Contaminant Transport

How would one determine contaminant transport:
» Long term monitoring
e Modeling

What are environmental systems?

What is modeling?

Simplification and representation of the environmental system by a set of equations
which can be used to explain and predict the behaviour of any system.

Why do we need to model?

o for a better understanding of the fate and transport of pollutants

» to determine exposure conc. to humans and organisms in the past, present and future
® to predict future conditions under different loading situations

Transport — movement/migration of pollutants from one point to another

Fate — transformation of a pollutant

Impact

e air
e water (ground water and surface water)
e land

Concerns
® Inorganics such as heavy metals — Hg, Pb, Cd, Cr, etc.
e Organics such as pesticides, hydrocarbons etc.

For a better understanding of biological responses degradation, uptake, toxicity,
pharmacokinetics, etc. have to be known.

Environmental toxicology
o study of fate and effects of chemicals in the environment
e can be subdivided into

=~e human health toxicology

~o ccological health toxicology

Chemicals pose an environmental threat due to



o toxicity
e environmental persistence
® bio accumulation

Environmental Persistence

e resist degradation e.g. DDT, PCB, TCDD, etc.
® ¢.g. mirex in Lake Ontario

® e.g. DDT in Lake Apopka, Florida

Abiotic Degradation
o Photolysis — laWk
UV-potential to break chemical bonds e.g. PAH
@ Hydrolysis __ \ i)
Water with light or heat can break chemical bonds ¢.g. parathion

Biotic Degradation
® action of microorganisms

Nondegradative Elimination Processes
© by altering distribution e.g. lindane

Bioaccumulation
® process by which organisms accumulate chemicals from abiotic and dietary sources
© lungs, gills, gastrointestinal, dermal

® aquatic animals can bioaccumulate chemicals several orders of magnitude greater
than that existing in the environment.

Bioaccumulation of some environmental contaminants in fish.

Chemical Bioaccumulation factor
DDT 127,000
TCDD 39,000
Endrin 6,800
Pentachlorobenzene 5,000

Bioaccumulation factor (BCF) is the concentration of a chemical in the tissue of a target
organism divided by the concentration in the diet.

Chemicals transfer along the food chain from prey organisms to predator

Factors Influencing Bioaccumulation
® environmental persistence

o lipophilicity

° biotransformability
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Law of coenservation of Mass (or Energy)

The rate of change or accumulation of mass in a system is equal to the difference between
the rate of mass input and mass output.
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Key Elements

e clearly defined control volume

* knowledge of inputs and outputs

 knowledge of transport characteristics within the control volume
° knowledge of reaction kinetics in control volume

Accumulation in control volume = Mass input — Mass output + generation/consumption

Flow Balance in surface waters

A storage = T inflow - = outflow + Precipitation — Evaporation
av=(30,+ vy = 2O = Oy + 1A~ EAN

where
Q = flow rate
E = evaporation rate
A = surface area of water body
I = precipitation rate
At = time increments



AV = change in storage volume

Practice Example:
The inflow to a small reservoir is given as
Q =1000 (1—e™
k = runoff rate = 1.0/hr
t=time in hr
Q = flow in cfs
outflow = 800 cfs
Initial Vol. of the reservoir = 10 x 10° cu. fi,

Question 1:  Write the differential equation describing the rate of change in reservoir
vol. with time.
Question 2:  Determine vol. of the reservoir after each hr for 4 hrs.
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Up until now only water was considered.

Now consider that there is a solute that is moving with the flow, e.g. NaCl (brine
solution).

Then the questions which arise are: %

How much solute is being transported? htd Q. C.
How much solute is being treated, etc.? = '
T 3
Two things to consider: S\ y =2
o flow (Q) ™7 s
e concentration (C)

Thus, if Q., is mass of solute entering a system then
Qm = Qin e
where Qj, is the inflow and

Ci, 1s the conc. in the inflow
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Practice Examples:

A processing plant gives out contaminants at a rate of 150 mg/L. The flow rate is 3 Is.
We want to treat the waste stream to get a contaminant conc. of 15 mg/L and a flow rate
of 2.5 1/s. What should be the concentration of the sludge generated as a result of

treatment?
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A river has a volumetric discharge of 40 m*/s from a stretch of agricultural area. Runoff

(5001/s) from an agricultural area, which carries 0.2 mg/1 of a pesticide endrin (used in . \
the past to control rodents and used as an insecticide in rice, cotton and maize crops) . = deoo L
mixes with the river flow. Determine the concentration of endrin in the river water,

downstream from the agricultural area (assume no degradation)
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A continuous and steady state freezing process is used to purify seawater (3% NaCl and
97% water, by weight). The liquid brine concentration existing the process is 10% NaCl.
Determine the mass rate of sea water required to produce @_(‘)_{*)_kg@ of pure water in the

form of ice.
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A certain pesticide is fatal to fish at 0.5 ppm. A leaking metal can containing 5 kg of the
pesticide is dumped into a stream with a flow of 10 lts/sec. The CS area of the stream =
10 m?. The pesticide is leaking at a constant rate of 5 mg/sec.

For what distance downstream is the water contaminated by pesticide by the time the
container is empty? Assume no degradation.
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The volumetric discharge in a river, upstream of an agricultural land is 54 m’/s. It carries

a pesticide concentration of 0.0006 mg/L. Runoff from a nearby agricultural land has a
flow of 0.12 m’/s and carries the same pesticide with a concentration of 1.2 ppm.

Determine the concentration of t sticide in the river water, assuming fully mixed
conditions and no degradation. m
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The ventilation rate in a house is 80 m’/hr. A heater used in the house constantly emits
900 g/hr of CO,. Calculate the steady state conc. of CO; in the house. (The conc. of CO,
at 20 °C and 1 atm press. is 0.031% by volume).
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SN Transport Phenomena

A chemical in the environment can have 3 possible (or a combination of these) outcomes:
* be stationary

*  be transported

®  be transformed

L
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A chemical can enter a human system through:
" dermal C#hy, wh § k_-“)

= oral

® inhalation
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It can redistribute from their point of entry by:
* fluid dynamics

" intermedia transport processes

" complexation

An environmental source can be:

" apoint source
" non-point sources

. e —4
Chemicals can be transported by 2 phenomena: T
" advection
® dispersion - U,
Advection — refers to movement of chemicals due to velocity 147
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Dispersion — refers to contaminant transport due to deviations in velocity and
heterogeneity leading to mixing and dilution A Permiall thed]

*  Molecular diffusion = briwsiss mobion o Pasbieley (a6 wdor
o Turbulent diffusion
@ Dispersion
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Advective transport is the product of the volumetric flow rate and mean concentration.
- J=QC or J 1s mass transport per unit time
JJ=uAC

If flow occurs from point a to point b, in say, a river: /\—»—J\/_‘ &

Change in mass from a to b ’_\E’-{:

Am = (mass inflow rate — mass outflow rate) x time
Am = (QiCa- QuCh))AL .
CE =5 ™
again, Am = A (VC);, V = volume, m> O ;\ ..2;
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Practice Example

A river carries a pesticide, alachlor, with an average concentration of 1.5 mg/l. The mean
flow in the river is 125 m*/s. Determine the average mass flux of alachlor passing a point
in the river.
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Dispersion

A
Fick’s 1™ Law ;']
for steady state J o S_XQ J wacl 7 mbey
1% Law: J <4 8
dx
J = —DAd—C
] dx
D is diffusion coefficient Free Soludion aIu'-EL $Som Cot {! (31\\
€ /’{C-""VL “-{ ASS ;q\ Cdt( ‘,‘Cu‘!«—\‘
Molecular diffusion, turbulent diffusion and dispersion all use Fick’s Law ' \)
Mass Flux due to turbulent diffusion, J; use (, °or 4 vidy
J/ =T &y Ad£
dx
J, =—FA g

dx
]E>>em>>D, beca. g, A m,'x/-‘-% °\—na/ 0/'//-fn—\

€, 1s turbulent diffusion coefficient; E is dispersion coefficient; D is molecular diffusion
coefficient
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Practice Examples

The molecular diffusivity of a chloride ion is 2x107 cm?/s. Calculate the mass flux
through a membrane of thickness 100 pm. The area of the membrane is 1m?
concentrations on the two sides are Smg/l and Img/l.

J=-DA g=

s
~ {- o ~3/ .
d—. (ZXlo-c( ‘:g} (lmz) <§_____,__)___l____ 3>

loo K jo™¢

mg/s)
and the
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The molecular diffusivity of caffeine in water is 0.63x107cm?/s. Assuming the coffee to

have a caffeine concentration of 2 mg/l, determine the mass fl ux through the walls of the
intestine, over an area of 0.075 m”. Assume caffeine concentration in the blood to be 0.
How long will it take for 1 mg of caffeine to get in the blood stream?
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Fick’s 2™ Law

- For transient state

QQ: D # g ,1f D is a constant

ot o
Otherwise

oc_0) ¢
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We need one initial condition and two boundary conditions to solve this equation.,
o oC : .
Under steady state conditions, 8—:0 . The solution of the Fick’s second law for steady
4

state and for the following boundary conditions:
C=C; when x =0 and C=C, when x=, is: i

C=C, ~h~ X=0
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Integrating the equation D =0 twice ~—> we vxe.o.J 2 beuadr Y Cm«J:L'c.Vq

2
x
C=atbx where a and b are integration constants. Upon substituting the boundary
conditions: dc=8
o «
C,-C
C = C] + 2 l ! X C = g £ -+ A
) dC  DAC,-C,)
Th flux is J = -DA— = =2
e mass flux is e ; \.\,Lu,\ 7(:0, C‘ = A4 e~a @
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1,4 MODRELING PRETOCAL
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Fig. 1.1 Steps in

includes sensilvily.z SEs

a protocol for model applicatioi.

will help keep the modeler tied into reality and will exert a positive
influence on the subjective decisions that will be made during the
modeling study.

3. Select the governing equation and a computer code (Chapters 2 and 8).
The code is the computer program that contains an algorithm to solve
the mathematical model numerically. Both the governing equation and
the code should be verified. Verification of the governing equation
demonstrates that it accurately describes the physical processes occur-
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