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IN NORTHEASTERN ILLINOIS STREAMS!
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ABSTRACT: Biotic indices and sediment trace element concentra-
tions for 43 streams in northeastern Illinois (Chicago area) from
the 1980s and 1990s were examined along an agricultural to urban
land cover gradient to explore the relations among biotic integrity,
sediment chemistry, and urbanization. The Illinois fish Alternative
Index of Biotic Integrity (AIBI) ranged from poor to excellent in
agricultural/rural streams, but streams with more than 10 percent
watershed urban land (about 500 people/mi2) had fair or poor index
scores. A macroinvertebrate index (MBI) showed similar trends. A
qualitative habitat index (PIBI) did not correlate to either urban
indicator. The AIBI and MBI correlated with urban associated sedi-
ment trace element concentrations. Elevated copper concentrations
in sediment occurred in streams with greater than 40 percent
watershed urban land. The number of intolerant fish species and
modified index of biotic integrity scores increased in some rural,
urbanizing, and urban streams from the 1980s to 1990s, with the
largest increases occurring in rural streams with loamy/sandy sur-
ficial deposits. However, smaller increases also occurred in urban
streams with clayey surficial deposits and over 50 percent water-
shed urban land. These data illustrate the potentially complex spa-
tial and temporal relations among biotic integrity, sediment
chemistry, watershed urban land, population density, and regional
and local geologic setting.
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INTRODUCTION

Urban development has been a major concern for
water resource managers and aquatic ecologists since
at least the 1960s (American Society of Civil Engi-
neers, 1969; Spieker, 1970; The H. John Heinz III

Center, 2002). Urban development affects the physical
and chemical characteristics of streams, thereby
altering aquatic habitat and the community of aquatic
organisms that depends on it (Garie and MclIntosh,
1986; Yoder and Rankin, 1997; Kennen, 1999; Paul
and Meyer, 2001, and references within). Urbaniza-
tion induced increases of flood peaks, duration, and
volume are well documented (Hollis, 1975; Booth,
1990; Booth and Jackson, 1997). Locally, flood peaks
in northeastern Illinois have increased three-fold due
to urbanization (Allen and Bejcek, 1979). Following
urbanization, channels may experience erosion, inci-
sion, widening, or sedimentation problems (Wolman,
1967; Wolman and Schick, 1967; Guy, 1970; Graf,
1975; Roberts, 1989; Booth, 1990; Gregory et al., 1992;
Booth and Jackson, 1997; Trimble, 1997; Colosimo,
2002). Geomorphic conditions of streams in urbanized
areas may or may not stabilize after a few decades
(Finkenbine et al., 2000; Henshaw and Booth, 2000;
Bledsoe and Watson, 2001); and geomorphic processes
following urbanization are highly variable both in
space and time (Gregory and Madew, 1982).
Contaminants and nutrients from nonpoint sources
have been indicated as potential causes for loss of
biotic integrity in urban streams (Bannerman et al.,
1993; Roesner and Ott, 1995; Crunkilton et al., 1997;
Sovern and Washington, 1997). Biotic integrity of
urban streams in northeastern Illinois appeared to
improve somewhat following improvements to waste-
water treatment plants but remains degraded and
lower than during preurbanization conditions
(Dreher, 1997). This suggests that other factors, such
as altered hydrology and possibly contaminants from
urban nonpoint sources, are impacting biotic integrity
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(Dreher, 1997). Streambed sediment may be contami-
nated from historical landuse practices and point
sources and may be another source of contaminants to
the water column. Sediments from urban streams in
the upper Illinois River Basin and in the nation tend
to be enriched in antimony, cadmium, chromium, cop-
per, lead, mercury, nickel, phosphorus, silver, and zinc
compared to rural streams (Mathis, 1976; Colman
and Sanzolone, 1992; Fitzpatrick et al., 1998; Rice,
1999). Rooftops, parking lots, and streets can be non-
point sources of cadmium, copper, lead, and zinc
(Steuer et al., 1997).

An urban gradient approach has been used to
examine urbanization effects on aquatic communities
and geomorphic conditions (e.g., Booth and Reinelt,
1993; Schueler, 1994; Dreher, 1997; Wang et al., 1997;
Wang et al., 2001). Different measures of urbanization
are often used (impervious area, amount of urban
land, population density, combinations of urban indi-
cators), making it sometimes difficult to distinguish
and compare relations among different studies and
different aquatic communities (Booth and Jackson,
1997; Gergel et al., 2002). Impervious area is com-
monly used to quantify the degree of urbanization
because of its direct effect on storm runoff (Schueler,
1994; Booth and Jackson, 1997; Wang et al., 2000,
2001); and past studies have shown that biotic
integrity and geomorphic conditions start to degrade
at about 10 percent effective impervious area (e.g.,
Booth and Reinelt, 1993; Booth and Jackson, 1997;
Maxted and Shaver, 1997; Wang et al., 2000, 2001).
Fish index of biotic integrity (IBI) scores in southeast-
ern Wisconsin streams tended to be low in streams
with greater than 10 to 20 percent watershed urban
land (Wang et al., 1997). In northeastern Illinois, fish
IBI scores became impaired in watersheds with
greater than 200 people/mi2 (Dreher, 1997).

The relations among impervious area (effective and
total), watershed urban land, and population density
are not completely understood and may depend on
regional and historical differences in the way urban
areas are developed (size of roads, driveways, side-
walks, houses; layout of residential areas and storm
sewers) as well as natural factors such as physiogra-
phy, geologic setting, and soils. In northeastern Illi-
nois, rural densities range from 30 to 300 people/mi2,
whereas urbanizing areas have about 300 to 1,000
people/mi2 and built-out urban densities are typically
about 1,000 to 5,000 people/mi2 (Dreher, 1997). In
northeastern Illinois, 10 percent total impervious
area was estimated to be equal to about 1,000 people/
mi2 or 300 houses/mi2 (Allen and Bejcek, 1979). Simi-
larly in Washington State, 20 percent total impervi-
ous area and 640 houses/mi2 were assumed to be
equal to about 10 percent effective impervious area

JAWRA

(Dinicola, 1989). However, the national average for
residential areas with 320 houses/mi? is about 12 per-
cent effective impervious area (U.S. Department of
Agriculture, 1986).

In northeastern Illinois and southeastern Wiscon-
sin, urban development is occurring on previously
agricultural land. Thus, urbanizing streams are
potentially affected by both historical and present-day
agricultural practices. The percentage of watershed
agricultural land has been shown to be a major factor
affecting fish, macroinvertebrate, and habitat integri-
ty in previously forested watersheds (Richards et al.,
1996; Roth et al., 1996; Wang et al., 1997; Fitzpatrick
et al., 2001; Stewart et al., 2001). However, many
agricultural streams in northeastern Illinois and
southeastern Wisconsin still support relatively high
quality fish assemblages (Dreher, 1997; Wang et al.,
1997). Geologic setting may play an important role in
moderating the physical response of streams to agri-
culture and urbanization (Wang et al., 1997).

The major objective of this paper is to compare the
responses of fish, invertebrate, and aquatic habitat
indices to increases in the percentage of watershed
urban land and population density in northeastern
Illinois (Chicago area) during the 1980s and 1990s.
The response of biotic indices to increases in urban-
related contaminants in sediment is examined. The
potentially moderating role of watershed geologic set-
ting, specifically texture of surficial deposits, also is
explored. This study incorporated historical data from
the 1980s and 1990s from 43 streams in the Des
Plaines and Fox River Basins, which are part of the
upper Illinois River Basin (Figure 1 and Table 1).
Streams in the Des Plaines River Basin drain areas of
mainly clayey till and lake clay and silt; whereas
streams in the Fox River Basin drain areas of mainly
loamy or sandy till and outwash sand and gravel
(Lineback et al., 1983; Arnold et al., 1999). Land cover
in the study area ranges from intensive row-crop agri-
culture (corn and soybeans) to intensive urban, with
limited areas of forest and wetland (Arnold et al.,
1999). Two sets of historical fish data were available
for 15 of the 43 streams for the time periods 1984 to
1985 and 1995 to 1999. These data were examined to
compare changes over time in the number of intoler-
ant species to changes in population density for
streams with a range of watershed urban land.

METHODS

This study used two approaches for examining the
effects of urbanization on biotic integrity. The first
approach used a substitution of space for time and
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Figure 1. Location of Study Area and 43 Sites Used for Retrospective Analyses of
Urbanization Influences on Aquatic Indices in Northeastern Illinois.
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examined biotic integrity data from the 1980s and
1990s collected by the Illinois Environmental Protec-
tion Agency (IEPA) from 43 streams with a wide
range of urban land and population density. When
space is substituted for time, it is assumed that future
temporal trends at a site (in this case increases in
urban land and population density) will be similar to
spatial trends found among sites. The second
approach examined temporal trends in fish data col-
lected by the Illinois Department of Natural
Resources and compared them to urban growth at a
subset of the 43 streams for the time periods 1984 to
1985 and 1995 to 1999.

Fish, invertebrate, and habitat indices were
obtained from the IEPA for 43 streams in the Chicago
area. Data used to calculate the indices were collected
by the IEPA from 1982 to 1993 as part of their inten-
sive basin surveys, with most of the data collected in
1986 (IEPA, 1994). The Illinois alternative fish index
of biotic integrity (AIBI) was obtained for 39 streams,
the Macroinvertebrate Biotic Index (MBI) for all 43
streams, and the habitat based predicted index of
biotic integrity (PIBI) for 38 streams. The State of Illi-
nois has used the IBI and the AIBI since the mid-
1980s (Hite and Bertrand, 1989). The IBI or AIBI
scores have been used as principal indicators of
stream quality in northeastern Illinois (Dreher, 1997).

The IBI is based on 12 fish metrics that fall into
three general categories: species richness and compo-
sition, trophic composition, and fish abundance and
composition (Karr et al., 1986; Hite and Bertrand,
1989). For the more commonly reported AIBI, the dis-
ease metric included in the original IBI is set to be
equal to the average of the other 11 metrics. This
adjustment allows calculation of an index like IBI
when disease information is lacking or unreliable.
AIBI scores are presented in this paper for the 39
streams. AIBI scores can range from 0 (no fish) to 60
(excellent) (Table 2). For examination of historical

changes in fish communities, modified IBI scores and
the metrics used to calculate them were obtained for
15 of the 43 streams for two time periods: 1984 to
1985 and 1995 to 1999 (Table 3). The modified IBI is
slightly different from AIBI and was calculated in
order to compare data from the two different time
periods. The modified IBI is based on 10 of the 12
metrics included in the original Illinois IBI. The dis-
ease metric was dropped, and because of differences
in collection methods, the metric for the number of
individuals was dropped. The IBI value, based on the
10 metrics, was then scaled to 60 points. Four of the
sites (Hickory Creek, West Branch Du Page River,
East Branch Du Page River, and Addison Creek) were
at different locations than those used for the compari-
son of 43 streams. Population density data were cal-
culated for drainage areas that reflect the different
locations of these four sites. The historical fish data
from the 15 streams were specifically used to docu-
ment how changes in biotic integrity over time related
to changes in population density for streams with a
range of urban land cover.

Calculation of MBI and PIBI scores are described
in Hite and Bertrand (1989) and Bertrand et al.
(1996) and are summarized in Table 2. The recom-
mended use of the MBI for biological assessment is
generally limited to situations where fisheries data
are unavailable and streams have a limited or
restricted aquatic resource (Hite and Bertrand, 1989).
PIBI scores were generated by the IEPA from multi-
ple regression analysis and are based on water depth,
velocity, streambed substrate and instream habitat
cover (Bertrand et al., 1996).

A subset of the 43 streams with biotic integrity
data also has streambed trace element data collected
by the USGS in 1987 (Colman and Sanzolone, 1991).
Concentrations of chromium, copper, lead, mercury,
nickel, and zinc were selected as examples of urban
related trace elements and compared to biotic indices,

TABLE 2. Description of Illinois Alternative Index of Biotic Integrity (AIBI), Macroinvertebrate Biotic Index (MBI), Habitat
Based Predicted Index of Biotic Integrity (PIBI), and Associated Stream Classes, Biotic Resource Quality,
and Biological Stream Characterization (Hite and Bertrand, 1989; Bertrand et al., 1996).

AIBI General Biological
Stream Biotic Description Stream
AIBI Class Based Resource MBI PIBI for MBI Characterization
Score on AIBI Quality Score Score and PIBI Resource
51 to 60 A Excellent <5.0 51 to 60 Good Unique
41 to 50 B Good 5.0t05.9 41 to 50 Good Highly Valued
31 to 40 C Fair 6.0to 7.5 31 to 40 Fair Moderate
21 to 30 D Poor 7.6 to 8.9 <31 Fair Limited
<20 E Very Poor > 8.9 - Poor Restricted
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TABLE 3. Comparison of Modified Fish Index of Biotic Integrity (IBI) Scores, Number of Fish Species, and Number of
Intolerant Fish Species for 15 Streams in the Chicago Area for Data from 1984 to 1985 and 1995 to 1999
(USGS, U.S. Geological Survey; IDNR, Illinois Department of Natural Resources;
rows in bold text denote streams with loamy surficial deposits; mi, mile).

USGS IDNR Drainage No. of No. of Intolerant Change in
Map Stream Station Station Area Modified IBI Fish Species Fish Species Intolerant
No. Name No. No. (mi2) 1984-85 1995-99 1984-85 1995-99 1984-85 1995-99  Species
1 Buck Creek 05552450 DTzZB02 42.7 53 46 21 24 7 10 3
Boone Creek 05549000 DTZTO02 15.5 29 38 9 15 2 2 0
9 Little Rock Creek 05551939 DTCAO1 75.9 43 46 16 23 5 8 3
11 Plum Creek 05536176  HBEO02 20.5 31 41 13 15 0 0 0
12 N. Br. Nippersink 05548200 DTKAO04 64.6 38 53 15 19 2 6 4
Creek
16 Ferson Creek 05551200 DTFO02 51.7 36 46 13 21 3 5 2
20 Hickory Creek 05538270 GG06 49.1 38 41 11 13 2 4 2
21 Blackberry Creek 05551695 DTDO02 70.2 36 31 11 16 3 2 -1
22 Deer Creek 05536236  HBDCO02 24.2 29 31 5 13 0 0 0
23 Long Run 05537550  GHEO1 24.4 41 26 7 0 0 0
24 Bull Creek 05528032 GVo1 12.1 26 24 5 1 1 0
34 W. Br. Du Page River 05540032  GBKO07 60.6 26 38 9 13 0 2 2
37 Salt Creek 05531045 GL10 49.6 34 29 7 9 0 1 1
40 E Br. Du Page 05540260 GBLO02 79.5 13 41 12 18 1 3 2
River
43 Addison Creek 0553200 GLAO1 18.2 22 29 1 8 0 1 1

land cover, and population density. Copper concentra-
tions for sites with streambed sediment trace element
data are shown in Table 1.

Land cover, population, and geologic data were
derived from overlays of thematic maps with water-
shed boundaries by use of a geographic information
system (GIS) for the 43 streams. Watershed bound-
aries for many sites were previously delineated by use
of existing USGS digital 1:24,000-scale drainage
boundaries. Watershed boundaries were estimated by
use of the existing digital boundaries as a base. For
land cover information, 30-meter thematic mapper
satellite imagery (MRLC) was used (Vogelmann et
al., 2001). The urban land cover data are subdivided
into low intensity residential, high intensity residen-
tial, commercial/industrial/transportation, and
urban/recreational grasses. Population data from
1980, 1990, and 2000 also were used to examine
changes in population density over the last 20 years
for each watershed (U.S. Bureau of the Census, 1985,
1991, 2001). Geologic information generated for each
watershed included Quaternary surficial deposits,
depth of surficial deposits, and bedrock geology
(Arnold et al., 1999).

Streams were grouped into two categories based on
the texture of surficial deposits in their watersheds
(Figure 1 and Table 1). Streams with greater than 50
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percent clayey till, lake clay, and silt were grouped as
“clayey streams.” Streams with greater than 50 per-
cent loam, sand, or gravel deposits were classified as
“loamy/sandy streams.” All streams in the Des
Plaines River Basin and three eastern tributaries to
the Fox River were grouped as having clayey deposits
in their watersheds (Figure 1).

For the 43 streams, AIBI scores from 1986 to 1993
were compared as a group to watershed characteris-
tics and sediment trace element data by use of scatter
plots. Correlation analysis was used to examine the
strength of relations among biotic indices, watershed
characteristics, and sediment trace element concen-
trations. Data distributions for many characteristics
were not normally distributed, and thus Spearman
rank correlations, which do not require the assump-
tion of normal distributions, were used (Johnson and
Wichern, 1992). Significant correlation coefficients (r)
were defined as those where the probability of a Type
I error is less than 5 percent (p < 0.05).

RESULTS

Watershed urban land for the 43 streams ranged
from 0 to 92 percent (Table 4). Streams with low
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TABLE 4. Summary Statistics for 43 Study Streams in Northeastern Illinois.

n Minimum Maximum Mean Median
Alternative Fish Index of Biotic Integrity (AIBI) 39 18 51 33 30
Macroinvertebrate Biotic Index (MBI) 43 4.4 7.9 5.9 5.8
Habitat-Based Predicted Index of Biotic Integrity (PIBI) 38 30 46 41 42
Watershed Urban Land (percent) 43 0 92 32 26
2000 Population Density (people/mi2) 43 13 4,374 1,315 883
Watershed Agricultural Land (percent) 43 0 99 52 55
Watershed Forest/Wetland (percent) 43 1 42 16 16
Watershed Clayey Deposits (percent) 31 53 100 87 92
Watershed Loamy/Sandy Deposits (percent) 12 52 100 84 87
Drainage Area (mi2) 43 11 123 41 31
Chromium in Streambed Sediment (parts per million) 19 45 110 67 63
Copper in Streambed Sediment (parts per million) 19 13 61 34 27
Lead in Streambed Sediment (parts per million) 19 21 120 55 41
Mercury in Streambed Sediment (parts per million) 19 .02 .68 .19 .06
Nickel in Streambed Sediment (parts per million) 19 18 46 31 31
Zinc in Streambed Sediment (parts per million) 19 61 410 162 110

percentages of urban land had high percentages of
agricultural land. The combined amount of forest and
wetland in the watersheds ranged from 1 to 42 per-
cent with an average of 16 percent. Drainage areas
ranged from 11 to 123 mi2 with an average drainage
area of 41 mi2,

Watershed percent urban land and population den-
sity were highly correlated (p = 0.96) (Table 5). By
Census Bureau definition, areas with greater than
1,000 people/mi2 are considered “urban.” In this
study, watersheds with a population density of
greater than 1,000 people/mi2 had greater than 30
percent urban land (Table 1). Some outliers were Wil-
low Creek, with a high percentage of urban land but
lower than expected population density, and Lily
Cache Creek, with high population density and lower
than expected urban land (Table 1). Willow Creek is
near the O’Hare International Airport and 47 percent
of the watershed has industrial/commercial land
cover. Lily Cache Creek has high intensity residential
land in its headwaters.

Streams with clayey surficial deposits in their
watersheds represented a full gradient of urban land
and population density (Figure 2). Streams with
loamy/sandy surficial deposits represented a partial
gradient, with the amount of urban land ranging from
0 to 25 percent. Significant correlations among water-
shed urban land and other watershed characteristics
are shown in Table 5. Urban land and agricultural
land were negatively correlated, reflecting the sam-
pling design for an agricultural to urban land cover
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gradient. The positive correlations among urban land,
population density, and clayey deposits are a reflec-
tion of the full agricultural to urban land cover gradi-
ent for streams in clayey deposits but only a partial
gradient for streams in loamy/sandy deposits
(streams with high percentages of urban land are
found in clayey deposits in and near the city of Chica-
g0). The combined amount of watershed forest and
wetland negatively correlated with agricultural land
and loamy/sandy deposits, positively correlated with
clayey deposits, but did not significantly correlate
with urban land.

AIBI and MBI scores significantly correlated with
watershed percent urban land (Table 5 and Figures 2
and 3). Both clayey and loamy/sandy streams with
less than 10 percent urban land and less than 500
people/mi2 had a range in AIBI scores from less than
30 to greater than 50 (poor to excellent; Table 1 and
Figure 2). Streams with greater than 10 percent
urban land or 500 people/mi2 had AIBI scores consis-
tently at or below 40 (poor to fair). Streams with
greater than 40 percent urban land or about 1,600
people/mi2 generally had AIBI scores at 30 or below
(poor). An exception was Sawmill Creek, with 74 per-
cent urban land and an AIBI score of 38 (fair).

Similar to AIBI scores, MBI scores from streams
with less than 10 percent urban land covered a range
from 4.4 to 6.6 (good-unique to fair), but streams with
greater than about 40 to 45 percent urban land had
MBI cores of 5.7 to 7.4 (generally fair). Three urban
streams had MBI scores below 6.0 and included
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TABLE 5. Statistically Significant Spearman Correlation Coefficients for Fish, Macroinvertebrate, and Habitat Indices;
and Land Cover, Population Density, and Sediment Trace Element Concentrations (AIBI, Alternative Fish Index
of Biotic Integrity; MBI, Macroinvertebrate Biotic Index; PIBI, habitat based predicted Index of Biotic Integrity;
URB, watershed urban land; POPD, 1990 population density; AG, watershed agricultural land; FORW,
watershed forest and wetland; CLAY, watershed clayey deposits; LOAM, watershed
loamy/sandy deposits; DA, drainage area; --, not significant; p-value < 0.05).

AIBI MBI PIBI URB POPD AG FORW CLAY LOAM DA Cr Cu Pb Hg Ni Zn
AIBI 1.00
MBI -61  1.00
PIBI - - 1.00
URB -.68 .65 -- 1.00
POPD -74 .64 - .96 1.00
AG 72 =73 - -.96 -93  1.00
FORW - .48 -- -- - -54 1.00
CLAY -44 .40 - .50 49 -52 47 1.00
LOAM .58 -.50 -- -.64 -.65 .64 -.43 -.87 1.00
DA .45 -.45 -- -- - 44 - -41 .53 1.00
Cr 59 70 - 73 71 -80 56 .56 -.67 - 1.00
Cu -.65 69 -44 .67 61 -T74 .58 .40 -.52 - 94 1.00
Pb - - -- - - -40 - - - .61 .65 1.00
Hg -51 .54 - .47 - =52 .69 .48 - - .63 .65 .50 1.00
Ni 71 .65 -- .79 76 -.83 41 51 -.67 -.55 .89 .86 .52 53 1.00
Zn - 54 -58 .55 49 -52 - -47 - 71 73 .90 .65 .64 1.00

Thorn Creek (5.7), Skokie River (5.9), and Midlothian
Creek (5.9).

Sawmill Creek had a better AIBI but poorer MBI
score compared to other sites with similar percent-
ages of urban land (Table 1). Urban land cover in the
Sawmill Creek watershed is a mix of commercial,
industrial and high intensity residential, but about 25
percent of the watershed is forested (about 5 mi2 of
the lower part of the watershed is county forest pre-
serve and the Argonne National Laboratory Reserva-
tion). In the 1980s there were two dischargers to
Sawmill Creek, a sewage treatment plant in the
upper part of the watershed and Argonne National
Laboratory (treated sewage and laboratory wastewa-
ter) near the sampling site. The Creek has a major
interstate corridor in the middle of the watershed.
Sawmill Creek is a direct tributary to the Des Plaines
River (Figure 1) and has a relatively steep slope as
the stream cuts through the Des Plaines River valley
side. In contrast to Sawmill Creek is Tinley Creek,
with similar land cover; however, its AIBI score was
poorer, and its MBI score was similar to other
streams with similar percentages of watershed urban
land cover. Tinley Creek flows into<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>