ISSN(Print): 1225-7672 / ISSN(Online): 2287—-822X
DOI https://doi,org/10,11001/jksww,2017.31.1,093 |

LISZ -5k XIHe| HER iAot R IXIZ O]
ALl HA
O - L —_ 1

Analysis of correlation between cyanobacterial population and
water quality factors in the middle and down stream region of
nakdong river
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Department of Environmental Engineering, Pukyoug National University

ABSTRACT

In this study, we investigated the correlation between the number of cyanobacterial species and the water quality factors
after installation of Nakdong river weirs. Factor analyses of water quality factors were also performed. The results of
correlations showed that there was no significant water quality with the cyanobacterial concentration but the correlation
coefficient of nutrients increased from the upstream to the downstream. There was a significant correlation between
W-T and pH as important water quality factors for the growth of cyanobacteria. In the downstream region of Nakdong
river, algae were more frequently detected than in the upstream region, and the blooms of algae species seem to be
influenced by the higher pH and the influx of the phosphorus from the upstream tributaries. Nutrient concentration
was higher in the downstream region than in the upstream region due to the effects of tributaries Geumho river and
Nam river in Nakdong river. As a result of the factor analyses, nitrogen species were the principal factors in the upper
region, and phorsphorus species were the principal factors in the downstream region.
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| HEZ 357 A0l HEF et 2RI dEa 24
259 o] RIHsHA S 4= Qltk(Son, 2013) d@
= E= L o /\/%9%
257 5 59 g2ie 545 42 7] "zl S S
o 44 9 WHAE A BAE opT S Ark e e
<+ stH o] A7k el FAEAE ol&q At (D15 ok Daleunig welr
7b A8 Eal Q. S22 g-a0l tis &s] A7t
o]fojaL oy, dxF ALt AR
Fe ARAer At AR B3 AA o]
of&d| 2RI FF= vAl= A= WS
o], =2 AXHETE ofu e} 714 B S FRFIA}
S AT 5IAQ BI77E o]FojAof Stk E3,
257 WS AL dR=A AA G T
gt FEHE o WAl wet A7t A% AmE @ WA
vigto 2 9W71E I Q7 QItHLim et al., 2014). o] . o ]
‘ Fig. 1. Sampling sites in the Nakdong River.
ATe 27 A oY A F EE A Ho] ofd
Y7 FokE A afjHof AAA H HA] o]lF 22 X2 A 9l A% EM BHAM
of A&Aer S -pEEL e 20129 6HFH
2016 1097H79] HzxE A5t 4HARE B TS SASEY B ARG ARe &
B Zgaws =3 Al 248 AAskg e 317 A 5 A] A O)(http://water.nier.go.kr) T3 13] =4
Uz2 29l o5t AltAo] Qs SRS o HI1 e 42 W:T), pH, DO(dissol_ved oxygen), BOD,
23 Wopth 183 478 aolEAom w2y 72 COD, TOC, SS, FHA(TN), §EFE(DIN), ¢
Aot ez 25k YrE ARo] kS )X QfF*é?ali(NHz-N), Z‘nl/&*éi‘ali(_NOz-N), Z2I(TP), &
L o2xolxlel o] 9xE ATs] Wk oW EZADTP), AAFARI(POLP), FTHAETCN), #7]
AFE FF UEY Foobi 2 e ARy UEEEO, IRmdaChlad ofgsiail dan
YL 9 712 ARE AFSHE d 2] gl Wl R e SRR RALT Y HEFARS ol
&5tk A= 4 7]E2 Table 13} o] 3
© o] HhH 9 A 2] et HE ARIR(FELAE
2, BALE I 88 Aol 73 7] (Attention, boundary)el a4 2}
22 BAEA
2.1 ZAXIE L A7 o1 rol o] e AL -
2 Ago|A 9] B= FAEAS SPSS(ver. 18.0)
2 A tollAs A 2 A Bl et 2L o] &3kt 7 f99 dxR{ Ao =3
1 Al22x@HERe] AA]-gYcts SAYY & QIAREe] Ws S efstr] flsf A 24 A
F 5, A2BRA =X A ARG SAYC AlBtg o, Arlg o2 o] 8% Pearson's correlation
i o)l EFHL e E2ESAY 4 +E5H analysisg ©]-&3Flrh 8142 11F-271 1.0 o]kl
2O 2w T HEAEAA 20120 HAH HE e 1709 adlo] ¥ 179 @A AW 4
ol B AA AFer 277F WIWs] St Q= flemm gRlomA oulrt gl7] wiiEe] ALt
N A-S ez sk O AFE I Fot oh 8¢l& FE3 & QA1) Haeho] Aol o
F A Q GG LPE H), DS(EdR), HO(FH A £ 89 = 9SS Adl A2 (Varimax)<
H), CHAEGHAE)E sttt 2= GG(7 2-gsto] QRliAS AAIsHTH
IO thAL DS(EAE)Y] =3, HO(FHAEH)
9] 93, CHEEeR) Q] shot 47] A ™S AL Table 1. Algae alarm system in South Korea

2 sto] 47 Ao 27 ZARL 20129 6YF
2016\ 10¥7FX = 3}ich

Level Attention | Warning Bloom

Algae (cells/ml) 1,000 10,000 1,000,000
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3. Zin} 2 pE

3.1 LS F61F i S

ZAPZ|12E] F2F 7HAI4= 1,000cells/mlo] 4ol T 3l
471 Aol ek 4% 2 Table 29} At} HY57te]
A EREETa v - AEE A3} ool ok
sto] o] wet AgH WA=
StephanodiscusQl FXF2] WAy o g2 Z27135lo] LERG
a1, 0] Frtel= 89l o 5H 9] -9 Microcystis
¢ F2F7E Bt SRR F-a9 FE7F ST
oh 0] A9 47 Aol it 2= 22.64~24.54°C
2 4 AR 7| THEAA2 FASH] B 2=
H|53h 20 &2 Wk AEA Hed2 FslstHA et
Uil glon stRE 44E ARETE Fav|o]
OF 1-2°C 7}8F =9ft}. pH Wk 797-838% HEZ -
ARG o SHRE A4S Attt SRR 44
= DOE 45stdlon o= 279 o= Qs
T W AR sE7F ST Ao R BRIk TN, TPY]
B 47] AFoA 1.95~3.00mg/L, 0.04~0.07mg/L
2 Uepgrow DSA| oA 5=t §43] F7Fskoh
oli= GGA A DSAF Atolofl Y13 #27F9] F
o7 7RIt Ao & Holu, 5579 fYo] Y57
FoleFe] JFE A n|A= AR Kt DSA| -}
HCA -1} {23t 2fo] 7} YeptA] oot 5379 ¢
o] HCXH7HA| Gk n|X|= A o= weteErt 474 A
9] NH;-NT} NO-N-2 TN, TP9} -3-AFst AgFo & et
pra=g

Nat=e YxS JhRe AnE Zn

=
FARA B d2R A
2} A1}kl A} S A= Pearson Correlation 0]
st Brtslg o, Y2E A4S 1,000cells/mlo] A}
7} 10,000cells/mlo] AL O 2 H=3to] EAEIGIT) 47 %
Aol U2 A2 1,000cells/mlo] A}, 10,000cells/mlo]
Fol 24 Ayl AEA 4= Table 3, 49} 2t}

47 PAFEAA A Q) G2 A4 1,000cells/ml o] AF
I A0 AR A GG Alfgh 37) A el
A NO-N(-0.232, 0256, -0.383)0] 2-©] AFH4(P<0.05)S
H 331, HCAH o A= TOC(0.254)2}F 4=2(0.245)0] %F2]
AH(P<0.05)= H Gtk CHA| ol A= pH(0.272)7}
9] A (P<0.01)E Ho|m, TN(-0.325)1} &-EF 44
(0.351)7} 9] AHAP<0.0D)S Hck dx257 7iA4
10,000cells/ml o]/t 421 0] Ahkta] Axt 17] &<
CHA Ao A] TN(-0.289), -2 4(-0353), NO-N(-0.362)
o] 29| AHd(P<0.05)S Hich

G574 55k Aol U AwEel 24k Wa
sho] 47l T A RS HEshAl Al 47 Al oigh
F25 WA SAJAY ArE FEst] 274
BA B 2% WAg 7R g2 WALt 5
Zlo1A} 7o) AFS WA S Pearson CorrelationS ©]-83}
of 712 Bristel o 1 A= Table 59 Zth.

27 WAl 1,000cells/ml(277 2A| HAEA)
olFe] A 421 pH(0.235), BOD(0.141),

Table 2. Variation of average water quality concentration at each survey site from June 2012 to October 2016 in the Nakdong River

chl-a pH DO TN TP W-T NH;-N NO;-N PO,-P

mean 16.15 7.97 7.49 1.95 0.04 22.64 0.14 1.25 0.01

GG min 4.30 7.20 2.90 1.20 0.01 4.80 0.02 0.29 0.00
max 59.50 9.70 13.9 3.32 0.13 31.9 0.35 2.58 0.05

mean 24.81 8.11 8.35 3.00 0.07 24.54 0.17 2.03 0.02

DS min 5.00 7.30 3.90 1.70 0.02 7.00 0.01 1.08 0.00
max 101.9 9.30 13.10 4.44 0.19 32.40 0.45 3.25 0.09

mean 26.18 8.21 8.61 2.81 0.06 23.18 0.12 1.92 0.02

HC min 3.10 7.30 3.60 1.72 0.02 5.80 0.01 1.08 0.00
max 163.50 9.80 13.90 4.52 0.15 33.10 0.45 3.52 0.07

mean 28.26 8.38 9.38 2.22 0.06 24.16 0.08 1.46 0.01

CH min 6.30 7.30 6.50 1.24 0.02 5.30 0.01 0.65 0.00
max 123.30 9.60 13.90 3.41 0.17 35.10 0.34 2.83 0.08
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| HSE S-oF A2 B2 fAeet 2RO e 24
COD(0.300), TOC(0.145), W-T(0.181)Q} oFo] ArzkA U227l 247k 23hE]7] wio| = 2z elxto] gk
(P<0.01)& 2 A3, TN(-0.115), DIN(-0.154), NH;-N & ]zl zoz 2 2 9} O]Hi Z b A FREQ}
(-0.147), NOs-N(-0.198)-2 -2-2] A4 (P<0.01) K.k 2200 Az|ul oFo] ATTAZ Bon 47 2 H e
T2 7HAIG 10,000cells/mlO /(2778 2 A 73 AA) et 722 20°C o] ol itk ﬁOl T2 e 720
o] A= pH(0.250), COD(0.194)2} ko] AAd-S =il 20°C o]Aro| A teF=4] stbs ® 17} Qluk(Liu et al
NH;-N(-0.171), NOs-N(-0.164)-& -2-2] AF#HA(P<0.05)2 2011). Wb FE 200 i3t G} Zrpdos dg
H 3tk BOD2}F COD7} A HHAS Holal Qle: o= o Zlo= wohelnh T12]al TOCS #-2jt AddAE
Table 3. Pearson Correlation coefficients between parameters about over the number of cyanobacteria's 1,000cells/ml
chl-a pH DO BOD COD SS TN TP
GG 012 .108 -121 .204 224 019 -.085 .080
DS .051 .207 -.022 262" 364" -.169 -.063 -.075
HC -.041 170 -141 .084 354" -.081 -.156 -.041
CH 144 2727 -.069 .075 2517 .007 -325" -.060
TOC W-T E-C TCN DTN NH;-N NO;-N DTP PO,-P
GG -.040 128 126 -.028 -.142 -.045 -.170 -.011 -.005
DS 011 145 148 -164 -.152 -.248 -.232 -119 -172
HC .254* 245 .009 .020 -.190 -113 -.256 -.094 -.184
CH 139 184 .026 .073 -351" -130 -.383" -.060 -.120
"ip<001,7:p<0.05
Table 4. Pearson Correlation coefficients between parameters about over the number of cyanobacteria's 10,000cells/ml
chl-a pH DO BOD COD SS TN TP
GG -.110 164 187 -.018 .229 -.015 .054 -.074
DS -.002 .322 .180 352 .280 -.047 .205 118
HC -.074 197 015 -.042 .247 -.046 -.044 -.054
CH .156 .268 -.034 .030 .143 125 -.289" .048
TOC W-T E-C TCN DTN NH;-N NO;-N DTP PO,-P
GG -116 -.182 .288 -.147 .050 -.094 -.032 -.098 -115
DS .024 .080 .094 -.143 -.058 -.295 -.064 -.008 -.067
HC .148 185 -.038 .049 -.080 -.145 -122 -127 -.187
CH .106 205 -.058 159 -.353* -.162 -.362" .044 .001
" p<001,”:p<0.05
Table 5. Pearson Correlation coefficients between parameters about the 4 weirs integrated data
chl-a pH DO BOD COD Ss TN TP
1,000cells/ml .094 235" -.042 1417 .300" -.023 -115° -.014
10,000cells/ml .069 250" .069 .042 194 .054 -.091 .008
TOC W-T E-C TCN DTN NH;-N | NOsN PO,-P
1,000cells/ml 145" 181" .046 -.017 -1547 | -1477 0 -198" -.059 -116
10,000cells/ml .095 152 -.025 012 -.142 -171 -.164" -.047 -.097
1 p<0.01, :p<0.05
96
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wolon] ol A 729 ATt BeAo] 9l
RO FA3] B 4 QrkKim et al, 2013). o4 Ao
= A8 AATAE0] A pHO| ARy A ATIeh 4}
o A3 BRI 5= UTHCho et al, 2013). YFAFI]
TN (-0.115), NH;-N(-0.147,-0.171), NOs-N(-0.198, -0.164)%1
A Gx Ao F BRolA X o3t &9l
JEh e R ol A7 Kol AR & <t
23 70k o A e wolx) 9k 9l ol
ool QAT Kt AR ZYRE] ZAlE]o] of
S35 Aok AEjo]7] who|cKim o al, 2013), 25
o] wax73l 9l HEL w3 EPA 71201 0.02mgl,
OECD 7|22 0.035mg/L o|tHLee, 2013). 94 ZAFE
ol == GGA|Ho] 0.01~0.13mg/L, DSX]AEo] 0.02~
0.19mg/L, HCx]Zo] 0.02~0.15mg/L, CHA|Ho] 0.02~
0.17mglLE o|u] 257} WAys}y] 98] FEat Aejo|n),
ZAAH ] BHZLOEE TP 5 0.04mg/L, 0.07mg/L,
0.06mg/L, 0.06mg/LE 2ooysl 7|2S zuslqic).

o,

oz H -y ok

¢

QA AA] Aol FAEREAE ol&st] AR

f T mA= 7oES

NEsidom 4 AHe] 17 AR 2o (W-T),

pH, DO(dissolved oxygen), BOD, COD, TOC, SS, &34

(TN), &EFH2(DIN), G oM EA(NH-N), HAF

HALNOMN), EQATP), £ZEFADIP), A4kl

(POs-P), FTHEHS(TCN), H7|HEE(E-C), IRE

F-a(chl-a)E ©]-&sto] QA4S Sl A=
Table 6, 7, 8, 99 LER ).

AN AT M7E Q1A o A7tgkA]of tigk
A3 0 & Kaiser-Meyer-Olkin(KMO) test= 0.666 0.5 £
A =9I}, Bartlett's test®] 13 AZ= 0.000(p < 0.05)
o e} wsEe) ARUAYL BAX LR Solsie
o5 .9l Ago] ekt Ao BT KMO
test= 4> 0.55= E|ofoF 8124 0] 7551, Bartlett's
testis AHGEL ¥4} DA opdAE A
Hpo. prro] 005kt Fow izaEele 717l
RRIEAE T 4 Tk AL 0]oF7] Tei(ung et al,
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Table 6. Rotated component matrix by factors analysis (GC)

Variable

component

2 3

DTN

.966

NOs-N

.951

TN

.947

DTP

.932

PO,-P

.909

TP

.876

TCN

.644

chl-a

.768

pH

717

SS

.665

DO

.541

COD

.832

TOC

.718

BOD

.630

W-T

.861

E-C

-.714

NH;-N

-.381

Table 7. Rotated component matrix by factors analysis (DS)

Variable

component

2 3

TP

.928

PO,-P

.857

DTP

.838

SS

.826

E-C

-.701

TCN

.563

DTN

.956

TN

941

NOs-N

.903

DO

.761

pH

.705

NH;-N

-.768

chl-a

.689

TOC

.776

COD

719

W-T

.576

BOD

447
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Table 8. Rotated component matrix by factors analysis (HC)

Variable component = . 2 A} . _
1 2 3 4 5 i, ARAle 8239, OL/‘J%‘ 2l —a—‘ﬂ, %—EH%EF—’F,
TP 932 A3aclE S22, pH, G54, &4, A48
E-C -811 912 COD, TOC, BOD, A|58¢18 &, A7|HELE,
Ss 798 FrUopdALR EREGC Alagle] A9 Ha
DTP 711 AE ed9Ed o= s %7]qu\g} 714
PO,-P 704 A7t A Y= Aor HYT, A2a00L 7=
TN .968 w2 s AAE LHEHT TG} B
DTN 945 Qo] Btk A3LQl o]Tl Fhgro o3 ESA
NO;-N 921 07127 golul wEo] 9= Aoz ToiE)
DO 921 DSAe] EAgh AIHE Table 70 e dct.
pH 718 AlQele Zel, QlAtgel, 2%l Hoar 7|
chl-a 645 A, FOFFSR 27500, A2adle §&%F
TOC 860 A, 2A4, AAYAL, ABQAL §EAA, pH,
COD 821 ofmUold AL, Zmzda A4Q01S TOC, COD,
BOD 662 4=&, BODE Btk Al1aele S =7 u}
W-T 514 2 FREA SRR i AE edEd
NH,N 791 Foharet wade] glof Helnl, A20le] Aft
TCN 659 A% LR, sl 5oz QI 0 FdEH §
A AeAd @ol o) Btk A3 ol¥e
Table 9. Rotated component matrix by factors analysis (CH) HEeA F71=d Fd Beol Qlof itk I
component 4] FE=7F DSAA o] F & Aol Holil il A
e Y A ZATZE E GGAALS Aelst 37 o)A o
DTP 898 i F=7t st g3%o]l 9 FookRe @
PO,-P 893 FaF Wt 7MY Z FIFAAE ThETKYu et
TP 769 al, 2015). G372 1919 AP 742 1020.6mm
DO 702 Arolw o] & 65%7} 31E7]Q 69Y Atolof| HZxE
pH -.621 o] §eFo] WA} A3k HoltKYang et al, 2012). S5
DTN 956 2 A AQiske} mASte] ofsf 422o] A ofstE|%
N 955 o, AMAlE el W et vigs FARE A3t
NO,-N 942 =257+ DA R H e 4~2o] BOD 5.1 mg/LE/\ﬂ
COD 886 7IE SE(ESD) ATt =E FHE Hol=
BOD .808 Ao g2 ZAE|IthDaegu Regional Environmental Agency,
TOC 801 2015). DSA| A Q] AFRo] ZF37}o] S9lE 1 9lo] GG
A0l ANaRIQl AaAG AR} thE FFS
I\\]/IV{SF; == e Hol ol F3 7+ 494 el Aoz Holrh
HCA 7 9] 243+ A¥E Table 8] el Qlch A
o = 1291 F9l, WIHER, R, §252, Akt
= e Qoloz BEEw, A2Ae F44 SEFUA
o 89 A ABRIS 8R4, pH, SRR A4
5 738 2912 TOC, COD, BOD, 48 A58.01- oFmi]o}Ad
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ABESISIZ| 31 A1 20174 2%



Aa, FWEdrR SREUT HCAH ek o=
A F FFe DSARTL bk, 524 AR &
o = sHRAHY DSARTL FASH f71E, FTA
2 =rwiuyl oa 24 Yyehy 2574 A5 U
7 EFel ALA FFe vA= Aoz Held

DSAF i} QelZo] Ha

(Lee et al., 2014). HCX A&
E3F DSA AT GARE AS 2 4 ok
CHA| 9] EA3t 754#5 able 901] Uehpf et A

12918 g=x0] 9JAlY 9]

o 1y v o

G

O

gd
oo
riN
2
B
ko]

E
T
i

FEIQLAL A2l EE2FA L,
A38.91S COD, BOD, TOC, =&, A4890L otmy
OMgA L, AVHAEE, FRETa A58
W, FAEERE EFEUAT Allade] Fe- 7t
Y, 7N R, B34 o7 QlE eAE oy
AT Beo] glom, oM 47 XY E e
E 4 %ol CHARl o] A+ 37M XWOﬂ H 5l 84
pHﬂ' o) 14‘8

O

rJr

& BE7t Rokh ol B3 4
clol ek ARBAL ALAY HAEE §
o] glom, xﬂ 300 OIS Y &

of rlo

—r*]gl' ;ﬂ
%%ﬂXIQOI ARl 3o
5] Eot HsAdel it @A st
° BOD, TP 2AX7|6]Re Z2F 29.0%,

H o] tNRERC, 2009; Yu et al.,
2002), 49 S AAA Al 2 56
L AEd BxE 2y 9 sHRE 2<% BOD, TP,
N, 22289 FE7 ol e & 471 9)
o 58, F22dasl 49 9 S oRAEE A
WA F43 S 4% Bolk Aow ek
THKim et al., 2013). CHA|Z 9] BEAZAx} A182lo]
Y ST T W JaFS o} Ain
Us] 3242 FAUAQ GoxAsE 9B

Mo AN o X off
onﬁo,éjgnﬁé

= = E L °

= AR A3 it S erogot e o @ I
Jors A B e s

4.3 AR} AT0IKRl| 27 SR e pis me A 2w
5F 2 9l 2AL A|&HOoE FAFE Ao Hol

BelEd AT GGAAS AR AAAY 2A T 2L old dPUAY S WE 1 W)
QAAE e, DS, HC, CHAHe) AlLGgle oA & Aow deld gloit Saeldel 4% w 44
@ A UG A AT AR daR  olF 444 44 2ag fAs ok B
ARG} TPeke] BAA feldo] bl et A Tk A4Sl B AR olF fdol neldn A

=
o] 129¢, CH XP%I 131011% Fa 73 Gkl 69
T TS w8l

7+ H ‘%‘%PEP. 53] 925 7HXﬂ—r 10 OOOCells/rnlO] iy
AARA)NE GGAIMo] 379, DSAHol
599, HCA| o] 799, CHAHo] 6792 GGA At
ofe] AAMol 277} o Wwlel WGl AL 2
sl 1% 37} 442l el Aak A1agle
AAY HARE ekt o]F 272 2R
AAY $ALAAeh BAZ A Aow waEt
S TN/TPH|O|A] & ol x5 A=FHAF Ege 7h
A, $2AS pHAMS 52 IR F9] ikl elo]
ﬂjl N/P H|7} 100]3}o| 4] Microcystis7} Tl =AY
= B} QltiXia et al., 2011). ¢HA G2F )
b A 4 At A= pHeF S
wom 2 #p0 pHe 257 iAol 93 +
= 7Yt AR g A ENE Qi Agrawal
and Singh, 2000). 128]3l 2F= o2 37 Q2lo] Tt
=0 S% ol pHE| 9] Yol Huk & Aet pH
7h B2 ko AFESEAL B/do] Hoj ZtH(Twisti et
al, 1988). £3] Yzmi okelylalA(pH 7.7~9.4) 3t
Ae Folan ol Aol pHHSlel ST
(Wick and Thief, 1990). ZEA%o] 9lo] pH7} Z a8t
AR oI o A-AMol| wEbAE &2 pHOJ
A HE2F NAY et A 2ds T
oh—/} pH7]— L.-_o].xl OE/V\‘] :Lé\_E i¥%§ ZJEZH
Q19] &-=o] 755 54%%%}5’-594 Aol %
thal 3l TtHKim et al., 2002). 21-& E|XEo t}e
FE = EA s, n]gR}e| %i—}% P E 2] Absorbed P
(Ads-P), =2 ©]%= Nonapatite inorganic P (NAI-P),
Faoll 229HE Apatite P (Apt-P), 7] Foll 735
+ Residual P (Resid-P)2] HEef7} 1L, pH7]- Z7Vak

AT rlo ko>

>

41

4

4

-
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I e S-ofF AFel HRF Tt £2RIARIO| A &M
fojo] Hoga B X ojHit: de] EHEC] A 7} FUiee AL B 4 AT Hx2Fo Al &
LA om Hola glom ofd EAE Wl frl=d a3k pEaclos W-T, pHojl thsfiA = 23k A2
2 JFAFR7E pH7L AT o pFoR §EEol = S Btk 53] pH Aol wet EAE Q9] &
Aol A vlxo] Y54 =275 A= F Zo] doldol wet B ff Al Bkst I JF
< 7o Wstal Qirkar HekEh o A A FF7F AEHer fAE 5 Qe 2Aow Huy
s Edz =275 AF A7l v A T 7] woll, ol¥l At AR of whet of e &
A& fsME 27tAel dvh dast Aoz ORt QIA} F pHOl P W EHAEZO ek A4+
Holth T A&EHor a3k Aow wohETh

Y27 Es Y28 JhA4: 10,000cells/ml(Z57 47) B 2ol QRlEA Ai HE {7 HEE
A AAGA)e Y A5 =27 L7 GGAA o FFAFel 2ol Hol qllor GGAIHE A
Bl sRAH0] oF 2uj7he Wy At we Ao AGY SAJAE Alladle® DS, HC, CHARH
3l 37 A -] @olEa Axtel Qo] Q4% HI AAEL] FAJMA7E Alaglez FAESI oFF
7Pssieh agla AR HolA wrEgeEko g ol 5 2 3 AL F3Y FH 5 AR ¢S wot
2RI EXY 2 U 22AAH7 §9=o stz 3 AR GGAFT= thE QI A A U Zle
AR 918 AT 4= gtk ARolA AT 0 & geEnh 53] ok 370 A o] AR AR =
~50cells/mle] EEZQ wji= dFo|A HWHAE 3o F oY vie] AstE R SkR 37 A9
59%0] Q4 21} 150cells/ml o]AFo. 2 TE u s1F9 A1 JAAE 4=HJAAS] FFol dsl] A|&H5H
Hox= 92%7} #AE| k= B17l Qli(Yu et al, 2 e 387 Qi
2015). ol AFFRO WAL RT SRR YA A7) 2 2] o] % 20129 6UFH 2016| 10874
S7b Y e el Fol AREel BEA Ax4st s RFAEA WA o) 2F wYA4TL GGA
FEA =0l Ao Wl oz <ls) wy Aol 110, DSAF o] 112¢), HCAF o] 129¢, CHA|
g4t o w2 AoE HQlrt ol BIY=R stf= s Widar gken &

3] 2FAEA AAGA o] FellAl= GG O] 374,

51 o= DSz A o] 599, HCA| o] 799, CHA|Ho| 67UR 3}

- =2 = T2 Zas oF 2uf o4 o wo] WAL SRt

WA W A o] U 2ol 4 q ST FRGOl 2FLYe FL 24 {4
Hol 2ARRe) ool vl wAsR sAgEn g Do e AR WEREem <l e 4t
2% AlAeote] Augl it Are Age dg T T IS Ve dles waad.
 greqh 7o G2 RE odsty] Y auH Yo e oW

47H Xlan Z_}_— _/I\‘Z‘El ‘O]__I_E‘ —E'}‘\%] 7‘_;—]154_’ _/’\__‘9:_3_ _Zr_tﬂ X]Q %‘. g %EH 2‘1]. —]]_'—]% ZF—%_:,]_C{]‘X]—,OJ J‘%/\C_)] 1}4 }\O]’jg——% X&‘Q{)‘]
AFRFHe] fAtol B Fee 2 Aol iy oo el PAHSE BaT wG ahdstel
ouf ARA WEHE F3lo] ehyieh. Fraga O S0 AN ST F9 oA vide] Tt Ui
Lr U pH: FEZ 442 Z7lslglon E3] DS o Aoty Ze)al S & o w2 AR o] A7
A o]® Ezko] Solom TN, TP, NHN, NOwN,  HoVHrtd Saelae] 54 ul 48 vigos v 9
5 GPPRY Busk GG 2 Aol§ wgie of U TR Sof £ B LHANE BEolw A
Loy BROl 9% nXw gl Gy W gy 0 7P EEs 5 A sl HE e =k e
o ke wol W glon] 2AAMS Sl Fa 4 O FAL ARS Alver 4 Gl Aol
ZAlA o g F diFo] Alget Zleg weE

FAeARRAL AP AEoz AW 22 A} A}
I AR Fete] AAE B4 AAE
3, F3E A 298 el A 6l 2 A R dista Aol Ae] 2 YAt
o, stRR A J4ERe AR A A(2016)9] Ugto 7 Y%l om, ojof A=Yt

100
Jole=ae|z] 2131 A 1= 20174 28
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