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This study was carried out to test the antimicrobial activities of nano metal hybrid materials produced by
plasma technologies (radio frequency-thermal plasma system and direct current sputtering system) against
microbes isolated from cucurbit (watermelon, pumpkin, and gourd) seeds. Eight different nano metal hybrid
materials and four carriers were tested against five different fungal and ten different bacterial isolates in vitro.
Among the tested nano metal hybrid material, Brass/CaCO; (1,000 ppm) exhibited 100% antimicrobial ef-
fect against all the five tested fungi. However, nano metal hybrid material Brass/CaCO; (1,000 ppm) inhibited
only four bacterial isolates, Weissella sp., Rhodotorula mucilaginosa, Burkholderia sp., and Enterococcus sp. at
100% level, and did not inhibited other six bacterial isolates. Nano metal hybrid material graphite-nickel (G-
Ni) showed 100% inhibition rate against Rhizopus stolonifer and 52.94-71.76% inhibition rate against four dif-
ferent fungal isolates. Nano metal hybrid material G-Ni did not show any inhibition effects against tested ten
bacterial isolates. In summary, among the tested eight different nano metal hybrid materials and four carriers,
Brass/CaCO, showed inhibition effects against five fungal isolates and four bacterial isolates, and G-Ni showed
variable inhibition effects (52.94-100%) against five fungal isolates and did not show any inhibition effects
against all the bacterial isolates.
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de=uxdE XHHHXMW B 1 E]g).on(Seo 5, 2006), ©]%
A= A=A waf Biurp st Aotk 2 HF F
2ol Al S-2f3l= BB bl thgt A7} Fa)=| gl o.m (Kim

%> 2015a), Kim 5-(2015b) & Park 5-(2015)2 2+ L]-h: =455
AL B BT BFBT-S TFT 245 vl R
cfste] 2 240l A7) AT 21 W o S)ek o

2hA Zeuf 22} 9 Zedbo] hEO & o] 85| Fula) upo]
Aol il ohe U BFBR S EHA 4% S
o #FS Fo 7Y T4 U A4 BE AT S 3}
2 @7% Bayol gk

22 590 T o A So] e Bl &
ob| 31 712 B 5ol A Holut 813} 50F 2 1|2 o
3 &) Akl e B 2ol thEE T SirHKim 5, 2015)
B A8 AL o] Aslel AR AR ot 7

+ 75 9 B3k EAIRS 7HA AL lck(Fravel 5, 1985;
Kim 5, 2011). mHekA| o]2fgt a3t BAHS s 2st] 9

3 ABo 2 G UL PPHoIRA He oz 3
digte] a3E & 4 e 55 Uk 24 Bds 7HIA
H Aok oo gigt 7ig-2 19594 Richard Feynmanoj 235}
o A|71=%le, IBMS] FAE & u|Z (scanning tunneling
microscope)o] 711 AR} Lo thgh FL2ZQ] B o]
7hs st HHA FEE7] AT Ule dAtE gl
Apet o9l Rojg Ewe] gxe) At Aee) won,
4L =AY 2042 345 27151 o, theol
F29 A& od B 277k cm = Eo0A YienlE 2
712 ZolAw ERAL o 10 A2 AT B =3
th(Adamsoni} Gast, 1997). Ul 7|&L Y=} B2 37] 5=
£02 the £4F o g3 Eelxo] Yoln) et Zu)
227} U248 Hoj=m(Haruta, 1997), W& EHAL o]
goto] $2 0 §-8BAL Aot o 85 A48T 4
E}(Brannon—PeppasQ} Blanchette, 2004). T3t U 7|&
2 QT Hopo] g3 A7) 19900, T
S FRAA e 714 BT AL G
Ex7} A€ 1 e} U QJA}= oF 100 nm o]3}te] 2712
sin] gole] ®iz no] a2 ol4pe] 2 Apehis ThE AR}
H, 55t4, 2171 49) Sl Mtk 2 2T Sharma
<, 2009).
LHE 7leS B8 A= ot 9 SMAE YR E gol

AP0 52 e 92 0] 9T AAS B A 4
oo) T 5 thFa BAO 2 gD gk 29 A4 7t

7 Eol 4l Ul 22 Myt H 250 BHor 3§
T 90tk & ] A elnlol Lajalagt uy e}
AE&slH E8443) 9 A AkA(reactive oxygen species,
ROS) A& F=3ttt+= B 117} Qlth(Feng 5, 2000; Holt
¢} Bard, 2005; Hwang %5, 2011; Min, 2008; Park 5, 2009;
Roh &, 2009). 31Xt & = F AR 9] F9 117}o] F490
2 EPJ?‘& LoFol A E-g37of RSt At At QL

AO R Leglu & 2ol ulste] Hrjz o 2 7ol A
9 FEIC), JAND, o e e (TI0) Fol 2, 3 44
HAA R Zo] &85 QltHChang 5, 2006; Dastjerdi2}
Montazer, 2010; Karimi <, 2014).
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NADPH dependent reduc-
taser} A9 2 Su|EA 29 W3] ste] the A4S
SHAgttia B w1 E]ojQlth(Hsieh 5, 2012; Song 5, 2008).
ShAh 919 PSS 47 B2 9 g, 234 59 9%
7F 2] FSHAY S E = dAto] WAgste] FEgt Ao
7F B a3t 7] o|th(Park, 2002). SEA|Tt 22 Eet=ut 7|&
2 ol g3t 97 B2 U e 121 S B4 glo] o
B S A slon, G A 2950
L B3 E Ax2E 5= e ol = v} Qlt}(Burda 5,
2005). 3k, A% Ao B @}aol QPR o™ Geegt
2AL Eoto] onagonE o9 glo] TLEY the
EAS gk YA 4 9lom, H|g Azte] utE E 2 9
L7142 @7 olg) Rolol A TusA o]g3tn lekKim
5 2015b).
2ape
(RF-thermal plasma system) (Park -5, 2015) 2! direct current
(DQ) sputtering 7|&(Kim &, 2015b)& &85} ET|ZQl 7
Ho 2 thofet 34 Ui ARHE 245 B Al(Graphite, Fe’, Ac-
tivated Carbon [2040Aw], CaCO,)o]| &35}y A2 Yie &
SEYAS TG AW T4 AL I3 FALT P 5
VR uht A B (G, S e SRolA] Held A L B
Folg HIHO 2 AT 4 Gt e FLHEUAE B3}

7] $l8te] = Ak
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Fig. 1. Radio frequency (RF) thermal plasma system. (A) RF-thermal
plasma system. (B) Various carrier such as graphite, activated car-
bon (2040Aw) or Fe” were mixed with various metal particles and
carrier gas were injected onto feeder of RF-thermal plasma system.
Various metal particles except graphite, activated carbon and Fe°
which are carbon-based materials were vaporized by high tem-
perature (10,000°C) of RF-plasma and were integrated on carrier
surface of chemical bond.

WELETS

RF-thermal plasma system2 O|&¢&l Lt S&£EEHH|
M. o3 7k 34 e FEETAE AR 9Jste]

Table 1. List of nano materials used in this study

RF-thermal plasma 7S AF&-3}hHFig. 1). B4+= activat-
ed carbon (2040Aw), graphite, Fe® Al-g3lg.om, TAof &
ZIA D 24 YAF= micro AFo]=2] Ni, MgO, Mn, Fe, Mn+Ag
EFE, Mn+CurAg EFEL A3tk 34 948 B
o S25p7] $13ko] zizhe] GRlek micro Afolze] 4 YA
£ Z§5t9] carrier gas@} $H7 RF-thermal plasma system2]
10,000°C %7 Eakzo} ofelo] stk BAE Aol
24 Rt E0] 211290 9J3}e] 73} H RF-thermal plasma
system W0l quenching gas (argon gas)& Y5t WZhA]
21tk 713kel 34 URHE-S argon gasel] ofahe] WZIERLA
T4 b QA2 AR B F 42 YA Euiw o
SHASIE|HA S2HE =2 519 t) RF-thermal plasma system
£ o188 AztEl e 24 BEAE Table 17} ZrhPark 5,
2015).

DC sputtering system= 0|&8! Brass/CaCO, LI SE£5
| MZ. Brass/CaCO, U 24 E3AIS A|&sh] 95}
o] DC sputtering system= AF-8-3}thHFig. 2). @A+ CaCO,
£ Ag3tg o, YAke] 27]= 50-100 pmo]th Brass Ui
AR S FA|of| Z2HA]7]7] 9)5te] Brass metal target (217, 10
inch; =7, 10 mm)& A2FsHT) Ule S4-5304) Alate 9
sto] A1 E ZF=(vacuum chamben) @] 45 (darrel)o]] &
o)te] wuka} FAJof] A ZHE Brass target 0 2 HE| o] 23}1%
Wie 2SS G4 ol 22| F ) DC sputtering 27 T+
o] AFz9 7]1EAF = (base pressure)= 5x10° Torro| 1o
o, working pressure=9x10°-9x10"* Torr2 A3} A4

Method used® Carrier Nano metal hybrid materials used Abbreviations
A Graphite Graphite coated Ni G-Ni
- - Graphite
A Micro-sized Fe’ MgO-coated micro Fe’ MgO/Fe-A
) (>100 pm) ) mFe®
- No carrier Nano-sized Fe (<100 pm) nFe
- Activated carbon (2040Aw) - 2040Aw
A Activated carbon-coated Fe 10% 2040Aw/Fe (10%)
A Activated carbon-coated Mn 5% 2040Aw/Mn (5%)
A Activated carbon-coated Mn/Ag 3% 2040Aw/Mn/Ag (3%)
A Activated carbon-coated Mn/Cu/Ag 10% 2040Aw/Mn/Cu/Ag (10%)
B CaCos CaCOs-coated Brass 1,000 ppm Brass/CaCO;

*Method used to produce nano metal hybrid materials: A, radio frequency-thermal plasma system; B, direct current sputtering system.
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A Physical Deposition Source

Fig. 2. Direct current (DC) sputtering system for the production of
Brass/CaCO:;. (A) DC sputtering system. The carrier CaCO; is insert-
ed into the Darrel in a vacuum chamber where the brass metal tar-
get is sputtered through DC to become nano particles and be de-
posited on the carrier CaCOs. (B) Final Brass/CaCO; nano metal
hybrid material. Red particle is a carrier (CaCOs) and yellow particle
is nano-size brass deposited on the carrier particle.

3}9ith E3h, Brass target2 ©]-23}517] 93t 48 A2 DC
300-500 W 270 2 ARSIt e ¢1AHe] % input
power, sputtering rate, sputtering efficiency 59 A& 1t
Pt F2F Al 24t en, 2% 1,000 ppm F=2
Brass/CaCO, U= 24 B3] & A2 THKim 5, 2015b).

Hiy 2t=

X2 SR OIYE 22) 9 5Y. 470 A3
Ag 9 w3 g

o FF& vate] &3t 4, B, v} A2

Table 2. List of fungi and bacteria isolated from cucurbit seeds

FH 22 ndES 225l7] flste $AE UMt
3 wpRPAHES o] 83} o] npalste] 1 g9 A|RE 9 ml HdS5
o]] 'do] serial dilution®] & 0]-&3}e] 1024 10 5% & 3]4)5}
o] F350|= potato dextrose agar (PDA) v} Z](MBCell, Seoul,
Korea)o]] =1 HZE3}o] 25°Col|A] 7 E¢F vljokslHA] FeiE
E Ao wha} 48] sty on, Ald] 7% tryptic soy
agar (TSA; MBCell) Bix]¢]] 30 ul =2 ZHE3}0] 28°Col| 4] 3-5
o ot wfopstae FejH o 2 e FL w5 Be ol
o} B2lE #4552 20% glycerol stock & 2 A 25} -80°C
o mbstel Al AL§ 3Tk £4 BE Az #EE
internal transcribed spacer region, 165 rRNAZ 7| HE S &
A3ta BA4% A3-E NCBI GenBank®] BLAST ZZ 2 1345 o]
g310] S5} %rHTable 2).

uiat ahE ERtoIM 2213 SEO] e L 2228
ol #FMH. Beixut714S FEdtel AtE the 24

2514 7o} Al 47le] Faaat AFS Slsto] utat
G, S, uho) ERjolA Helgt Bl 558 gt &

T B A AN e 483 879k A 4715
PDA HjZ]¢]] 1% (250 ml) 5% 2 v 2] 2% 7} 50°C o]5}= ol
A& v A7tk vt g, S, uh Fjol A Bejg
=o)L= PDA Hj x| vje¥5}9l.2m, cork borer (2, 3 mm)Z o]

-&-5to] agar plugE W31 21719 Wie 345530417 71

Host Source Species GenBank accession No.  Similarity (%)
Fungi Watermelon Seed coat Penicillium pinophilum CP017345.1 99
Pumpkin Seed endosperm Talaromyces purpureogenus KJ572249.1 929
Gourd Seed coat Aspergillus tubingensis KY864240.1 929
Aspergillus fumigatus KM268635.1 29
Rhizopus stolonifer MF461025.1 99
Bacteria  Watermelon Seed coat Prorocentrum micans AY822609.1 98
Weissella sp. LC096236.1 99
Rhodotorula mucilaginosa DQ832198.1 99
Seed endosperm Burkholderia sp. KT159931.1 100
Enterococcus sp. KC699067.1 929
Pumpkin Seed coat Meyerozyma guilliermondii NG_042640.1 29
Seed endosperm Enterobacter sp. CP017184.1 99
Bacillus cereus CP021061.1 29
Gourd Seed coat Bacillus sp. JX680098.1 99
Seed endosperm Burkholderia sp. KT159931.1 99
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Table 3. Antimicrobial activities of various nano materials against different fungal isolates from cucurbit seeds
Nano materials Inhibition rate (%)
and carries Penicillium Talaromyces Aspergillus Aspergillus Rhizopus
pinophilum purpureogenus tubingensis fumigatus stolonifer

G-Ni 7176 d° 52.94d 62.71d 57.29e 100 e
Graphite Oa Oa Oa Oa 7.06b
MgO-Fe-A 27.05b 2741 ¢ 2941b 23.88 bcd 33.76¢
mFe’ 54.12c¢ 26.71 bc 2741b 2824d 66.71d
nFe 20.82b 22.35bc 40.06 c 17.65 a-d 3.88a
2040AW° 20a 0a 0a 5.53ab 25.53 be
2040Aw-Fe (10%) 1847 b 11.41ab Oa 22.71 bcd 8.59ab
2040Aw-Mn (5%) 15.65 b 29.06 ¢ Oa 8.59 abc 14.12 abc
2040Aw-Mn-Ag (3%) 21.53b 22.71 bc 3.88a 2470 cd 30.59a
2040Aw-Mn-Cu-Ag (10%) Oa Oa 9.76 a Oa 18.82 abc
Brass/CaCOs (1,000 ppm) 100e 100e 100 e 100 f 100e
Control Oa Oa Oa Oa Oa

°Average value of three repetitions. Means followed by the same letter(s) in each column are not significantly different based on Duncan

multiple range test (P<0.05).
®2040Aw: activated carbon.

2] Foll Esto] 25°CollAl 797F wieFst gt FAE] v
A\ AL Y7 ko] oot Afz)Tte) A Adete] 2o

Astol ulwakglon, 3urE AFsto] BRghE AT

(T
1

Ay

giat 22 SXlollM 228t Mol et Lt 3 Fxlel
MY Fetxul Ve &85l AR Ui S45 5T
A 87het A 470l et Ayt AP-S st vt 2E
& ‘ék T}, holl A 22jd 105 e 2 3t A4S Y
Z¥Z9) Wie 54 5514 87119 ©A 471E TSA wij=]of
1% (250 ml) %= 2 v}z L% 7} 50°C 0|52 WolH-S uj A7}
a9k Al TSA B Z|o]) 28°C/150 rpm/48 hr HFate] 1x
0’ cells/ml =2 3]A45ko] AHESHITE A HAS U
SEEA7E H7HE TSA vz o] 30 pha =2 HF-sto] 28°C
ol A 48A17F E2t vkt 3 colonyZE 7H2EEHTE AF L 3
HHE Aste] B gk ARSI

:l-_._E
==

|;[0II

2 o

L} 22 E35H]|o| ZTHo|of CHSH SHFEHA 24X,

B FAHG, B9, el Reld 3%
ezn}7)4 2 o) g8 ARE e T4 BIA 849 BA 474
of the GRS Selskgon], 22k e T4 EAA

_ll->
F%

HAE F7leto] A2t wijR|of| A At Ay}, 27} vl
3} Brass/CaCO; 1,000 ppm =9 U F&E3A)17F 2%
o] 5% HFof A 100%2] AAl&S HolH 7 =2 &
#8235 BT} G-Ni2 Rhizopus stolonifero] tjale] 100%
T4 AR oA &S B, ThE 471K Bole] daiA
52.94-71.76%2] AA|-&-& B th(Table 3). mFe’= Penicillium
pinophilum, R. stolonifer J8-0]2] A A 2+ 54.12%,
66.71% A5+ 2™, nFe] 73-$- Aspergillus tubingensis©]| T
5o 40.06% A B2 AR5 AL = ERlE gl om, v
A Yie S48 DL GA4Y] oAt Fr)et Aoz 84l
ok T3 We S5 ETA A7F iR A2 A e 555
A7 L=2A REEHR] 42 WA 9] B9 Ui 5554 A7F
BAUE XM= #APE AR Eohe 2S Felstalen,
We S553904|9] A9 A2 o2 JE3 Aol &gt &
w7 U= Ao = weETHFig. 3).

LI F&=8AIC| Mol chst & 24 ?:*.’é? w25
SR A 227 1059 Alatol st +ta 3t 2
1}, Brass/CaCO, (1,000 ppm) A7} vl x|l A Weissella sp., Rho-
dotorula mucilaginosa, Burkholderia sp., Enterococcus sp.2] A§
o] 100% A== AL &215titHTable 4). Brass/CaCO,

(1,000 ppm) o]&}2] ThE Lk g4 EA| 2 HAl S 2 AATt
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Fig. 3. Inhibition effects of various nano metal hybrid material
against different fungal isolates on potato dextrose agar medium.
Brass/CaCO; (1,000 ppm) exhibited 100% antimicrobial effect
against all the five tested fungi. Nano metal hybrid material Graph-
ite-Nickel (G-Ni) showed 100% inhibition rate against Rhizopus sto-
lonifer and showed 52.94-71.76% inhibition rates against other
four fungal isolates. mFe® showed inhibition rate of 54.12% and
66.71% against Penicillium pinophilum and R. stolonifer, respective-
ly. nFe showed 40.06% inhibition rate against Aspergillus tubingen-
sis. Other nano materials and carriers showed minimal inhibition
effects against the tested fungal isolates. (A) P. pinophilum. (B) Tal-
aromyces purpureogenus. (C) A. tubingensis. (D) Aspergillus fumiga-
tus. (E) R. stolonifer. a, control; b, G-Ni; ¢, MgO-Fe-A; d, mFe% e, nFe:f,
Brass/CaCO; (1,000 ppm).

A5l thste] e A5 Holx| gk3kThFig. 4). Al
AR Uhe 24 B8 B iR AR A the 242
A7k 2 B g WS A e T4 YA} B
Aol FolHE Aol B 2ot 2 Srstgon],
U3 e FEEIA ) H9 A AEWE A9 B v
U= 20 2 BholEgiTHTable 4). A#ATo)A] Nizk T3p}
Ad Azt §AHA(Kim 5, 2015b) G-Ni U 242317}
=2 FdadE 2YrHFig. 4).
=
A 5ol 714 2 AL 71 W, el Sue &
A 7413 glon] A4 71el shakisor 3 2] Aol o
gha BEoF 9l =2 0y Fof Wo] L=EE| o] QIth(Ditta, 2012;
Kim 5, 2015a). @&fA] A 2L 7|e& o] 83t S ede &
o[ HA| A FE] A& AHASHE Sl WAHE Jlrk

Fig. 4. Inhibition effects of nano metal hybrid material Brass/CaCO;
(1,000 ppm) against different bacterial isolates on tryptic soy agar
medium. Nano metal hybrid material Brass/CaCO; (1,000 ppm) in-
hibited only four bacterial isolates, Weissella sp., Rhodotorula muci-
laginosa, Burkholderia sp., and Enterococcus sp. at 100% level. Other
nano metal hybrid materials and carriers did not show any inhibi-
tion effects against all the tested bacterial isolates. (A) Prorocen-
trum micans. (B) Weissella sp. (C) Rhodotorula mucilaginosa. (D) Bur-
kholderia sp. (E) Enterococcus sp. (F) Meyerozyma guilliermondii. (G)
Enterobacter sp. (H) Bacillus cereus. (I) Bacillus sp. (J) Burkholderia sp.
a, control; b, treated.

3 F = 71 Bhe] g A 244 Aa

£ U 3712 Aztele] Be)d, sjata, AETHE S4L
7}'X]‘C_‘ 2R F-E3HA o] &dt= A7t =L JlTHKim
£ 2015a; Park 5, 2015). Ta}, 24 Ui 279 A9 o] Lx}
S0 wou] o} F 430 2 A} ekt R0 YA
Qlti(Mamonova, 2013). o= &£ gojg|ut nfo|3 2 7|5
oF A& 2712 FHF o] Yo Uie JAFEo] Alato] Al azuto]]
go] 34 0|0 osto] A|m] FFL MX L o= &
#HA] Jth(Morones 5, 2005). 13|31 Ui JA}O] SFHAlS ¢
AFgo] AlEute] RE3te] Felmel 4.0 2 glstel ROS 2
AlEere] Halo] ojgh FRAE 7T B 1 HickPal S
2007). -5l 223 olql= 712 (Cu)= AA o= Faliskar &
TS 7L glem, 37] Fo fre e AAR AL B
%It Oya 5, 1993; Park 5, 2003).

2 AFolA R Ui FEETA|Y] FtES FRlstiien,
Brass/CaCO; ¥ G-Ni Uz F4-E351A4| 9] AL vl 2HE(4=4,
) ) B2 Heldh 2golo] thske] 100%9] - 43
Pt ee H3th(Table 3, Fig. 3). G-Ni Lie 545342 4%

Aol tiste] =& 4a s HcHTable 4, Fig. 4). Park 5

-
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Table 4. Antimicrobial activities of various nano materials against different bacterial isolates from cucurbit seeds
Inhibition rate (%)
Nan‘o Watermelon Pumpkin Gourd
materials
an‘d Prorocen- Weis- Rhodotorula Burkholderia Enterococ- Meyerozyma Enterobac- Bacillus Bacillus Burkl.rold-
carriers trum  sella o M .. eria
. mucilaginosa sp. guilliermondii cereus sp.
micans  sp. sp.

G-Ni 0 0 0 0 0 0 0 0 0 0
Graphite 0 0 0 0 0 0 0 0 0 0
MgO-Fe-A 0 0 0 0 0 0 0 0 0 0
mFe° 0 0 0 0 0 0 0 0 0 0
nFe 0 0 0 0 0 0 0 0 0 0
2040AwW* 0 0 0 0 0 0 0 0 0 0
2040Aw-Fe 0 0 0 0 0 0 0 0 0 0

(10%)
2040Aw-Mn 0 0 0 0 0 0 0 0 0 0

(5%)
2040Aw-Mn- 0 0 0 0 0 0 0 0 0 0

Ag (3%)
2040Aw-Mn- 0 0 0 0 0 0 0 0 0 0

Cu-Ag (10%)
Brass/CaCO; 0 100 100 100 100 0 0 0 0 0

(1,000 ppm)
Control 0 0 0 0 0 0 0 0 0 0

®2040Aw: activated carbon

(2015)2 Ni, G-Ni& 0]-&3}0] S=ulalali-e o] 9Jo)F<9] BFBHF
157} straing 0 2 gt & A gz}, Nig 2] 4]
FA )] vlste] Al RS ARt B gk vt glck. o
2 AT Ni e A7} A R -2 w 312 71

1 B3 E7)%= sFEcHKumar 5, 2012). E3E 3o EgHE
2= A|ZW ROSE S7HIA A5 AFEAIRIHAL H e}t
(Harrison %5, 2009). - 91510]| 4}&= RF-thermal plasma system &
DC sputtering system< &-83}¢] of] 71K 34 Y YRS
| (graphite, Fe’, activated carbon [2040Aw], CaCO,)ol] &3}
o] U= F<4: B354 (nano metal hybrid materials)E A| 21k 739
RS AATHE 2 AT 5 GJglom, o] 5 L 3
opo] {e WglolA] vAE-S Aofshs 2RI o] 83 4 9)
L F e Rl IS Ao Bt

o OF
0 =

o] A7

Zo}=u} 7|& (radio frequency-thermal plasma

system} direct current sputtering system)2- o|-2-3}o] A2}
e 24 B S 0| 83he] Wt 2B (G, S wo] F
ZFol| A Halgt n|y =2 3ot 3 72 AR ske] A
BE AWk 85 e FEEIAE 4711 BAIE o]
g3tel 539 FRolo 1059 AFL Yo 2 7 e
SRS 1 A, OIS YO R & FRAHANA ot
= F453A Brass/CaC0,9] 7-¢- 1,000 ppm FE A 5%
of Bolel chstel 100%2] FFE S ehflct AL
Ao 2 ot FHAH Y A Lie F4E3HA| Brass/CaCo;
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