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Abstract

Objectives: The purpose of this study was to investigate the pathogenicity of microorganisms
by quantitative and qualitative analysis of microorganisms before and after flushing of dental
unit water. Methods: This study was conducted on the supply of high-speed handpieces,
ultrasonic scalers, and air-water syringes, which sterilized from 10 dental unit chairs at a dental
clinic in South Gyeongsang Province. The number of bacterial communities was calculated
by collection before and after flushing (2, 4, and 6 minutes). Results: The mean number of
bacteria in the handpiece water before flushing was 27,208 CFU/m{; 2 minutes after flushing,
2,180 CFU/m{; 4 minutes after flushing, 900 CFU/m{; and 6 minutes after flushing, 412 CFU/mL.
Conclusions: To minimize the risk of cross-infection and intra-clinic infection in dental clinics,
education and water quality monitoring may be needed.
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A, A=A AUE7] 5 thdstct L FollM = |2t -FUE|M AR &= 840] ¥ E 2H-2 1963
1A Blakeo]] 2J3] 28 E =] giTH].

x| it x| k-8t Ylof] EAoh= E2M 2| x| & Al Db, W@2F 9 Zsfie] Aol AREEl =t
AP AZ)71 2 51, ofo]2F FElE SUE 4= JloH, AR RS ol AU= f-U7] = 3]
2| Hg410] Mt P2 FHA| Hen| Azt o S AR 8 A ARZ HEURolE AEA o=
2] 7 U mlESo] £ U S5 o] £he LAXZT THA] BEO 2 S E]= 7]%do]| o5l
g5t Hotal. 5] AXAAE oAU AR | & i & F Fito] 25 A9 AEA
2 65 7ok

=U2] 7% 20061 59, AAFERE 2 T sHol| A X| xR ol 2] B9 AR] o] 5717 e, X]2k-g4=
29 5ol W3t ZAIE A|715H L[5, vl=roll A= 20001 22 ABC Newsol|A] ‘Dirty Dental Water'©|2h= A|
50 2 2|1} 6032 2 O 2 XG5 Ml AR A1F 90067} = x| atol| A v AR S84 715 500
CFU(Colony forming unit)/m(E 23}t 11, 71 F-2/3 o] /d2] x|aof|A] ool IS 2hrte] 173 U Al
T2 3ok ATkl sFlTHe).

| AHGek2 o] - Tl ARESHA] 952 wioll= Fo] o]l Aok E o] Sl EAlichs A%
o] MltE0] F43] FAskaL, 1 At Al A= Biofilm) S FAJ5HA] Ht. B2 FE3H 420]
U= Fo|H o JLo|u} kst TrHo|| Baloh= n|¥E s Yok, o, 27, Y8s = 5 TSt

0BES0] SAIZ 4 A7) 2| e Uje] <4roll= YRt o = |
uko 2 HE| Aol FUH o] Fofl =518 7|E o)ido g o dE
o] AZE|qIth= A0 ATHI, 10].

x| ahg=ke] ZHde) & floto] AR5 x| ahg4=2] Al 4=of] 3k e 142 A4k /Ut
199514 1]=- %] 2+2) AF& 3] (American Dental Association; ADA)[11]%= X 2}-84=2] A|lH-2. ¢ 422200 CFU/
m{ 0]5}2 A5 11, 20031 ZHE A ofHHAIE] (Centers for Disease Control and Prevention; CDC)[12]= H] €]
LW x| 2= 5.2 73§ 500 CFU/m o|5HE Harskal e, FEgt ilj 2*6}0194 At F5HE Z0l7] 2lsh

T AR A vl Shpabct 2] 4 203027 23t 37| S HIEE 4 E21/d (Flushing) 3t Z1-& Y Al5HL

°‘DH12] ZJoltHET 7to| QH 52 £ ZEE 1(Footconuoler)§ grol njg] Foti= Ao =M
2|1}7]7](2145 HEw) 2, high-speed handpiece; 2333} 2| A1 A7 7|, ultrasonic scaler; 57 |-2 AL, air-water
syringe)ol] ZHF3F 4= Q= o] 2kxje] Folf Efel, & =940 HiEshs Ae Witk
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1. |4z

20139 10 A4 17 2|2t o 27|l [ 87} E2d & X|2hg R 507} 10t E Pt dh & 3l
Eujaet 22k XM 7], 375 BA71S 3345 tVog A5 3ot X| 284 213 A
AR Pt S 2oL, SelAdolr] A Eod $ 28, 48, 620l | THE4E Hetd &
7](Conical tube)o] A SHT}. X|H84= 13] 50 m#] Z 1207](100, 43], 37]71) S 2N 5kt A
|5 4°C /30X Hakst 5| AFA R o] oto] ZHEE A4 S742 Al¥sIIT

2. el

1) Ay A

25 soml 2| 2HE5 A Al Ea)to] AFEolS- 4| 45}l phosphate buffered saline(PBS Buffer, Biosesang,
Korea)ol] A|2-E 104} ﬂﬁl_ﬁw(m ~ 102)5}0] JASHEHH]A] (BAP, HANIL COMED, Korea)ol] 500 0=
Cslle) T2 A= 37°C, CO2 &714d 2704 37 HIGAIR] & Mk Akzslgi)

2) Ai2e] 2 54

FAgbulz|of] Bigo| = =2 HEs}od] €~’F 2] £ 37°C, CO2 271/ 27dol|A] 347t vijdatiTt.
HISE plate - S21/J517] 2] FE= H|3H S A Qe 19719] +-2 2] S5kt + 5782 &
0] AY 21 2 A1l E] (Korean Culture Center of Microorganisms; KCCM)of| 4] 434819011, 1974 5
NE AlLlet Z 16719] w7} 5= ek

3) Fatty Acid Methyl Esters(FAMEs) 24

2 A2 22 78 Miller{17]2] 1ol e} FA A HARA-S o]-85to] Aot Bt 2F 40
mg®] cellE: teflon-lined screw cap tubeol] 71 %, 5096 HE-Z0]| 15% NaOHE 73t -84 1 mlE ¥ 11 100°C
of| ] 3057t 7t sto] AlLojA] A5l TRS: methanolicHCI 2 m{-S 3d75}0] 80°CollA] 1087k 7198t 5 &
W5t 2 1.25 ml hexane/methylert-butyl ether (1:1:v/v)S @1 1027 E3t5}91ct, Al-2of |5k & Hkgol
o] 27H9] Fo 2 Be|=H sH5HS A A1, 3mle] dilute NaOH(10.8 g NaOH/900 m{ D.W.)Z- 7}5}0]
1027t & HojE & A-2of] AA|sto] /F5He] 2/3% =5 screw-capped sample vial(12 X 32 mm, Agilent
technologies) & 79 cappingdto] A|S& AFE5}ITE FH|H Al 5.2] EAolli= Agilent technologies 6890 gas
chromatographyS- ©]-8-5}%1 21 separation column A30 X 0.320 mm X 0.25 ym crosslinked methyl siloxane
column (HP-1P)}& AF8-5F3ATH.

EAH profile Microbial Identification System(MIDI; Microbial ID, Inc., Newark, Deatware USA)2] sherlock
software U] Q1= F21]AYE-2] library] fatty acid profilesi} B] w5t} AH5-2] 0 & datad}3t0 24 ALkl 2F
of w2} -RAFE Z]J42(Sim index) S TBI L, 0.3 ~ 0.95 41213 U= 578 2= st

3. %= 24
w2, 235 A, 3718 2AP19] FF40IM Lhe Al Wt BRdt BERAS 7
191, AVl o} A 202} o) RIsks 157437 B Repat mensre ANOVAYS 51

l
r}, B.E A3 SPSS(Ver. 18.0, Chicago, Illinois, USA)Z- 0|-85}0] HAI519) o EA|2] G4 AL
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AL Z 1

L X1 RLE S22 Bz M2 ZEt +

A
= o
ACHp<0.05). B71-2 2AP7]9] it Al Hese B2iAsl7] 7, Beiy 285, 42 5 9 65 5o 72}
12,023 CFU/m(, 2,123 CFU/m{, 147 CFU/m{ 2 100 CFU/m(E A7+ ZAtol] whet 74s19i)at EA4)2 02
B80]5}A] = QT Table 1>.

2. X1} RLIE Sa0M 222 M2 SF

N=a| A FF4of| A 22]H M2 Brevundimonas diminuta, Microbacterium imperiale, Micrococcus lylae,
Novosphingobium subterraneun, Novosphingobium aromaticivorans, Rothia dentocariosa 2! Sphingobium yanoikuyae
om, 28} x| XA 7 7] Fg4ol|A] Be]E M-S Enterococcus faecalis, Pacnibacillus validus, Psychrobacter

Table 1. Colony forming unit in dental unit waterlines according as flushing time Unit: Mean=SD

Instruments

After flushing p*
Within  Between
group groups

N  Before flushing 9 min 4 min 6 min

Handpiece 10 27,208+30,068 2,180+3,277 900+1,367 412+ 747 0.021

Ultrasonic Scaler 9" 18,869+21,373 15262512  1,483+3,527  1,823+4,585 0.049 0.598
Air-water syringe 9 12,0231+28,455 2,123+3,124 1474203 100160 0.369

Total 28  17,042+25500 1,621+2,673 758+1,959 685+2,316

*repeated measure ANOVA
*uncountable by contamination of blood agar plate

Table 2. Identification of isolated bacteria from dental unit waterlines

Instruments Bacteria species SIM* 6™
High-speed handpiece Brevundimonas diminuta 0.888 5.6
Microbacterium imperiale 0.290 5.6
Micrococcus Iylae 0.619 5.6
Novosphingobium subterraneum 0.271 16.7
Novosphingobium aromaticivorans 0.158 5.6
Rothia dentocariosa 0.536 5.6
Sphingobium yanoikuyae 0.244 5.6
Ultrasonic scaler Enterococcus faecalis 0.342 5.6
Paenibacillus validus 0.134 5.6
Psychrobacter immobilis 0.534 5.6
Serratia odorifera 0.598 5.6
Air-water syringe Bacillus 0.210 5.6
Mycobacterium aichiense 0.468 5.6
Mycobacterium fallax 0.305 5.6
Novosphingobium subterraneum 0.200 16.7
Sphingomonas capsulata 0.386 5.6
Staphylococcus sciuri 0.382 5.6
*similarity index

**04 of total(16 species) bacterial species
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immobilis 2! Sermatia odoriferal Y, 37]-& EA| ag5olA E2lE Ale-S Bacillus, Mycobacterium
aichiense, Mycobacterium fallax, Novosphingobium subterraneum, Sphingomonas capsulata ) Staphylococcus sciuri%)
C}. o] 2 N. subterrancum©] Z1A| 1622] o 2 712 20](16.7%) E-2] =] T Table 2>.

=
23 Al F Yz 9 Agolo 2 ARREE Eo] Alito] RFH AlgSo] Wo| RiE o] =g
Mills[7]+= B % 2| A AR 2|ak-84=3ke] @ 0 2 Alt4=7} 10,000 ~ 1,000,000 CFU/mPE st B
51941, Szymanska[18]+= - Al-4>S 201,039 CFUM(E B 151} o] S48 x| a}840f| A -84

~|
[1

o #A71ES 205 HIE0] 63.7% 2 UEHATIAL 5131 0.1, 2 Lol A &= ]t 80,000 CFU/m71A] o] Al
o] AEHAI, 58 7|55 25k HlE 0] 62.5%2 UEL 2| 3-87H Alatoll 2 45k 7s/dol 3l
© Aoz Ui 2| 3-8ate] 2 ollM F28k 22 B3] Alate] EA7F ohd 2t Alltel kA
2| R /dete] EAllolH, Aede ale)E LAFA o= Afdsl] ffsliM Al 42 EofoF Stk
A B2 Eudshke 212 GAIHoIR] sht 29 H 840 S i dsh= o HEdd 3 o

A= 583 ol o7 ALEolA] F4= glele] Eel/do] X|2hgo] At LA
Ik B 151GITH3,19]. Cobb S[2019] Aol A= Z2)A)5}7] A B 15,320 CFU/mol|
3,160 CFU/m{O.& HFP## ZSo}EUHAL BAsIQl T, o] Sl X|27)7] 3345 2%
= o 1S 2 F e FoloHA| ZasiTial sigith & AtollA = fHEmA Sa34
x

;O

L ZeAsl7] A B+ 27,208 CFU/Mm, E%‘ 28 22,180 CFU/m{ 2! 42 & 900 CFU/M( 1, 231} 2
KA A7)2] ZF4oll A= S|4 A 18,869 CFUMIRIA Z2iA4 282 F 1,526 CFU/m{ 2 45 5 1,483 CFU/

mlE Z2iJop7| METH Eel4) 22 43 £ A7t 346] Zol50] 2249 F oS AilslEr)

x| gpoll i AEE Alta= =712 Q27| o 5], Al 9 25 Fof| w2t &ol7t QL& 4~
o Z2|sh= Zlo] At A0l &xb7 82 ofg] AqEolM 35428 Hof 341 Qi) eyt
] 739 A H-g<etol] tigh F714Q1 A=at o 7HpA]8- 7], 2 g n]gE4(100 CFU/Mm o]sh)7F 4]
=5 ol 2 E517] A 1227 ol 2} 2 & & 304027 SR ok e S Akl QLo u13], A[21]9]
e el aelo] e 7o) st BT T AT Be IS P BoP ST 453, 28}
AR IS 3712 BAP) S FRE TP SURRH A9t 41062 7V BISHT, o] fa) e
2. Agof ol el AFSSHTL K] GHaA) RECFE STt ede, H718 4 D2 NS
Aask] SF= ol 9= 4 Behieb ST AV HigtTh et [22)e] Aol ATHE4T AES
T Sk = SEAPF 2,602 RS FA] QlTh A8 Al S2dohs 212 AlRto] A3 B1A
B AA 458 4 Qo). EEgh oA = X1 F U E o] AR RIS Al 2 QIA|sHA] Eoh= A7t
Joo e X2 FARES td ez gk Sei4d o] T o/} aafel tigh w4 3l SR Z esi, E24
o 14 A] ek oj A of St

2| 2Hg-pol| A BHAE] = W Yw-E5 2+ Legionella, Pseudomonas 12| 31 Mycobacterium®] B 115|311 QJth
[23,24]. 2 Ao A E2]H TP -2 Enterococcus faecalis, Micrococcus lylae, Mycobacterium aichiense,
Mycobacterium fallax, Microbacterium imperiale, Paenibacillus validus, Rothia dentocariosa, Staphylococcus sciuri©|

A, J%-8/dvS Bacillus, Brevundimonas diminuta, Novosphingobium aronaticivorans, Novosphingobium
subterraneurn, Psychrobacter immobilis, Serratia odorifera, Sphyingomonas capculata{Ct. ©]+= Szymafiska[18]2] 1
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ToF Y7 UA|oh= Al o) 7Y E5] EelE Al Ralstonia pichettiiz. 2 15-2] Novosphingobium
subterranea®t= ko] 7} ATt

S8E A 1670 F =T 2ofA 75| o] FEE|RUAL, HA|] 1/30] Sphingomonas©] T
Sphingomonas= 1990\ #°]¥ I5-8-/d7HtO 2 Sphingobium, Novosphingobium, Sphingosinicella %!
Spingopyxis2| 47} 5.0 & M| 23}, EQf, J3t g} 2| 2of| A 7hett v E dF 2 257
oF T 7|37 H S U 071t} Kelley 5{25]2] Aol A1+= Sphingomonas?} 2 o] okt 2kxp50] 717}
Fole A 4 Aokl 51U Brevundimonas diminutae “1-3/8 7kt O 2 HJ7| 50| gk Shajt 4
2} VAt ol LU dE L 270HH26]. Psychrobacter= 271/d 1--2/dw o= Alulehe] Bl &

519} 52 U.07|1, Pychrobacier immobiis= X125, A4, 718 %5 2 7Ha50) ZA15H0, Algole] -5}
Q1§ Qe B EI9IeH2. Semti odorifere'= A} Ao 4r5Hs 12He AT RO R 8 2 1]
%, 587 295, 17303 i 4510 HFE Bol Hako) ot AviolA Hee vt 9Jrk2s],
Rothiz= IPHF0Z 2|88} Q1o 9l0m, AWALEE 71 Aol At 2ozl
% 913(29), 212 U Efololl X121 Rothia dentocariosa 2130] 231 o QIEH30). Enterococcus feclisi
AZIAS Lo PO R Afte] Trgolt Aol EAsHe s Ftolck I, UF, P
ol chet 2o o] Aol Lt L5 20| FT U HEFHEE AFolLt 3859 BHOAAER o]
STk ok AU, 229, B 79, shEgel Busely, 23] £8A 4559 el
715 3o, aH31lo] X2} fU=0) oA e PO E. ficcali’t Hel) b} Qe 2784k
A WA R Ro] S o] e 5714 IR E-0 R iR R 7|3zl wolc). Th]
2283 ARl W8S ob |5t ex|Rt 7 ]50] ofahe Sixpt A AEE 77 A, o, Pt
B

ok
N

Ho] e A4 Fs/do] 0B Z X g A| T}& 0|5 7| & eof 3t

A} X 8842 AMGERE B 3-8 270l ATt 845 ARSI, 2JiFA] 24| Alofl= Hat
45 AHgotofok St 410 2 ARE= S WAIsH | flsiA imu]A 9 F42lRloll= antiretraction
valveg A x|stofok oh, ol 2} 218 A, A} FT5 A] 2} ko] Eolrbe BE 7|71 25E] 42
i ol Sul/dstolof gt S x| thE4ke] EU A E 915 3teHA Akat Ee) A A7 E Wt
ofof 5, 747141 4= n|YE HALE AAJSt] U E]E (Monitoring) St of S},

2 AT Vi A} o 87| 3E g o & 51917] whiel 2 AutE -2 uet A 2|2k ol r|Ho s I
g7 o= F2l7t lom, AgA|7]o] vls A a7} =olXl Zint 2| 2843t B A EC] Al vl
of| R2A agar HiZ]7} 324 E] 21 QA |RH16] 2 ALolli= MR & ARGt A o] Qlct. 514
Tk of2gt Algkdol = Etelal & As Syl X|ik U E 3340 E=4dsh] At E214
T AR Aol w2 At 4of] el ATFA BA 9 A4 A A2 Aol Alseh A B L2 11 9
o7k et & 4= AT S X|upel 7| hd, Ao X|ugyt Ul nldE WL e Zlos A
Sk

i

2E

A3t S Eo] e 4 WETA, 287} A7), 2718 BAplel 3E4E Seiely] it
Zoly 3 AR Aol T AlE4E A, A BAlsto] WA of B2 mlelsto M Algrtele.
20E| Yo} A HEARE oot 7]ofolAt 7S Alsiei
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1. )2 84-BollA] Z]ti 80,000 CEU/(S] Aol AZEL, 287128 Zalale u8o] 2502 L
EfL} 2|2k8 47} Aol 2 K5 o] 2 o 2 Lehet.

2. E2sP| A Z214 28 & A7t S4s] daste E214d9] e 3l avks & 433

o

T AT BN DALY L AN SIS AN ] 919} X2l Bt FAbA G
Al
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