ta Pedologi'éa{v i%??&
THER

s Acta Pedologica Sinica
ISSN 0564-3929,CN 32-1119/P

(H3aR) M E R

H - J A B PR L 5 R P JE ML BV

(= MR, 1oochs, EEREN BRlEE, 22

WA 2022-01-12

Mg E R HE:  2023-04-18

51 = MR, oochE, EEN BRIERE, 222, Bia s ok B A oL

WAER[IOL]. HHE2EHR.
https://kns.cnki.net/kems/detail/32.1119.P.20230418.0904.002.html

@NKif oL

www.cnki.net

PEEE R TEgEM TAERAE T, Rt NGB H R EL SR ER . HEoEfa. B0 €S
B. FHEWRBARCESH S, HildET . FmAH RETIAR M. HREfETE R e iz
TRl CRUAEM L IR HERE RaE, TR E AR B BRI . B e R R
FRAES 45 W DU 8 O e (0 BRI S R BV S 1 o S P e i 0 4% 11 R R iE A B B 4
MR FLZG) A CHTIH B EE ) A RE: AR AR B BRI BEEMEREEE, 764
BT T SO LR, AAETE S AR AN AT g S A AT s Rt 4 228 B B A A 1 5 DR 5 T G
MR E AR R, EFE NS —IVEIE S 07 9 87 AT BE VR E TR A Kt B AR5
DR E R 2% R i, SRR — AR AT, ARESOLSGEE |« 1EE . HUAFRAI R N2,
AL BT R R AT > B B L

HARFIN: 400 AR Ed S (R EEAREIT OsfiO) BFREHARARZY, £ (FE
FARIAT (MZIO) HRERE & LA S 40T T 9 A — S 45 i, DL RS s A O 20, 78 BRI
AR /T RS SO A e R HERCE R . B e R . B o E AT (2RO ) 2 5 H
R B A RV A P 4 S T AR (ISSN 2096-4188, CN 11-6037/2), it A2 2y HAFII 4 W0 28 hix L 0 28
RSN TE AR -



2023-04-18 11:33:26
https://kns.cnki.net/kems/detail/32.1119.P.20230418.0904.002.htm

-+ 8 2 i
Acta Pedologica Sinica

DOI: 10.11766/trxb202201120018
WrRiss, scks, EERR BRI, 222 BAaE LS R P R JEHUS AR D], ez, 2023,
CHEN Bingming, FENG Wenting, WANG Yugang, CHEN Yuanyuan, LI Yan. Inorganic Carbon Sequestration Effect of Desulfurized

Gypsum in Alkaline Soil Improvement[J]. Acta Pedologica Sinica, 2023,

B B AR 2 R PR T BlAE R

BRmgs 0, EouE Y, EERCT, BRER Y, F OB

(1. P ERFBO RS S T, FRRS G ESERE SRS, TRRATY
4 G R R E SR, BEKTE 830011; 2. hEEERHEEETEAS ARG E K
BRI FEk, HraE R 831505; 3. REBMFEFL RS, dEH 100049; 4. EARLE
e TR S Al X R T, AE5E 100081)

W OE: MO TR AR Cat MR SR BT (COs> HCOs) I, HZHF COr I IH: [l
BN LT . DA B a2 R P O HLE B AR sE I <pieh A A EE R . DR R =T
TR oA A R, LUBE A B NES IR 0~20 cm HZHHTER . IRAA R 0~40 thm?
Jii A B it A & T LB (SIC) Aok B (SICD) F7ARAk, AT A 78 o R A i) T L [
WEF . S5 0L B LA 75 AR kR e (pH TR, $insgdhsy, A A oL E BAE
H (SICHISICD B (P<0.05). Mifif ' miEiHE ) 30thm?, thi i B -)Z pHBFE R HRAC (8.24).
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Abstract: [Objective] Ca?* produced by dissolution of desulfurized gypsum will react with carbon-containing
anions (COs%, HCOz) in the soil, and eventually CO: is absorbed and fixed as soil inorganic carbon. The inorganic
carbon fixation of desulfurized gypsum in alkaline soil improvement is of great significance to achieving "carbon

neutrality”. [Method] In this study, the 0-20 cm soil layer of desert alkaline soil in the Sangong River basin of
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Fukang, Xinjiang, was improved by using desulfurized gypsum as a calcium source. The changes in soil inorganic
carbon (SIC) and soil inorganic carbon density (SICD) were investigated under different application rates of
desulfurized gypsum at different times, so as to study the role of inorganic carbon sequestration in alkaline soil
improvement. [Result] The results showed that the application of desulfurized gypsum significantly reduced soil
alkali damage (pH decreased) and increased soil salinity and inorganic carbon sequestration effect (SIC and SICD
increased) (P < 0.05). The optimal application rate of desulfurized gypsum was 30 t-hm2, when the pH of the
improved soil layer was reduced to the lowest (8.24). The SIC increased by 0.93 g-kg™* and SICD increased by 0.29
kg-m? (i.e., CO2 fixation was 1.06 kg-m2) from 0 to 46 days after the improvement. The amount of desulfurized
gypsum application was significantly positively correlated with SIC, SO4% and Ca?* (P < 0.05) and negatively
correlated with pH, CO3%, HCOs" and Na* (P < 0.05) during the improvement process. Climatic factors had an effect
on soil inorganic carbon sequestration; increasing relative humidity and precipitation suppressed the increase in SIC
and SICD, while increasing wind speed, temperature and total solar radiation facilitated it. [Conclusion] The
results of this study provide direct evidence that the application of desulfurized gypsum to improve alkaline soils
will increase the carbon sequestration potential of the soils.

Key words: Soil improvement; Desulfurized gypsum; Carbon sequestration; Soil inorganic carbon; Alkaline soil
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1.1 #RXER

PRI DX AL T 37 98 B R TR AR S &R 4t [ B A RE 2R A TS ik b B B AR T X
(44°17'N, 87°56'E), MAbHENS/REM TS, RilLfikb BARES, kg R gdbig . &IX IR
ALK i, AR EE R PR AR, b3 B Ab R R AR ORI AT i, 5 B RE B SR 43
o WHRIEHETE 440~710 m. FIEEA W TIRRAG . . KL, ER %, S0
J& T BB RO K B i s e i e, HER AT, ZFBKIES, KRS GEXRK
BN 152mm). FHREN 6.9 °C, mLHIEH-41.6~42.6 °C, F¥TFHE LA 170d,
FEXH BB £ 2078 2 533 he
1.2 It

FE T X P Ml 357 18 (0 X B — > 5 mx10 m (OREHS, BRI HE 80 cmx80 cm /)N
X 204>, /NXPURELE 60 cm IRIBAKERL,  LLBG (R FE A A B, JF BN
X2 (AW EA 20 om [FREEGH. WOBAE i A SRR 3 Nat5 Mg i sc s, RIEAR
BH W HEM= 12 M Nat + 2284 Mg? + Na,CO; + 1/2 NaHCO; + MgCOs +
Mg(HCOs),, HE A B IS HE A 21.78 thm?, 8B & 90 &5 8 P A
FE, nbEmAstiE, fdsbikit 0. 100 200 304 40 thm? 3t 5 MEFKF. SEANCFEE 4
AMRIE/NX, o 3ANX T IR EORE, 1 AN T LI EEE . S T kg
1) 7 BORE T J B 4 SR s, Y R I PR A S, A B R /N X ) kAT
EREAL T . S IO R, Jek 0~20 em R EEIRY, FREIRER A E R 005 it &
BT YIS, A E S 0~20 cm LEMHIER SRS, Bk LS, TN R
REEN 20 em®. A B WILER A 1 G AN, BEREZK 2RI Sh ot ol B AR 1
1 800 m>hm? BHATHEBEI Y. REGALFEMAKZ: 9 HIFUAE 10 H 45K .. froit R B3 A7l 1,
HALE R R 1 Frs. B8RSR S SRS ) B SR R, R
N CaS042H,0 (CaSO4 (5 F &1 84%). it A B Rig L, MR/ 0~3d ALIgfr
SN TG ER AR, SR E 2R 15K, ISR BRI, AT — SR ARMA TSR
B2 S R ML E B AE R, KK 2 46 K. ERIGAEEEZE 3. 6. 10, 15,
23, 32 Fl 46 RKIt 7 A A5 S RERFE, BiBUNX A 1 m HITH 5 2 RS, IR
(RN 5] 351 THT R E 23 1A 0~201 20~40. 40~60. 60~80. 80~100 cm. 3% B HUAE e ERAE +
AR AR T RIS AR AT, SRAE VRN I3 R G SR 1 15 TE B0 A 1 1) FH [
ANEAE E S, AZ WA AT B 2 W C SR A T I AT R A R S A

1 BEIBUMER
Table 1 Physical and chemical properties of alkaline soil
ek TR - thor FATR AL BERR AL
Soil type Soil depth/cm P Salinity/(g kg% ESP/% EMP/%

0~20 9.73 1.23 33.85 2.88
Wt 20~40 9.88 1.37 39.54 1.34
Alkali i 40~60 9.76 1.46 36.42 1.25
alme sot 60~80 9.63 1.63 43.58 2.38
80~100 9.42 1.54 45.56 1.55

1.3 MiREFR R 5%

PR T R SEER =, AR, BT, B, d2mmiiE, TR
I TNR VA S IR (RS2 i i) B9 RN H 4 pH. BT
K. HEELHR. BIERE. LIESI/KE (soil water content, SWC). AJ[EMEEE 0B F
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(K*. Na", Ca*. Mg®. CI'\ SOs*. COs*. HCOs ).,
TIETHZE (soil inorganic carbon density, SICD) & HALHIA AN — EIRE L2
TIETEHURRAE 2 0, B SIC tFEARH, THE AR,
SICD =¥, SIC;%D; xH; /100 (0
A, SICD N EIETCHUIRE B, kgm?; n NTIEEHHZES; SIC N | B IR S &,
gkgls DR I EHIERE, gom?; HONE i ZTEEE, om.
4R A EARIEA 7L X LI E A 5 SR 00 R A e AR 511280,
S=0.2711xEC1.5* + 4.6804xEC.s 2
A, SN, gkgls ECis ALK 15 M RREEE TR, mScom’,
1.4 BIEALTE
K Excel 2010 HEAT P53 7 5407, Origin 2017 BHT A2k 2], SPSS 23 #E{T LA
R 2 M (one-way ANOVA). fip/Ni 3% 255 (least significance difference, LSD).
IRHMH RS> HT, Canoco 5 #EATTUAR 3T (redundancy analysis, RDA).

2 4R

2.1 HIESIEBUMRANTHL

Jite FH B A B O R L, fERCR S 0~3 R HIEEALME R B R A T o (B 1D, MopH
KFE, 0~100 cm T3EHTH pH FHARME HIE 0~20 cm R E2, UiH 3k B A %MK
pH. 7E5 R ZHMARK 20~40 cm /2, pH ET 0~20 cm AR +)Z, XA AE2E KA iR
AEPMT SR EEIEP . SRR S EEEAR, 0~20cmit R ERER D
BT 20~40 em 2, UEEALE A E B Sk R LE S &, SIC & &AM SICD
P45 pH MR, 76 0~40 cm L 255, VI LR = 2R T LR 2.

T FRENB/NREZER (LSDVE) MR, ARTHFERE—-HRARREAFEHEZNZREE (P<0.05),
Note: The letters are the results of the least significance difference test (LSD), different letters indicated the significant difference

between different amounts of desulfurized gypsum applied in the same soil layer (P < 0.05).

P12 R 5 553 R0~100 e i -3 BEALE BT AR 1k

Fig. 1 Changes of soil physical and chemical properties in 0~100 cm profile on the third day after improvement

22 REASHEEHAZERKENR
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Jiti FH JBE A A B e 2 3 PR 38 pHL,  [RIRF IS N 38 £k 5. SIC & &A1 SICD (& 2). X
T AL S, 0~20 em o R 2B AR it = 138 pH B3 K, RT
0 thm? i [ 9.90. Jiti &N 30 thm™ i pH &K, A 8.24. Jiti LA A B 23 -3 £k
4y, B ARG R I AT 0 thm? B[ 1.3 gkg!'. SIC &5 SICD BEEM M A&
F4) it P 49 KT i 4 K. AR A B i &0 40 thm? B SIC & &5 SICD #f, SIC & &
N 7.10 gkg”, SICD M 2.19 kgm™?, BB GRS B AF. 1X F 22 BT Bimi A 8 it H 21
Hahn, EERINT L3R Cat SR, MR SIC E & SICD 3. 7ERS 1ot R F%
K- pH R EZEHbR, FRLEEHREBSMINE. BEA T A EME R, Fbiom
i A & 30 thm2.

K2 o R 5 53R R 2 A 5 5 1 B B e R 95 &R
Fig. 2 Relationship between physical and chemical properties of soil and amount of desulfurized gypsum in improved soil layer
on the third day after improvement

23 ¥RTBETFEBUMHERMNETL

AFRBBRAERAE T, 0~20 cm 2R L2 B0 R BERT [HZEA B2 (B 3). i
PG TE, F¥ pH WIETHIBA (9.77), TPt s Faedl (1.7 gkgD.
it Y 10~40 thm? i, P2 pH 20519 8.95. 8.60. 8.47 Al 8.40, “F-¥+ 154075l
2.7y 32, 49163 gkg'e HAHE 40 thm? I 2 L1 b 4 i 5 gkg! (WP RiF
F2N 1 mS-em™), P BLE A E i I & TR AR AR AR KRS0, AR R il 48
TEESZE ORISR, AE SRR BRA B M A Bk, T3 pHBRIE, $horiies. sbsb, i
A B W SIC &5 SICD. FEte A& A Er3E K, P SIC & &EH 6.14 gkg!
B INE] 7.07 gk, P4 SICD i 1.89 kerm™ B8 ME] 2.18 kgm. Ik, i i
AEXT SIC &A1 SICD 3 BA R, RN BRI BUE L .

N T R s EL AR ) B A 7 it Rk B A R A, K A% R kST
FEAR ¢ KRB HEAT 0 AT oW 285 SRR WA AN IR JBi ot A 5 it P 2t 25 6 4 3% PR 38 pH (P < 0.05),
HAXAE T &4 30~40 thm? i g B3 i L3 34y . SIC & &1 SICD (P<0.05). fEifE
JitiFH & 30 thm? ', 3 pH W E AL 1.30 N7, T3 BE TR 2.40 gkg!, SIC &
F A SICD 43 Il & 3 58 50 0.93 gkg F1 0.29 kgm? (P <0.05).
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Bl 3 B BT 0~46 5 R 2 TSR A0 5% i A8 A ot

Fig. 3 Changes in physical and chemical properties of soil in improved soil layer in 0 ~ 46 days after improvement
24 FRABHAESES DIRBUMRNAR

JEL A B it 5 R IR R AP TE R AR R (P < 0.05) (R 2). HA, s
FAEMMAES pH. COs*. HCOs Ml Na" £ B E fiAHK (P <0.05), 5 SIC. SO Ca*" &
REIEFRK (P <0.05), WA it F &R0 0398 b mT v 1 5 7 2 IR AH DG 1 B AR 47 Hh 48 7
3R AL AL SR RO . BB AT R CaSO4 7E -3 R i i A2 B Ca? R SO4%, S8 Ca®*
SO N, I Ca* 225 COs*. HCOs RMAE K CaCOs JivE, T COs*. HCOs ¥
Ao AR, Ca¥ B IR Na¥, #EHT Na' FEBKIEAN LA TE, $8 Na
Wb WA E S R A

TR CIy Mg MK, BB B A 385 Ce Mg? MK
EREAMEVN, MRMRREILREZ KT (P>0.05),
®2EMAERMAES DIRBUMRAVEX M

Table 2 Correlation of the application amount of desulfurized gypsum, soil physical and chemical properties

it P

oy

Amoun EIC EICD §WC pH Salinit ,CO}Z ,HC03 Clr ,SO42 +Ca2 Mgz K* E\Ia
t y

E g

=N

sic?  0.9% 1.0

sicp® 0.7 0.9* 1.0

swc® 038 0.9* 0.8 1.0

pH -0.9% 08  -06 0.6 1.0

oy 0.7 0.7 04 0.8 08 1.0

COs>  -0.9% 07 05 0.5 1.0*  -0.7 1.0

HCO;y  -0.9% 07 04 0.6 1.0*  -0.9 1.0* 1.0

cr 0.7 05 0.1 0.5 0.7 0.8 0.8 0.9% 1.0

SO 1.0%* 0.9%* 0.7 0.7 09% 07 0.9% -09% o 1.0

Ca?* 0.9% 0.9* 0.7 0.9 07 06 08  -0.7 0g  09* 10

Mg 06 06 02 0.8 05 08 06  -0.7 09 06 07 10

K* 0.3 03 -05 0.1 0.2 0.4 0.3 0 o4 04 03 05 1.0

Na* -0.9% 07 06 0.5 i"o* 0.6 i’o* 0.9 07 -09% 07 -04 04 10

#: © LMK Soil inorganic carbon, @-IETHLRKEE Soil inorganic carbon density, @13 /K& Soil water

content.

content. The same as below. *, P<0.05; **, P<0.01.

http://pedologica.issas.ac.cn
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2.5 SIEE T3 18 A RIS

TUAR A3 M 45 5 26 B S A [R5 SIC & A SICD AEAE M (B 4). MRHEE . k& .
TR . OKPHEEE S A RGE R SIC & &M SICD SARZS L HIMRRE A BN 34.2% 22.3%.
17.3%-+ 16.9%H1 9.3%, 34 100%. Hi 2 M4 PIfRE R RAULE] 91.47%, UL RTHANHT
DMRLF i RE SIC & SICD H55UEF T 2 [AIMAHR R R o 78S BB 70 3 oL a B A4
FRISZIR L, RSV P R K 38 K 25 9] SIC & &A1 SICD #8n,  AFIF I3 HLE B, 1
TRLFE KIS A SRR X f 186 A D 2> 42 33 SIC & B F0 SICD #8hn, 5 AT 3 AL %

TE: MR R OSLH SRR, MRARR MOS0 FT RN R RS iy 44 0 B AR R R A M B A it
#. Note: The response variable is represented by a blue solid arrow, and the explanatory variable is represented by a red hollow

arrow; the number in the response variable naming represents the corresponding amount of desulfurized gypsum.

4 TR R 5 R U AR 3

Fig. 4 Redundancy analysis of SIC and meteorological factors
3 ik

3.1 EARRAERTIEN TN ERTE

A IRV o RAR-EX CO, I & & T IR AEBRIR SR g 72 (B 5),
45 DL PYANE B 182231320 (1) CO, [l A &I B T B BT LI 1) COx ik
R, LIRS COy 5 R N A S HoCOs, KR 5 A2 175 ik 1 B B8 1
(HCO5F1 COs*)o (2) CaSO4 ¥ filERL Ca® M BL: CaSOs#EN T3R5I/ in R, a4
% Ca** Fll SO, Horp—3#i A pift) Ca? o NI R LB He H Nate (3) EBRkIIBH &1
5 Ca? e MM B SEREI B (HCOyFl COs%) 5 Ca?"RA R MNAEM CaCOs. (4)
CaCOs [ NER U B BARIRES T A LJER CaCO; 23084k Ca(HCOs),, HT
Ca(HCOs), FIWARIERR, TEMEK. HEBESEIEDL N, AIBHKME = 1 T =, B, 78
ZTXVIABG, COr &5 Ca 85/ 4K CaCOs FERE NiB/K I A A4k R ZE B IR,
WK T HIETHIRRE

AR 33 X BERT I 0], PRI 20 Dy A b 2 e s YIS R AR S5 8 5 7 R A AL 4L
R PR P, DA R TR 2 E BRI R UURR R0 M S AR 0 65 B TR R O A R 8 R B2
X MC [FIRL R AT A B, PR B R AR R oA U B B TR) /N T 1 800 4, 1“4 e J2¢ Hh )
TEHURR S F S T KT 15 000 4, P& S ¥ (A AH 22 — N E R, ik, R H
B K ()08 A B A T s B2 RIS @ i BB A 8, ( CO, DABER Eh T =X
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FENRERESRPR, B LR T8 mE, X RRZ I

P it 2 R TE ML o 72
Fig. 5 Inorganic carbon sequestration process in alkaline soil improvement

3.2 BmAENRTIRE RS

Jiti ) st 0 A B of 33 JO AL W 0k T REAFAE A (RSP AE T, PR L RIAEAE . AH B
29, IEFEM: MR AE AR A Ca*, WHFELIED COs* . HCOs A CaCOs, M
ML HE 13 COp 2R LRI COs ) HCOs Ak I — 2B [ %€y CaCOs . [H] 52
CO [ B T 3R AR IR LR S M M B 5 (R Ca™' M1 Mg®) HIEEDPY. it
fb, LIER Ca® SR THEAMEE B pH SR TIRBZEM RIS E, 3R e A YLK
(soil organic carbon, SOC) [ Z, {2k SIC BIARE S AFR: A8 k=
AR Ca* L B TEMAEE- RS T SOC, =F#(K SOC M il A7, phAh, A B
CaCOs RERFE LI A SR AR G4, MR A1 SR A0t SOC HYALFAT AR B4, 23 B IR SOC
AR, 28/ SIC AR RO,

0~3d WEBE A B E T SCID BAH N, WHRINREAE 25 RN CO,
€, MG Ines R E SRRk . B i B it G0, SICD &4 19 hn
o XREENBERAERE N 2S5 RNE Ca® jili%, Ca®'MfitE —ERE e
% SIC (A . R, 247 & 40 thm? i, SICD #hN#ik%, i 0.40 kgm2. it
Jiti FH & 30 thm2 i, SICD 34 i &AM 0.33 kgrm™ (B CO, [l &N 1.21 kgm™?) . [A it Fl
FBERR AT B A 0~3d AT ASE N - 38 TCH LRk it B o it FH 0 0~40 th™ I, [ 35k 5 B it
FRY 8 T i 6

0~46d A, SICD 3% i b it i A7 75 i P S0 pn imo 3 n (i a5 80h e . AR, i
TN 10 thm i, SICD UK B B I BEAR. BRI I B, A Ai
Bt ST 2 Ut i T B A, AW SO SRR A L 0~46d PN SICD N &
/NT0~3d W SICD MG hn . JX AT fg s o T 6 A 8 0 33 oL I B ) S A A A
Jatk, B DRI A RISE, S AF R o, HA B EER (i &2y 10 thm™ ).
BEAt, B KOS ToATURR (b AT A S SR R 2 — P2, 3B TR BE K HE
TR, X5 R ORI A S8 R 2 (8 D XA, 0~46d
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Pt FH & 30 thm™ B, SICD 3§ &K, & 0.29 kgm? (B CO, [EE &N 1.06 kgm™
2o Pk, @XM R JE 0~3d Al 0~46 d 1) SICD 21k, BEBSIRL4FHLEF SICD ARk id 72
PIRFEREAT B . NITA B TR BRI A8 750 o R A R JEHL BT A A i AN
BRI

AW T 45 R M F B A B (2t 7 SIC R RBT, SRME TR T RHX, AR
B 421 SIC AR RE BRI BT O 1 R AR BRIR Eh VA = A= 1Y) Ca** Al HCOs1E NIk
AR ER EHUE, X I REA S E RS COze T RASMEMER Ca?tE K CaCOs A4
S E KA COze (HIEERRET, SMEER Ca? =41 SIC FUEAEH 1755 .
Schlesinger*8I7E A4 JE W (1) LG VDB £ 1 m -85 HRFEACH 1.0~3.5 gm™ (1 SIC
FU% . Laudicina S5EPN@ e [F] A7 200 &4k S0 H ORI FE T L) 1 m 3850 A34F SIC L R 1Y
N 2.5 gm?. il HBERA T SRR SIC @ KT HARRES TR (B 6). X2
Rh SRR R IR SIC AN Ca* FEk H T KA BUTREY, SR Ca* Myt 1R
i (ZEARFHELN 3 mgm?). Mz, HHBRAT —KERR R RS ANET 600
gm? [ Ca®" (¥t & 30 thm2 i), X ARSI E K 3R

VE: 0~3d B INEA 0~46d 8 HNE 55~ 0~3d Al 0~46d 25 AL FIXT 4L SICD HJZ{H. Note: The increase in 0~3d and

0~46d were the difference in SICD between the treatment group and the control group in 0~3d and 0~46d, respectively.

P16 A [ Jld B A it FH R 2R )= SICD &

Fig. 6 Increase of SICD under different application amounts of desulfurized gypsum in the improved soil layer

4 45

ASCLL B iR = T X, SRS Mg 5077, WA R AN B A
B LR (SIC) MLIETHLEEE (SICD) KR4, MR FE it A 8 78
B O R A AL E B AR A . SR EEEE R (D WA REA LR E K pH, 30
Ehr. SIC FEM SICD (P < 0.05). Jiifin A8 e Ei =N 30 thm?, i g i ol 2
MR AE (pH BAKIA 8.24) . 7EHCHEE & 30 thm? FAHEXTHRAL, R J5 0~46d, MKt
JZ pH FFK 1.30 Nfr, T3EEhn#tm 2.40 gkg', SIC 30 0.93 gkg!, SICD #j1 0.29
kgm?, HJ CO,[ERN 1.06kgm?. (2) BifiifEiHES pH. COs*. HCO; 1 Na" & i
FHHMK (P <0.05), 5 SIC. SO&ZH Ca® 2EFIEMIKL (P <0.05). (3) SAEHTFXf -+
BETCHLIE B AECERE MR, 39 AR B AR K E 240 SIC & &1 SICD B3 hn, s KK
TR FUOR BRSBTS R A A, i B AR B AT
Bl o5 R A 2 PR 1 pHL,  ELERE b B AT B i T L A A
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