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OVERVIEW  

 
The City of Madison 2012 Operating Budget included an amendment to add in $50,000 
for testing of sediment, soil, vegetation and water at Warner Park in, under and near the 
lagoon.  The funding was contingent upon the City’s Committee on the Environment 
obtaining matching funds for the study ($25,000 City Funds, $25,000 Contributions / 
Donations).  This budget amendment assigned the study and the funding to Public 
Health Madison Dane County. 
 
By early 2012, the City’s Committee on the Environment determined that it would be 
unable to obtain a great amount of matching funding.  Additionally, Public Health 
Madison Dane County had determined that the funding was inadequate for their staff to 
perform the study.  It was then decided to seek an amendment to scale back the study 
to perform sampling and testing sufficient to produce a meaningful baseline assessment 
of the level of contamination in and around Warner Park and the Lagoons.  The City’s 
$25,000 was committed with no match restrictions, the Committee on the Environment 
was free to seek supplementary funding from outside sources, and the study was 
assigned to the Engineering Division in place of Public Health Madison Dane County. 
 
Ultimately, the Engineering Division sought a DNR Planning Grant in the amount of 
$3,000, but was unsuccessful.  Outside contributions totaling $4,000 were secured by 
Wild Warner and the Northside Planning Council, to supplement the City’s funding.  The 
Yahara Fishing Club contributed $2,000 of this total and The Golf Affect donated the 
other $2,000. 
 
To save costs and meet the goal of the study, COE member James P. Bennett 
volunteered his time to handle the vegetation portion of the study.  Dr. Bennett is a 
retired professor from the University of Wisconsin with a background in Botany.  City 
Engineering staff Brynn Bemis, Hydrogeologist, managed the other portions of the 
study.  They prepared separate summaries, including their recommendations.  Those 
summaries are part of this report.  Additionally, the Committee on the Environment 
made their recommendations separate from those of Bemis or Dr. Bennett. 
 
Copies of all resolutions are attached at the end of this report. 
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COMMITTEE  ON  THE  ENVIRONMENT ‐ RECOMMENDATIONS 

FIREWORKS  ENVIRONMENTAL  IMPACT STUDY, 2012 

At their meeting of 3/18/13, the City of Madison Committee on the 
Environment unanimously recommended the following: 

 Area is cleaned in its entirety following the event 

 Duds are disposed of properly 

 Request that low or no perchlorate fireworks be used 

 Request that research be completed regarding what the most environmentally‐ideal 
fireworks display would be with regards to height of detonation, location, etc.  
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WARNER PARK 

FIREWORKS  ENVIRONMENTAL IMPACT  BASELINE STUDY 2012 

 

SURFACE  WATER  &  SEDIMENT  ANALYSIS 

Drafted by Brynn Bemis, City Engineering 
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2012 Warner Park Rhythm and Booms Fireworks Environmental Impacts Study 
 
Drafted by:  Brynn Bemis, City of Madison Engineering  
 
March 21, 2013 
 
 
Overview 

 
This study of the environmental impacts of the annual Rhythm and Booms firework display was 
requested by the City of Madison Committee on the Environment. The purpose of the study was to 
determine the presence of firework impacts to surface water, plants, and soils in Warner Park. The study 
concluded that the annual display does have measureable impacts to the environment. A discernable 
impact is the temporary spike in perchlorate, a commonly used solid propellant, in wetland surface 
water just after the display. It is not clear, however, if aquatic organisms living in and around the lagoon 
are affected at these concentrations.   
 
Based on the results of this study, the City of Madison and Public Health staff team recommends the 
following: 

 Require that all fireworks display debris and unburned shell fragments be cleaned up in entirety 
the following day to ensure debris does not leach contamination   

 Require that any “misfires” or “duds” be located and disposed of properly 

 Request low or no perchlorate‐containing fireworks 

 Additional monitoring of surface water, sediments, or air quality is not recommended 
 
Introduction 

 
This study of environmental impacts from the annual Rhythm and Booms fireworks display at Warner 
Park was conducted at the request of the City of Madison Committee on the Environment (COE). 
Funding for the study came from the following sources: $25,000 from the City of Madison Common 
Council, $2,000 from the Yahara Fishing Club (donated through Wild Warner), and $2,000 from the Golf 
Affect (donated through Wild Warner).  With these funds, the COE directed City of Madison staff to 
investigate potential environmental impacts to plants, soil, and surface water in Warner Park from the 
annual fireworks display. Sediment samples from the wetland lagoon were also taken to establish a 
baseline. While firework impacts to air quality were not included in this scope of work, a brief literature 
review for these impacts has been included at the end of this report. 

 
Site Characterization 

 
Warner Park is an urban park in Madison, WI, containing large flat open areas, a wetland area with two 
islands, an off‐leash dog park, a beach, and a frequented boat launch (Figure 1). The wetland is 
hydrologically connected to Lake Mendota by a small inlet that passes under Woodward Drive. While 
this connection exists, the main hydrological influence is believed to be from stormwater runoff from 
the surrounding area into the lagoons and out into the lake. Since 1993, the park has hosted an annual 
Independence Day fireworks show called Rhythm and Booms. The event is primarily privately funded 
and claims to be the largest fireworks display in the Midwest. The fireworks are detonated from a small 
island located in the Warner Park wetland, identified on Figure 1. Spectators for the event sit to the 
north, east, and south of the launch island. 
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A summary of environmental sampling funded through this study are as follows: 

 February 28, 2012 – Lagoon sediment sampling 

 June 22, 2012 – Pre‐event plant and soil sampling 

 June 29, 2012 – Pre‐event lagoon surface water sampling 

 June 30, 2012 – Rhythm and Booms fireworks display 

 July 1, 2012 – Post‐event lagoon surface water sampling 

 July 9, 2012 – Post‐event lagoon surface water sampling 

 July 23, 2012 – Post‐event plant and soil sampling 

 July 30, 2012 – Post‐event lagoon surface water sampling 
 

 
 
Background 

 
This environmental study focused primarily on two classes of contaminants: perchlorate used as rocket 
propellant and metals associated with fireworks coloring agents. While the composition of fireworks 
varies, most fireworks are believed to contain inorganic perchlorate salts used as a solid propellant. 
Perchlorate is both a naturally‐occurring and man‐made chemical that is highly soluble, mobile in 
surface water and groundwater, and can be persistent in the environment. Detection of perchlorate in 
surface water and groundwater has recently fueled studies around the United States, and there has 
been particular interest in its potential threat to drinking water. At elevated levels, perchlorate may 
have adverse health effects because ingestion of the chemical can interfere with iodide uptake into the 
thyroid gland in mammals and aquatic vertebrates, such as fish. However, the dose / response 
relationship has not yet been adequately assessed. 

 
In 2011, the USEPA issued a “regulatory determination” that perchlorate meets the Safe Drinking Water 
Act criteria for regulation as a contaminant. While the USEPA continues to evaluate the science on 
perchlorate to develop a national primary drinking water regulation (NPDWR), it has established an 
Interim Drinking Water Health Advisory of 15 µg/L in water.  Numerous states, such as Massachusetts 
and California have also promulgated enforceable standards for perchlorate in drinking water. In 
Wisconsin, NR 140 of the Wisconsin Administrative Code has set the enforcement standard (ES) for 
perchlorate in groundwater at 1 µg/L. 

 
Regarding plant uptake, the USEPA’s perchlorate toxicology fact webpage states: 

 
There is experimental evidence that perchlorates are taken up by leafy plants such as 
lettuce, tobacco plants, and poplar. However, the studies do not record any toxic effects. 
It has been suggested that plant uptake of perchlorates could be used to phytoremediate 
contaminated sites. Although plants may not be affected by perchlorate toxicity, plant 
uptake provides a point of entry into the food chain for herbivorous animals. 

 
In addition to perchlorate, the study evaluated the presence of metals used in firework displays to 
produce different colors and sparks. A previous study of the impacts of fireworks on the Warner Park 
lagoon by Public Health – Madison & Dane County tested for the following constituents: 
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aluminum (Al) – fuel, color producer (silver) 

barium (Ba) – color producer (green)  

calcium (Ca) – color producer (orange) 





ammonia (NH3) – oxygen producer 

potassium – oxygen producer  

sodium – color producer (yellow) 




chloride (Cl) – chlorinated rubber binder 
copper (Cu) – color producer (blue) 




strontium – color producer (purple) 
zinc – fuel 

 iron (Fe) – color producer   magnesium (Mg) – color producer (white) 
 

In addition to the above list, this study included titanium (color producer – silver), cobalt (color 
producer), and chromium (color producer). Ammonia testing was not included with this study.  Most 
academic studies on trace metal impacts from fireworks focus on their presence in particulates and the 
threat to human health through inhalation or ingestion. While air quality monitoring was outside the 
scope of this study and no particulate sampling was conducted, a summary of published studies on this 
subject is included below. 

 
Sediment sampling of the Warner Park wetland lagoon was the fourth area funded by this study. 
However, because the Warner Park lagoon is heavily impacted by stormwater runoff from the adjacent 
roadways and parking lots, it is not possible to separate the potential impacts from fireworks from 
overall stormwater contamination.  Therefore, the sediment sampling was conducted to establish a 
baseline health status for the wetland. 
 
 
Methods 

 
Wetland Lagoon Surface Water 

 
Surface water samples were collected around the Warner Park lagoon on four separate days. There are 
no known sources of natural or anthropogenic perchlorate in the park, with the exception of firework 
displays. Samples were collected on June 29, July 1, July 9, and July 30, 2012. The June 29 samples were 
taken prior to the Rhythm and Booms annual fireworks display and the remaining 3 sampling events 
were taken post‐event. Figure 1 shows the sampling locations and the location of the fireworks launch 
site. 

 
Samples were collected by boat into a large plastic bottle that was inverted below the water surface, 
and aliquots were distributed to plastic sample bottles. Samples for perchlorate were field‐filtered (0.2 
µm pore size on June 29 and prior to 0.2 µm pore size filtering, samples were prefiltered through 0.8 µm 
pore size filters for subsequent samplings), and samples for metals were field‐preserved with nitric acid. 
All samples were kept refrigerated at 4 °C or iced until analysis. At each sample location, measurements 
in the field were made for pH and conductivity just beneath the water surface. Temperature and 
dissolved oxygen profiles, in one‐foot increments were also determined at each site. Unfiltered samples 
were analyzed for aluminum (Al), barium (Ba), calcium (Ca), chloride (Cl), copper (Cu), iron (Fe), 
magnesium (Mg), phosphorus (P), potassium (K), sodium (Na), strontium (Sr), titanium (Ti), and zinc (Zn) 
by Public Health – Madison & Dane County (PHMDC), using an ICP/OES. Filtered samples were analyzed 
for perchlorate by TestAmerica, using an IC/MS/MS. 

 
Plants and Soils 

 
Plants and soils samples were collected on June 22 and July 23, 2012 for trace metals and perchlorate 
analysis. Sampling occurred just prior to the June 30 Rhythm and Booms fireworks event and 3 weeks 
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afterward. Figure 1 shows an aerial photograph of the park, locations of sampling sites, and the location 
of the fireworks launch site. On both dates, samples were collected from the fireworks launch site (P‐ 1), 
the island south of the launch site (P‐2), and the spectator areas east of the launch site (P‐3). For plant 
samples, only leaves were collected, generally at chest height. Soil samples were collected by 
compositing surface soil samples collected at each corner of a one‐meter quadrant. 

 
Sixteen plant species were sampled: alfalfa, arrowwood, black willow, boxelder, buckthorn, cattail, 
cottonwood, creeping charlie, dandelion, dogbane, duckweed, honeysuckle, plantain, smartweed, 
vervain, and water lily. Plant samples were dried for 48 hours and homogenized prior to analysis by the 
University of Wisconsin Soil and Plant Analysis Laboratory (SPAL). Samples were analyzed for Al, Ba, 
cobalt (Co), chromium (Cr), Fe, K, Mg, sulfide (S), Sr, chloride, and perchlorate, using an ICP/OES, 
ICP/MS, and ion chromatography. 

 
Wetland Lagoon Sediment 

 
Sediment samples were collected from four locations around the Warner Park lagoon on February 28, 
2012. After a hole was augured through the lagoon ice, a bucket auger was used to collect the top of 
sediment. Sediments samples were then portioned into sampling containers for the analysis of 
polycyclic aromatic hydrocarbons (PAHs), nutrients (total phosphorus, nitrate plus nitrite, and total 
Kjeldahl nitrogen), pH, total organic carbon (TOC), cyanide, sulfide, metals (Al, As, Ba, cadmium (Cd), Cr, 
Cu, Fe, K, manganese (Mn), nickel (Ni), lead (Pb), antimony (Sb), selenium (Se), Sr, and Zn). Sample 
containers were refrigerated at 4 °C until analysis by Pace Analytical Laboratories in Green Bay, WI. 
 

 
 
Results and Discussion 

 
Wetland Lagoon Surface Water 

 
Perchlorate sample concentrations preceding the June 30, 2012 fireworks display ranged from 
nondetectable to 0.049 µg/L, with a mean value of 0.032 µg/L (Table 1 and Figure 2). The July 1, 2012 
sampling event within 12 hours after the fireworks showed spikes in perchlorate values ranging from 17 
to 1329x the mean baseline perchlorate concentration (0.54 to 43 µg/L). The maximum concentration of 
43 µg/L was taken at Site #3, at the southeast corner of the lagoon. Concentrations decreased to 59 to 
587x the mean baseline perchlorate concentration within 9 days of the fireworks display. Note that 
there was no measurable precipitation between June 30 and July 9, 2012. Concentrations further 
decreased to just 8 to 15x the mean baseline perchlorate concentration by July 30, 2012. Between July 9 
and July 30, 2012, a cumulative total of 4.0 inches of precipitation fell, as measured at the City of 
Madison Fire Station #11 (4011 Morgan Way). 

 
These trends show significant increases in perchlorate levels that can be reasonably attributed to the 
June 30, 2012 fireworks display. Perchlorate salts of potassium and ammonium are the most commonly 
used oxidizers in modern fireworks, and presumably unreacted perchlorate salts are the cause of the 
spikes measured. Factors that potentially affect the increase in perchlorate in lagoon surface water 
include the quantity of ignited fireworks, the efficiency of perchlorate oxidation (which controls the 
mass of perchlorate release), wind direction and velocity (which controls the dispersion and fallout of 
particulates), and the sampling locations relative to the fireworks launch site. 
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After the fireworks display, perchlorate concentrations decreased to almost background levels within 30 
days. The attenuation of perchlorate may be due to variety of pathways, including the reduction of 
perchlorate by naturally‐occurring microbes, plant uptake, and dilution. Based on the rapid attenuation 
between July 1 and July 9, in the absence of rain, dilution with either rain or lake water is not considered 
the dominant attenuation pathway for the first two weeks following the display. Perchlorate salts are 
highly soluble, making abiotic attenuation to organic surfaces unlikely. A 2007 study determined that 
microbial degradation of perchlorate matched the observed attenuation of this chemical in a municipal 

lake in Oklahoma following a fireworks displays (Wilkin, 2007).  Perchlorate is used as an electron 

acceptor by some microbes for cellular respiration and is degraded completely to chloride ion and 
oxygen.  It is hypothesized that microbial perchlorate reduction along with dilution during the second 
half of July explains the attenuation of perchlorate in the Warner Park lagoon. 

 
It is unclear if aquatic organisms are affected at the perchlorate concentrations detected during this 
study.  Previous work indicates thyroid impacts in fish at perchlorate concentrations as low as 100 µg/l 
and exposure times of 30 days (Bradford, 2005). However, the concentrations detected in the wetland 
surface water were lower and of shorter duration than this threshold. 

 
Spikes of trace metals used as coloring agents in the fireworks display were not detected in the Warner 
Park lagoon (Table 1). These results are similar to those from the 2005 study by PHMDC, where no clear 
trend in trace metal levels was detected. It is unclear why changes in the concentrations of these 
analytes were not detected. It may be related to the affinity of metals to solid surfaces, the more limited 
sensitivity of the analytical technique used for these elements (ICP‐OES), combined in some cases with 
relatively high background of the mineral components (Al, Ca, Na, K, Mg). In contrast, perchlorate is 
highly soluble and thus present in a dissolved form, and in addition, may also be present as a higher 
mass abundance compared to these coloring agents. 
 
Profiles of dissolved oxygen and temperature were collected at each sampling location for all four 
events (Table 2 and Figure 3). They show that the lagoon was vertically stratified for the first two 
sampling events on June 29 and July 1, 2012.  Oxidation reaction of the propellant (KClO4  KCl + 2O2  
K+ + Clˉ+ 2O2) impacts dissolved oxygen levels. Perchlorate oxidation evidently caused the dissolved 
oxygen profile to move deeper at the closest sites 1 and 2 for the launch site during the sampling event 
following fireworks. By July 9 and July 30, 2012, however, the lagoon was vertically well‐mixed, perhaps 
a reflection of mixing by wind or incoming precipitation and stormwater.  This mixing may have 
impacted the July 9 and July 30 sampling results by diluting surface concentrations of perchlorate and 
trace metals. 

 
Sediment 

 
Sediment sample results from the Warner Park lagoon reflect both impacts from incoming stormwater 
and potentially impacts from firework residue. However, due to the large stormwater signature, the City 

did not attempt to separate the two signals. Rather, the February 2012 sampling is a reflection of the 

overall sediment quality of the lagoon. Results presented in Table 3 show that the lagoon sediments are 
impacted by the typical suite of stormwater contaminants, including phosphorus, Cd, Cr, Cu, Pb, and Zn 
(Bannerman 1993). The only analyte detected above Wisconsin Department of Natural Resources 
Administrative Code Chapter NR 528 ceiling level was arsenic (8 mg As/kg). However, according to the 
United States Geological Survey (USGS), naturally occurring background concentrations of arsenic in 
Dane County range from 1.05 to 12.19 mg/kg (USGS, 2001‐2002). 
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Table 3 compares detected concentrations to the WDNR’s Consensus‐Based Sediment Quality 
Guidelines (CBSQG), which identify concentrations at which the toxicity impact to benthic‐dwelling 
macroinvertebrate species is considered probable (the “probable effect concentration” or PEC). 
(Examples of benthic organisms include insect larvae, leeches, worms, crayfish, mollusks, and snails.) 
According to these guidelines, concentrations of organic contaminants are divided by the percent total 
organic carbon (%TOC) prior to comparison. This is because organic compounds tend to adsorb and 
concentrate on finer‐grained and organic sediments. Inorganic contaminants such as trace metals, 
however, are compared on a bulk chemistry basis, and are not normalized by %TOC. 

 
Using these guidelines, there were no measured sediment concentrations from the Warner Park lagoon 
that exceeded the WDNR’s probable effect concentration guidelines. While several PAH’s exceeded the 
respective PEC when compared in bulk, once these concentrations were normalized by the %TOC, the 
concentrations were below the PEC guidelines. 

 
Plants and Soils 
 
Soil sample results are included as Table 4. Please refer to the 2012 Vegetation and Soil Analyses from 
Warner Park report by Prof. Jim Bennett of the University of Wisconsin‐Madison for a summary of the 
plant and soils results and discussion. 
 
 
Literature Review of Air Impacts from Fireworks 
 
Although the potential impacts to the ambient air from the Rhythm and Booms fireworks display was 
not included in the design of the current study, this issue has been thoroughly investigated by previously 
published research efforts.  A literature review indicates a significant short‐term increase in particulate 
matter—PM 10, PM 2.5, and total suspended particulates—following the use of fireworks (Illinois EPA, 
2009; Joly et al., 2010; Majumdar et al., 2011; Moreno et al., 2007; Ravindra et al., 2003; Sarkar et al., 
2010; Thakur et al., 2010; WI DNR, 2012; Zhang et al., 2010).  This increase in particulate matter can 
temporarily, but severely, degrade air quality at the launch site and the surrounding areas.  However, 
this short‐term increase in particulates has also been observed to rapidly decline toward background 
levels, depending upon weather and environmental conditions (Illinois EPA, 2009; Sarkar et al., 2010; 
Thakur et al. 2010).     
 
Inhalation of the smoke and fine particulate matter is considered the largest and most immediate threat 
to human health caused by fireworks.  Exposure has led to reported increases in arrhythmias and 
various respiratory illnesses, such as exacerbation asthma, acute bronchitis, respiratory irritation and 
increased susceptibility to respiratory infection (Becker et al., 2000; Ravindra et al., 2003; WI DNR, 2012 
and 2013).  Susceptible populations, including elderly adults and individuals with respiratory or cardiac 
conditions, are the most severely impacted by exposure (Ravindra et al., 2003; WI DNR, 2012).  No long‐
term impact is expected in the general population. 
 
Although air quality following the Rhythm and Booms event was not measured, reasonable assumptions 
can be derived from other published studies.  The Illinois EPA attributed an average concentration 
increase for particulate matter of 14.2 µg/m3 (11.4 to 17.0 µg /m3) associated with the Granite City, 
Illinois fireworks display on July 5, 2008 (Illinois EPA, 2009).  In Dane County, the mean daily level for 
particulate matter in July 2011 was 11.2 ug/m3 (5.3 to 22.9 ug/m3).  By adding the mean particulate 
matter increase reported in Illinois, average exposure levels resulting from Rhythm and Booms could 
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increase to a range of 19.5 to 37.1 µg/m3.  The top of this range would exceed the National Ambient Air 
Quality Standard (NAAQS) of 35 µg/m3 for particulate matter.  For context, in 2009 and 2010 there were 
a total of nine days where fine particulate matter exceeded 35 µg/m3 in Dane County.  In addition, 
despite the potential exceedance of the NAAQS, the temporary increase in particulate concentration 
would be excluded by the USEPA under the Code of Federal Regulations at 40 CFR Part 50.14(b)(2) when 
caused by fireworks (Illinois EPA, 2009). 
 
 
Conclusions and Recommendations 

 
While the scope of this environmental study was narrow, it does conclude that the annual Rhythm and 
Booms fireworks display has measurable impact to the environment. A discernable impact is the 
temporary spike in perchlorate, a commonly used solid propellant, in wetland surface water just after 
the display.  It is not clear, however, if aquatic organisms living in and around the lagoon are affected at 
these levels.  
 
Based on the results of this study, the City of Madison and Public Health staff team recommends the 
following: 

 Require that all fireworks display debris and unburned shell fragments be cleaned up in entirety 
the following day to ensure debris does not leach contamination 
 

 Require that any “misfires” or “duds” be located and disposed of properly 
 

 Request low or no perchlorate‐containing fireworks 

 

 Due to the potential exposure to smoke and particulate matter produced during fireworks 

displays, individuals with respiratory and/or cardiovascular diseases should be urged to take 

appropriate precautions when attending the Rhythm and Booms event, or view from a safe 

distance to reduce exposure.   

 

In addition, the staff team does not recommend additional environmental monitoring for the following 

reasons: 

 Surface Water ‐ Monitoring results reflect concentrations and attenuation rates measured in 

other studies.  No additional monitoring is recommended. 

 

 Sediments ‐ Sediment results are typical of stormwater‐impacted lagoons.  No additional 

monitoring is recommended. 

 

 Air Quality ‐ The consistent observation of the short‐term impacts of fireworks to outdoor air 

quality and the rapid reduction of the contamination toward background levels is well 

established by published studies.  Therefore, no additional monitoring is recommended.  
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Figure 3
Surface Water Dissolved Oxygen Profiles

Warner Park Fireworks Study
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Summary 

 This report contains the results of chemical analyses of plant and soil samples from 

Warner Park sampled in June and July, 2012, before and after the Rhythm and Booms fireworks 

event. Leaf samples of sixteen plant species and grab samples of surface soils were collected at 

three sites and analyzed for chemical elements. Most of the plant species showed elevated 

concentrations of elements associated with pyrotechnics 23 days following the Rhythm and 

Booms event. Perchlorate, in spite of small samples sizes, increased the most, followed by Ba, 

Sr and Mg, all important compounds in pyrotechnics. The launch pad showed the highest 

number of element increases after the event, followed by the viewing area site, and then the 

island south of the launch pad, although the differences were minor. Foliage of woody plants 

increased in pyrotechnics associated elements more than herbaceous species. The most 

correlated elements across species and sites were those that co-occur in pyrotechnics: Ba, K, 

Mg, Sr, chloride and perchlorate. Maximum concentrations of Al, Ba, Co, Fe, Mg, S, and some of 

the perchlorate values were considered either at critical levels or nearing toxicity levels for 

plants. 

 

Introduction 

 The Madison Committee on the Environment received funding in 2012 to conduct a study of 

fireworks residues in plants, soils, sediments and water in Warner Park before and after the June 30th  

Rhythm and Booms fireworks event. The committee received $25,000 from the City of Madison and 

$4000 from Wild Warner for a total of $29,000 for the study. It is known from the scientific literature 

that trace elements of barium, strontium, magnesium as well as perchlorate and other elements have 

been found in these organisms and media following fireworks events. These elements and others are 

found in the chemicals that cause the various colors in fireworks 

(http://chemistry.about.com/od/fireworkspyrotechnics/a/fireworkcolors.htm). The purpose of this 

study was to determine if traces of fireworks chemicals existed in these organisms and soil at Warner 

Park. 
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Methods 

 Plants and soils in Warner Park were collected on June 22 and July 23, 2012 by J. Bennett, J. 

Carrier, A. Weir, B. Bemis and T. Nelson. The June samples were taken before the fireworks event, and 

the July samples were taken after the first large rainfall event following the fireworks. On both dates 

samples were taken from the fireworks launch mound (Site 1), the island directly south of the launch 

mound (Site 2), and the spectator areas east of the launch mound (Site 3)(map in Bemis report). Only 

leaves of the plant species were sampled, generally at breast height. Soils were sampled from the top 

layer. All samples were bulked. No replicates were taken as this was a pilot study. 

 Sixteen plant species were sampled:  

- Alfalfa (Medicago sativa) 

- Arrowwood (Viburnum acerifolium) 

- Black willow (Salix nigra) 

- Box elder (Acer negundo) 

- Buckthorn (Rhamnus carthatica) 

- Cat tail (Typha latifolia) 

- Cottonwood (Populus deltoids) 

- Creeping Charlie (Glechoma 

hederacea) 

- Dandelion (Taraxacum officinale) 

- Dogbane (Apocynum 

androsaemifolium) 

- Duckweed (Lemna minor) 

- Honeysuckle (Lonicera tartarica) 

- Plantain (Plantago major) 

- Smartweed (Polygonum 

lapathifolium) 

- Vervain (Verbena hastata) 

- Water lily (Nymphaea odorata)

 

The five species in bold font were collected on both dates at all three sites. Alfalfa was only sampled in June as 

no specimens could be located in July. The leaves were oven dried at 38oC for 48 hours and stored until chemical 

analyses. After grinding, the 67 leaf and 9 soil samples were acid extracted and analyzed at the UW Soil and 

Plant Analysis Laboratory by means of ICP/OES, ICP/MS, and ion chromatography (Ellington & Evans 2000) for 

aluminum (Al), barium (Ba), cobalt (Co), chromium (Cr), iron (Fe), potassium (K), magnesium (Mg), sulfur (S), 

strontium (Sr), chloride, and perchlorate. These elements and ions were selected because of their known 

occurrences in fireworks and pyrotechnic emissions (Barman et al 2009; Li et al 2013; Munster et al 2009; 

Steinhauser et al 2008).  Included with the plant and soil samples were spikes of Standard Reference Material 

1575, tomato leaves from the National Bureau of Standards to perform data quality assurance results. 

Recoveries ranged from 59% to 140% and averaged 98%, with aluminum being low and barium being high due 

to the extraction methods. 62 of the 67 plant samples had no measurable chromium and this element will not 

be presented in this report. All remaining chemicals had acceptable measurable amounts, resulting in 688 data 

points (Appendix 1). No statistical analyses of the data have been performed because of the lack of within site 

replication, the small number of samples, and possible confounding of variables by interacting factors (e.g. site x 

sampling date). 
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Results 

 A complete tabulation of all the data is presented in Appendix 1, followed by a summary in Appendix 2, 

that was presented at the January 28th COE meeting. 

The results are presented in five sections providing data to answer the following questions: 

- Were there differences in concentrations before and after the fireworks? 

- Were there differences in concentrations among the three sites? 

- Were there differences in concentrations among species? 

- Were there correlations among the elements that mean anything? 

- How high were the concentrations? 

Each section contains 10 tables presenting element data by sampling date and the other variable of interest for 

each question. Rows of data that are in bold font are those showing an increase in concentrations on the July 

sampling date compared to the June date. Soil data are presented in each table as well. 

 Recoveries of certified elements from the SRM ranged from 59% (Al) to 140%(Ba) and averaged 98%. 

The low and high recoveries mentioned were due to the acid extraction method used by SPAL differing from the 

one used by the certifying organization. 

 

Differences in concentrations before and after the fireworks event 

 These tables show the concentrations of each element and compound for each plant species and soil on 

the two sampling dates, averaged across sites. The sample sizes for each average therefore range from one 

to three. 

Average of Al 
(ppm) Sampling Date 

 Species June (before) July (after) 

alfalfa 12.88 
 arrowwood 28.75 31.77 

black willow 11.43 12.42 

boxelder 40.69 52.61 

buckthorn 27.89 37.62 

cat tail 12.90 9.91 
cottonwood 7.94 16.86 

creeping charlie 144.41 387.42 

dandelion 31.74 54.98 

dogbane 15.89 16.82 

duckweed 214.18 785.69 

honeysuckle 38.29 46.11 

plantain 40.70 400.82 

smartweed 42.61 12.95 
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soil 7936.11 6191.18 
vervain 14.94 47.11 

waterlily 35.95 34.74 
Grand Average 1173.97 868.75 

 

 

Average of Ba 
(ppm) Sampling Date 

 Species June (before) July (after) 

alfalfa 25.79 
 arrowwood 125.70 136.33 

black willow 6.10 10.56 

boxelder 23.27 41.83 

buckthorn 47.68 61.03 

cat tail 10.49 16.74 

cottonwood 32.52 41.11 

creeping charlie 79.88 91.23 

dandelion 40.30 36.10 
dogbane 20.42 19.64 
duckweed 160.09 136.08 
honeysuckle 62.44 103.27 

plantain 103.73 87.65 
smartweed 106.70 157.72 

soil 162.53 115.31 
vervain 35.45 92.14 

waterlily 11.16 8.80 
Grand Average 69.51 74.49 

 

Average of Chloride (ppm) Sampling Date 
 Species June (before) July (after) 

alfalfa 1562.00 
 arrowwood 656.75 745.50 

black willow 1248.42 1313.50 

boxelder 1286.88 1917.00 

buckthorn 2680.25 4396.08 

cat tail 10312.75 14762.08 

cottonwood 360.92 331.33 
creeping charlie 4588.38 3266.00 
dandelion 16844.75 12984.13 
dogbane 5999.50 4881.25 
duckweed 16702.75 19782.38 

honeysuckle 115.38 195.25 

plantain 23190.38 10561.25 
smartweed 7987.50 7389.92 
soil 27.45 21.15 
vervain 2402.17 5455.17 

waterlily 17022.25 17501.50 

Grand Average 5926.10 5988.35 
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Average of Co 
(ppm) Sampling Date 

 Species June (before) July (after) 

alfalfa 0.14 
 arrowwood 0.01 0.07 

black willow 0.32 0.22 
boxelder 0.01 0.15 

buckthorn 0.04 0.08 

cat tail 
 

0.12 
cottonwood 0.82 1.11 

creeping charlie 0.06 0.26 

dandelion 0.06 0.28 

dogbane 
 

0.04 
duckweed 0.68 1.00 

honeysuckle 0.09 0.09 
plantain 0.10 0.31 

smartweed 0.69 0.34 
soil 4.57 3.54 
vervain 0.12 0.04 
waterlily 0.06 0.07 

Grand Average 1.00 0.72 
 

Average of Fe (ppm) Sampling Date 
 Species June (before) July (after) 

alfalfa 72.80 
 arrowwood 56.77 56.02 

black willow 63.30 69.18 

boxelder 65.75 106.05 

buckthorn 81.90 68.81 
cat tail 53.40 71.14 

cottonwood 57.51 82.41 

creeping charlie 177.61 441.15 

dandelion 74.34 105.76 

dogbane 57.29 54.64 
duckweed 660.06 2148.11 

honeysuckle 66.17 77.73 

plantain 125.25 411.63 

smartweed 125.31 66.09 
soil 9711.14 8384.79 
vervain 48.78 71.06 

waterlily 171.92 165.09 
Grand Average 1348.38 1126.54 

 

Average of K 
(%) Sampling Date 

 Species June (before) July (after) 

alfalfa 1.23 
 arrowwood 0.71 0.73 
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black willow 1.13 0.87 
boxelder 1.79 1.02 
buckthorn 1.88 1.50 
cat tail 1.59 1.67 

cottonwood 1.14 1.22 

creeping charlie 2.15 2.34 

dandelion 3.26 3.11 
dogbane 1.30 1.05 
duckweed 3.07 2.77 
honeysuckle 0.91 0.76 
plantain 2.10 1.73 
smartweed 1.44 1.61 

soil 0.13 0.11 
vervain 0.87 0.80 
waterlily 1.80 1.75 
Grand Average 1.44 1.36 

 

 

Average of Mg (%) Sampling Date 
 Species June (before) July (after) 

alfalfa 0.61 
 arrowwood 0.59 0.57 

black willow 0.27 0.36 

boxelder 0.33 0.43 

buckthorn 0.29 0.30 

cat tail 0.14 0.20 

cottonwood 0.48 0.44 
creeping charlie 0.58 0.56 
dandelion 0.51 0.59 

dogbane 0.85 0.60 
duckweed 0.41 0.48 

honeysuckle 0.67 0.72 

plantain 0.42 0.43 

smartweed 0.61 0.63 

soil 1.47 1.68 

vervain 0.38 0.66 

waterlily 0.23 0.21 
Grand Average 0.57 0.60 

 

Average of Perchlorate 
(ppm) Sampling Date 

 Species June (before) July (after) 

alfalfa 
  arrowwood 
  black willow 
 

10.37 
boxelder 

 
16.46 

buckthorn 8.72 
 cat tail 25.42 
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cottonwood 3.67 
 creeping charlie 

  dandelion 
  dogbane 
  duckweed 52.59 

 honeysuckle 
  plantain 
 

41.52 
smartweed 

 
83.19 

soil 12.41 
 vervain 

 
70.06 

waterlily 
  

Grand Average 20.56 44.32 

 

Average of S (%) Sampling Date 
 Species June (before) July (after) 

alfalfa 0.53 
 arrowwood 0.14 0.17 

black willow 0.31 0.32 

boxelder 0.18 0.18 
buckthorn 0.15 0.14 
cat tail 0.23 0.28 

cottonwood 0.76 0.95 

creeping charlie 0.32 0.30 
dandelion 0.37 0.43 

dogbane 0.82 0.41 
duckweed 0.49 0.38 
honeysuckle 0.19 0.22 

plantain 0.50 0.35 
smartweed 0.27 0.25 
soil 0.09 0.08 
vervain 0.31 0.45 

waterlily 0.28 0.22 
Grand Average 0.32 0.32 

 

Average of Sr 
(ppm) Sampling Date 

 Species June (before) July (after) 

alfalfa 30.17 
 arrowwood 27.95 28.77 

black willow 9.08 11.96 

boxelder 15.55 23.18 

buckthorn 29.67 36.00 

cat tail 6.11 9.12 

cottonwood 23.68 26.18 

creeping charlie 22.07 23.03 

dandelion 26.87 25.00 
dogbane 11.73 10.34 
duckweed 27.94 38.04 

honeysuckle 31.68 41.36 
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plantain 36.52 31.92 
smartweed 34.52 29.96 
soil 33.35 27.17 
vervain 11.91 23.87 

waterlily 4.18 5.06 

Grand Average 23.38 25.11 

 

 

Differences in concentrations among the three sites 

 These tables show the concentrations of each element and compound for each site of the three 

sampling sites, averaged across plant species. The sample sizes for each are 16 or less depending on site. 

 

Average of Al (ppm) Sampling Date 
 Site June (before) July (after) 

1 1835.23 1241.53 
2 688.72 301.20 
3 1001.01 1078.35 
Grand Average 1173.97 868.75 

 

Average of Ba (ppm) Sampling Date 
 Site June (before) July (after) 

1 67.09 73.45 

2 66.05 54.51 
3 74.73 92.44 

Grand Average 69.51 74.49 
 

Average of Chloride (ppm) Sampling Date 
 Site June (before) July (after) 

1 4223.86 4434.97 

2 5204.60 7979.66 

3 8125.19 5502.04 
Grand Average 5926.10 5988.35 

 

Average of Co 
(ppm) Sampling Date 

 Site June (before) July (after) 

1 1.29 0.98 
2 0.95 0.43 
3 0.77 0.77 
Grand Average 1.00 0.72 

 

Average of Fe (ppm) Sampling Date 
 Site June (before) July (after) 
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1 1855.55 1511.80 
2 1028.49 532.17 
3 1151.63 1333.29 

Grand Average 1348.38 1126.54 
 

 

 

Average of K 
(%) Sampling Date 

 Site June (before) July (after) 

1 1.20 1.29 

2 1.43 1.31 
3 1.65 1.46 
Grand Average 1.44 1.36 

 

Average of Mg (%) Sampling Date 
 Site June (before) July (after) 

1 0.68 0.79 

2 0.50 0.50 
3 0.53 0.54 

Grand Average 0.57 0.60 
 

Average of Perchlorate 
(ppm) Sampling Date 

 Site June (before) July (after) 

1 3.67 
 2 10.57 54.54 

3 39.00 28.99 
Grand Average 20.56 44.32 

 

Average of S (%) Sampling Date 
 Site June (before) July (after) 

1 0.32 0.33 

2 0.35 0.31 
3 0.30 0.33 

Grand Average 0.32 0.32 
 

Average of Sr 
(ppm) Sampling Date 

 Site June (before) July (after) 

1 26.85 26.55 
2 18.19 22.54 

3 24.61 26.20 
Grand Average 23.38 25.11 

 

Differences among species types and soils 
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 These tables show the concentrations of each element and compound for each of two types of plant 

species and soil on the two sampling dates, averaged across sites. The sample sizes for each average 

therefore range from nine to 21. 

 

 

 

Average of Al (ppm) Sampling Date 
 Types June (before) July (after) 

herbaceous 58.39 217.91 

woody 24.05 32.11 

soil 7936.11 6191.18 
 

Average of Ba (ppm) Sampling Date 
 Types June (before) July (after) 

herbaceous 66.19 80.55 

woody 39.10 54.62 

soil 162.53 115.31 
 

Average of Chloride (ppm) Sampling Date 
 Types June (before) July (after) 

herbaceous 10349.10 10441.67 

woody 1049.98 1649.48 

soil 27.45 21.15 
 

Average of Co 
(ppm) Sampling Date 

 Types June (before) July (after) 

herbaceous 0.33 0.32 
woody 0.30 0.34 

soil 4.57 3.54 
 

Average of Fe ppm Sampling Date 
 Row Labels June (before) July (after) 

herbaceous 151.63 371.47 

woody 65.14 77.49 

soil 9711.14 8384.79 
 

Average of K 
(%) Sampling Date 

 Types June (before) July (after) 

herbaceous 1.84 1.84 
woody 1.28 1.07 
soil 0.13 0.11 
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Average of Mg (%) Sampling Date 
 Types June (before) July (after) 

herbaceous 0.45 0.49 

woody 0.42 0.44 

soil 1.47 1.68 

 

 

Average of Perchlorate 
(ppm) Sampling Date 

 Types June (before) July (after) 

herbaceous 39.00 64.92 

woody 6.19 13.42 

soil 12.41 
  

Average of S (%) Sampling Date 
 Types June (before) July (after) 

herbaceous 0.36 0.34 
woody 0.34 0.37 

soil 0.09 0.08 
 

Average of Sr Sampling Date 
 Row Labels June (before) July (after) 

herbaceous 22.14 23.17 

woody 21.54 27.16 

soil 33.35 27.17 
 

 

 

Correlations among elements (plants only) 

 This graph shows a group of 2-way plots pairing each element with each other. The data are points and 

an ellipse is drawn around the points showing how they vary together. Ellipses that are highly slanted and 

narrow indicate high correlations. Highly correlated variables (across all plant samples, sites and sampling 

dates) are indicated with red arrows. 
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How high were the concentrations? 

 These tables show the highest concentrations (max) of each element by species and sampling 

dates. The sample sizes for these values are one. 

Max of Al (ppm) Sampling Dates 
 Species June (before) July (after) 

alfalfa 12.88 
 arrowwood 28.75 31.77 

black willow 13.90 13.91 
boxelder 40.69 52.71 

buckthorn 41.85 40.61 
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cat tail 17.87 9.91 
cottonwood 9.93 21.80 

creeping charlie 261.03 729.19 

dandelion 38.71 57.57 

dogbane 15.89 16.82 

duckweed 313.98 1386.77 

honeysuckle 50.72 69.34 

plantain 67.49 722.08 

smartweed 100.05 13.99 
soil 13355.79 9788.93 
vervain 16.95 80.72 

waterlily 35.95 34.74 
 

Max of Ba (ppm) Sampling Dates 
 Species June (before) July (after) 

alfalfa 25.79 
 arrowwood 125.70 136.33 

black willow 7.72 15.01 

boxelder 38.46 45.27 

buckthorn 50.82 78.62 

cat tail 13.36 23.06 

cottonwood 61.47 80.01 

creeping charlie 84.82 127.19 

dandelion 47.00 48.19 
dogbane 20.42 19.64 
duckweed 256.87 152.59 
honeysuckle 64.27 110.06 

plantain 115.67 88.07 
smartweed 136.30 185.44 

soil 217.41 166.67 
vervain 44.39 97.97 

waterlily 11.16 8.80 
 

Max of Chloride (ppm) Sampling Dates 
 Species June (before) July (after) 

alfalfa 1562.00 
 arrowwood 656.75 745.50 

black willow 1597.50 2147.75 

boxelder 1402.25 2857.75 

buckthorn 2698.00 6798.25 

cat tail 12105.50 18406.75 

cottonwood 426.00 479.25 

creeping charlie 6496.50 4047.00 
dandelion 20590.00 15850.75 
dogbane 5999.50 4881.25 
duckweed 25347.00 21424.25 
honeysuckle 159.75 248.50 

plantain 29518.25 15407.00 
smartweed 9709.25 13152.75 
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soil 63.90 30.18 
vervain 3354.75 9975.50 

waterlily 17022.25 17501.50 

 

Max of Co (ppm) Sampling Dates 
 Species June (before) July (after) 

alfalfa 0.14 
 arrowwood 0.01 0.07 

black willow 0.46 0.27 
boxelder 0.01 0.15 

buckthorn 0.04 0.12 

cat tail 0.00 0.12 

cottonwood 1.52 1.65 

creeping charlie 0.06 0.35 

dandelion 0.06 0.28 

dogbane 0.00 0.04 

duckweed 0.77 1.54 

honeysuckle 0.14 0.15 
plantain 0.11 0.54 

smartweed 1.44 0.41 
soil 6.68 5.29 
vervain 0.13 0.06 
waterlily 0.06 0.07 

 

Max of Fe (ppm) Sampling Dates 
 Species June (before) July (after) 

alfalfa 72.80 
 arrowwood 56.77 56.02 

black willow 93.46 79.56 
boxelder 78.94 118.91 

buckthorn 97.58 81.63 
cat tail 61.22 77.04 

cottonwood 91.01 147.41 

creeping charlie 286.21 801.10 

dandelion 76.22 106.83 

dogbane 57.29 54.64 
duckweed 869.95 3514.84 

honeysuckle 77.38 94.46 

plantain 204.16 720.63 

smartweed 247.52 69.99 
soil 14484.37 12778.76 
vervain 53.11 80.68 

waterlily 171.92 165.09 
 

Max of K (%) Sampling Dates 
 Species June (before) July (after) 

alfalfa 1.23 
 arrowwood 0.71 0.73 
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black willow 1.44 1.10 
boxelder 2.04 1.10 
buckthorn 2.03 1.68 
cat tail 1.92 1.70 
cottonwood 1.56 1.33 
creeping charlie 2.27 2.46 

dandelion 3.67 3.11 
dogbane 1.30 1.05 
duckweed 3.47 2.93 
honeysuckle 0.98 0.76 
plantain 2.38 1.83 
smartweed 2.09 2.13 

soil 0.19 0.17 
vervain 1.11 1.02 
waterlily 1.80 1.75 

 

Max of Mg (%) Sampling Dates 
 Species June (before) July (after) 

alfalfa 0.61 
 arrowwood 0.59 0.57 

black willow 0.30 0.43 

boxelder 0.38 0.46 

buckthorn 0.30 0.35 

cat tail 0.19 0.22 

cottonwood 0.59 0.56 
creeping charlie 0.60 0.72 
dandelion 0.51 0.65 
dogbane 0.85 0.60 
duckweed 0.45 0.52 
honeysuckle 0.72 0.73 
plantain 0.49 0.48 
smartweed 1.09 0.67 
soil 2.67 2.74 

vervain 0.56 0.99 

waterlily 0.23 0.21 
 

Max of Perchlorate 
(ppm) Sampling Dates 

 Species June (before) July (after) 

alfalfa 
  arrowwood 
  black willow 
 

10.37 
boxelder 

 
16.46 

buckthorn 8.72 
 cat tail 25.42 
 cottonwood 3.67 
 creeping charlie 

  dandelion 
  dogbane 
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duckweed 52.59 
 honeysuckle 

  plantain 
 

41.52 
smartweed 

 
83.19 

soil 12.41 
 vervain 

 
70.06 

waterlily 
   

Max of S (%) Sampling Dates 
 Species June (before) July (after) 

alfalfa 0.53 
 arrowwood 0.14 0.17 

black willow 0.36 0.39 

boxelder 0.22 0.20 
buckthorn 0.16 0.17 
cat tail 0.24 0.30 

cottonwood 0.83 1.25 

creeping charlie 0.40 0.42 

dandelion 0.42 0.47 

dogbane 0.82 0.41 
duckweed 0.54 0.40 
honeysuckle 0.23 0.24 
plantain 0.56 0.41 
smartweed 0.42 0.30 
soil 0.21 0.10 
vervain 0.33 0.51 

waterlily 0.28 0.22 
 

Max of Sr (ppm) Sampling Dates 
 Species June (before) July (after) 

alfalfa 30.17 
 arrowwood 27.95 28.77 

black willow 10.39 13.04 

boxelder 20.46 23.75 

buckthorn 30.61 48.79 

cat tail 6.99 12.02 

cottonwood 29.04 28.52 
creeping charlie 23.32 24.37 

dandelion 29.30 29.56 

dogbane 11.73 10.34 
duckweed 33.07 39.01 

honeysuckle 32.79 46.14 

plantain 36.59 33.34 
smartweed 48.92 31.15 
soil 42.43 36.12 
vervain 14.16 27.76 

waterlily 4.18 5.06 
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Maximum of Al 
(ppm) Sampling Date 

 Type June (before) July (after) 

herbaceous 313.98 1386.77 

woody 50.72 69.34 

Grand Maximum 313.98 1386.77 
 

Maximum of Ba 
(ppm) Sampling Date 

 Type June (before) July (after) 

herbaceous 256.87 185.44 
woody 125.70 136.33 

Grand Maximum 256.87 185.44 
 

Maximum of Chloride 
(ppm) Sampling Date 

 Type June (before) July (after) 

herbaceous 29518.25 21424.25 
woody 2698.00 6798.25 

Grand Maximum 29518.25 21424.25 
 

Maximum of Co 
(ppm) Sampling Date 

 Type June (before) July (after) 

herbaceous 1.437 1.542 

woody 1.523 1.653 

Grand Maximum 1.523 1.653 
 

Maximum of Fe 
(ppm) Sampling Date 

 Type June (before) July (after) 

herbaceous 869.95 3514.84 

woody 97.58 147.41 

Grand Maximum 869.95 3514.84 
 

Maximum of K 
(%) Sampling Date 

 Type June (before) July (after) 

herbaceous 3.67 3.11 
woody 2.04 1.68 
Grand Maximum 3.67 3.11 

 

Maximum of Mg 
(%) Sampling Date 

 Type June (before) July (after) 

herbaceous 1.09 0.99 
woody 0.72 0.73 
Grand Maximum 1.09 0.99 
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Maximum of 
Perchlorate (ppm) Sampling Date 

 Type June (before) July (after) 

herbaceous 52.59 83.19 

woody 8.72 16.46 

Grand Maximum 52.59 83.19 
 

Maximum of S 
(%) Sampling Date 

 Type June (before) July (after) 

herbaceous 0.82 0.51 
woody 0.83 1.25 

Grand 
Maximum 0.83 1.25 

 

Maximum of Sr 
(ppm) Sampling Date 

 Type June (before) July (after) 

herbaceous 48.92 39.01 
woody 32.79 48.79 

Grand Maximum 48.92 48.79 
 

 

Discussion 

 When discussing results I refer to 15 plant species with changes from June to July because 

alfalfa is excluded. 

Differences in concentrations before and after the fireworks event 

Twelve of the fifteen plant species had increased levels of Al with plantain having the largest 

increase of about 100%. For Mg, 11 species increased, and for Ba, Fe and Sr, 10 species increased, 9 

increased in chloride and Co, 7 increased in S, and 5 increased in K. The grand average across all 

species increased most for perchlorate at 109%, followed by Sr at 9%, Ba at 6%, Mg at 5% and 

chloride at 1%. All other grand averages of the elements decreased.  

 No species increased in all 10 elements, but cat tail increased in 9, arrowwood and black willow 

in 7, and creeping charlie in 6. Soil decreased in all elements except Mg, where there was a small 

increase, probably due to different sampling methods. 

Differences in concentrations among the three sites 

Site 1, the launch pad, had 5 increases in elements between June and July, followed 4 for Site 3, 

and 3 for Site 2. The largest increase was for perchlorate at Site 2, which increased almost 400%.  

Differences among species types and soils 
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Differences among species were self-evident in the previous tables, so it was decided to group 

them by life form, i.e. woody vs. herbaceous. Herbaceous species increased concentrations of 

elements in July compared to June for Al, Ba, chloride, Fe, and perchlorate, with a small increase in 

Mg. Woody plants increased in Al, Ba, chloride, Co, Fe, perchlorate, S and Sr, with a small increase 

in Mg. While woody plants increased in more elements than herbaceous plants, they also increased 

the largest amount in perchlorate at 116% compared to 67% for herbaceous species. For Ba, woody 

plants increased 41% compared to 22% for herbaceous species. 

Correlations among elements (plants only) 

The most correlated elements across all plant species were K and chloride, Ba and Mg, Ba and 

Sr, and Ba, chloride and Mg with perchlorate. This indicates they vary together, and may be due to 

coming from the same sources. 

 

How high were the concentrations? 

The highest concentrations of each element in relation to the sampling dates were as follows: 

Al: 1387 ppm in July in duckweed 

Ba: 257 ppm in June in duckweed 

Chloride: 29518 ppm in June in plantain 

Co: 1.65 ppm in July in cottonwood 

Fe: 3515 pm in July in duckweed 

K: 3.67% in June in dandelion 

Mg: 1.09% in June in smartweed 

Perchlorate: 83 ppm in July in smartweed 

S: 1.25% in July in cottonwood 

Sr: 49 ppm in July in buckthorn and June in smartweed 

 

In general the maxima occurred in July for Al, Fe, perchlorate and S. Although herbaceous 

species had higher perchlorate maxima than woody species, woody species outnumbered 

herbaceous species in number of maxima. 

Comparisons to known levels and toxicity 

This discussion compares the maximum values above with tabulated average values for plants, 

toxicity levels in plants (if known), and with those for a “reference plant” which is considered a normal 

set of values of plants in general (Whitehead 2000; Pais and Jones 1997). Maxima that are near toxicity 

levels or critical levels are highlighted. Critical levels are those that may approach toxicity levels for 
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plants. There are no Environmental Protection Agency criteria for element concentrations in plant 

materials. 

Al. The maximum value is almost 7 times higher than the average level of 200 ppm, and 17 times 

higher than the 80 ppm level for the reference plant. Levels above 500 ppm are considered very high. 

Ba. The highest concentration (above) is more than 17 times higher than that of the average plant 

(15 ppm) and higher than the standard reference plant value of 40 ppm. However, some species of 

plants do concentrate Ba in high amounts, but it is unknown if smartweed is a Ba accumulator. The 

maximum value is close to the moderate toxicity level for some plant species. 

Chloride. Chloride levels in plants are highly variable, ranging from 20 ppm to seveal percent 

concentrations. The maximum value of 29% is certainly at the high end of this range. 

Co. The highest concentration is 10 times higher than that of the reference plant but is not at a 

toxicity level. 

Fe. The maximum values above are 23 times higher than the reference plant level of 150 ppm, and 

at least 10 times higher than the 20-100 ppm range for most plant species. The critical level for most 

plants is 50 ppm. 

K. The maximum value in dandelion is just barely over the usual range of K in plants of 1-3.5% so it 

would not be considered excessive or toxic. 

Mg. The maximum value in smartweed is 10 times higher than the usual range of 0.1 – 0.3% 

in plants and it exceeds the critical levels for herbage plants. 

Perchlorate.  The perchlorate levels in the plant samples in this study exceed those of some 

species in the literature and are less than others. They exceed the 5 – 300 ppb levels in tamarisk 

(Urbansky et al 2000), 10 ppb in tobacco (Sundberg et al 2008), and the 2 ppm levels in tree species 

(Smith et al 2004). But they are less than higher levels in tobacco (Smith et al 2004; Sundberg et al 

2003; Ellington et al 2001), and cucumber and lettuce (Yu et al 2004). It is possible the two high values 

of 70 & 83 ppm in duckweed and smartweed in July at Site 2 could be considered possible warning 

levels for those species. Duckweed is an aquatic species and smartweed grows right next to the water 

on banks, so both may have been exposed to water-born perchlorate. 

S. The maximum value in cottonwood is 10 times higher than the normal range for plants of 0.15-

0.6%. Critical levels of S in plants range from 0.1 – 0.3%.  

Sr. The maximum values are within the normal range of 3-3000 ppm and agrees with the 50 ppm 

for the reference plant. No toxicity levels are known for Sr in plants. Concentrations of this element 

vary widely in plants. 
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Conclusions 

 Most of the plant species showed elevated concentrations of elements associated with 

pyrotechnics 23 days following the Rhythm and Booms event. Perchlorate, in spite of small samples 

sizes, increased the most, followed by Ba, Sr and Mg, all important compounds in pyrotechnics. The 

launch pad showed the highest number of element increases after the event, followed by the viewing 

area site, and then the island south of the launch pad, although the differences were minor. Foliage of 

woody plants increased in pyrotechnics associated elements more than herbaceous species. The most 

correlated elements across species and sites were those that co-occur in pyrotechnics: Ba, K, Mg, Sr, 

chloride and perchlorate. Maximum concentrations of Al, Ba, Co, Fe, Mg, S, and some of the 

perchlorate values were considered either at critical levels or nearing toxicity levels for plants. 

 

 

Recommendations 

- Fireworks events in Warner Park should be curtailed in some way until a replicated 

scientifically reviewed study is conducted to validate the above conclusions. 

- The foliage of the same woody plant species in this study should be sampled again (2013 or 

2014) at the launch site and the viewing site at a time earlier than 23 days following the 

fireworks event, providing there is a rainfall event in between. 

- Sampling should be replicated at least three times. 

- Analytes should include Ba, Fe, K, Mg, S, Sr and perchlorate. 

- Soil need not be analyzed. 

- Aquatic plant species need not be analyzed. 

- If funding is available, samples of fruits and seeds of the selected species should be taken to 

determine the potential for food web transfers. 
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Appendix 1. Plant and soil chemical data 

SPAL 
No  

Date Site Species Al ppm 
Ba 
ppm 

Chloride 
ppm 

Co Cr Fe ppm K 
Mg 
(%) 

Perchlorate 
S 
(%) 

Sr 

1 June (before) 1 alfalfa 12.88 25.79 1562.0 0.142 <.001 72.80 1.23 0.61 ND* 0.53 30.17 

2 June (before) 1 black willow <5 5.87 834.3 0.185 <.001 46.55 0.95 0.30 ND 0.32 10.39 

4 June (before) 1 cat tail <5 10.60 11786.0 <.001 <.001 48.20 1.41 0.19 ND 0.20 6.99 

5 June (before) 1 cottonwood 9.93 21.74 266.3 0.826 <.001 43.81 1.27 0.49 3.67 0.83 29.04 

3 June (before) 1 creeping charlie 27.79 74.94 2680.3 0.061 <.001 69.00 2.27 0.60 ND 0.40 23.32 

6 June (before) 1 dandelion 24.77 33.61 13099.5 <.001 <.001 76.22 2.86 0.50 ND 0.42 24.43 

7 June (before) 1 honeysuckle 25.86 60.60 71.0 0.135 <.001 54.95 0.84 0.61 ND 0.15 32.79 

8 June (before) 1 plantain 13.90 91.80 16862.5 0.098 <.001 46.34 2.38 0.36 ND 0.56 36.45 

9 June (before) 1 smartweed 100.05 129.38 6638.5 0.752 <.001 247.52 1.20 0.34 ND 0.15 48.92 

10 June (before) 1 vervain 14.96 18.49 1082.8 0.129 <.001 50.01 0.89 0.19 ND 0.33 10.05 

11 July (after) 1 black willow 10.93 8.74 994.0 0.197 <.001 69.72 0.89 0.41 ND 0.39 12.31 

13 July (after) 1 cat tail <5 23.06 18406.8 0.117 <.001 68.32 1.66 0.22 ND 0.28 12.02 

14 July (after) 1 cottonwood 13.94 16.54 159.8 1.653 <.001 54.61 1.33 0.39 ND 0.72 28.52 

12 July (after) 1 creeping charlie 45.66 55.27 4047.0 0.172 <.001 81.20 2.22 0.72 ND 0.42 24.37 

15 July (after) 1 dandelion 52.40 24.02 10117.5 0.283 <.001 106.83 3.11 0.53 ND 0.39 20.44 

16 July (after) 1 honeysuckle 22.88 96.48 142.0 0.031 <.001 61.00 0.76 0.72 ND 0.20 46.14 

17 July (after) 1 plantain 79.56 87.23 5715.5 0.080 <.001 102.64 1.62 0.38 ND 0.41 33.34 

18 July (after) 1 smartweed 13.99 185.44 5715.5 0.413 <.001 63.11 1.40 0.57 ND 0.21 29.66 

19 July (after) 1 vervain 80.72 91.48 3461.3 <.001 <.001 80.68 1.02 0.46 ND 0.51 23.39 

22 June (before) 2 black willow 13.90 7.72 1597.5 0.456 <.001 93.46 1.44 0.25 ND 0.36 10.24 

20 June (before) 2 boxelder <5 8.09 1171.5 0.006 <.001 52.56 2.04 0.28 ND 0.22 10.64 

21 June (before) 2 buckthorn 41.85 44.54 2698.0 <.001 <.001 97.58 1.73 0.29 8.72 0.14 28.73 

23 June (before) 2 cat tail 17.87 7.50 7046.8 <.001 <.001 50.78 1.43 0.07 ND 0.24 4.82 

24 June (before) 2 cottonwood <5 14.34 426.0 1.523 <.001 37.70 1.56 0.36 ND 0.65 15.61 

25 June (before) 2 dogbane 15.89 20.42 5999.5 <.001 <.001 57.29 1.30 0.85 ND 0.82 11.73 

26 June (before) 2 duckweed 313.98 256.87 8058.5 0.765 0.316 869.95 2.68 0.38 ND 0.44 22.81 

27 June (before) 2 smartweed 29.66 53.22 7188.8 0.339 <.001 77.53 1.32 0.48 ND 0.23 15.90 

28 June (before) 2 smartweed 33.75 107.88 8413.5 0.240 <.001 85.24 1.16 1.09 ND 0.28 36.99 

29 June (before) 2 vervain 16.95 43.47 2769.0 <.001 <.001 43.23 0.62 0.56 ND 0.30 14.16 

30 June (before) 2 waterlily 35.95 11.16 17022.3 0.055 <.001 171.92 1.80 0.23 ND 0.28 4.18 

34 July (after) 2 black willow 13.91 15.01 2147.8 0.191 <.001 58.27 0.61 0.43 10.37 0.23 13.04 

31 July (after) 2 boxelder 52.71 38.40 2857.8 0.148 <.001 118.91 0.93 0.40 ND 0.20 22.62 

32 July (after) 2 buckthorn 40.61 63.35 6798.3 0.012 <.001 60.47 1.30 0.35 ND 0.11 48.79 

33 July (after) 2 buckthorn 40.61 41.13 3692.0 0.105 <.001 81.63 1.52 0.26 ND 0.13 21.76 

35 July (after) 2 cat tail <5 12.91 12815.5 <.001 <.001 68.06 1.65 0.20 ND 0.27 7.31 

36 July (after) 2 cottonwood 14.83 26.78 479.3 1.283 <.001 45.20 1.19 0.36 ND 0.87 22.62 

37 July (after) 2 dogbane 16.82 19.64 4881.3 0.037 <.001 54.64 1.05 0.60 ND 0.41 10.34 

38 July (after) 2 duckweed 184.60 119.56 21424.3 0.462 0.329 781.38 2.93 0.43 ND 0.40 37.07 

39 July (after) 2 smartweed 11.92 126.35 13152.8 0.271 <.001 69.99 2.13 0.67 83.19 0.30 29.08 

40 July (after) 2 vervain 21.89 86.96 9975.5 0.061 <.001 63.68 0.62 0.99 70.06 0.47 27.76 

41 July (after) 2 waterlily 34.74 8.80 17501.5 0.074 <.001 165.09 1.75 0.21 ND 0.22 5.06 

42 June (before) 3 arrowwood 28.75 125.70 656.8 0.012 <.001 56.77 0.71 0.59 ND 0.14 27.95 

45 June (before) 3 black willow 8.96 4.71 1313.5 <.001 <.001 49.89 1.01 0.25 ND 0.24 6.63 

43 June (before) 3 boxelder 40.69 38.46 1402.3 0.012 <.001 78.94 1.54 0.38 ND 0.15 20.46 

44 June (before) 3 buckthorn 13.93 50.82 2662.5 0.037 <.001 66.22 2.03 0.30 ND 0.16 30.61 

47 June (before) 3 cat tail 7.93 13.36 12105.5 <.001 <.001 61.22 1.92 0.17 25.42 0.23 6.51 
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48 June (before) 3 cottonwood 5.95 61.47 390.5 0.111 <.001 91.01 0.59 0.59 ND 0.81 26.40 

46 June (before) 3 creeping charlie 261.03 84.82 6496.5 0.049 <.001 286.21 2.04 0.55 ND 0.23 20.82 

49 June (before) 3 dandelion 38.71 47.00 20590.0 0.055 <.001 72.46 3.67 0.51 ND 0.32 29.30 

50 June (before) 3 duckweed 114.37 63.31 25347.0 0.592 <.001 450.17 3.47 0.45 52.59 0.54 33.07 

51 June (before) 3 honeysuckle 50.72 64.27 159.8 0.037 <.001 77.38 0.98 0.72 ND 0.23 30.57 

52 June (before) 3 plantain 67.49 115.67 29518.3 0.105 <.001 204.16 1.82 0.49 ND 0.43 36.59 

53 June (before) 3 smartweed 6.97 136.30 9709.3 1.437 <.001 90.92 2.09 0.53 ND 0.42 36.29 

54 June (before) 3 vervain 12.91 44.39 3354.8 0.111 <.001 53.11 1.11 0.40 ND 0.29 11.50 

55 July (after) 3 arrowwood 31.77 136.33 745.5 0.067 <.001 56.02 0.73 0.57 ND 0.17 28.77 

58 July (after) 3 black willow <5 7.93 798.8 0.271 <.001 79.56 1.10 0.23 ND 0.32 10.55 

56 July (after) 3 boxelder 52.50 45.27 976.3 0.142 <.001 93.18 1.10 0.46 16.46 0.17 23.75 

57 July (after) 3 buckthorn 31.64 78.62 2698.0 0.117 <.001 64.34 1.68 0.28 ND 0.17 37.46 

60 July (after) 3 cat tail 9.91 14.26 13064.0 <.001 <.001 77.04 1.70 0.18 ND 0.30 8.03 

61 July (after) 3 cottonwood 21.80 80.01 355.0 0.407 <.001 147.41 1.12 0.56 ND 1.25 27.40 

59 July (after) 3 creeping charlie 729.19 127.19 2485.0 0.351 0.417 801.10 2.46 0.40 ND 0.18 21.69 

62 July (after) 3 dandelion 57.57 48.19 15850.8 <.001 <.001 104.70 3.10 0.65 ND 0.47 29.56 

63 July (after) 3 duckweed 1386.77 152.59 18140.5 1.542 3.634 3514.84 2.60 0.52 ND 0.37 39.01 

64 July (after) 3 honeysuckle 69.34 110.06 248.5 0.154 <.001 94.46 0.76 0.73 ND 0.24 36.59 

65 July (after) 3 plantain 722.08 88.07 15407.0 0.543 0.312 720.63 1.83 0.48 41.52 0.29 30.49 

66 July (after) 3 smartweed <5 161.38 3301.5 0.345 <.001 65.16 1.29 0.64 ND 0.24 31.15 

67 July (after) 3 vervain 38.71 97.97 2928.8 0.018 <.001 68.81 0.75 0.53 ND 0.38 20.48 

68 June (before) 1 soil 9800.85 179.14 11.2 5.26 17.67 10018.99 0.18 1.12 ND 0.09 33.99 

69 June (before) 1 soil 7691.11 188.92 7.1 4.60 13.50 8810.89 0.12 0.91 ND 0.09 37.18 

70 June (before) 1 soil 2465.39 31.25 8.9 2.04 4.97 4536.81 0.05 2.67 ND 0.02 25.32 

71 June (before) 2 soil 6367.41 217.41 63.9 4.26 11.06 10704.66 0.12 1.12 12.41 0.21 42.43 

72 June (before) 3 soil 13355.79 195.94 46.2 6.68 25.88 14484.37 0.19 1.52 ND 0.05 27.82 

73 July (after) 1 soil 3069.11 53.05 7.1 2.16 7.51 5844.23 0.06 2.74 ND 0.05 25.75 

74 July (after) 1 soil 9026.15 166.67 18.3 4.68 15.99 10097.43 0.15 1.55 ND 0.10 36.12 

75 July (after) 2 soil 2880.54 95.23 30.2 2.04 4.68 4818.75 0.06 1.12 ND 0.10 24.99 

76 July (after) 3 soil 9788.93 146.31 29.0 5.29 20.07 12778.76 0.17 1.32 ND 0.06 21.83 
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Appendix 2. January 22, 2013 data summary 

COE 2012 Warner Park Vegetation and Soil Residue Study 

James P. Bennett 

January 22, 2013 

Factors 

1. 2 Dates of sampling: June 22 (before R&B) and July 23 (after), 2012 

2. 3 Sites: launch mound (1), island south of mound (2), spectator area east of mound (3) 

3. 16 Plant species: bulk leaf samples, 5 species of which were at all sites and dates 

4. 2 Plant types: herbaceous and woody 

5. 1 Soil sample at each site and date 

Results 

1. 67 plant samples analyzed 

2. 9 soil samples analyzed 

3. 11 tissue and soil concentrations: 

 Al: 8 BDL values 

 Ba: 0 BDL values 

 Chloride: 0 BDL values 

 Co: 12 BDL values 

 Cr: 62 BDL values 

 Fe:  0 BDL values 

 K: 0 BDL values 

 Mg: 0 BDL values 

 S: 0 BDL values 

 Sr: 0 BDL values 

 Perchlorate: 66 BDL values 

 Total number of data points = 688 

Discussion 

 Questions for COE to discuss: 

1. Are there differences in concentrations before and after the fireworks? 

2. Are there differences in concentrations among the 3 sites? 

3. Are there differences among species in concentrations? 

4. Are there correlations among the elements that mean anything? 

5. How high are the concentrations? 
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Warner Park, Madison, WI
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