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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 AUZ7] 5 thddtct L FollM = ]2t FUE|M AR &= 840] ¥ E 2H-2 1963
1A Blakeo]] 2J3] 218 E =] glTH].

x| a4t x| 2H-8=t Ulof] EAoh= E2M 2| x| & A] B, @2F 9 Zsfe] AlZo]] AREEl =t
AL AZ)71 2 51, ofo]2F FEE SUE 4= JloH, AR RS S5l AU= f-U57] = 3]
2| HE410] Mt P2 FHA| Hea| Azt o ¢ 2R 8 A AREZ HEURolE AlEA o=
2] 7 U mlESo] a3 YR S5 o] £he LAXZTT THA] BEO 2 S E]= 7]%do]| o5
g5t Eohal. 5] AMAAE oAU AFY | & &3 & F Fifto] 25 A9 AEA
2 65 7ok

=U12] 7% 20061 59, AAFEEE 2 T sHol| A X| g ol 2] B9 AR] o] 5717 e, X]2k-g4=

A 5ol Tt ZAIE A7 15k 1[5], Bl=tell A= 20001 2€ ABC NewsOl|A4] ‘Dirty Dental Water ©]2H= 4|
02 2|3} 6032 B2 0 2 X845 Al AR A1 90%7 | E = |l Bl AR 284 71 500
CFU(Colony forming unit)/m{E- 23}t 1, 71 2/3 o]/2] X|apoi|x] o] kol RIS 3H ghxpe] 174 W Al
T2 3ok ATkl sHlTHe).

| AHGek2 o] - Tl ARESHA] 952 wioll= Fo] o]l Aok E o] Sl EAlichs A%
o] MltE0] F43] FAskaL, 1 At Al A2 Biofilm) S FAJ5HA] Ht. BE9RE FE3H 420]
U= ol o & Fo|uf Thsh mRo]| Halohe n] s TS WokH, -, 27, 985 = 5 Ut

nBES0] SAIZ 4 U] 2| e Uje] 4ol YRt o =z |
aho 2 HE| Alito] U o] Foll=58%] 7|E oo R 2 H
o] HZE|qIth= A0 ATH9, 10].

x| ahg=ke] ZHATHe)E o] AR5 x| ahg4=2] Al =0l 3k e 142 A4Skl /Ut
199513 1=+ %] 2+2) AF& 3] (American Dental Association; ADA)[11]%= %] 2}-84=0] A|lH-2. ¢ 422200 CFU/
m{ 0]5}= A5 11, 20031 2 HE A of| A E] (Centers for Disease Control and Prevention; CDC)[12]= H] 2]
F—W x| 2}x]| 5.2 73§ 500 CFU/m o|5HS Harskal e, FEgt ilj 3*3}0194 At F5HE Z0l7] 2lsh

T AR A vl ghpabot 24 203027 23t 37| S HIEE 4 E21/d (Flushing) 3t Z1-& T AloHL

%D}[IZ]. ZeJoltHET 7to| A 22 £ ZEE 1(Footconuoler)§ Hrol njg] Fotii= Ao =M
2|1}7]7](2145 H=w]) 2, high-speed handpiece; 2333} 2| A A7 7|, ultrasonic scaler; 57 |-2 AL, air-water
syringe)ol] ZHF-3F 4= Q1= oA Sxje] P Ell 3] 52 E2|A 0 & HiEshe AS Walth.

ot 2ol AR 3] [13]ol| A= o] obd LAFAQ1 x| Th8<rol] thish R A EE(LRE Al 100
CFUM{ oJ5h & FFA7 1= B2 AFSSES AL QLA o) 8713 Q1537 ol|A] akeof| ohgh +f
BOE £ Fu7]eh SkAE S nBEZAL o] EHE| o] QIeH14]. f-2|UtellA #A7HA] X]
T-E4E Vg2 o= HH AA7H4,15,16)7F A o T = nAE2] A IS 2 04
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1. A=

20139 10 A4 170 2|2t o 27|l [ 87} 2d & X2k R 507} 10t E Pt dh 4 3l
Eajaet 22 XM A7), 3715 BA71Y 3345 tVdos A5 3okt X284 213 A
AR Pt S 2oL, SelAdol] At Eod $ 28, 48, 620l | HE4E Hetd &
7](Conical tube)ol] AZSHT}. X|H&4= 13] 50 m#] Z 1207](100, 43], 37]71) S 2N 5kt AFsH
|5 4°C /3ol Hakst 5| AFA R o]oto] ZHIE A4 S742 Al¥sIIT

2. el

1) Ay A

25 soml 2| g5 A4l Ea)to] AFEolS- 4| 45}l phosphate buffered saline(PBS Buffer, Biosesang,
Korea)ol] A|2-E 104 EPAIEJH(HH ~ 102)5}0] JASHEHH]A] (BAP, HANIL COMED, Korea)ol] 500 0=
CsllT) T2 A= 37°C, CO2 &714d 2704 37 HIGAIZ] & ek Akzslol)

2) Ai2e] 2 54

FAgbHlR|of] Bigo| = =2 HEs}od] 4:4? 28] £ 37°C, CO2 271/ 27dol|A] 347t vijdatiTt.
HISE plate - 217517 o] FE= H|3t S A Qe 19719 +-2 2] S5tk + 5782 &
0] AY 2 2 A1l E] (Korean Culture Center of Microorganisms; KCCM)of| 4] 43451011, 1974 5
NE AlLlet Z 16719] w7} 5= ek

3) Fatty Acid Methyl Esters(FAMEs) 4]

2 242 22 78 Miller{17]2] HH ol et FA R AR S o]-85to] Aot Bt 2F 40
mg®] cellE: teflon-lined screw cap tubeol] 71 %, 509 H[E-Z0]| 15% NaOHE %73t -84 1 mlE ¥ 11 100°C
of|A} 3087+ 7} 5to] Al-2of|A] Al5] ThS- methanolic-HC1 2 ml&- 3715}0] 80°CollA] 1087 71t 5 &
W5+ 2 1.25 ml hexane/methylert-butyl ether (1:1:v/v)2 @1 1027 E3t5}91Tt, Al-2of |5k & Hkgol
o] 27H9] Fo 2 Be|=H sH5HS A A5, 3mle] dilute NaOH(10.8 g NaOH/900 m{ D.W.)Z- 7}5}0]
1027t & HojE & A-2o]] Ax|5to] /F5He] 2/3% =E screw-capped sample vial(12 X 32 mm, Agilent
technologies) & 79 cappingdto] A|S& ARE5}ITE. 0| Al 5.2] FAolli= Agilent technologies 6890 gas
chromatographyS- ©]-&-5}%1 21 separation column A30 X 0.320 mm X 0.25 ym crosslinked methyl siloxane
column (HP-1P)-& AH&-5H3{TH

EAH profile2 Microbial Identification System(MIDI; Microbial ID, Inc., Newark, Deatware USA)2] sherlock
software U] Q= 0| 2] library)] fatty acid profilest} H] m5}10] 2521 0 & datadlah0 &4 AAHE 7t
of w2} -RARE Z]J4x(Sim index) S TBI L, 0.3 ~ 0.95 41213 = 578 2= s

3. %= 24
w2, 235 AHAA], 3718 2AP19] Fa40IM Lhe Al Wt Rt BERAS 7
151, AVl o} A 202} ) RIsks 157437 B Repat mensre ANOVAYS 5}

l
r}, B.E A3 SPSS(Ver. 18.0, Chicago, Tllinois, USA)Z- 0|-85}0] HAIG19 o EA|2] G4 AL
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AL Z 1

L x[1 RLE S22 B2 M2 ZEt -

A
= o
RTHp<0.05). 371-8 BA71) W Al e FeAah] A, Bl 25, 48 5 W 63 ol 242
12,023 CFU/m{, 2,123 CFU/mf, 147 CFU/m{ 2 100 CFU/m A7+ ZAxol] ufe} 7hasigizgh EAH oz
B80]5}A] = QT Table 1>.

2. X1} RLIE Sa0M 222 M2 SF

e A ZF4ol|x] EejE Al Brevundimonas diminuta, Microbacterium imperiale, Micrococcus lylae,
Novosphingobium subterraneun, Novosphingobium aromaticivorans, Rothia dentocariosa 2! Sphingobium yanoikuyae
om, 28} x| XA 7 7] Fg4ol|A] Ba]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 1,526£2,512  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* 06"
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 Alx-2 Bacillus, Mycobacterium
aichiense, Mycobacterium fallax, Novosphingobium subterraneum, Sphingomonas capsulata % Staphylococcus scitri%)
t}. o] & N, subterraneum®] Z1A| 16Z2] o Z 714 %o](16.7%) £-2] %] QT Table 2>.

=
27 A& F Yz 9 Agolo 2 ARREE Eo] Alxto] 2FH AlgSo] Wo| BiEo] =g
Mills[7]+= B % 2| A AR 2| ak-84=3ke] @1 0 2 Alet4=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

©] 427)2-8 273k ] o0] 63702 LFErHHTHL 519100, 1 A0l 2]t 80,000 CFUMEZIA2) Al
Fo| AT, 88 7|FS 25 1|80 62.5% Lt 2]k847H Aol 2 A1 7Hs Aol 9]
7102 Uehr), 2|7k840e] 9 QoM 23k 2L thes) Aol EA7tohjat Alze] otk 1A
2 el ge] 2ol 7ol nelE Aapa o ekl s Mlde] 8 Zolok st
HAE 22 BaiAate e AN o7l st 9 HH B40] 4L st i olEE 77 o

A= T35k pTolth oA AtEoilA F4=2ile] E2t/do] 2|80 Al L F4E
ekl BsHITH3,19]. Cobb 5120]9] AA+tellA= Se)/dst] A B+ 15,320 CFU/m{o]
3,160 CFU/m{o.2 Aﬂ%@} ZolEAHAL BAIsklal, o] Sl X7 )7] 3aE 2
2 e 2 FEe fofshl Aastital sl & Aol = En A s
S

= Zei4517] A Bt 27,208 CFU/m, aw 28 22,180 CFU/m{ 2! 42 & 900 CFU/M( 1L, 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 EeAJoh7| MET S8/ 22 B F Al 345 SoEo] S84 B oAde Asliect

x| 2ol M AEE Alte =713t 2713, o8], AP Bl 2= Sof| w2t xjo]7} 912 4= 9l
o S| sh= Zlo] At A0l &b 32 ofg] AqEolM 35428 Hof 341 Qi) f-2fut
O] 7% 2|2 84hol| thigt 712191 A=t o FHEA]-8- 7], A ek ) E4x(100 CFU/mL ©]5h)7F-§-2]
=5 ol 2 E517] A 1227 ol 2} 2 & & 304027 SR ok e S HAskal QLo 13], A[21]9]
Sgrre) e AlEo] B ol Slall P 49 BulE G BrP STARE 4530, 28T
A7 |2 B7)-B BADLE FHE Sk STAPF A4A%St 44,1962 7V B9HT, S2A] dlss
2 AFgotaol TsAE AF8S1T ] gHeA] BECPE STAP} o460, 4714 42 IR AE
AJSYEHA] ke ol 9. 2 BebaeRs St by Bekeh wat H[le] Gol M X g4 AES
Y Sk = SEAFR2.6% 2 IS FA] 9tk A& Al sk A2 Aol 4254 HA
A=A 2E 4 Qlok 3 oA = X1 U E o] RS Al = Q1 AsHA] ehe A9t
Aoz X FARFES tldo2 g S21/d o] B /du} Tate] gt w& Bl 27 s, E24d
A 7 JA] ek ojAoF gtk

2| 2H-g-pol| A BHAE] = w52+ Legionella, Pseudomonas 12| 31 Mycobacterium®] B 115|311 QJth
[23,24]. 2 Ao A E2]H TFY -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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79} 9% QaIhe Zighon], 14 £5) e AE-S Rabtonia picheti=. 2 A7.9] Novosphingobium
subtermancat= 3107} 13i.

S78E A 167 # F WET2ofA 75| o] BE|RUAL, HA|] 1/30] Sphingomonas©] T
Sphingomonas= 1990\ Z°]¥ 3-8/ 7HtO 2 Sphingobium, Novosphingobium, Sphingosinicella %!
Spingopyxis2] 47} .0 & M| 23}, EQF, S5t g} 2| 2of| A 7hett v E 4R 2 257
oF TAH 7|37 H S U 071t} Kelley 5{25]2] Aol A1+= Sphingomonas?} 2 o] okt 2kxp50] 717}
ol FEe 4 Aokl 53T}, Brevundimonas diminutai= 1887370 & T 7|50] oFgt ghajt 4
S} SVt ol LU aE L 271HH26]. Psychrobacter'= 271/d 1--2/dw o= Alulete] Bl &
19] 5.9 2] 0 7|0, Psychrobacter immobilis= 2%, AJA, 7} S5 2 7}22o]| ZxzfjshH, AlAdofe] 4-at
= e Aol B =] JTH27). Sematia odoriferae= U Alet o]l &ohe 1A O R Q2 71
5, 57| AT, AW i@ £70] A9E Hol= ghxfe] Follxp Arofla] FalE vl QloH28].
Rothiaw= T/ dvt 0 & 2|22k} AAyto] Qlom | AR matehs 7171 Algdol|A] AUl S Yo
2> Q1[29], A& W Efotef] XA Q1 Rothia dentocariosa 7493 0] E 1% B} QITH30]. Enterococcus 1
Auitds 407 o= Algre] oy ol EAloke A4lVd Ftolth &, B, T8 E
Zoj| thigt 2| o] Qlof Algholut 28522 A Ul Lot 2 Al Fou 2840 FH QAR HE o]
ST} oA AUlE Y, L 24, B A, i@ 5ol EarE|Ql, F5] EEA AlS5e] Qlo] &
71 % 51, gH31]0] x|} FUES] BRtol| A A e HollA = E. faecalis7} 2] HE It X|2-g4=to]]
A AR = iR AltE2 e dol W 2714 OES/dw o2 tiF-E 712z dto|th. ThA| 'l
273 Aol AHE ob7IskA] QAIRE 7] 50] ofake gt HAIZ RS 7H Shaf, 4vof, QJit
Ho] - A4 ' 7hsAdo] )l B E Mg A BE Fo)5 7]ZwlofF gt

A} A 282 AR EE B2 28 7S At 8405 AR, Q2HY XA| A= B
5 AMEStofof Bk 0 2 ARk = 21 WAl | flsiA] iEw]A B F4EiRlofl= antiretraction
valve S Adx|stofof GhH, ol 2} 2 8 HE, A} 7 Al 2R} o] So7he B 7|71 2R E 242
i ol SeAfstofof pit. BESk x| HREpke] AEEL A|IAE 915 BfehA Akt EE A Al E WAt
ofof 5k, 747121 = n|YE HALE AAJete] U E]E (Monitoring) St of S},

2 A U A} o 87|13 oo = 51917] wizell 2 AakE Syt A |2k ol gr|toz o
HHlst7 o= F2)7t lom, A Al7]o] Hls A st =oiXl 2t x| thet & A EL] Al ol
of| R2A agar HJA]7} ] 11 QA |RH16] 12 ALolli= HSHIHNR| & ARsIith= Al o] Qltt. 514
Tk of2gt Algkdol = Etelal & As Syl X|ik FUE 3540 E=4dsh] At E214
& AR ol whE At 4o tisl] A A Bl A4 24 SAlol AlREeh A B AtEM 119

E, 2o X g Ul ngE WP 2o 2o A

e

rr

o7k Qefar & 4= AT e ARl g7, A
Sk

=

as

A3t FU ] A2tEl 14 REnA, 2eu} A, 272 BAPle] 2345 SelAsly] dut
Zai4) & A7 Aol e Alga-s A, BAa Baslo] Weld o e melsto 2 Ao
2R Sjot ATEARE BB 7|ofslat A7 Alsigitt.
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1. )2 84-BollA] 2]t} 80,000 CEU/(S] Aol AZEL, &-87128 Zatale u18o] 2502 L
EfL} 2|7k8 47} Aol @ K50l 2 o 2 Lehet.

2. E2sp| A Z214 22 & A7t S4s] daste E2149] e 3l avks & 433

o

T AT BN DALY L AN SIS AN ] 919 X2kl Bt FAb G
Al
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