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Characterizing the concentration of Cryptosporidium in

Australian surface waters for setting health-based targets

for drinking water treatment
APPENDIX A
The statistical models for characterizing Cryptosporidium

concentration from discrete counts and volumes including

recovery data were as follows:
Constant concentration

When counts are assumed to be generated from a Poisson

(random) process, then the probability of counting n organ-

isms in a sample of volume (V ) given a mean concentration

(∓) is:

P(njμ, V) ¼ (μ:V)ne�(μ:V)

n!
(A1)

Accounting for recovery: when recovery is assumed to

be a binomial process, where each organism has a certain

probability of being detected (π) or not being detected (1� π),

then the counts are assumed to follow a Poisson distribution

with parameter πμV.

P(njπ, μ, V) ¼ (π:μ:V)ne�(π:μ:V)

n!
(A2)

The log-likelihood function for concentration, ∓, given
by Equation (A2) and a data set of m counts (n) with

paired volume (V ) and recovery (π) measurements is given

by:

L(μ jni, Vi, πi) ¼
Ym
i¼1

P(μjni, Vi, πi) (A3)

For each data set, the log-likelihood function was maxi-

mized to find the maximum likelihood estimator (MLE) for

μ (mean concentration).
Variable concentration

If, rather than being constant, the mean concentration (∓) is
assumed to follow a gamma distribution with parameters

(→ and ℓ), then the probability distribution of counts

g(njλ, ρ, V) is given by:

g(njμ, λ, ρ, V) ¼
ð
(μ:V)ne�(μ:V)

n!
λρ

Γ(ρ)
μρ�1e�λμdμ (A4)

The solution to the integral can be rearranged into the

form of the negative binomial count distribution described

by gamma parameters → and ℓ:

g(njλ, ρ, V) ¼ Γ(ρþ n)
n!Γ(ρ)

λρVn

(λþ V)ρþn (A5)
Accounting for recovery

When recovery is assumed to be a binomial process, then

the counts are assumed to follow a Poisson distribution

with parameter πμV. If μ is assumed to follow a gamma dis-

tribution with parameters λ and ρ, the πμ will also have a

gamma distribution with parameters λ/π and ρ. The distri-

bution of the number of organisms after passage of the

process can be simplified to:

g(njπ, λ, ρ, V) ¼ Γ(ρþ n)
n!Γ(ρ)

λρ(πV)n

(λþ πV)ρþn (A6)

The log-likelihood function for → and ℓ for a data set of

m counts (n) with paired volume (V ) and recovery (π)
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measurements is then given by:

L λ, ρ jni, Vi, πið Þ ¼
Ym
i¼1

g(λ, ρjni, Vi, πi) (A7)
For each data set, the log-likelihood function was

maximized to find the MLE for parameters λ and ρ

describing the gamma distribution for variability in

concentration.
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