
Exercise # 1 - BLUE Team 
 
Background: You are a member of the Newlandia Department of Environmental 
Protection (NDEP) Team that must review the toxicity and exposure data base for 
Gibbernite (Gi) and decide how to develop a defensive criterion for the chemical as part 
of its Water Quality Standards Program’s triennial review.  For this exercise, assume the 
US Environmental Protection Agency (EPA) does not have a 304 (a) criteria for Gibberite 
(Gi). Gi is an element that is ubiquitous in the environment.  It is a water soluble ion 
found in ground and surface waters and in soils. Gi is also present some foods including 
fish, and everyone is exposed to this element from their diet. There is very little Gi in the 
air except around mines, smelters and geothermal plants. 
 
You must select the appropriate health endpoint (cancer/non-cancer) and develop an 
appropriate exposure scenario [drinking water intake, relative source contribution (RSC), 
fish consumption and BAF]. Using the selected factors, you must calculate Human Health 
Criteria for Gi.  It is your Team’s responsibility to justify the exposure scenario and each 
of the factors selected for use in the derivation of the criterion  
 
Toxicity - After accidental acute exposure Gi has been associated with gastrointestinal 
bleeding, vomiting and neurological effects.  It has been reported to affect liver, lung and 
kidney function after short-term high dose exposures.  Chronic exposure to low levels of Gi 
in drinking water or from inhalation has been associated with the development of cancers of 
various organs such as the bladder, lungs and kidneys. Vascular and neurological 
abnormalities are the main noncancer effects that are noted after chronic exposure to Gi. An 
RfD of 5 x 10-5 mg/kg/day has been established for the chronic noncancer effects from Gi.  
Gi is classified as a known human carcinogen that acts through a mutagenic mode of action 
and has an oral slope factor of 1.8 x 10-3 (mg/kg/day)-1.  The slope factor is equivalent to a 
risk specific dose of 5.6 x 10-4 mg/kg/day at the one-in-a million risk level [1 x 10-6 ÷ 1.8 x 
10-3 (mg/kg/day)-1]. 
 
Fish Intake - You have found that there are a significant number of people who live in 
rural areas of Newlandia and consume high amounts of fish. In a survey conducted by the 
NDEP, it was discovered that individuals living in rural areas eat fish every day of the 
week.  After compiling the data, it was found that fish consumption by the population of 
concern averages 300 grams (0.3 kg) per day. 
 
Bioaccumulation Factor – The bioaccumulation factor (BAF) for the fish commonly 
consumed by the population of concern is − 40 L/kg.  Gi is an inorganic contaminant with 
little potential for bioaccumulation.  Accordingly, all of the local fish are likely to have a 
similar BAF, and a single BAF value is used 
 
Exposure - Residents of Newlandia are exposed to Gi primarily through their drinking 
water and food since airborne concentrations of Gi in Newlandia are very low. After 
collecting and assaying representative foods in Newlandia markets, the NDEP discovered 
that the average Newlandia obtained approximately 30 μg of Gi/day from their diet, 
excluding fish consumption. Eating fish provides about 10 μg of Gi/day.  Water surveys 
carried out by the Newlandia Geologic Service revealed that the average Newlandian’s 
drinking water supply had an average of 5 μg of Gi/L. For the purpose of this exercise, 
assume that there is no exposure to Gi from air. 
 
Instructions for Blue Team - Considering the scenario of health effects and exposure 
data presented above, it is your Team’s responsibility to derive Human Health Criteria for 
Gi.  Calculate the criterion for water and organisms.   



 
Prepare two posters for use in presenting your Team’s results to the other Teams.  The 
first should lay out the contamination scenario you were given.  The second should show 
the AWQC Equation selected, the variables used for each term and the resultant AWQC. 
 
Suggestions for Team Approach: 
 

1 Choose a person who will act as the spokesperson for the team in presenting 
the results of your analysis. 

 
2 Determine which equation will be used: i.e. that for a noncarcinogen, a 

mutagenic carcinogen, or a carcinogen with a mode of action. 
 

3 Use the data provided to determine the values to use for the toxicology (RfD or 
slope factor), RSC (if one), BAF, body weight, fish and water intake terms in 
the equation selected. 

 
4 Carry out the AWQC calculation.  Watch to make sure the units of the final 

value are expressed in milligram/L or microgram/L units and all other terms 
cancel. 

 
5 Prepare the display materials for the report-out to the class.  In the report out to 

the class explain the basis for the approach chosen for criterion development, 
the variables selected and why they were selected.  Based on the criterion 
determined, is the water body studied within or above the criterion limitations? 

 
 

 



Exercise # 2 - YELLOW Team 
 
Background: You are a member of the Newlandia Department of Environmental Protection 
(NDEP) Team that must review the toxicity and exposure data base for the solvent Unisol 
and decide how to develop a defensive criterion for the chemical as part of its Water Quality 
Standards Program’s triennial review. Unisol is a chemically stable, heterocyclic solvent that 
is discharged to surface waters from a variety of industrial facilities (manufacturers and 
users). It is moderately water soluble, and accumulates in fish tissues.  Total discharges to 
the environment in 2002-2005 were about 1 million pounds with slightly less than half of 
the total discharged to surface water according to data submitted to EPA. 
 
For this exercise, assume the US Environmental Protection Agency (EPA) does not have 
a 304 (a) criteria for Unisol.  You must select the appropriate health endpoint 
(cancer/non-cancer) and develop an exposure scenario [drinking water intake, relative 
source contribution (RSC), fish consumption and BAF]. Using the selected factors, you 
must calculate Human Health Criteria for Unisol.  It is your Team’s responsibility to 
justify the exposure scenario and each of the factors selected for use in the derivation of 
the criterion.  
 
Toxicity – Unisol is moderately toxic. It causes effects in the liver, kidney and thymus in 
animal studies.  There are some data that indicate that it suppresses the immune system.  The 
EPA has established an RfD for Unisol of 0.03 mg/kg/day based on a study where exposure 
of female rats during pregnancy and lactation was associated with a dose-related decrease 
fetal and neonate body weight compared to controls.  Long term cancer studies were 
conducted in rats and mice but tumors (liver) were only observed in the male mice.  EPA 
determined that the appropriate descriptor for the carcinogenicity of Unisol is “Suggestive 
evidence for carcinogenicity but insufficient data to support quantification of the dose-
response”. 
 
Fish Intake - You have found that there are a significant number of people in areas 
impacted by the discharge of Unisol to surface water who consume high amounts of fish. 
In a survey conducted by the NDEP, it was discovered that the average intake of local fish 
by women (the target population based on the derivation of the RfD) during pregnancy 
and lactation is 150 g/day (0.15 kg/day).   
 
Bioaccumulation Factor – The BAF for the fish consumed by the target population is about 
120 L/kg.  The KOW for Unisol is < 4 and it has similar bioaccumulation properties across 
trophic levels. 
 
Exposure - Residents of Newlandia are exposed to Unisol primarily through their 
drinking water and intake of local fish.  Airborne concentrations are low, even in impacted 
areas, because of Unisol’s low volatility. After collecting and assaying representative 
foods in Newlandia markets, the NDEP discovered that the average Newlandian obtained 
approximately 3 μg of Unisol/day from their diet, excluding fish consumption. Eating fish 
provides about 40 μg of Unisol/day.  Water surveys carried out by the Newlandia 
Geologic Service revealed that the average Newlandian’s treated drinking water supply 
had an average of 10 μg of Unisol/L. For the purpose of this exercise, assume that there is 
no exposure to Unisol from air. 
 
Instructions for Yellow Team - Considering the scenario of health effects and exposure 
data presented above, it is your Team’s responsibility to derive Human Health Criteria for 
Unisol. Calculate criteria for water and organisms and organisms only. 



 
Prepare two posters for use in presenting your Team’s results to the other Teams.  The 
first should lay out the contamination scenario you were given.  The second should show 
the AWQC Equation selected, the variables used for each term, and the resultant AWQC. 
 
Suggestions for Team Approach: 
 

1 Choose a person who will act as the spokesperson for the team in presenting the 
results of your analysis. 

 
2 Determine which equation will be used: i.e. that for a noncarcinogen, a mutagenic 

carcinogen, or a carcinogen with a mode of action. 
 

3 Use the data provided to determine the values to use for the toxicology, RSC (if 
one), BAF, body weight, fish and water intake terms in the equation selected. 

 
4 Carry out the AWQC calculation.  Watch to make sure the units of the final value 

are expressed in milligram/L or microgram/L units and all other terms cancel. 
 
5 Prepare the display materials for the report-out to the class.  In the report out to the 

class explain the basis for the approach chosen for criterion development, the 
variables selected and why they were selected.  Based on the criterion determined, 
is the water body studied within or above the criterion limitation? 



 
Exercise # 3 - RED Team 

 
Exercise Summary: You are a member of the Newlandia Department of Environmental 
Protection (NDEP) Team that must review the toxicity and exposure data base for the 
insecticide, Wondercide, and decide how to develop a defensive criterion for the chemical 
as part of its Water Quality Standards Program’s triennial review. Wondercide is soluble 
in water. Due to runoff from treated fields and leaching through sandy soils, Wondercide 
has contaminated surface water streams and lakes as well as some ground water wells in 
agricultural areas. It is also present in the diet because of the residues permitted by EPA 
on treated crops. 
 
For this exercise, assume the US Environmental Protection Agency (EPA) does not have 
a 304 (a) criteria for Wondercide.  You must select the appropriate health endpoint 
(cancer/non-cancer) and develop an exposure scenario (drinking water intake, relative 
source contribution (RSC), fish consumption and BAF). Using the selected factors, you 
must calculate Human Health Criteria for Wondercide.  It is your Team’s responsibility to 
justify the exposure scenario and each of the factors selected for use in the derivation of 
the criterion.  
 
Toxicity – The adverse health effects associated with Wondercide include hemolytic anemia 
and hemosiderosis (iron containing deposits) of the liver.  Hemosiderosis leads to cellular 
damage and may be a predisposing factor in the development tumors. An RfD of 0.01 
mg/kg/day has been established to protect against hemolytic anemia, hemeosiderosis and 
other adverse effects. Wondercide can cause liver cancer after lifetime exposure based on 
studies in mice and rats and is considered to be a likely human carcinogen at doses that 
cause hemosiderin accumulation, but unlikely to cause cancer at doses below those leading 
to hemosiderin deposits.   
 
Fish Intake - During your development of the exposure scenario for Newlandia, you have 
found that there are a significant number of farm workers who catch and consume fish 
from the local streams and lakes. However, no data are available for the exact levels of 
fish intake among this diverse population.  Accordingly, the NDEP has decided to rely on 
national fish intake data for subsistence populations from the AWQC Human Health 
Methodology (142.2 g/day; 0.1422 kg/day). 
 
Bioaccumulation Factor – Wonderside has a weighted average BAF of 300 L/kg.  NDEP 
scientists have determined that a weighted average BAF is the appropriate factor to apply 
given the fish species consumed by the local farm workers. 
 
Exposure - Residents of Newlandia are exposed to Wondercide primarily through their 
drinking water and food.  Airborne concentrations are only of concern to workers during 
the application period. The U.S. Food and Drug Administration has recently completed a 
market basket survey for Wondercide in the U.S. diet.  The average intake from this 
survey indicated that intake from purchased foods excluding local fish, is 15 μg/day. 
However, a NDEP survey using a market basket similar to that used by FDA, but one that 
included only locally grown produce treated with Wondercide is available.  They found 
the average intake to be twice as high (30 ug/day).   Fish tissues from locally caught fish 
were also analyzed and found to contain an average of 0.2 μg/g resulting in an intake of 
Wondercide for fish of 28.44 µg/day (0.2 μg/g x 142.2 g/day = 28.44 µg/day).  Water 
surveys carried out by the Newlandia Geologic Service revealed that the average 
Newlandia’s drinking water supply had an average of 7 μg of Wondercide/L. For the 
purpose of this exercise, assume that there is no exposure to Wondercide from air. 



 
Instructions for Red Team - Considering the scenario of health effects and exposure 
data presented above, it is your Team’s responsibility to derive Human Health Criteria for 
Wondercide. Calculate criteria for organisms only as it applies to the highly exposed local 
population.   
 
Prepare two posters for use in presenting your Team’s results to the other Teams.  The 
first should lay out the contamination scenario you were given.  The second should show 
the AWQC Equation selected, the variables used for each term, and the resultant AWQC. 
 
Suggestions for Team Approach: 
 

1 Choose a person who will act as the spokesperson for the team in presenting the 
results of your analysis. 

 
2 Determine which equation will be used: i.e. that for a noncarcinogen, a mutagenic 

carcinogen, or a carcinogen with a mode of action. 
 

3 Use the data provided to determine the values to use for the toxicology, RSC (if 
one), BAF, body weight, fish and water intake terms in the equation selected. 

 
4 Carry out the AWQC calculation.  Watch to make sure the units of the final value 

are expressed in milligram/L or microgram/L units and all other terms cancel. 
 
5 Prepare the display materials for the report-out to the class.  In the report out to the 

class explain the basis for the approach chosen for criterion development, the 
variables selected and why they were selected.  Based on the criterion determined, 
is the water body studied within or above the criterion limitation? 

 



Exercise # 4 - GREEN Team 
 
Exercise Summary: You are a member of the Newlandia Department of Environmental 
Protection (NDEP) Team that must review the toxicity and exposure data base for 
Organometron and decide how to develop a defensive criterion for the chemical as part of its 
Water Quality Standards Program’s triennial review.  Organometron is a component of an 
add-mixture for cement, concrete, macadam and similar materials used for building and road 
surfaces.  Unfortunately, Organometron has proven to be highly bioaccumlative in the 
aquatic environment, despite its limited solubility in water (1 mg/L).  Organometron gains 
access to the environment through industrial discharges and leaching from treated materials 
when they are exposed to precipitation, especially at ambient air temperatures above 90oF. It 
has been identified in ground and surface waters and in soils of Newlandia, particularly 
during the summer months.  
 
For this exercise, assume the US Environmental Protection Agency (EPA) does not have 
a 304 (a) criteria for Organometron.  You must select the appropriate health endpoint 
(cancer/non-cancer) and develop an exposure scenario (drinking water intake, relative 
source contribution (RSC), fish consumption and BAF). Using the selected factors, you 
must calculate Human Health Criteria for Organometron. It is your Team’s responsibility 
to justify the exposure scenario and each of the factors selected for use in the derivation 
of the criterion  
 
Toxicity - Organometron causes renal tumors in male and female rats by an unidentified 
mode of action, but not mice. Most studies of genotoxicity are negative but some in vivo 
studies have shown positive or equivocal results, especially when tested at high doses.  
Organometron has been classified by the agency as a likely human carcinogen with a slope 
factor of 8 x 10-4 (mg/kg/day)-1. The slope factor is equivalent to a risk specific dose of 1.25 
x 10-3 mg/kg/day at the one-in-a million risk level [1 x 10-6 ÷ 8 x 10-4 (mg/kg/day)-1]. 
  
Organometron’s noncancer effects include lipid deposits in the liver plus increased serum 
levels of cholesterol and triglycerides.  Effects have also been observed on sperm motility 
but this occurs at levels greater than those causing the changes in serum and liver lipids.  
The RfD for Organometron is 0.02 mg/kg/day based on increases in serum and hepatic 
lipids. 
 
Fish Intake - During your development of the exposure scenario for Newlandia, you have 
found that fresh water fish sold in the market from many locations within the State contain 
detectable levels of Organometron (average 6 μg/g).  Accordingly the HH AWQC value 
should target recreational fishermen and the local population.     
 
Bioaccumulation Factor – The BAF for Organometron in the commercial fish species 
sampled by the NDEP is 3000 L/kg for trophic level 4.  NDEP has chosen to use the 
trophic level 4 value for their assessment because of Organometron’s high 
bioaccumulation potential. 
 
Exposure - Residents of Newlandia are exposed to Organometron primarily through their 
drinking water and fish. Complete dietary surveys have not yet been carried out, but it is 
possible that it may also be found in domestic animal products since it is found in drinking 
water at very low concentrations (average 0.05 μg/L), and is bioaccumlative. Thus, there is 
the potential for exposure occurs from animal products (meat, milk, eggs).  Accordingly, 
NDEP decided that they would use the 20% default RSC if a noncancer approach were to 
be used in deriving the AWQC. For the purpose of this exercise, assume that there is no 
exposure to Organometron from air. 



 
Instructions for Green Team - Considering the scenario of health effects and exposure 
data presented above, it is your Team’s responsibility to derive Human Health Criteria for 
Organometron targeting the general adult population. Calculate criterion for organisms 
only.   
 
Prepare two posters for use in presenting your Team’s results to the other Teams.  The 
first should lay out the contamination scenario you were given.  The second should show 
the AWQC Equation selected, the variables used for each term, and the resultant AWQC. 
 
Suggestions for Team Approach: 
 

1 Choose a person who will act as the spokesperson for the team in presenting the 
results of your analysis. 

 
2 Determine which equation will be used: i.e. that for a noncarcinogen, a mutagenic 

carcinogen, or a carcinogen with a mode of action. 
 

3 Use the data provided to determine the values to use for the toxicology, RSC (if 
one), BAF, body weight, fish and water intake terms in the equation selected. 

 
4 Carry out the AWQC calculation.  Watch to make sure the units of the final value 

are expressed in milligram/L or micrograms/L per units and all other terms cancel. 
 
5 Prepare the display materials for the report-out to the class.  In the report out to the 

class explain the basis for the approach chosen for criterion development, the 
variables selected and why they were selected.  Based on the criterion determined, 
is the water body studied within or above the criterion limitation? 


