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Risk Assessment 

Here are some useful calculations for total and average daily dose (ADD) and risk:

In the process of risk assessment we follow these steps:

1. Start with calculating the total exposure

Total dose = (concentration in envir. medium) * (intake rate)* (absorption factor)

Concentration in the environmental medium may be given in parts per million (ppm) or parts per billion (ppb). Make sure to convert those to mg/unit of medium (eg. per liter if water, per m3 if air or per gr of food/solid material such as dirt).

1ppm=1 volume part to one million volume parts

1ppm (gas) =(1mg/m3 * 24.45)/MWg 

1ppm=1mg/lt

1ppm= 1mg/kg = 1ug/gr

1ppm=1000ppb

1mg=1000ug

1ug=0.001mg

The intake rate takes into account the length of exposure (how many years), the amount of intake (for food/ingestion: how many grams/day; for water how many liters/day; for air how many m3 /day), and the duration/frequency (how many days/year; how many hours/day), depending on what data is given to describe the exposure. 

The absorption defaults 
= 10% for organics (oral) 

=  1% for inorganics (oral)

unless otherwise indicated.

Retention factor 

= 50% for inhalation 

Total dose will be expressed in ug, or mg.

2.   Estimate the average daily dose – expressed as mg per kg of body weight (BW) per day

a. For cancer risk, we estimate the life-time average daily dose or LADD by averaging the total exposure over the life-time of the individual (expected 70 years)

LADD = Total dose / (70y*365d/y*kgBW) = mg/kg/d
(or mg/kg-d)
b. For non-cancer risk, we estimate ADD by averaging the total dose for the length of the exposure whatever that is in years:

ADD = Total dose / (years*365d/y*kgBW) = mg/kg/d
(or mg/kg-d)
Note: both “kg of BW” and “day” are in the denominator and “total dose” in the numerator.

NOTE: Notice that the duration of exposure is in the numerator (part of total dose estimation) and is different than the averaging time, which is in the denominator (part of the averaging per day). The duration and averaging time may be equal for some exposure scenarios to non-carcinogens but they tend to be different for exposures to carcinogens where the averaging time is always a lifetime (default=70y)

3.    Compare it to the standards


a. For carcinogens, we estimate life-time risk

Risk (carcinogens) = potency * dose 

To estimate cancer risk from a estimated lifetime average daily dose to a carcinogen:

Risk = q * LADD


Where q is the risk slope factor (oral, dermal) or unit risk factor (air, water) and is available from online resources (eg. IRIS).

Note that if the q given is expressed in (mg/kg/d)-1 units (oral), you may need to convert it to (ug/l)-1, to calculate risk from water exposure, or (ug/m3)-1 for air exposure, if you have such dose measures as given (see #4).  However, these conversions are questionable because the conditions may not be comparable and/or effect may not be the same for different routes of exposure.

In reality there is no “standard” of risk; we just get an estimate of “expected incidence”, or probability for cancer in a lifetime, expressed as cases per 10,000 or cases per 1,000,000. 

Excess risk above a background risk in a population is used to account for the risk specifically attributed to a specific exposure.

b. For non-carcinogens, we estimate the Hazard index (HI): how much higher is the exposure compared to the “safe” dose (Reference dose, RfD, or Acceptable daily intake, ADI)

HI = ADD / RfD (ADI)
It is easier to compare exposure to acceptable dose or safe dose: the higher the HI the more unsafe is the exposure and given that we have dose-response relationship, we can get an appreciation for the extent of the expected response (the outcome of interest).

Alternatively, the ratio RfD/Exposure (RfD/ADD) would be interpreted in the opposite way: The higher the ratio the lower the risk from the exposure.

Also, a measure of risk prediction is the Margin of Exposure:

MOE = NOAEL / Exposure


The higher the MOE the less the concern of risk from exposure. Concern would start for MOE<100.

Calculation of RfD (for specific endpoint):

Use any Point Of Departure (POD) parameter (NOAEL, LOAEL, NOEL, BMD) available for the specific endpoint!

Adjust the POD for uncertainty using uncertainty factors (UF) and modification factors (MF):

RfD = POD / (UM * MF)

Uncertainty Factors (1<UF<10):

Interspecies 


x10

Interindividual 

x10

Short study (non-chronic)
x10

If LOAEL to NOAEL 
x10

Incompleteness of study
x10

Infants and children (new)
x10

Modification Factors (if 0<MF<1: credit; if 1<MF<10: penalty)

Few animals (small sample size)

x10

Large sample size



x 0.75

Quality of study



….

Make sure you distinguish between RfD and RfC: 

RfC is the concentration of chemical in the medium that corresponds to the absorbed dose equal to RfD:

RfC = (RfD * BW) / (Abs * Intake Rate)

RfD = (RfC * Intake Rate * Abs) / BW

4.   Finally, here are some unit conversions:

1mg/kg-d = 1000ug/mg *70kg * (1 / 2lt/d) = 35,000 ug/lt

1mg/kg-d = 1000ug/mg *70kg * (1 / 20m3/d) * (1 / 0.5) = 7,000 ug/m3



(0.5 retention factor for breathing air)

Alternatively:

qair = qoral *1/70kg *20m3/d *1mg/1000ug = qoral * 2.26*10-4 

(does not factor in the inhalation retention/absorption factor of 0.5)

qwat = qoral * 1/70kg *2L/d *1mg/1000ug = qoral * 2.26*10-5
Reverse conversions:

qoral = 3.5*103 * qair (does not factor in the inhalation retention/absorption factor of 0.5)

qoral = 3.5*104 * qwat
For conversion to human potency (qh) from animal potency (qa):

qh = qa * (BWh / BWa)3/4
where BWh is human body weight (average person) and BWa is animal body weight (usually given and depends on the animal)

�  The 24.45 is the volume (in liters) of 1 mole of ideal gas at 25 degrees C, and standard pressure. So the original ratio has been converted to ppm expressed as a mole fraction, micromoles of substance per mole of air, assuming standard pressureand 25 degree C temperature. 
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