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3. FEFREAFH R K, LA 100012
W5 B #E:2012-07-15 &[5 B #8:2012-08-26 X F HH#3:2012-08-27

FEE LIRS T 5 LU 3R 2 DU h B R A B i S AR W E R, S5 SRR WL P ORR Y S o B A 2, 43 I 1373. 8 ~4616.3
mg-kg ' 1194.4 ~4324.3 mg-kg~'. HCI-P Res-P L TR h EZMBHIEA, 5 G851 62.9% ~86. 4% ; T LU 1B JE 28 I6UT y NaOH-
P > Res-P > HCI-P > BD-P > NH, CI-P; B A UTR ) o HILEE 1 A IS PR 20 B 2D DA o NH, C1-P . BD-P  NaOH-rP 2 4= )45 30 55 7 34
P i W R T, A L P IR RO B K R B SR L Y BTRKEE K. Olsen-P 5 NH, C1-P . BD-P NaOH-rP 45 i M B TP 45 5t 3% 1EAH G, 1
£ NaOH-nrP \HCI-P Res-P TP &840 G AN W3 IR, T AR S 24N 1 0 AR Rl e ) R 0 A P 5 XU Py H 248 1.

KB WNOUURR ;s B B A A R s R SR

X EHH S 102532468 (2013 )04-1073-07 FE S %S X524 ,X142 XHRFRIRAD ;A

Comparative study on the geochemical characteristics of phosphorus in sediments
from Lake Dianchi and Hongfeng
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Abstract: Phosphorus (P) forms, contents and its bioavailability in typical surface sediments from Lake Dianchi and Hongfeng was investigated and
compared. Results showed that TP contents in sediments from Lake Dianchi were similar to those from Lake Hongfeng, ranging from 1373.8 to 4616. 3
mg-kg ™! and 1194.4 t0 4324.3 mg-kg ™', respectively. HCI-P and Res-P were the two main P fractions in Lake Dianchi with the relative contribution
of 62.9% ~86.4% to TP. Oppositely, P fractions in Lake Hongfeng varied in the rank order of NaOH-P > Res-P > HCI-P > BD-P > NH, CI-P. Lowly-
labile organic P fractions were dominant in those lake sediments. The average contents of NH, Cl-P, BD-P, NaOH-rP and bioavailable P in the sediment
of Lake Hongfeng were significantly higher than Lake Dianchi, which suggested that internal P loading was more hazardous in Lake Hongfeng on promoting
lake eutrophication than in Lake Dianchi. Olsen-P was significantly positively related to the contents of NaOH-rP, BD-P, NH, CI-P, but it was not
significantly correlated with NaOH-nrP, HCI-P, Res-P and TP, indicating the appropriate index for estimating P bioavailability in sediments and its
potential release risk into those two lakes.

Keywords: lake sediments; phosphorus; forms; bioavailability; eutrophication
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B2 FVE SR G PRI 5 rh B AlRe (R M. 2 5
ORI EIRAKINA R 2 L IX 22— 3 K/
WA 73 A, A EIA SR 1. 5% . Forb b
9z B v R AR R K IR KA, B A R IR
ZRR AR K ol iz | S 0 R Y A SR
ZIIfE. LLHIH) 2 B rh il IX A RN K e S B
BHTT K HLJ8 30 07 e B 32 A K R, S 4F Ok
it 5 T T A S P 28 % RO LR iR PR & R, R
RN, A 35 5 7K L Tl R 7K B R HE A B TR b
FLTARHI 7K Ak, W5 K A2 05 %, I B Tk
BEFRea.

BERAK AR A KT LT EFRTTER W
B A BB IR AL G R M BT (Schelske,
2009) . BFFE IR SE TR P 2 1T 45 35 ) o Y
BRI PO UR B 8 R IO K AR SR B Y R
U8, HAEC R B S SR WA Bk B R B R
/2 R | £T AR TR W b W Y R A R AE R
AL IR T KA 5T TAE (Hu e al. , 2007 ;15
A4 2004 ; AR ICHESE,2010a;2010D ), {H 5] i X6 7 18]
T8 140 1t R A 2 R AE () X6 L AT 9 DL % T ( 5 04 5
25,2009 . PR, AR S 3 25 A 4 A T Tt 5 2T ARG
RZVURY ek & &0 B S A AR
BCPE X AT 5 A DT R A s 1) Hb R Ak 24 R AR
LR 2 5 3 SRS () R A 7 R AL LR, O
WITA TS e ih FEAAE BRAR PR S A A .

2 #El57F % (Materials and methods)

2.1 HERRELHHE

TERTAWFSE TAE 9 JE a0 I (50 4, 2004 ; 4200
% 2010a;2010b) ,2010 4F 8 A F #5428
BRI R LA X3 R 2 0 ~ 10 em YU FE
i, SRR S ELAR A LI 1. SRR B AR A A [ 2
SRAEWRRE S WA IR AT BT 048 A

N
A 26°36'N |----is=d

25°02'N

26°30'N

24°40'N

102°36'E 102°47'E 106°21'E 106°27'E

B 1 Eith LDAN G SRAE s
Fig. 1 Sampling sites in Lake Dianchi and Hongfeng

TEARVKF R s L g % R B AR UR TR 2 d,
ARG R R I 43 R S BB ER B ES O 2ok 100 H i
wERAAE .
2.2 FE&EAHAT

DURR W) % & & 4 B Skl SMT 75 ¥ ( Ruban
et al., 2001) , FESLER Iy R 0.2 g DUAR
Rl B — A TE S FB 4 b T 450 C T KA 3 h,
RIGHRH 2B 08T A 3.5 mol-L™" HCI #ik3% 12
16 b, B OCREENE FIEWh k& &,
THE R S (TP) & i oy — M A HEN
1 mol-L~" HCI $2H, M 7& TCHLBE (Pi) & & A Pk
(Po) & itilit TP 5 Pi MM (T

WL 53T R ] Hupfer %5 (1995 ) 48 H 1414 25
PRI | e BT L 4= AR S D) HT (H3 (H6 |
HS H9 . HI10 HI1 ZERE 5, KW KA 1 mol - L™
NH,CI1.0. 11 mol-L.”" NaHCO,/Na,S,0, .1 mol-L"'
NaOH 0.5 mol-L~" HCI S5 #& HU 3k 4% NH, C1-P |
BD-P . NaOH-P HCI-P, 5% 25 450 CHI%ke3 h JEHI 1
mol - L. ™" HCI $2HU I 7 75 5% i A58 ( Residual-P, &
H Res-P). Ho LRI FE M AR EZ 1 mol - L'
NaOH %5 W #2 B Js , B b 3% W93 UM 4, — 1 &
K,S,0,/H, S0, ¥ fift J& W 7 & BOW v il & 52, R
NaOH-P; 55— B30 8% 7 5 4 NaOH 42 B P
f#% ( NaOH-extractable reactive phosphorus , NaOH-rP) ,
Wi 22 {85 NaOH $2 BB 1 # ( NaOH-extractable
nonreactive phosphorus, NaOH-nrP) . U HH A HLIE

e JUR
50 mL 0.5 mol-L™! NaHCO;[—> Pi NaHCO;-Po
(pH=8.5), 16 h 3 — TP
l K,S,04/H,SO,
50 mL 1 mol-L™! ]l?;
HCL3hid#E [~ o>
CLINDE [T s 0,50,

BB T RTEGEHIX FE LR
Pi
N & Pi { TP

50 mL 0.5 mol-L™!
NaOH,16h i3 [, TP pH:O,Z,KZSZOS/HZSO4

K,8,04/H,SO,|  #E 1%

ES= oISV NN B
550 CHRALLD 1 mol-L™! H,S0,,24 h

B2 RBRYHENBSRRBIER

Fig.2 The fractionation procedure of sedimentary Po

B
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595 R Zhang %5 (2008 ) 195 &, BUEL b D1
D4 D7 J UM H3 (H5 (H6 \H8 H11 554 5, HAK
HER LA 2.

DU A= W A3 R ( Bioavailable Phosphorus,
BAP) F A0 35 /K % A W5 ( Water Soluble Phosphors,
WSP) . 5 fi# W %% ( Readily Desorbable Phosphorus,
RDP) | # 25 7] F| F %% ( Algal Available Phosphors,
AAP) Hl NaHCO, 7] $2 S B ( NaHCO, Extractable
Phosphorus, t#K Olsen-P) %5 4 I 2% (Zhou et al. |
2001) , R TR I B 25 0 A, 20 S T 25 8
F7K.0.01 mol - L™ CaCl, 0. 1 mol - L' NaOH F1
0.5 mol-L~" NaHCO, (pH =8.5) JR & #2 5, [A] I
AW CA . S RO B AT R AL A3 AT
D5 IO, 2R 22/ N T 5%

3 H#RE5iFi8 (Results and discussion)

3.1 REVNBHTEBLENSH LA
PR TP & 1534 ULIE 3. JE 5 20 A
DU Y TP & AR T, 40 A 1373, 8 ~ 4616. 3
mg-kg ™' 1194.4 ~4324.3 mg-kg ', I HEAFH T
{2 [ X2 S, X 5 P R sk ) A AR TS = R
[7] X3l 75 G 5 A 28 AR A O, e rp i R S R PR
(D7) i H(D6) 7 iy , 3 J2 PR Ry Ji i DX 2 36
EEZE B L T3, Erh TR H Rl %
VLAE 24 KAV E B IX ™ BE A = 2 21 12
t, 205 A0 12% 30T 30 22430 B KRBT R4k
B BB A AR JEES X 3 (D3 D4) JEAETT
R F X R e S VS EIAE 0.5 ~7.0
g kg Z A, HRUBEN 26.7 ~598.3 mg-ke ', &0
A R0 & T 4 7 ¥ E (5K 5 B 45,
2007) , R, Rt i A b 728 i A A B DT R B i
A BRI (DS) 52 AR Bl e #/)s B AR
32K 80 71 P st AR M A8 B g TR Sk, Bl A A AR
(RICA A, 2010a) 5 ZLGH IS 7F (H5 ) S H ff 3
(H6) 1T WA 77 £ 5 35 B L ) HEIC R 5K 1
DUREVER , 5 BT S % & B = 5 1 0 SF B ]
AL (H10) #2490 T _Eie LB & Rk ny A=
157K, AR 7K T R WAk T A B2 Rl B0 A
FRDK MR K35 7Kk A T2 3t i B 8 v P 9
REAE 5 20 BEIAT HE T (CH ) M AT 38 o0 A6 % £ X sk Ko A
Ry i I R Ui N ED A BRAL S e Ry T
Er AR B (R TG2E4E,2010b) . P %55 (2004 )
WFFE R, 0 I A 5 0 R 3222 il A BI04 R}

(EPF EXRK) BEITER (85 BF) FIZE A R SF 4.
Hrp  EBHEE 30% , Sk b B 7% . W E X
N TIFR BRI R EGA 3.0 ~4. 0, TR R — i
H40% ~ 80% , N T 4% A A £ 28 1 FH A R
KA HEM A 25 KA R T R R, B K A4
BEFRR R E. SRS T DURR Y TP %
TEABALTEAR 2 /K- G v TV R I (RS
4545 ,2004) .

5000

R L4 ® jEHjth (D)
4000 - A LTI (H)
T
2 3000 -
1]
£ A
-~ A
® 2000 4 A A L
4o ® o A
= ° 1 ¢ A A A
1000 -
0 | | | | | | | | | | | ]

1 2 3 4 5 6 7 8§ 9 10 11
RAE RIS
B3 HEi AdRHREARYPEBSENTESH
Fig.3  Spatial distribution of TP in surface sediments from Lake
Dianchi and Hongfeng

3.2 BRI S FEL K

HiER {22 S 2 H S DU i i aE A i T
RN N EE SR A 3% S Uk A AN [F] P
T A2 SRR AU B IR OB rh B AR A
IR 2 4 B 0 5 Y, Be 4 s e th O R A e 7
YIRS RRAE. PIIR Z TR Th S BB RS
B RH L) UL R 4 S, TR AN TR] DX sk T AR A
BRI 2 F BV, B A NH, C1-P < BD-
P < NaOH-P < HCI-P, Res-P; M ZL A% A NH, C1-P <
BD-P < HCI-P < Res-P < NaOH-P. ¥ ] L f1 4)
NH, CI-PEL 5 AN 2 3% , (B 12 22 BIAR K, T3t

1500 r [ | NH4C1-P
0 BD-P
1200 NaOH-rP
NaOH-nrP

B R (mgkg ™)
=N ©
g 8

w
=
=]

0

B4 Hitt ONHRENRYHEBESHENRE
Fig. 4  Average contents of various P fractions in the surface

sediments from Lake Dianchi and Hongfeng
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2.8~7.1 mg-kg ", FH4.9 mg-kg ", M LLARIB N
7.8 ~65.9 mg-kg™', ¥4 29.9 mg-kg'. NH,Cl-P
S S, IEETIR Y RE RS 68 5T
] KRR R I 25 AR 25 2 oK A= iE ) B R HT
Z AR AR S, XA R G A 7 A AR AL A
I 2T TR R NH, C1-P 1) 7K A B8 i 1 XL
BOR.
aNH,CI-P oBP-P o NaOH-rP

100% @NaOH-nrP @HCI-P @ Res-P

80% |- I8

i

D
=3
X

P

BRI AT LA

40% &4

20%

0 -------
DI D2 D3 D4 D5 D6 D7 Hl H3 H6 H§ H9 HI0 HII
SRAE AL

B 5 GEith IR E R P &R AR AT 5]
Fig. 5 The relative proportions of P fractions in the surface

sediments from Lake Dianchi and Hongfeng

BD-P Z VTR 5 fif e H G SR AL ) % R
FAURPIBHIE A, WY BD-P & BB E
B (LG DT BD-P -3 & K4
SETEAY 3.6 £, X 0] it 32 25 b TR A AL
e mB A K (Ding et al. , 2010). A5 K, Y
DOBIA LR & B R I 2 5 Fe S84 i, M1
il BD-P B9 1% (Kleeberg et al. ,1997). oM, H HL
JE A3 = A B A MILIR BE DAV R S A7 FE e 1) R
TS5BS TE iR A2 45 5, T 2k BR &S &
SWEROI oK (Haynes et al. ,2001) . 5K % (2004 )
WF9E & B, W B /K A6 28 R 10 IX UL AL v BD-P 3l
W T HABWIX. I s mT 0L, b e IEER D1 YR
Y BD-P H B 5 % X U & A W i K AR A —
. HECHUHE L, 2D T R R K RN (R
FAKIE 45 m, FHKEE10.5 m) |, KR4 2 6t
A5 R R MR BN IR A IR AE, T AT f BD-P
TR 1) s 7 IR B 1

PEIUTRR Y P NaOH-P & i 22 57 W 3| 0 )
NaOH-P /5 B W5 H 39. 8% ~ 64. 2% , T LAY K
12. 6% ~33.7% . NaOH-P f1§55 Al Fe EAb¥I%5 &
HZT5 OH™ BB A (NaOH-1P) F1 2 H i
FREL A HLIE K 5 8 58 5 45 6 1) B (NaOH-nrP) .
NaOH-rP & F 2k P DT B4 v e 2 ] R I 1 7%
i, HEre g R AW TR A 5 Y R B 11 E 2L

Wtz — (RERN I 45, 2012) . 24U — K AL Ry
PRAR SNBSS0 Fe'* 45 4 A Wl ik 23 5 5 i ]
VIR Fe 2542, (R ) b K AR R, A T
TR B A K A, DT Y NaOH-rP 75
e TE M, B DA KRS BRI faFE R R R
& NaOH-nrP 38 5 Ry A0 PR 0 5 oy Tk &
Wy AR v R B A, v] LG AR Sk /N4y - IE B PR AR
(Rydin et al. , 2000). 40, 7R AL, 400 I
TR Z2 RWEREL 2 B4 (Hupfer et al. , 1995) 5%
U T Fe (OOH ) 1Y JILIE 7 W 2 b o B AT R Pk
(De Groot et al. , 1993) . ZLAIADIFH) ' NaOH-nrP
P T R TR X AT RE 5 A X I 2 e T
B SR, 52 A A% T i A 19 52 e B A 7 A O
(Zhang et al. , 2008).

PUTAR Y h HCL-P % 5 25 S 4 K. HCI-P
ROEGHE , — A B Bk, (B 7E pH I R B2 38 it mp
BEAR N AT TR PEBE PR £h (Kaiserli et al. , 2002) . JE 3t
DU HCL-P 5 TP B HL K 20. 9% ~44.2% ,
44 35. 5% 5 LI 4. 7% ~29.0% ,F-3 K
10.9% . JWNAVTERY 42 J8 & & Ca/(Fe + Al) {H
>0.7 B, FES IR ( Ding et al. , 2010). AHF
TP TR T Ca/ (Fe + Al B4 0. 65 ~0. 88,
MLLHATTRRY) B Ca/ (Fe + A1) {E 4 0.12 ~0. 51,
IR ECHh ORI Ay LR (%) 5 S TR T 2 AR T
TN AR FRUCR Y. BLAh , T AR S 2R B 24 17
°C,/K{K pH 8.5 ~10.3 (Hu et al. , 2007) ,iX 4
R AH & TR 14 °C pH H7.4 ~
8.4 HYTFHH{E ( BRSCAE,2006) . PRt Byt i) P OF W
FRER B 3 CaCO, VITE LB 5 CaCO, ULTE &4
LPTTE , T Ve By 4F H Bl & L2 A pH (7E 8. 0 ~
10. 0 JEREI PN FES I N5 ( Bostrom et al. , 1988) ,
XA B ARPLHIBH AT Tt TR HCL-P RS

Res-P 20 K53+ DL 5CH At X 75 PR
TEPERUR, AR 5 K A4k, Bk iR R A S &
AW (Hupfer et al. , 1995). BESRPIIUIEYIH Res-
P B ST o L s s AR AR B AR, KR
VTR HERT , M DL P A B Ok

A HUBEAE A 10 O v B A 2 B A, 2
AN A TS AE A W) AR A R T I B S R
L HA EEAEH (Zhang et al. , 2008) . JE L ZTAXH]
DU Po 73 ) 444.5 ~969. 6 mg - kg ™',
392.3 ~1144.7 mg-kg™', 5 TP ) 44. 0% .50. 1% .
SILBA OIS BINUT Ny BRIEBE > SR > &
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H LW , HC1-Po > NaCO,-Po , A %F b 451 WL 6. 745 38
DU Po B 8B I & TV R A (B
AASARFAEAR L, 2 LA A HLBE AN 06 P L
W 3, A VLB B Po 19 6% (Jin et al.
2008 ; Zhang et al. , 2008 ). Rydin (2000 ) #F 5% % ¥4,
iyt Erken VTR I 50% B4 MU T LA R it i
AR AT R BT 25, DR R LB 3 2
TS IR K A 40 P A A BOG R SV E S etk o 2B
Yy s P , 3 1 (AT B K 1] 1 K AR GE B BRI ( Reitzel
et al. , 2007 ). it LA, AE 1% PEA HLIE AT e R A g
fife B AR PR B R AW s R (0 E
I 7 T A 5 0 (= 42 B 55 ,2010)
®NaCO;-Po o HCI-Po

80%

il

K.

K

3 60%
5

40%

ANBEE &

20%

H3 HS H6 HS8 H11 D1 D4 D7

B 6 it PR E TR H BB S RIE X L f
Fig. 6  The relative proportions of Po fractions in the surface

sediments from Lake Dianchi and Hongfeng

3.3 WML &t E R AT

BAP A R AL DU v 76 19 A= 4y ml 1), vT
I A FAE AR F BB A A KA, I 5 K IR s
fifrf 52 IEAHJEE 2R (Mhamdi er al. , 1994) . 1 £1
PRI AR W) v A W) B 0w B & 4 ol 157, 7 ~
348.5 mg-kg ' 244.7 ~1164.7 mg-kg ™", i BB
5.7% ~18.2% 11.2% ~52.5% . jd it XF L HF 58 ik
R CUAR AR ) A ) A 80 b A9 5 ORI A
( EFFEE,2006) , 3 i T E M. 255 7 TR Y TP
g b, DL R K AR TP VR B (0. 118 ~ 0. 317
mg-L™") HAER TR (0.05 ~0.16 mg-L~") (Y3
R (Hu et al. , 2007 ; = FUELEE,2010) , KBTI
ATh R AR Y B R R, L N IR R T T A S
FEA B K A S A E AR R .

PRI TTRR 4 v 25 T8 285 25 0 A 300l 14 A X L 5]
VLR 7, 2846 K AAP > Olsen-P > WSP > RDP.
KA FI B (AAP) Kom A A &M TN &2
PSR B B, SR PRI B R BAP B
. Olsen-P FZ R THTEEE 1Y Ca-P. A5 RY], Y

DRI Olsen-P >46 mg-kg ™' B, YLER Yt A 45
B 3R 7K F (Zhou et al. , 2001). A WF 5L ER D5
A, HAlAE ST Olsen-P YK 46 mg-kg ™', 5
PO T Ak 1 R R R AREAEE A, RDP 5
NH, C1-PAEALL, Ay W B F DO R 40 3% 1o LA &) il Bt ¢
FRIBEIE S, 7K B 1 B9 52 T 25 U B . WSP
SRR TS, RS BT K IR B 3. R A
PSRt RDP  WSP 114 % 2 K Hb (9] 4R 4%, 5.
ZTHRI A S = T, X ] i 2 S TOK IRk 3h
VAR RAIE PO RN B
B QOlsen-P SAAP HERDP OWwWSpP
100%
80%
= 60%
= 40%
#®

20%

o LB

BE7 GEM ARERETRY P EME R SNERN
i
Fig.7  The relative proportions of bioavailable P forms in surface

sediments from Lake Dianchi and Hongfeng

3.4 VUL o kY A WY AE K AT

TEVURR I BV 25 4 A v, 38 5 oK NH, CL-P
BD-P, NaOH-rP [ il 1 %2 X K { M B ( Kaiserli
et al. , 2002) . PG UTARY) vh AN [) i T2 28 22 (8] 1 AH
KRR WFE 1. YT+ Olsen-P WSP 5 NH, CI-P,
BD-P NaOH-rP K 3 M 2 B & EAH K, M5
NaOH-nrP \HCI-P Res-P 25 35 i 1 8 72 S 40 e A
2. XRIVITRY P A RS MR & Z W E R
AT RE A — 2t (A 5 AR TE HERHE SR, iE
—2 M BAP A [RJEZE S NH, Cl-P, BD-P, NaOH-rP
SEMAHSCHE BT T LU M 6 PR B T 28 22 8] ) AH B
AL WARE A%, BRI, DU TP 5 BAP MG
JEAN R L UIRRELL TP & ok B —1F A
WA B B IR AR, 75 5 LA B B TR 25 43 BT AH
254 (Zhou et al. , 2001).

WA TR th BAP  AAP 5 & FhBEE &
AHOC PN 8 2 T 20 B TC AR 40 h BAP  AAP 5
NaOH-rP S i Pmh b 25 40 ¢ | 31X 32 28 5 P I T AR
HBHES A R 4 A 6. E LY+ RDP 5
BD-P NaOH-rP i PE# 3R 8 b 2 A0 SC M, i 7
LU 23 9 5 NH, C1-P \NaOH-nrP 5 24
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5K, RUIPTHITURY) b BT 25 8] i G R e Al B A
JREARTR]. BRI F |, Olsen-P R4 A P-4 15 390 AR

AR RE I S LRI IXURS: ) B B4R 5.

F1 HM ANBRETRYBRSEEXE

Table 1  Correlations between bioavailable P forms and P fractions in surface sediments from Lake Dianchi and Hongfeng
{31 NH, CI-P BD-P NaOH-rP  NaOH-nrP HCI-P Res-P T TP
BAP P 0.276 0.264 0.643 0.077 0.030 0.181 0. 624 0.113
AR LR 0.193 0.322 0.808 " 0.659 0.092 0.563 0.776 " 0.251
AAP it 0.126 0.098 0.513 0.231 0.159 0.092 0.488 0.010
AR LR 0.285 0.222 0.764 " 0.711 0.044 0.59% 0.723 0.173
Olsen-P it 0.915** 0.944 " 0.986 ** 0.612 0.517 0.470 0.989 ** 0.565
AR LR 0.619 0.883 " 0.871* 0.336 0.290 0.337 0.915** 0.550
wSsp it 0.590 0.616 0.933** 0.286 0.454 0.549 0.926** 0.559
ZIHRH 0.429 0.754" 0.798 * 0.272 0.345 0.356 0.828" 0.544
RDP I 0.732 0.760* 0.957** 0.473 0.577 0.561 0.961 ** 0.634
AR LR 0.862" 0.699 0.316 0.882*" 0. 000 0. 607 0.179 0.476

H:# p<0.05, % % p<0.01,n=7.

4 £5i2(Conclusions)

1) S 5 20 B 3R 2 DR TP & AT, =
ik 4000 mg-kg ™' VAL EUURRY) 8 AOIE S A A
FFASA], W~ HCI-P, Res-P > NaOH-P > BD-P >
NH, CI-P, i £L i b NaOH-P #¢ 15 , Res-P 1 HCI-P
K2 ,BD-P NH,CI-P HcAK. JE 16 VEA HUBE ) R w1
DUB h A MLBE ) 2R

2) LI Y h BAP £ WA 0 T,
{04 BAP JEASAEL—2E, A AAP > Olsen-P > WSP >
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