl t3b 
Oelecled 

Geometric AduN 0054 
Mean 

Ex1109111e A1.umptlon1· 
Nnnca,cinogenlc Rieb - Chlld. 3S •o body weight O 2 ghtay soil l111a•e 

- Mull 10-•o body weight. 0. 1 glday IOil lnl11ke 
ca,clnogenlc Rish - llfellmA eY9fage: 70 •o body weight. o t gld11y 1o:Jit Intake 

bpo1t11a daHy kw 70 yea11 

------- -- ·- -
Total ....... 

C'-k-111- fllCNellllillllle 
fllc-'ing RII> Cancer Ria 

None 

None 

None 

None 

Cedmtum. lead 
2.4-d1nlt1<JPh-ol 

None 

None 

None 3E-G4 

11 PAH, lnchlde ben1ofaler11hrac-. benzoll,lllootenlh-. hen1otl<lflU01anlhene. ben1otaf11yt-. bel11ofo.h.ltpefylene. 
ch1ysene. dihen,ta.hlanlh111eene. lndanof I .2 .3--i:dfl,yrerui 

h No individual chllf!llclll ltt111•n HCeedl RFO When h111111d 
11ufo1ns 111n 111-nslir1111lml hy tu,111111 nltocl, no 1uhinch1xos nnoml t 

PAHl(•t 

PAHl(•t 

PAHl(•t 

PAHl(•t 



Table 4 
Summary of Recreational Use Risks 

Uttle Menomonee River 

Noncarcinogenie Ailts -
lnglltlon CarcinogeniC RiSks - Ingestion 

Target lnglltion chimieals ExcmUfetime 
Strum Mile COlailllmlon Pcpulation Huardlndax exc.:,1ng RfO cancer Risk Major Chemicals 

HighNt Child 0.'6 None 
Detected 

Geometric Child 0.16 Noni 
Mean 

HlghNt Aduh 0.20 Noni 1E-04 PAHs (a) 
Dettctld 

Geometric Adult 0.08 
Mean 

None 3E-05 PAHs (a) 

Highest Child 0.2, None 
2 Dettctld '-11 

Geometric Child 0.1, None 
Mean 

Highest Adult 0.10 
Detected 

None 1 E-04 PAHs (a) 

Geometric Adult 0.07 None 2E-05 PAHs (a) 
Mean 

Highest Child 0.32 None 
3 Detected 

Geometric Cn1ld 0.26 None 
Mean 

Highest Adult 0.16 None lE-04 PAHs (2) 
Detected 

Geometric Adult 0.13 None 2E-05 PAHs (a) 
Mean 

Highest Cn1ld 0.12 None 
4 Detected 

Geometric Child 0.23 None 
Mean 

Highest Adult 0.06 None SE-05 PAHs (a) 
Dtttcled 

Geometric Adult 0.12 None SE-06 PAHs (a) 
Mean 

Highest Child 0.56 None 
5 Oettcted 

Geometric Child 0.,1 None 
Mean 

Highest Adult 0.30 None 3E-05 PAHs (a) 
Dtttctld 

Gtometric Adult 0.23 None 3E-06 PAHs (a) 
Mean 

Exposure A11ump110n1· 
Noncarc,nogen,c R11kl - Child 35 kg body we1g1'11. 0 1 g/day 10111ntak1 

- Adult 70 kg body we1gl'1t. 0 1 g/day 10,1 intake 
Carc1nog1n1c R11k1 - 70 kg boOy we,ght. 0 1 g/day 1011 intake 

Exposure duration. 2 dayl/W .. k for 20 wNkl/y,ear. 1 0 years 

a PA~s include benz0(alanthrac1ne. benzoiblfluorantl'1en1 benzO(k)fluoranthene. benz0(a)pyren1. benzo(g.h.ilpery1en1 
cl'1rysene. d1benz(a h)lnthracen1. 1ndeno< 1 .2 .3-c .d)pyren1 



1 

impairment is probably a result of the creosote contamination from the 
Moss-American site. However, the studies have general]y noted that it was not 
possible to separate specific effects of the Moss-American facility from other 
activities within the urban watershed. Consequently, while it may be inferred 
that the discharge of creosote from the site to the river has had adverse impacts 
on the biota of the river, the impacts of other human activities have contributed 
to the degradation of the river. 

ISSUES AND DATA LIMITATIONS 

The extent of creosote contamination in the Menomonee River and in flood 
plains on the Little Menomonee River remains to be determined. 

Data limitations that have been identified are: 

• Only one round of surface water samples has been coUected and 
analyzed. These results may not be representative of the surface 
water at different times of the year and under other flow 
conditions. 

• Groundwater levels were measured under drought conditions and 
may not represent groundwater conditions under other conditions. 

• Adverse acute health effects from contact with creosote 
contaminated soil or sediments mav occur but a measure of the 
risk cannot be quantified. · 
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Chapter 1 
INTRODUCTION 

This repon presents the results of the remedial investigation (RI) of the former 
Moss-American creosoting facility in Milwaukee, Wisconsin. The RI was 
conducted by CH2M Hill. for the United States Environmental Protection 
Agency (EPA) under contracts 68-01-7251 (work assignment 5-SLM7.0) and 
68-WS-0040 (work assignment 15-5LM7.0). 

PROJECT OBJECTIVES 

The overall objectives of the Moss-American RI were to evaluate the threat 
posed by contamination at, or released from, the site and the river and to collect 
the data necessary to identify and evaluate potential remedial actions. To those 
ends. an investigatory approach was designed to collect the data needed to: 

• Determine the nature and extent of creosote contamination onsite 
and in the river 

• Identify specific compounds and determine their concentrations 
onsite and in the Little Menomonee River 

• Characterize the hydrology and geology of the site and river to the 
extent necessary to evaluate contaminant fate and transpon 
mechanisms and remedial alternatives 

REPORT ORGANIZATIOJ\ AND PRESE1'7ATIOS 

· This chapter provides a brief description and history of the site and previous 
environmental investigations of the site and the Little Menomonee River and 
summarizes the objectives and sampling strategy employed during the RI. The 
section on the sampling strategy describes how the phased approach. in which 
each successive sampling event was guided by the results of preceding tasks. was 
used to focus the investigations. Detailed procedures for the investigation are 
presented in the Work Plan (July 23. 1987) and the Quality Assurance Project 
Plan (October 15. 1987). Detailed descriptions of the methodology for individual 
tasks arc also given in the appropriate appendixes. 

The remaining chapters present the results of the investigation. Physical features 
of the site including the Little Menomonee River. which was and currently is 
affected by site activities. are described in Chapter 2. The nature and extent of 
contamination on the site and in the river are presented in Chapter 3. The 
results of the human health and environmental assessment arc given in 
Chapter 4. 
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BACKGROUND INFORMATION 

AREA OF INVESI'IGATION 

The RI focused on the former Moss-American site and the reach of the Linle 
Menomonee River between Brown Deer Road and the Menomonee River. The 
88-acre site is south of arown Deer Road and east of 107th Street in the 
northwest part of the City of Milwaukee (Fiame 1-1 ). Tbrouahout this repon, 
references to the site refer to the land within the boundaries shown in the 
figures. The site is bounded on north by the Chicago and North Western 
Railroad tracks and on the south by the Wisconsin and Southern Railroad 
tracks. The eastern boundary of the site is approximately 1,300 feet west of N. 
91st Street. The western quaner of the site is currently a rail and truck transfer 
station owned by the Chicago and Nonh Western Railroad. The remainder of 
the site, which is undeveloped, is owned by Milwaukee County and classified as 
parkland (Figure 1-2). 

SITE HISTORY 

The ponion of the Little Menomonee River that crosses the site flows 
southeasterlv from the nonhern boundarv of the site and leaves at the southeast 
comer. It discharges to the Menomonee River approximately 5 miles downriver 
from the site. The public ]ands adjacent to the Little Menomonee River 
constitute the Little Menomonee River Parkway. Privately owned propeny 
fronts the river in very few locations. The ponion of the Little Menomonee 
River that passes through the site is included in the discussions of the river 
investigations but not in the discussions of the site investigations. 

A wood preserving plant was established on the site by the T. J. Moss Tie 
Company in 1921. The plant preserved railroad ties. poles~ and fence posts with 
creosote. Kerr-McGee purchased the T. J. Moss facility in 1963. In 1965. after 
purchasing the American Creosote Company, Kerr-McGee changed the facility"s 
name to Moss-American. The name was changed again in 1974 to Kerr-McGee 
Chemical Corporation-Forest Products Division. The plant closed in 1976. The 
eastern pan of the property was acquired by Milwaukee County in 1978, and 
Chicago and Nonh Western Railroad bought the western parcel in 1980. 

The creosoting process used at the plant consisted of impregnating the wood 
products with a mixture of 50 percent No. 6 fueJ oil and 50 percent coal-based 
creosote. Impregnation was done at 180 psi and 200°. Wood products were 
loaded into retons in the processing area for treatment. Freshly treated wood 
was stacked on railcars parked on drip tracks and later transferred to the 
treated wood storage areas. Processing and storage areas at the site as they 
appeared in 1962 are shown in Figure 1-3. The processing area consisted of the 
reton building, venica1 tanks for creosote and fuel oil storage, and several 
smaller suppon buildings. 

Between 1921 and 1941. liquid wastes from the site were discharged directly to 
the Little Menomonee River. In 1941 a series of settlim? basins and a coke 
filter were installed for waste treatment: however. in 19f4 a Public Health 
Engineer noted that the coke filter was not in place. At that time. the 
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wastewater passed through an oil-water-sludge separator and was discharged to a 
700-foot ditch (the settling pond area shown in Figure 1-3) that ultimately 
discharged to the river. The ditch included one settling pond and hay filters 
installed at the bead of culvens that passed under the tracks at 70- to ISO-foot 
intervals. Subsurface drains added in 1952 drained to an open ditch along the 
nonhem propeny boundary and then to the river. The extent and configuration 
of the drain system is not documented. 

In 1966, the Milwaukee Metropolitan Sewerage Q\mmiu•on advised Moss
American that oil leaking from the drainage ditch and settling ponds was not 
permitted and they should be dredged and the pond walls rebuilt with 
uncontaminated clay. Moss-American complied with that request. 

The Wisconsin DNR issued an Administrative Order in 19~,:-, requiring that 
Moss-American diven its process water discharge to the Milwaukee sanitary 
sewerage system. In 1971, the company completed the diversion project, and 
discharges to the river were limited to water softener wastes and storrnwater 
runoff. 

National attention was brought to the site in 1971 when a group of teenagers 
received chemical bums from wac:ing in sediments more than 3 miles 
downstream of the site. Subsequent studies identified creosote from the Moss
American facility as the source of the chemicals. In response to this incident. 
the settling ponds and 1. 700 feet of river adjacent to the site were dredged to 
remove creosote and creosote-contaminated soils. and an underground clay wall 
was placed between the settling ponds and the river. Dr edgings from the 
settling ponds were landfilled in a field cast of the river and the ponds were 
backfilled with clean soil. River dredgings were spread and buried along the 
west bank of the river. 

The plant facilities were demolished in 1978. Some oil saturated soils ( 450 cubic 
yards) were excavated and shipped to the Nuclear Engineering Landfill in 
Sheffield, Illinois. Excavated areas were backfilled with clean fill material. 

PREVIOUS l~STIGATIONS 

Several environmental investigations have taken place at the site and in the 
river. The investigations that involved sampling and analyses are summarized 
below. 

Limnetics-1970 

In a repon prepared for Congressman Henry S. Reuss. a field biologist from 
Limnetics stated that the Moss-American site was the source of creosote and oil 
pollution in the Little Menomonee River. 

t:.S. Army Corps or Engineers-1971 

The C .S. Army Corps of Engineers analyzed five sediment and two river water 
samples from the Little Menomonee River for oil and grease. hexane soluble 
compounds. and total volatile and phenolic compounds. Infrared and ultra,iolet 
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spectra of the hexane-soluble compounds were obtained. Testing concluded that 
another source of coritamination in addition to Moss-American was discharging 
U> the Little Menomonee River near Bradley Road. 

Cimenl for Menomonee Ri'ffl' Restoration, Inc.-1'73 

The Citizens for Menomonee River Restoration prepared a repon to document 
the discharge of industrial waste intc> the Little Menomonee River. It identified 
the river sediment contamination as creosote and the Moss-American Company 
as the probable source of the contamination. 

Bio-Test-1973 

Industrial Bio-Test Laboratories, Inc. conducted test cleanup of 500 feet of 
contaminated Little Menomonee River sediment between Bradley Road and 
Good Hope Road. The procedure consisted of dredging the river, dewatering 
the dredgings, discharging the treated water back to the river, and disposing of 
the solids in a landfill. Sediment samples within the test area were analyzed 
using a hexane extractable method. 

Rexnord-1973 

Rexnord was contracted bv the EPA to remove creosote from the sediments of 
the Little Menomonee River. The Phase I work was a demonstration of the 
removal method in a 500-foot section of the river before final selection of a 
contractor for the Phase II work. Rexnord's repon describes the Phase II 
operations. 

Cleanup operations were performed along a 4,000-foot section of river beginning 
about 500 feet do'WJ'lstream of BrO'WJ'l Deer Road. The cleanup procedure 
consisted of hydraulical1y dredging mud and sediment from the river bottom and 
dewatering the dredgings. The dredgings were disposed of in a landfill and the 
water was returned to the river after treatment. Sediment samples coUectcd 
before dredging were analyzed for hexane soluble compounds at 50- to 70-foot 
intervals along a 13,000-foot stretch of the river. These values were compared 
with those from hexane soluble analyses performed on samples collected after 
dredging to assess performance of the operation and to ensure that the residual 
concentrations were less than the cleanup goal of 5,000 mg/kg. Related studies 
included tOXicity studies on crayfish, water fleas, and various fish common to 
southeastern Wisconsin. Skin irritation tests were performed on rabbits. 

U.S. EPA-June 1975 

An investigation performed by John R. Helvig from the EPA Region 5 
Surveillance and Analysis Division, Minnesota-Wisconsin District Office, reponed 
that the origin of the oily contamination in the Little Menomonee River was 
within a 0.9-mile stretch of the river that included the Moss-American site. The 
only discharges to the river in that stretch were from the Moss-American 
property. 
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NEIC-April 1977 

The National Enforcement Investigations Center (NEJC) conducted an 
investiption to determine the amount and 1eneral location of creosote deposits 
in the Little Menomonee River and to evaluate the effects of creosote 
deposition on the quality of natural sediments, flowing water, and aquatic biota 
in the river. Other aspects of the study include flora studies, macroinvenebrate, 
and fish studies. River sediments taken over a 7-mile stretch of river were 
analyzed for methylene chloride soluble compounds. Data use was limited 
because the admined falsification of a sample by one of the samplen tainted the 
entire study. Since the same sampler was involved in the November 1977 NEIC 
sampling, analytical results in both reports were of limited use. 

NEIC-No,ember 1,11 

NEIC conducted this study to determine the extent of creosote contamination in 
soil and groundwater to evaluate the potential for continued pollution of the 
Little Menomonee River and to determine the measures necessary to eliminate 
the source of pollution. Samples were analyzed for methylene chloride 
extractable compounds; the presence of creosote in the extracts was confirmed 
by gas chromatography. Data use was limited because of the falsification of a 
sample in the previous NEIC repon. The rcpon described .. widespread and 
high concentrations of creosote" in the soil and groundwater at the site but did 
not determine the actual extent. It recommended an interceptor ditch to 
prevent contaminated groundwater from the site from reaching the river. but did 
not make anv recommendations about the contaminated soils on the site. The 
investigation ·did not include offsite river sediments. 

Other lnvesti&ations 

Kerr-McGee periodically sampled effluent discharge from the Moss-American 
facihty but did no systematic studies of the sediments or soils. 

Overall Data Deficiencies and Limitations 

Most of these investigations were performed during pJant operations or shortly 
after closure and before removal of plant structures. The distnbution of 
contaminants across the site will have changed in the interim because of 
demolition and removal of the buildings, surface preparation for the parking lot, 
construction of the additional railroad sidings, and natural processes such as 
migration. 

Analytical procedures were used to determine general levels of organic 
contamination but specific compounds and their concentrations were not 
identified. In addition, analyses for inorganic compounds were not performed. 
Estimation of risk requires that concentrations of individual compounds be 
known. Most of these investigations were designed to establish the presence of 
contamination but not its extent. An objective of the ?\1EIC investigations was to 
determine extent. but use of those data has been limited. 
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Groundwater sampling was conducted only once (by NEIC) but analysis was 
limited to methylene chloride extractables. Individual compounds were not 
quantified. Hydroaeologic studies needed to determine movement of 
contaminated sroundwater and the rate of discharge to the Little Menomonee 
River have not been performed. 

DATA QUALITY OBJECTIVES 

The following are Data Quality Objectives associated with the Moss-American 
Phase I RI: 

• To define the extent of creosote contamination in onsite soils and 
river sediment by semiquantitative and real-time field screening 
methods in a cost-effective and timely manner. 

• To define relative creosote contaminant concentrations so that 
submittal of high concentration samples (as known to exist at the 
site) can be controlled to avoid instrument interference or failure. 
and so that samples later sent for analysis can be properly 
prepared and handled. 

• To verify in a cost-effective manner that the screening method has 
identified contaminants of concern ( creosote and fuel oil 
constituents). 

• To quantitatively identify constituents of the creosote contamination 
for remedial needs and to support the risk assessment. 

• To analytically confirm and document for litigativc purposes levels 
of creosote constituents present in site soil. river sediments. and 
groundwater. 

• To support selection of remedial alternatives in the FS. 

To meet these six objectives, a phased approach using onsite and laboratory 
screening was implemented during the investigation. The investigation strategy is 
summarized in the following section. 

INVEmGATION STRATEGY 

The investigation was divided between the site and the river. Work on the site 
was designed to determine the nature and extent of contaminated soils. the 
nature and extent of contaminated groundwater. and to evaluate the site 
hydrogeology. The river investigation was designed to determine the nature and 
e>.'tcnt of contaminated sediments and surface water. Details of the field 
investigations arc provided in Appendixes A through H. Analytical Results are 
desc_ribed in Chapter 3. 

Soil and sediment sampling was performed in several stages. Initial sampling 
was widely spaced to provide broad areal coverage. Samples were screenec in 
the field for visual evidence of contamination and with field instruments for 
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organic vapors. More than 500 soil and sediment samples were analyzed at an 
onsite laboratory for total extractable organic concenuations. These data were 
used to estimate the extent of contamination on the Site and in the liver. To 
verify the initial sampling and to quantitatively identify coritaminant 
concentrations, 100 of the samples were analyzed in an offsite laboratory for 
polyarornatic hydrocarbons (PAHs) and phenols. Finally, a limited number of 
areas were resampled based on the P AH results and sent for analysis through 
the EPA's Contract Laboratory Program (CLP). 

Oalite Invesdptlon 

The onsite surface soil investigation began in May 1988. Surface samples were 
collected from test pits and, where excavations were impractical, from borings. 
Samples were taken from depths up to 4 feet to investigate beneath fill that was 
spread after plant closure. The initial samples were generally collected at 
200-foot intervals and total extractable organic concentrations were measured in 
a mobile onsite laboratory. Additional samples were collected at 100-foot 
intervals in areas where high extractable organic concentrations were found. A 
total of 167 surface soil samples were collected and analyzed for exuactable 
organic concentrations. Surface sample locations arc shown in Figure 1-4. 

Forty onsitc surface soil samples were selected for analysis of PAH and phenolic 
compounds (Figure 1-5). The sampies were selected on the basis of extractable 
organic conce:-.:ration and location. Samples were selec:ed to represent the full 
range of ext:2.:~able organic concentrations detected; however, selection was 
biased towarc the more contaminated samples. Samples were also selected from 
each of the suspected source areas. 

After receipt of the P J\H and phenolic compound analytical results, 16 locations 
were resampled (Figure 1-6) and the samples were sent to CLP laboratories for 
analysis of Target Compound List parameters~ dioxin, and selected treatment 
parameters. Samples were selected from the suspected source areas and also 
from areas thought to be unaffected by site activities. 

Thirty onsite subsurface soil samples were collected from borings performed at 
the site (Figure 1-7) and submitted to CLP laboratories for analysis of 
compounds on the Target Compound List, dioxin, and selected treatment 
parameters. The borings, most of which were used for monitoring well 
installation, were located on the basis of contaminant dismbution as determined 
by the surface soil screening results and visual test pit logs. The rationale for 
each boring location is given in Appendix F. The subsurface soil samples were 
collected from various depths using split spoons during drilling. The samples 
were selected from depths corresponding to the screened intervals of the 
monitoring wells that were subsequently installed. One hundred eighty-three 
split-spoon samples were analyzed for extractabale organic concentrations. The 
screening results were not used to select the CLP samples because both sets of 
samples were collected simultaneously. 

Twenty-four monitoring wells were installed in 16 locations at the site. \\'ells 
were grouped in one nest of three, six nests of two, and nine individual wells. 
Monitoring wells were located to monitor contaminant migration from areas of 
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soil contamination and to monitor aroundwater quality entering the Little 
Menomonee River. Background wells were also installed. The monitoring 
wells were used for sewral purposes. Groundwater samples were collected to 
determine the nature and extent of groundwater contamination; water levels 
were measured to determine venical and horizontal groundwater gradients and 
direction of movement; and well tests were performed to estimate aquifer 
properties. 

Sixteen monitoring wells were installed to a depth 1enerally between 15 and 20 
feet and are referred to as "'shallow" wells. These are screened in the surficial 
water-bearing zone. Monitorina well MW-14S is the exception. It is 28 feet 
deep and screened in the unweathered till. Deeper wells ( 40 to SO feet) were 
installed at seven of the shallow well locations to measure vertical hydraulic 
gradients and to provide deeper groundwater samples downgradient of 
contaminated areas. The deep wells are called "intermediate" wells. A third, 
deeper well was installed to a depth of 55 feet at one well nest {MW-4) to 
investigate for deep contamination immediately downgradient of the process 
area. Monitoring wells MW-1S, MW-11, and MW-13S were installed as 
background wells. 

The onsite field work was completed in July 1988. 

River ln~ption 

In this study, the Little Menomonee River from Brown Deer Road to the 
confluence with the Menomonee River was investigated. Initial reconnaissance 
of the Little Menomonee River was made in late November and earlv 
December 1987. General features of the river and discharge points to the river 
were mapped. 

Sediment sampling took place in May 1988. One hundred four samples were 
collected from the upper 1 foot of sediment at 300-foot intervals along the river 
and screened for extractable organic concentrations at the onsite laboratory. 
The screening results, along with visual observations, were used to identify 
locations for cross section sampling. The river cross section locations are shown 
in Figure 1-8. Samples were collected from three to four evenly spaced 
locations across the river. They were coUected at 1-foot depth intervals to a 
depth of up to 3 feet or until bard sediment prevented the advance of the 
sediment corer. Four to eight samples were collected at each cross section. 
Additional samples were collected from banks, the flood plain, and selected 
inlets. All the samples were analyzed for extractable organic concentration. A 
total of 291 samples were analyzed. 

Sixty samples were analyzed for P AH and phenolic compound concentrations 
(Figure 1-9). The samples were selected based on extractable organic 
concentration to incJude the most contaminated samples as weU as a 
representative number of samples from au extractable organic concentrations. 
Sixteen samples (Figure 1-10) were resampled for submittal to CLP laboratories 
for analysis of compounds on the Target Compound List. dioxin, and selected 
treatment parameters. Sample locations were selected based on the results of 
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the P AH and phenolic analyses. Samples were colJected to be representative of 
all ranges of concentrations detected. 

Eight surface water samples were collected and analyzed for compounds on the 
Target Compound List and for selected treatment parameters (see Figure 1-11). 
Six water samples were taken from the Little Menomonee River. Two samples 
were collected upstream of the site, one was taken from the river at the point 
where it leaves the site, and three were taken at greater distances downstream 
from the site. Two water samples were collected from locations on the site 
where surface water was draining into the river. The surface water sampling 
took place in May 1988. Water levels were probably higher at this time than at 
any other time during the field activities. 
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Chapter 2 
SITE CIIARACl'ERIZATION 

This chapter descnbes the physical characteristics of the Moss-American site and 
the Little Menomonee River. The information presented focuses on physical 
features affecting contaminant transpon and potential exposure routes required 
to suppon the feasibility study. Analytical results from the sampling cffon arc 
covered in Chapter 3, Nature and &tent of Contamination. 

Information was obtained from existing reference material and from the results 
of the field work conducted during this remedial investigation. ReJional 
geologic, bydrologic, and land use information was collected during the 
evaluation of existing data. Much of that information was taken from Southeast 
Wisconsin Regional Planning Commission's repon on the Menomonee River 
watershed (SEWRPC 1976). · 

REGIO~AL SETTING 

TOPOGRAPHY 

The Milwaukee area is pan of the Great Lakes section of the Central Lowlands 
physiographic province. The area is characterized by topographic features 
resulting primarily from glacial processes. Local relief in the area is generally 
less than 100 feet giving rise to the flat to rolling topography characteristic of 
glaciated areas. 

CLIMATE 

The climate for the area is typical for the upper Midwest, with warm summers 
and cold winters. The average daily temperature range for January and 
February is 8° to 32°F; for July and August it is 55° to 83°F. The average 
annual precipitation is between 29 and 30 inches (water equivalent) with monthly 
averages ranging from 1.1 inches in February to 3.8 inches in June and in July 
(SEWRPC 1976). 

HYDROLOGY 

The Little Menomonee River is mbutary to the Menomonee River. which 
discharges to the Milwaukee Harbor Estuary about 0.9 mile from Lake 
Michigan. The Menomonee River watershed includes approximately 137 square 
miles with 10 square miles or 15 percent tributary to the Little Menomonee 
River. There arc approximately 69 miles of perennial stream in the 
Menomonee River watershed of which 11.9 miles, or 17 percent, arc within the 
Little Menomonee River Watershed. 

Land use within the Menomonee River watershed is approximately 54 percent 
rural and 46 percent urban. Most of the urban land is in the central and 
southeastern ponion of the watershed. The upstream watershed is 
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predominantly rural with some relatively new low to medium density residential 
uses. The Little Menomonee River is located in the upstream Menomonee 
River Watershed. Land use is predominately rural with 6S percent rural uses 
and 35 percent urban uses. Urbanization increases from nonh to south or 
downstream in the watershed. 

Soils within the Uttle Menomonee River watenbed are predominantly bydrologic 
soil group C and D rated on a scale with A soils being sand and D soils being 
clay. The soil tends to produce higher volumes of runoff and peak Oows in 
drainage systems. 

The slope of the Little Menomonee River is approximately 3.5 feet per mile. 
There are 18 hydrologically significant bridges and culvens. Channelization has 
been carried out on approximately 80 percent of the perennial stream length of 
the watershed. Sediment removal was conducted in 1972 and 1973 for a 
4.600-foot channel segment downstream of Brown Deer Road and the C&NW 
Railroad bridge. 

HYDROGEOLOGY 

A conceptual cross section of the regional hydrogeology beneath the Moss
American site is shown in Figure 2-1. Three aquifers underlie the region: the 
sand and gravel aquifer, dolomite aquifer, and the sandstone aquifer. 

The sand and gravel aquifer is not continuous in the region. It is composed of 
sand and gravel in beds, lenses. and stream channels within recent and 
Pleistocene deposits. The thickness of the deposits varies up to 160 feet. The 
total thickness of the glacial and alluvial overburden can be as much as 250 feet. 
The primary sources of recharge to the sand and gravel aquifer are downward 
percolation of precipitation and surface water recharge from streams. In some 
. areas, upward movement of groundwater from the dolomite aquifer is also a 
source of recharge. Note that the sand and gravel lens shown in Figure 2-1 is 
for conceptual understanding, only, and not indicative of an actual Jens. Site
specific details are discussed later in more detail; however, no sand and gravel 
lenses were present to a depth of 60 feet (extent of investigation). 

The dolomite aquifer consists of Silurian and Devonian dolomites. Groundwater 
flows primarily through joints and bedding planes. Recharge is mainly from 
percolation through the overlying glacial deposits. In addition to deep 
percolation, small quantities of recharge through infiltration of streamflow may 
also occur where streams have cut into the dolomite. Surface exposures of the 
dolomite arc present in the river south of Fond du Lac Avenue. 

The sandstone aquifer consists of Cambrian and Ordovician sandstones and 
dolomites. Recharge to the aquifer is primarily from percolation through 
overburden deposits 25 miles west of the site. where the confining unit 
(Maquoketa shale) is absent. 
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SITE SEl'IING 

LAND USE 

Current land use on the site consists of an automobile transfer and storage lot 
on the western 23.3 acres and undeveloped county park propeny over the rest 
of the site. Site surface features are shown in Figure 2-2. Historic land use 
during site operations is descnbed in Cliapter 1 and is shown in Figure 1-3. 

The automobile storage lot is leased from the C&NW Railroad by the E&L 
Transpon Company. New can and trucks shipped by rail are unloaded at the 
lot, stored temporarily, and then shipped out by truck. The southwestern 
portion of the propeny is a paved parking and truck loading area. East of the 
paved area is a pvel parking area and grassy area used for overflow parking. 
The rail spun on the northern part of the propeny arc used for parking and 
unloading train cars. Several feet of pvel fill was added to this area to 
construct the spun. Access to the automobile storage lot is limited to 
employees of the E&L Transpon Company, C&NW Railroad, and official 
visitors. The property is fenced and access is controlled by security police. 

Access to the undeveloped county park property is not restricted, although it is 
limited by railroad tracks on the nonh and south, and the fenced automobile 
storage lot on the west. Access from the east is by an undeveloped lot and the 
river, which limits access to the west half of the park property. The county 
property west of the river is posted 0 !'10 Trespassing-Hazardous Chemicals May 
Be Present." Although the property is posted, it is used occasionally as a shon
cut for pedestrians between the Granville neighborhood and Brown Deer Road 
and at least one person had constructed a shelter on the property using railroad 
tics. (The structure was removed by Milwaukee County Park officials in 
May 1988.) The area cast of the river is used primarily by offroad motorcyclists 
and hikers. 

TOPOGRAPHY 

Elevations at the site range from 714 to 750 feet. The river drains the entire 
site. The land slopes up to 3 percent west of the river and up to 10 percent 
east of the river. 

The parking areas and rail spur areas have been cut and filled to make them 
level. Gravel fill has also been added to much of the low-lying swampy areas. 
The former settling pond area is usually flooded during the wet season. The 
wooded areas along the river arc also wet, often with ponded water. Mounds 
and levees (1 to 2 feet high) lie immediately adjacent to the river indicating 
areas where river dredgings have been dumped. The wooaed areas west of the 
river, especially the southeastern pan of the site, contain small mounds of trash. 

The topography cast of the river has not been modified except for an eX1ensi\'e 
cut in the field in the far eastern pan of the site, which was used for fill 
material, and levees along the river in a clearing south of the C&~'VJ Railroad. 
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It is not known whether the material cut from the hillside was used on the site 
or elsewhere. 

son.s 
The Milwaukee County Soil Survey (1971) classified the developed areas on the 
site west of the river as loamy land, which is a miscellaneous land type consisting 
of fill or cut and borrow areas. The wooded areas on both sides of the river 
consist of Colwood silt loam, which is a poorly drained silty soil underlain by 
$tratified lacustrine silt and very fine sand. Accordin& to the survey, the soils arc 
moderately permeable with high available water capacity. The fields east of the 
river consist of Mequon silt loam and Omukee silt loam. The Mequon series is 
on the lower concave sideslope of the hillside east of the river. Slopes range 
from 1 to 3 percent, and the soil is somewhat poorly drained and generally not 
eroded. The Omukee series occupies convex sideslopes of glacial moraines. 
Slopes from 2 to 12 percent have caused moderate erosion problems. Drainage 
is good. The entire solum and pan of the glacial moraine have been removed 
from the cut and borrow area in the field in the nonheast comer of the 
propcny. 

VEGETATIOS 

The wooded areas along the river arc classified as woodland group 7. The 
principal native trees listed by the soil survey arc mixed nonhcm hardwoods and 
stands of oak and aspen. Common species arc soft maple, ash, and elm. 
Although a survey of vegetation was not conducted as pan of this investigation. 
the general description given for the wooded area agrees with informal 
observations made during the field work. The swampy area west of the river 
contains grasses. cattails, and horsetails. 

HYDROLOGY 

The Moss-American site is approximately 5.6 river miles upstream of the 
confluence of the Little Menomonee River with the Menomonee River. The 
channel runs through or adjacent to the site for approximately 2,100 feet. The 
average slope of the river in the vicinity of the site is 2.5 feet per mile, which is 
slightly Jess than the average subwatershed slope. Channel characteristics along 
the site are relatively constant with the following dimensions: 

Top Width 
Bonom Width 
Channel Depth 
Base Flow Water Depth 

25 to 35 feet 
5 to 10 feet 
5 to 10 feet 
1 to 2 feet 

Extremely dry conditions have resulted in shon-tcrm flows near zero at gauging 
statbns upstream of the site. 

Continuous flow records near the site arc not available. Peak flow rates were 
estimated in the Federal Emergency Management Agency (FEMA) study 
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conducted in 1987. The following peak flow rates are identified for the Little 
Menomonee River at the Brown Deer Road bridge: 

10-year 
SO-year 
100-year 
500-year 

330 cfs 
500 cfs 
580 cfs 
770 cfs 

Velocities for the 100-year storm vary from 0.6 to 0.2 foot per second on the 
site. 

The Federal Emergency Management Agency bas established the 100-year flood 
plain for lhe stream reach through lhe Moss-American site. Approximately 
25 percent (visual estimate) of the site is contained within the 100-ycar flood 
plain (Figure 2-3). The flood plain elevation is established at 719.2 feet at the 
upstream site limits and 718.7 feet at the downstream limits. 

BYDROGEOLOGY AND GEOLOGY 

The site overlies a surficial water-bearing unit and confining bed. The water
bearing unit consists of a thin mantle of fill, alluvium, and weathered till. This 
thin layer of material would not yield sufficient water to wells to classify it a true 
aquifer. The confining bed is the unweathered Oak Creek Formation, which is 
predominantly a dense silty clay till. On the cross section (Figure 2-4), the top 
two units (F and Aw) constitute the water-bearing unit. The confining bed is 
labelled .. OC." 

Surficial Unit 

The surficial unit comprises everything above the confining bed. It includes 
extensive fill deposits. alJuvia! deposits along the river. and the weathered upper 
few feet of the Oak Creek Formation. 

The fill is highly variable and has been added to the site at different times for 
different reasons. The most recent fill was added in the western ponion of the 
site to provide a level area for parking in the automobile transfer area. Fill 
thickness is as great as 10 feet beneath the railroad sidings, decreasing to the 
south. Approximately 1 foot of fill covers the process area. 

aean clay fill was used to backfill the dredged settling ponds. Contaminated 
dredgings (S.100 cu/ft) from the settling ponds were landfilled in the nonheast 
comer of the site. Cinder and wood chip filJ was used in several areas around 
the site, especially in the wood storage areas. Low, swampy areas along the 
river were filled with trash, construction debris, and possibly wastes from the 
wood treatment process. 

Alluvial deposits are associated with the Little Menomonee River. They consist 
of sand and gravel channel deposits and silt and clay flood deposits. 
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The till is pan of the Oak Creek Formation, which consists of glacial till, 
Jacusninc clay, silt and sand, and some glaciotluvial sand and gravel. The till is 
fine grained. commonly containing 80 to 90 percent silt and clay. The till was 
generally weathered to a depth of 2 to 10 feet, as evidenced by standard 
penetration test results and color. The weathered till is generally brown, 
whereas the unwcathered till is gray. Penetration resistance was two to four 
times greater in the unweathered till. 

Hydraulic conductivities from tests on shallow wells completed in the alluvium 
and weathered Oak Creek Formation ranged from 10·3 to lo-' cm/s. Hydraulic 
properties of the fill arc probably comparable, except that more variability would 
be expected. The saturated thickness of the surficial material averaged about 
10 feet in July 1988. 

The water table as measured in July 1988 is shown in Figure 2-S. Groundwater 
tlowcd toward the low-lying areas adjacent to the river. These areas arc 
typically marshy wetlands but they were dry at the time of the study because of 
the drought that summer. Groundwater discharged to these areas either 
migrates downriver through alluvial sands. or is lost to the atmosphere by 
evapotranspiration. Discharge to the river was apparent only in the vicinity of 
MW07. Downstream from MW07, the Linle Menomonee River was a losing 
stream at the time of the study. 

During wener conditions. the Little Menomonee River is probably a gaining 
stream (groundwater discharges to the river). At the beginning of the field 
investigation. before the monitoring weUs were installed. ponded water in the 
wetland between MWll and MW12 flowed into the river. In addition, 
groundwater levels dropped as much as 1 foot during a 2 week period in July 
alone, indicating normal groundwater levels arc significantly higher than the 
measured water levels. 

Therefore. based on the observations discussed above. the surface-groundwater 
relationship appears to be seasonal. with groundwater discharging to the nver in _. 
spring and the river discharging to the groundwater in summer. However, 
because of the extreme dry conditions at the time of the study, it cannot be 
assumed that the seasonal fluctuation is representative of normal conditions. 

Flow volumes across the 71S-foot groundwater contour west of the river were 
calculated for the site (Appendix I, Table I-1). The calculations are based on 
hydraulic propenies and the aquifer geometry measured in July 1988. The total 
lateral groundwater tlow volume for the western pan of the site was 
1,700 gallons per day. Because of the drought conditions this estimate is much 
Jower than the anticipated normal discharge. Normal groundwater discharge is 
estimated to be between 3,000 and 14,000 gallons per day. The estimates arc 
based on the average and maximum hydraulic conductivities measured in the 
shallow wells onsite. using a saturated thickness 2 feet less than the thickness of 
the surficial material (Appendix I, Table 1-2). 
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Conftnin1 Bed 

The unweathered pan of the Oak Creek Formation consists of a confining bed 
between the surficial water-bearing unit and underlying regional aquifers. The 
formation is a dense, silty clay till with interbedded lacusuine units. Below the 
site, the glacial deposits are approximately 150 feet thick and underlain by the 
dolomite aquifer (SEWRPC 1976). Sand and gravel lenses or beds of the sand 
and gravel aquifer were not encountered below the site du.ring the soils 
investigation, in which soil samples were collected to a depth of 60 feeL 

The minimum thickness of the confining bed below the site is at least 40 feet. 
The maximum thickness, if no sand and gravel beds are present, could be about 
120 feet. The minimum thickness is based on the extent of the investigation 
( 60 feet) minus the overburden thickness ( about 20 feet). The maximum 
thickness is based on SEWRPC information (see Figure 2-1). 

Slug tests conducted on the Oak Creek Formation in the deep and intermediate 
wells indicate average hydraulic conductivities in the screened zones of 10-s to 
10~ cm/s. The screened zones are completed in sandy layers or in the zone 
believed to be most permeable. Therefore, the hydraulic conductivity of the 
entire unit is probably less than the values reponed. Venical hydraulic 
conductivity should be considerably Jess because of the anisotropy associated 
with the laminated and thinly bedded lacustrine silts, sands, and clays. 

Regionally. vcnical percolation through the till is a source of recharge for the 
sand and gravel aquifer and the dolomite aquifer. Regional estimates for deep 
percolation through the till range from 48.000 to 191.000 gallons per day per 
square mile (Milwaukee Metropolitan Sewerage District Repon), or 6,600 to 
26.000 gallons per day for the 88-acre Moss-American site. 

GL T864/015.50 
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Chapter 3 
NATURE A~"D EXTENT OF CONTAMINATION 

INTRODUCl'ION 

This chapter descnbes the nature and extent of COJ'ltemination from creosoting 
operations at the Moss-American site. Samples were taken of surface soil. 
subsurface soil, and groundwater in the site area. and surface water, sediments, 
flood plains, dredging piles, and tnbutary inlets of the Uttle Menomonee River 
downstream of the site. Analysis of samples focused on organic constituents 
typically found in creosote-based wood preservatives. The creosote used at the 
Moss-American site was a mixture of 50 percent coal tar creosote and 
50 percent fuel oil. Chemical analyses of the specific creosote used at the site 
do not exist, but a discussion of general constituents is presented below. 

COMPONENTS OF CREOSOTE 

Coal tar creosote is a byproduct of the production of coke from coal. The 200 
to 400°C fractions are distilJed coal tar or creosote. Creosote is a mixture of 
single to multiple ring aromatic compounds. Over 200 different components 
have been identified in creosote. The major components of a typical creosote of 
U.S. origin are listed on Table 3-1. The greater pan of the composition of 
creosote consists of neutral organic fractions such as polycyclic aromatic 
hydrocarbons (P AHs) and dibenzofuran. Tar acids. such as phenol and the 
cresols, as well as such tar bases as pyridenes, quinolines, and acridines, 
constitute a rather small percentage of the total weight of creosote. 

The fate and transpon of components of creosote in soil and water systems 
depend on several physical and environmental factors. Sorption is the most 
important factor in the transpon mechanism for dissolved P AHs in water 
(Callahan et al. 1979). Most PAHs have low solubility in water and high organic 
carbon partition coefficients that indicate they migrate slowly when dissolved in 
groundwater. Other studies, however, indicate that oil seepage is the primary 
mode of contaminant transpon in groundwater, rather than by dissolved 
migration. Jenkins (1986) suggested that transpon through groundwater by 
microdroplets of oil. or micelles, is probably universal at wood preserving sites 
where there has been surface contamination. Significant degradation processes 
for PAHs arc biodcgradation and oxidation (Callahan ct al. 1979). Degradation 
rates for P AHs generally decrease as molecular weights increase. The rates arc 
faster in soil than in water, and faster when the bacteria population is 
acclimated (Herbes ct al. 1980; Sims and Over~sh 1983). According to 
laboratory studies, half-lives of P AH compounds vary from about a month 
(acenaphthylenc and anthracene) to more than 3 years (benzo[k]fluoranthene) 
(Dragun 1988; Sims and Overcash 1983). Site-specific contaminant transpon 
mechanisms are described in Appendix K. 

3-1 
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CO1"TAMINANTS OF CONCERN 

The primary potential organic contaminants of concern at the Moss-American 
site are summarized in this chapter in three groups: carcinogenic P AHs; 
noncarcinopnic P AHs; and benzene, ethylbenzene, toluene, and xylenes (BTXs ). 
The carcinogenic P AH group contains the eight P AHs that have been ranked by 
the U.S. EPA Carcinogenic Assessment Group as class B or C carcinogens ( see 
Appendix K). The noncarcinogenic P AH group contains the nine other wget 
P AH compounds. Table 3-2 lists the orpnic compounds within each sroup. 
The BTX group represents the most common volatile organic compounds that 
are found as compounds of petroleum based fuels. 

ORGANI.ZA110N OF CBAPrER 

The findings of the nature and extent of contamination for creosote components 
are presented in this chapter for the four different media that were sampled: 
onsite soil, groundwater, surface water, and sediment. Descriptions of the field 
screening procedures and results are given in Appendixes A through H. The 
analytical data are presented in Appendix P, and the OA/QC, review summaries 
are presented in Appendix N. Summary tables presenting the occurrence and 
concentration range of detected compounds for each media arc found in 

. Appendix 0. 

ONSITE SOIL 

The onsite remedial investigation focused on areas that may have been affected 
by site operations. The investigation included potential source areas such as the 
processing area, drip tracks, storage areas, settling ponds, gravel fill area, solid 
waste pile, dredging piJes along the river, and the dredging JandfilJ east of the 
river (see Figure 1-3). Wooded areas and a small field east of the river, which 

· were not disturbed during site operations according to aerial photographs, were 
not included in the investigation. 

The initial investigation used fieJd screening methods for extractable organics to 
determine the general horizontal and venical extent of contamination from 
onsite operations. This was followed by analytical sampling to identify and verify 
the presence and level of compounds of concern. 

SCREENING 

The screening procedures used to estimate the extent of contamination in onsite 
surface soils and the screening results arc descnbed in Appendixes D and E. 
The procedures included determining the concentration of extractable organic 
compounds in the soil and visual Jogging of the test pits and borings. 
Measurement of extractable organic compounds provided an estimate of the 
relative amount of creosote and oil in the soil although it did not provide 
information about specific compounds. Visual observations included soil type 
and the presence of oi]y material in the soil. Organic vapor concentrations were 
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Table 3-1 
CHEMICAL COMPOSITION OF UNITED STATES CREOSOTE 

Compound or Component 

Naphthalene 
Methyl naphthalene 
Diphenyl dimethylnaphthalene 
Biphenyl 
Acenaphthene 
Dimethylnaphthalene 
Diphenyloxide 
Dibenzofuran 
Fluorene-related compounds 
Methyl Ouorenes 
Pbenanthrene 
Anthraccne 
Carbazole 
Methylphenanthrene 
Methyl anthraccncs 
Fluoranthene 

.Pyrene 
Benzofluorenc 
Chrysene 

Total 

Source: McGinnis, July 1987. 

Table 3-2 

Percent of Total 

3.0 
2.1 

0.8 
9.0 
2.0 

s.o 
10.0 
3.0 

21.0 
2.0 
2.0 
3.0 
4.0 

10.0 
8.5 
2.0 
3.0 

90.4 

ORGANIC COMPOUNDS IN FOUR REPRESENTATIVE CONTAMIN~'T GROUPS 

Carcinogenic P AH1 

Benzo(a )anthracene 
Chrysene 
Benzolbf fluoranthenc 
Benzo k fluoranthenc 
Benzo a]pyrene 
lndeno( 1.2.3-al)pyrene 
Oibenzo(a.h )anthracene 
Benzo(g,h,i)perylene 

Noncarcinogenic P AH 

Naphthalene 
2-Methylnapbthalene 
Acenaphthene 
Acenaphtbylene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Fluorene 

1 P AHs considered carcinogenic by the U.S. EPA. 
b Chlorinated voes detected during the investigation. 

OL 1'938/008.50 

BTX 

Benzene 
Ethvlbenzcne 
Toluene 
Total Xylenes 
( m.o, p-xylene) 

Chlorinated vocb 

Methvlene Chloride 
Chlorofonn 
1,1.l• Trichloroethane 
Tetrachloroethene 
1.1-Oicbloroethane 



measured with an HNu meter; however, readings above background were 
encountered only at a few locations because of the low volatility of most P AH 
compounds. 

A backhoe excavated test pits to a depth of 4 feet on a 200-foot grid for visual 
examination of the soil and to collect samples for measurement of extractable 
organic compounds in the onsite laboratory. Additional samples were collected 
on a 100-foot grid to better define the limits of contamination identified by the 
200-foot screening ,rid. Samples were also collected from offsite areas near the 
railroad tracks and in the open area nonh of Brown Deer Road and the site. 

The depth of soil contamination onsite was estimated by screening split-spoon 
soil samples from 20 boreholes for concentrations of extractable orpnic 
compounds. Visual estimates of depth of contamination on the basis of visibly 
oily soil were also made while excavating the test pits. The subsurface soil 
sampling methodology and field screening results are given in Appendix F. 
Screening sample locations and concentrations of extractable organic compounds 
arc shown in Figure E-4 in the Appendixes. Results of contouring the range of 
concentrations of extractable organic compounds arc presented in Figure 3-1. 
The limits of apparent visual contamination arc also indicated in Figure 3-1. 

Five distinct lobes of organic soil contamination are indicated in Figure 3-1. 
These generally correspond with potential contaminant source areas defined 
from evaluation of historical photographs and history of the site. The areas are 
outlined in Figure 3-2 and include: 

• Processing area and vicinity 
• Settling ponds 
• Treated storage area 
• Nonheast landfill 
• Southeast landfill 

Three other areas, the dredgings piles along the river, the gravel fill area, and 
the so-called standing liquid area, also contained evidence of contamination. 
However, contaminant levels in these areas were comparable to contaminant 
levels in background areas along the railroad tracks and nonh of Brown Deer 
Road. Note in Figure 3-1 that a band of organic contamination is apparent 
along the railroad bed south of Brown Deer Road, and that this contamination 
is probably related to rail traffic and not site activities. 

ANALYl1CAL SAMPLING 

After completion of initial site screening, locations for analytical soil sampling 
were selected. These included locations where the objectives were to determine 
the actual constituents and levels of organic contamination, as well as areas 
potentially void of contamination onsite (background samples). The selection 
process is described in Chapter 1. 

3-3 



I 

I 

\ 

~ 

_.ICIDIID..-
___ ...... 
c==ic•·•• .... 

....... 

0 

L ~ 
Al'l'flOJIIIIAlE 
SCM.£•FUT 

_, 

............. ,..,..., ...... , . 

f1GURE3·1 
COfrtCENTRATIOM5 Of 
EXTRACTABLE ORGANIC c0MPC 
MOSS Mll(AICMI II 



J 

DUA POll!.N . . ,,; . .:____,._._i _ !l!!ITi.l.,.,i.- --- ' _. ·· ROAD 
----. --------~--.s-- 1 I:··.·-- ------·· I r-•• l \.•'' I•. 

® 
IUO WO 

n ''"'-.-.., 
~ .... , 

UAfl ut MAP 19'1 

PIIOCIIIING AREA 

.0r1 flAHJAIS A AIPAOll-11 ._ ... •-J AIOD •• ,. AN OOIS 10 IHl SUI IIIDAHO, INIIIALUM StlOwNWlfN JHl ............ u, 

Ill -lllll04.••2 WAUKU.AILM 9ASI - CUY Of MfL 

J ; I··· 
....... ~-. f 

"''" 0 '°'" 

. . ·,' \ . ' J, .· ' • 

. ' . . . . . \ 

. 
= . 

l ~ .. .. . .. 
" 

OAlOGlft(l 
IANOflUS 

11111'~-.... 

, I ~ \ 
I I J ...._ 

,, 

l \ ',' -------- . '.- ): 
liRAll(L rill 

\ ', I \ 

, I "- \ ... ,. I 

~ ·, \ 
HUHRI I CONCH( l~ASU Pill 11•11 
PUIINIIAI WUIJ 

\ I ..... ,, ' 

511. aouNDA•Y 

FIGURE 3·2 AND USE 
HISTORICAL l 
MOSS MllAICAN Al 

.,. 



: -- -

The results of analyses for carcinogenic P AH, noncarcinogenic P AH, and BTX 
compounds are summarized in Figures 3-3, 3-4, and 3-S. Each of these 
concentration range plots correlates well with Figure 3-1. BTXs appear to be 
widespread, which would be expected for these more mobile compounds. The 
five aeneraJ source areas are evident in each of the plots. 

Fipres 3-6, 3-7, and 3-8 are contamiJvmt concentration profiles for total 
carcinogenic P AH, total noncarcinoaen P AH, and total BTX and volatile organic 
compounds. These profiles live an indication of the probable maximum venical 
extent of contamination across the site. They also suggest that for the most pan 
contamination is limited to the fill and weathered till zones. 

The detailed results for the analytical sampling program are presented below, 
first for the results of background analyses and then for each of the five 
apparent source areas. 

Results or Bacqround Samplin& 

Soil samples were collected in areas onsite that were not believed to be affected 
by site activities to determine background concentrations for TCL compounds. 
Background PAH concentrations for onsite soils were near or below the 
detection limit of the analyses. BTXs were detected in almost all onsite soil 
samples, including areas not involved in site operations. Background values for 
BTX compounds were not calculated. 

Background concentrations were estimated for inorganic chemicals in soil using 
onsite soil samples in which P AHs were not detected or found at concentrations 
near the detection limits and from background subsurface soil boring locations. 
These samples were in areas believed to be not affected by site operations. 
Samples used in the background calculation were from: 

MW-1 
MW-15 
MW-13 
SS053 
SS078 
SS081 

#SB0l-01 
#SBlS-01 
#SB13-0l 
_#SS053-02 
#SS078-02 
#SSOSl-02 

The sample locations arc shown in Figures 1-6 and 1-7. Note that soil boring 
SB-01 corresponds with monitoring well MW-01. 

The mean and maximum probable background concentrations were calculated 
and presented in Table 3-3. The maximum probable background concentration 
was calculated to be the value below which 95 percent of the background 
concentrations occurred. Values above this concentration arc considered to be 
above background. Literature values for trace metals in soil were compared to 
the estimated background concentrations and found to be similar except that 
concentrations of cadmium. nickel. mercury. and zinc in onsite background soil 
samples were higher than the literature values. 
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Table 3-3 

BACKGROUND CONCENnlATIONS OF INORGANIC CHEMICALS IN SOIL 

Element 

ADlilDoay cu 
Allellic 15 
Barium 16 
Bcryllium 0.48 

Cadmium 02 

Cllromium 20 

Cot.II 2.8 

Copper S.9 

Lad 1: 

Man11nese 200 
Mercury 0.021 

NICJtel 5.1 
Selenium 0.1 

S1Mr 0.028 

Thalluun 0.048 

VIMd111m 41 

Zinc li 

NOU: 

Concentrations 111 ms/kc 
B • Blan!. eont.am1nauon 

J • E..umau:d conccntratton 

NO • No1 detected 

- • lnswlic1en1 data 

ToP10ib8 

Rage 

10 1.3 
10 12 

10 1,000 

IO 2.1 

10 1.1 

10 100 

IO 18 

IO 81 

lo 8' 

to ,~ 
lO 0.39 

lO 35 

lo 1.0 

lO 1.0 

lO 1.0 

to 120 

to 130 

M•amaaee 
RtverWaaasbed OmilC 8acqround Soils' 

5clill Mal. 

A¥J, (7 SlmP!-)b Mean Jlrollabled 

G.I ND ND 

6.9 2.5 3.7 

411) 69 103 

1..5 0.14 1.3 

0.48 co.110 0.67 5 7.3 

59 1010 ,2 1'-' 29.6 

8.0 8.8 JU 

23 9.2 IO 49 22 42 
30 13 IO 21 9 12.3 

460 11010 916 ~3 680 

0.11 1.1 3.i 

21 11 IO 22 19 31 

0.41 ND ND 

0.20 0.9 2.4 

0..25 0.34 

93 19 · 36 

59 32 to 96 141 Z74 

1A Kabata-Pendt.» and H Pcndw. Trace Elements in Soils and Plants. Boca Raton. FL CRC Pre:11. Inc .. p. 34. 

1984. 

bunited Stat• Environmental Pl"OleCliOD AFfteY. Tbe UC Menomonee River Watemted Study. EP A-905/4• 79-029- F 

1979. 

cOmate l0il umpla llled to csumatc blcqround IOil concentratiom are: 5801-01. SB13-01. SBlS-01. SS053-0Z. 

S5078-0:. and 55081-0:!. 

dts'Ji probebib~· that • bacqT'ound sample will contain leu than lbe lilled amount. 
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Processilll Area ucl Vicin.lty 

The processing area and vicinity includes the processing area and portions of the 
drip tracb and untreated storaae area. The area is covered with a layer of fill 
that was added after the demolition and removal of the Moss-American facilities. 
The fill over the processing area varies up to a thickness of at least 3 feeL 

Excavations in the processing area encountered a cement slab, presumably the 
floor of the reton building. Soil observed in the test pit below the slab was oily, 
and screening indicated that the concentration of extractable organic compounds 
was sreater than 10 percent. Visibly contaminated soil, with corresponding 
elevated concentrations of extractable organic compounds, were observed to a 
depth of 10 feet both beneath the cement slab and at the boring for monitoring 
well MW-045, about 200 feet nonheast of the process building site. The depth 
of visible contamination generally corresponds to the top of the unwcathered till. 

The extent of visible contamination in the drip track area was limited to a 6-inch 
seam of dark grey to black soil with a dry tarry appearance in the eastern edge 
of the drip tracks beneath the edge of the asphalt pavement. The other 
samples from beneath the rest of the pavement appeared to contain clean fill 
above a natural reddish brown silty clay till. One sample, from the middle of 
the drip track area, contained 1,500 ppm extractable organic compounds. P AHs 
were not detected in any of the three analytical samples from the drip track 
area. 

Elsewhere in the processing area and vicinity (including pan of the untreated 
storage area), visual contamination was observed to depths as great as 4 feet 
(the maximum depth of the test pits), and concentrations of extractable organic 
compounds were as high as 2 percent. 

Thineen surface soil samples from the processing area and vicinity were 
analyzed for P AHs and phenolic compounds. In addition, six surface soil and 
seven subsurface soil samples from within the area were sent to CLP 
laboratories for complete analysis. 

The major contaminants found in the process area and vicinity were P AHs. The 
highest values were obtained from sample SS030. collected at the site of the 
reton building. Total carcinogenic PAH concentration was 1,900,000 µg/kg 
(0.19 percent). Noncarcinogenic PAH concentration was 30.000,000 µg/kg 
(3 percent) at the same location. The lateral distribution of carcinogenic PAH 
concentrations is shown in Figure 3-9 and of noncarcinogenic P AHs in 
Figure 3-10. 

PAH concentrations are highest in the upper 10 feet of soil, which consists of 
fill, weathered till, and alluvium. Noncarcinogenic PAH concentrations in 
samples taken from 10-foot depths at borings SB-16 and MW-4D were 
120,000 µg/kg and 2.100.000 µg/kg, respectively. Carcinogenic PAHs were not 
detected in boring SB-16: however, the quantification limit of 23,000 µg/kg is 

3-5 



L 
• 

... 

LIUNO 
SS019 
240,GIID -

----- ■TIIOUNDMW , ..... 000 

• UMPLI LOCATION , HICIHHT CONCINTAATDI USED If MORE 
nwt0NIIAMP\a .. WCINATAIMll'LIL0CATDI 

-- loUolPLS -" S512'' 

40,ooo - CONCINTMTION IN UCIMCI ...,.._R * PNIENTHHH 
OINOTPGUANTIFICATIDN UIIIT WNINNOCOW'OUNDS IN THE 
CIMIUP WIN DITICTHt 

AfPI :I.C .. "l lfflNTO, 111111M. CCINTMIINAYDI 

SS014 

5,300 

SS01S / 

21,000' 

',',IUft 

60,000 

...... ~" ' . 

; •·.:()I\J!I _) 
5S12'97 .. 

2,500 
sSon 

so 11 120.000 
140,000 

.... ,,, 
1,500,000 

S!'i061 

._1,500 

0 

■ S$066 
11,000\ 

S'iOCM 

11,0001 

- SS017 
1,600,000 

1-.,; 

!.SOIi 
11.0001 • 

(~SSOIIO 

~~---~ JI0,000 
~ . ---~-~'\. 

-

--./ • __ J 

1, - • 
SSOII 

(1.11001 

FIGURE3-9 
SUM OF CARCINOGENIC PAHs 
IN SURFACE SOil (CH') 
MOSSMIEIIICANRI 



••••••••11.rv FRrrn F'lnl, I 

,J 

) 

Wnt:lnnrt II, 

) 

FIGURE 3-10 
SUM OF NONCAACINOGENIC PAH 
.. SURFACE SOIL (IM') 
liOSS -All:NI Al 



,. 

r 

I 

I 

' 

LIUND 

• 

Ji -·----.. _ 

\ 
\ , 

SITE l0UNDMIY 

SN119'1.E lOCAllON. -.sT CONCUllAATIDN USED If MORE 
l._ONE SMl'U ""'9 TMENAT A-.E LOCATION 

sa,o....--SAWI.E ...._,. 
DEPlM .. ,E _ _, 00NClNTAAllON IN UGMO 

1C..14: ( i10 t- INUliaA .. PNIENlHE-SIIENOTHOIMNII K:AJION LMJ 
WMENNOCI .. QUND•• lME CIIIDUP- OU£Cl£111 

l 

0 

,, 
I 

I, 

') 

FIGURE 3-11 

--, 
I, 
I 

IJ 
,t 

Q 
0 

• > 
• "ti 
C 
J 

WrunJadl 

SUM OF CARC..OGENIC PAHa 
IN SUBSURFACE SOLS 
MOSS·lll:AICANIII 



; 

II 

A . ' 
5801 ~ •• ~ 

12-14: C 750 I _ _/ '"'-

SBII 
H:(3701 

10-12:1•1 

■TlalllNWW 

■ LOCAIUIMIDICJMG ...... 
s•11 

12-14: ( 750 I MWl.ElffE-.. .. Rn 
•'-ow 0R0UN0 IUflMCE CONCENlMllON N 
--IIIWIEN1"HHDENOlES 
QUMfflFICAtullMTNIEN lm~INIIS 11 
1"E GROla' .... 11111Cffllt 

• 

) 

SOU] 

~110'> 

10-14. 240 

■ 16-11: c 780 I 
5801 

■ 10-12: ( 370 I 
36-40: (360 • 

!,Uu/ 

6-1014201 

0 

00 -......, .... ,E 
-~•nn 

SBl4 
16-11: C 410 I 

• 
SR1v-

• I 

6-I: 19,000,000 
10-12: 1300 
14-11:C•l • 

'iHII 

IS-191500 
•• ..-,, 1201 

• 

FIGURE 3-12 

S81~ 
16-18: 13111 I 

SUM OF NONCARCINOGENIC PAHs 
.. _SUBSURFACE SOILS 
laJSS -111<:ANII 



, 
7 

• 

·, 

' 

UIIHND 

• 

, . • ,,,, rv 

I I I 1 1 

. , ..... 

• Slff IIOUNOMY 

SAWI.E lOCAJION . -sr CONCENJRAIION usro IF YJRf 
1.-0NE ~ - l'AIIENAf A SAMl'U: lOLAIION 

~--SAWt.E NUMIEA 

27 ·--CONCENfllATIONMIUOIIIGIIIUl&A*PAAl!NIHESES 
OENOJH-TIFICAflON I.Ml WHEN NOaM'OUNOS IN IHE 
OAOIW MAE DIETEC:TEDt 

"''''' ,, .. ,., 

0 .. 

R■ald11nt;lal Apnrl.nlont;H 

---, 

FIGURE 3-13 
SUM OF BTX 
.. SURFACE SOIL (0-4") 
ll0SS AMEAICMN 



-

LEIHND 

• 

' ., 

\ ........ , .,., 

Sit E l0llNIWW 

SAW!.£ lOCA'IION , HIGHEST CONC(lf1RAJION USfO If -
THAN ONE UWU .. JMIIIATASMIPLE LOCATION 

---

SAWLE .... 11 
5801 

12·1<1: 170-CONCENTAA'IION .. UOMO~R .. ,_lflHESES 
OEN01ESCIIMN11FICATl0NlM1 WHllfNO~llf IHE 
C1A0UP WEIIE DlffCTEllt 

_..,_ff EXTEIITC.: waw. CONTWTION 

,-

0 

, .. , , ,,, 
I 

. ' 
t ·.•, VJ• 1 •tdHc1 
I 
I 
I 

' I ',~r:" ,dart'\_ ,, ~ 
··, 

FIGURE3·1<1 
SUMOFBTX 
IN SUBSURFACE SOll.S 
MOSS -AICJIH Al 



Five surface soil samples were analyzed for P AH and phenolic compound 
concentrations. Two surface soil samples and four subsurface soil samples were 
submitted to CLP laboratories for analysis. 

The major organic constituent found in the treated storage area were P AH 
compounds. Total carcinogenic P AH concentration was as hijh as 
1,500,000 11&1k& in test pit SS113 near the settling ponds, and as hijh as 
1,100,000 11g/kg in test pit SS038 about 400 feet away from the settling ponds. 
Total noncarciJloaenic PAH concentration was u high as 14,000,0001IJlkg 
(1.4 percent) in test pit SS108. The concentration of noncarcinogenic PAHs at 
the 10-foot depth in boring SB08 was 26,000 11g/kg. and total carcinogenic 
concentration was 120 pg/kg. Noncarcinogenic and carcinogenic P AH 
concentrations at the SO-foot depth were 32 and 280 ~ respectively. It has 
been suggested that the deep soil contamination detected at S808 may be the 
result of cross-contamination resulting from surface contaminants being carried 
down the borehole while drilling. This is unlikely; however, it cannot be verified 
based on the available data. Therefore, the deep contamination should be 
considered suspect. 

BTX compounds were found in both surface soil samples and in subsurface soil 
samples from boring SB08. Toluene was the major BTX constituent in the 
surface soil samples and the shallower of the subsurface soil samples. Toluene 
was highest in test pit SS038, where a concentration of 580 11g/kg was detected. 
Xylenes were the major BTX constituent in the deeper subsurface sample. 

With the exception of acetone detected in one surface soil sample, other VOCs 
were not detected in this area. Dioxins were not detected. Lead was above the 
calculated maximum probable background concentration in surface samples. The 
highest lead concentration was 411 mg/kg, or about 20 times higher than 
background. 

Settlin& Pond Area 

The settling pond area is the ponion of the settling ponds not already incJuded 
as pan of the process area and vicinity or the treated storage area. The 
distinction is made because analytical results indicate that the surface soil above 
the settling pond area have near-background levels of P AHs. 

Observations of the test pit excavations indicate the settling ponds arc filled with 
clean soil. Some oily soil remains, although most apparently was removed. Oily 
water was observed in several test pits excavated within and near the settling 
ponds. The highest concentration of extractable organic compounds measured in 
soil collected from the settling pond test pits was 3,300.000 pg/kg. The highest 
concentration of total P AHs was 440,000 iag/kg. 

Two subsurface soil samples were collected from beneath a settling pond from 
soil boring SB-18. The shallower sample was taken from 6 to 8 feet beneath 
the surface (less than 2 feet beneath the pond bottom) where oily soil was 
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observed. Total carcinogenic P AH concentration was 1,700 11i'ks, and total 
noncarcinoaenic concentration was 6,600 11J'ks. Concentrations in the deeper 
sampJe, about 15 feet beJow ground, were Jess than 2001IJl'kg. 

Total BTX concentrations were Jess than 150 pg/kg in both subsurface soil . 
samples. 

Soatbeast I andftll 

Fill has been added to the area between the railroad tracks and the low, wet 
area on the north. Wood, cinder blocks, cabJe, plastic, and metal were observed 
in test pits in this area. Portions of the area were used for the disposal of 
rubble and construction debris. Fill thicknesses vary up to 5 feeL Extractable 
organic concentrations in the fill were as high as 38,000,000 1li"k& or 3.8 percent. 

P AH and phenolic compound analyses were done on three surface soil samples. 
One surface soil sample and two subsurface soil samples were submitted to CLP 
laboratories for analysis. The primary contaminants found were P AH 
compounds. Total carcinogenic P AH concentration in surface soils was as high 
as 1,700,000 pg/kg (0.17 percent) in soil sample SS064. Total noncarcinogenic 
PAH concentration was as high as 6,500,000 iig/kg (0.65 percent). The 
carcinogenic P AH concentration at a depth of 15 feet was 845 11g/kg and the 
noncarcinogenic P AH concentration was 8,500 iig/kg. P AHs were not detected 
at a depth of 40 feet. 

Toluene was the only BTX compound detected in this area. The highest 
concentration was 290 µg/kg at a depth of 40 feet. At the surface the 
concentration was 230 µg/kg, and at 15 feet it was less than 100 11g/kg. No other 
VOCs were detected. 

Zinc and lead were found at levels greater than the calculated maximum 
probable background concentration. Zinc was detected at 9,760 mg/kg, which is 
about 30 times the background level. Lead, at 27 mg/kg, was about twice the 
background level. 

Northeast Landftll 

The nonheast landfill consists of trenched disposal areas containing sediment 
dredged from the settling ponds. The lateral extent of the southern unit of this 
landfill was defined by barren areas with tarry surface deposits. The extent of 
the nonhem unit was not as well defined. 

In one test pit (SS089), oily soil was encountered to 8 feet, the maximum depth 
of the test pit. Extractable organic concentrations of the oily soil were as high 
as 63,000,000 11g/kg (6.3 percent). The maximum depth of the landfill was well 
defined at 8 feet by the soil boring (SB-19) through the center of the landfill. 

P AH and phenolic compound analyses were performed on three surface soil 
samples. One surface soi] sample and three subsurface sampJes were analyzed 
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by CLP laboratories. P AH compounds were the primary contaminant identified. 
Carcinoaenic P AH concenttations at the surface were as hiah as 1,400,000 ,ag/kg 
(0.14 percent). Noncarcinogenic concentrations were 14,000,000 ,ag/kg 
( 1.4 percent). Subsurface soil samples taken from a depth of 7 feet within the 
fill contained concentrations similar to those in the surface soil sample. Samples 
from beneath the fill, at a depth of 10 to 12 feet, contained 1.300 11i/ka of 
noncarcinoaenic P AHs. Carcinogenic P AH compounds were not detected in 
samples beneath the fill. P AH compounds were not detected in a sample 
collec:ted from a depth of 15 feet. 

T.otal BTX concentrations in the fill material were u high as 23,000 ,ag,'kg. 
Xylenes constituted 17,000 ,ag/kg of the total BTX concentration. Toluene was 
the only BTX compound detected in undisturbed soil outside the fill at a 
concentration of 100 11g/kg or less. 1,1,1-Trichloroethane (1,1,1-TCA) was 
reponed at a concentration of 19,000 11i"k1 in the surface soil taken from the 
fill. This is the only location where 1, 1, 1-TCA was detected. 

Arsenic was detected at 5.6 mg/kg, about twice the calculated maximum 
probable background concentration. 

GROUNDWATER 

The groundwater quality investigation consisted of installing groundwater. 
monitoring wells, and collecting and analyzing samples from the wells. 
Monitoring well installation procedures are descnbed in Appendix F. 
Groundwater sampling procedures are described in Appendix H. 

RESULTS 

Analytical results for shallow monitoring wells are shown in Figure 3-15. 
· Figure 3-16 shows results in cross section for both shallow and deep and 
intermediate wells. (No contaminants were observed or detected in the deep 
and intermediate wells.) 

DISCUSSION 

Two to three feet of creosote was present as a free product during sampling of 
monitoring well MW-85. The creosote had collected in the bottom of the well, 
which was apparently acting as a collection sump. Oily soil was not noted 
during the drilling of the boring for monitoring well MW-85. except for a thin 
(Jess than l foot) sand scam wjth a vismlc sheen at a depth of 8 feet. 

Creosote and/or oil were also noted in MW-4S during well development, but the 
product layer did not return following development. An oily sheen was observed 
during sampling of MW-4S. Oil sheens or creosote were also noted in the 
groundwater in several test pits within 200 feet of the settling ponds and in one 
pit in the southeast landfill. 
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Orpnic chemicals in aroundwater were not detected at concentrations above the 
contract-required quantification limits in each of the three uparadient monitoring 
well& (MW-15, MW-1D, and MW-13) and the upstream surface water sample. 
Monitorina well MW-15 was my and could not be sampled. Bacqround 
poundwater concentrations for inorganic constituents are listed in Table 3-4. 

Carcinogenic P AH compounds were found in monitorinl wells MW-045 and 
MW-085, both near the ~ttling pond area (Figure 3-8). Total carcinogenic 
P AH concentration at MW-04S was 220 11S'l- Hip detection limits (20,000 11g/l 
or higher) for the sample collected at MW~ precluded detection of PAHs in 
the water phase of the sample. C'.ardnogenic P AH concentration of the oil 
phase of the sample was nearly 120,000,000 11a/l or 12 percent. Noncarcinogenic 
P AHs were also found in samples· from MW-025, MW-075, and MW-11S. 
Concentrations were 35 ,ag/1 at MW-025 and 120 pg/) at MW-11S. The only 
PAH compound found at MW-07S was naphthalene at 3,100 11g/l. 

BTX compounds were found in monitoring well MW-045 at a concentration of 
72 11g/l and in MW-07S at 36 11g/l. The predominant BTX compound in both 
wells was xylene. No other VOCs were detected in the groundwater. 

Contaminants in the groundwater were detected only in shallow wells. No 
contaminants were detected in the intermediate or deep wells. Groundwater 
contamination was not detected deeper than 20 feet below sround. The water 
table was 5 to 10 feet below ground in most of the monitoring wells. 

The inorganic analytes in groundwater were generally not detected at 
concentrations above the contract-required quantification limit. None of the 
trace metals (arsenic, cadmium, chromium, lead, mercury, nickei and zinc) were 
detected at concentrations greater than 10 11g/l in the filtered samples. 

SURFACE WATER 

The surface water sampling methods arc described in Appendix C. 

No visible evidence of surface water contamination was noted during the 
sampling except for oil sheens produced in several areas when sediments were 
disturbed during the colJection process. 

In July and August 1988, during unusually low water conditions, a nearly 
continuous oil sheen was observed on the surface of the Little Menomonee 
River adjacent to the Moss-American site where the former settling pond outfall 
had been. The sheen originated from the sediments in the river channel where 
droplets of oil periodically rose to the water surface. The discharge from the 
sediment was not noted during the origina] surface water sampling or during a 
site visit in October 1988 when water levels in the river were comparable to 
levels observed during sampling the previous May. 
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A surface water sample upstream of the site (SW06) was used to indicate 
surface water background concentrations for organic and inorganic parameters. 
Inorganic concentrations arc listed in Table 3-4. 

No carcinopnic PAHs were detected in any of the surface water samples. 
Noncarcinogenic P AHs and dibenzofuran were detected in the sample collected 
from the ditch draining the nonh side of the site and west of the river (sample 
SW007). The total concentration of noncarcinogenic P AHs was 31 ,ill. 

Methylene chloride was detected at 1 11~ in sample SWOOl, taken about 
S miles downstream from the site. No other VOCs were detected in the other 
surface water samples. Inorpnic analytes observed in the downstream surface 
water samples were found in concentrations similar to those in the background 
samples. 

RIVER SEDIMENT 

Sediment sampling and screening arc descnbed in Appendix B. Sediment 
sample screening methods were the same as for onsitc soil samples. The 
samples were checked for visible evidence of contamination, and the 
concentration of extractable organics was measured at the onsitc mobile 
laboratory. 

More than 250 screening samples were analyzed for concentrations of extractable 
organic compounds. Sixty were selected for P AH and phenolic compound 
analysis. Sixteen sites were subsequently resampled for submittal of samples to 
CLP laboratories for analysis of TCL compounds. dioxin. and selected treatment 
parameters. Sample selection was based on extractable organic screening results, 
described in Chapter 1. 

The interpretation of the screening results for extractable organic compounds 
and observations made in the field during sampling Jed to the concJusion that 
the concentration of creosote in the sediments can change greatly over shon 
distances. In an area just nonh of Bradley Road, approximately 1 foot of recent 
sediment from a nearby construction site covers the contaminated sediments. 
Contaminants typical of creosote constituents were detected over the entire 
length of the Little Menomonee River that was investigated. A sediment sample 
was collected upstream of the site to indicate background concentrations. 
However, the sample may not be representative of background concentrations 
downriver because of the proximity of a railroad bridge and Brown Deer Road. 
Additional background sediment samples were collected in November 1989. The 
analytical results of the background sampling will be presented in the FS repon. 

To organize the description of analytical results, they arc descnbed by river 
segment. Each segment is about 1 mile long and defined by road crossings 
(Figure 3-17). Segment numbers increase with distance downstream. Segment 1 
is the I-mile segment that includes the site. Segment 5 is the last segment 
before the Little Menomonee River discharges into the Menomonee River. 
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Table~ 
BACKGROUND CONCENTRATIONS OF INORGANIC CHEMICALS 

IN GROUNDWATER ANO SURFACE WATER 

Dissolved Groundwla.er Surface Water 

IDorpnic Cllemic:als MWOlS MWOlD 

Antimony (29) (29) 
"Ancnic (2) 4.8 J 
Barium 52.1 J 120 J 
Bclylluim (1) (1) 
Cadmium (5) (5) 
Chromium (6) (6) 
Cobalt (6) (6) 
Copper 16.8 B (6) 
Lead (2) 2.3 B 
Manganese 102 J 139 
Mercury (0.2) (0.2) 
Nickel (8) 16.8 B 
Selenium R R 
Silver (4) (4) 
Thallium (20) 2.3 B 
Vanadium (5) 6.3 J 
Zinc 6.4 B 6.2 B 

NOTE: 
Concentrations in µg.1 

B • Blank contamination 
J • Estimated concentration 

U • not detected. detection limit for compound reponed 
R • unusable data 

GL 1'938.()12.50 

MW13S SW06 -
(29) (35.S) 
(2) (5) 
179 J 60.8 J 
(1) (1.8) 
(5) (3.1) 
(6) (8.7) 
(6) (13.4) 
11 B 8.3 B 

(2) (2) 
374 99.7 

(0.2) (0.2) 
25.3 B (34.5) 

R (4) 
(4) (5.5) 
2.5 B (3) 
(5) (7.4) 

75.l B 20 
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RIVER SEGMENT 1 

The major contaminants found in the sediments of the Little Menomonee River 
were PAHL All Iii Q.P samples from river sepnent 1 contained carcino,enic 
P AH compounds. Concentrations of carciDo,enic P AHs were u high as 
448,800 1IJ'ki (Fipre 3-18). Concentrations of noncarcinopnic P Aris were 
typicaDy about 10 times hi&her than those for carcinoaenic PAHs (Fipire 3-19). 
Four of the 13 samples analyzed onJy for PAH and phenolic compounds 
contained no P AH compounds at a quantification limit of 1,000 11a/k&, 
Dibenzofuran was also detected at concentrations as high as 520,000 ,alka. 

BTX compounds were found in three of six sediment samples from river 
seament 1 (Fil1lfe 3-20). Ethylbenzene was detected in two samples at 
410 ~ and 730 11a/k& and toluene was detected at 950 ,aglq. All three 
samples were at least 2,000 feet downstream of the site. 

Chlorinated VOCs were found in four samples (FillJre 3-21). Methylene 
chloride was detected in three samples at a concentration as high as 
33,000 11g/kg. CbJorofonn was found at concentrations as high as 990 ,ag/kg in 
two samples. Methylene chloride, a common laboratory contaminant, was also 
detected in field blanks and some method blanks, but data validation of these 
samples could not quantitatively attnbute the methylene chloride to laboratory 
contamination. 

Specific background concentrations of inorganic contaminants for sediment have 
not been established because of an insufficient number of background samples. 
When compared to the calculated maximum probable background concentration 
for onsite soils. arsenic, lead, and zinc were found to be above background. 
Arsenic concentrations were generally less than twice background, the highest 

"--_./ concentration being 8 mg/kg. Lead was 2 to 3 times greater than the maximum 
probable background concentration, except for SD016 which, at 117 mg/kg, was 
about 10 times higher than the background concentration. SD016 was taken 
from the section of the river adjacent to the site. Zinc was also about 2 to 
3 times higher than background except at SD31S where it was detected at 
2.200 mg/kg. The maximum probable background zinc concentration was 
274 mg/kg. 

RIVER SEGMENT 2 

Sediment samp1es from three Jocations in river segment 2 were submined to 
CLP laboratories. Twelve additional samples were analyzed only for P AH and 
phenolic compounds. PAH compounds were detected in au samples but one. 
Tota) carcinogenic P AH concentrations were as high as 334,000 11g/kg in sample 
SO204. Noncarcinogcnic P AH concentrations were typically six or seven times 
higher than carcinogenic P AH concentrations. Dibcnzofuran was detected in 
samples selected for CLP analysis. The highest concentration of dibenzofuran 
was 150.000 11g.'kg. 
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BTX compounds, primarily toluene, were found at two of the sample locations. 
Toluene was u hip as 230 Pa/ki in sample SO309. Ethylbenzene was detected 
in sample SD310 at a concentration of 3111/ki· Chlorinated VOCs were found 
at two sample locations. Methylene chloride was detected at 12,000 ~ in 
ample SD308. Chloroform was found at 420 11Jq in both sample SD308 and 
SD309. Acetone was found in sample SD310 at 290 piJkg and 2-butanone at 
67111"ka-

Inorpnic constituents were detected in the same range of values as in river 
sepent 1. 

RIVER SEGMENT 3 

Two sediment samples were submitted to a..P laboratories and 10 additional 
samples were analyzed for only P AH and phenolic compounck. Carcinoaenic 
P AH compounds were detected in all samples. The highest concentration was 
504,000 g/kg in sample S0062. Noncarcinogenic P AH concentrations were 
about 10 times greater than the carcinogenic PAH concentrations. Dibenzofuran 
was found in both CLP samples at a concentration as high as 450,000 pg/kg. 

Ethylbenzene was the only BTX compound detected. It was found in both CLP 
samples at concentrations between 200 and 250 11g/kg. Methylene chloride was 
also found at both sample locations at 790 11J'kg and 1,400 pg/kg. Acetone was 
found at a concentration of 2,100 11g/kg in one sample. Heptachloro dioxin was 
detected in sediment sample SD306 at 0.14 11g/kg. 

Inorganic contaminants were generally wjthin the same range of values as in 
river segment 1. Lead was detected at about 100 mg/kg in one sample SO306. 

RIVER SEGMENT 4 

· Three samples from river segment 4 were submitted to a CLP laboratory for 
analysis of TCL compounds, dioxin, and selected treatment parameters. Twelve 
samples were submitted for analysis of only P AH and phenolic compounds. 
P AHs were not detected in five of the samples. The highest concentration of 
carcinogenic PAHs was 141,00011&/k& in sample S0031. Noncarcinogenic PAHs 
were detected at 960,000 11J'kg. In other samples, the concentration of 
noncarcinogenic P AHs was only about twice the concentration of carcinogenic 
PAHs. Dibenzofuran was detected in two of the CLP samples at 14,000 11g/kg 
and 380 11g/kg. Total BTX concentrations did not exceed 5 11g/kg in any of the 
samples. Chlorinated VOCs were not detected. 

Pentachloro, bexachloro, heptachloro dioxin and furan, and octachJoro furan 
were detected in sample S0303. Pentachloro dioxin was detected at 0.45 l!g/kg. 
Hexachloro and heptachloro dioxin were detected at 8. 7 and 11 11g/kg. 
respectiveJy. Furan concentrations were detected at similar concentrations. 
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Table 4-7 
Summary of Recreational Uae Risks 

Utde Menomonee River 

NonclrcinoglniC Ailkl -
lnglltion carcinogenic Rillcs - Ingestion 

dwniciii Exciiiuiiime Targat lnQlltion 
Stream Mlle Conclnlrlllon Pclpu&atlon Huan:llnda Exceeding RfD ClncerAilk 

1 Hlghtll 
Dllectld 

Child o.~ 

Glomllrlc Child 0.16 
Mun 

Hlghelt 
Detected 

Adult 0.20 

Glomllrlc Adult O.OI 
Mun 

Higt,Nt Child 0.21 
2 Detected 

Geomttrie Child 0.14 
Mean 

Highest Adult 0.10 
Detected 

Geomttric Adult 0.07 
Mean 

-Highest Child 0.32 
3 Detected 

Geometric Child 0.26 
Mean 

Highest Adult 0.16 
Detected 

Geometric Adult 0.13 
Mean 

Highest Crlild 0.12 

' Detected 

Geometric Child 0.23 
Mean 

Highest Adult 0.06 
Detected 

Geometric Adult 0.12 
Mean 

Highest Child 0.56 
~ Detected 

Geometric Child 0.47 
Mean 

Highest Adult 0.30 
Detected 

Geometric Adult 0.23 
Mean 

Exposure .t.11ump1ton1: 
llloneareinogen,c R11k1 - Child· 35 kg t>ody weight. O , gldey 10il intake 

- Adult 70 kg body weight. O , g/day 10,1 intake 
Carc1nogen,c R11k1 - 70 kg body weight. O 1 glday 1011 intake 

Expoaur, duration: 2 dayalwHk for 20 week&lyear. 10 )'Hr• 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

a PAI-ts include cenz0(1)antl'lrac1ne. t>enzO(b)lluoranthene. benzO(k)fluoranthene. t>enzO(a)pyrene. blnzo[g.h.1Jpery1en1 
cnry11ne dabenz(a.h)anthracene. 1ndan0(1.2.3-c.d)pyrene 

1E-04 

3E-05 

1E-04 

2E-OS 

1E-04 

2E-OS 

SE-OS 

SE-06 

3E-OS 

3E-06 

Major Chemicals 

PAHs (a) 

PAHs (a) 

PAHs (a) 

PAHs (a) 

PAHs (a) 

PAHS (a) 

PAHS (a) 

PAHs (a) 

PAHs (a) 

PAHs (a) 



or direct dermal contact. The river was divided into five 1-mile segments (i.e., 
river miles) to better characterize the risks associated with exposure to individual 
river locations. The results of this evaluation arc summarized in Table 4-7. 

No RfD values were exceeded for noncarcinogenic exposure at any river mile 
segment. Cucmosenic P AHs were detected in all segments of the river and 
contnbuted the most to the acess cancer risk levels. Estimated excess cancer 
risk levels from ingestion exposures based on the highest detected concentrations 
ran1ed from 1 :1 1~ for river mile 1 to 3 :1 10-5 for river mile 5. Cancer risk 
estimates for avera1e concentrations were jl'e&ter than 1 :1 1~ for all 
downstream segments. 

It was not possible to address quantitively the acute effects from sediment 
contact. In the past, contact with river sediment bas resulted in skin bums. 
Acute effects arc addressed qualitatively in the discussion section of this chapter. 

No data are available on potential contaminant concentrations of fish in the 
Little Menomonee River. Potential bioconcentration of P AHs from sediment 
and surface water cannot be estimated because although P AHs have a high 
octanol water panition coefficient ( often a prediction of bioconcentration 
potential), fish metabolize PAHs and do not readily bioconcentrate the PAHs in 
their tissues. Consequently, although the consumption of fish caught from the 
river is possible, human exposures from this pathway can not be quantitatively 
evaluated. 

ENVIRONMENTAL EVALUATION 

A detailed environmental evaluation is presented in Appendix K. This section 
summarizes its results. 

EXPOSURE PATlffl'AYS 

Aquatic plants and animals in the Little Menomonee River can be exposed to 
creosote contained in the sediment as welJ as any currently being released from 
the site. Aquatic plants and animals that rest on or burrow in the sediment are 
likely to be exposed more frequently and to higher concentrations than 
organisms living in or on the water. 

Birds or terrestriaJ animals that rest in. feed in, or travel through the river may 
also be exposed to contaminants from creosote. Birds and animals with a high 
affinity for water are probably exposed more than animals that have only 
incidental contact with the river. 

ENVIRONMENTAL EFFECTS 

Although scientific studies have confirmed the potential for toxic effects on 
aquatic and terrestrial wildlife from exposure to P AHs, the ability to associate 
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specific sediment or soil concentrations with the presence or absence of adverse 
effects on the wildlife is limited. There are no current published environmental 
media criteria for P AHs for protection of aquatic or terrestrial wildlife. 

Detenninina tpecific environmental effects from the Moss-American site on the 
biota of the Menomonee River is complicated by other past human activities. 
The river bu been altered by channeliation for drainage and flood control 
purposes. It also receiYes disebarp from agricultural land, stormwater 
dischmJe, seven industrial and one municipal permitted discharges, runoff from a 
closed landfill, and the Moss-American site. These activities may have 
contnbuted to the degradation of the river. 

Aquatic animals in the Little Menomonee River have been sampled several 
times prior to the RI to determine the effects of land use and pollution on 
aquatic resources. Most biol<>sical investiptions of the Little Menomonee River 

- have led to the conclusion that the lower river is ecologically impair~ with 
probable effects from creosote contamination from the Moss-American site. 
There are data from other river systems that appear to link P AH co11tamination 
of sediments to an increased incidence of tumors and hypcrplastic diseases in 
fish. The concentration of P AHs in the sediments of the Little Menomonee 
River arc similar to those found in river systems where increased fish tumors 
have been found. Consequently, it may be inferred that the discharge of 
creosote from the site may have had adverse effects on the biota of the river. 

DISCUSSION 

The baseline risk assessment has several major areas of uncenainty, including 
exposure estimation, acute toxicity of creosote residues, and assessing exposures 
to PAHs. A conservative approach was taken in making assumptions that 
describe potential human exposures resulting from the Moss-American site. The 
trespass setting assumed that under current site conditions chiJdren or adults 
could use the site informally for recreation. The number of times these 
individuals could come to the site is an unknown. An intermittent exposure at a 
frequency of 40 times per year was assumed to be a reasonable conservative 
outer bound to descnbc recreational use. 

Another example of the use of conservative assumptions to address uncenainty 
is the application of toxicity values. Because there arc no toxicity values based 
on intermittent exposure, the toxicity values used in the assessment arc based on 
long-term or chronic exposure. These values were used to assess both the 
intermittent trespass and continuous residential exposure. Applying these values 
to intermittent exposures is generally conscrvativ_e from the standpoint of 
protection of human health. 

The future uses of the site arc uncenain. The future site use evaluated in the 
assessment was residential development. Although not the most likely future 
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use, it is fe&SJble for the site. The evaluation of this setting produces a 
conservative upper bound on risks associated with future site uses. 

Dermal contact is the most probable route of exposure, but this route was not 
quantitativcly evaluated because of uncenainties in existing estimation methods. 
A conservative sample estimate of dermal absorption from direct contact was 
made (Appendix L) to compare with estimates from ingestion. The comparison 
indicated that the intake of chemicals from dermal exposure would be an order 
of maptude less than that resultina from ingestion exposures. 

Effects from acute dermal exposure to contaminants in the sediments is a 
potential concern. In 1971 children who came into contact with river sediments 
received skin bums, as did laboratory workers conducting tests in the late 1970s. 
Bums associated with creosote are typically due to the presence of phenolic 
compounds; however, phenols were rarely detected in the sediment or soil 
samples taken in the RI. As discussed in Chapter 3, analytical methods 
routinely used may not be adequate to quantify phenolic concentrations. Even if ~ 
those levels were quantifiable, there are no data that relate concentrations of 
creosote constituents to the potential for skin burns from contact with creosote 
constituents. In the absence of such data and considering the site's history and 
the known presence of creosote material, the continued potential for burns is 
assumed. 

One final source of uncertainty is associated with PAH toxicity. The majority 
of the chemicals detected onsite were P AHs. Except for benzo[ a )pyrene, there 
are insufficient data to develop cancer potency factors for P AH.s. Following 
U.S. EPA guidance, the cancer potency factors for all carcinogenic PAH.s were 
assumed to be the same as benzo[ a ]pyrene. Studies have indicated that 
benzo[a]pyrene is the most potent of the PAHs, so the application of this 
potency factor to other P AHs may result in an overestimate of risks. This 
apparent conservatism may be balanced by the identified potential for synergistic 
interaction between P AHs. The carcinogenicity of some P AHs may be enhanced 
in the presence of other P AHs. .,..,-. 

Although most noncarcinogenic P AHs do not have reference doses availabJe, 
they make up the majority of the contaminants present at the site. These P AHs 
have low toxicitv; however, their contnbution to overaJJ site risks cannot be 
quantified and is a major uncenainty in the risk assessment. 

SUMMARY 

The baseline risk assessment evaluated the potential threats to public health and 
the environment from the Moss-American site in the absence of any remedial 
action. Exposure settings were developed to describe potential human exposures 
under current site conditions and future potential site uses. Potential effects on 
the environment were also evaluated. 
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To evaluate human health risks under current site conditions, a trespass setting 
was developed to describe exposure to people who could come onto the site. 
Under those exposure conditions, the individual excess lifetime cancer risks for 
individuals who may come onto the site and contact the surface soil were 
estimated to be peat.er than 1 x 10•. The major group of chemicals 
contnbuting to the risks are the P AHs. 

A residential use setting was described to evaluate a reasonable maximum 
exposure setting to assess potential future exposures associated with site use. 
For the exposure conditions that were assumed, the individual excess lifetime 
cancer risks for residents who contact contaminants exposed during site 
development and left on the site surface were estimated to be greater than 
1 x 104. The major group of chemicals contnbuting to the risks arc the PAHs. 

To evaluate the human health risks to people engaged in activities along the 
Little Menomonee River, a recreational use setting was descn"bed. For the 
exposure conditions that were assumed, the individual excess lifetime cancer risks 
for individuals who may contact sediments in the Little Menomonee River were 
estimated to be greater than 1 x 10'°. The major group of chemicals 
contributing to the risks arc the P AHs. There is also the potential for acute 
health effects from contact with creosote in river sediments, although this risk 
cannot be expressed quantitatively. Human exposures through fish consumption. 
while feasible, could not be quantitively evaluated. 

Biological investigations of the Little Menomonee River performed before the 
RI have concluded that the river downstream from the site is ecologically 
impaired. the probable result of creosote contamination from the Moss-American 
site. The P AH concentration found in the Little Menomonee River sediments 
arc similar to levels in other P AH-contaminated river systems where tumors in 
fish have been observed. The various effects of habitat loss, soil erosion, 
channelization, and nonpoint pollution on the river may also restrict the quality 
of the ecological community in the Linle Menomonee River. 

GLT864/020.50 
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Lead was detected at about 150 ma,'ka in two of the CLP samples. 
Concentrations of other inorpnic contaminants were similar to the values 
observed in river segment 1. 

lllVER SEGMENT 5 

----------- ----

Two samples were sent to a.P laboratories and nine samples were ID8ly7.ed 
only for P AH and phenolic compounds. Two samples contained no detectable 
P AH compounds. The highest carcinoaenic P AH concentration was about 
96,000 ,i'ka in S0001. Only 10,000 ,a/kg of noncarcinoaenic P AHs were 
detected in this sample. Of the samples submitted to CLP laboratories, the 
highest carcinoaenic P AH concentration was about 15,000 llJ'kg. Except for 
sample SDOOl, the carcinogenic and noncarcinogenic PAH concentrations were 
about equal. Dibenzofuran was detected in one CLP sample at 130 llJ'kg. 

Ethylbenzene was the only VOC detected in this river segment at 3 Jal/kg. 
Heptachloro dioxin ( 1.2 11g/kg), hcxachloro furan (0.23 11g/kg), and hcptachJoro 
furan (0.75 11g/kg) were detected in sample SD302. 

Lead concentration was as high as 213 mg/kg in this river segment. 
Concentrations of other inorganic contaminants were similar to those in river 
segment 1. 

noon PUJSS AND DREDGING AREAS 

Flood plain and river bank soils were sampled along with the sediment samples. 
Screening procedures were identical to those used for onsite soils and river 
sediment. Thirty locations (Figure 3-22) were sampled for concentrations of 
extractable organic compounds and checked for an oily appearance. Eleven of 
. those areas were onsitc in areas where dredgings were deposited. The 
remaining locations were down river. Additional analytical sampling was limited 
to two samples analyzed for P AHs and phenols: one from a dredgings pile 
onsite (SS1023) and one from a grassy slope south of Silver Spring Drive 
(SS1003). No samples from flood plains and dredgings areas were submitted for 
CLP analysis. Detailed procedures and results are given in Appendix B. 

None of the dredging samples collected from offsite areas were visibly 
contaminated, nor were most of the samples from flood plain areas. Two flood 
plain samples appeared oily: 5S1007 (swamp area nonh of Leon Terrace) and 
SSlOl l (west flood plain, 1,500 feet south of Good Hope Road). Extractable 
organic concentrations at these locations were 3,600 and 8,400 ppm. respectively. 
Dredgings and river bank samples from onsite areas were not visibly 
contaminated. 

The concentration of carcinogenic PAHs was 38.000 µg/kg in sample SS1023. 
The concentration of noncarcinogenic P AHs was 9.000 µg/kg. No P AHs were 
detected in sample S51003. 
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TRIBUTARY INLETS 

Fifty-one samples from inlets to the Little Menomonee River were collected and 
screened for extractable orpnic compounds. Eiabt samples were also analyzed 
for P AH and phenolic compounds. Most of the inlet samples were collected 
from within the flood plain of the Little Menomonee River because of access 
problems associated with u.mpq within culvens. 

Four of the eiaht inlet samples analyzed for P AH and phenol concentrations 
contained no P AHi at a quantification limit of 1,000 ,a/kl- 1be rem•iniq 
samples contained quantities limilar to those in samples taken from the Little 
Menomonee River. No phenolic compounds were detected. 

GL 1'938/004.50 
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Table 4-5 
Summary of Onsite Trespass Risks 

Moss-American Sile 

... _,...,... .. ,. ... C.clllCll■nlc RI••-...,_ .... 
Tolal lnp■llon 

Ellf!MI,.. , .... ..... "' lnhllalon Ch9ffllc ... &ceMlltelllM 
s.tl'"9 eonc.. .... ,,....... Huard .... Huerd"'"• &e..tingRID Cence, RI .. 

- - - --------. 

Eall Hi1,hell Child 0.15 0 14 None 
Otetected 

GIIMJIMl1lc Chlld 0.11 00t4 None 
Mean 

Hioheel Mui 0.073 00t2 None 
Owlecled 

o.o.n.t,lc Mui 0.055 0011 None 
Me1m 

Well ........ Chld 2.4 0023 None 
Owtected 

GeolMl1lc Ctild 024 OOOI None 
Mean 

High4tel Mui Ult 0.011 None 
Del9Cted 

Gec11M11ic Mui 0 12 O.OCMI None 
Mttllll 

EKl)OMH• A11umr111on1: 
No!1e111clnoglfflic Rilk1 - 35 kt body walglll fcllldt, 70 kg body W'llghl (llclull). 0. I g/dey eol lnl•• 
chil,t lnh■htlic.Nt , ... 13 I/min, adult lnhalallon , ... 20 llmln 
C11tclno011nic Rish - 70 kg body weigh!, 0 I glday ■oll lnlake, 2-dllylM, 20--hly,. tO ,._, 

3£-04 

5E-09 

SE-04 

2E-05 

■ PAH■ lnr.lu,ta INM11nf■ ....... -. b■nrc,tbjluor■nlh■n■ • b■nNJll(llhJol■nlh■ne. t1■nl'Of■1Py,-. b■nl'Ofg,h,IIPetyl■n■ 
r.lt1ySflf1tt. lftl1ttn1t11.h""""'■c-.1ncteno11.2,3-c:d!py, __ 

h No lnlfivitlu11I r.hnmic11I Intake ■11c■ed1 RFD ww-i h■tlfd 
inlftt•o• 11u1 10 11~tim11tttt1 by health ■Hect. no suhinde••• e11c-1 I 

PAHe(at 

PAHe(at 

PAHe(at 

PAHe(at 

Ce• a1111, ..... ••II•• 
T4111tbtnl 141 
e...a.... 
C-fl■II ...,a.1.ac• 

IE_. PAH■(at 

•E-- PAHi(-, 

·-- PAHe(-, 

tE-47 PAHi(-, 
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Table4-6 
Summary of Residenllal Oevefopment Risks 

Moss-American Site 

Nonc•cincJt9nic Rltll1 C.clw11•f'llh-11t11 .. llft ----
F...-e , .... ......... 

Populelion Selllllf _____ c_ .. ____ •_..,.. _____ _ Hu•dlndall 

Eaat ........ 
Delecled 

GlolMlrlc 
Mean 

Hlghell 
Delect9d 

GlolMlrlc 
Mean 

Hlghell 
Detected 

GlolMlrlc 
MNn 

GlolMlrlc 
Mean 

Expn11me Aseumpffone: 

--------·------
Child 092 

Child 049 

Adull 0099 

Adull 0051 

Child 12 

Child 05 

Adult 13b 

Mui 0054 

Nnncarcinogenlc Allll1 - Chld: 35 IJt body -.,ie 0.2 glday IOll lnl .. a. 
- Adult: 10_., bndy-.,ie, 0. I glday IOll lnlalle. 

C1ttclnnoertic Al, .. - ltfellme .-... : 70 Ilg body -'c,hl, 0. t c,lday IOI Int••· 
E•pneur• daily for 70 JNfl. 

a-.lcell 
&cNding RE 

------

None 

None 

None 

None 

Cedmlum, IMd 
2 .4-dlnilroph9nol 

Nona 

Nona 

Nona 

Tai ......... 
Ex_ ...... 

Canclffllll 

• PAH1 lnchlde ban1of1....,.,acene. banNJlbflh-_......, ban1oflllllootanthane. banzol•IP"-· banlllfl,h,l!PefyleM, 
chty-. dtban,ta.ha-,itwac-. lndenol I .2 .3~1P"-

h No indi,,idu.a chemic .. Int .. • exceeds RFD. When h11a1d 
i111fn••• ••• re-eatlmaled by heaflh eltecl, no IUhlnde••• exceed I. 
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Table 4-1 
Potential Contaminants of Concern and Criteria for Selection 

Mou-American Sitt 

Liectedbllld 
ancrtllcll llllctlCJ bald on 

Q4EMICAL tadcltyV11ut1 lade"? conctml 

Acenaphthent 
Ac1napt,tt,y1ene 
Acelont I 
AntNaclne 
Antimony I 
ArNnlC b 
Barium I 
Blnnn• b 
8enzo(1Janthracen1 C 
lenzo(bJfluoranthenl C 
Benzo(k]fluoranthene C 
911'\ZO(g,P'I ,l)peryl1n1 C 
B1nzof 1Jpyr1n1 a 
B1nzoic Acid a 
Beryllium a 
biS(2-Etl'lythexyt)pl'ltl'lalate alb 
2-Butanone a 
Cadmium a/1:l 
CP'llorinated dioxins and furans 
Chloroform a/1:l 

· Chromium alb 
Chrysene 
Copper a 
Creosote b 
Oit>enz(a,h)anthracene C 

Oibenzoluran 
, , 1-0ict11or011hane a/1:l 
2.4-0initrool'lenol a 
Ethylb1nze"1e a 
Fluorantnene 
Fluorine 
lnd1no[1,2,3-cd)pyr1ne C 

Lead a 
Manganese a 
Mercury a 
M1tt1yt1n1 Chloride alb 
Naphthalene a 
Nickel a 
Ph1n1nthren1 
Phenol a 
Pyr1n1 
Styrene I 
2,3,7,8-TCOO b 
Toluene a 
, , , • 1-Trichloroethane a 
Vanadium a 
Xytenes a 
Zinc a 

a. Selected bued on having a reference dose value. 
b. Selected based on having a cancer p011ncy va1ue. 
c. PAHs Hlected based on potential carcinogen,c,ty. 
d. Selected bastd on frequency of oecurance and relative abundance 
1. Creosote Hltcted because it ,s tl'lt major soi,rc:e material. 
!. Dioxins ano fur ans se1ec1eo baseo on tox1c1ty. 

SIIICtlCJ bald on 
other factors 

d 
d 

d 
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d 

d 
d 
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- Cllapter .. 
SUMMARY OF THE BASELINE RISK ASSESSMENT 

INTRODUCl10N 

A baseline risk assessment ii an evaluation of potential threau to public health 
and the environment posed by a lite in the absence of any remedial action-i.e., 
the no-action alternative (US. EPA 1988). It identifies and characterizes the 
talicity of contaminants of potential concern. pcnentiaJ aposure pathways, 
potential human and environmental receptors, and the atent of expected impact 
or threat under the conditions defined for the lite. Its purpose is to 
characterize the potential risk from the site in order to support a decision to 
proceed with a feasibility study of potential remedial actions. 

This chapter summarizes the results of the baseline risk assessment prepared for 
the Moss-American site. The baseline risk assessment is presented in -_,; 
Appendix K. The risk assessment methodology and risk calculations are 
presented in Appendixes L and M, respectively. 

The baseline risk assessment for the Moss-American site made the following 
major assumptions: 

• No remedial action will be taken. 

• No land use restrictions will be in effect. 

• There is the potential for future development of the site. 

• All carcinogenic P AHs are as potent as benzo[ a ]pyrene. 

• For the purpose of risk estimation, contaminant concentrations will 
not change over time. 

COl''TAMINA.'-IT IDEl'iIFICATION 

Seventy chemicals on the U.S. EPA's Target Compound List (TCL) were 
detected at the Moss-American site. Nineteen of these chemicals arc potential 
constituents of creosote. From the 70 chemicals detected, a subset were 
identified as contaminants of potential concern for use in the baseline risk 
assessment (Table 4-1). Chemicals were selected primarily on the basis of 
having available toxicity values (i.e., cancer potency factors and reference dose 
values) and environmental media standards and criteria. Additional chemicals 
were included based on factors including toxicity, frequency of detection, 
concentration, and environmental fate. 
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Table 4-2 
POTENTIAL CARCINOGENS 

MOSS-AMERICAN SITE 

U.S. EPA CM:inogll' Nllll'Nnt Group 

(I) 

QBIICAL INGESTION NW.Al10N 

Aralnlc A A 
Benzene A A 

Benzo(a)anthracene 82 B2 

Benzo(b)fluoranthene 82 B2 
Benzo(k)fluoranthene 82 B2 
Benzo{a.h)anthracene B2 B2 
Benzo(a)pyrene 82 B2 
Beryllium D B2 
bil(2-Etl'lylhexyl)i)l'lthalate 82 0 
C.dmium 0 e, 
Chloroform 82 0 
Chromium (l'lexavalenr) 0 A 
Chrynne 82 B2 
Creosote e, e, 
1, 1 -Dicl'lloroetl'lane C D 
tndeno[1,2,3-cd)pyrene C C 

Methylene Chloride 82 B2 
Nickel 0 A 

N-Nitrosodipl'lenylamine B2 D 

Tetracl'lloroetl'lene 82 B2 

(a) U.S. EPA Carcinogen AsHssment Group Classification (IRIS database 2-10-, 988) 
A: Human carcinogen - Sufficient tvidneee from epidemiological studies. 

81: Probable human carcinogen - Limltld evidence of carcinogenicity 

to humans. 

82: Probable human carcinogen - Sufficient evidence in animals and 

lnldeQuate or no human evidence. 
C: Poaible human carcinogen - Limitld evidence in animals and the 

lbMnet ot human data. 

D: Not Clusitild - lnadeQuate or no evidence to clusity. 
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TOXICin' ASSESSMENT 

The toxicity assessment addressed both the potential human health and 
environmental effects associated with the chemicals of potential concern. This 
section provides an overview of the toxicity assessment. 

BUMAN IIF.ALTB EFFECTS 

Detailed summary talicity promes fo· chemicals detected at the lite are 
presented in Appendix K. The ma:· ealth effects associated with the major 
chemical aroups found at the lite m~ :· oe summarized u follows: 

• Creol0te-1be major source of contamination at the 
Moss-American site i5 creosote, a complex mixture of more than 
200 compounds. Exposure to creosote !iqwd or vapor may 
produce skin irritation and ulceration. Systemic poisoning from 
acute dermal or oral exposure may cause increased salivation, 
vomiting. and respiratory difficulties. Although present in low 
concentrations, phenol and phenolic derivatives of tar acids have 
been related to the acute toxicity of creosote, especially bums. 
The U.S. EPA Carcinogen Assessment Group considers creosote a 
class B 1 (probable) carcinogen. It has been found to cause skin 
carcinomas in humans through chronic dermal exposure. Some of 
the P AH components of creosote are known to be carcinogenic 
and have been related to the carcinogenic potential of creosote. 

• PABs-PAHs. a primary component of creosote, have been 
associated with lung, stomach, and skin cancers. Carcinogenicity 
has been associated with the 4. and 5-ring P AHs such as _ 
benzo[a]pyrene. Noncarcinogenic effects associated with PAHs 
include damage to proliferating tissues and chronic dermatitis. 
Naphthalene has been associated with cataracts. Some 
noncarcinogenic P AHs appear to enhance the carcinogenic 
potential of the carcinogenic P AHs. 

• BTX Compounds-Benzene is a human and animal carcinogen 
associated with leukemia. Toluene and xylene cause depression of 
the central nervous system. 

• Phenolic Compounds-Phenolic compounds arc corrosive to skin 
and cause severe systemic poisoning. 

• laorpnlc Claemjcals-Arsenic is a known human skin and Jung 
carcinogen. Cadmium is associated with respiratory and kidney 
toxicity and linked to prostate and Jung cancer. Lead is toxic to 
the nervous system, blood, and cardiovascular system. Zinc is 
associated with fever, nausea. and stomach disturbances. 
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Twenty of the contaminants detected at the site are classified as known 
(class A), probable (class Bl and B2), or possible (class C) human carcinogens 
by the U.S. EPA Carcinogen Assessment Group (Table 4-2). 

ENVIRONMENTAL EFFECl'S 

P AHs were the primary focus of the environmental effects evaluation because of 
their abundance in the soil and 1N1ime11t at the Moss-American site. A review 
of the environmental effects of P AHi on wildlife and plants is summarized in 
Appendix IC. In pneral, the information based on the enviromDental effects of 
P AHs is not very extensive. There are no promulpted standards or criteria for 
P AHs desilJled for the protection of aquatic orpnisms or terrestrial wildlife. 

Toxic effects of P AH compounds in water vary widely among compounds and 
among groups of aquatic orpnisms. Lethality from acute (shon-term) and 
chronic (lon,-term) exposures to concentrations ranpn1 from 30 to 150,000 ug/1. 
PAH concentrations in surface water sampled at the site were below this range. 

P AHs that are carcino1eruc to mammals are 1enerally also carcinogenic to fish. 
In many cases, aquatic orpnisms from P AH-co11taminated environments have a 
higher incidence of tumors and hyperplastic disease than those from nonpolluted 
environments. A growing body of evidence, mostly circumstantial, links PAHs to 

· cancer in fish populations, especially bottom dwelling fish from areas with 
sediments heavily contaminated with P AHs. 

Data are unavailable on acute and chronic toxicity for avian wildlife, reptiles, or 
amphibians. Numerous PAH compounds are distinct in their ability to produce 
tumors in the skin and most epithelial tissues of animal test species. These 
effects are likely a concern for mammalian wildlife exposed to P AHs. 

EXPOSURE ASSESSMENT 

The exposure assessment identified the means by which people or terrestrial and 
aquatic wildlife can come into contact with chemicals from the Moss-American 
site. Potential exposures were identified for current site use conditions and 
potential future uses of the site and surrounding area. 

The potential exposure pathways associated with the Moss-American site are 
descnbed in Table 4-3 and illustrated in Figure 4-1. Some potential pathways 
identified in the table were determined not to be complete pathways. For 
example, exposure to humans through consumptive use of the aroundwater was 
eliminated from consideration for several reasons-there are no existing drinking 
water wells in the site vicinity; available piped water supply from Lake Michigan 
makes future well use unlikely; the shallow aroundwater system would not have 
sufficient yield for water supply use; and the shallow groundwater discharges to 
the Menomonee River. 
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CURRENT BUMAN EXPOSURES 

The land uae of the area surrounding the Moss-American site and the Little 
Menomonee River is a mix of agriculture, woodlands, industrial, residential, and 
recreational parkland (Figure 4-2). In 1970, the population in this area was 
estimated to be between 3,500 and 10,000 persons per square mile, but 
increased residential development bas occurred since that time (SEWRPC 1976). 

The site is easily accessible. Except for the automobile storage and loading 
facility, there are no substantial physical limitations to access to the site. The 
site's park-like appearance may attract individuals onto the site. There is 
evidence that individuals have come onto the site; for example, din bike trails 
arc present on the east side of the river. 

The Little Menomonee River from Brown Deer Road to its confluence with the 
Menomonee River is owned by the Milwaukee County Parks District. This area 
is considered a primary environmental corridor and is used heavily by 
recreational users. A paved bike path stretches nonh for 3 miles at the 
confluence with the Menomonee River, soccer playing fields and landscaped 
park areas border the lower reaches of the river, and residential areas border 
the parks along the river with schools nearby. There is evidence that children 
play in sections of the river. People may be exposed to river sediments during 
outdoor activities along the river. In 1971, high school students panicipating in 
a cleanup project in the river developed chemical burns on their arms and legs 
after direct contact with the sediment (DNR 1985). 
The following exposure pathways were considered the most feasible human 
exposure pathways associated with the site and the Little Menomonee River 
under current site use conditions: 

• Exposure of site visitors, especially children, through direct contact 
(i.e., dermal absorption and inadvenent ingestion) with 
contaminated surface soils at the site. 

• Exposure of site visitors who ride din bikes through the site by 
inhalation of contaminated surface soils suspended in the air by the 
bikes. 

• Exposure of recreationa] users of the Llttle Menomonee River 
corridor, especially children, through direct contact (i.e., dermal 
absorption and inadvencnt ingestion) with the contaminated 
sediments in the Little Menomonee River. 

• Exposure of people who catch and consume fish caught from the 
Little Menomonee River. 
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POTENTIAL FUnJRE BUMAN EXPOSURES 

The river corridor will likely remain park land, considering current ownership, 
and the potential human exposures would be as they are today. Because 
ownership of the site is divided between the county and the railroad, future uses 
for the site are uncenain. Possibilities include the current uses as well as 
development of the site for residential, recreational, or commercial purposes. 
Under each of these circumstances, people could have direct contact with 
site-related cop,taminants, especiaDy under a commercial or residential use where 
construction could expose subsurface materials. 

The risk assessment evaluated the residential development of the site as a 
reasonable maximum exposure setting to assess potential future exposures. 
Future residents of the site could come into direct contact with contaminants 
present in the site surface after development through activities such as outdoor 
play, gardening, and contact with indoor dust. Exposure to coritaminated 
groundwater was not considered because of the availability of a water pipeline 
and the generally insufficient yield of the shallow groundwater. 

ENVIRONMENTAL EXPOSURES 

Exposure to terrestrial and aquatic wildlife could occur through direct contact 
with or ingestion of contaminated sediments in the Little Menomonee River. 
Many types of wildlife such as deer. raccoons, opossum, mink. waterfowl, and 
songbirds are present in this river habitat. Such organisms use the river as a 
food and water source and may be exposed to contaminants in the sediment by 
ingestion or dermal contact. Terrestrial wildlife may contact contaminants in the 
site surface. 

PlJBUC HEALTH RISK CHARACTERIZATION 

~-" The public health risk characterization in the baseline risk assessment 
{Appendix K) provides the estimated potential public health risks associated with 
the Moss-American site. This section summarizes the results of the risk 
characterization. 

EXPOSURE SETIINGS AND ASSUMPTIONS 

Based on the exposure assessment, three exposure settings were defined to 
descnbe potential human exposures for current site conditions and potential 
future uses. The exposure settings used to evaJuate the health threats from the 
Moss-American site are: 

• Current conditions-site trespass setting 
• Current conditions-river recreational use setting 
• Potential future use-residential development setting 
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The exposure assumptions associated with each of these settings are detailed in 
Table 4-4. For each setting two sets of risk estimates were made. One 
evaluated risks based on the highest detected concentrations, and the other 
estimated risks based on ,eometric mean concentrations. For evaluation 
purposes, the lite was divided into areas either east or west of the Little 
Menomonee River. The evaluation of the area east of the river is based on 
limited sampling in the portion of the site where dredpigs from the drainage 
ditch were landfilled. Consequently, risks estimated from those data are 
conservative and represent only a small subset of the whole of the eastern 
ponion of the site. 

RISK·CIIARAC'J'ERIZATION APPROACH 

The potential exposure situations were evaluated by estimating the 
noncarcinoaenic and carcinogenic risks associated with them. 

Noncarcinogenic risks were assessed by comparing estimated intakes of 
noncarcinogens to reference dose (RID) values. To account for potential 
noncarcinogenic effects from exposure to multiple chemicals, a hazard index 
approach was taken. The estimated daily intake of a chemical by an individual 
route of exposure is divided by its RfD, and the resulting quotients are summed 
to provide a hazard index. There is potential for health risk when the index 
exceeds one. The hazard index can exceed one even if no single chemical 
intake exceeds its reference dose. In this situation, the chemicals in the mixture 
arc segregated by similar critical effect or target organ, and separate hazard 
indices arc derived for each effect. If any of the segregated subindices exceeds 
one, there is potential for health risk. 

The potential for carcinogenic risks was evaluated by estimating the individual 
excess lifetime cancer risks from exposure to the carcinogens. Excess lifetime 
cancer risk is the incremental increase in the probability of developing cancer 
during one's lifetime over the background probability of developing cancer (i.e., 
if no exposure to site contaminants occurred). For example, a 1 x 10'° excess 
lifetime cancer risk means that for every 1 million people exposed to the 
carcinogen throughout their lifetime (which is assumed to be 70 years), the 
~verage incidence of cancer is increased by one extra case of cancer. Because 
of the methods followed by the U.S. EPA in estimating cancer potency factors, 
the excess life cancer risks estimated in the assessment should be regarded as 
upper bounds on the potential cancer risks rather than actual representations of 
true cancer risk. 

SUMMARY OF RISKS 

Current Conditions-Site Trespass 

People trespassing on the site could directly contact contaminants on the ground. 
Exposures would occur through inadvertent ingestion and dermal absorption. 
Individuals could also inhale contaminated dust while riding din bikes through 
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contaminated areas. The risks associated with site trespass are summarized in 
Table 4-5. 

A comparison of estimated intakes to RfDs indicated that no RfDs were 
exceeded in any situation evaluated. The hazard index did exceed one for a 
child's soil ingestion exposure at a portion of the site west of the river when 
based on the highest detected concentrations; however, subindices calculated by 
segregating chemicals by similar effect do not exceed one, suggesting no 
potential for adverse effects. 

Excess lifetime carcinogenic risks from soil ingestion for the eastern portion of 
the site range from 3 x 1cr (based on the hipest detected concentrations) to 
5 x lo-6 (based on mean concentrations). Excess lifetime carcinogenic risks from 
soil ingestion for the western portion of the site range from 5 x l<r (based on 
the highest detected concentrations) to 2 x 10·5 (based on mean concentrations). 

-✓ The carcinogenic P AHs are the major chemicals contnbuting to the risks. Areas 
of contamination contnbuting to the risk include the former drainage ditch, 
treated storage area. and west landfill. Inhalation exposures for both ponions of 
the site have risks less than 1 x 10· 7• 

Potential Future Conditions-Residential Development 

If the site is developed, exposures to contaminants in the soil (surface and 
subsurface) may occur. The greatest exposure risk would result if the site were 
developed into a residential area. It was assumed that subsurface material to a 
depth of 15 feet may be exposed and left on the site surface as a result of site 
development. The results of this evaluation arc summarized in Table 4-6. 

Comparison of estimated intakes to RfDs indicated that no RfDs were exceeded 
in any situation evaluated for the site except for a child's soil ingestion exposure 
. based on highest detected concentrations. Estimated intakes of lead, cadmium. 
and 2.4-dinitrophenol exceeded their RfDs. Intakes based on mean 
concentrations did not exceed the RfDs. 

Excess lifetime carcinogenic risks from soil ingestion for the site ea.st of the river 
range from 2 x 10·2 (based on the highest detected concentrations) to 2 x 10◄ 
(based on mean concentrations). Excess lifetime carcinos,enic risks from soil 
ingestion for the site west of the river range from 4 x 10·· (based on the highest 
detected concentrations) to 3 x 10◄ (based on mean concentrations). The 
carcinogenic P AHs are the major chemicals conmbuting to the risks from the 
site. Areas of contamination contributing to the risk include the former drainage 
area, ditch, process area, treated storage area, and west landfill. 

Current Conditions-River Sediment Exposures 

Exposures to contaminated sediments in the Little Menomonee River would be 
limited to trespass exposure (most likely to chiJdrcn) resulting from recreational 
use of the river. Exposure could result from inadvenent ingestion of sediments 

4-7 

• 



Tlble4-4 
EXPOSURE ASSUMPTlONS 

MOSS-AMERICAN srTE 

T■Dlt Alclptor Aaut1 lntlkt RIii lodyWII~ Frequency 
I,_.mllDIDA 

Child lngllllon 0.1 WdaY 35-kg 

Adult lngellJon 0.1 WdaY 70-lcg 

lndtvldual UNd tor lnglltion 0.1 WdaY 10-kg .Odayslyr 
llfltlme cancer risk 10 yrs 
•lmate 

Child Inhalation 13 llmln 35•kg ,/ 
...J -

Adult Inhalation 201/min 70-kg 

Individual uSed for lnl'lalation 20 Vmin 70-kg 2 hr/day 
lifetime cancer risl( 40 daystyr 
estimate 10 yrs 

Residl!Jlill §lning 

Toddler Ingestion 0.2 ;/day 15-kg 

Adult Ingestion 0.1 ;/day 70-icg 

Individual uHd for Ingestion Age 1-S: 70-kg 365 daysty 
lifetime cancer risk 0.2 ;/day 70 yrs 
estimate 

Age 6-70: 
0. 1 ;/day 

ReerNtional Settino • --; .I 

Child Ingestion 0. 1 ;/day 35-kg 

Adult Ingestion 0. 1 ;.'day 70-kg 

Individual UNd tor Inger.ion 0. 1 ;.'day 70-kg 40 daystyr 
lifetime cancer rilk ,o yrs 
Ntlmate 
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