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Recently, due to COVID-19, many people are spending most of their time indoors. So, there is a rising interest on the
indoor air quality in the field of building construction. The main sources for the indoor air pollution are human indoors
activity, building materials, living supplies and the polluted air from outdoor. The Korean government has designated 17
indoor air pollutants including fine dust, total airborne bacteria, fungi and carbon dioxide, etc.. Most people are always
exposed to assorted bacteria and molds in our daily life, because indoor environment for human, moderate temperature are
humidity, it is favourable to the growth of most of bacteria and fungi. Pine needles have an antibacterial effect against
bacteria and fungi. In this study, the antibacterial activity against bacteria and fungi was tested by cement matrix using
pine needle extract. As a result, the cement matrix using pine needle extract showed antibacterial activities against bacteria,

but in the case of fungj, it did not show antifungal activity.
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Table 1. Pine needle extract experimental factor
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Table 2. Cement matrix experimental factor

Experimental factors Items

Binder Cement 1
Ww/C 35 % 1
s o | owuswxs [
Curing condition Temperature 20+2 C 1

. Staphylococcus aureus
Bacteria II)ESZherichiaL coli 2
Fungi Aspergillus niger 1

Antibacterial experiment
Measure Antifungal experiment 3

Compressive strength

Table 3. Physical properties of cement

Experimental factors Items
Addition ratio of pine needl - i Setting time (him) | COmPressive strength
tion ratio oF pine MEeie | 10 20 30 50 70 80 90 100 | 9 Density S £ ' (MPa)
extract(ud) (g/cm?) (cm?/g)
B - Initial Final 3d 7d 28d
Curine condition Bacteria : temperature 37 C )
2 Fungus : temperature 25 C 3.15 3000 3:20 5:50 125 | 225 | 425
hyl
Bacteria Siaphylococes aures |
scherichia colt Table 4. Chemical composition of cement
Fungi Aspergillus niger 1
Measure Antibacterial experiment 5 Ca0 Sio, A0 MgO Fe:05 S
Antifungal experiment 62.6 21.9 4.8 2.6 34 47
Table 5. Chemical composition of pine needle extract
Composition a-pinene [3-pinene Comphene [3-phellandrene Bornylacetate [3-caryophyllene Citronellol
% 23.07 22.00 5.52 6.78 9.76 3.05 13.42
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Fig. 4. The result of compression strength
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Fig. 2. The process of sterilizing cement matrix

Soak in ethanol for 30 sec
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Table 6. Antimicrobial activity of pine needle extract

W =R
@l o
=< op
ol O
LT K
— 1
Ly ._”.____ s K
.M.MJ N Jnl_ oH
ge z0 ® mm <
g3 m WM T
8. o _rn__“__m
W.% 100 <
3. mE oW =
T e kel 5 o
=5 o T X T
53 100 =
2. — = T
28 od mxxH
8 X p o
i ol %o N_,w_.u @m
° H <
= H ™ om
LY
_ﬂo Ko M
- 8%
(5] = o]
™ RO
EN ER
K + K +
2 + 2 +
B3]
= =
m S5 + 5 +
o
M 2 + 2 +
=1
= & £ & +
(=}
& ' & +
2 ' 2 %
(=) 1 (=)
$ 18z % |8 |z,
= S v S 2 < ]
= hNa m(ﬁm .m m(Mm
g g |< g |z |<
=¥ (=%

A & A0 CHS

A= 2

less effective

+ : effective, +":

. ineffective,

Table 7. Antimicrobial activity of hardened cement paste using pine needle extract against staphylococcus aureus

Hardened cement paste using pine needle extract
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Table 8. Antimicrobial activity of hardened cement paste using pine needle extract against escherichia coli

Hardened cement paste using pine needle extract
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Table 9. Antifungal activity of hardened cement paste using pine needle extract against aspergillus niger

Hardened cement paste using pine needle extract
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