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Abstract; Iron,one of the essential micronutrients for life, would largely promote oceanic primary
productivity. Atmospheric deposition has been recognized as the dominant source of bioavailable iron
in the open ocean; however, the relative contribution of combustion aerosol and mineral dust to
bioavailable iron in the ocean remains poorly understood. The development of iron isotope techniques
provides a new way for tracing iron sources. The application of iron isotope technique in atmospheric
and oceanic sciences is still limited, and iron isotopic compositions of aerosols from various sources
are not well understood. In this study, we selected one Chinese coal fly ash,two American coal fly
ashes, one European city waste fly ash and three mineral dust samples from different regions ( Arizona
test dust from America, Luochuan Loess from China,and Xinjiang dust from China) and measured

their iron contents and iron isotopic compositions. The maximum mass fraction of iron in coal fly ash
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was measured to be ~10%,, significantly higher than those for city waste fly ash and mineral dust
(both in the range of 2% to 4% ). The 8°Fe values were determined to be 0.05%c—0.75%o for the
four fly ash samples and -0.05%0—0.21%o for three mineral dust samples, respectively. Compared
with mineral dust, combustion source particles showed heavier iron isotopic compositions, probably
attributed to large variations in physicochemical properties of fuels and fly ashes.

Keywords ; combustion source particles , mineral dust,iron,isotopic composition.

PRIBLE AT B RO B SR ICR Z —  TEITRE R, P IR PRI A D L 7= BT 2 R — 4t
WFFE I, 22 K b T P R A dan A PT BH S 3 o PR AL ) O W A 7 0, 1T A 5 LR CO, BT
HE— 2L S A BRI RAURLAI T R A 2 ] AT Y P ) AR {E TR [ SR U
FIURE ) D2 LA R HR I8 DS AURE A o8 ¥ ATV MERR A SRR DR/, R TSI 28 AL GE WA V0 2R 0K )
() YRR T R W T PR ) 2 OO U7 5 (B I AP 0 BT 50 2 ISR G YRR RLA) o T i A o
T VAR A T DU, AT S R BE IR UKL (1) DT R 5 T3k 509% LA 1T AR B AR 1 & S
NIRRT R TR R B FRAE T — o i vk | IR 2 B TR IO 3R ok T 22 S LT R B AR
F A 4 MEERIRIALE , 7350 Fe (5.84% ) *Fe(91.76%) ) " Fe(2.12%) MI*Fe(0.28% ) ; BRI %
R H LIS T BRARAEY) BT IRMM 014 (P34 Jics, WO AR HEY) Bl 5 BT ) 1Y T30 22 6" Fe k3
AR CIIAF TR — L 6% Fe FoRnEk IR LR A" 6% Fe (HIBA  FE i ™ Fe 157 Fe LU {H B
vy, I R TRk, BRI A7 2K 2 A .

("Fe/™Fe) e
(“Fe/"Fe )yl

1T BT BOAR A BR 1, BR R 2R BOARAE R R A S s ] A PR, R i AR R B
Z A G A S5 B PR ( multiple collector-inductively coupled plasma mass spectrometry , MC-ICP-
MS) F AR K e BRIFIE 254 AR A TERR /- E T AL R 7 Kurisu 8% R [ 408k BRHIE 149 A< %5 Jie ik
FTRRIAME R AT A B, AR XU Ta] A oA e 5 3 el DX I 0 J A L AT SR T A B [ 3 2R A, G
8 Fe fHIAN A5 -3.5%0, B E LT HIFTA A1 (1~ 041%0) ;3% /2t FREbe T B et R A [l 28 70188, 4
P G R FNIRAP  Conway S IRFTRES RARMT , 5 2 VDA UE 0 1) SR A LE , 32 A A 532 1 )
B B R AR ) (37 2R A el T TR S AR SCRIF ST, X S T ke Y ORE A h kT o2
RN T AT+ A BR.

AR SCHCAR T A [ DX A IR ST R RO A R b AR FORE A i, LA TRMM-014 A A B i ) 5t
FIH] MC-ICP-MS X b ORI 6% Fe HEAT TINAE , 7 — 20 B 1 WRGEIE 15 0 2R 0K ) (4 8K [7) o2 3R 41
A SE ] g Bk aER RIS R A P 2, R T BRI BB R AT A .

3" Fe(%o) =

1 ]x1000%0 (1)

1 #B5S ¥ ( Materials and methods)

1.1 BEAIEE

ARSI RO S8 RO I T R €O D B 3 FAS [ i XA vb 2 et 7 b ks 4 A
A A RIFSE TG 6 LER T0 2 B i M AR R Z AR AT T A0 b, RO 5 Vb AR FURL AR L PR AE B AN 1
Fim BB v A A Hofth 6 b FURE 49 350 Ay A S () B o 400 B, X L6 b o SR 0 it A ) B 2o A b L 28
— RGN B R R — A AU ASURC ), 765 BT R JC T S 2 — A A P s b 2SR 4R T 2010 4F 4 23 H
By e A VDA TR AR YDA B R A 30 AR R Vb AR B T s v AR TR
SR AR S 2% T, K R IO ) R R TR A1 2.
1.2 BonESEilE

ASCHIH HCL HNO, \HF 5 HCIO, % K 5 V022 JUR M ke B 4700 A, LI A 20 3R R . 1) BRI
0.1 gfUFES AR I bedrd AR LB /K (18.2 MQ-cem) 1241 ;2) JiLA 5 mL ¥ HCL, 100 °C F{4#
W1 b SRR SR AR 3) TR R 24 2 mL, BURN RS, IMA 3 mL ¥ HNO, .3 mL HF DA} 2 mL HCIO, ,
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120 C AR 1 hy4) JFEE, FHE ZE 150 °C, kS m#BRee, o T35 8 R4 BRAERUR , T 240 e sl be
R55) A B s R LRI, 55 (R oA UL 3 s 6) Rrbapt B R EAPILYIE RS, JT 4,
SGEE U, 72 2= NS SRR 7) AT A ASAIS , AT AN 1 mL % HNO, 1 mL HF 5 1 mL HCIO, , #
SEUA B IH At B A T AR TV 5 8) A B TR R A IUE 25 2 50 mL. TH o BRI S S A,
ARG 50 it FH 25 e S a0 7 ZESER T, T 2R UL BRI 20% HC1 5 20% HNO W h 28 &5
(RBEBE N 90 °C) , FHH B oK e T, AIROT 2R 75 57 AR Se i b i I B A R 4 2 Ry A4 .

R1 KRG ARBRYIRETEA S S

Table 1 Detail information of fly ash and mineral dust samples

P2 s P35
Sample types Sample number Sources
ff‘fﬁxf i CBWOS4OT SR FALSIRE LB A, o ERRE A ARG L
ESEPCR W/ CFA2689 KA FEE IR )E B Bowen BRMEHL) T, T R AR AR BE AR R, 38 [ 1 R
Coal fly ash of America FRUES AR ST B (NIST)

CFA2691 R 36 E BT Tatan RAEHLT (RBRUIREERA = 4= K, NIST
R I T )RR BCR-176R SRAE T T R 0y # e B2 b IR — 2 WS OO T R iR
City waste fly ash of Europe LRAE , BRUNBR D) 53 5 0 12 0 52 i
bOZA T R ATD WA ARV [ Protein Technologies ; Inc. AT
Mineral dust GBWO07454 W By, R

XJ 2010 47 4 F 23 HREMGFF M 30 FRE AU D TR IR, v [

) FH EBR A 45 B IR & 316754 (inductively eoupled plasma optical emission spectrometer, ICP-
OES, Spectroblue SOP , ## & Spectro 23 F) ) XK TG R % A 750 M7 ICP-OES TAESHL . 558 AR & HH o %
1000 W, @AMFDEE P EA M R 0.8 L-min & TS EN 12 L-min™', BB AN
0.9 L-min™", 5 4L28 3T S0 314 kPa iZ FEIMEH T Z K R A 5 wg-L7".

1.3 BREGBLR 0T

BRI 2 Wi AR an &l 1 i , B8 A VA A | 127 0 8 LA AR A6 I A SO RO 5 b2 i
B ER IR R A3 e rh E R 22 B ) M b BR AL B 5 T [ 57 38 Mb s A 27 [ 58 B A S0 25 ) 7 v S0 60 25
H e .

1.3.1  FERL R

ARSI v i FH B ) A e T DA S B WA S ZE A R 6 mol - L™ HCL #2336 h R J5 FH L 251K o
Uk 3 i T XU T T A L AR S R T, AR RO A T A 2 mL 6 mol - L7 HCL, #7 % 36 T,
110 °C HL A BN 0.5 h Bl Frmafsl i, s #iubl BT J5 nl Bl A A s i D 3R 1) RIS A
ADTF 50 wg AR RE S THREOERETD A 0.9 mL ¥k HF #1 0.3 mL ¥ HNO, ,7E 110 °C HL 3R |-
TR 1R 2) BEA SE RS T35 25T, B 2 mL 2 mol - L™ HCL @A (B3R CaF) ,f£7 3 h
JEZET I E A 3 ¥k;3) A 0.5 mL % HNO, , 110 CAf3 3 h 526 T, AR H A9 B AE S b Fe 58
EAL R Fe' ;4) A 1 mL ¥ HCl f#FES 50 HCLIR R 896 3 h J525F;5) A 0.1 mL 6 mol - L™
HCL, PRI 3 b JE R AT A 53 8. O B UE o3 A 3k R %) v S, AR R o AT I 1 A i A R
(BHVO-2) } 1 25 [, o hrin e S i 56 2 — 2
1.3.2 fb2srEs

AWFFE A 200—400 H 9 AG X8 BB 128 #u i g (32 [ Bio—Rad 2\ H]) AL S kT R i 17
Al FLIEH R L)L 6 mol - L™ HCL AEIKVERET , Fe™ 255 ClTIE AR FeCl, 45 G i i A AR AT I B, HL Al
JCE AT WMPERE ;24 L) 0.4 mol-L™" HCI VEWKUEMIN , 25 S WSS FI WAL IR | Fe™ n Wbk BEWCAR | DA T 3k 2]
BRoTe R Ak B 0. B B 38 B 76 (AT 5 AR UGE 3 2525 77K 16 mol - L™ HCL, 258§ F7K .8 mol - L™
HNO, L S KB TR IR, WA T A 3 R AU 14 B8 73 40 i e A BRH A rp (FURMA R Ky
0.5 mL) , HEBRA AR AT i At J B W] A2 40 8, AR SC I i A 2 B TR 46 2 I,
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FEdh

Sample

1< HF+HNO;

B 0.9 mL+0.3 mL
A 4
TBAE

Dissolving

7#%7T,0.5 mL HNO; ¥4 fi%
Evaporation, 0.5 mL HNO;

110 °C o 10T #T.2 mL 2 mol-L™! HCI%f#
» Evaporation, 2 mL 2 mol-L™! HCI

P

A 4

| Fez+ — Fe'H»

| 10¢C I mL HCRERBF# T

0.1 mL 6 mol-L ™! HCI

110 °C R 1 mL HCI, evaporation

v
25 8

Chemical separation

4—' 6 mol-L"' HCI

v

Removal of other elements

0.4 mol-L™' HCI

I

#F,1 mL 2% HNO, % fif

Evaporation, 1 mL 2% HNO;

A 4
W GTTR
Collection of iron
) 1o #T,0.1 mL HNO & i
1no<c < Evaporation, 0.1 mL HNO;

A4

MC-ICP-MS |

B 1 BREAL R i e

Fig.1 Analysis procedures of iron isotope

&2 EorEnit
Table/2' Procedures of chemical seperation

13 #2 Procedure

WRUEW Eluent #1 Note

YEHE Clean of anion exchanger column

5 mL £ EFIK
2 mlz8-mol - ™! HNO,
4wl KB FK
2 mL 0.4 mol- L' HCI
2 mL EEFK

[-## Sample loading 0.1 mL £ FHAE#+0.4 mL 6 mol-L™" HCI A 10 min JFFAIA 0.4 mL 6 mol-L™" HCI
WRVESET 0.25 mL 6 mol- L' HCI PR U WO FE i, T Bk
Removal of other elements 0.25 mL 6 mol-L~' HC1 ]l

0.5 mL 6 mol-L™" HC]
1 mL 6 mol-L™! HC]
2 mL 6 mol-L™" HCI

gk

Collection of iron

0.25 mL 0.4 mol-L™" HCI iS7 RS
0.25 mL 0.4 mol-1.”! HCI

0.5 mL 0.4 mol-L™" HCI

1 mL 0.4 mol-L™" HCI

2 mL 0.4 mol-L™' HCI

1 mL 8 mol-L™" HNO,

0.5 mL KB FK

PR PR

Leaching of residual iron

1 mL 8 mol-L™" HNO, WCE T, TRk Iml e 3
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2y Bk R T BB T WO 5 A W, R H R 5 55 2 R BT 3 (inductively coupled
plasma mass spectrometry, ICP-MS,iCAP Q,3&[E Thermo Fisher Scientific 23 7] ) X 3 AW 2T K & =
PEATINAE , DA TR A 43 80 5 A v 0 2R ISR 25 7R 2 R0 e WO AR M W h e oc 2= At BIE
HIEOT R SRR LAk, DS 100% , fb27 50 B 3t B AN 2338 BUER [R)57 25 43488 . A B A0, 2 B 4 oo
R ARG TS RS TR, ASHIF ST R RE S BRI T R AR S A3 e A TR R A7 2R L LA AE R A
T )M — R A SR RN ARSI E T 110 C 25T, A 0.5 mL ¥ HNO, %5 f#% , 3 3 h J5 281
2) A 1 mL ¥ HCl I ZE T BEJG A 0.1 mL 6 mol - L™ HCI %, 4535 2 "Pifi B b AT ik fb2g
I3 3) AL B AR BRI IRTE 110 C R ZET, A 0.1 mL Y& HNO, , $/i 3 h J5 28 T, Qg
534 BIG N 1 mL 2% HNO &R S, 100 CARIR 3 h, #E4 T MC-ICP-MS SR, 2k [ 7 2 43
M b BT FH B R 320 R 2 15 2 A0 =y 4R
1.3.3 AU

AWFSE Ak 81457 25 4H 3@ 4 Nu Plasma 1700 MC-ICP-MS ( ZZ[E Nu Instruments 28 S TME. T
ISR 3 R EERS RN, A S 56 2R AL fi - A (] 4 25 ( standard-sample bracketing /SSB 5 )% €K 5>
2R ORI (AR RS 28 A A T o AT 3% 1k R EEE T AT I s 15 - 1) MC-ICP-MS {8 7318 i J B S
PR A 5 T A B R ] ) JBi I 0 800 A — 305 2) B i S PR R R I (M BE | AR A T R ) 1 — 2K
PEPSYHATEAE SSB I AYSERN & R T SSB i+ MU BRIk L K SSB i +AMn i, 1 HE— 5 A # 4
PRI 5 £ DRIEAE S 55 AR I VR R 0 — B5s), Bl (i SSB YA AR W] LA 6% Fe 43 BTG 2 3 21 H i 4k [R] o7
EOHTREEE BIRBR (20 < 0.03%0) % ) AR S50 At FiT 7 BB AR VAR HP e 8 i g 2 RN vl
i IRMM-014 %598 PR B — 30, —MEh 3 mg- L' 4 mg- L7, SCFRMRRE NI T3 ZEAR AN ARA5 5 o B b4 7
R[] BN 75 B LR A (o VS VR 5 A A o ot VT Bk (R 2 2R I B AR R BB R DG I, A T W S b
1 RE SRR 2 8] 1Y 1R 25 BOR PR IAE 209% AN I ESE AT 3RA 4 R ol 5 1) 43 B 45 .

2 ZEHL 53718 (Results and discussion)

2.1 RISV B OLR &

RSV AR P POCER SR 2 R, BOuER F i LT 2 R R R CORBURL ) kT
RO R E R TR ORI R BT R R Tk ~ 10% ; Tl R4 oK 5 b 42 it
K RO S A 2 1 2%—4% 1.

X3 [ vb ik ¥ Mineral dust

B2 $7 E 4 € K City waste fly ash

GBWO07454 R K Coal fly ash
ATD ' +
BCR-176R
CFA-2691 \%_'

CFA-2689 N
GBW08401 N“ |

0 2 4 6 8 10
Iron content/%

B2 WREWAFRY TR &R

Fig.2 Iron contents of fly ash and mineral dust

22 RSV RIEBER R AL
(A B RSP TR R IR 3 FF2%. T AT th JE6 R R A R it JLT o W
Kt T M B B e 2 R A 99.99% LI, BV A2 5 B s B T, et Bk 1 ¢

SH18.
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Table 3 The recovery of iron during the procedure of chemical separation

BE BE A p i BT E BRI GTes
Sample Iron content of sample/ g Tron loss/ g Recovery/%
GBW08401 98.0 ND 100
CFA2689 103.2 ND 100
CFA2691 86.4 ND 100
BCR176R 63.3 ND 100
ATD 73.3 ND 100
GBW07454 77.4 ND 100
XJ 73.3 0.1 99.9
BHVO-2 86.7 ND 100
Blank 0 ND —

7 ND, KK ;ND no detection.

KK 5 VD A FTURL A R R 2R A AN B 3 T TR R 2 K AR A A v O 22, A v R 22
4 YIS R AR 2. A SRABYS A I NHE B vb A DURBR IS AR BHVO2 B R Rl 2
FLAE (8% Fe) AYMI R 22 (207 ) T K 0.10%0, 15 12 11570 7441 FF b BT BE 4252 19 6% Fe 5152 22 ( ~0.09%0)
BRI T AR R S, 8% Fe I 15 22 B KR M I 0.10%o, 220 I3 3 i o A3 AR X AR
T, —ERRE UL T E S5 3 A v FEVE. Craddock 5 Dauphas 25 fEXT BHVO-2 (1) 8% Fe {HE T2 UM
J& , 25 BHVO-2 1 8% Fe HAUE N 0.11%0; BIRA T2t BHVO-2 [1:6™ Fe I & 18 5 BB AH LR AR
{H2% & F 5% 22 | WA 5% I 52 205 Rt J2 T 232 1) Mead & X IF R SR VD22 5 CFA2691 3% — 4
KIR AR RO R AR HEAT T I , ABFSE b CFA2691 4 8% Fe ll/E (-5 Mead %5 145 BA R4 —2L
P, R BIABIF G 5 45 H I FTHERY 5 106 T30 A1) SABTD AR A 52 67 Fe M % {8 7y H A ( —0.04%0) , W]
BAKT Mead ZEAGTNE L5 (0.13%0) .33 T2 ZLREHR T2 W0 A SR U 2 IR 40 119 28 R [R] , Mead 25 i {1
FHRRRAE R 0—10 wm BRI RARYS A | Wi AHE ST B 2 RiAE R 0—3 pm BYMERIRIR VDR 4k
TR R S Vb2 v] BE ELAT T o 0 R R (57 B8 A B X TS TR A28 %) ST R SR v 24 | H ki the S22 R[]
[, Chen ZEINA5 A SEABVH 2R (A2,0—176 pm ) SN 1.98%+0.08% ", i A7 It i FH A4 S ) S 01
WA TR 4.31%+0.05% , i & = Tl , I & 1k R R 48 R IR & T BE Y.

4 PRI Y 6 Fe MBI 0.05%0—0.75%0, i 3 Fhb A2 M50k H11K) 6% Fe {H M AL A —0.05%0
FI IR R K0.21%0; WL WAGE IR -5 V0 24 JURL ) 1) 2K W) 47 28 A B AS PR AB0RE A F U8 AS ] T A A ot 2
St AR, RO SR e Ak 1) [R5 28 20 BUAH b U0 2 UKL ) i . Shy EUR EE AN [) oF Y5 S80RL ) 1)
BRI 25 4 AR SOR A JEBI 5T 485 SR 00 AT 1 A4, A0 4 BT/ Mead 25 X3 304008 ©OK I KR DL & v 2k
WOk Y AT R R E 0T B, B ROK S50 IR 6™ Fe (H 4 TEAH, I H R 7 2 20 15 v 2k ks 4 4
FE B 0 ABFSTEE SRS Mead 25045 B BA REFA9— 20k,

BHVO-2 —o—

o FRifEAE i Standard
XJ —a—
3 = yh ik Mineral dust
GBWOT454 ! A IR R ®IKCity waste fly ash
® JEK K Coal fly ash

ATD b

BCR176R —aA—
CFA2691 I ]
CFA2689 I i
GBWO08401 I »—I0—< | | |
—0.2‘ - .0 — .0.2. - ‘0.4‘ - .0.(). - .0.8
8Fe/%o

B3 RSV AOR ) R R A 2R ALK

Fig.3 Iron isotopic compositions of fly ash and mineral dust
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Conway %X 32 A U5 V0 AR ) R IHEA TR IR 62 28 70 M ke B, 5 52 0 AR TSR W) 14 < T A
LU, 32 N R RS e 10 0 B B AT SR o )k ) o 3R A 5 3 2 phy T AR i e e i LR R o2 2R 0, 2 o
B RS R HEABIRA D Kurisu SFLERIERT T WUBLRAE T [RIRLAR 1 6] (09 SR B RE A, k] (02 2%
OIMTE R R HET R MUK o SRR R 3R, L 87 Fe (E R MIAT 3K -3.5%0; JF H I 8% Fe {HFEAIAE
RS A S I A R [ 67 3R A S | D IR bR e e v ) 5 A A R ek R A v T AL
F12! Majestic %5 (145 FALTESE PM, 48k [ (5738 20 AR LT PM o v 19 4% [m] 157 38 2 Al e ) 1) 8 45
TEEETRTANBIOTFE R A B, UL 2.5 wm kAR SR X7 R AR ASURL ) IF | I AN BE ¥ B DX R e U 5 b2
UKL B K ) 02 2R AR 5 3 32 B D D R 6 A ) 4 o Bk B 2 3 A v TORAR/N T 1 wm YL BOK 2
LT k7 L L

AT IS VDR RORE ) (4 2k [5] 037 28 28 h 5 b 52 5 A B BRIR) (2 3R A AT, 87 Fe 7E 0.1%075 45
XF THRBE I BURL Y , AU Hh BUFUYI A BR [F2 3R BB, $E 2 5D A ORI AR LL , Bk 1R) o2 2R 4 R fi
AT RE R I PR 2 A WA — D5 T, 7 A I 88 RO RS B Bk ) £ 2% 2 A 2. 575 — D7 T AR F S W4 )
OB AT AR R AR HER OB, 22 0 R Ak B WA AR R 1 Tk [ 2R R A LR
TERIRACIE T R BUERE D HE R AR, i & W 4 T ERORGUBURL A rp 2 27 R BORHR e 7 A= 11
REARE 157 o A T B 25 T F X S OR SRk o DSUBORE ) mh Bk ) (8 3R LU T kil + o041 B, Jis 24
e B A T W ORISR 14 8k ) 43 2 4Lk

R4 A[RIBORA KA R R AR

Table 4 Iron isotopic compositions of different iparticles

EE S Sample 5°°Fe7 %o 2% CHR References
JEKIK Coal fly ash 0.05—0.75
TR K City waste fly ash 0.10 AWFSE This study
042 Mineral dust -0.05—0.21
JEKIK Coal fly ash 0.23—0.61
i IR Oil fly ash 0.10—0.48 Mead et al., 2013033
WETTVP 4 Urban dust 0.01
S AR
K mfﬁ R -0.16—-0.04 Conway et al., 20192
Anthropogenic aerosol
Z VDRI R
X.{/j:/ﬁi SN A 0.12—0.13
Mineral dust aerosol
TR R R (>2.5
ARSI T C ) -0.1—0.4 Kurisu et al., 20192")
Aerosol from steel plant (>2.5 pum)
%%ﬂ(ﬁ?ﬂf’ﬂ%«ﬁﬂ’i(07 pm & 2.5 pm) -0.60—0
Aerosol from stegl plant”(0:7—2.5 pum) ’
AR I AR <0.7 Yo 10
Aerosol from steel plant (<0.7 pwm) o ’
PM, 5 -0.60—-0.20 Majestic et al., 20093
PM,, -0.23—0.08

3 78 ( Conclusion)

(1) ARBFFEREE 3 KR 1 P R 2 IR LA K 3 Fhyb A2 B0k A aF o %t 4, g 7 B IR 5
Vb AR ) ) Bk G 2R B i A SRR R 67 2R A A RO SR 4 R T R B i 0 R TV AR R A S ek
P ROK, Fk T 2 B i T Ik 10% 22 A, T T IR RO 5 Vb 2 JURE P v Bk O S A Y A
2%—A4% 2 [].

(2) BRBEIR BRI I Y 8% Fe {H 35 BBl 4 0.05%0—0.75%0, 1M1 V022 KL 1Y 6% Fe {878 Bl - 0.05%0—
0.21%0; 5 YDA TR AR LU, R B R TR 40 4 42 1) 437 28 4 A A B, 3 35 B S5 00 AR B A RO ks 49 1
JFAE S ARG FL A AT T BRGEUR -5 Vb 2 SR 490 (%) 2k (R 22 20K, 1T Ak o 2 DR 9 4R (1L 3 At 2 40
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