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Physicochemical Characteristics of Aerobic Granular Sludge in Granular
Sequencing Batch Reactor Treating Landfill Leachate
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Abstract: By seeding aerobic granular sludge, a SBR, which was correspondingly called GSBR, was applied to
treat refractory landfill leachate. The physicochemical characteristics of aerobic granular sludge were studied. During
the 91-day continuous operation time, the aerobic granular sludge was stable with dense structure, and was mainly
composed of bacillus, as well as some protozoa and metazoan, like vorticella. Granules with the size of 0.20—
0.60 mm were the main part of the sludge. Its SVIs,,, average zone settling velocity (ZSV) , biomass density,
strength (in terms of integrity coefficient) , water content, average SOUR and relative hydrophobicity were
38 mL/g, 24m/h, 28 g(VSS)/L, 96.3%, 97%, 67.9 mg(0,)/(g(VSS) - h)and 85.9%, respectively. The elemen-
tal analysis showed that multi-valence Ca, Fe, and Cu were the main metal elements of granules. Especially Ca, in
the form of CaCQO;, largely accumulated in the core of granules. While Na, K, and Mg were the main cations in the
extracellular polymer substance (EPS) of granules, in comparison with the low content of Ca.

Keywords: aerobic granular sludge; landfill leachate; size distribution; metal elements

U ARG JE UL DT R R A MR B i O S B RERE A | A2 Tl BOK R B HAT
Pl 75 e iy SAT T PR vh ol BE 75 AR A RAF R SRR T2 Y2k & R AT

WisHEA: 2011-03-28; EEIHH]: 2011-04-29.

HETH: ERRHEERETILESEIINE (20092X07314-002) ; REHTRHE ORI 815 B (06YFGZSH06700) .
EBE . BN (1985— ), B, M, wei yj@126.com.

BIREE: & K, jimin@tu.edu.cn.



2012 4F 6 H

BRMEZNGE I SAUBORIT5 U8 SBR AL IR BT IR U 1 15 Y BRAL AR 43 A - 523 -

BRI T 75 K o s 3% A A ok 5 Ul , FEXH ok i
TR B BIAL R HEAT T A0 r 2 s i 44
15N — A I B, BRSO RDE | R EDEH,
I FEM ;s RARTEE N 0.2 ~ 9.0 mm; 15 IR B E N
1.006 8 ~ 1.050 0 g/em® (3 38 1% ¥ 75 V8 1Y %5 N
1.002 ~ 1.006 g/em’) 5 — & 7KHKA 97% ~ 98% (i
TEPEIS IR S K EIE 99% LA F) 5 15 TRTTEH R 18 ~
55 m/h AN GEETE S RTINS 10 m/h LU
) 5 15 IR ULF#FE % (sludge volume index, SVI) Z4E
HTE 30 ~ 50 mL/g JuEN (B G PET5Jen) SVl 78
100 ~ 150 mL/g) ; ] i} 448 0k T3 P 0 T H 42 & 25
BT W B BB T S R A R B 5

H 1 SE PR T K 52 BT 46075 Y Fok: A i A 5
H s 204 (0 i T e bris KoK R 2% AR AL iR
e, RS B o Hh A SR SO 5 e A T J R L 5
PRIR X5 e AL BREE 1 555 T BOK A T
SRAG 22HE. BB BT SRS e B AR I F B 3 B
VA AL R , AN T AL LRI RE R, T
g TG A AL B T 2 s e i e RE 22 | s
YIRS R DL A RS AR ARG . AE It
fili b, EEXF PR R G b A A% O E R AU 5 18
MTEAS AR 15Uk B | UUREPERE R4 A
LA s 4 L B i /K A SR R EA TS, B A
15 & B TR W BB AR T 40T, ATk
SERR N FHERHE AT 56 | SEA T AR LS

1 #MREHE

1.1 KREEESETAK

R E WA 1 s, FEARE e R 5
AV FAFE RS

AL FEPTHE S #% (pre-sedimentation reactor ,
PSR) H A MLBEESIEIAEHil B, ARUAFR 10 L, W2 EAE
15 cm, AR E 60 em; N THHIHLIKETT; R
IREEHAK; B FENLEEFE ; pH 1T 5 FJ1HEK.

YEREY) F PRGN BURT5E SBR L A%
(granular sequencing batch reactor, GSBR) H1 4 #L3%
BRI A, ARUARL 3.0L, WZHEAEN S.0em, A
BOERE R 152.8 em. [V g N A 2 22 ) SR G 24
TRARM , 5 ) S #7328 3 fE I 454 (20 ~ 25 °C)
ia17. RG] RFEfE il %% (programmable logic con-
troller, PLC) il i 7K | B TR L HEZK K R B 55 4
. HARzZtr S8 3K 60 min, 4F A g S
640 min, JJUf% 5 min, 7K 5 min, & 10 min, {1

BN 720 min. SRV D AR R K 5
TIHEAK 5 348K F 28 SRR MLIE 1 LI AR R
WA R TR EHERIZE 0.12 mh Z2gy (RlkER
WEFE A 1.69 em/s) ; hvigs SRT FEI7E 25 ~35d;
RT3 h 50%.
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Fig.1 Sketch of experiment system

1.2 SHHBRFZE

COD . BODs . NH!-N . NO;-N ., NO;-N .
MLSS . MLVSS , SVI, & $hi LU 5 /KR BR bR e
Dt 5 kiAo A R B O AN £ H
OIPEE I . V5 YRR | Ok I H S R
(specific oxygen uptake rate, SOUR) A9l & 2% SCHik
[4]; 15 V8% FE 00 2 A0 R 2 25 SCHR[5). 15 18 )2 X Jk
AYPTIE 3R (zone settling velocity, ZSV) A5 R ITF#
% (settling velocity, SV) % F IR 10 k47
WM. G B0RE TS Je L 0 3R &) (extracellular poly-
meric substances, EPS) (5 5E S CHR[9]: &
iR PR 00 5 , 25 1 PR B IE RS Lowry 530
FE. 15 UeAHXT KM (sludge relative hydrophobicity ,
SRH) FY I 225 SCHR[14]. BURE TS Y 2 1 LA K 1)
SERFA R BT EE | BETE 2> R AT PHILIPS XL-30
HiE. 758 b4 & S I E R T HCL L HNO; | HF |
HCIO, {11, LLH 37 180-80 fii i 288 J5 W it
TSI 2
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1.3 #KKREEMTIRE

I FH KR R T ey 3 SR 37 18 e R A
. JROKK s AR LR 1, /AW E R L 602 ~
1168 mg/L. M A ERN, ok ma A s 738
S 7 N S 2, (free ammonium , FA) ¥R FE ) T 57,
AT 0 36 A 0 | 3 vk B R e R A R
O T SRR it 18 75 2R 8 0 A SR ke i
FA W FE S HITEA 18 AT R, DA T A 348 [R) R i)
AL AT PR A2 DTTE R X GSBR WK 7
AL, B[ S5 38 e i AMg PO, (i
5K A R A O B RR e R TIE (MgNH, PO, -
6H,0, fRiFk MAP) ik £ LB A 3 il betr
T 2% BH Ak 25 T Ah 38 ) S5 A S 451 R - (M) -

HE 200 r/min) ; T pH 8 8.5~9.0 5, FHiFE
10 min; JTf% 30 min. HLFLS GSBR #E/K Hhz Ak
JER 72 ~ 374 mg/L. L2EUITERIBHETS GSBR #EK
1 COD HJEUK B FIIRER T2 7%. 735 T
FEAE B S 34 1 R = A2 T R HY, O A
F pH (EZW T F%. 208 iRt pH H—H
FEHITE 8.5~ 9.0, BTN —E 7t NaOH Ch T fifi
SEb AR/, e NaOH K/ Na ()
JA7 pH H. Ht GSBR #E/KH 43k N Na Ve g5y
WIHEUK RIS T2 15%H 12%. i+ OH i
A, GSBR jEkH, Ca® Mg Fe’ %4 J@ L £ 1k
FE K Hh AR

L e FE AT 8 oA S5 5 2 i 403 5 0 i AR R

n(N) = n(P)BIHREECEL 1.2 1 1568 10 min Bk 159, WIHAT5 IR E Hy 4.0 g/L.
F1 EHRZIERS GSBR KK
Tab.1 Composition of original landfill leachate and influent of GSBR
% pCOD/fI ,DBODS/il pNu;-N/ Pro,n/ pNo;-N/ oH pms/il pNa/il Px/ ;
(mg - L") (mg - L™ (mg-LY | (mg LY | (mg-L" (mg - L™ (pg L) | (ng-L
JERIIBIEI | 4502 ~5992 | 855~1453 | 602~1168 | 0.02~0.17 | 0.48~1.12 | 7.9~89 | 11159~14916 | 2.284x10° | 1.663 x 10°
GSBR,,; |4298~5547| 913~1017 | 72~374 | 0.06~0.10 | 0.52~0.75 | 8.6~9.3 | 13971 ~17421 | 2.599x 10° | 1.744 x 10°
oK Pedl Py Pre/ P! P! Perd Priel Pead oo/
(ug + L (ug - LY (ug + L (ug + L (ug L™ | (ug-L™M (ug + LY (ug+L™" | (ug-L™M
JEEIB IR | 4269%x10° | 1.225%10° | 5.960 x 10° 14.506 5.997 4316 0.343 0.046 1.196
GSBRins 2229 % 10° 1.926 x 10* | 2.005 x 10° 9.133 11.979 4.167 0.422 0.021 1.967
x 3 BEETHAEZIER GSBR F4iES/K GSBR K

2 HBERSITE
2.1 FRREIEITHIGSBRIZITHHE R BRLT RIER T
® 2 il TRERIT AT 91 ) GSBR Wiz
ek, & 3 J9itIe] ok e bk, 55 —4k
FA: T 57K 1Y GSBR R IR 1 S50 WE T 0 L.

*® 2 REEBITHLEZIER GSBRFEESK GSBRHIE

ITHMERL R
Tab.2 Reactor performances comparison in GSBRs treat-
ing landfill leachate and domestic wastewater

%K SEPRBIEW | APRATETS
GSBR 7K GSBR!!
OLR/(kg(COD) * (m*-d)™) 4.95+0.35 2.03~391
NLR/(kg(NH;-N) « (m* - d) ™) 0.26 +0.07 0.13~0.29
CODyy/ (mg + L) 4950 + 354 725 ~ 1396

COD/ (mg - L) 768 = 201 93 ~ 231
COD EBRF/% 84.4+4.2 73.4~913

TNiw/ (mg - L) 204 + 97 87 ~ 147

TNey/ (mg - L) 74 +28 24 ~ 85
TN £BRE/% 613+17.5 40.0 ~ 76.7

NH; N, /(mg - L") 257 + 69 34 ~107

NH; N, /(mg-L™) 15+ 14 1~30

NH; -N LBRZ/% 94.2+5.3 62.8 ~99.2

Bk e AR B R

Tab.3 Characteristics comparison of granule samples dur-
ing stable operation stage in GSBRs treating land-
fill leachate and domestic wastewater

%K IEINBUER | AR
GSBR 7K GSBR¥
SRS /mm 0.58 0.62~1.11
MLSS/ (gL ™) 4.99 +0.52 5.82+0.85
MLVSS/(gL™) 3.15+0.52 —
SVIsuin/ (mL-g ™) 37.89+7.94 | 37.74+9.99
ZSV/(m-h™) 23.93+5.93 —
B/ (grem™) 1.062 +0.011 1.082
HRERE/ (g(VSS)L™) 28.0+3.1 —
K% 97.0£0.7 97.5
AT /% 85.9 + 6.4 —
OB R BE /% 96.3+3.5 98.1
SOUR/ (mg (0,) - (g(VSS)-h) ™) 67.9+12.8 98.4
JushE 1/ (mg-g (VSS) ™) 87.9+9.1 —
s 24/ (mg-g (VSS) ™) 10.6 +2.9 —

ATLVE ) REABSY GSBR AP M
faj (organic loading rate, OLR) = FAb A {6 {5 /K B &
N, (RRTE AT Je ik BE R R R AR IR TR . X
& B T BB IR R P AL R M R SR R
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Wik, s HSZ A AR g A TG TS K 2R
Sy WIS, AR AR BURL I HE R T ;
WA 1V #4575 6 SOUR 22 (8] 119 2 | . B HIE T 3% — 4
W MBS R 8 IR AR OB S M RUE D A
FIFFORE IR IR E , AHIFSE GSBR HE 150k 15 e 7E
DUREPERE | 9T I bR TS5 88 1 55 7 I 3 R B T 84T
AIFENE : 1508 SVIsmin A 38 mL/g Z247, 34 ZSV
Jy 24 m/h; J5IRERE N 28 g (VSS)/L, B T A THK
B RIS UR I 20 g (VSS) /LB ik 5 s
(LASE RV R B N 96.3% 5 &K N 97% 5 Xf
COD, TN, NH;-N - EERFIT 510 84% . 66%
F1 94%.
22 BEBTHFALSREVHENERTESH
XTFEIZ 1T GSBR PR TS Y8 FM UL | 2 11 K 1)
T TR B BT b, XA A T T on R AL et
3T, W2 FiR, Ca JER B2 MG M HAO TR 5 .

0 05 10 1.5 20 25 3.0 35 4.0
figit/keV

(a) RHETCRAL

(b) FHARBI T

Ca

0 05 10 15 20 25 30 35 4.0

PATE=N

HEin/keV

(c) WETTEL

2 GSBREEETHABNISRIAMBERITRAR
a7 (5% 70 KX)
Fig.2 SEM images and elemental analysis of granular sludge
during the stable operation stage in GSBR (the 70th day)

AT LA, JURLES R 5 Ry % 5% 5 32 1125 A1 A 0
AV R S UL S AR S, 3k e sh I H PR B I
i S AOK RS . S OIS & B, R 2R 1R
(IANER 22 LIAT B R =, A — BB Bk H B ; kiS5 e
PRV S B, R RA R AN A s A B N A
YA KA =0 AR R TE . TR AL TR
Wk e R)ZE C ) O JTTR T EUS TR 95.58%
(F 4); Hfide oo £ R Mg M Ca JCEFT S o
W, A 1.22%H0 1.28%. ML &, kLN C K
O JLERFEEDEUEAA 73.43%; Ca JLK HHIKIRR
15, AR EN T 17.84%, FFAHAERUR B R L T ORI
MG (K Cu MEEAN R, {H Cu JCE S 1.80%,
X2 FH A R 57 31 ik e, P49 ] 2 4 i o v A 2 g
RGFTE) . CHR[11-12)#0 5 HRiE . Ca JUEREHA
BRI R N TR B S . A 0P8N BB BG4
JER S Ca®7E EPS [l PH 5 T424RVEH , K EPS
(53 MDA SR 3 Ca™ B R IO SR BIFSE &
SR K CaCO; UIIEMZAE S Ca LRI L
R, I8 A RE 52 T iEie . ApFse
Wk V5 RN G Ca JLRMFESEUHN 1.09%
(8 3) , FEAFBA KR Ca™ LA S MANE S LSS
WL R AEAE T HURLIGEN. Ca JTTREZELL CaCOs
B PRI AR L EUBORL 15 e AZ TR,

R4 BHSEPETENRESH

Tab.4 Mass fraction of the cations in an aerobic granule

5 % i %
Wik )2 Wik % EPS
C,K 51.77 27.28 45.48
0,K 43.81 46.15 38.38
Na,K — — 3.64
Mg, K 1.22 0.79 1.50
AlLK 0.15 0.22 0.25
Si,K 0.15 0.70 1.34
P,K 0.98 0.26 0.29
S,K 0.38 2.53 0.54
Cl,K — — 4.18
K,K — — 331
Ca,K 1.28 17.84 1.09
Fe,K 0.25 243 —
Cu,K 0.01 1.80 —
=SS 100 100 100

FiAh , KBS B R AR R S U 43 A 1
EPS il F456 2 a2 & a8 i —fhas
] = 4 6] 5, 45 M R SRR A R S P2 A
R EPS 1 1 MBS+ Na F1 K BN T FEAHE
T, 0l b A BHES T R 44%F1 20% (Mg J6ER
& s 16%) 5 Ca BT (5 10 L AR X470, R
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4%. FEOZIR MBI AL - OFT AL B3R 5 g
WSO, FHES T UL S h A gedh b I Gk
D ; Q&mEFFE Y EPS P mss &, i
R | BT T2 B BRI AT RE R R B T i 4 &
S AR EPS 1 B LA R AR R (R
3), ZHECE BRI S E EPS RSN A
BIEET

13.55% 2.8y

‘ Mg A48%
)

56.53%

(a) FHESTH234K

L

0.51.0 1.52.0 2.5 3.0 3.54.04.5 5.0
BEH/keV

(b) JERK

E 3 GSBRIGEZITHMAITREIREWHTES
(570 K)
Fig.3 Elemental analysis and elemental compositions of the
cations in EPS of GSBR (the 70th day)

2.3 AENFEENTREL L

FI ZR G BURE TS U6 o5 BT Ve g e FLAR b
X} g B RS E HLA MR VE . A T A
PRAGX FPZI , BEHAHT T GSBR LAY FE R [ 7
RS R I5REREIR (6 5) .

5 FTLAE 1 : GSBR WIR A5 RiAE N
0.60 mm. H:H K454 0.20 ~ 0.45 mm . 0.45 ~ 0.60
mm . 0.60 ~ 0.90mm . 0.90 ~ 1.25mm W & kK T
1.25mm 75 U B o5 5t 58 53 £ B o 25.92%
20.65% ., 15.10% . 7.47%F1 5.25% , F W ks 7596 2 L
RiAEh 0.20 ~ 0.60 mm F)/INKARTUR R 3. AR BRAE
575 7K GSBR X} i R A% XA B E ] 4 1k
7.4%.1.3% ., 12.45% . 17.3%F1 36.5%, % BR5 e
RS RELIRAZ KT 0.60 mm fRBUR - E. Zg
[FRF A2 R T B35 B U o A MERR A AT B2 0, 1 A
MEEPA KR s SRR X (Rl P i (A
% (VSS) i) ik, £ 0.45 ~ 0.60 mm RifLFEHE 2 /i,
A YIS (% (VSS)) Bl 15 e RiAs B3 i 7=
R 2 J5 XBE A RS 3G K2 8 T R X2 T
Jir b B A7 38 UE R S AR 22 A L ORL A [AR)
JiT, B RAR R, 15 e 2 I B B 22 0 284 o
FOHIEPERL ST LB T R TSR UTREERE 1A, 0k S
V& SVIsmin S UTRE BRI RETE KT 205 e 5 ;
EHTBIEWR 1.4% ~ 1.7%H & Eh b A5 A/ i 1
g, A TALBRAE RIS K GSBR R 4SE, AMWF5E
15 PR TR A X 12

R 5 GSBRHAARFEHZFT RIS

Tab.5 Characteristics of stable granules at different size categories during stable operation stage in GSBR

BT E/mm | EXPRAR Dy/mm | MLSS/(gL™) | JEE50% | MLVSS/(gL™) | 31E/%(VSS) | SVIsm/(mL-g™) | FKEHA/ (mh™)

<0.20 0.10+0.01 1.24+0.27 25.61 £2.91 0.78 +0.15 61.79 £2.96 178.70 + 38.32 7.11+3.70
0.20 ~ 0.45 0.31+0.03 1.27 +0.44 25.92 +5.84 0.91+0.25 71.56 +1.36 46.55 £3.25 12.50 + 4.68
0.45 ~ 0.60 0.53+0.03 1.01+0.21 20.65 +4.27 0.75+0.16 71.94 +0.98 36.95+2.23 18.45 +5.70
0.60 ~ 0.90 0.76 + 0.06 0.73 = 0.08 15.10 = 1.97 0.52+0.07 70.99 + 1.85 32.26 +2.83 21.20 +3.23
0.90 ~ 1.25 1.11 +£0.02 0.36 = 0.06 7.47 +0.95 0.25 +0.04 68.41 1.50 30.47 £0.75 26.89 + 4.96

>1.25 1.44+0.14 0.26 = 0.06 525+ 1.11 0.17 +0.04 67.00 £2.21 2591+ 1.77 31.45 +8.65
TRAFE 0.60 +0.10 4.87+0.28 100 3.34£0.20 68.62 + 1.47 37.68 +4.91 17.07 £7.32

T TR, IR R, (ZEREB AT 73 K| 4 81 K

24 AENESRPEETERE

6 45 T GSBRiz11RUEMEL (B 73 K) 6L
BXEGRERITR SR EESEICENELM
H(HT Ni.Cd.Zn.Cr.Mn.Pb JILESEK/NAY
15 URRAR AR TC B B ARG, BT LRI PR A ) 4
PFriagsan T (& 4).

(1) Na.K.Mg JCR7AEZRKXEHERY &5,

55 89 REA I,

I Bt 2 A5 1 38 K S B W R A (A kAR K T
1.25 mm A CGEERIEIN. %G IS Hr A Y
ZESRARLE , 0] LU B A 2 Hr i B iR g 4k B s
WB VR S A KR AL BRI EEEL , 1 2R
TR &K E— R E s 99% LA I, Rtk g5 e F 5
EHENa K fl Mg e, Kife kKT 1.25 mm BH5JeH
3 FhOGE B ISR I TT B8 2 i T kAR R 4
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oLEE A ] g g

<0.20 0.40~0.60 0.90 ~1.25
0.2070.45 0.6070.90 >1.25

AR X [A)/mm

W T B L EPS, 1 EPS HEEHE T8 Na' K
1 Mg™".

(2) Ca.Fe.Cu JLREMRGIe T E L ERK,
Hrh Ca JTRKEAE PURL IS RS AR WHE K Fe K&
Cu JCERE LA BLAEE B Z [ AH He TG B S e .

BRI , 1S IRIE ARG R RN 4Rt R
1) ZRUEA —E W52 . 2R75 085 FiBE4i6
Na.K Z{EMN4 8 , MRS e s i) T8 Ca,

4 FEETH GSBR WARKRZZRIEESEITES  Fe.Cu % 2 Mok 3 &R, Wb kdn] D
L 15U T & 4 JR OU R MRS AR R W i Ve 1B
Fig4 Main metal element content of sludge with different FATRER ) - NS
s val udse with @ &, DhRBURLT S Je 2 58 1 A FIAS e RS
sizes in GSBR
*6 WEEITH GSBRAFANEZEXESTREFEETELE (G 73 X)
Tab.6 Metal element content of sludge with different sizes in GSBR during the stable operation stage (the 73rd day)
(mg/g (SS))
KN Nl 157
AV 7 N Na K Ca | Mg | Fe Cu | Ni e | cd | Pb | Mn | zn | Al
mm B
<<0.20 ESIN 5.734 | 2.723 | 71.514 | 22.093 | 37.459 | 15.193 | 0.637 | 2.439 | 0.004 | 0.127 1.199 | 2.885 |157.007
0.20 ~ 0.45 Uik 2.941 0.360 |104.010| 10.798 | 46.219 | 10.163 | 1.007 | 3.397 | 0.005 0.141 2.046 | 4.879 |185.966
0.45 ~ 0.60 Uik 2.402 | 0.490 | 96.105 | 9.046 | 54.766 | 8.005 1.031 2.974 | 0.005 0.100 | 2.091 3.475 |180.490
0.60 ~ 0.90 Uik 2.331 0.777 | 92916 | 8.861 | 42.133 | 6.000 | 0.979 | 2.981 0.005 0.082 1.751 2.431 |161.246
0.90 ~ 1.25 Uik 0.576 | 0.782 |108.344| 8.466 | 37.868 | 4.000 | 0.448 | 2.839 | 0.006 | 0.097 1.445 | 2.493 |167.359
>1.25 Lk 8.149 | 0.820 |149.688| 12.357 | 37.946 | 5.456 1.111 6.153 0.006 | 0.072 1.522 1.609 |224.889
TR TR VR NI TR ) | I | S R BRI AN
m o 0.60 mm I, TG PRI HL Bz T %
3 &

(1) ARMWF5E GSBR H A A 75 Y6 ZE DT BE |
TG PE R BRT5 RE S TR T R R e - T
V8 SVIsmin N 38 mL/g Zidy, F1) ZSV i 24 m/h; 15
PN 28 g (VSS)/L; Fkii5 I IE 96.3%; %5 7/K
% 97%; SOUR 67.9 mg(0,)/(g(VSS)-h) ; 158 fi
FHXT B KPR 85.9%.

(2) R iBt TR 5 IR S HA 2 52 5 AN B LUK I
A, WORLR A R B A L ST NJCER ik
. BURI5I S TIEBEESE G Na K SR 48, M
WRLIR 5 e B 1) T Ca.Fe.Cu %5 2 #rel 3 My
&8, FiBlJE Ca JLE LA CaCOs LA WIIIE AR
CUE RGN AN 79N RIS

(3) Rl THEkise EPS 1 1 M+ Na
K BT EEMBHE T, 50005 A T A
(1) 44%F1 20% (Mg JGER BT 7 5t =ik 16%) ; Ca
JIT o 1 EE AR D, A 4%.

(4) 5k A AR AL I 25 SRR B . RO R
Y5 YR RiA2 4 0.60 mm, H LKA 0.20 ~ 0.60 mm
() /INRLAR JBORE A 2. 15 YR 14 43 He B8] B e e 1
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