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Food Waste Acidification Liquid as Carbon Source for
Wastewater Denitrification

ZHENG Yonghui' REN Yuying® WANG Zhenbao® LU Yanjuan® DONG Renjie' GUO Jianbin'

(1. College of Engineering, China Agricultural University, Beijing 100083, China

2. College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China

3. Beijing Fairyland Environmental Technology Co. , Ltd. , Beijing 100085, China)
Abstract.; The acidified liquid of food waste had a high concentration of organic acids, providing an
additional carbon source for the denitrification process in wastewater treatment, potentially alleviating the
common problem of carbon source scarcity in urban sewage treatment plants in China. Based on fully
mixed anaerobic fermentation reactors, the effects of different pH values, organic loading rates (OLR) ,
hydraulic retention times ( HRT ) on the anaerobic acidification characteristics of food waste under
continuous operation were investigated. By regulating the types of anaerobic acid production, different
types of acidification liquids were obtained to evaluate their performance as additional carbon sources for
wastewater denitrification. The results indicated that controlling the pH value at 6.0 and the OLR at
15.0 g/(L-d) yielded the maximum production of TVFAs at 50. 05 g/1., with butyric acid fermentation
being predominant. When the pH value was controlled at 5.0, acetate-type fermentation occurred,
exhibiting the optimal denitrification rate of 7.62 mg/( g+ h), which was between that of glucose
(5.39 mg/(g-h)) and sodium acetate (9.47 mg/(g+h) ). At equivalent COD levels, the denitrification
capability of the acidified liquid of food waste (0.21 g/g) was 84% of that of sodium acetate. Therefore,
food waste acidification liquid represented a sustainable, low-energy and cost-effective renewable carbon
source with significant market and application potential.

Key words: food waste; acidogenic fermentation; additional carbon source; denitrification
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N 1 EFEZVNENSRASNE
0 5|5

2022 4, e I T AR R FEYIIE 18 129 N2, 44 x
10° ¢ 48 ot 1O 3 W 1 A kI 2 9 I A A 3
G329 51% 7 56 15 x 10° v, R AN 1k 2 4 B4
[ RS SRR IR T TR, AR
A BT i KR LS IR AR R A 1R R PERR
i 2 ( Volatile fatty acids, VFAs) {E kR4 T b FE
B R L, R IR ) s

ot R AR WA Sy — b T A AR A Bk 9, L
A ERBYTT7 8 1, 3 AR R & 4 8 7 Mk A5
o, EAH 60% DL E Rk G KA BT i
MR W S 52 A A BLAL S BRUR
B TR BAFN A A AR AR N B H s T
60% " LI L. 2023 AR, [ 5 K ik A2 4 3 R0
A O T 15 7K Ak BT o ok D T) 485 280 174 52 it
FLUL) 4R i v oK Ak BT R Mk, SCHREIRIE AR IR
W B3 A 7 Al T A A SR 0 B K A S TR i TS K Ak
HTBIRANE Y o B L, 15 K B URRY AL 40 7
75 5 M R AE R IR DR T A (R 7 i 2 TR ) 48 B R
AW T35 7K SR A B B M BE S AR . IR 2R A
2% b A 285 PR 7 Gy 532 00 7 1R I kAR S B b 2 B
KAEAFFE R [R5 R 2 R 14 AR It 1 TR R Ak
WA 15 7K B A 10 2800k 58 8 1 B O oK AT 7843 1Y
WA

AXET2WLIRA T2 WK E LB 17 %M
TA 6 pH {E. A HL 71 faf ( Organic loading rate,
OLR) .f% 85 i [a] ( Hydraulic residence time, HRT) X
o T I 330 DR AR A 7 R A M B R I, R 3R A B AN
[Fi) 7= 1% 288 4 14 I T YR I AE ¥ 7K 5 A P It 2Rl 1 ) 4
REIEAT VE M, DLtk — 28 B o 18 7 2 ok R v 2
VEFAs A 7 1 32207 IR A A A2 R R 42 SR

1 #MB5FE

L1 ¥y

e 1 ) 88 T 3 0 B O T R R S ) Ak
PR T] 2200 R ) 2 o it R S SBCRRH 4 Tt
B IRAFAE 4°C W B0 b UE 5 JE R K
UM EYIE YA T 15C T K, HT
AP B IR A TS5 Ve ok A T b o i B R R T A 1 5 K
SEFRTTIRAAR, YA T d R TS, AR e IR
YA MUSE RN A 5 e (0 21 B R s AN 1 B R o
1.2 SEWAHE
L2.1 BRI

SR 4 A TR] 1) 4 1R X DR 405 0z i ( Continuous-
flow stirred tank reactor, CSTR) , Jz W H 2 25 2 >

Tab.1 Characteristics of food waste and inoculum

B RS

(n=9) (n=3)

pH {8 4.4+0.1 7.8%0.1
SR (TS) REWEE /(g L) 75.4+6.3 61.4+0.1
PR PERER(VS) R E/ (g L") 65.4+2.7 41.20.1

2R

Mk T A (TCOD) /(g L™ 1) 116.2 £8.2
WL T A (SCOD) /(g L") 60.2 £6.7
S PR N W R (TVFAs) J VR B/

l 3.2+0.4
(g-L77)
A (NH, ) FiiE g/ (mg-L™") 312 +56
BMA(TN) JRBHE/ (mg-L™") 2215 +248

T o R FE G A2

12 L, TARZ BN 10 Lo s i 4 $ %5 LA 80 v/min )
i R BT (0 /K 708 B e B MUK B R el
MBEALE (37 +1)Co fE e L —1 20 L 11X
LR AR 7 A B R, B H I AR R e
LMF -2 B = 00K O il s ™ Ak, AR 3
K[ 14 ] BIF 5 45 L, 48 Jat 10 57 40 -5 1 i T T o i 1L
wWoh3:1, @it 5.0 mol/L NaOH F1 2. 0 mol/L HCI
P SN As pH AE, S A A AN pH A, KV A%
B il pH fH 0 4.8 ~5.0, e i 4 C #1H pH {H N
5.8 ~6.0, i D 54l pH {2 6.8 ~ 7.0, [F] ff
0T WEFE HRT H OLR X 7 2 & I 14 5% W), 48 Jof I
Fi-) 7 M 1] M L T R 4 R 60. 0 ¢/ L, I AR
A S0 Y 1A PR AR E S, R S R A A BT BERL 45
BB fie— R o 7 BR AT L N s AE 5 4.3, 3 d I 3 il
A HRT Kz 47, R OLR A 12.0 g/ (L-d)
8.2 g/ (L-d) RFE, K2 N4 DRIV ARIETTE R
HORTE] HRT TR B B F0O6 B /Y A3 L 67 o K
(4 HURHTE 4°C TR PRAF LA 2 0 BRI AL~ o L %
WO SR A PERE
#2 7RFE HRT FH#R B RHENAH
Tab.2 Feed volume and organic loading rate at

different HRTs

BAT A /d PERHE/L OLR/(g-L7'-d™") HRT/d
1~23 2.0 12.0 5.0
24 ~40 2.5 15.0 4.0
41 ~54 3.0 18.2 3.3

1.2.2 i fbrEREIEN

S A A P BE AIE 5T A8 8] — > e it =X AR W B v e
(Sequencing batch reactor,SBR) [ Z WK # 1T, B
N 12 LA iR S e A R AR 10 Lo 36 e
B b st B R A G K A BT i TR A W AR T
Ifil Ao Bk B2 O (4 213 +342) mg/L IR & WHE &
[ A R e B M (3286 +241) mg/L (n=3), 2
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AR (20°C) F#EAT, SE 8 i K S B kK, 8 T
NaNO 7 W I 2 i#F 7K NO;-N 7 & ik i o 40 mg/L,
AR B COD/NOS-N [k 6.0, 7 45 4 . 2,
2B TR AL (R FEE ] pH ) (RALWK (pH {H 5.0) |
M2 AL (pH {H 6. 0) FIER{L W (pH {H 7. 0) 17 i+
4354 0.22 ¢/L.0. 31 g/L 3. 21 mL/L.2. 86 mL/L.
2.63 mL/L #12.72 mL/L il A 1 mL fif{imn &, H
T4 :1.5 g FeCl,-6H,0 0. 03 g CuSO, -5H, 0,
0.12 g MnCl,-4H,0.0. 06 g Na,MoO, -2H,0.0. 12 g
ZnS0,+-7H,0 0. 15 g CoCl,-6H,0.0.18 g KI 0. 15 g
H,BO, 110 g LM L1, HL OLR 2 15.0 g/ (L-d) |
HRT 3y 4 d 1y 4 4> i g A2 By Be T (s 47 3 4
HRT J5 ) MR IR 4 0 S5 3 80 LiE . LR
A 4G 43 00 1T B A i AU R v By A s R . I
BiF Al A R S5 5 AL 347 480 min, 4331 #E 0,10 ,20 .30,
60,120,180 240 480 min HUAE A NO,-N  NO,-N
COD e i o S il £k VB D7 O 3 220 3 3 2 i Ak ol
Vo R B ALEE S Py R AR AR N
v _No,, -NO,, "
g MLVSSt .
Py o 2 Noi e (2)
Y7 cop,, - CoD,
NO, ,—S: % 7K h NO,-N 1 Jit &k B,
mg/L
NO, . — 2B Wy B i 4 4 B 52 i) NO,-N
4 JoT Y B, mg/ L
MLVSS——75 Je TR 5 W 2 I [ 4% o7 o vk B
mg/L
PR A 12 43 ) 8 i s 8 B T b
N i HE K BB 5 VR B, mg/ L
N i~ S B A 5 G 58 42 FE R I HE K A
JoT B R B, mg/ L
COD,,——if 7K COD,mg/1.
COD,——Hi/k COD,mg/L
1.3 S#hA*
1.3.1 Y ffb#8r
TS VS & &% FHE B vA I E s pH (B 2R A
FEENFEZ MR i 11 TCOD  SCOD Il % % HI 4% 4h 43 0t
SR, Horp SCOD &4 8 000 r/min B .0 15 min J5
BV 045 wm 08 55 D0 5 5 i 25 Z0R 0 A 25
Ak 4 AR HE GB 7493—87 il HJ/T 346—2007
K 58 A 43 06 0 BE 10 7 5 VFAs (1 5t it v R A H
A B HES F Y GC —2010Plus AR €835 347 00 i
1.3.2 Sitotr
i | Microsoft Excel 2023 H47 g 4b ¥, {di F
SPSS 22. 0 i ik J7 22 53 A (ANOVA) i i 48 i 2% 8. 3%

X

P, AR RTE P <0.05 Bf B A % it
S, ffi ] Excel Fl Origin Pro 25| B .

2 HRSTR

2.1 A[F pH{E.OLR #1 HRT M EHEFZWRE
FEBEBNE N
2.1.1 VFAs P= & 45y
K1 RTE 4 AR TR pH (B A F T /0 52 s
B E FE IR AL 1) TVFAs(LL COD ) it o ¥ Ji2
SR ST WA il RGP A < o e e ) 2 BN = 0 [ A Rl ]
TVFAs ¥ B 5e Vs 38, S8 5 A X R 2 ; 24 OLR 42
=3 15.0g/(L-d) \HRT k4 d i}, TVFAs ¥ i 1% 3]
2% pH B Z5 T W d RAE, A4 pH (A1 4= ] pH
B} 5.0.6.0.7.0 BF4>51 K 17.35.30.95.50. 05 .
40. 68 g/L, Bz pH{E K 5.0.6.0.7.0 B} 4 5] &
AN pH (Y 1.78 2. 88 2. 34 1%,

Bl 1 [ pH {E A OLR & W bk vk 3 75 4k il 2%
Fig. 1

Variation in TVFAs concentration at different

pH values and OLR

SR LS pH (EH V] DL E R TVFAs (1 7=
%% pH{EN 6.0 . OLR 5 15.0 g/(L-d) i 7] Lk
ARAG M IR 25 A B K TVFAs J= i, 3 5 3¢
MRI16 — 17 | 45 S AH AL . 3 7T g J2& [ A oK i Tl 30
PEFE pH (H R 6.0 T it , S EUR & 1) TVFAs W,
2 OLR #2755 %) 18.2 ¢/(L-d) \HRT 4545 K 3.3 d
B, TVEFAs ¥ B 30 IR B 3 AT BE 2 2 s 19 A AL
Tty 5 B0 W R R TR MR T B R = At
T2 Y pH {E AR 32 35 HI I, TVFAs ¥ B2 3E 9 1%,
X A PR EIE AR A pH H T K5, I B
3 2k 2 A A O ) 2 L R R U S R W A A il
TR TWL A W M AR

B2 k4 AR pH (H & 0F T 09 N a5, &
B RAC W VEFAs 41 43 Bl %2 I B () R0 A7 HIL B0 4 19 A2
fbo TERE 2a 2b Hn] DU SR 2 A $2 41 pH B 1) 2 L
R B R AW pH (B AE 7 d PIEREEFE 2 3.8, b5
pH {HIEAR R FEARAS S 530wk (17 ] — 8, X2 H
TERBEFY 5 THEYGER, B8 5wk ay,
VFAs [ 7= F R B 80 W 4% pH {E 3 FEAIG

WMEE VFAs 7= 1 Fl o3 A, Qi Bl 2a 2b R, 448
¥l pH (E A pH {4 5. 0 B, & 5 IE 579 7= TR
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2 Al pH AT B OLR 5 VFAs FUMR AL £k

Fig.2 VFAs components in four reactors during

semicontinuous experiments

KRN TRV R B, L TR 7 T 1AL 1A HLIR , 29
b BRI 40% LR TR . MR Rl 2¢.2d A] LA
FH M4 H pH {EH 6.0 F=Hl pH H R 7.0 B,
B REF W RS T IR AL L, VFAs LUT R R
F, AR ER 35% ~40% R K LW, X 5 X
BRL1O TR 5 R — 8, Kk [ 1 AP R T T
T2 2 fie 32 B0 7 W), XTI RE O A W RE TR BN
FlSZm) 7 & e A, SClk [ 10 ] W5 vh s iR AR R
AFE pH {H =6 pH (AR 7. 0 #=16 pH {64 10. 0
T EEE R AE O, AR R Y pH (H R 7.0 BT
MR E A R B (90% ) o HoAh Kk % 7= 4 fn
PR A Z Y pH {E K 5.0 BF AT & Lb 4 5% & (43 5
H20% F125% ) . PCER A C R 1 45 pH {2 14F T
JEHARAR B L ) pH (O 6.0 4z pH {E K
7.0 B, VAR 5 R FF IR, O R T 4R 7= A, e i B R v
JEIKF 4. 85 g/L, [Al i A1 Bl 5 L R ok 3 38 n , & Bk
JEH BT B TR, X T B R i S AR R
W LA T KRR RR .
2.1.2 SR EAA S

AR BT DA A R DX A AR R AR R B
J e B I R TR A AR . %3 R TR pH {H

%3 7F pH{ET,B OLR TS A= EHESH
Tab.3 Biogas production and H,/CO, contents at
different pH values and OLR

s . AR 5 18R

ol fi S H A/ (LdTh) B %
12.0 g/(L-d) 15.0 ¢/ (L+d) 18.2 ¢/(L+d) CO, H, Hfls
Al 13.8 10. 6 7.5 94.8 2.1 3.1
5.0 16.3 11.7 7.1 73.4 22.4 4.2
6.0 19.4 13.7 6.7 74.9 24.8 0.3
7.0 18.3 10.3 6.9 75.6 21.4 3.0

T 2R AR R o BE A AL SR A AR A, &
RERW], HAEEE pH A 05 AR L, 456 pH (B B4
MR B, o H m < EHN42.6 L, HE ™S
N 6.9 ~19.4 L/d, SAMAE PR AAC I R 2407
JO7 PP AR 2 7 ) DR O A AR s e AT

SRS SACERE B G FE R JL R, iX
Se st A BB AR A, TR RN B R B BT
55 PR VR B 18 A e B 0 AR AR R A T D
i CH, HBEE VFAs (77 & MR, pH H & A A
A 3 4 A, 7 FE ot DR £ 0 A R R AR T 0 R IR
BT EAREE pH (N 7.0 B B, il T AL
BEE B A OLR A A HRT, 7 H e o Al Jo ik
RasE R AR KAET R L WS A
BILL CO, /1 Hy 3, Hih CO KRR %0h 73. 4% ~
94. 8% H, KT 480K 2. 1% ~24.8% , ¥ pH
H M 6.0 B, ik B & H =R, 8 19.4 L/d, B
A AR T H R BV B,y 24.8% . AR E
HATRES pH (A ¢, SCHR[23 JHIESE 13X AW Ao
H & BOpHE U™ A Gk, o] BE 2 i T & A L dh R
HERL P B PE B B (COST VHCO, ) 5 R B P Y
H* R AR €O,
2.1.3 COD

PRATEARES 125, RNt A LR & W i K Ak
G W) AR BRI R D R SR R D R AN R
2o B 30 0 VA LS o 0 i i ] 3 B0
ar Al COD Mg, AT pH {E 414 SCOD
BE A HL GG AR Ak an & 3 BTN . 7E R R A T Y
SCOD ¥k i bifi %5 Jc WE I [A] 38 K, 2 J BEA R R R
AL TR E 15,0 ¢/ (L-d) I8 Bl e KAE, HA 1L
ffiHE 5] 18.2 g/ (L-d) , %% HRT % 3.3 d i,
SCOD i BB b 1) B K, 3% W 3k e 08 A WL 07 Ao A3 3K
ALY R T

WM 5E pH {EXF SCOD %5t 1y 5% g v] LA & 3, 7E
FEA TR KWk B, R g SCOD 5T o v B2 A
KEN/IMEWK Ky :pH {H4 6.0 . pH N 7.0 .pH {H N
5.0 Al pH {H. 24 OLR 24 15.0 g/(L-d) i},
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3 KA pH { \OLR T /Y SCOD i & ik & A8 1k iy 2%
Fig.3

Concentration of SCOD at different pH values
and OLR conditions

P pH {H K 5.0.6.0.7.0 [ SCOD Ji & ¥ FF Wy
83.45 91.25 .88.96 g/L, 4 Wl Jp A 5 1 pH {H 1%
MR 74.68 g/L (% 1.12.,1.22 1. 19 {5, H# %
pH {H 251 T , & K SCOD & pH {H}y 6. 0 F1 7. 0 i}
W% F], 3X J& T 7R 2% 1 R B0AE W R I TS M
Ak,
2.1.4 S EWKE

AR pH {E 4544 T Bl OLR 7% fb 48 I iR 16 W
NH," 5 e B A8 Ak a0 18 4 R . 78 a2 s A7k il
T &AM A XS R E  JF B YA pH A R4
£ 5.0 W 5T & ¥ FZ 43 0 4 FF 7E 1 000 mg/L Al
1200 mg/L 47,124 pH {H°% 6.0.7.0 B}, NH," it
HE = 2y i = 3 1300 mg/L A1 1 600 mg/L A2 4T,
HAER Azt &b, pH 32 m 5 2 AR 2 IE
IR F  FRUIEE 1Y pH AT BURS 1Y B, 3%
Al RESE M T pH E A T S 4l s R G i
J5R R 200 L ) 5 A 412 0 S 0 B . 24 OLR 48 iy 5
15.0 g/ (L-d) B, NH, B s B i KA, pH {H A
FE#l.5.0,6.0,7.0 B 4350 K 1 317.7 ,1377. 1,
1708.9.1 766.2 mg/L, £ pH {5 A A ¥l 5.0,
6.0.7.0 B, % JEH| SN #5 Ay VS #EkH NH, 77 &
435 8.67.9.47 (11.31 .12.33 mg/g.

K4 KIA pH {H OLR T i 20 %05 & ik B2 A8 Ak th £&

Fig.4 Ammonia nitrogen concentration under different

pH values and OLR conditions during stabilization phase
UL, 70 R ) 7 R R W B rh S R
B R = i NHL T 7E A2 9 0 A/ R b, R R Ak
Wb NH, /b % 5 22 75 7K Ak 31 2 40ty BRI,
e, 45 pH AR 5. 0 I 3R 15 1Y 48 Jof IR b i 2 1y 29 4%
Bl B AR | R AN i 2 Ak P 7 P e A 5

2.2 AREFEEBBRNKRSAHLERE
2.2.1 KRR

TSGR A 6 TR A YR 3 R T A Ak i
P, JFRRAE A PP VEAs 19 23 7 K/ RL# B A &
TR R S A B ER MRE g o Bl Ak S e A 2R
S BTz o 24 (A ] 7 1R 2 280 A 1 A Y 7 2 i D
CTRENAE D B E N 75 7K Ak B8 R A i i 1) S T ik
TS, B AT B RE A5 B BAF 1 25 B NOL-N I RCR | 1R
LT COD Yy 2% Bk 50 R 15 48 % W5 0 2 R Ak A A
[ s 05 SR BNAH LL , BRAG AT S S AN B Rt 1y B 1
NO,-N BUR, JLHAE A6 pH B A% 5L T, NO,-N
RRMEEN S mg/L,

B 5 S T) 288 28 52 Al Ak H 7K K R

Fig.5 Effluent quality of denitrification with

different types of carbon sources

2.2.2 JefisfetERe

R A AR v TR A A R R T K
Fof ) A A RN R FH o DRI 3 A i ) BH AN () = i 2 7
V1A TR A AR Ry 5 7K S 5 2R et R ) R b e L
BEERY,

T 4 FoR AR = R 2SR 0 R A WA A A Ak
e U85 #5027 i VR (7 2 W R 2 BRI ) R A Ak P
REXT LG . ARSI KT, &R B A 5 m Al 1k
B, R 9.47 mg/(g-h), Hi % HE S AL R
5.39 mg/(g-h), A4 pH {EF pH {E4 5.0.6.0
7.0 B, & 8T R 1k W R w4k 4 I A 6. 58
7.62.5.87.5.57 mg/(g-h), ¥ F # & W
(5.39 mg/(g-h)) M FREN (9. 47 mg/(g+h) ) Z i,
A pH AE AT pH {H 4 5.0 4040 F 3045 19 B2 1k Wi
S b 3 % = T pHAE M 6.0 Al pH {H 7.0 4 1
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R4 FESMNGRIERE R ELE R RAEL N
Tab.4 Denitrification rate and denitrification capacity of

different carbon sources

S AR R AEfLRE )1/
A s IR

(mg-g™'-h™") (gg7™")
A 5.39 +0.20 0.23 +£0.012
TR 9.47 0. 54 0.25 £0.015
TR Ak (A4 pH () 6.58 £0.34 0.20 £0.014
R (pH HH 5) 7.62 +0. 15 0.21 £0.011
AL (pH {E K 6) 5.87 +0.34 0.22 +0.012
Ak (pHAE R 7) 5.57 £0.42 0.22 +0.008

T, W 2RI e W AR AR 0 BR AL WA T T R A &
T ELA B ) R A AR R R i AR R R
52 A K B NI G R S TS L T R AR . T2
A EH AR I AL 2T~ CoA , HIES 5 = RIRTE
o J—J5E, =8k B =Rk DL RS VEAs Bl b
A AR, g 2R s A, S EUR
PR RBEAR ™ o [H I A B 785 TR A 9 S il Ak 3k 2 Ay
JE AT, LA 21K 43 F A ALY R AR R R
OET A 3/

F A AL RE 1 AT S S COD (1 B 5 7= i S il
fetkfe , A pH {H .pH {E4 5.0 . pH {24 6.0 Al
pH H Jy 7.0 % 14 T W2 1k W 52 5 1k g 71 4 51 4
0.20.0.21,0.22.0.22 g/e (£ 4), 5 T L BN

Z £ x W

(0.25 g/g) I A3 HE (0. 23 ¢/g) WY S AHALRE S0 W)
LA AT COD 1% Bt R 1k W I s AL BE 1 22 57 R
K, NGBk fA B 43 A, 445 pH {624 5. 0 (OLR y
15.0 g/ (L+d) JHRT Jy 4 d I, 3575 (04 Jof R A W e i
FEREFIHH Y T L BR BN Y 84% , m LAAE T 48 Bl AR 1Y)
[FIEFARHAL K TVFAs 77 R AL, o A 7= 48 T 1R Ak
TR R 75 7K B A A R AN s I8 e 2 1 o

3 &RiE

B IR R WS I A5 SR WY pH {2 5 IR 7 R
ARV R E R, VFAs = i 38252 OLR 1 pH {H
WY, PR, pH A 3.8 F15.0 B,
ORI S e N IR A R S A 5 1 24 pH {E N
6.0 Fl1 7.0 W, T B2 AY A W o 7 R aok #2132 e b Aor
pH{E & 6.0 . OLR ¥ 15.0 ¢/(L-d) F 3515 i kK
TVFAs 7= 4, Jy 50. 05 ¢/L, J& Al pH B 451 T
(2. 88 i SUAHALSZIRSE R , S R e = IR VA 4
J5 AT TR WS A A %8y 5. 57 ~7.62 mg/ (g-h),
TR WS, 08 T LW ah; 6] pH (N 5.0 1 /2
fisfLHE SR 0. 21 g/g, MR COD T A4 F £ R &0
84% , LEEH IR ARSI AT W pH{E R 5.0
BF 77 A R A VBAE Sk ¥ 7K S A Ak A 3 A1 s D
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