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Effects of Chlorine Residual and Pipe Material on the
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Abstract

This laboratory study examined the impact of free chlorine residual and pipe material
on the- formation of biofilm in drinking water distribution pipe surfaces. Results of
heterotrophic plate counts(HPC) of the biofilm in the tap water-supplied reactor averaged
2.17% 10°CFU/em?® on PVC and 2.43% 10°CFU/cm® on STS 316, respectively. HPCs on the
surface exposed to the tap water containing 0.2mg/L of free chlorinne residual averaged
4.24 % 10°CFU/cm? on PVC and 654X 10'CFU/cm® on STS 316, respectively. Average of
HPC/Total direct counts in the tap water-supplied reactor ranged from 1.08%(PVC) to
1.26%(STS 316) and from 0.38%(PVC) to 0.65%(STS 316) in the reactor supplemented
with disinfectant, respectively. No correlation was observed between disinfectant
addition and biofilm density. With regard to the biofilm formation, little difference
existed between PVC and STS 316. Yellow and red pigmented bacteria were the
dominant expressions in bulk fluid, whereas non-pigmented bacteria were found
dominant in the biofilm. Pink/red pigmented bacteria were found to be facultative
anaerobic, while yellow pigmented bacteria and non-pigmented bacteria were found to be
obligate aerobic.

N = FEH HEY FAPFIL HAE
Keywords drinking water distribution pipe, bidfilm, free chlorine residual, pipe
material
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s AAUeE BT AR
s gy APy HAn
L L Ll NE L
sore SYUSGE AYTHAY @5
sk UOSE BT DH
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U AEu AAs Ay AARE £ 4254
T, BOM(biodegradable
matter). 3 AA, F& Hpxe FH Fol o
t}{3-10].

AEToZRE Y8 el 20 JFS
WA & QU AEUe FAHD de 22 04

gEe ol W WAE fusAUNLIL, ¥
AYe dEhislE BoI34 £ AT
W F4 Axdold 25H aFRE FAAIIA
g, #el $4E %2477 8 SeHI5,16]

W F5 Azde 4ew Y4d g gRe
o ATEol 4 FRAN FUHA 22
A gl WY WF @A 4B AA%
JYm, BFoERH B S BYAAY +E
wol NTE A=Y Be ulgol ETHIT)

B AFME YA FEe 4YRAE o8
o 2N FEHE AV $EEL dyom
o] xEAle) AFFES FEV Ado] g
W B AR 44 AE0 hstel dobw

2 =]

AEDL AP9HAZE F - WlF ANagde ZAY
F Q&% 2¢¥E  Annular Biofilm Reactor
(Biosurface Technologies Corporation Model
1120LS)E AF&3l9dcl. Annular Biofilm Reactore
7 AF(1D.156mm X HIS0mm)¢+ W5 Ao
(0.D.140mm X H155mm), 282 W Adg 9 3
e 2lg ZH2 FAHY Qo R d4dy ®
Woell= 20709 A& ¥A 71 A(stratum)E A3
@& 4 el Annular Biofilm Reactors
continuously-flow stirred tank reactor(CFSTR)&
HAdew, R Ade Aoz AdH(shear
stress) S FAAE 5 gk WSl F FAEH
2 & 1Lo|9, FYURFLE £IYFH AFAL
(hydraulic retention time)& #ojd & it}

APl AL AlRE ZY9E A 4
“S” Ao RE AYHE FTIFEE FEES
AbgstATh 100,000m*/day FES “S” AL
A2Y3E $Y02 st FA-AA-AF-drrE
FTAE AR - F5Poen FEEL TFn
2t} Table 1& 2d 7|7k S APAAA 43
g FREES B4Y Axeld AY4E TFH F

EE9 Ha pHY FdFdse 7 7029
0.13mg/Lolie, FEE9 AESy A4 =
®<? AOC(assimilable organic carbon)?t BDOC
(biodegradable dissolved organic carbon)9] 33t
F5E ZHz 365ue/L9 01mg/LE JEldTh Quk

wr

Ho2 $EE AOC ¥ 5= TOC(total organic
carbon)?] 0.1~9% W9 eln[18], BDOC FE=
TOC9] 10~30%° slEd3les Aoz HusHw ¢
tH19]. van der Kooij[20]1% 10pg/Le] AOC B %
€ AEgyoz AAY FEER FASYeH,
Servais %[21]2 0.15mg/L9} BDOC ¥%2& 34
FER AABIY. FEE ARddAE HF
11.3CFU/mL¢] heterotrophic plate counts(HPC)7}
AEHGeH, STy 294 AT Ee A
57 gkt

Table 1. Water quality of the tap water

b

Items n Range Average
Temperature(C) 25 129~187 1560
pH 25 695~7.08 7.02
DO{(mg/L) 25 867~11.26 964

Alkalinity(mg/L. as CaCQs3) 25 15.16~24.1 1920
Hardness(mg/L as CaCOs) 25 27.6~348 3030

Free Chlorine(mg/L) 25 0.1~0.2 0.13
NHz-N(mg/1.) 25 0.009~0.024 0.02
POs-P(mg/L) 25 0.02~0.07 0.04
TOC(mg/L) 25  058~091 0.7
BDOC(mg/L.) 25 007~013 0.10
AOC(ue/L) 25  09~435 36.5
HPC(CFU/mL.) 25 0~97 11.3
Coliform Group(CFU/mL) 25 ND? ND

"n = number of samples analyzed

“ND = not detected

Table 2. Operating conditions of the Annular Biofilm
Reactor

Conditons ABRI1 ABR2
Tap water

Wat 1 T

ater sample with NaOCl ap water

HRT, hr 2 2

Shear stress, N/m* 0.03 0.03

Temperature, C 15~17 15~17

Substratum PVC"(10ea) | PVC(10ea)
STS®(10ea) | STS(10ea)

PPV C{polyvinyl chloride) : 13mm X 143mm
PSTS(stainless steel 316) : 13mm X 150mm

TREA w27 AEY A vXe 9%
Aol r] 93l AlETF o2 A sodium hypochlorite
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(NaOCh $ 9% o] &3l &7l RRAL F
£& o 02mg/LE #FAAZ #&7(ABRDS o}
24 A g A % FEEL o4
(ABR2)Z Wiz#o2 39 15~17C ZHddA 2z
Z+ 509 B EHEWEA 109 7HF ez B4
th FUoME BFE4L FEE HF 2uGA
oA 02mg/L oldo2 {FAES A At
[22). ABRIZ} ABR20I:= HEW A 7|AZA &
= AZR=2 AEEHE & polyvinyl chloride
(PVC)®} stainless steeSTS) 3169 A xste
=3 A e AEY QY HAEE ZAEAH
Annular Biofilm Reactor?] &34 z=2 Table 2
of AAE vl 2k AlgE A THZ(peristaltic
pump)E ©]&3te] 500mL/hre] FZo g wg7)d
Fastden, Wrgrle gy AFALH Ad
2 ztzh 2417k7 0.03N/m’e| 3ttt

Fig. 12 494 59 A4¥gIFAE vepd AL
o)t} Annular Biofilm Reactors 48& 533
710 Aol HF(121°C, 15min) A &3P ed, &7
ZRE N3 FEEY 29¢ Adsdly] 9%
Fgo2 ventilationd & A4E tube AT
air filterS AA3Ah AEG FA 71XHQA STS
3165 PVCE 43 g&n Aoz 43 Aestd
Whg-71el Ak ot

Fig. 1. Photograph of the laboratory experimental
unit.

22 24

FEE9 B384 B 42 #xES
0.IN HCIZ M33ld Fi3 pyrex bottle(1L)ol
A & Standard Methods[23]el 38t H2 %
#9 4 (N,N-diethyl-p-phenylenediamime(DPD)
Colorimetric  Method), 4 %(EDTA Titrimetric
Method) % ¢ yolA 2 4 (Phenate Method) &
T 55 BA3dd. TOCE UV-persulfate TOC
analyzer(Dohrman)Z& ©]-&3}¥ t}.

AOC+ Pseudomonas fluorescens strain P17,
Aquaspirillum sp. strain NOX MethodZ ©)&3
o, 7= A4E 48 AE3 P17 NOX9

Fahs ol A Fg

&  ghyield value)e 7 4.1x10°CFU/ug
acetate-C®+  1.2X10°CFU/pg  acetate-Colth
[20,24]. DOCo A&s PES dAsnA & 9
o] g5 AHEQ BDOCE Servais 5(25]0] #¢t
3 e 83

% E £9 HPCE R2A Wi & o] £3 spread
plate W o2 30CoA 54z widstd PAH=
AFFE Ao SASAT. A4 A9y A
g FHEE AV e FAAFETH U dF
7€ m-Endo, m-FC, m-Enterococcus Bi* &
o] &3t Membrane Filter Method® &4 3t}

AlHe] gAY HETLS sgHoez Rag v
AEL dF FHFE flushing AZ F cell
scrapers(FANCON)ZE o] &3l Eadd 50mLY
AAE &8 A (phosphate buffer solution, pH
7.2)0 Folll t&, AlHE borosilicate glass tube
of Wi ddF A4tg ¢EFE RS 200mLo] HEE
A7t3te] 187F 53 A= BRANSONIC Ultrasonic
Cleaners(Model 2210)2 % &3 Adsd £33
2 oH26].

Age A8 Fo HPCE R2A uizl o}l
PCA(plate count agar)& ©]%3% spread plate %
Aoz Mg e, FAdsF= AODC (acridine
orange direct count) W& o] &3l A
[27]. AODCE FHAFH2 24 formaldehyde(3
Z2F5%E 2% (V/V)E 10mLel A8E 1A o,
0.2¢m Nucleopore polycarbonate black filter2 i1
AE AEE stk a8 filterd 28 ¢+
0.01%(W/V) acridine orange stock solution 1mL
2 gAstn, B9 FTHTE filter® HAHEF T
fiterol 949 M #-L halogen lamp7t Z38E o
38 n) 7 (epifluoresence microscope) &2 A4 §

£

g JEYG ABAME FuZdod EHAY
WaEze] £4 oo m-T7 HiAE o] &3td
£ dFETE BYHAY. m-T7 wiAE= 5%
EolA &4d dETd HEE Al nUgsEd

3. 2% 2 2z
£EAe FHPY2s B Ado) wE 4B 4

4 HEE Yolwr]l st werlzvY AHe
gata A2 Y4 W4BS FEE 2A9

0

HPC #4112 ) - 53 W g3l vjl s A
e HrEAY FFEAF MAE AAES
Aetzd FE35HA ol &0} ok FEHoR
%89 HPC &€& &A437 & PCAE o] &3
pour plate WHol AMEEHAoL, 1980 F kel
R2ASF 22 AdUdA vixZ o] &% spread plate

4 e
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ko] ®1od kA (oligotrophic) M AR 342 9
3 Al<sE ATH23).

2 AFdAE AEY A XEE do}
gt JERezRE HPCE BA8AT

o
N

Fig.
B R AAE 02mg/LE XA
I HEANAES o 7 A FHE AEY

1
!rﬁﬂ‘ [\2 4
£ o o (f fo

R2A WA 2 BAsld A3 HPC &€&
Aot HPCZ ZA3d AEwe pPvCe STS
ZHA &d 2r5H JHHAY. IS ¥
EE ¢ 02mg/LZ #AAIZ ABR1Y STS9
PVC EWeozne &9 Wi HPCE 24z 654
X 10°CFU/em?(1.09 X 10°~1.34 % 10°CFU/cm®) 9}
4.24x10°CFU/cm*(4.22 x 10* ~ 1.35 X 10°CFU/cm?) 0|
Ak AEGozRe PHEE 34 HPCe A7

o Aol W 234 wsalsd, ols AEu

i
m
<

o BEUdAd o e Furgch Aok
AZ e 9 274 e i nAETER A
Ao, dold ey EA4& 7t nAEEE
< Aol ZnetHA Wahstci[26,28,29]. & - vl
F I A v e gElgy Edd4de
AlE(death), FW(dormancy) e &4 A# 9

A4HQ Aol BsA Y o s
[30].

oy A Fyskx XS FERED 24
70 ABR2¢] STS9 PVC FHomEE ztzh 24
3 A HPC %% Fig. 3o detwd. us7|
ol A 0.1mg/L vivtel ddides e AFAL
5 497 FEES H¥E3 ABRIY STS PVC
HHoA Hed H8 34 HPCe 47 243X
10°CFU/cm®(1.41 X 10°~4.46 X 1°CFU/ecm® e} 217
X 10°CFU/cm®(7.54 X 10* ~4.04 X 10°CFU/cm?) 01 Q
o FFdA FEZ AuHez e AdTolA
A&¥ HPC &3 vufe u o 4~5u AX
0o Hadg HPCrl &S

~

ceve
69 STS

Log CF Ulem®

Time(days)

Fig. 2. Heterotrophic plate counts(HPC) on R2A
medium in the biofilm formed on PVC and STS
surfaces exposed to the tap water containing
0.2mg/L of free chlorine residual.

A2 4B

ceve
6 ezA S1S

Log CFU/em®

Time(days)

Fig. 3. Heterotrophic plate counts(HPC) on R2A
medium in the biofilm formed on PVC and STS
surfaces exposed to the tap water-supplied

reactor(ABR2).

Ara oz g dAd mAE HiX| QA PCAl H)
led x gk wjxel R2A wixjo|lA HFHoR 3
ol AE(HY 10%) 2e& HPCY AZHYcH(AT
ulAA]). ol FEEI AL HAdd e AE
AA wAES HEY o AIYFY R2A WAE
AbEEE wye] H4EE Y & dgs
Reasoner$} Geldreich{31]9] A3 A& #AAH
Fodo. FI2dde U4 HdaEy AP UL
g 9l HPC Aag& Hristr] s g gA
29 5% sheep blood agar(TSA-SB)E o] &%
spread plate ol == 232,331,

=]

o PvC
ez $1S

Log Cells/cm?
© - M w a0 o v ®ow

=

Time(days)

Fig. 4. Total direct counts in the biofim formed on
PVC and STS surfaces exposed to the tap water

containing 0.2mg/L of free chlorine residual.
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3 PVC
STS

Log Cells/em?
=1 - [X) w o~ wn (-2 ~ (- {t-}

Fig. 5. Total direct counts in the biofim formed on
PVC and STS surfaces exposed to the tap

water-supplied reactor(ABR2).

AODC % o83l AEHozRy FHT
EFATFe) BEXE Fig. 49 50 vetdo 3F49
A& BEE 02mg/LE FAANN FEEH AES
STS® PVC EWHoAME Zbzh HFHOFE 101X
107cells/cm®st 1.13% 107cells/cm® &9 M #F
7b AEHJ e (Fig. 4), FIL7E Fud ez
wo ABR29 7]A EHoME 2v) AE EA o
el cH(Fig. 5).

Servais 5[35]9] A7 ZAsA u - FF Al
Eo EA8tE AT AE 2 Hy SIS
20fg Cela P& o), IFALU} ez de
Aele] FEE HEFY ABR29 STSe PVC ®
Holf MY B4 AdFe biomasss ZHzH 0.3
4~046pg C/car¢t 0.34~0.48pg Cler Bl &g
g},

AFEdL TES 02mg/LE FAANN £E5ET
A&F STSe PVC ®We #34 HPC: 474
Z )Tl 065%2F 038%°] sdstged, oz
T-9] STS9 PVC HHoA A& §&4 HPCE
ZAFFe 1.26%9 1.08%3F z+gk AA st
=3 AP AEYLE gAstn A= 9AE
ZAd dgS vA £ don(3637], A ==
(roughness)e UIAE Hzto] 3L vAEs F8
g Qlzt & dhitbojth26,38]. zaiuh, AF ZHuloj
A gelbd vpe} o] AET MY AEEFE ERY
= B34 HPCo FATFE Ao wet s
ol & JElUAlE @skon, B AAL IFFAL
Bl AEd Ao & 9FE A Aoz =

AHE ATt

6
~@— Suspended HPC in ABR1 o
54 — — Suspanded HPC in ABR2
-~
4 4
-
s
3
&)
g
24
14
0
0 10 20 30 40 50

Time(days)

Fig. 6. Numbers of the suspended heterotrophic
plate counts(HPC) on R2A medium from the bulk

fluid of each reactor.

Fig. 6& Ajztel ZAso] wg& urg7jd 274
HPC9] W3 Fo|& Yeld Azfelty AHFAL
52 02mg/LE FAAZ ABRL $5oAM F
3 B84 HPCE 544 30CFU/mL %019
o, Moz Fustd 50dAdE 667X
10°CFU/mL 432 veblich =9 Auzez 2
FAA7E $& ABR29 F#FoA A&} FHA
HPCY A5 58A ] 1.65%10° CFU/mLel%
on 50 Ao E 1.60x10°CFU/mL %< Y
o} oy AFAELS AETGoRREEH A9 €
7t #F9 AR FAYE AAAHA 4ol =
SAcH1,37,39]. B AgdAM Azke] At
WS Il K74 HPCY 3 F717t AE
o] gajo] 93 AR ARE= Egdsic.
g, WS B Aol Ao AZE F3)
o AAF F718 A BXE= gt ke M7
A7po] BeA HPCO Z7lel AHAA o] &
doha, ZviEAde]  Uehd o] Fo|  AHAAAH
(steady state)e]l =2 E ztelty. ey, ABRI
7} ABR29|M A& R{HA4 HPCE AlZte|l A3
ol wet ALsA Foteach ol Anse
HEo] Ao Me Mgl AR Ao
4 5 ) WEel v FH Alzdel el e
S AL 4 F2F 94vE #=vH40]l Block
54118 £/44 Al 224 BET AFE A
olo MEHA AEAAI &4, W - F5 Al
2dog2 fFUdHE AFEL Aoste o] A=
o] AEsE AL E FAANY F UAE Wl
g AAstg ey, 29 Aoy Eo &EA
st A @ Fdd Rasles AFES AR
tt27) e B EAjsts Mlwe] AETo] n
e 9% FHon sdFgoH37]. AELE FA3S
= F8 ATe 29 &A(gram negative) AT
Hime] FAx 3 EdAMes difE 23 I

2843
o K
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(gram positive) T2 &A%t} vj&E Eo) &
sk Mol ZrlodlE B FHe ZAZ A
Hete AESLE Eo)g AdAE 71X 55§
waog WA}, gy B EAses ATFe
- F5 Alade Alqld AzE #e A4

(inoculum)e] & = v},

Qg 24T + s gFETE BM8)
At MaA W E o) &3 B4 Ay FogF
T3 BEAd giR3TTe AH54d949 =4 £59
I Ao Al HEHA Fkov, m~T7 )
28 T 4TIl 50YA e ABR2Y STS
gt PVC 489 A#elM ztz 6586CFU/cm?s}
58.78CFU/cm” ##22 A&F Utk Fass $[42]
& pilot R FEE FFALHE o83 E
coli9) BAL A7} dAFo| w=2H E coli
v #5% Zdd @43 Fasigdoen, RFAdL
o fle AgdddA 234 7 Frheica
Wk Szewzyk 54312 # A E. coli7t HPC
of AEutel Mg FAHE 4+ Udhn Hustdo
dWtH o2 $5E AFY o4, FHHI} HF+T
A EFES AS5AE YA R FEE

9 FFAB A5 4 Y= Aol Ark

ABRI1-PVC
100
o - [ Nonpigmented bacteria
- Pigmented bacteria
¥ w0
&
&
H
2 4w
£
20 4
L1 7]
0 10 20
Time(days)
ABR2-PVC
100 p——
] 1
80 4
=
g ml
&
8
]
B
20 1
I % P2,
[ 10 20 30 40 50 60
Time(days)

Fig. 7. Distribution of non-pigmented and pigmented
colonies on R2A medium from the biofilm formed

on PVC surface.

o, pud

HPC Al#9 phenotype EAL F+3& xAlg
= £&ol 2 4 9ow E3 pigment AT
TEE ATy $£279 BPstd HE£F
marker2 ©o]&& 4  Uri[4445]. INHo
pigment AT Aol =, HgIH Eoly
AaHeg FEEAA Bo] LAY Fig. 7% 8
2 R2A WiAZ A& 234 92 2H4 HPCE
phenotyped A3 pigment$ non-pigment A}
ToR ¥Fs detd Aatelth Fig. 8o Al
% ule} o] pigment Aol PVC B F 3§
HPC A@e]A AAde 8 ddydoezs vt
oy R4 HPC HTY A9 RHRL
non-pigment AlTERZ o]Fo4R Yo} E3 2
FA2ot AdlHez de £EEN HJEF PVC
FWol A pigment Aol AT BRELS HF
15% FFoldth R2A wix|IM %% pigment
Aoe F2 =34 atd BT AE xd A
oo™, =&ME& A pigment AFo] FE H
€ AAde Aoz JERW STS EHAAE
PVCel A Z3g el dei A" ol A A).

Suspended HPC in ABR1

100
3 Nonpigmented bactsria
{ ZZ Figmanted bactena
80

Percentage (%)

‘Time(days)

Suspended HPC in ABR2

Percentage (%)

A RNMHHIIMITIIIDIGN

Time(days)

Fig. 8. Distribution of non-pigmented and pigmented
colonies on R2A medium from the bulk fluid.
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FERe 489 YAo vAE 7

A Zutol A non-pigment Aol FE XA b
et ZAgels vtz wkg sl BoAdE F
2 h:?&"—‘,‘—% A pigment Mi#Ee] F=zA &
Asle Aoz ZAHAUHFIg. 8). oj4e Axe
vl - F4 Al2adle] AEg A8 elA pigment Al#
o] A&t F4 Hl&ol buk ABET} EFoiet
£ Carter %4619 <7 A9 durgd.
Reasoner 5441 pigment AT ESL T 2

9] HPCE #2°] 16T Bt} w3, ZFH27
= o - FF Ala"e] #Ed (oA wAEg
‘4. ol dioME F&0] 16T Ky} vu, I{F
a7t EAQste BodA 7MY e £ HPC7}
WAFJoL), o) 2AAA Y FE FEe
pigment A TE°] AEHAE ¥t AHFLA4U}
06mg/L ol4el ZolM % pigment AEELS 90%
ol el 74 v &g YebdY ol & AFAE F37}
3 2 o dUd29 TEe F AR L IFIEL
ol - F4 Alade] 7 agle AET
T4 8= *ﬂﬁ‘«} AZEn MA+-E d3NZ
gk ol HEwg PAs: JE NAHEY =
dE W3l £ Q& Aoz dudc

R2A 8]A Aol JElYE colonyE FollA o
Aoz FRo) 7t5E 4F 9 AFE £&F B
slo] g fe wEE B F/4E ANG £
A AEAAE st BTk Triple Sugar
Iron agar(Difco)E °]&3ld dA¥& Fy3F Az
EEZ /7ol pigmentE AW Al¢-2 lactoses}
sucrose® WaASY /7|4 A FAHA
A} (facultative anaerobic) AT Aoz A
o} a8y =49 pigment9?} non-pigmentE A
W 2&9] MF#L glucose, lactose ¥ sucrose &
ol e EE FAAYNA BT ik, =
G e pigment®t non-pigment® A AFELS
D(sugar) thAlol oA ArslA At sl(oxidative
phosphorylation)el] AA o2 o &3tE A3 7|4
(obligate aerobic) AT o2 oAz}

ol el A¥ AnE B w 02mg/LY IFFIx
Z #As7) 98 AUE NaOCist BE% ¥4
vl g Apolol A E T dose-effecte] TAS o
AR g}t Ezas v FEEo AFHELE #
25 Aol E IS T/ FHOA wWEA
&A=t Norton# LeChevallier[3712] € 79 A
5 1~2mg/LY &L [H ¥4 F=AA AETY
2 wE2A AA4EUe. McFeters $[47] 2F<
el dAAES AAEE A$ 59 22 A
o] A3 ArdE A= gon A Mo AF
g & e BHCA AR £ de sHWo £
A48 dez *—ZHU“:}I'— 3}9&101?4 Harson 0[48]
L AES HAA3 F£EEAA ATl BEY

= teAHe F=2 ?JXMI F-2h s} o *g’é}ﬂ‘t‘:ﬂl
o] uttn Fch BEYGe HAHE A=

i)
ox ml
rlo

4 o oft
B

>

0

fq

AFRLe sol T YA FF

d el &, #7185, gy 20 ¢ FFd
EAQds A 579 2 Ao FHFALG B
ARR 6f 4 nd F drk. £ AN
E o83 AREC] AFolA ALEE AF A
(FFEL, & Q) AEY Y4l I
< U3 Aor wugn

Lund®} Ormerod[49]& 5C ulfte] &Xo)AM:=
RFEEE2E 004~005mg/LE HAHE A2
A7t shedtcia Sk 2 dFolAe 22
QHE 15T o) deine, o &x& W - g 4
2do X Awe F£AHA Friet WHE BHS
ATH3,6,44). 22 AFE W ofyel Ao
AZRA L AZHAD7]) 2 AE FE&A IFE
W Ag50]. wald A8 7Ax daAgel &3
AREE AET dis) 54 AANSR IHRE
37l oalg ALE AdAAH, Aoz
AETS Aojdr]) gl E F&, 2549 Fx,
dEEY FE, #4 F 98 A JAES T4
of tfRojol & Hoz gl AEFGHoOZ <
A FEEY TFH e F2 v - FF A
oA 2%3 g A v AE Xﬂi‘*—lé i

FHoz AN F e HoB AAAY.
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1) o] 15T oj4 ZdA 02mg/L F&9
o] HEG A uAE &

3 A2 ZALS AT

AR wE gt A A=E 1y

i%l‘a ul PYCe STS 316 AloldlA &= 3%

alol7p AR Fto).

F4&gUdM 7S phenotyped] AT EHs

Hotg o oM =348 AW pigment Al
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