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ABSTRACT

Despite the construction of water and wastewater systems in modern society, waterborne dis-
ease is still one of the biggest issues to be coped with in the field of public sanitation. In this paper,
a prototype of novel model to evaluate microbial health risk is to be presented. The model is based
- on multi agent simulation technique, which simulates the movement of each agent that represents
individual or small group of individuals. The prototype imitates the movement of individual and
transmission of disease in an imaginary small area. '
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INTRODUCTION

Construction of water and wastewater systems significantly decreased the occurrence of water-
bomne disease, which, however, is still one of the threats to our society. In 1993, the largest Crypto-
sporidium outbreak in the USA occurred in Milwaukee, WI where 400,000 people were ill and 100
died (Rose et al., 2002). Such outbreak of Cryptosporidium also struck a small town Ogose, Japan
in 1996 (Suwa and Suzuki, 2001).

As a tool for microbial risk assessment, Chick et al. (2001) proposed a model which simulates
infection transmission systems of waterborne disease. The model had four state variables; three
concerning with human beings (the number of individuals who are susceptible, infected or recov-
ered from the disease) and one which represents the concentration of microbial organisms in the
environment. The relationship between those variables is illustrated in Fig. 1. The susceptible indi-
~ viduals is fine and don't have immunity to the disease. With some probability, the susceptible are
infected due to the contact with infectious microbial organisms in the environment or infectious in-
dividuals. The infected increase the concentration of microbes in the environment through excretion,
and make the susceptible to be infected due to direct infection. The infected individuals recover af-
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ter some time. The individuals with the status of recovered have resistance to the disease, which is
to be lost with time though.
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Fig. 1 The scheme of infection transmission model proposed by Chick et al. (2001). The
letters S, /, and R are the number of individuals who are susceptible, infected or recov-
ered from the disease, respectively, while W denotes the concentration of microbial or-
ganisms in the environment.

The model is of great availability in the real society, but has one limitation: it cannot predict the
spread of infected area. As the model only concerns the change in numbers of individuals or con-
centration of microbes in an area within imaginable but concrete border, modification of the model
is required to predict such expansion of the area.

In this paper, a new disease transmission model is proposed. In the model, the expansion of in-
fected area can be simulated as well as the change in numbers of individuals and concentration of
microbes,

MODEL DESCRIPTION

1. Multi agent simulation

In the new model, multi agent simulation technique was applied. Within the calculation area lo-
cated many representatives called agent, each of them represents individual or small group of indi-
viduals, and moves autonomously within the area. Multi agent simulation originates in the work of
Schelling (1969) who simulated the separation of residential area in a city.

2. Calculation conditions and movement rule of agent

An imaginary area was set for the simulation: the size of the area was 4 x 4 km in north to south,
and in east to west. In the area, four offices were located, and 300 agents lived. Figure 2 illustrates
the initial condition of the calculation world. -
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Fig. 2 The initial condition of the agent simulation. Each of the small circles is the agent,
and four stars ("*") are the offices, to one of which agent goes to work. The numbers of
agent was 300 in this case.

In the prototype model, only one kind of agent was made. The agent imitates the movement of
office worker, leaving home for office in the morning, working in the office or sometimes traveling
to another office during daytime and going back to home in the evéning. Each agent has its own
house and office which is chosen one from four offices randomly at the beginning of the simulation.

The time of departure from and return to home is set randomly within two hours from 7t0 9
o'clock (departure), or 17 to 19 o'clock (return home) for each agent. Every agent leaves home to -
his/her office at the scheduled time with a speed of 4 kny/hr. During the work time, some of the
agents in an office are chosen randomly with a probability of 0.5% to take trip to another office,
which is also selected randomly from the other three offices. When it is the time to go back to home,
the agent starts returning to home by walk.

3. Disease transmission

The concept of the model made by Chick et al. (2001) was introduced in this muiti agent model.
But, for the simplification, transmission from microbial organisms to human being was ignored,
while human-to-human infection was considered instead. The status of agents who live in the south-
western part of the area 1s set to infected at the initial condition. Those infected agents move around
the area as well as those who are not infected.

" At the point in which an infected agent stays and many susceptible agents gather like work
place infection occurs with a probability.of B The occurrence of infection is decided for each sus-
ceptible agent with a random number. If the infection occurs to an agent, the infection status of the
agent is changed from susceptible to infected, getting an ability to cause other infection. After some
time defined by a parameter 7, the infected agent recovers from the disease and gains the resistance
to it. But, this resistance is to be lost after some time defined by a parameter 5.

29



The 8th Seminar of JSPS-MOE Core University Program on Urban Environment, Shanghai Jiao Tong University, P.R. China, 2004

MODEL RESULTS

1. Simulation result of agent movement
Figure 3 illustrates the movement of an agent in one day. It left home to office, took two trips in

daytime, and returned to home. This is the typical movement of agent, but some didn't take any trips
between offices.

Dx=t *@
Y SR Y

Fig. 3 The movement of an agent in one day. The agent Iéft hisfher home ("+") to the of-
fice in upper left ("*"®) in the morning. During the work time, the agent made two trips;
the one from @ to @, and another one from @ to @. In the evening it went back to the

home.

Figure 4 shows pictures of the world at 8 and 14 o'clock. In the morning (8 o'clock), some had '
already left his/her home to office, but some still stayed in home. During the work time (14 o'clock),
most of the agent stayed in offices, but some were on his/her way to one of the other offices.

Fig. 4 Location of the entire agent at 8 o'clock '(Ieft) and 14 o'clock (right).
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2. Simulation result of disease transmission

In order to demonstrate the availability of the model, a disease transmission simulation was con-
ducted. In the simulation, the parameter values of infection probability (), the time required to be
recovered (7;), the time to lose resistance to the disease (%) were assumed to be 0.24 day™’, 3 hs,
and 3hrs, respectively, although those values seem unrealistic indeed: the probability is too high to
cause other infection, the time for recovery and loosing resistance is too fast (c.f. /=0.01~0.1 day™,
-71 and % =0.5~5 days in case of enterovirus (Eisenberg et al., 2004)).

At the beginning of the day, the infection status of five agents stayed around lower left corner
was made to be infected. Those infected agents moved around as usual, transmitting the disease to
the agents encountered. The changes in numbers of each infection status were shown in Fig. 6. As
time elapsed, the number of infected increased, followed by the recovered. At the end of the day at
20 o'clock, infected or recovered agents were found not only in the lower left corner but in entire
area as shown in Fig. 5 (left). This result indicates the disease transmission was simulated success-
fully in the multi agent model.

The one fact we found in the simulation was that the maximum number of the infected were dif-
ferent in every simulation even though the same parameter values were used. This was due to the
difference in movement and location of residence of agents; those were designed randomly at the
beginning of every simulation. This fact points out that the rate and magnitude of disease transmis-
sion depends on not only the infection probability but also the movement pattern of individuals in

the area, or in other words the infection probability should reflect the movement pattern of indi-
viduals.
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Fig. 5 The initial condition (left) and the result at 20 o'clock (ieft). The colored circle indi-
cates the agent who is infected or recovered.
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Fig. 8 The changes in number of individuals who is susceptible (S), infected (l) or recov-
ered (R). The initial humber of infected was five in the simulation.

CONCLUSIONS AND PERSPECTIVES

In this paper, a prototype of novel model to evaluate microbial health risk was presented. The
model was based on multi agent simulation technique, which simulated the movement of each agent
that represented individual or small group of individuals. The prototype imitated the movement of
individual and transmission of disease to an acceptable degree, and showed the importance of
movement pattern of individuals in the area on transmission rate and scale. |

While the model result is acceptable to some degree, the model requires more development in-
deed especially in the following aspect: '

1) increasing the number of agent
2) increasing the type of agent and introducing more complex movement rules

Neediess to say, model validation based on epidemiological survey is indispensable.
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