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∫∑§—¥¬àÕ
°“√»÷°…“π’È‡ªìπ°“√∑¥ Õ∫§«“¡ “¡“√∂¢Õß‡§√◊ËÕßøÕ°Õ“°“»™π‘¥Õ‘‡≈§‚∑√π‘§øî≈‡µÕ√å∑’Ë„™âÀ≈—°°“√¢Õß π“¡·¡à‡À≈Á°

‰øøÑ“ ∂‘µ„π°“√°”®—¥‡™◊ÈÕ√“ Aspergillus niger ·≈– Penicillium citrinum ·≈–‡™◊ÈÕ·∫§∑’‡√’¬ Staphylococcus epidermidis
·≈– Bacillus subtilis ÕÕ°®“°°√–· Õ“°“»¿“¬„πÀâÕß∑¥≈Õß¢π“¥ 8 ≈Ÿ°∫“»°å‡¡µ√ °“√»÷°…“„™â°“√æàπ‡™◊ÈÕ®ÿ≈‘π∑√’¬å
‡¢â“‰ª„πÀâÕß∑¥≈Õß∑’≈–™π‘¥ ·≈–∑”°“√‡°Á∫µ—«Õ¬à“ß®ÿ≈‘π∑√’¬å„πÕ“°“»∑’Ë√–¥—∫§«“¡ Ÿß 2 √–¥—∫ §◊Õ 0.5 ‡¡µ√·≈– 1.5 ‡¡µ√
‡æ◊ËÕ»÷°…“ªí®®—¬¥â“π√–¬–Àà“ß∑’ËÕ“®¡’º≈µàÕ°“√∑”ß“π ‡π◊ËÕß®“°‡§√◊ËÕßøÕ°Õ“°“»π—Èπµ—ÈßÕ¬Ÿà∑’Ëæ◊Èπ (§«“¡ Ÿß 0.67 ‡¡µ√) ‚¥¬
«—µ∂ÿª√– ß§åÀ≈—°‡ªìπ°“√‡ª√’¬∫‡∑’¬∫§«“¡‡¢â¡¢âπ¢Õß®ÿ≈‘π∑√’¬å„πÕ“°“»„π ¿“«–∑’Ë‰¡à‰¥â„™â‡§√◊ËÕßøÕ°Õ“°“» °—∫ ¿“«–∑’Ë„™â
‡§√◊ËÕßøÕ°Õ“°“»‡ªìπ‡«≈“π“π 4 ™—Ë«‚¡ß º≈°“√»÷°…“æ∫«à“ ‡§√◊ËÕßøÕ°Õ“°“» “¡“√∂°”®—¥®ÿ≈‘π∑√’¬å§«“¡‡¢â¡¢âπµ—Èßµâπ 34,000
- 80,000 cfu/m3 „ÀâÕ¬Ÿà¿“¬„π‡°≥±å¡“µ√∞“π∑’Ë 500 cfu/m3 ‰¥â¿“¬„π√–¬–‡«≈“ 30-40 π“∑’ ¬°‡«âπ B. subtilis ∑’ËµâÕß„™â
‡«≈“π“π°«à“π—Èπ ‚¥¬®”π«π®ÿ≈‘π∑√’¬å∑’Ë§«“¡ Ÿß∑—Èß Õß√–¥—∫·µ°µà“ß°—πÕ¬à“ß‰¡à¡’π—¬ ”§—≠∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 99
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Capability of electronic-filter air purifier on
airborne microorganism removal
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Abstract
The performance of the electronic-filter air purifier that uses the principle of electrostatic field on airborne fungi

(Aspergillus niger and Penicillium citrinum) and bacteria (Staphylococcus epidermidis and Bacillus subtilis)
removals was tested in this study. The experiment was conducted in the 8-m3 chamber by injecting each type of
microorganism and sampling the bioaerosol at two height levels, 0.5 and 1.5 m. Since the air purifier was located
at the floor with the height of 0.67 m, the microbe concentrations at these two height levels were observed for any
difference in its performance. However, the main objective was to compare the microbe concentrations when
turning on the air purifier and turning off for duration of 4 hours. The results were that the air purifier could remove
the microbes from the initial concentrations of 34,000 - 80,000 cfu/m3 to comply with the recommended concentration
of 500 cfu/m3 within 30-40 min except for B. subtilis that needed longer time. The height level did not affect
the performance of the air purifier in this study at the level of confidence of 99 %.

Keywords:    Air purifier, Airborne microorganism removal, Airborne fungi, Airborne bacteria, bioaerosol
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∫∑π”
      ¿“æ§«“¡‡ªìπÕ¬Ÿà·≈–°“√„™â™’«‘µ¢Õß§π‰∑¬„π —ß§¡
ªí®®ÿ∫—π ¡’°“√‡ª≈’Ë¬π·ª≈ßµà“ß‰ª®“°Õ¥’µ‡ªìπÕ¬à“ß¡“°
‡™àπ‡¥’¬«°—∫≈—°…≥–¢Õß∑’ËÕ¬ŸàÕ“»—¬·≈–Õ“§“√ ∂“π∑’Ë
‰¥â‡ª≈’Ë¬π®“°‡√◊Õπ‰¡â‚ª√àß À≈—ß§“ Ÿß ¡’Àπâ“µà“ß√–∫“¬Õ“°“»
√Õ∫¥â“π‡ªìπÕ“§“√ªî¥¡‘¥™‘¥„™â‡§√◊ËÕßª√—∫Õ“°“»·∑πÕ“°“»
∏√√¡™“µ‘ ªí≠À“∑’Ëµ“¡¡“§◊Õ §«“¡‡®Á∫ªÉ«¬∑’Ë‡°‘¥®“°°“√
À“¬„®‡Õ“ “√¡≈æ‘…∑’Ë – ¡Õ¬Ÿà¿“¬„πÕ“§“√ ‡™àπ ΩÿÉπ¢π“¥‡≈Á°
°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å §“√å∫Õπ¡ÕπÕ°‰´¥å ÕÕ°‰´¥å¢Õß
‰π‚µ√‡®π ‚Õ‚´π øÕ√å¡“≈¥’‰Œ¥å  “√Õ‘π∑√’¬å√–‡À¬ßà“¬
∏“µÿ°—¡¡—πµ√—ß ’‡√¥Õπ ·≈–®ÿ≈‘π∑√’¬åµà“ßÊ‰¡à«à“®–‡ªìπ·∫§∑’‡√’¬
‡™◊ÈÕ√“ ‰«√—  √«¡∂÷ß “√°àÕ¿Ÿ¡‘·æâ∑—ÈßÀ≈“¬ ‡™àπ ‰√ΩÿÉπ ¢π/√—ß·§
¢Õß —µ«å‡≈’È¬ß¿“¬„π∫â“π ‡ªìπµâπ ‚¥¬ªí®®ÿ∫—πæ∫«à“ ∫ÿ§§≈
 à«π„À≠à„™â™’«‘µÕ¬Ÿà¿“¬„πÕ“§“√¡“°∂÷ß√âÕ¬≈– 90 ¢Õß‡«≈“
∑—ÈßÀ¡¥(1) À“° ∂“π∑’Ëπ—Èπ‰¡à¡’°“√‡®◊Õ®“ß “√¡≈æ‘…∑’Ëªπ‡ªóôÕπ
¥â«¬Õ“°“» –Õ“¥®“°¿“¬πÕ°Õ¬à“ßæÕ‡æ’¬ß ªí≠À“¥—ß°≈à“«
°Á®–¬‘Ëß∑«’§«“¡√ÿπ·√ß¬‘ËßÊ¢÷Èπ‰¥â

§«“¡æ¬“¬“¡„π°“√·°âªí≠À“ “√ªπ‡ªóôÕπ¿“¬„πÕ“§“√
Õ¬à“ßÀπ÷Ëß§◊Õ °“√„™â‡§√◊ËÕßøÕ°Õ“°“» ‚¥¬∑’Ëπ‘¬¡„™â°—π∑—Ë«‰ª
 “¡“√∂®”·π°‰¥â‡ªìπ™π‘¥∑’Ë„™â·ºàπ°√ÕßÕ“°“» ™π‘¥‰øøÑ“ ∂‘µ
™π‘¥„Àâª√–®ÿ‰ÕÕÕπ ™π‘¥„™â‚Õ‚´π ·≈–™π‘¥‚ø‚µ§–µ–≈‘ µå
‚¥¬™π‘¥∑’Ë„™âª√–®ÿ‰ÕÕÕππ—Èπ Grinshpun et al.(2) ‰¥â»÷°…“
ª√– ‘∑∏‘¿“æ‡§√◊ËÕßøÕ°Õ“°“»·∫∫µ—ÈßÕ¬Ÿà°—∫∑’Ë æ∫«à“ ¿“¬„π
‡«≈“ 5-6 π“∑’ “¡“√∂°”®—¥Õπÿ¿“§‰¥â‡°◊Õ∫√âÕ¬≈– 90 ·≈–
‡¡◊ËÕ‡æ‘Ë¡‡«≈“‡ªìπ 10-12 π“∑’  “¡“√∂°”®—¥Õπÿ¿“§‰¥â√âÕ¬≈–
100 ‚¥¬∑’Ë™π‘¥¢Õßª√–®ÿ (∫«°·≈–≈∫) ‰¡à¡’º≈µàÕª√– ‘∑∏‘¿“æ
°“√∑”ß“π·µàÕ¬à“ß„¥  à«π°“√„™â‡§√◊ËÕßøÕ°Õ“°“»™π‘¥
‰øøÑ“ ∂‘µπ—Èπ Hacker and Sparrow(3) æ∫«à“¡’ª√– ‘∑∏‘¿“æ
„π°“√°”®—¥ΩÿÉπ·µ°µà“ß°—π„π·µà≈–¬’ËÀâÕ ‚¥¬®“°°“√‡ªî¥
‡§√◊ËÕßøÕ°Õ“°“»∑‘Èß‰«â 8 ™—Ë«‚¡ß„πÀâÕßπÕπ¢π“¥ 3.7 x 3.0
x 2.4 ‡¡µ√ æ∫ª√‘¡“≥ΩÿÉπ≈¥≈ß√âÕ¬≈– 95.9, 38 ·≈– 73.4
 ”À√—∫‡§√◊ËÕßøÕ°Õ“°“» 3 ¬’ËÀâÕ µ“¡≈”¥—∫ ·≈–‡¡◊ËÕ„™â
·ºàπ°√Õß HEPA filter §«∫§Ÿà‰ª°—∫°“√„™â‰øøÑ“ ∂‘µ¥â«¬π—Èπ
æ∫«à“¡’ª√– ‘∑∏‘¿“æ Ÿß∂÷ß√âÕ¬≈– 99.5 - 99.9 ¢≥–∑’Ë‡§√◊ËÕß
øÕ°Õ“°“»∑’Ë¡’·µà HEPA ·≈– pre-filter °”®—¥ΩÿÉπ‰¥â√âÕ¬≈–
97.3  ”À√—∫‡§√◊ËÕßøÕ°Õ“°“»™π‘¥∑’Ë„™â‚Õ‚´π Hubbard
et al.(4) æ∫«à“„π°√≥’∑’Ë¡’ terpene ( à«πº ¡¢ÕßπÈ”¬“
∑”§«“¡ –Õ“¥æ◊Èπ·≈–‡§√◊ËÕß ÿ¢¿—≥±å∑’Ë¡’πÈ”¡—π π‡ªìπ à«π

ª√–°Õ∫À≈—°) Õ¬Ÿà„π∫√√¬“°“»¥â«¬ ®–°àÕ„Àâ‡°‘¥≈–ÕÕß
 “√Õ‘π∑√’¬å∑ÿµ‘¬¿Ÿ¡‘ (secondary organic aerosol) ÷́Ëß‡ªìπ
Õπÿ¿“§¢π“¥‡≈Á°°«à“ 1 ‰¡‚§√‡¡µ√∑’Ë “¡“√∂‡¢â“‰ª∂÷ß√–∫∫
∑“ß‡¥‘πÀ“¬„® à«π≈à“ß‰¥â„πª√‘¡“≥µ—Èß·µà 160 ∂÷ß 1,149
‰¡‚§√°√—¡/™—Ë«‚¡ß ®÷ß¡’°√–· ‰¡à·π–π”„Àâ„™â‡§√◊ËÕßøÕ°Õ“°“»
™π‘¥π’È‡°‘¥¢÷Èπ

°“√»÷°…“ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕßøÕ°Õ“°“»∑’Ëºà“π¡“
 à«π„À≠à®–‡πâπ‰ª∑’Ë°“√°”®—¥ΩÿÉπ≈–ÕÕß §«—π∫ÿÀ√’Ë ·≈–‰Õ√–‡À¬
¢Õß “√‡§¡’¡“°°«à“°“√°”®—¥®ÿ≈‘π∑√’¬å„πÕ“°“» „π°√≥’
∑’Ë‡ªìπ°“√°”®—¥®ÿ≈‘π∑√’¬åπ—Èπ æ∫°“√„™â‡§√◊ËÕßøÕ°Õ“°“»™π‘¥
‚ø‚µ§–µ–≈‘ µå(5) ™π‘¥√—ß ’ UV-C(6) ·≈–™π‘¥·ºàπ°√Õß HEPA
filter(7) ‚¥¬·∑∫‰¡àª√“°Ø¢âÕ¡Ÿ≈¢Õß°“√„™â‡§√◊ËÕßøÕ°Õ“°“»
™π‘¥‰øøÑ“ ∂‘µ∑—ÈßÊ∑’Ë¡’®”Àπà“¬Õ¬Ÿà‚¥¬∑—Ë«‰ª„π∑âÕßµ≈“¥
§≥–ºŸâ«‘®—¬®÷ß‰¥â‡≈◊Õ°»÷°…“‡§√◊ËÕßøÕ°Õ“°“»™π‘¥Õ‘‡≈§‚∑√π‘§
øî≈‡µÕ√å∑’Ë „™âÀ≈—°°“√‰øøÑ“ ∂‘µ∑’Ë¡’®”Àπà“¬„πª√–‡∑»
¡“∑¥ Õ∫§«“¡ “¡“√∂„π°“√°”®—¥®ÿ≈‘π∑√’¬å „πÕ“°“»
‚¥¬‡≈◊Õ°»÷°…“°—∫‡™◊ÈÕ√“ Aspergillus niger ·≈– Penicillium
citrinum ´÷Ëß‡ªìπ°≈ÿà¡∑’Ë¡’ ªÕ√å·≈–∑π∑“π„π ‘Ëß·«¥≈âÕ¡ Ÿß
‚¥¬ Aspergillus π—Èπ‡ªìπµ—«°“√ ”§—≠∑’Ë°àÕ„Àâ‡°‘¥ªí≠À“°“√
µ‘¥‡™◊ÈÕ„π‚√ßæ¬“∫“≈(8) ·≈–»÷°…“°—∫‡™◊ÈÕ·∫§∑’‡√’¬ Staphylococcus
epidermidis ·≈– Bacillus subtilis ´÷Ëß Bacillus ¡’§«“¡
∑π∑“π·≈– √â“ß ªÕ√å‰¥â‡™àπ°—π ‚¥¬®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥π’È
‡ªìπµ√–°Ÿ≈∑’Ëæ∫‰¥â¡“°∑’Ë ÿ¥„π∫√√¬“°“»∑—Ë«‰ª¿“¬„πÕ“§“√
·≈–„π‚√ßæ¬“∫“≈(9) º≈°“√»÷°…“«‘®—¬∑’Ë‰¥â®–™à«¬ √â“ß§«“¡
°√–®à“ß·≈–„Àâ¢âÕ¡Ÿ≈∑’Ë‡ªìπ¢âÕ‡∑Á®®√‘ß ‡æ◊ËÕºŸâ∫√‘‚¿§ “¡“√∂
π”‰ª„™âæ‘®“√≥“ª√–°Õ∫°“√µ—¥ ‘π„®„π°“√‡≈◊Õ°∫√‘‚¿§
 ‘π§â“‰¥â

«— ¥ÿ·≈–«‘∏’°“√»÷°…“
°“√∑¥≈Õßπ’È„™â‡§√◊ËÕßøÕ°Õ“°“»™π‘¥Õ‘‡≈§‚∑√π‘§øî≈‡µÕ√å

(Alpine Electronic Air Filter, model PT-400) ´÷Ëß„™âÀ≈—°
°“√¢Õß π“¡·¡à‡À≈Á°‰øøÑ“ ∂‘µ ‚¥¬™ÿ¥·ºàπ°√Õßª√–°Õ∫
‰ª¥â«¬·ºàπµ“¢à“¬≈«¥∑’Ë¥â“π∫π¡’‡¢Á¡ ”À√—∫√—∫°√–· ‰øøÑ“
·√ß Ÿß¢π“¥ 5,500 - 6,700 ‚«≈∑å∑’Ë¡“®“°Õÿª°√≥å·ª≈ß‰øøÑ“
·ºàπµ“¢à“¬π’È∂Ÿ°ª√–°∫¥â«¬·ºàπ√Õß√—∫Õπÿ¿“§∑’Ë∑”®“°„¬·°â«
¥â“π ấ“¬-¢«“®”π«π 2 §Ÿà (√Ÿª∑’Ë 1) ´÷Ëß‡¡◊ËÕ‡ªî¥‡§√◊ËÕß °√–· 
‰øøÑ “·√ß Ÿ ß∑’Ë ‰À≈ºà“π¡“∑“ß‡¢Á¡®–‡Àπ’Ë¬«π”„Àâ ‡°‘¥
 π“¡·¡à‡À≈Á°‰øøÑ“∫π·ºàπ„¬·°â«§Ÿà„π Õπÿ¿“§∑’Ëºà“π‡¢â“¡“
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„π∫√‘‡«≥ π“¡‰øøÑ“°Á®–∂Ÿ°™“√å®ª√–®ÿ„Àâ·≈–®–‡§≈◊ËÕπµ—«‰ª
‡°“–¬—ß·ºàπ√Õß√—∫§ŸàπÕ°∑’Ë‡ªìπ°≈“ß(‰¡à¡’ª√–®ÿ) ∑”„Àâ·¬°µ—«
ÕÕ°®“°°√–· Õ“°“»‰¥â ¥—ßπ—ÈπÕπÿ¿“§∑’Ë∂Ÿ°¥Ÿ¥‡¢â“‡§√◊ËÕß
øÕ°Õ“°“»¡“ ®÷ß∂Ÿ°°—°¥â«¬°“√‡°“–µ‘¥Õ¬Ÿà°—∫·ºàπ√Õß√—∫§ŸàπÕ°
Õ“°“»∑’Ëª≈àÕ¬ÕÕ°®“°‡§√◊ËÕß‰ª®÷ß‡ªìπÕ“°“»∑’Ëª√“»®“°Õπÿ¿“§
´÷Ëß‡§√◊ËÕßøÕ°Õ“°“»¥—ß°≈à“« “¡“√∂ª√—∫√–¥—∫§«“¡·√ß¢Õß
°“√¥Ÿ¥Õ“°“»‰¥â 3 √–¥—∫µ“¡§Ÿà¡◊Õ°“√„™âß“π¢Õß∫√‘…—∑∑’Ë√–∫ÿ‰«â
∑’Ë 200, 400 ·≈– 600 ≈Ÿ°∫“»°åøÿµµàÕπ“∑’ „π∑’Ëπ’È‰¥â»÷°…“
∑’Ë√–¥—∫§«“¡·√ßµË” ÿ¥∑’Ë 200 ≈Ÿ°∫“»°åøÿµµàÕπ“∑’ ·µàÕ¬à“ß‰√
°Áµ“¡ ®“°°“√µ√«®«—¥Õ—µ√“°“√‰À≈¢ÕßÕ“°“»∑’Ë™àÕß∑“ß‡¢â“

¥â“πÀπâ“‚¥¬„™â hot wire anemometer (Airflow Developments
Ltd., model TA5-Flexible probe) «—¥§«“¡‡√Á«≈¡·≈â«§Ÿ≥¥â«¬
æ◊Èπ∑’ËÀπâ“µ—¥¢Õß™àÕß∑“ß‡¢â“¢ÕßÕ“°“» æ∫Õ—µ√“°“√‰À≈‡¢â“
¢ÕßÕ“°“»Õ¬Ÿà∑’Ë 33.8 ≈Ÿ°∫“»°åøÿµµàÕπ“∑’ ‚¥¬„π°“√»÷°…“
‰¥â«“ß‡§√◊ËÕßøÕ°Õ“°“»¥—ß°≈à“«‰«â¿“¬„πÀâÕß®”≈Õß¢π“¥
2 x 2 x 2 ‡¡µ√ ∫√‘‡«≥¡ÿ¡ÀâÕß ¿“¬„πÀâÕß¡’°“√æàπ
®ÿ≈‘π∑√’¬å‚¥¬„™â nebulizer (BGI. Incorp., model MRE-CN
25) ∑’Ë√–¥—∫§«“¡ Ÿß 0.8 ‡¡µ√·≈–„™âæ—¥≈¡µ—Èß‚µä–¢π“¥‡≈Á°
‡ªÉ“„Àâ®ÿ≈‘π∑√’¬å°√–®“¬µ—«„Àâ∑—Ë«ÀâÕß (√Ÿª∑’Ë 2)

√Ÿª∑’Ë 1  Õß§åª√–°Õ∫¢Õß™ÿ¥·ºàπ°√ÕßÕ‘‡≈§‚∑√π‘§„π‡§√◊ËÕßøÕ°Õ“°“» (Õπÿ‡§√“–Àå¿“æ‚¥¬∫√‘…—∑ Õ—≈‰æπå ®”°—¥)
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√Ÿª∑’Ë 2  ÀâÕß∑¥≈Õß

°“√»÷°…“‡√‘Ë¡µâπ¥â«¬°“√æàπ‡™◊ÈÕ®ÿ≈‘π∑√’¬å Aspergillus
niger (TISTR 3012), Penicillium citrinum (TISTR
3437), Staphylococcus epidermidis (TISTR 518) ·≈–
Bacillus subtilis (TISTR 687) „πÀâÕß∑¥≈Õß∑’≈–™π‘¥
π“π§√—Èß≈– 130 π“∑’ ‡™◊ÈÕ®ÿ≈‘π∑√’¬å¥—ß°≈à“«®—¥´◊ÈÕ¡“®“°
 ∂“∫—π«‘®—¬«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’·Ààßª√–‡∑»‰∑¬„π√Ÿª
¢Õßºß·Àâß π”¡“‡æ“–‡≈’È¬ß·≈–∑¥ Õ∫¬◊π¬—π∑—Èß°àÕπ·≈–
√–À«à“ß°“√∑¥≈Õß‚¥¬„™â«‘∏’ conventional method(10, 11)

 ”À√—∫‡™◊ÈÕ·∫§∑’‡√’¬·≈–„™â«‘∏’ microscopic examination by
slide culture method(12, 13)  ”À√—∫‡™◊ÈÕ√“ ´÷Ëß¢—ÈπµÕπ°“√‡µ√’¬¡
‡™◊ÈÕ·∫§∑’‡√’¬∑”‚¥¬π”‡™◊ÈÕ·∫§∑’‡√’¬¡“º ¡°—∫πÈ”°≈—Ëπ
∑’Ëª√“»®“°‡™◊ÈÕ„Àâ‡¢â“°—π¥’ ·≈â«„™âªî‡ªµÀ¬¥‡™◊ÈÕ¥—ß°≈à“«
1 À¬¥≈ß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ blood agar  ”À√—∫
S. epidermidis ‡°≈’Ë¬„Àâ∑—Ë« ·≈â«π”‰ª∫à¡‡æ“–‡™◊ÈÕ∑’Ë 35-37

C π“π 1 «—π  à«π B. subtilis „™âÕ“À“√‡≈’È¬ß‡™◊ÈÕ Trypticase
Soy Agar (TSA) ·≈â«π”‰ª∫à¡‡æ“–‡™◊ÈÕ∑’Ë 37C π“π 7 «—π
‚§‚≈π’¢Õß S. epidermidis ∑’Ë¢÷Èπ„À¡à®“°°“√‡æ“–‡™◊ÈÕ

À≈—ß®“°∂Ÿ°‡®◊Õ®“ß¥â«¬πÈ”°≈—Ëπª√“»®“°‡™◊ÈÕ„Àâ¡’§«“¡‡¢â¡¢âπ
104 - 107 cfu/mL ·≈â«  “¡“√∂π”‰ª„ à¢«¥ nebulizer
‡æ◊ËÕ„™âæàπ„π chamber ‰¥â‡≈¬ ·µà‚§‚≈π’¢Õß B. subtilis
À≈—ß®“°‡®◊Õ®“ß¥â«¬πÈ”°≈—Ëπ·≈â« µâÕßπ”‰ª·™à„πÕà“ßπÈ”√âÕπ∑’Ë
80?C π“π 10 π“∑’‡æ◊ËÕ°”®—¥ vegetative cell „Àâ‡À≈◊Õ·µà
 ªÕ√å°àÕπ ‚¥¬π” ªÕ√å∑’Ë·¢«π≈Õ¬Õ¬Ÿà„π “√≈–≈“¬‰ªªíòπ
¥â«¬‡§√◊ËÕß centrifuge ∑’Ë§«“¡‡√Á« 2000 √Õ∫/π“∑’π“π 5 π“∑’
®“°π—Èπ®÷ß∂à“¬ ªÕ√å‰ªº ¡°—∫πÈ”°≈—Ëπª√“»®“°‡™◊ÈÕ„Àâ¡’§«“¡
‡¢â¡¢âπÕ¬Ÿà„π™à«ß 104-107 cfu/mL °àÕππ”‰ª„ à„π¢«¥
nebulizer (14, 15)

„π à«π¢Õß‡™◊ÈÕ√“ À≈—ß®“°º ¡ºß‡™◊ÈÕ√“·Àâß°—∫πÈ”°≈—Ëπ
ª√“»®“°‡™◊ÈÕ„Àâ‡¢â“°—π¥’·≈â« ®÷ßÀ¬¥ “√≈–≈“¬≈ß∫πÕ“À“√
‡≈’È¬ß‡™◊ÈÕ Saubouraud Dextrose Agar (SDA) ‡°≈’Ë¬„Àâ∑—Ë«
·≈â«π”‰ªÕ∫‡æ“–‡™◊ÈÕ ‚¥¬ P. citrinum ‡æ“–‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘
25C π“π 7 «—π ®“°π—Èπ‡¢’Ë¬ ªÕ√å∑’Ë‰¥â π”‰ªº ¡°—∫πÈ”°≈—Ëπ
·≈–π”‰ªªíòπ∑’Ë§«“¡‡√Á« 2,000 √Õ∫/π“∑’ π“π 5 π“∑’
°àÕπ®–π”‡©æ“– ªÕ√å‰ªº ¡°—∫πÈ”°≈—Ëπª√“»®“°‡™◊ÈÕ„Àâ¡’
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§«“¡‡¢â¡¢âπ 104-107 cfu/ml (14) ‡æ◊ËÕπ”‰ª„™âæàπ‡™◊ÈÕ¥â«¬
nebulizer ‰¥â  à«π A. niger À≈—ß®“°À¬¥ “√≈–≈“¬∫π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ·≈–‡°≈’Ë¬„Àâ∑—Ë«·≈â« π”‰ªÕ∫‡æ“–‡™◊ÈÕ∑’Ë 37C
®π°«à“ mycelia ¢÷Èπ®π‡µÁ¡‡æ≈∑ („™â‡«≈“ª√–¡“≥ 3 «—π)
®“°π—Èπ®÷ß‡¢’Ë¬ ªÕ√å‰ªº ¡°—∫πÈ”°≈—Ëπ„Àâ¡’§«“¡‡¢â¡¢âπÕ¬Ÿà„π™à«ß
104-107 cfu/mL ‡æ◊ËÕπ”‰ª„™âæàπ„π chamber ¥â«¬ nebulizer
‡™àπ°—π (15)

√–À«à“ß∑’Ë¡’°“√æàπ‡™◊ÈÕ¥â«¬ nebulizer „π chamber ‰¥â¡’
°“√‡°Á∫µ—«Õ¬à“ßÕ“°“»∑’Ë√–¥—∫§«“¡ Ÿß 0.5 ‡¡µ√ ·≈– 1.5 ‡¡µ√
‚¥¬„™â single-stage impactor (SKC, Inc., model Biostage)
∑’Ë¿“¬„π∫√√®ÿ®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ Saubouraud Dextrose Agar
 ”À√—∫‡™◊ÈÕ√“·≈– Trypticase Soy Agar  ”À√—∫·∫§∑’‡√’¬
„™âÕ—µ√“°“√¥Ÿ¥Õ“°“» 28.3 ≈‘µ√µàÕπ“∑’π“π 30 «‘π“∑’
À≈—ß®“°À¬ÿ¥æàπ®ÿ≈‘π∑√’¬å·≈â«°Á¬—ß§ß‡°Á∫µ—«Õ¬à“ßµàÕ‡π◊ËÕß‰ª
‡√◊ËÕ¬ÊÕ’° 110 π“∑’‚¥¬¬—ß‰¡à¡’°“√‡ªî¥‡§√◊ËÕßøÕ°Õ“°“»
‡æ◊ËÕ —ß‡°µ√Ÿª·∫∫°“√≈¥≈ßµ“¡∏√√¡™“µ‘ (natural decay)
¢âÕ¡Ÿ≈∑’Ë‰¥â„™â‡ªìπ baseline ‰«â ”À√—∫‡ª√’¬∫‡∑’¬∫°—∫°“√‡ªî¥
‡§√◊ËÕßøÕ°Õ“°“» À≈—ß®“°π—Èπ®÷ß‡√‘Ë¡°“√∑¥≈Õß„À¡à‚¥¬æàπ
‡™◊ÈÕ®ÿ≈‘π∑√’¬å„π≈—°…≥–‡¥‘¡Õ’° 130 π“∑’ ·µà„π§√—Èßπ’È‰¥â‡ªî¥
‡§√◊ËÕßøÕ°Õ“°“»„ππ“∑’∑’Ë  120 „π¢≥–∑’Ë¬—ß§ßæàπ
‡™◊ÈÕ®ÿ≈‘π∑√’¬åÕ¬Ÿà ·≈–∑”°“√‡°Á∫µ—«Õ¬à“ß‡™àπ‡¥’¬«°—∫„π™à«ß·√°
∑’Ë§«“¡ Ÿß Õß√–¥—∫‡æ◊ËÕ»÷°…“«à“„π°√≥’∑’Ë«“ß‡§√◊ËÕßøÕ°
Õ“°“»‰«â°—∫æ◊Èπ (§«“¡ Ÿß 0.67 ‡¡µ√) °“√°”®—¥®ÿ≈‘π∑√’¬å∑’Ë√–¥—∫
breathing zone ®–„Àâº≈·µ°µà“ßÀ√◊Õ‡À¡◊Õπ°—∫∑’Ë√–¥—∫
¢Õß‡§√◊ËÕßøÕ°Õ“°“»¡“°πâÕ¬‡æ’¬ß„¥ ‚¥¬°“√»÷°…“
„π·µà≈–™ÿ¥‰¥â°√–∑”´È”∑—ÈßÀ¡¥ 3 §√—Èß

‡¡◊ËÕ‡ √Á® ‘Èπ°“√‡°Á∫µ—«Õ¬à“ß„π·µà≈–§√—Èß ‰¥âπ”®“π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ‰ª∫à¡‡æ“–·≈–∑¥ Õ∫¬◊π¬—π™π‘¥‡™◊ÈÕ
‚¥¬®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ·∫§∑’‡√’¬·≈–‡™◊ÈÕ√“ Aspergillus niger
∂Ÿ°π”‰ª∫à¡‡æ“–∑’ËÕÿ≥À¿Ÿ¡‘ 37 ± 1 C π“π 24 ™—Ë«‚¡ß
(√–¬–‡«≈“∫à¡‡æ“–∑’Ëπ“π°«à“π’È æ∫ªí≠À“ ªÕ√å¢Õß‡™◊ÈÕ√“·ºà
¢¬“¬¢÷Èπª°§≈ÿ¡‰ª∑—Ë« ¬“°µàÕ°“√π—∫®”π«π‚§‚≈π’)  à«π‡™◊ÈÕ
√“ Penicillium citrinum π”‰ª∫à¡‡æ“–‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘
25 ± 1 C π“π 48 ™—Ë«‚¡ß ®”π«π‚§‚≈π’∑’Ëπ—∫‰¥â‡¡™◊ËÕ
À“√¥â«¬ª√‘¡“µ√Õ“°“»∑’Ë¥Ÿ¥‡¢â“‡§√◊ËÕß¡◊Õ®–‰¥â‡ªìπ§«“¡‡¢â¡
¢âπ¢Õß®ÿ≈‘π∑√’¬å„πÀπà«¬¢Õß cfu (colony forming unit)

µàÕ≈Ÿ°∫“»°å‡¡µ√¢ÕßÕ“°“» ‡¡◊ËÕ‡ √Á® ‘Èπ°“√»÷°…“
„π·µà≈–™ÿ¥°“√∑¥≈Õß ¡’°“√¶à“‡™◊ÈÕ¿“¬„πÀâÕß∑¥≈Õß¥â«¬
°“√‡ªî¥À≈Õ¥‰ø UV-C ¢π“¥ 20 «—µµå (SYLVANIA
G20W) ∑’Ëµ‘¥‰«â‚¥¬√Õ∫ π“π 3-4 ™—Ë«‚¡ß·≈â« ÿà¡‡°Á∫
µ—«Õ¬à“ß‡æ◊ËÕ°“√µ√«® Õ∫®ÿ≈‘π∑√’¬åÕ’°§√—Èß´÷Ëß‰¡àæ∫®”π«π
®ÿ≈‘π∑√’¬åÀ≈ß‡À≈◊ÕÕ¬ŸàÕ’° Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ —¡æ—∑∏å
„πÀâÕß∑¥≈Õß„π™à«ß∑’Ë∑”°“√»÷°…“ (∏—π«“§¡ 2551) Õ¬Ÿà„π™à«ß
25.2 - 27.5 C ·≈–√âÕ¬≈– 43 - 65 µ“¡≈”¥—∫  ∂‘µ‘∑’Ë„™â
«‘‡§√“–Àå§◊Õ independent-sample t-test (SPSS software
version 9)

º≈°“√»÷°…“
§«“¡‡¢â¡¢âπ¢Õß Aspergillus niger ∑’Ë√–¥—∫§«“¡ Ÿß

0.5 ‡¡µ√·≈– 1.5 ‡¡µ√®“°°“√»÷°…“∑—Èß 3 §√—Èß · ¥ß‰«â„π
√Ÿª∑’Ë 3  à«π§«“¡‡¢â¡¢âπ¢Õß Penicillium citrinum · ¥ß
‰«â„π √Ÿª∑’Ë 4 ‡™àπ‡¥’¬«°—∫§«“¡‡¢â¡¢âπ¢Õß Staphylococcus
epidermidis · ¥ß‰«â„π √Ÿª∑’Ë 5 ·≈–§«“¡‡¢â¡¢âπ¢Õß Bacillus
subtilis · ¥ß‰«â„π √Ÿª∑’Ë 6 ‚¥¬„π√Ÿª‰¥â‡ª√’¬∫‡∑’¬∫‡ âπ
baseline ∑’Ë‰¡à¡’°“√‡ªî¥‡§√◊ËÕßøÕ°Õ“°“» (À¡“¬‡≈¢ 1-3
¡“®“°°“√∑¥≈Õß È́” 3 §√—Èß) °—∫°“√∑¥≈Õß∑’Ë¡’°“√‡ªî¥‡§√◊ËÕß
øÕ°Õ“°“»„ππ“∑’∑’Ë 120 ‚¥¬®–‡ÀÁπ‰¥â«à“ ∑—π∑’∑’Ë‡ªî¥‡§√◊ËÕß
øÕ°Õ“°“» ®”π«π®ÿ≈‘π∑√’¬åπ—Èπ≈¥≈ßÕ¬à“ß√«¥‡√Á«∑—ÈßÊ ∑’Ë¬—ß¡’
°“√æàπ‡™◊ÈÕÕ¬Ÿà ‚¥¬¿“¬„π‡«≈“ 5 π“∑’ (π“∑’∑’Ë 125) ®”π«π
®ÿ≈‘π∑√’¬åπ—Èπ≈¥≈ß°«à“§√÷Ëß ¬°‡«âπ B. subtilis ∑’Ë≈¥≈ß‡æ’¬ß 14%
(µ“√“ß∑’Ë 1) ·≈–‡¡◊ËÕ‡ªî¥‡§√◊ËÕßøÕ°Õ“°“»π“π 25-30 π“∑’
æ∫®”π«π®ÿ≈‘π∑√’¬å≈¥≈ß‰¥â √âÕ¬≈– 99  ”À√—∫ A. niger,
P. citrinum ·≈– S. epidermidis  à«π B. subtilis π—Èπ
µâÕß„™â‡«≈“π“π 80 π“∑’®÷ß®–≈¥‰¥â √âÕ¬≈– 99  ∑—Èßπ’È ®”π«π
A. niger, P. citrinum, S. epidermidis ·≈– B. subtilis
∑’Ë√–¥—∫§«“¡ Ÿß 0.5 ‡¡µ√°—∫ 1.5 ‡¡µ√π—Èπ¡’§«“¡·µ°µà“ß
Õ¬à“ß‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P = 0.288, 0.450, 0.418 ·≈–
0.186 µ“¡≈”¥—∫) · ¥ß«à“‡§√◊ËÕßøÕ°Õ“°“»¥—ß°≈à“«
 “¡“√∂°”®—¥®ÿ≈‘π∑√’¬å„π√–∫∫ªî¥ ∑’Ë√–¬–√—»¡’ 2 ‡¡µ√‰¥â‡ªìπ
Õ¬à“ß¥’‡¡◊ËÕ„™âÕ—µ√“°“√¥Ÿ¥Õ“°“» 33.8 ≈Ÿ°∫“»°åøÿµµàÕπ“∑’
µ“¡∑’Ë«—¥‰¥â®√‘ß∑’Ë™àÕß∑“ß‡¢â“¢Õß‡§√◊ËÕßøÕ°Õ“°“»
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√Ÿª∑’Ë 3  §«“¡‡¢â¡¢âπ¢Õß Aspergillus niger „π ¿“«–∑’Ë‰¡à‰¥â‡ªî¥°—∫‡ªî¥‡§√◊ËÕßøÕ°Õ“°“» ∑’Ë§«“¡ Ÿß 0.5 ·≈– 1.5 ‡¡µ√

√Ÿª∑’Ë 4 §«“¡‡¢â¡¢âπ¢Õß Penicillium citrinum „π ¿“«–∑’Ë‰¡à‰¥â‡ªî¥°—∫‡ªî¥‡§√◊ËÕßøÕ°Õ“°“» ∑’Ë§«“¡ Ÿß 0.5 ·≈– 1.5 ‡¡µ√

√Ÿª∑’Ë 5 §«“¡‡¢â¡¢âπ¢Õß Staphylococcus epidermidis „π ¿“«–∑’Ë‰¡à‰¥â‡ªî¥°—∫‡ªî¥‡§√◊ËÕßøÕ°Õ“°“» ∑’Ë§«“¡ Ÿß 0.5 ·≈– 1.5 ‡¡µ√
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√Ÿª∑’Ë 6 §«“¡‡¢â¡¢âπ¢Õß Bacillus subtilis „π ¿“«–∑’Ë‰¡à‰¥â‡ªî¥°—∫‡ªî¥‡§√◊ËÕßøÕ°Õ“°“» ∑’Ë§«“¡ Ÿß 0.5 ·≈– 1.5 ‡¡µ√

«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
‡§√◊ËÕßøÕ°Õ“°“»™π‘¥Õ‘‡≈§‚∑√π‘§øî≈‡µÕ√å∑’Ë„™âÀ≈—°°“√

¢Õß‰øøÑ“ ∂‘µπ—Èπ¡’§«“¡ “¡“√∂„π°“√°”®—¥®ÿ≈‘π∑√’¬å
ÕÕ°®“°°√–· Õ“°“»‰¥â‡ªìπÕ¬à“ß¥’ ∂÷ß·¡â°“√‡ª√’¬∫‡∑’¬∫
°—∫‡§√◊ËÕßøÕ°Õ“°“»™π‘¥Õ◊Ëπ∑’Ë¡’ºŸâ∑¥≈Õß‰«â·≈â«‰¡à “¡“√∂
°√–∑”‰¥â‚¥¬µ√ß‡π◊ËÕß®“°§«“¡·µ°µà“ß¢Õß√“¬≈–‡Õ’¬¥
„π°“√»÷°…“∑¥≈Õß ·µà„π¿“æ√«¡ ‡§√◊ËÕßøÕ°Õ“°“»™π‘¥π’È
 “¡“√∂„Àâª√– ‘∑∏‘¿“æ°“√°”®—¥®ÿ≈‘π∑√’¬å„πÕ“°“»‰¥â„π™à«ß
√âÕ¬≈– 99 - 100 ¢÷Èπ°—∫√–¬–‡«≈“∑’Ë„™â·≈–™π‘¥¢Õß®ÿ≈‘π∑√’¬å
‚¥¬ Kudo et al.(5) ∑¥ Õ∫‡§√◊ËÕßøÕ°Õ“°“»™π‘¥‰ø‚µ
§–µ–‰≈ ‘ ‚¥¬„™â TiO

2
 70 m2/g √à«¡°—∫· ß UVA black

light §«“¡‡¢â¡· ß 4 mW/cm2 ‡ªìπ‡«≈“ 90 π“∑’ ”À√—∫
ÀâÕß¢π“¥ 31.3 m3 æ∫«à“ “¡“√∂°”®—¥ Influenza virus A,
Escherichia coli ·≈– Staphylococcus aureus ‰¥â√âÕ¬≈–
99, 99.95 ·≈– 99.94  µ“¡≈”¥—∫ ¢≥–∑’Ëß“π«‘®—¬¢Õß Foarde
et al.(16) ∑¥ Õ∫‡§√◊ËÕßøÕ°Õ“°“» Amway √ÿàπ E2526J
∑’Ë¡’·ºàπ°√Õß foam prefilter, fine particulate filter ·≈–
activated carbon filter Õ¬Ÿà¿“¬„π°—∫‡™◊ÈÕ B. subtilis, S.
epidermis, Penicillium chrysogenum, Cladosporium
sphaerospermum ·≈– bacteriophage MS2
æ∫ª√– ‘∑∏‘¿“æ°“√°”®—¥‡™◊ÈÕ®ÿ≈‘π∑√’¬å¥—ß°≈à“«Õ¬Ÿà„π™à«ß
√âÕ¬≈– 95 - 98 πÕ°®“°π’È Foarde et al.(17) ¬—ß„™â‡§√◊ËÕß
øÕ°Õ“°“»∑’Ë¡’ pre-filter ™π‘¥ª√– ‘∑∏‘¿“æ√âÕ¬≈– 30

·≈– HEPA filter °—∫®ÿ≈‘π∑√’¬å B.  subtilis, P.  chrysogenum,
·≈– bacteriophage MS2 „πÀâÕß∑¥≈Õß¢π“¥ 2.44 x 2.44
x 2.44   À√◊Õ 13.8 m3 æ∫«à“ ¿“¬„π‡«≈“
10 π“∑’ ®ÿ≈‘π∑√’¬å≈¥≈ß®“°¡“°°«à“ 1000 cfu ≈ß‰ª‡À≈◊Õ
ª√–¡“≥ 50 cfu  ”À√—∫ B. subtilis ·≈–‡À≈◊ÕπâÕ¬°«à“
10 cfu  ”À√—∫ P. chrysogenum µ“¡≈”¥—∫  à«π bacteriophage
MS2 π—Èπ ≈¥≈ß®“° 107 pfu (plaque forming unit)
‡À≈◊Õª√–¡“≥ 105 pfu

„π°“√∑¥≈Õßπ’È ‡§√◊ËÕßøÕ°Õ“°“»¡’§«“¡ “¡“√∂„π°“√
°”®—¥ S. epidermidis ÕÕ°®“°°√–· Õ“°“»‰¥â¡“°∑’Ë ÿ¥
√Õß≈ß¡“‰¥â·°à P.  citrinum ·≈– A.  niger ‚¥¬ B. subtilis
π—Èπ∂Ÿ°°”®—¥‰¥â¬“°∑’Ë ÿ¥ ∑—Èßπ’È S. epidermidis π—Èπ‡ªìπ
vegetative bacteria ™π‘¥·°√¡∫«°∑’Ë‰¡à§àÕ¬∑π„π ‘Ëß·«¥≈âÕ¡
¢≥–∑’Ë B.  subtilis ´÷Ëß∂÷ß·¡â®–‡ªìπ·∫§∑’‡√’¬·°√¡∫«°·µà°Á
‡ªìπ™π‘¥∑’Ë √â“ß ªÕ√å·≈–∑π∑“π Ÿß ‚¥¬®“°√Ÿª·∫∫°“√≈¥
≈ßµ“¡∏√√¡™“µ‘À√◊Õ‡ âπ baseline ¢Õß B. subtilis (√Ÿª∑’Ë 6)

∑’Ë∂÷ß·¡â‡«≈“®–ºà“π‰ª®π§√∫ 240 π“∑’·≈â«°Áµ“¡ °“√≈¥≈ß
µ“¡∏√√¡™“µ‘°Á¬— ß§ß‡°‘¥¢÷È ππâÕ¬¡“°‡¡◊Ë Õ ‡∑’¬∫°—∫ S.
epidermidis, A. niger ·≈– P. citrimum ́ ÷Ëß°“√∑’Ë B. subtilis
¡’°“√øÿÑß°√–®“¬µ—« Ÿß πà“®–‡ªìπ “‡ÀµÿÀπ÷Ëß∑’Ë∑”„Àâ B. subtilis
∂Ÿ°°”®—¥‰¥â™â“°«à“®ÿ≈‘π∑√’¬å™π‘¥Õ◊Ëπ √«¡∂÷ß‡ªìπ‰ª‰¥â«à“®”π«π
B. subtilis µ—Èßµâππ—Èπ Ÿß°«à“®ÿ≈‘π∑√’¬å™π‘¥Õ◊Ëπ¥â«¬‡™àπ°—π
(µ“√“ß∑’Ë 1)
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„π·ßà¢Õß¡“µ√∞“π®ÿ≈‘π∑√’¬å„πÕ“°“» Õß§å°“√Õπ“¡—¬
‚≈°‰¥â·π–π”®”π«π·∫§∑’‡√’¬∑—ÈßÀ¡¥¿“¬„πÕ“§“√‰«â∑’Ë 500
cfu/m3 (18) ÷́Ëß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‡°≥±å¥—ß°≈à“« ‡§√◊ËÕßøÕ°
Õ“°“»π’È “¡“√∂≈¥®”π«π A. niger, P. citrinum ·≈–
S. epidermidis „ÀâÕ¬Ÿà¿“¬„π‡°≥±å‰¥â¿“¬„π‡«≈“ 30-40 π“∑’
®“°§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ 34,000 - 80,000 cfu/m3 ‚¥¬ª√–¡“≥
(π“∑’∑’Ë 120) (µ“√“ß∑’Ë 1) ·µàµâÕß„™â‡«≈“∂÷ß 2 ™—Ë«‚¡ß
®÷ß®–≈¥ B. subtilis „ÀâÕ¬Ÿà„π‡°≥±å¥—ß°≈à“«‰¥â ·µàÕ¬à“ß‰√°Áµ“¡
√–¬–‡«≈“¥—ß°≈à“«Õ“®‡ª≈’Ë¬π·ª≈ß‰¥â À“°ÀâÕßπ—Èπ¡’ª√‘¡“µ√
∑’Ë·µ°µà“ßÕÕ°‰ª À√◊Õ¡’§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ∑’Ë·µ°µà“ß°—π
√«¡∂÷ßµâÕß‰¡à¡’°“√π”®ÿ≈‘π∑√’¬å‡¢â“¡“„π∫√√¬“°“»„À¡à¥â«¬ ∑—Èßπ’È
§«“¡‡¢â¡¢âπµ—Èßµâπ¢Õß®ÿ≈‘π∑√’¬å„π∑’Ëπ’È Ÿß°«à“§«“¡‡¢â¡¢âπ∑’Ëæ∫
‰¥â„π∫√√¬“°“»®√‘ß ‚¥¬§«“¡‡¢â¡¢âπ Ÿß ÿ¥∑’Ë¬—ß®—¥«à“‡ªìπ
√–¥—∫ª°µ‘¢Õß®”π«π·∫§∑’‡√’¬√«¡„πÕ“§“√∫â“π‡√◊Õπ„π
ª√–‡∑»øîπ·≈π¥å„πƒ¥ŸÀπ“«π—ÈπÕ¬Ÿà∑’Ë 5,000 cfu/m3 (19)

¢≥–∑’Ë„πª√–‡∑»‚ª·≈π¥åπ—Èπ¡’√“¬ß“π®”π«π·∫§∑’‡√’¬√«¡Õ¬Ÿà∑’Ë
178 - 4,751 cfu/m3 ·≈–®”π«π‡™◊ÈÕ√“√«¡ 49 - 16,968
cfu/m3  ®“°∫â“π∑’Ë¡’ªí≠À“æ∫‡™◊ÈÕ√“¿“¬„π∫â“π(20)  ”À√—∫
„πª√–‡∑»‰∑¬π—Èπ °ƒ…≥’¬“ »—ß¢®—π∑√“ππ∑å·≈–§≥–(9)

‰¥â ”√«®‚√ßæ¬“∫“≈·ÀàßÀπ÷Ëß·≈–√“¬ß“π®”π«π®ÿ≈‘π∑√’¬å√«¡
∑’Ëæ∫ Ÿß ÿ¥‰«â∑’Ë 915 cfu/m3 ∑’Ë·ºπ°ºŸâªÉ«¬·º≈‰ø‰À¡âπÈ”
√âÕπ≈«° ·≈– 844 cfu/m3 ∑’Ë∫√‘‡«≥√Õµ√«®ºŸâªÉ«¬πÕ°
´÷ËßµË”°«à“§«“¡‡¢â¡¢âπ∑’Ë„™â„π°“√»÷°…“π’È‡ªìπÕ—π¡“° °“√»÷°…“
„π ¿“«–§«“¡‡ªìπ®√‘ßπÕ°‡Àπ◊Õ®“°„πÀâÕß®”≈Õß®÷ß‡ªìπ
 ‘Ëß∑’Ë§«√µâÕß»÷°…“µàÕ‰ª

‚¥¬ √ÿª·≈â« ‡§√◊ËÕßøÕ°Õ“°“»™π‘¥Õ‘‡≈§‚∑√π‘§øî≈‡µÕ√å
∑’Ë»÷°…“„π°“√∑¥≈Õßπ’È  “¡“√∂°”®—¥®ÿ≈‘π∑√’¬åÕÕ°®“°
°√–· Õ“°“»‰¥â¥’°«à“·≈–√«¥‡√Á«°«à“°“√ª≈àÕ¬„Àâ®ÿ≈‘π∑√’¬å
π—Èπ≈¥®”π«π≈ßµ“¡∏√√¡™“µ‘ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß °√≥’
∑’ËÕ“°“»π—Èπ¡’°“√π”®ÿ≈‘π∑√’¬å‡¢â“¡“„À¡àÕ¬Ÿàµ≈Õ¥‡«≈“ ®π‰¡à¡’
‚Õ°“ ‡°‘¥°“√≈¥≈ßµ“¡∏√√¡™“µ‘‰¥â ‚¥¬‡§√◊ËÕßøÕ°Õ“°“»π’È
 “¡“√∂°”®—¥‰¥â∑—Èß‡™◊ÈÕ√“·≈–·∫§∑’‡√’¬∑’Ë¡’§«“¡∑π∑“π
„π ‘Ëß·«¥≈âÕ¡ Ÿß √–¬–‡«≈“∑’Ë„™â„π°“√°”®—¥®ÿ≈‘π∑√’¬å„ÀâÕ¬Ÿà
„π√–¥—∫∑’Ë‰¥â‡°≥±å¡“µ√∞“π§ÿ≥¿“æÕ“°“»π—ÈπÕ¬Ÿà„π™à«ß¢Õß
30-40 π“∑’ ·µàÕ“®¡’§«“¡·µ°µà“ß°—π‰ªµ“¡ ¿“æ·«¥≈âÕ¡
¢Õß·µà≈–∑’Ë‰¥â

°‘µµ‘°√√¡ª√–°“»
§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥∫√‘…—∑ Õ—≈‰æπå ®”°—¥ ∑’Ë„Àâ§«“¡

Õπÿ‡§√“–Àå‡§√◊ËÕßøÕ°Õ“°“»·≈–¢âÕ¡Ÿ≈∑—ÈßÊ ∑’Ë ‰¡à¡’ à«π
‡°’Ë¬«¢âÕß„¥Ê „πß“π«‘®—¬ ·≈–¢Õ¢Õ∫§ÿ≥§≥–‡∑§π‘§°“√·æ∑¬å
¡À“«‘∑¬“≈—¬¢Õπ·°àπ ∑’Ë‡Õ◊ÈÕ‡øóôÕ ∂“π∑’Ë·≈–Õÿª°√≥å„π°“√
∑¥≈Õß
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