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COVID-19-Infected Cases in Thailand During the Omicron Wave Using

the Capture-Recapture Method

Orasa Nunkaw'*, Wanpen Chantarangsi’

Abstract

Thailand is among many countries, severely affected by the
COVID-19 pandemic. In December 2021, the Thai Ministry of Public
Health announced the discovery of the first imported case of the
Omicron variant, and the local transmission of the Omicron variant
was confirmed. The Omicron variant spread rapidly but was less
dangerous than the Delta. Some patients experienced mild or no
symptoms and self-treated without requiring medical assistance.
Lower fatality rates during the Omicron outbreak were reported
compared with previous variants. Information concerning hidden
COVID-19-infected patients is beneficial and will lead to a better
understanding of the disease outbreak mechanism. This study
proposed the lower bound estimator under the capture-recapture
(CR) method to estimate the true value of COVID-19 infections in
Thailand during the Omicron wave. The Chao lower bound estimator
for the Poisson mixture model was created to take into account the
fact that populations can be different based on how cases and deaths
have been spread out over time. The approximate variance of the
estimator was constructed for a confidence interval of 95%, focusing
on the ratio of total estimated infected cases to observed cases in
March 2022. The average ratio was 2.99 (95% Cl: 2.96 to 3.01),
suggesting that for every 100 observed patients, at least 199 infected

patients were underreported.

Keywords: Capture-recapture, Poisson mixture model, Chao estimator,
COVID-19.
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COVID-19-Infected Cases in Thailand During the Omicron Wave Using the Capture-Recapture Method

Introduction

COVID-19 is a respiratory infectious disease caused
by the SARS-CoV-2 virus. Common symptoms are fever,
chills, cough, and breathing difficulties. COVID-19 was
first discovered in Wuhan, Hubei Province, China in
December 2019. The virus spread rapidly around the
world, and the World Health Organization (WHO) declared
COVID-19 a global pandemic on March 11, 2020."
Thailand was indexed as the top country handling
COVID-19 in 2020 but has been facing an uncontrolled
outbreak since April 2021, with both protective behavior
and mass vaccination applied as control measures. The
Thai Government implemented the new normal
D-M-H-T-T measures as 1). Distancing, 2). Mask wearing,
3). Hand washing, 4). Temperature testing, and 5). Check-in
application Thai-Cha-Na.” Thailand has attempted to
find the optimal strategy to solve the COVID-19 epidemic.
In April 2021, a vaccination policy was initiated among
medical personnel. Getting vaccinated boosts immunity
by creating an antibody, thereby reducing the risk of
disease spread, severe illness and death, and ultimately
reconnecting with society. The Thai Government
targeted 50 million people, or 70% of the population,
to receive the first vaccination dose to create “herd
immunity” or “population immunity” as protection
from an infectious disease that occurs when enough
individuals develop immunity through vaccination or

® The WHO also recommended

previous infection.
increasing the COVID-19 vaccine rate in Thailand to
significantly reduce levels of severe illness and deaths
caused by circulating COVID-19 strains. High vaccination
rates also help reduce the transmission of COVID-19.
As represents cumulative numbers of people
receiving at least one dose of the COVID-19 vaccine,
the graph shows the increasing percentage of Thai
people vaccinated from March 2021 to March 2022.
By 1 March 2022, 76.9% of the population had been
vaccinated with the primary series for COVID-19
protection, and 71.2% has received at least one booster
dose as shown in Figure 1
However, herd immunity did not occur in reality,

with the virus strain changing from Delta to the Omicron

Health Sci J Thai 2024 July — September 6(3): 1-8.
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Figure 1 Cumulative numbers of people receiving at

least one dose of the COVID-19 vaccine®

variant. Thailand reported the first Omicron cluster on
24 December 2021.% The Omicron variant broke Thailand’s
record for the highest number of daily confirmed cases
but the fatality rate during the Omicron wave was lower
than during the previous outbreak.“” The omicron variant
spread rapidly but was less dangerous than the Delta.
Some patients experienced mild or no symptoms and
self-treated without requiring medical assistance. The
efficiency of vaccines and the new Omicron variant of
COVID-19 also led to an increase in the number of
asymptomatic patients.

The number of confirmed COVID-19 infections
is widely available but might be underreported in
official statistics and the available data provide part
of the story. Several studies also stated that numbers
of undiagnosed cases of COVID-19 were much higher
than those official reported.”” For example, reports
estimate the number of infected in the USA to be

around 1.9 times higher than reported.®

For Italy, likely
more than 200% of infections have been undocumented.”’
since there focuses on only testing in hospital with
symptoms. Another study points out that probably
less than 25% cases were identified by March 31, 2020
in Wuhan, China.’? Therefore, the total number of
infections is unknown and requires to be estimated.
Many approaches have been suggested to estimate
undetected and total cases for COVID-19 such as a
time-dependent transmission model,"” an application
of probability model for estimating the proportion of
undetected COVID-19 infected cases,"" and an
agent-based model by considering the ratio between
detected and undetected cases of COVID-19."?
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This research proposed an estimator based on a simple
and effective capture-recapture (CR) method to achieve
sensible lower bound point and confidence interval
estimates of the total number of COVID-19 infected cases
in Thailand. CR approaches are widely used in ecology
for estimating elusive target population size and they
have also been used in epidemiology and health
science applications.”**” The concept behind the
capture-recapture (CR) approach is to use the history
of individuals who have been captured to estimate
the unobserved part. In the analysis of COVID-19 data,
the population is considered open due to deaths and
heterogeneity in the probability of being detected. To
address the heterogeneous occurrence in CR data, an
applied version of the original Chao's estimator that
is based on the Poisson mixture model is used."

This is a foundational method that typically
provides the lower bound population size when
heterogeneity is present based on the Poisson model." "
The lower bound result is important as it provides
policymakers with reasonable information about the
undetected cases and the potential impact it may
have on national health systems during Omicron wave.
This will allow them to be aware of the minimum

number of cases that may require healthcare services.

The Chao estimator based on the Poisson mixture
model method uses only the frequencies of individuals
caught once and caught twice. In the context of
COVID-19, those caught once are the ones newly
identified on a given day, and those caught twice are
the ones newly identified the day before, subtracted
by the number of deaths on the given day. Here, the
modified estimator was used to answer the question:
“What was the true scale of COVID-19 infection in
Thailand during the Omicron wave?”. Information
concerning hidden COVID-19 infected patients is
beneficial and will lead to a better understanding of

the disease outbreak mechanism.

Methods

Basic notation and data

The cumulative count of infractions at day t, and D(t)
defines the cumulative count of deaths at day t

where t = t t.. Therefore, the number of new

o e
infections at days t is AN(t) = N(t) - N(t -1), and the count
of new deaths at day t is AD(t) = D(t) - D(t -1), where
t= tO + 1,...,tm and tm>t0. The time series of cumulative
infection cases and deaths between 1 March 2022 and
31 March 2022 to estimate the lower bound of the

true number are shown in Table 1 and 2.

Table 1 Cumulative COVID-19 infections during March 2022

t 1/03
N(t)

2/03 3/03 4/03 5/03

6/03
2912,347 2,934,544 2,958,162 2,981,996 3,004,814 3,026,695 3,047,857 3,066,800 3,088,873 3,111,857

7/03 8/03 9/03 10/03

t 11/03
N(t)

12/03 13/03 14/03 15/03

16/03
3,136,649 3,161,241 3,184,825 3,206,955 3,226,697 3,250,642 3,276,098 3,303,169 3,328,973 3,353,969

17/03 18/03 19/03 20/03

t 21/03
N(®)

22/03 23/03 24/03 25/03

26/03
3,377,410 3,398,792 3,423,956 3,450,980 3,477,030 3,503,264 3,529,085 3,553,720 3,575,398 3,600,787 3,628,347

27/03 28/03 29/03 30/03 31/03

Table 2 Cumulative COVID-19 deaths during March 2022

t 1/03 2/03 3/03 4/03 5/03 6/03 7/03 8/03 9/03 10/03
D(t) 22976 23021 23070 23,124 23176 23235 23300 23369 23438 23512
t 11/03 12/03 13/03 14/03 15/03 16/03 17/03 18/03 19/03 20/03
D(t) 23,575 23,643 23709 23,778 23,848 23918 23995 24075 24,162 24,246
t 21/03 22/03 23/03 24/03 25/03 26/03 27/03 28/03 29/03 30/03 31/03
D(t) 24334 24417 24497 24579 24648 24715 24,799 24,880 24958 25045 25,130

These data sets are taken from https://covid19.ddc.
moph.go.th/api which is an official annulment from
the Department of Disease Control of Thailand and is
openly available for all developers. Cumulative counts

of infected patients and deaths were selected to

achieve the goal. The number of recoveries was ignored,
with the focus on the true number of infected cases
at day t. The identified day t and the day before were
assumed to be infections, adjusted by the number of

deaths on an interesting day.

Health Sci J Thai 2024 July — September 6(3): 1-8.
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Statistical methods
The CR approach was modified to estimate the
size of underreported COVID-19 cases. Let X, denote
the number of identifications for each infected individual
i, and p, represent the probability of identifying each
patient exactly x times where x =0, 1, 2,... A modification
of the Chao lower bound estimator under the Poisson
mixture model was proposed as the alternative
estimator for unobserved population heterogeneity".
The repeated count probability was considered as a
mixed Poisson with arbitrarv mixing density h(A) as
p, = J‘—hEXp(_MW (A)dA (1)

|
o X!

2

j e AWM | <
0 0

Since , Py = Ief}hh(k)dl, p, = J-ef}?\,h(l)dk, and

0 0
0 —An 2

A
pz:!e 21

probability p,can be represented as

h(A)dA, a lower bound for the hidden

2
Py
2p

<p, Multiplying
2

the probabilities by the population size (N) leads to
(Np,)’
2(Np,)
observed frequencies f and f, results in the lower

< Np, and replacing Np, and Np, by the

2 2 R
bound estimator fl_, giving f = where f 'is the

2 2
number of unobserved members of the target population

with x = 0. This idea was applied to estimate the
underreported patients in COVID-19 by substituting f,
andf with AN and AN(t —1) — AD(t), respectively.
Then, the number of underreported infections at day
tis given by

. [ANH)T
£ ()= @)

AIANGE—1) — AD(t)],

where f, = AN(t) represents the infected people
identified just one or the new infections, and f, =
ANt —1) —AD(t) represents the infected people
detected at time (t-1) and still infected at time t.

~ L\ (1 (1
VarN) = | = |42+ = | = —| =
a)f f \2/)f \a

Health Sci J Thai 2024 July — September 6(3): 1-8.

Then, using the Cauchy-Schwarz inequality of any

two random variables X and Y, this becomes

[ECXY)? < E(XHE(Y?) 2)

Suppose that h(d) denotes arbitrary densities

on parameter A, and let the variables

X =Ne A and Y = Ve Then, E(XY) = Ie‘kkh(k)dk,

E(X*)= .[e‘*;tzh(ﬂ)d/t E(Y")= je‘”h(bdk Thus,any

0 0

Poisson mixture probability can be represented as

o0

j e h(L)dA j e A hdA |, (3)

0

The lower bound estimator for estimating the true
number of COVID-19 infections at day t, Niis the
combination of the confirmed cases and underreported

cases. Thus,

Nt = nt +fo (t), (5)

Where n, is the confirmed cases at day t (daily new

cases at day t). To account for the uncertainty of the

lower bound estimator, a variance of IQJt was applied
from the Chao estimator under the Poisson mixture
model. This version of the conditional technique,
together with the Delta method, was modified to
construct the variance formula™?. Rl is the original Chao
estimator based on the Poisson mixture model which
is fixed but an unknown quantity, and n is the observed
unit. The variance of the population size estimator can

be represented as

Var(N) = E, {Var(ﬁ\n)}-l—Varn {E(l/\\l|n)}

where En(.) and Varn(.) refer to the first and the

second central moment with respect to the distribution
2

of n. For the estimator IQJ =n+-—-
2f

2,

4 4
ho_ (ljﬁ— )
() \2/f@fn+f)

2
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An application of asymptotic variance estimation

of the Chao estimator based on the Poisson mixture

R 1Y [ANG)
Var[N:] = | — -
il [AN(t — 1) — AD(t)]

)

[ANG)T
[AN(t —1) — AD(t)]

model for times series data was constructed by

[ANG)T
+ 2
[AN(t —1) — AD(t)]
( 1 j [ANG)
4 ) [{AN(t—1) — AD(tHN,_ (D]

[ANG)
(8)

1
(2) [AN(t — 1) — AD(I2(FAN(t — 1) — AD(OKN (D0 + AN

where n', (1) is the number of currently infected
individuals observed at the time t. To avoid the high
risk of overlapping cases of COVID-19 patient cases,
the number of observations were considered for three
days at day t, at day t and the day before, and at day
t and two days before. A 95% confidence interval of

l:lt was then constructed as
N, +1.964/Var(,)

Ethical approval

)

The study was approved by the Human Research

45000

Ethics Committee of Thaksin University No. 0061 on 8
March 2023.

Results

Numbers of estimated daily reported cases are
presented in Figures 2 and 3. The pattern of estimating
the true number of COVID-19 infected cases followed
reported deaths and confirmed cases. The average
true number of infected cases on March, 2022 was
35,842 per day (95% Cl: 35,516 to 36,168) consisting
of 12,086 reported cases and 23,755 underreported

cases.

@
c
=
(2]
Q. 35000
8 30000
v}
& 25000
£
‘5 20000
T 15000
Q
E 10000
[=
] 5000
oo
o @ @ ¢ @ @
o o o o o o S o o ) 0 ™ S o
S S\ RN S (RN P G SO S\
Date
W Reported | Underreport cases

Figure 2 COVID-19 confirmed and underreported cases.

The maximum and minimum values of the estimated
true numbers were 27,450 and 42,569, respectively.

The true scale of cumulative daily COVID-19 confirmed

cases was estimated from the proposed estimator and
compared with the cumulative reported values, as

shown in Figure 3 (b).

Health Sci J Thai 2024 July — September 6(3): 1-8.
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4500000
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Figure 3 (a) Estimated true numbers of COVID-19 infected cases during March 2022 by confidence interval.

(b) Cumulative numbers of reported confirmed COVID-19 cases and estimated true values.

The graph shows that the reporting of COVID-19
cases significantly underestimated the true scale of
the pandemic throughout the study period. The
cumulative number of infected patients was estimated
at 4,347,371 cases at the end of March 2022. The
results also estimated the number of underreported
COVID-19 infected cases using the ratio of total estimated
cases (in the optimistic scenario) to the reported cases.
Figure 4 illustrates an average ratio of 2.99 (95% Cl:
2.96 to 3.01). This would mean that for every 100
reported infections, there were 199 hidden infected
persons. The reasons for this are varied, as underreported

cases may show no symptoms or very mild signs of

infection that do not require treatment. The main
finding of this work is the small proportion of
underreported COVID-19 infections in Thailand during
the Omicron wave. These results are not surprising,
prior study suggest that on 31 March, 2022 the estimated
cases was 402,519.81 (95% of Cl: 235,229.6 -
604,614.41)* greater than this research. To control
the pandemic, it is important to know the true numbers
of patients, with asymptomatic patients having the
same infectivity as symptomatic patients. The Chao
estimator based on the Poisson mixture model was
applied to compute the lower bound of infected

patients as a daily time series.
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295
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Ll et

N Y I

— Ratio = total/ observed cases
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Date

Figure 4 Ratio between the number of cases using the proposed method and reported cases.
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Discussion

The proposed estimator provides an estimate of
the actual number of COVID-19 cases during the
Omicron wave in Thailand. We introduced an alternative
choice of a lower bound estimator under cumulative
time series data distribution in open population by
using the CR method. As official COVID-19 data is
available at the aggregate level but not at the individual
level for academic use. It is impossible to obtain the
exact distribution of infected individuals for each day.
Many distributions may incorporate a heterogeneous
population, which affects the probability of being
detected. The geometric distribution or the
Poisson-exponential distribution is the wildly known
and used to crop the heterogeneity. An application of
CR method using the Chao estimator under the geometric
distribution was introduced for estimation for estimating
the number of infected COVID-19 in Europe *#?. Other
parametric mixing distributions, such as Poisson-Gamma,

@ and Poisson-Prakaamy“’, may be

Poisson-Shanker
adapted to estimate hidden population size.

In this study, we employed the Chao lower bound
estimator, which is based on the Poisson mixture
distribution. This was done to illustrate a positive
scenario for COVID-19 during the Omicron wave in
Thailand. This method can also be used to demonstrate
regional variations. In other words, it has the potential
to be applied to other countries or smaller geographical
units in Thailand such as province or region.

There is a question about the COVID-19 testing
process in Thailand. The Polymerase Chain Reaction
(PCR) tests are highly accurate in detecting the genetic
material of the SARS-COV-2 virus. However, the confirmed
and death cases may be delayed due to the limited
availability of testing facilities, which are usually
overwhelmed with service on business days and can
be found only at designated hospitals, clinics, and
testing centers across Thailand. The official confirmed
death cases are announced by the Department of
Disease Control on the following day. For our
observational period, we have used a sample size of
4 weeks, which is reasonable enough to cover the

infection period with COVID-19 and its announcement.

Conclusions

The proposed estimator was utilized to determine
the actual scale of COVID-19 infection in Thailand
during the Omicron wave. A lower bound estimator
was provided under the cumulative time-series data
distribution for the optimistic scenario in terms of
vaccination or herd immunity. The CR technique was
used to provide a practical solution for underreported
cases, and it was easy to calculate. The Chao estimator,
based on underreported population heterogeneity,
was used to determine the true value of infection.
Future research should extend to the maximum number
of undetected COVID-19 cases using the Poisson Mixture
model. This information might be valuable for local
policymakers evaluating the epidemic's situation in

worse cases.
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Abstract

The purposes of this research were: to determine the prevalence of abnormal lung function and assess
the health risks associated with inhalation exposure to particulate matter in a sample of workers working in a
community rice mill. This research was conducted with ninety-three participants who worked in community
rice mill. Questionnaires were used to collect personal data, measure pulmonary function test using spirometry,
and measure particulate matter concentrations from inhalation exposure using air sampling pump, also assess
health risks from April to August 2022. The results showed that the inhalation exposure to fine dust of workers
in a community rice mill found that the average exposure to fine dust throughout the 8-hour working period
was 0.350 + 0.138, with all exposures not exceeding the standard of OSHA, defined as 5 meg/m’, and ACGIH,
defined as 3 mg/m’. All subjects were exposed to hazardous levels. 74.2% were at moderate risk, followed
by 22.5% at a high level and 3.3% at a low level. Community rice found that 31.2 percent of the samples had
abnormal pulmonary function working days per week. Work experience and risk level from inhalation of

particulate matter exposure were statistically significantly related to impaired lung function (p-value < 0.05).

Keywords: Health effects, Pulmonary function, Risk assessment, Rice mill, Community
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Figure 1 Inhalation exposure to fine dust from a worker in a community rice mill
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(Table) 1

Table 1 Risk level from inhalation exposure to fine dust
of the sample group working in a community
rice mill. (n = 93)

Risk Characteristic n %
Nesligible 0 0
Low risk 3 3.23
Moderate risk 69 74.19
High risk 21 22.58
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Table 2 The prevalence of pulmonary dysfunction
among a sample of people working in a
community rice mill (n = 93)

Pulmonary Function n %
Normal 64 68.82
Abnormal 29 31.18
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YU ke SEAUANMILEBININNNTEUNA LAz a0 UIRLAN
nansmeladanudunusivanssanindenidaunf
pg19iilpd Ay M19aia (p-value < 0.05) Tuneuzdl twe

918 AN TEAUNSANYY 15AUTEIRT NSguuns
A1598NNNAINE Taluan1svinausiedy lufianudunus
fuaussanmUeaRauni fdeandlunisnan (Table) 3

Table 3 Factors Associated with impaired pulmonary function from inhalation exposure to fine dust among

samples working in a community rice mill

Pulmonary function; n (%)

Factors Abnormal Normal p-value

Sex
Male 19 (20.43) 51 (54.84) 0.142
Female 10 (10.75) 13 (13.98)

Age
< 45 years 2(2.15) 9 (9.68) 0.493**
> 45 years 27 (29.03) 55(59.14)

Status
Single- widowed 3(3.22) 5(5.38) 0.701**
Married 26 (27.96) 59 (63.44)

Level of education
Primary school 19 (20.43) 37 (39.79) 0.535
Secondary school or higher 10 (10.75) 27 (29.03)

Congenital disease
No 10 (10.75) 20 (21.50) 0.755
Yes 19 (20.43) 44 (47.32)

Smoking
No 8 (8.60) 19 (20.43) 0.836
Yes 21 (22.58) 45 (48.39)

Exercise
No 21 (22.58) 53 (56.99) 0.249
Yes 11(11.83) 8 (8.60)

Working hours per day
< 5 hrs./day 17 (18.28) 41 (44.08) 0.649
> 5 hrs./day 12 (12.91) 23 (24.73)

Working days per week
<5 day 14 (15.05) 12 (12.91) 0.003*
>5 day 15 (16.13) 52 (55.91)

Working experience
< 5 years 14 (15.05) 45 (48.39) 0.041*
>5 years 15 (16.13) 19 (20.43)

Risk level
Low - moderate risk 18 (19.35) 54 (58.07) 0.002*
High risk 11 (11.83) 10 (10.75)

*p-value < 0.05, **Fisher’s Exact test
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Level and Factors Predicting Aging Society Preparation in Late-Working-Age Population in ...

Abstract

Cross-sectional quantitative research to study level and predictors of preparedness for an aging society
among the late-working-age population in Nakhon Phanom Province. Samples were 736 people and conducted
between December 2022-December 2023 using multi-stage random sampling. The research tool is a questionnaire
and qualification for validity index was 0.76 and reliability was 0.75. Descriptive data were analyzed using
numbers, percentages, means and standard deviations. Testing the predictive power of study factors by using
multiple linear regression coefficient analysis. The research finding revealed that most of sample were female,
with an average age of 49.9 years old, had primary education, marital status, and mostly of agricultural
occupations. Preparation for an aging society was at a moderate level for 74.3 percent. The predictive power
found that the study variables predicted preparation for an aging society by accounting for 31.3 percent,
arranged in order as follows: perception of group norms, receiving social support, having a conducive environment,

and perceived behavioral control. Therefore, these factors should be considered in planning and continue to

promote preparation for an aging society for late-working-age people later.

Keywords: Aging society, Late working age, Aging society preparation, Aging
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Table 1 Coefficient of regression analysis of predictive power of study factors on readiness for aging society in

late working aged of Thai population in Nakhon Phanom Province (n = 736)

Regression Coefficient

Model Predictors . 3 R RZadj sr R? Change
1. Perceived subjective Norm 0.862 0.426 0.226 0.225 11.7 0.226
Perceived Social support -0.556 -0.434 0.291 0.289 11.2 0.065
Perception enabling of Social
and environment 0.293 0.187 0.310 0.307 11.0 0.019
4. Perceived Behavioral control 0.376 0.194 0.317 0.313 11.0 0.007

Constant=20.56, R2= 0.317, R2Adjusted=0.313; Sr2=11.02, F=84.8, p-value< 0.001)

1NeN517 1 (Table) Wud fhuusvhuneannsasuiiu
afutgn1TsEuANUNoNgddenNgeiBveUsEvInT Y
ussnureuUangluiminuasnunlsiovas 31.3 (R = 0.317,
R? = 0.313; S = 11.02, F = 84.8, p-value< 0.001)

Adjusted
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Rapid Health Impact Assessment: A Tool for Developing the Healthy Public Policy

Abstract

Rapid changes in social and environmental situations, epidemics, and war have had an impact on public
policy, a sovernmental output that may have both positive and negative impacts on public health. Rapid
health impact assessment (Rapid HIA) emerges as a versatile type of health impact assessment and a valuable
tool for developing healthy public policies. This article presents the characteristics of developing such policies
with rapid health impact assessment, in line with the principles of health promotion, public policy model,
and rapid health impact assessment principles. The Rapid HIA implementations, detailed in accordance with
the steps of HIA, showcase their adaptability to impact characteristics despite limited time and resources. As
a result, these operations are applied by modifying or combining some HIA steps and utilizing rapid evaluation

methods. The rapid HIA findings are instrumental in the development of public policy proposals that are not

only timely but also well-suited for policymakers in their decision-making processes.

Keywords: Rapid health impact assessment, Public policy, Tool
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Figure 1 Public policy process and rapid health impact assessment process
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Development of Guidelines for Preventing Accidents from Riding a Sidecar Motorcycle of the Elderly...

Abstract

This study is a research and development initiative to create instructions for senior people in Chachoengsao
Province to reduce accidents when riding motorbikes with sidecars. The target group for the purposive focus
group discussion included public health academics, traffic inspector, district doctor, Chachoengsao Provincial
Transport Office, Academic Department, and the elderly. There are four steps in the research process: 1)
research scenarios and issues; 2) create guidelines; 3) test guidelines; and 4) assess the effectiveness of
recommendations implemented from May to July 2023. Thirty participants were tested using multi-stage
sampling based on the percentage of the older population in each district, and data were gathered through
focus groups and interviews. While content analysis was used to examine the qualitative data, descriptive
statistics and paired t-tests were used to investigate the quantitative data. The study's findings revealed that,
both before and after the three strategies listed below were put into place in Chachoengsao Province are
much different at the 0.05 level. Four factors make up the CIPP Model quality assessment: 1) contextualization,
2) leading Factors, 3) process Evaluation, and 4) outcome evaluation. It was discovered that perspectives on
recommendations for preventing traffic accidents involving elderly people riding motorcycles with sidecars
are held by experts and network partners. The averages for every factor were high (3.64 + 0.39). Recommendations
for putting the principles into practice should identify the limitations of rural and urban community situations

with various road configurations.
Keywords: Development, Prevention Guidelines, Driving Accidents, Sidecar Motorcycles, Elderly
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Environment

Factors physical Social/Economic
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daily life. them
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because they are used to strong health service
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® Behavior without helmet
Post- The severity of post-traumatic Did not get medical coverage EMS response EMS protocols
Crash  events and access to or compensation because the speed and Public support for
rehabilitation services vehicle was not registered. quality trauma care and

rehab

Health Sci J Thai 2024 July — September 6(3): 36-43.



Development of Guidelines for Preventing Accidents from Riding a Sidecar Motorcycle of the Elderly...

Yadevesnaifngimg 3 fu fe 1) §TuT 2) winue
(sadnerusudvinedne) 3) Auwndon (nuuuardunaden
lngseu) 2. szezvasnsiinmauwiadu 3 szee fe 1) szay
NBULNALAR 2) TL8LTENINUNALYR 3) TLELVRUNAMR NS
aunungu 2 ade Tdun naudgsenyfitudsndnseiusus
Wit 16 Au nguidmthiififuRnveununaaonsde
MNROUL MU 15 AU USeNausme @sinsesnas I 1 vim
M3INI99197 W 1 YU KUMLNUITIAT 11U 1 v
HUMLUAT195 91U3uU 1 v Inmsensnsasgudfinms
(ssnenuadaeiuaunmeiiua) 1w 7 au uwmdusedn
fua 1 auvvthdiinauuiddmines@ansdhedvnis
1 Ay @15Insiiu 1 au dndvinisanssagy (§ndnau
E1TUGUIIIR) 11U 1 AU 3Lﬂiwzﬁ%’agat,%ﬁl,ﬁamimaﬁw
Joyanenrnn wenviuamy 3ngud Mruedszdundn
UssidusoaazasUssmamsaumuIngutunoud 2 i
wvnimstlestugiRmmanmsiudsndnseususdvineiig
Y04Ka1e18 (Development 1: R2) JULUUMTITERAMAMN
indesdiefililunssiusAensdunusiuaznszuaunis
aumnngy nguidmng fe fismauazandieiete
AlunumiuanuUasademeauu $1u 6 au Tnens
Aadenuuuianzas indssflefildluiiusiusiudoyade
nsdufinideanisaunun wazhuudunival wasyinnis
Ansgideyadauion

Fuoud 3 nAFRULININTUeI U URAMANINRTIAS
MAMsTInsemeudTnstsdmudgeens (Research 1: D2)
T,mEJmiajméhaémwwma%umu (Multi-stage random
sampling) MUERAILUTEYNIHEIR LU LN 11 611D
(Proportional stratified random sampling) laln Lneitios
Azl ndudmanedie dasegdiuiy 30 Ay JUWUY
N15398 (One group pretest - posttest design) S¢¥iNaLADU
NOWNIAU-NTNH AU 2566

fupoud 4 Uszillunanwinenistesiugifivemie
951959 NM5TINTMBUATEmI Uiy Taoiiy
ANZNTTUNITAMUUABANEN UL T1UIU 30 AU LRBNNEGY
feganuuiazas Tnglduvasuamdnuazdarslnd
fATeasstulaeldUnuunsUssdiures Stufflebeam DL
sULUU CIPP Model Usgnausig 4 a1 n1susziiuuiun
Usndiutafoidosiu Ussliunssuiums uasUssiunadns
AouUssiurakuInLansm AL ITeldunsin

n1sUsEAiuAn (Rating scale) 5 seau™lauA wnfign an
drunans deoy waztieefign aediinasindenisusei

lasansnisUesiugUfmelussauanign (4.51-5.00)

110 (3.51-4.50) Urunany (2.51-3.50) tey (1.51-2.50)
uaztiosfian (1.00-1.50) Aady

nsAATIEdaya

NTAATIZNTRYAITIAUAINAIINATTUN TYRIAL
nsvUuNMsauIngu Seneideyadadenlaeindeus
0OAANA WENVNIANY TANaNA1 AnuaUsEiuman
UszLiuTouazasusamansauuIngy

NTIATEdeyAdaUSINuAE Al AN TR
Paired t-test iloLU3suifisunounazvdamsusultuunma
nstesiugiimmainnstudsndnseususdviasthaes
Haeeny Sminazlians

NAN1SANT

fFunauii 1 AnwanunisaluazUgymgiivgainnis
Fudsadnserususinisinaesigeeny (Research 1) wui
gURmaiAnTuInnsTuTsasnseueuinid e

q q
1 |

Agvongdmarihliinnisuindu anufinig wazdedin
Fesmfamansenuaunisinwuaselivesnseuasy
PINMTIATIEVaaIunsel wud Jadevesnisiing TR

'
a

3 fu 1) §iutdgeenafidymnisuesiiuwarnnslagudes

Y
v

souths fgeenglianuvuaniisds vinanudiudydnual
arstulsadnseusudinasingherueedy “fogreind
Tlmildnniiusidmeslnay ludesdaddanansdulides
muetliviuay” (g 018 61 T)

“twnanumnaniutonagldladudsainlsedisinasy
wildwsfeatIsmRenes” (e 81y 70 Y) “duiSeutiey
snlsirososnendednmmiulidesiitheasas” mds
918 62 V) “munniudeanuldadsuzuadulidon min
laauneiussnsyanuuiniudenlindnliresdnivinls
faeliiresldld” (we o1y 70 U)

2) §IUNINRUE (3A9NIIUBUANITN) VIRUlBUIBNIT
Fan1ssasadnserusuinisduivasaselunisnsiada
an “lUdmanimyinsu senzidounliasaniagig
wausneulmidlidwmilowdiundsgunldesndeudagiuin
00ANNTY” (M 18 60 V)

3) Fawindou (uuuarannndenlaeseu) matUReunUag
Tssasouilummuasmsdudsadnseusudvesigeeny
e “Oduouuinudamneaiaimmausgmadn
nythuilneAuAuagidun1a” (g 81y 62 U) svezvas
Ay 3 swog famil 1 lduanudanile
nAARITETuN1IAEUATT (Development 1) 381iN
AAsguaraIAlTEYITY WY @199ns 9571393 URYINg

Health Sci J Thai 2024 July — September 6(3): 36-43.

39



nsiaLILImMIen1slasivgiimnann1stulsndnseueuanladnevesEgeeny Jminazgans

a1515uauU]uRn1g windusednsiua wanddadnau
vudadaminaz@ansde1vns msinsiiu dndvnis
anssuauandinnuassaguimia guguu lunis
a¥umnuswile wwammanisdestugifmmainnisdud
SN TN NTIVOWEeE TV InRsBANT) INHANTT
Anvduneudt 1 Anwaniunisaiuar g tRimgainns
Fulsadnsesudivisinaesigeeny :nnsaunungu
Inglindn Haddon Matrix ias1g9i 3 Yade annviieau
AAeardosuarigiorgiduisndnsersusdviiedns loun
tadeynna (Mwdifetudndnualosasuasigingsunis
amnniads) Yadoenunmug uasdededaunnden asu
\uwmanistiestugdimgainnistudsndnseueud
wsiavesgeeny tnedulounsdsil

1) ulsniemsinnssadnseusuinisineduivaense
Tunernadnanmlithnesguldsunsdunsesiagiu
wazlagansilvignngmsneg

2) sussdmstvianuidnlang/dayanaydrganaslinu
Haenglussiugavu wazauvsnisfoioannuguuss
YDINTUINJU

3) winthednydnualigeenydudsadnseueusiviaing

ihulsugluimusuiministdesiugUaivenainnis
Fudsadnseeudvinsiimesfgeeny angdumauas
mAwtetefiiunmiuanaenfevnsauy Susoud 2

Fupoud 2 fanuumsnstlesiugtRmgannstud
s0dnseuLUANIivesaiey (Development 1 :R2)
NnFdermguazndaietneiifunumiuaudaonst
gv9au Usznaudae 4 suseu il

1) dasspnznasunmsduaasnfenisauurendy
Hasong SunummihisenuaanunsalgtRmmanmsiud
sodnserusuAntduwsasguy Anssianvntay
wwmnavesnistesiunisiingUnie

2) Svhuswimndwminae@answagivuaianssy
dunumeihuanudaendenisauulunguiasens lae
AAARBANUUTUNYDIUAAZ YUY

wa

3) ivuakIkazianssunsUesiunisiingdfime
PnmstuTsadnseueusiviaedg feil

3.1 Wlgnnensdanmssadnsenusuinisineiuivasnde
lunsasradinanimanuniouvessonouldsu

3.2 sussansiianuiidnlang/dyeray/d1895193
iuffgeonglussiuganu uazanamnnlsioieannnssuuss
YOINTUIARY

3.3 Uudgedauandeuiiamenmiay Tansssunsdul
yosuvy Wy Faduliivinalvanaiiofisdesminsiul

[ k4

anmsideiny Wuthedadnuakigiengiudsadnseuoud
W3t

1) Ussmnduiuduazvhdseuiuuimeesnstiosiu
msirgURmmIINMsiulsadnseusudivnsthmesgeny
Tunsasyuvy

Funeut 3 nedeuuumInmssugiRmnmaasas
MnMsdinsesudvisisfgeorgsuneiionsiBans
ngahmingRe Hevengdmiou 30 AU sEriaRou wewmMAL-
nN3NgIAY 2566 KaveINIANwILUIMeNTUosiugURiveg
eTRsINMSTEnse LR igeeny wu e
AentudydnvalasastounisTduuams (1.00 + 0.07)
v sluIMe (2.97 £ 0.18) weFinssumsanumnnisde
Aounslduuims (1.40 + 0.96) naansluumng (2.63
+0.49) M3dsIvnUnToNTes UL Ao UM IlkLIN g
(1.00 + 0.12) ndensluumma (3.83 + 0.37) Aawndo
fidadenaifngmaieunisliuuam (2.00 + 0.71)

o o

NAINTIWUINIG (3.19 + 1.56) wanAaiuseeilidfigy

N9ERRNTTAU 0.05 Famp15199 (Table) 2

Table 2 The results of the study of road accident prevention guidelines from riding a sidecar motorcycle of

the elderly (n = 30)

Pretest Posttest
t df  p-value
X S.D. X S.D.
Knowledge of traffic signs 1.00  0.07 297 0.18 59.0 29  <0.001*
Helmet wearing behavior 1.40 096 263 0.49 9.17 29  <0.001*
Explore the availability of sidecar motorcycles 1.00 0.12 3.83 0.37 40.9 29  <0.001*
Environment 200 0.71 3.19 1.56 a1.7 29 <0.001

*Statistically significant at the 0.05 level
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Table 3 Evaluate the road accident prevention guidelines from riding a sidecar motorcycle for the elderly (n = 30)

Assessment issues X+S.D. Interpretation
Context Assessment 359 +0.24 More
Assessment of input factors 3.57 £ 0.25 More
Evaluate the process 3.56 +0.20 More
Evaluation of product 3.84 + 0.35 Most
Total 3.64 £ 0.39 More
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Development of Paper-based device for Cholinesterase Enzyme Analysis from Exposure to...

Abstract

This research study aimed to develop a paper-based device for cholinesterase enzyme analysis from
exposure to organophosphate pesticides using the chemical reaction between 5,5-dithiobis-2-nitrobenzoic acid
(DTNB), acetylthiocholine chloride, and cholinesterase enzyme caused a color change from colorless to yellow
on the test paper. Quantitative analysis was done by taking pictures with a mobile phone (iPhone 12). Images
were processed with an image processing program (Image J). The resulting Red-Green-Blue (RGB) color intensity
is directly proportional to the concentration of cholinesterase enzyme. Ellman's method was used to test the
accuracy of the analytical method. Then, field testing was conducted among 40 farmers from Na Mai subdistrict,
Lat Lum Kaeo District, Pathum Thani Province. The paper-based device provided a linear dynamic range between
0.01-2.0 yg/ml with a correlation coefficient (R?) of 0.9832. The result of Ellman's method analysis found the
correlation coefficient (R?) equal to 0.9892. The screening results with a paper-based device found that 95 percent
of farmers had the cholinesterase enzyme in their blood between 0.39 to 1.97 pyg/ml. The development of
this device could serve as a tool for screening the health risks of farmers who who are exposed to pesticides.

Keywords: Paper-based device, Cholinesterase enzyme, Pesticide, Organophosphate
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Figure 3 Colorintensity of Whatman no. 1 paper-based
device after testing with acetylcholinesterase

at various concentrations
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Figure 5 Color intensity of Whatman no. 40 paper-based
device after testing with acetylcholinesterase

at various concentrations
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Figure 7 Paper-based device changes color after serum

dripped from farmer's blood
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Abstract

The cross-sectional study aims to study 1) the level of health services accessibility, social support and
satisfaction with services and quality of primary care services, and 2) the : factors influencing of the accessibility
of primary health care services for older people with chronic diseases. 422 older people with chronic diseases
were recruited using multi-stage random sampling. Three experts checked the reliability value of the questionnaire,
which was 0.971. the data were analysed using descriptive statistics and multiple regression statistics. The research
found that satisfaction with service and quality, an aspect of an interesting personality, has the highest mean
(Mean + SD: 4.37 + 0.56). Regarding social support, the assistance element has the highest mean (4.14 + 0.67).
The factors influencing access to primary health care services included satisfaction with an interesting personality,
help and support, coordination, information support, evaluation support, quality of service, and expense. In
addition, the number of times to have service and marital status (separated/divorced) can predict 79.5 percent
(Adj. R” = 0.795). Therefore, healthcare service units should emphasize safety from infection, and the system

for older people to access health services should be developed and organized to be more efficient for them

to trust to use the health services.

Keywords: Health services accessibility, Primary care, elderly, Chronic disease, COVID-19 outbreak
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Table 1 Multivariate analysis of influential factors of the

accessibility of primary healthcare services during the

COVID-19 outbreak of older people with chronic diseases in Nakhon Si Thammarat Province

Variable b SE B t p-value
Courtes 0.795 0.326 0.805 5713 < 0.001**
Instrumental support 0.341 0.262 0.416 5942 < 0.001**
Co-ordination 0.271 0.258 0.300 4.997 < 0.001**
Informational support 0.130 0.256 0.158 2.257 0.025*
Appraisal support 0.098 0.254 0.073 3.252 0.001%**
Quiality of care 0.111 0.252 0.117 3.197 0.001%**
Output off pocket cost 0.046 0.249 0.062 3.408 0.001**
Number of service -0.011 0.249  -0.077 -3.266 0.001**
Marital status (Divorce/Separate) -0.047  0.248  -0.047 -2.102 0.036*
Constant = 0.152, R = 0.894, R* = 0.800, Adj. R* = 0.795 F = 177.47

*p < 0.05,** p < 0.01
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Abstract

This research aimed to study the effectiveness of cannabis oil (Deja formula) on improving working memory
among insomnia patients. The subjects were equally randomized into two groups to receive one of the two
following treatments: in the experimental group, each subject was given cannabis oil (Deja formula) in
combination with sleep hygiene practices; in the control group, each subject was given a placebo along with
sleep hygiene practices. Brain waves were measured during testing backward digit span task. The results revealed
that: 1) before the experiment, the cannabis oil group had no difference in the Upper alpha ERD% compared
with the placebo group; 2) after the experiment, the Upper alpha ERD% had significantly increased in the
cannabis oil group in comparison to pretest results at AF4 (p = 0.001), F3 (p = 0.002), F4 (p = 0.048), F7 (p = 0.001),
F8 (p = 0.002), P7 (p = 0.007), and P8 (p = 0.005), and 3) after the experiment, the cannabis oil group showed
an increase in the Upper alpha ERD% compared with the placebo group at AF4 (p = 0.013), F3 (p = 0.035), F4
(p =0.031), F8 (p = 0.014), P7 (p = 0.008), and P8 (p = 0.008). Therefore, the use of cannabis oil (Deja formula)

along with sleep hygiene practices could increase working memory in insomnia patients.

Keywords: Cannabis oil (Deja formula), Working memory, Insomnia, Electroencephalography
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NAN13IY
naumegiinuanRnuinueilunsAnientd1s
M98 LAZANNITOVINNTNAADIAUATUAUAUA T
64 AU WNAYY 23 AU (Fapaz 35.93) LaginAndl 41 au
($oway 64.07) lawildnsn1smaundu (Response rate)

Table 1 Characteristics of samples

Tundumeasiuwagnguaiuay winiu Souay 88.57 war 94.29
muaau dnlngiiiongsening 41-50 U (Sovay 46.88)
nausegamnay ($osar 100) Lififeraliindudiyy
Fauandlun1adl (Table) 1

Cannabis oil (n = 31)

Placebo (n = 33)

Characteristics

Number Percent Number Percent

Gender

Male 13 41.94 10 30.30

Female 18 58.06 23 69.70
Age (year)

<30 6.45 3 9.10

31-40 29.03 10 30.30

41 -50 16 51.61 14 42.42

> 51 4 12.91 6 18.18

Mean = SD (Min : Max)
Cannabis contraindications

Never 31

43.16 + 7.59 (23 : 55)

42.45 + 9.09 (25 : 55)

100 33 100

71 ERD% maqﬂﬁuLLaaWWixﬁugqmmxﬁﬁaﬂiiu BDST
yavtheeneufiumeitounnaes sewitenguldngu
w1 hiunuewny) Aunguldemasnliunnsneiuygn
Frumlstalit Sauandlunait (Table) 2

A1 ERD% vosnAuNaNNTEAUgIvazyiAanTsy
BDST mwﬁwaﬂauﬁaLmaﬂuﬂﬁcjﬂ%ﬂfwﬁuﬁ’mm BN
nsmeaeaiistunne Uil Tned 7 suvmdsiiden
1NAINeUNINAaDIeg NETeEAYINeEiA Taln v
AF4 (p = .001), F3 (p = .002), F4 (p = .048), F7 (p = .001),
F8 (p = .002), P7 (p = .007) uaz P8 (p = .005) aulu

nauldemaenlaiumnsnatuiay fauandlunsed (Table) 3
ALads ERD% vesnAuLeannsziugs vaizinAanssy
BDST mantinaaaauiiamasnain1svnasy lunguls
infugen (Mfunmoiasn) wnndingaldervann
nasunsalidn Teedl 6 fumisiieniads ERD%
mam?ﬁluLLaaWﬁzﬁug_jﬂumjﬂ%ﬂfﬁuﬁ'@m (fFunuaLn)
wnndngultemaenegaiitudfiyn1eeEdia lawn s
AF4 (p-value = 0.013), F3 (p-value = 0.035), F4 (p-value
= 0.031), F8 (p-value = 0.014), P7 (p-value = 0.008)
ey P8 (p-value = 0.008) Fauanslunsnedl (Table) 4

Table 2 Comparison of mean score of upper alpha ERD % during BDST before experiment of two groups with

Mann-Whitney U test

EEG Cannabis oil group (n = 31) Placebo group (n = 33) - ovalue
channels  Median IQR Mean Rank Median IQR Mean Rank
AF3 87.84 13 35.55 84.67 24 31.79 -0.32 0.376
AF4 85.10 29 37.84 86.49 32 31.64 -0.38 0.351
F3 84.38 25 36.87 88.25 15 33.79 -0.57 0.284
Fa 88.57 22 37.00 79.60 21 31.30 -0.53 0.298
F7 88.20 13 36.45 88.60 14 33.85 -0.60 0.275
F8 89.17 13 37.82 94.17 16 36.03 -1.57 0.059
P7 87.75 28 38.35 90.06 34 32.12 -0.17 0.434
P8 85.91 32 38.26 89.04 23 33.30 -0.36 0.361

IQR = Interquartile range
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Table 3 The mean score of upper alpha ERD % during BDST between the cannabis oil group and placebo

group, before and after experiment with Wilcoxon signed ranks test

Cannabis oil group (n = 31)

Placebo group (n = 33)

ch:::els Pretest Posttest 5 ovalue Pretest Posttest - pvalue
Median IQR Median IQR Median QR Median IQR
AF3 87.84 13 92.30 11 -1.41 0.079 84.67 24 89.83 21 -0.81 0.208
AF4 85.10 29 92.05 10 -3.12*  0.001 86.49 32 89.22 26 -1.42 0.078
F3 8438 25 95.05 10 -296** 0.002 8825 15 91.99 14 -0.42 0.337
Fa 88.57 22 91.70 10 -l.67* 0.048 79.60 21 90.49 27 -0.08 0.468
F7 88.20 13 95.56 5 -3.08**  0.001 88.60 14 93.19 13 -1.55 0.061
F8 89.17 13 96.87 5 -295% 0.002 94.17 16 90.78 16  -0.54 0.296
p7 87.75 28 96.22 8 -2.48% 0.007 90.06 34 85.45 18 -1.31 0.095
P8 85.91 32 94.41 7 -2.59* 0.005 89.04 23 87.68 13 -0.76 0.224

*p-value < .05, **p-value < .01, IQR = Interquartile range

Aade ERD% mamﬁuuaaﬂwzé’uqﬂ YQUEVINAINTIU
BDST maninasasufinmeivainisnaass lunguld
13’111’145’@136111 (FSunsany) snnnrdnguldemasnynsiiumi
i Toedl 6 dundsiidads ERD% venauLoayh
5zﬁugq1uﬂfjusl%ﬁ’lﬁuﬁiy°uﬂ (PFunueinyn) nndnguls

gaviaenedudvudiagnieada loun sunus AFd
(p-value = 0.013), F3 (p-value = 0.035), F4 (p-value
= 0.031), F8 (p-value = 0.014), P7 (p-value = 0.008)
wag P8 (p-value = 0.008) Fauandlunnsnadt (Table) 4

Table 4 Comparison of mean score of upper alpha ERD % during BDST after experiment of two groups with

Mann-Whitney U test

Cannabis oil group (n = 31)

Placebo group (n = 33)

EEG channels z p-value
Median IQR Mean Rank Median IQR Mean Rank
AF3 92.30 11 35.55 89.83 21 29.64 -1.27 0.102
AF4 92.05 10 37.84 89.22 26 27.48 -2.22% 0.013
F3 95.05 10 36.87 91.99 14 28.39 -1.82% 0.035
Fa 91.70 10 37.00 90.49 27 28.27 -1.87* 0.031
F7 95.56 5 36.45 93.19 13 28.79 -1.65 0.050
F8 96.87 5 37.82 90.78 16 27.50 - 2.22*% 0.014
p7 96.22 8 38.35 85.45 18 27.00 - 2.44*% 0.008
P8 94.41 7 38.26 87.68 13 27.09 - 2.40% 0.008

*p-value < .05, IQR = Interquartile range

aAuTEna

1 ERD% Yo sAAULavsEiugs valzyinianssu BDST
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AUNEININAAINNINBUNAAIRENETEE Ay INEDR
2l 4l 7 susnds lEuA AFd, F3, Fa, F7, F8, P7 wag P8
yurfmevdsnimaces lunduliihiufam Ghiumew)
snningulfovasnogneidedndymaadd a dalwih
6 Funtla lown AFd, F3,Fa4, F8, P7 way P8 91atlurnaunann
qméwwmﬁﬁwmmamws A9-tetrahydrocannabinol (THC)
Tudnifuiioyn Gh¥umusiay) Tns THC Weingsnameasgn

yuaslUfaupauazduiu cannabinoid receptor (CB) v13lin
CB1 way CB2 Milwsneametinnukaumas anAnainnnada

SAnuge wazifinenisindy @

WATAAMAINAITUBUNAUNA T Fan1susunduaened
AN MERNANAlTHAUTIVINOUATL " > naeans

nauieg eI udY

mﬂﬁ%’uﬁwﬂuﬁ@m Frsunuin) wunasndunan 4 dani
pnvdnaLinnisasulassasrenieluwaduszan
(Synaptic plasticity) V‘iﬂﬁmiﬁﬂﬁzyﬁyﬂmUizmwﬁﬂgmUizmu
Uszam (Synapse) ﬁﬂizﬁm%quﬂfﬁu Fademadauande
AMNIVUETNIUAIY FOAARDINUNITANYINAVDINITINA
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Abstract

A new strain of the coronavirus, SARS-CoV-2, causes COVID-19, a severe and pandemic emerging infectious
disease. Real Time Polymerase Chain Reaction (RT-PCR) genomic testing is the standard method for the diagnosis
and detection of infectious agents due to its sensitivity and high specificity. Whereas, due to the rapid outbreak,
the development of rapid test kits to screen for infection is sufficient. This systematic review of the quality of
the rapid antigen test kits for COVID-19 employed databases from EBSCO, PubMed, Google Scholar, ScienceDirect,
and Scopus. The searching keywords were COVID-19, SARS-CoV-2, Rapid Test Kit, Antigen, sensitivity, and
specificity. This study started from June 1, 2021 to October 30, 2022, only in English and presenting the full
article. The results showed that, a total of 14 published studies were analyzed with 14 brands of rapid test kits.
The mean of sensitivity was 71.40% (95% Cl: 66.23-79.09), mean of specificity was 98.19% (95% Cl: 96.11-99.09),
mean overall validity was 85.21%, mean of positive predictive value was 85.21% (95% Cl: 97.55-99.18), and
mean of negative predictive value was 90.50% (95% Cl: 87.21-97.14). A nasopharyngeal swab was used, from
three brands plus an Oropharyngeal swab. In conclusion, this study found that the mean of sensitivity,

specificity, overall validity, and positive predictive values were lower than RT-PCR. Relevant agencies or

researchers should continue to study and monitor the spread of the disease.

Keywords: COVID-19, Antigen test kit COVID-19, Sensitivity, Specificity
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Figure 2 The correlation between the brand of rapid antigen test kits for COVID-19 and sensitivity and 95%

confidence interval
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Figure 5 The correlation between the brand of rapid antigen test kits for COVID-19 and positive

predictive value and 95% confidence interval
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Abstract

This research aims to study substance use behavior during the COVID-19 pandemic and gather information
on access to healthcare services among the group of injectable substance users in five provinces in Thailand.
A mixed-methods research approach was employed, with a sample group of 241 individuals selected through
quantitative surveys. The research also utilized purposive and snowball sampling methods, with the involvement
of field staff from APASS for qualitative data collection. In-depth interviews were conducted with 26 participants.
The study found that the sample group was predominantly male, comprising 220 individuals (91.30%), 16
females (6.60%), and 5 LGBT individuals (2.10%). The average age was 37.50 years. Heroin was the most
commonly used substance (74.30%), and most users reported using multiple substances simultaneously,
typically smoking combined with Yaba/Yalce (crystal meth). Access to health information and services was
generally good (23.70% and 16.20%, respectively). Online media was the primary channel for seeking
health-related information (64.00%). Most participants reported having access to personal protective equipment,
including hand sanitizer and face masks (74.30%), and the majority received COVID-19 testing from mobile
testing units (53.10%). The qualitative data indicated that they trusted health information from both media

and government agencies. Some expressed intentions to quit or reduce substance use, citing challenges related

to healthcare facility hours and transportation as barriers.

Keywords: Drug use, Health seeking behavior, Access to health care service
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Figure 1 Conceptual Framework
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Table 1 Drug-use behavior in COVID-19 pandemic period

(n = 241)
Type of drugs n %
1. Heroin 179 74.30
2. Amphetamines 109 45.20
3. Crystal methamphetamine 36  14.90
4. Marijuana 27 11.20
5. Kratom boiled watera 62 25.70
6. Procodyl 6 250
7. Benzodiazepine 23 9.50
8. Methadone 70 29.00
9. Tobacco 47 19.50
10. Alcohol 23 9.50
11. Beer 8  3.30
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(Table) 2

Table 2 The pattern of multiple drug use in COVID-19
pandemic period (n = 84)

Multiple drug use n %

Tobacco + Heroin 14  15.17

Tobacco + Amphetamines or

Crystal methamphetamine 19 19.46
Tobacco + Marijuana 3 5.62
Tobacco + Kratom boiled watera 4 6.48
Tobacco + Procodyl 1 3.94
Tobacco + Methadone 9 10.89
Alcohol + Tobacco 18 1853
Alcohol + Amphetamines or Crystal

methamphetamine 13 14.24
Alcohol + Marijuana 3 5.67
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Table 3 Reasons for drug use (n = 241)

Reasons n %
Persuade 39 16.20
Add to the fun 53 22.00
Relieve suffering 28 11.60
Increase energy for work 27 11.20
Relieve stress 43 17.70
Relieves pain 13 5.40
Relieves craving 38 15.90
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Table 4 Health care seeking and access to health care about COVID-19 (n=241)

Health care seeking and access to health care Never Rarely Sometime Often  Always Mean (SD)
Immediately select a health source when

needed health information 15.80 9.10 33.60 27.40 14.10 3.15(1.243)
Search or ask someone who knows until

getting accurate and up-to-date health

information 12.00 9.50 35.70 29.50 13.30  3.22(1.165)
Find health information from various sources

(e.g., seeking advice from professionals,

print media, the Internet) 17.40 12.00 34.40 24.90 11.20 3.00 (1.233)
Examine health information from various

sources to confirm my understanding 1490  12.90 34.40 25.70 12.00  3.07(1.211)
Considerate health information sources until

believing the information is reliable 14.90 8.30 36.90 23.70 16.20  3.18(1.241)
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Figure 2 Channels for seeking health information (n = 241)
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Obtaining COVID prevention Medical Not
Alcohol Gel Both Total
equipment; n, (%) Mask receive
Not APASS member (79, 32.78%) 12 (15.20) 6 (7.60) 59 (74.70) 2 (2.50) 79 (100.00)
APASS member (162, 67.22%) 37 (22.80) (3.10) 120 (74.10) 0 (0.00) 162 (100.00)
Total 49 (20.30) 11 (4.60) 179 (74.30) 2 (0.80) 241 (100.00)
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Figure 3 Covid-19 testing channels (n = 162)

Health Sci J Thai 2024 July — September 6(3): 78-84.

83



84

woRnssunsldansiania nisdumdayanisgunin nsididauazuinisguan luaaiunisalladn-19 ..

aAUsEHa

naanMsduMealluUssiiuvasmsfumdeyauins
guamiiatulsaledaifisdunudn nausegndlvinay
Wedesedeyatnasiiunandesavuuasmiisnuyes
fpua desnnnaudemglulssduievosdans
nsuanavdnguileaiuayutoiiaaiewesans uasuans
AnufuRaveuromslddosenty axtaeliAsmuilinda
wazdoiehanstudumust Snfmslésuamutaude
PMAMIBIUNATTUIE MNBUTDIAY LaEmigey
wngulunsndsusnemsgunnlunisdesiulsalain-19
(wugunsallesiulsaladn-19 uazn1snsiadnanse) wiuls
fainsatfuayunednunsdieliyanaldsudoyatias
fisidenuaztemilunsmanudiemdeivzudlutlym
Favhliiyamasudimuiesausonuauaaunsaiiule
(Perceive control) Fanidudrunilavesdenuualailsgn
nensindadgmiuethadime nslasunisatiuanu
MIdanNeE BN ATV ILAUATUNG ANTTUGUA N
wartedostudyminiauainlivuiy Jeagviala
JUANNNY, AUNNIR, Uazesagludanu (Social health)
Iiagaunfiga®

nanideluadaifedidoiaueuuydn nhenunia
onvuAIsiunumlunislinisatuayunadenusiudy
mn3g lumslideyauasuinmamaeguam deazdaelums
duasunazlosiunginssuavnimlaegadiuszdnsam
LLazm'ﬁﬁﬂ‘iﬂﬂﬂﬂ%ﬂﬁi@lﬂﬂ’)iﬁﬁ]%ﬁﬂw’ﬂ,‘u‘ﬂizLﬁusﬂmqﬂﬁiiﬂ
lkarenain3urinmsassunsennmstiasandaiiui
ietglunsUiuuauimsandunneannisliasianin
Timnzanfuuiunvesdidnivuinisluusagiud

LONE1TD19D

1. The Government Public Relations Department.
Measures to control and prevent the spread of
COVID-19. [Internet]. 2021. [Cited in 8 June, 2021].
Available from: http://www.moicovid.com/
wp-content/uploads/2021/04/3110230/32390. (In Thai)

2. Choudhury L. The impact of COVID-19 on harm
reduction in seven Asian countries. [Internet]. 2020.
[Cited 2021].
https://www.aidsdatahub.org/sites/default/files/
resource/hri-covid-report-2020-brief.pdf.

in 8 June, Available from:

3. Ukranan W. Methadone Maintenance Therapy in
Opioid Dependence: Review Literature. J DMS. 2017;
42: 116-21.

Health Sci J Thai 2024 July — September 6(3): 78-84.

4. The Government Public Relations Department.
Ranking provinces with the highest number of new
domestic COVID-19 cases. [Internet]. 2021. [Cited in
9 July, 2021]. Available from: https://www.facebook.
comV/informationcovid19/photos/352857816332549.
(In Thai)

5. World Health Organization.A conceptual framework
for action on the social determinants of health. World
Health Organization; 2010.

6. Yamane T. Statistics: An introductory analysis. New
York: Harper & Row; 1973.

7. Keren A. Trust and belief: A preemptive reasons
account. Synthese 2014;191(12): 2593-15.

8. Glanz K, Rimer BK, Viswanath K. Health behavior
and health education: theory, research, and practice.
John Wiley & Sons 2008: 193-95.



AAMNILNTUINTT ONSATUDYLADETLUALAMNIWATUIATIIMEIVRIV LUV

Nutritional Value, Antioxidant Activity and Microbiological Quality of

Cannabis sativa Leaf Tea
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UNANEYD
ANSIT8ASIU

o

nUszasiiiensIaMUSINANsddTY (delta-9-
tetrahydro-cannabinol (THC) wai cannabinol CBD) kag3As1eivinAam
yalnwunms gvisiueyyadasy uagannwiugadvinevesnlufiym
Tnedanvauvesluiymunwaundundnsasiduuuueluiye uay
WTIATINUSHMasEAgY THC wae CBD AaAmelagwing Usia
ansusEnavTtueBniianun qvisiueyyadasy uazamnwELTaT Ve
Ainsesideyasneaifidmssaun Tun anud Yevay Aeds waz
dudsauuannsgiu nan1sEnwmuin wansuriduluuslutged
UTuauans THC 1winfiu 0.303 g/100g g CBD iy 0.109 ¢/100g S
Soway 5.97 + 0.02 IauAmnalnvuinisusenaumelusiu fevasy 5.87
+ 0,03 nwthwiin Tusfu Sevaw 135 + 0.01 Taethutin asluleinsn Sovay
12.62 + 0.03 Ingtiwiin uazdn fovas 2.66+0.01 gt HUsna
asUsEneULeANImLA 79.10+0.60 lulasnsuauyadvasnsaunadnsie
Naddnsvesinedy Tvddueyyadase DPPH Wiy 131.45 + 3.56
lulasnsuauyadvadlnsaendrefiadinsveiiots wazviludgeid
U‘%mmaﬁmﬁﬁﬁwm coliform bacteria, Escherichia coli, Staphylococcus
aureus, 3 wardan fivuideulun dunasinesgiugnd wansAnlu
aSifloannsathlumeneslsindiiamiagmuiugniyruasUssviou
falaitewauwansusivnludgulisiauamidulununasiingmne
MvuakaziinLUaendeseruilag
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Abstract

The purposes of this research are: to figure out the essence quantity for delta-9-tetrahydro-cannabinol
(THO), and cannabinol (CBD) and to examine the nutritional value, antioxidant activity, and microbiological
quality of cannabis leaf tea. Especially the part of leaf of Cannabis sativa to develop a prototype of cannabis
tea product. Cannabis leaf tea was analyzed to figure out the THC and CBD quantity, nutritional value, total
phenolic content, antioxidant activity, and microbiological quality. Data were analyzed by descriptive statistics
such as frequency, percentage, average, and standard deviation. The results showed that the prototype of
cannabis leaf tea product had the substances was 0.303¢/100¢ THC and 0.109¢/100¢ CBD. The moisture in the
dried leaf for tea product was 5.97 + 0.02 %w/w. Tea product’s nutrition consists of protein was 5.87 + 0.03 %w/w,
fat was 1.35 + 0.01 %w/w, carbohydrate was 12.62 + 0.03 %w/w, and ash was 2.66 + 0.01 %w/w. Total phenolic
content was 79.10 + 1.26 [lg GAE/ml sample. Cannabis leaf tea had antioxidant activity which showed DPPH
free radical inhibition was 131.45 + 3.56 plg TEAC/ml sample. Cannabis leaf tea had the quantitative of total
microbes, coliform bacteria, Escherichia coli, Staphylococcus aureus, fungi, and yeast within acceptable limits.
This study may be conveyed to community enterprises where Cannabis sativa growers and people who are
interested in developing cannabis leaf tea products whose quality is within legal specifications and safe for

consumers.
Keywords: Nutritional value, Antioxidant activity, Microbiological quality, Cannabis sativa leaf tea
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coli (EQ) broth, Eosin methylene blue agar, and

Sabouraud dextrose agar from Himedia (HiMedia
Laboratories Pvt.Ltd., India)
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MInsmUBunaudanuazsn 1nes Standard pour
plate fnwUaINIdUINIFIUTEe FDA (2001)%” Tia
fheghahulufyyn 1 fadans Tduammnzde mems
Sabouraud dextrose agar U11015 15-20 Jaaanssoau
myuaniliieganaudfuomsidsaide meeliluls
oWnsdetouts ﬂw"l:d‘ﬂuwal,%yaﬁqmmﬁﬁauﬂunm 53
Tusuau colony vesaruassifisalutag 30-300 Talatl
Ay CFU/g va3diegne vn1sneaes 3 ade

mimqfumL‘%!IafiaiiﬂmmilﬁuﬁwStaphylococcus
aureus 1835 Spread plate method fnlLuasan
FBansgues FDA (2019 Vumiregraeludyyan
0.1 fiadans laluauewnsidsade Mannitol salt agar 14
whuAauimaen naglutuasihonns thlutimeie

7i 35 + 2 eswnwadva Wunan 48 Falus lelafives S.
aureus MASEUUEMSEENTD AxiidvEssdeusoudie
wudvnigu thumeaeunisasiueulsy Catalase lnanis
Weodeundsliidniu 3% Hydrogen peroxide fnfude
s. aureus axiimsaren ssufadntu Tusuleladiild
nauINLavAnaulu CFU/g vasinage vhnsveass 3 as

nsassvideya

1) YeyanmuAnialarunns Usunumsusznauiluedn
v quisiusyyadasy DPPH uazAmAMENLIAuNEs
senududesar Anade wavdnudeuuumasg

2) MmAnTEiUSInateduIitmun Tndvesu
wuAde £ coli Bad 31 way S. aureus finulualufean
pannaTinIgIu fuandunised (Table) 1

Table 1 Quality criteria of pathogenic microorganisms in foods

Pathogenic microorganisms in foods

Quality criteria

Total viable count*
Coliform bacteria**
E. coli**
Yeast**
Fungi**

S. aureus***

< 5x10" cfu/l g
<2.2 MPN/100 mL
Not detected

< 100 cfu/l g

< 100 cfu/l ¢

< 100 cfu/l g

Note:

* Announcement of the Herbal Products Committee on quality control methods and specifications

of herbal products and criteria, methods and conditions regarding certificates of herbal product analysis

results, B.E. 2021%”

** Notification of Ministry of Public Health (No. 356) B.E. 2556 (2013) Re: Beverages in Sealed Container

in dried form®’

*** Notification of Ministry of Public Health (No. 416) B.E. 2563 (2020) Issued by virtue of the Food Act
B.E. 2522 Re: Prescribing the quality or standard, principles, conditions and methods of analysis for

pathogenic microorganisms in foods”
NANITANY

eI lufigyn

NNNTEVIUMTAAUIYTIUAY 1009% Mutaluztin
TunsNAUI919NEITNIUANLNTIUNITOIMITLAZ N
NIENTNEAIGITOUAY a1 1.30, 4.30 uay 6 Falug wui
nseurfigamail 50 esrniwaliua uiu 6 Falug il
fimuty Yevay 5.97 + 0.02 Tagthwin Faduluay

Table 2 Percentage of Moisture of cannabis leaf tea

Gﬁaﬁmuﬂmm%ummizmmﬂszmaqmmimqm (atuil
356) W.A. 2556 (304 LATesuluNLEUTTI DA Blinuris
fismualitesninfosas 6 \Juwandunmsed (Table) 2
LaTANNTAINTIVNATIEAUINUES THC way CBD wumn
yluAgyw dUsunaans THC wihiv 0.303 n5ume100 N3y
wazduTunuans CBD Wiy 0.109 n3usinl100 Ny

Sample/Drying time

Moisture (% w/w)

1.30 hr.

4.30 hr. 6.00 hr.

cannabis leaf tea 8.83 + 1.27

6.87 £ 0.73 597 £ 0.02

Note: Data represent mean + SD. from 3 experiments.
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N33ATERANAIMNISIAYUINTG

INNENTIATIEIRNAINITNTUINTVRI LU YY)
Tleuigaumal 50 ssrnwaiBea U1 6 Tl wui il
faruduferay 597 + 002 Tnedwiin TUsfudesas

5.87 + 0.03 Ineuuidn lvdudesas 1.35+0.01 lnetwmin
slulawmsndonay 12.62 + 0.03 lneiudn waziensevay
2.66 + 0.01 Inetvin Wusuandunissi (Table) 3

Table 3 Percentage of Nutritional Value of cannabis leaf tea

Sample Moisture Protein

Lipid Carbohydrate Ash

cannabis leaf tea 5.97 + 0.02

587 £ 0.03

1.35 £ 0.01 12.62 + 0.03 2.66 + 0.01

Note: Data represent mean =+ SD. from 3 experiments, units as % w/w

AsAs1zIUSuaa1sUsenouluednnevuauas
ONSATUBULADETY
Y o
PMNEAILATITIUTINUETUSTNBUTILRANNIALAY
gissnueyyadasyvesytuinyw wud wluiywidiviinu
ansUseneuiluednviaun 79.10 + 0.60 lulasnsuauyad

YoInIAUNaANseTiadanTve B uarTlgviiueyaBasy
DPPH i1y 131.45 + 3.56 lulasnSuauyadvedivsaend
sofladansvesinegs usuansluniseil (Table) 4 way
AT (Fieure) 1A — 1B

Table 4 Total phpnmlir‘ caontent._and antioxidant activity with DPPH assay of cannabis leaf tea

Total phenolic contents
(Ug GAE/ml sample)

Sample

Antioxidant activity of DPPH
(Mg TEAC/ml sample)

Cannabis leaf tea 79.10 + 0.60

131.45 £ 3.56

Note: Data represent mean + SD. from 3 experiments.

1A

2.50 -

y = 0.0332x + 0.0138
R? = 0.9989
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Table 5 Microbiological quality of cannabis leaf tea
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Abstract

This research involved the analysis of heavy metal contamination levels and the assessment of health
and cancer risks due to exposure to heavy metals present in tap water through consumption and bathing in
the Mueang Phitsanulok District, Phitsanulok Province. Tap water samples were collected randomly from every
sub-district. In each sub-district, tab water samples were randomly obtained from one water supply source
and three households, making a total of 80 sampling points. The quantification of heavy metal levels was
analyzed using an Atomic Absorption Spectrophotometer (AAS). The study's findings revealed that tap water from
both sources exhibited the highest contamination levels of Fe, followed by lead, zinc, copper, and cadmium,
with average concentrations of ND-0.249, ND-0.049, 0.003-0.151, ND-0.077, and ND-3.584 mg/L, respectively.
Only Cu and Cd concentrations exceeded the Metropolitan Waterworks Authority standards. In the event that
the public utilizes tap water for drinking, it resulted in a low health risk over a 5-year continuous consumption
period (THQ = 0.73484), a moderate risk over a 10-year continuous consumption period (THQ = >1.46968),
while lifetime consumption leads to a high health risk (THQ = 7.93090). Additionally, tap water consumption
also poses a risk of developing cadmium-induced cancer (CR = 0.0003-0.00144). Using tap water for bathing does

not have a substantial impact on health (HQ = 2.66x10™ to 1.72x10”).

Keywords: Tap water, Heavy metals, Health risk assessment, Cancer, Exposure
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2) msleswinsvuieulansuinluhused
aududuedaveniinluineghaissriinsesey
o nzi uaadion nesuns §ansd uazndn arinssh
fhetheas 391 Tnenstossogsstamingeied Hich
Performance Microwave Digestion #vio Milestone Connect
$U Ethos"M UP #n383105g1u U.S. EPA Method 3015a
(freenatin 45 mL + 5 mL HNO, igamgfi T1 uay T2 180 °C

ey Power 1800 W) mmi’umaaﬁﬁaaﬂwﬁwmwwmm
Whatman we$ 42 Y§uuSinmseeindudu 50 Jaddns
warhlUiseiseiniosesnesiinueusesniuaunins
Tullpdimes (Atomic Absorption Spectrometer: AAS) B
SHIMADZU u AA- 6200 Uszimedjtu Tnedian LOD (imit of
detection) TeuAndioy pzi Nz Nowns uazvan JiAn
Wiy 0.0003, 0.001, 0.006, 0.0005 wa 0.1 HaaNTUADENST
PNUAIAU LazSa8azNISAUNAU (% recovery) AN
89-98%
nsUssfiunuidssiagunwainnislddss
nsUszifiumnuidssieguninazianuidudues
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Thailand “* wenanilumsUssidiuarudesieguninay
nsuseiliusnunssuduialaneniinlussusian 5, 10,
15 way 20 U 2uian1s5uduianasnd98in
2) msUsziiiunssududalavewtin
msUssdiunssudusialanemindivuidouludhuseun

(15,

PINNISAULBLNRINT @nunsasualea™ deaunisi 1

LavaAunISN 2

_ QW xIRx EF xED 1)
ingestion water - BW X AT
_ CW x SAx PCx ET X EFX ED X CF (9

CDldermal contact water — BW x AT

3) MIBTUNANYULANULEAELFDAVNINYDINGNAT
av o ¥ a <
PlineliinlsaugiSs
msUszfiumudssogunmdlineliinlsauziss
Falgsududaananzm waaloy &N Noawaa Lavivan
Pulauluiuseu"® anunsaawinlaainaunisy 3

HQ = CDI/Rfd (3)

9193 NNSUSZEUANULERURINISHANANTENUAZLIAN
HQ vadwmazlansntini baSUdUEaunsIui o UseLiy
ANULEEITIY (Total Hazard Quotient: THQ) 7 slsaunis 4

THQ = HQPb+ HQCOI + HQZn + HQCU + HQFe (4)
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(HQ <0.1) Sunsesi (HQ = 0.1-1.0) Sussietunan (HQ =
1.0-4.0) Wagduns1egs (HQ >4)

1) MyeBunednuarALIFFAUN N BINGLATT
AelinlsANziSe
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wazuAndionrunsUELnAt sz TngaunsuesnsAuan
audssiineliinuzSadumsmunamiudomasniin

(19) =

NuNsANEIUSEUN IUTIRUSEIN T feaunnsi 5

Cancer Risk (CR) = CSF x CDI (5)

Dermal contact

NN sduNaansnauz SR ndulaasateuie
AflnasansiinuzSweniuizfeiuasiinisusediuany

HeosvosnsiiauzSesauge’” faEunisi 6
Total Cancer Risk (TCR) = Cpr+ CRCd ©

Wl US.EPA Idlausugineaudsdunisiisswise
oeusulatiddaust 107 fe 10° Fanssmunnnsiisne
ypamsUszifiuamdssdequamuazuzise dauandly
AN57371 (Table) 1

Table 1 Constant values for calculation in health and cancer risk assessment equations

Variable symbols: Meaning of symbols

Constant values

CDI

ingestion water

CDI

Dermal contact water

HQ: Hazard quotient, THQ: Total hazard quotient
CR: Cancer risk, TCR: Total cancer risk
CW: Average heavy metal content in water (mg/L)

IR: Incidental ingestion rate of water (L/day)*”

EF: Annual exposure frequency for water drinking /bathing (days/year)

(21)

ET: Exposure time for bathing (hours/day)

ED: Lifetime exposure duration (years)

AT: Averaging time (days) : carcinogenic substance (70 years

BW: Body weight (kg): Female, Male “*
SA: Skin surface area exposed (cm?’) : Female, Male

PC: Skin permeability constant (cm/hour) *?

CF: Conversion factor (L/cm?)
Rfd: Reference dose (mg/kg/d)

CSF: Cancer slope factor (mg/kg/day) *¥

: Chronic daily intake via water ingestion (mg/kg/d) .

: Chronic daily intake via dermal contact water (mg/kg/d) -

2
365
0.4
70
25,550
57.4, 68.9
1,582, 1, 801
Pb = 0.001, Cd = 0.00084, Zn =
0.0006, Cu = 0.001, Fe = 0.001
107
Pb = 0.0035, Cd = 0.0005, Zn =
0.3, Cu = 0.04, Fe = 0.007
Pb = 1.5, Cd = 0.38

) (22)
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fuulfunsiudouvedaveminuientufinsiawuen
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fiadnSuredns mudsu TneuSunamanudutueds
YoIdINZARAENILAIA I LIALN 9IRS IUYEIUTEUN
upsnandmiunsidgulnauilan luvausiviununs
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u’1mg'lumaqﬂixmumwmaﬁmumﬁ (0.01, 0.003 way
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Figure 1 Contamination of heavy metal in water supply

at Mueang Pitsanulok district, Pitsanulok province
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Wudﬂﬂﬁé’umw&J@iaqénmwﬁu’aLWW@JLL%LWMW@?&LW@
mseuthussUdusrezna 59 auiimaontisdin lneiia
é’md’;uﬂ’nmﬁmag’luﬁ’m 2.24x107-1.72x10°,1.32x10°%
1.025x10°, 2.66x10™%- 2.04x10°, 1.78x10°- 1.37x10”

Way 5.45x10™°- 4.19x10° puddu WeRinnsanaiary
Eeere qmmwmumﬂmimuﬁwz‘wudwLLﬁﬁmﬂ%ﬁWUizm
5@w‘lfw91aaWd’N%'fmﬁlﬂﬁé’umwﬁaqmmw AILLARNS
Tum15799 (Table) 2

Table 2 Health risk of heavy metal through tap water consumption and bathing

Health risk Tap water consumption Bathing tap water

assessment 5 years 10 years 15 years 20 years Lifetime 5years 10 years 15years 20 years Lifetime
Pb

DE

female 0.00039 0.00078 0.00118 0.00157 0.00549 1.24x10™° 2.48x10™ 3.72x10™° 4.96x10™ 9.57x10”
male 0.00033  0.00065 0.00098 0.00131 0.00457 1.18x10™° 2.35x10™ 3.53x10™° 4.70x10™ 9.08x10”
HQ

female 0.11199 0.22399 0.33598 0.44797 156791 2.36x107 4.72x107 7.09x10" 9.45x10" 1.72x10°
male 0.0933  0.1866 02799  0.3732 1.30621 2.24x107 4.48x107 6.72x107 8.96x107 1.64x10”
LHR

female Low Low Low Low Medium Negligible Negligible Negligible Negligible Negligible
male Negligible Low Low Low Medium Negligible Negligible Negligible Negligible Negligible
cd

DE

ferale 0.00005 0.00011 0.00027 0.00021 0.00074 1.40x10™" 2.79x10™ 4.19x10™ 5.59x10™" 1.13x10”
male 0.00004 0.00009 0.00013 0.00018 0.00061 1.32x10™" 2.65x10™"" 3.97x10™" 5.30x10™" 1.07x10”
HQ

female 0.10515 0.2103  0.31545 0.4206  1.4721 1.40x10° 2.79x10° 4.19x10° 5.59x10° 1'02'?10
male 0.0876  0.1752  0.2628  0.3504  1.2264 1.32x10° 2.65x10° 3.97x10® 5.30x10° 9.67x10”
LHR

female Low Low Low Low Medium Negligible Negligible Negligible Negligible Negligible
male Negligible Low Low Low Medium Negligble Negligble Negligible Negligble Negligible
Zn

DE

femnale 0.00009 0.00018 0.00027 0.00035 0.00124 1.68x10™" 3.36x10"" 5.04x10™" 6.72x10™"" 1.42x10”
male 0.00007 0.00015 0.00022 0.0003  0.00103 1.59x10™" 3.19x10™" 4.78x10™" 6.38x10™" 1.35x10”
HQ

female 0.0003  0.00059 0.00089 0.00118 0.00413 2.80x10™ 5.60x10™ 8.40x10™° 1.12x10° 2.04x10*®
male 0.00025 0.00049 0.00074 0.00098 0.00344 2.66x10™ 531x10™° 7.97x10™" 1.06x10”° 1.94x10°
LHR

female Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible
male Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible
Cu

DE

female 0.00007 0.00014 0.00021 0.00028  0.001 2.25x10™" 4.50x10™ 6.76x10™" 8.54x10™" 1.80x10”
male 0.00006 0.00012 0.00018 0.00024 0.00083 2.14x10™" 4.27x10™ 6.41x10™" 8.54x10™" 1.70x10”
HQ

female 0.00178 0.00356 0.00534 0.00712 0.02492 1.88x107 3.75x10° 5.63x10° 7.51x10” 1.37x10"
male 0.00148 0.00297 0.00545 0.00593 0.02544 1.78x10” 3.56x10° 5.34x10° 7.12x10° 1.20x10”
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Table 2 Health risk of heavy metal through tap water consumption and bathing (Continued)

Health risk Tap water consumption

Bathing tap water

assessment 5 years

10 years 15 years 20 years Lifetime 5 years

10 years 15 years 20 years Lifetime

LHR
female Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible
male Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible Negligible
Fe

DE

female  0.00127 0.00254 0.00381 0.00509 0.0178 4.02x10™ 8.05x10™ 1.21x10° 1.61x10”° 2.89x10®
male 0.00106 0.00212 0.00318 0.00424 0.01483 3.81x10™ 7.63x10™ 1.14x10° 1.53x10”° 2.74x10°
HQ

female 0.18165 0.36331 0.54496 0.72662 0.18165 5.75x10™ 1.15x10° 1.72x10° 2.30x10° 4.19x10°
male 0.15133 0.30267 0.454 0.60534 2.11869 5.45x10™ 1.09x10° 1.63x10° 2.18x10° 3.98x10”
LHR

female Low Low Low Low Low Negligble ~ Negligible  Negligible ~ Negligible  Negligible
male Low Low Low Low Medium Neglighble  Neglighle Negligble Negligible Negligible
Total HQ 0.73484 1.46968 2.20552 2.93935 7.93090 493x107  9.85x107  148x10° 197x10° 3.60x10°
Level of

health Risk Low Medium Medium Medium High Negligible  Negligible Negligible Negligible Negligible

Note: DE: Daily exposure (mg/kg/day), HQ: Hazard Quotient, LHR: Level of health Risk, HQ<0.1 (Negligible),

HQ=>0.1<1 (Low), HQ>1<4 (Medium), HQ>4 High
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