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CO, WL BT CO, MITE -SRI KA VLY B RE R i 7 Y8 FRER LI B 25 RR 4k, SR T 1K TPk
BMER K MARY PRBIT RN L L 5 AT H 510 A RBRERER 0 P AR | UL IE L B4 VIR 5E. A,
DO.Eh.SO " & Es B SKEPHEYGKN T L3 B BB EVIR R FIREH I BERG. K
{1, B DO. i Eh A FHYLB A L HLER ¥ 4L : T 7E DO A1 Eh SR H VLB S, B 50,2 AF FH LK
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Migration and transformation of marine carbon and related chemical driving factors. ZHENG Guoxial'2,
SONG Jinming', DAI Jicuit2(! Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China ;
*Graduate School of Chinese Academy of Sciences, Beijing 100039, China ). -Chin. J. Appl . Ecol ., 2006, 17
(4):740~746.

The study showed that the migration and transformation of marine carbon had a close relation with the biogeo-
chemical processes driven by various chemical factors. The growth and decline of nutrient concentration, pH, dis-
solved oxygen (DO), redox potential (Eh), SO,27, and sulfur potential (Es) could change marine chemical envi-
ronment, and thus, affect the migration and transformation of marine carbon. When the nutrient supply was ade-
quate to the nutritional demand of phytoplankton, CO, was conveyed to deep sea through photosynthesis and or-
ganic matter oxidation, which caused the decrease of sea water Pooz and the increase of sea-air CO, flux and or-

ganic carbon output, making the sea area as a CO, sink. But, the increasing acidification of marine environment
caused by CO, dissolution and organic matter degradation brought abourt the solubility augmentation of carbonate
in seawater. Moreover, the mineralization of organic carbon was coupled with the changes of DO, Eh, 80,2~ and
Es, and the deposition and burial process of carbon in sediments. In sea water body, high DO and high Eh acceler-
ated the transformation from inorganic carbon to organic carbon, while in sediment, high $0,2~
the burial of organism with low DO and low Eh.
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Key words Chemical driving factors, Migration and transformation of marine carbon, Biogeochemical process.
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K BB R E . Galloway BT, TEARFM 40 4
M EEESEZNREE RSN ESALSYHEm 2. X
WX ERE M BRI EIRR CO, MBSk B4
R K R AR R AR M R R AL 1R b X AT K
AP RW)Z . E®EY TR, HEXR KRB+
MESHIFE. CBREIBNADSHNSERARE S
HERFERNES TROHRR S S SR

BEPBRIBHLMEDBREZIEREMERT
LR @RERF N+ JLER, B ER L IGBP H# O
2 JGOFS.GLOBEC 1 SOLAS %8 251, X A EAMH K
BB TRXHRE I BEMENARMZTEERALEN
EELE, mEHEER RREGUREY HEFRERE
TEEMERAIANR. b, 330N E 5738 KT 583t
W R BT R K REE SRR B RiLm
(E ;A AERFE BTSN EMERIATEER
B R T b2 TN B A R T ELA B  HA AT T i
fraE IR s — A 2 W B B F IR TE KB SR B B 5
th, RIEMKMME pH @, D RAE S F R FREY
FALIE R L AL (Eh), SO,% ™ & 1 R 5 6L ¥ (Es) 5 ¥ ¥ P R 5T
BHALBRE.

2 ERHBAFSELCHEFIRIBRCHER

2.1 EBEHFL-EHEYRE-BRIBHRILHRE

WP E R R B R A K LAY AR,
R EYERLEBABITE S EH R CO, HHEBL AR
B, A RN TR AR, FEEKPHTIEF(ER
HEYBILAMBESEH, HERE BT RRY:

106CO, + 16NO; ™ + HPO,2™ + 122H,0+ MG H + 3%
F—(CH,0)106(NH; ) 14H; PO, + 1380,

WIS R A RCE SRR — & N/P R
F L # T . Redfield 210 0, K HLE K 1611, %% K+ N/P
JRT He L 8 R i fR R B, KA T RE S A AR
BERTEMEREYE KRN BXATMREXAEARE
EBEAEBERYZ—, CO,MRAXHRBRT CO, 4+ &
(P )WY ZER, EYIEEN P HEE R, HEE5EHR
ARG B IF #4832 Y . Gibson F1 Trulll?) 45 ¥ B 2% 15 it
1t 14 A AKEENR RS, EHER, Poo, B HMIET
HLER(DIC) 9 4 %R Wt T T BE . Honda 224V A K tk P B HLAR
FUFTHUBR T P (Cong/ Cinceg) (3T T W HEEEFXE Poo, W1
R AN, M Cop/ Cino BB R 1Y, IR B RE B P 1R 7 11
WERUE FEREREEAVREFINIETHRE L
RS A F UL, ATT3IR T HKRE Poo, I FRME. It
M EBESET, @BMA¥ER P Cp/Cog ER B BB KT
CRMEA 7 RRBACK PR, AN 4. SRMARE
RARL, X U B E F R BN Co, WkER
HEE. ERARTEEERFIFEY FEVENRL EH
BUATYM AT BE B Cop/ Cioon 18 A9 BB ¥ UTHE . X FH

BRMHEETIBEERERTEEH P (<300 1 atm)
HE/NTEKRERARSFH Peo, (340 px atm), AT 66 %

ARFEHRID CO, WILPY, £ Rk CO, I EE
LMTERE, AN R EEREMNBEN CO M
P, B TR AR ARR KPR Co, MBS, 3FHE
HUREAVA R, CO, AW B BEIW KRR . WXt
KRMBATERETHENEGERE Y CO, HRMEE,
HEFHBTEhRRARENEARS.

2.2 BEFRILMNEATERF YR (POC) MR

2.2.1 BREBUERFHEPOCHEFREE U CO, %
AR RS AL AR e OB A DLBR, AT 05 — B 91 &
R EYHMERLE S BRI HEEGEVBRBR TR, X5
#4y POCHAERE U R AEE M T ERERR G L
REA-BEAAETEHRRES ENGEERANIAELRE
F0, FR2KEMEELRR CO, MEFRL BRI MR, N
MRBEHEYNARER:ERH TFRANRENBLE
BAEGER/AD, ARERMERCEHEFERE Y REE
FEAEETROB X A TFEENEFENERARR
B8, BB T K49 16 POC 1 ARE 1 97 B i) o
B SR Barents ARY R U K POCEEBEH FH 1
AL &I, Chla EEE R AL B T AZRTIT, £EF
A5 38 mg Com™2-d™ . & F N\ MKE R K TH POC &
BEEEMN30~70 mg Com™2d7 !, TEFFENEFT 500~
1500 mgC-m™2+d™!. VLM Ay POC 1T i 48 4 W0 L 7] 3%
50% . 4 8 25 S USS1AE A 6 70 0 S AR BLR o8 KUK SCHF IE
MEARBMEREE4~10 HR. EPS5~8 HEEZAFEY,
SRIONGBRENETHEN(ER EEMH,7 HEE
FR|R)E— MRt X2 E DA SR WL A1 3 s
EMAKBINRENERNEREARPHREAET LE
&M ERFTHEN, 34 AKEMEEXBRBR B E™S
(ImENBYRX, WEEEAR/MEEIRE 9 AR IHEY
FRR, A5 SBT X W B POCE M B K EM &/
B EEEEREBE, TR ALY C/NEHR
7.5 W% 11.8, 3 B POC K4 ## X B H 9 2 BB xt
FALE FE X BB, POC HHBEMM AN E BB L6
?ﬁﬁ(ﬁgﬂmﬁﬁﬁ)ﬁﬂﬂfﬁﬂm.Jl‘hﬂ‘,Shiomoto[mT‘im
4¥ Western Subarctic Gyre (WSG)EW BRI, BT
BRILBAU M FET AL, E5 3SR HEYYIREFS D
MPOCEHERBERHEFFTHENL WREFSHER.
Bk &4 510 318 £55.247+£77.191£57 M 40+ 36 mg C
m2d L BR EEEKEY, b TREERRE R
PLEFREMRE= HRR AR EE, NS BH £ PR
UL AR POCER B ¥R, W H W REY LK
£ AR EWAFURARZYHTHURESZHREN
bR R AR POCEMERN —MEER
%.

2.2.2 BHRILMEN TR POCERMER HXBHNE
M TR EES. LA RSB EY B REHRE RS
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VR R K, AR N, B (REEREDWERAS). S L
RN E SRR BB AT, B A= KT, B 3%
AR, ATT N T HE BRI RMERER.
EWRERBAMHRNERERL, HE™DHENER;
fi BB FRERMEDH T, L8N RE T K3 A &E
MM ERHEX, K EARANESELBELIEFETA
HABETHREE LT, RS X HE=AERYIR
B . Bienfang % '8Vi % Lverson 32 M 9 1y B2 X R K 25 K 8
BB SHEBRE I Z BHEE R, 45 Berger M EH, {4
WTEERERMERXEIBREET LS MR 13.2%
10° ¢ CH113.7%10° « CTFEH ENHRK, KEES
FR2.7X10° 1 CIHREEHER 4.7%10° t C. MR KEK
AE0%MIRE~RMANR) BAEAXEA WD &
AL WEE S X H AT RGAR 30% . LR RIER
HAWY EARESEAEHEX, EFARNEFEGH TR
BEEBEATHEBENRNZ — EFFKEN S TEE
EBRAM LB SN EREENR, FixEX POC
417 mgrm™2-d 7Y, (UK F 28R POC 3 it 7% & 89 FT 5z 8
(23 mgem™2d7Y), BER T RRREHN T A TR0 &%
By e (0 7R 0 2 RE M ER T 1 AT M ) POC B9 5 A 5
AE— B AT R K IR POC &1, RIS, RS
#E Cha B HEY G T RE I ERE T RYE
[Z,*ﬁgﬂfﬁéﬁmﬁﬁk%%#ﬁ)\\kﬁ?ﬁfﬂ&?ﬂ‘#i
?&ﬁ&?’éﬁﬁ?“ﬁ].Ei$ﬂ<§ﬁﬂ‘]l‘&7}(ﬂmﬁtftiﬁ'ﬂmmﬁﬁ
W3 A K e B B SRR vk o, B R R BN E R
A R, W E R i R B8, KB &
FEA M, FYLER A E R 2 3

3 BAEMBESHIBRIBHLHXE

3.1 pH 5KEPLIKRGXE

pHEKEE F AR EB L EwmRET 58K
CO-Bk M b ik ZAHME & R B BT . MK F CO, & FHIF4
W . CO, (R)=C0O, (K), CO, (FK) + H,0 =H,CO;,
H,CO; ==*H" + HCO,; 7, HCO; " H* ===+ CO,%™ ; G FE P
MR (EE X CaCO;) 1 35 8 F M R : CaCOs (1) + H,COs
==Ca’* +2HCO, ", CaCO; ==Ca?* + CO;>  ; /K &R, &
FEEYEFTR G ER R T CO,, ML KERER
TKBEAER 35 T iH FE MK & 2 i B4R RLTE 72 4 1, CaCOs
(E) + H,COy ==Ca?* + 2HCO, VM ZER 3, § K pH
B, ®K$HE CO, L 2 CO, [/ CO,(K)Ff1 H,COs ] 8
N EEE KRR BN, MK B K R I FE T R
HENEYRELFEENYN S RERAEBSEKF D
CO, M1 HCO, ~ I FEIR B8 1 b 1 3 K, ¥ 7K pH AR, (&
EMRREEEMR. BRI, ERRILE XD —TXHEN, BF
A YR A EF WS BRI CO, BB K pH WA, BB T
WA XAMENBA K KR E M. Edmond(1970) i3
W IC/OC LBt R % BB/ CO, MW, BT
B CO, 3k B A LB S MYt 3 ) Chen! 3¢ BT B E

s ICCE CO, HJle B BB EhIG Ay L3R ) B e |AEK
82 500 mPI i 0.1 #TE R 0.36. HK PiX Fh CaCO, BB A
w5 pH SRS AL YE B AR L. i E A K4
LMER, CO, LRANS iy poHerg it B 253 0, % #1F
IEM R RENERERZ —, BT CO, MRS R
PA BB WL R AR L L IR A B s Rk, AT SR T XA
BRARMGEPRLAEYRRESITHRR, FH TR
Y 1 A T g [45],
3.2 pHMULHY P EBHANEW

VLY pH 28 4k Xd 8¢ 5E B 45 b 1) B ) 2 5 X 7 PLaR
BG4 R B 6 BROK W8 BE A X 4R FB B 1R T DR A R JCOL R
(BB D), M HE MM ITE= R W T . E
WA TERZENENY T b5 8 m E KB
CO,, &M TN B3R A - (CHy0) 106 NH3 ) 1sH; PO, +
138 O, = 106 HCO;~ + 16NO;~ + 16H,0 + HPO,*~ +
124H" W RN BT R YA % TR I BR L B AR A9 2 BT
FAETKENM HY, ST RS MK pH EH T It
b, B THNY S S AR, HERF ESHSTRE
KFPAD (i.e.S:P=1.7:1)4], (H,S),,+3.4 O,—
1.750,27 + 3. 41" . B B3R T R BT i A ) BROK LR A 4k
B9 fA{H, B AAt= A[HCO, ™ ] + A[HPO,2~ ] - A[H* ]<0.
B FIEIBRAK B pH {ELAY /I BB B P I, AT 512 7 B R
®- Y mlel.

RBR B R B AL T M B DL 5 8 2 5158 pH (EL B R
A, (B4 MBI A I (AA: = ATHCO, ™ 1 + A[HPO,? ™ ]
- A[H"1>0):(CH;0)96 (NH; ) ;c H3PO, + 5380,2~ — 106
HCO; ™ +16NH,* + HS™ + HPO,2™ +39H"* .pH & i F K@
WETE CaCO WEM, HEBMEN RSB T RKKH
IR, B2 L IIE CaCO; MR HA R BRI
R VR R R SR A S SRR R 0 ¥ BT B (I B R AR X L)
0, R AR A S5 R R R
R Hsh, B R BB A IR (R &) R
HEPHEHET H*, BRETHRKOBE, BT LA R
ETXFEREFNYIBREIRPHERLWY pH B/ D&
U0 | R F 8 K : 8Fe(OH); + 9HS™ + 7H* — 8FeS +
SO,%” +20H,0;8Fe(OH); + 15HS™ + SO2” + TH+ —~8FeS,
+28H,0. 54 Bk R R, TR o B B T L T
BIBEK B @ K, B8 T CaCO, # UTHE. Carman I
Rahm 2B 58 T 3 557 09 060 X M6 P9 6 1 i 049 [ BR K B35,
RAZBX B EBKE S KEESFRMELY, TEEXE
R M iR, R MR IERFEUREE M &R FL It
BERT KEME(HCO, )W =4 M pH A S, ATIEIET
CaCO; M1 MnCO; H 4 WIE. K4, MnCO; HAMESET
HEHVIRY P ARG T AL SR 30%). Bk, R
VR LR KB e DLRR IR o, B8 Ay 0 8 A O o SR
(14.8 pmol Crm™2-d™ 1) BB T &% X T4 IR Rk P kR B9
Ca** R %A CaCO; UTIT My A 144,
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Table 1 Coupling of oxygen fluxes and organic matter mineralization rate in different sea areas

B K KR ASHER HHURRE LR LigiP 3

Sea area Depth Oxygen flux Mineralization rate Reference
(m) {mmol'm™2:d™!) (mmol *m™2-d7H)

Wi-f 75 312% ¥ Gulf of Lions continental margin <100 48.0 6.1 [1]
1500 0.6 0.4

KT % FB Eastern north atlantic 1100 1~1.5 0.5~0.6 [42]
3500 0.45 0.3~0.4

K 78 HERE 4 X Mid- Atlantic continental slope 700~ 850 0.97~3.9 0.516~4.934 28]

Wi TR 4 X Continent shelf in Gulf of Lions 162 8.83 : 3.42 [16]

Hi B {8 /R ¥ Southern Weddell Sea 280~2514 1.74~3.61 0.984~3.73 [25]

Porcupine & # ¥ & Porcupine Abyssal Plain 4800 0.58 0.46 [53]

O, 1 SO fEAH NP LK N M Bb i 208 T3
bk, FRRRT S M R BRK pH {E 3 LBk, Wi 3B E
BT Al B A K R ), WAt TR R (I
NO; ™) 51 AY 5™ 4k K R X 18] BR 7K = 3% B2 £ 1k 2 9 #2 o T LA
2wl Besh, B MnO, Fe,0; 1R L FEZ KA MANY
A4 B R O G L TR BRUK L 4R A, S T R R
Ty sy,

4 BAERFBIETHHELIISHER

4.1 HEALEFREAL Eh
4.1.1 Eh 5K EPHEHRIBARXZ EhREMEHEER
SHEFFEMRAERSH. R\, EESREMFER
F, WK ALE TR B A Eh 2 3% 8 0¥ (DO HI1,
BB EE AL R BTN O,/H,0. R KM EEF P, H
PR S B F A S AL T HLRR, L B Eh 8B KA
A PAFE R A : (CH0), + n0,—nCO, + nH,O. Ak, DO
EWmEBR, AHRAVRAEBKFAEBHLTH. BEK
# DO %%, Eh 88, AR Bk, BETHIWD L
BRAMHRE, ST A VLR KR B B TR,
MEREXHAERREN, BKPHERSHIDHH
e B R B (E 1), YR SHE BB, K A8
AEEKFE, Eh HE K, B FFVLRT L T AL,
AHTFHENURMTE,
4.1.2 En MUY PREBHALHEE  ERAKN TP,
BT & R AL SR A vk i #R AR /s, BF LA AT o B BB M DO
BABEW AR EAE RN ESH X, a8 IR TN
(TEIBRA) &, R L SR R R MR R, AR RERT L
REAme A, B EH EhMESHEE, Il Mo Fef S
& L SLE RN R E A, HHLY A BRI R R E . —
BUIBWER EnE R, FEAIRBOERR. XRHTE
BN BRRFES R (HER), RS 'L SR
AR RE R, i Eh RIAEE, MREN Lt HF
VB R0, Eh B B, 6 Mn . Fe fl SERM LAY
ERHERT, EHMENROEFER N FTE. L EREHRK
B[ % R A (CH0), + 20Mn0O, + 3CO, + nH,0 — 4n
HCO;™ + 20Mn?*; (CH,0), + 4nFe (OH); + 7nCO;, —~
8nHCO, ™ +2nFe?* + 3nH,0.

MFARER, FHARY Ehn @AM TETERA TR

— PR, AT B R LR . Alongi F 1 M AR
TR FE(C M N)REEMRABTIANEOREYH
Vi LR aT R, E K E AP+ 2RI (93% A
C.R%AN), MEASBENBRLEL S HIRLS BEED
5% ~12%, HAKIH Fe Ml Mn BFRHALTFHFME X TR
#Y . Amosti 1 Holmer ) £ 3F HL B T N 5298 /9 3 4
YR BB ER \Fe . Mn M ENY S0 LR TR, GLER ELFT
HERAE S4 71 S6 420 20% 1 18%, 76 So W LA it
Fe 7E S4 1 S6 43514 51% 1 32%, Mn 7£ S9 24 80% . Mn £
H I Fe R MMBLFE M EM BT A pH M Eh TTRKY,
RREEFVRT L B, FTLHEIFEE A H AL, B Eh
EERE, Mn IR B 2F AR FREZE, BT Fe 2
MBI B L EHRER Mo MIREBHBEFES, Mo
MERRIERNBENNEREARE FRESBHOE—2)
F1U8 LR & Fe & It 5 1 ¥ A AL R R SR 1 A 6
ERK,HFS /P H, R FS* M FE IRERNEHER
B TSHIERE, BT FSY/FE H S IB B Z B X
Z, BRSNS AMT 3 HER. HAK(FS* /R
>3) FEAR(FS* /F?* =1~ 3)MERE (F* /Fe* <
1). FEFRESRBHE 3 MK RARDER, NET
He Fet /P HR F* Ml F? ' IR, 35 Eh MR E# T
HE, BR—BHTHER AR EUFALTRENE, R
WX R R RER $ P /P HEFHL B It
BEMX,METE_HERMEX. BATEERFESL X
M7, Eh ERK, S B0F VL8R B 0 &b R 7 T R,
R A RTF Fé* M H 58 7%.
4.2 BEPHRELERKRR
4.2.180,2" SO REFPHBHEENRNESHMAE
W, BEREN -2 BB . XRET SO, EHE
JERPARI LM — R EAMREE LR, B S0 &
R ATFHRABHFE AVAGES B BRI ELE EHE
TS —ZPE BB Z &, NS TB-MIEY M E
BRKALEE, X C VIR P Ay LB St 18 7 A B R v
1) SO R E SRRy P EVREMIT AR R . HH
SO2" HF A K KA L, Richards B TR RN %R 6
(CH,0),(NH;) y(H;PQ,), + 3x S0,2” —6xHCO; ~ + 6yNH;
+ 6zH;PO, + 3xH,S. ¥ 2 B HE A HCO; ™ \NH,
M HPO,, FEGEE pH R AF T M E A, Xefedp =5
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EABEEE, NH, * #1 SPO*~ %fﬁi.largensen[m]?g&i. REH
EYBEREAAEHETRZEREREAINET LLR, &
WHRABREPLEAAXGT, HRERE-FEXYEEHEL
il BLRRE R4 A MU B RS IR A LR R 5 1
AT A TR (R 2) BT, 2B TR EANEE
MAEDURS, 497 80% M & TRIMUTH SRR, MAEE F AN
R B BB A OB o, 25 — 2 9 B HLR o B AR ER B R B
WD) Schubert SO BT 51 8 AR UL TP L4 3
HibESHARMITEERN R, REZBHARY $
AL AR SENE R, HE YRR EE R R
FORT X R E R R A LT L B AR P E AR KRG SR H
MR, AT (1 ~4 mmolrm™2.d 1)

F2 TRAEEREARDIRBHLESBANLBERSHURIRE

b {:pl=a4)

Table 2 Contribution of sulfate reduction to total organic carbon oxida-

tion in coastal sediments of different sea areas

BEX BiMIR R G A LR

Sea area SHE G R LA

Contribution of sulfate

reduction to total organic

carbon oxidation (%)
LT BIAUE- 3.
Northwest Mexico margins 7 [23]
RN % 79
Washington margins
I
California margins
UPLPIE- 3 5 8
basins of California margins

Bl AR R
Black Sea continental shelf

Ningaloo HH R
Ningaloo reef

[SEoR[zE: FR Sk ¢4
Northeast Arabian margins

PR

Reference

50 [61

40
>50~100 [56]
57 [3]

70 [37]

TR, T VLR A BB K (0.3~ 0.6 Wed% )13, B 6] 1A
HHFMEETRY P E B AL BB R,

2) SO~ 3 X TR AR EE 7 AR V-1 00 WO« A B B R £h 5%
R B85 30 K o BB 1 A AR SR H A, TS R R AR
ERULIE. SRT, 7650 M SR N SR BE o (I RS R MR L T4
K), — MU SEVY . E MRS Fe HIFE, MM LA E R
KB M BB R v R0 R R R B 4 IX (B
BE . PD U MAR RS 30 ) FUBE 2 LA K IR Y 30% , HiX s
KA MR R H SNSRI
33% 71 38 % %), 7E3X ML DR SRS b, B Tk B 2R
BB AR A 08 B 0 4 0 R R 1 480 e B3 B 90 ) 5 e
B IR MEA S, R PREFLMHAS, Xk
T Fe 3152, i SO,2 LSBT B = £ H,S 7T BLZE
BRK P B4R, (B P pH R/ 7 LA . 4, H,S-0,
B Rt FT AU pH {6 M8 4K, 13 T BRER SR 94 o ms (00,
FEX BT o, BiRGEh IR, DL RO BB A R T M A
EWmARmT RN ERR.

2CH,0 + 80,2~ —+2HCO; ™ + H,S,

H,S+20,—+80,%" +2H",

2CaC0; +2H* —2HCO, ™ +2Ca%*,

2CaCO; + 20, + 2CH,0-+4HCO; ™ +2Ca?*

ERANEN TR, S0 MERFRENTK, FESF
A H AR RSN R BARS ERELRER
18 (A 4 4 o DB A AT 3R 01 A ot 1 S ) S TR - K Rl
YRR Ak LA TG R R R 5T R 7 % A0 ) DIC 3 B v AR,
Ogrinc*" & &8l AW EREBE B IIERE, RMRILER
3t DICWRHEEMFARAEE R4 8%, KA 1/4. 70
st SO B EKRY HS: LB DICHIKERS O,
W, AR EMNBELR—3; MH4Y+ DIC =it 2/3 K E
SO~ IE, 2/30, H RN FHIXE SO HE k.

4.2.2 BRI Bs K (R B8 B4 (8 BROK R 49 SO,2 FTBASR
M AR R RE, (B TR EEE P 50,7 %
BE— MRk, BRSO T JRARAEZE I E 1 M B F il
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