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The SIR model is a médel for the number of people infected with an infectious disease in a closed
population over time. It was proposed to explain the rapid rise and fall in the number of infected patients.

The model assumes that the population size is fixed (in another words, no births, deaths due to disease,
or deaths by natural causes), incubation period of the infectious agent is instantaneous, and duration of
infectivity is same as length of the disease. It also assumes a completely homogeneous population with no
age, spatial, or social swucture.

The model consists of a system of three coupled nonlinear ordinary differential equations,

%S(t) = —b%l(t) ) (D)
L1 = b—ST(VQI(t) —kI(®) 2
) _

SR(t) = k() 3)

where ¢ is time, S(t) is the number of susceptible people, I(t) is the number of people infected and
infectious, R(t) is the number of people who have recovered and developed immunity to the infection, N

is the population size and N = S(t) + I(t) + R(t), b isthe infection rate, and k is the recovery rate.

(Adapted from "Kermack—McKendrick Model" of Created,developed, and nuftured by Eric Weisstein
at Wolfram Research,MathWorld , Copyright© 1999—2021 Wolfram Research, Inc.https://

mathworld.wolfram.com/about/terms.htm! —£Be&Z)
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nonlinear ordinary differential equations: FEHRE &5 HTE

susceptible: 'EFL 5 % immunity: %%
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We know you would never do it. But some people pee in swimming pools and hot tubs.
Now researchers can measure this disgusting behavior. They’ve found a simple way to
estimate the volume of urine in a pool. The technique could help people decide when to
change some or all of the water in a pool or hot tub, the researchers say. But the new
research isn’t really meant to create new rules for pool managers. It’s supposed to

emphasize a message: Don’t pee in the pool!

By itself, urine in pools isn’t a problem. That’s because a healthy person’s pee is typically
sterile’!, or germ*?-free, says Lindsay Blackstock. She’s an analytical chemist at the
University of Alberta in Edmonton, Canada. But pool water also contains chlorine™, a
chemical that kills germs. Trouble can arise when that chlorine reacts with urine.‘ It can
trigger the production of dozens of new byproducts. Many of these new chemicals will
cause no harm. some, especially one called trichloramine, are known irritants.
WL ZBREN Y 70T I L) BRIV LAk ol l LT,

BELLENEBRNWEZ L3H BT TH 5, That distinct “swimming pool smell”

at most pools doesn’t come from the chlorine, notes Blackstock. It’s trichloramine. It can

sting the eyes and the pungent chemical also can irritate the lungs.

As pee in a pool increases, the amounts of trichloramine will too. )The more trichloramine

there is, the more irritating it can be to swimmers. So Blackstock and her teammates wanted

to see if they could estimate how much urine was present in pool water. There’s no simple

way to test for urine directly.

the researchers needed a marker for the urine — some substance that would signal
the likely presence of pee. And that’s what caused them to focus on acesulfame potassium™,
It’s an artificial sweetener used in foods and drinks. The chemical is also called Ace-K for
short. It makes a good marker for pee, says Blackstock. For one, it has no natural sources
and is very stable. It doesn’t break down at normal temperatures, which is why many food
manufacturers use Ace-K. Even after being stored in foods at room temperature for 10
years, it won’t have broken down. It also won’t break down in pools or be removed during

water-cleanup treatments.
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, Ace-K passes right through the human body without being digested. That makes
it a great choice as a low-calorie sweetener. But it also made Ace-K a good choice for their
study, sayé Blackstock. The substance doesn’t leave the body in sweat, breath or poop.
~ Ace-K only leaves the body in urine. And when it comes out, it will be the same form of

the chemical as had been ingested.

First, the researchers needed to know how much Ace-K is present in the average person’s
urine. They collected urine samples from 20 people and (ymixed them together. Each
milliliter of urine contained 2.4 micrograms of Ace-K. , on 15 days in August 2016,
the team collected water samples from two swimming pools in a city in Canada. One pool

held 420,000 liters. The other had twice that volume. On the same days, the researchers

also collected three samples from the city’s water supply. If there were no pee in the pools,
they should have had similar levels of Ace-K. The smaller pool, , had 156
nanograms of Ace-K per liter of water. And the larger pool had even more, 210 nanograms
per liter. That addsup to [ A ] of urine in the small pool. The larger pool held a whopping
[ B ] of pee!

These pools probably aren’t unusual, says Blackstock. In 2014, the same researchers found
Ace-K in unusually high concentrations in 21 public swimming pools, 8 hot tubs and even
a private swimming pool. In other words, every pool and hot tub they tested had pee in it.
- Blackstock and her team shared their new findings online March 1 in Environmental

Science & T echnology Letters.

@The team’s approach “is a pretty cool idea,” says Beate Escher. She’s a toxicologist at
the Helmholtz Center for Environmental Research in Leipzig, Germany. Researchers have
- used Ace-K before to measure water pollution, she says, both on and just beneath Earth’s
surface. And Ace-K holds some advantages over other substances that researchers have
used as a marker of urine. Caffeine, , can break down after it leaves the body. “Ace-
K is much more stable,” Escher says. Like Blackstock and her team, Escher suggests the

best way to tackle urine in pools is prevention, not clean-up: () “Self-control is the best

thing.”
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Note: *Isterile; An adjective that means devoid of life. *’germ; Any one-celled
microorganism, such as a bacterium, fungal species or virus particle. **Chlorine; A
chemical element with the scientific symbol Cl. **potassium; A chemical element with the
scientific symbol K.
(Adapted from “Scientists know that you pee in the pool” by Sid Perkins,Science News, Society
for Science & the Public. Copyright © Society for Science & thePublic 2000-2021. All rights
reserved. —HE)
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