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Abstract: The determination of effective specific surface area (ESSA) of suspended carrier is very
important for accurate design of suspended carrier dosage. A bioassay method was applied to determine
ESSA, and the industry-recognized K3 suspended carrier was used as a reference. The suspended carriers
to be tested and K3 were placed under the same condition for biofilm attached growth until stability, and

ESSA was calculated by comparing the treatment performance of each suspended carrier and the surface
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load of K3. For 6 different types of suspended carriers in the market, under the condition of low load, the
deviation between the labeled ESSA of the products conforming to the industry standard and the measured
value was small, while the negative deviation of the non-industry standard products was more than 5.0%.
Under the condition of high load, all kinds of suspended carriers had certain deviation. The main reason
was that the biofilm thickened and occupied the effective surface area. The bioassay method for
determining the ESSA of suspended carriers has the characteristics of accuracy, reliability, strong
reproducibility, combining with the actual water quality and so on, which has more engineering practical
significance. For conventional municipal sewage treatment, the measurement results under low load have
more engineering value. If conditions permit, the actual sewage culture is closer to the engineering results.
For high load influent, safety factor should be considered in the design process to prevent the lack of
ESSA. The larger the ESSA of the suspended carrier is, the greater load flexibility will be obtained during
application, which can provide a microbial basis for sewage treatment plants to continuously increase the
discharge standard and the treatment capacity. The development of new suspended carrier should be in
the direction of pursuing a larger ESSA, and it is necessary to comprehensively balance the flow channel,

fluidization and overall shape of suspended carrier.

www. cnww1985. com

Key words:

area; surface load; bioassay method

R 501 R A W I S 7 4% (MBBR) S 75 7K T el
T SR R AL T 2 — P O AR A i
2 500 10" m*/d , H: oI Y5 7K 45 sk iy FHRRAS £ R 4o
2 000x10* m*/d. MBBR [ W F 4% B GAE W) & 45 7
K, B RS A MBBR ({3 #k S-MBBR ) 14 Jji
MBBR (& #X P-MBBR) Wi #f' . S-MBBR LA i 415 1¢
g JEAh i ARTEEAR RS AL TE MRS AR AT
AN AR Z M IFAS T8 . Fa 45 12, IFAS iz
RIGTEIS R E & T2, 4055 S-MBBR £ X,
WAL & A A 0. P-MBBR W H B 772
A e RGP IR, R E G R NR , AN
EERFAEEE T . B NTs K AR 2R
I S-MBBRJE X, 1M r ££4F- , P-MBBR 7£ 1 B 75 7K |
B K s YooK R RLK R A BE (4 5 N 2 kb
) AR AR AR DLz i FH 2. MBBR AN 38 2K H I Fil
R, BRI e RS —  HEEYE
SN UE Y0 I SR AL B . R AR R TR B
B8 A T2k 1 B AL LR 4P HA% 0T 1% 4 R 4 A
IR A S R T L (ESSA) , SR I A
LA 1 S R BT AR Y A I L 2 T
5 R R A (TSSA) ARIR], L bRz i, i &
TP R RS B i R 3 A B G B K T HEE SRS
WA I AR YL . — B ESSA/TSSA 247 0. 6~

moving bed biofilm reactor (MBBR);

suspended carrier; effective specific surface

0.8, 5 BARE TR AR ARG . #7K FH TSSA B AR
ESSA, WU AT A T 11 2 V7 2 AR o AN A2 1) XU L 5%
i) 7K K S A AR E 1 o 28 3 DA VR AR AR S B 1
FH R K, DA TR B fuf A BT FEUE , BF9E T ESSA B
AW 5 T %, FEPEAR T 67 ar RN e 85 7R Ak 1R
AR 22 T U R B VR AR MR ESSA [ R 4R
PTG, R TR AR ) S AR B AR AR
1 MBBR L ¥%&it5EHAxk k@

548 G0 0 5 Ul R 2 B 0 A 1805 U £ A
VE R+ ZBOR ], MBBR T. 2% FH 1 i (L)
BRIV RS A 50 TR A B TR AR AR K BE M AL PR Y T
P E A BT SECY . MBBR T AR RAA
AR R N SH BRI T, — % &
TR e 5 ), 5 RN A B 2 s, SRR 24
Ty — 7, B IR AR S R[] AR RS A N A
A7 i R AHTR] . MBBR T 2N ELSR FH S Ve 7 /R
RS EEERET, RIFREEELY
R, A% Jo Xt RECR S K i A RO A R, 5 R
T AR D) AH O 5 (] Ak A 400 5 A A 0 e T D o
Bk 22 , T L5 7K 5 B 4 A VAR O, B AR fk v
FlR HARRE  BOREAE i S8, i 7 far 2
MBBR T. 75 [ #EA: 2 H ot BIR A a9 s 2480
[ B, SR FH 32 18 B for VA T2 80, 3 o PR e H

<30 -



www. cnww 1985. com

SR A, 5 BT AR 2O R @ ARG A ik R

%38% %3

FEL, AT LS il JF B A 458 b 2 T AR ) Ak V7 21k
i, % Tl A J At LA B S A R A AT 1Y)
CRA L 1 %5 1 2R M e 17 AR (CU/T 461—
201) 47NV bR HE AT 9 CE AN HEK BT hR i)
(GB 50014—2021) #RBH 8 ML 2 T R FH 2 11 17 far 1
A MBBR T2 0% it5%0.

HRAE 15 Y W 2 B i PN 1 A for B AT 18001, 75 4
AR AL(TESA) , LA S 50E A48 BEAR ik i
ASTa) 26 Y B B PF 344, TESA AR RIS, i T ESSA A
A, S BUA TR, 3 B A7 F) T Rk & R
P2, A R T MBBR 40434508k 0 & 2 . MR 4 T e
TF 3R 1Y) ESSA , AT S 28 345 28 7 2 AR 1) 7 B sl ot
i TR

TE CJ/T 461—2014 5 i th B2 1 &8 43 7™ i 1Y
ESSA, I E 1R B U AR 2 fin A 00 5 8 07 Ak 1)
ESSA. H FRIFEA RSN, JU RS iR 2]
B 23 2 ESSA Ay R T R iR 22 , St A 1 Bl o il B it
AT JUAAr RUSF (R 2, DA 338 i I %) A 12 AELA) I
FIUI AL S wE . 34, A R BT A
HERUR B bRL B P2 RE TRy = B b 2 T
TR FR 2 Sk I B JEE 4G B30 | R B 3R 1 AR = 7 20
AR B+ I AT Y JR BT B TR AR B B X2 (B
S XY RE JEE L B VR AR DY A A RS RN AT B
JUT o DNSEBR I A B 25 0, DL PR T3 ik
KIRNBEMER X 7 ESSA FITSSA ., iR e iF 4R iy
FERSE 1B, AT LA KON 2 T REURES £k, (8 R R
o3 RF I /INTF A PR B, S A W s 28 3R w1
FURE A 0T, e I ANRRIN B3 i ESSA i H Y, =
2 PR IUAAT 36 I 22 Y ESSA KT 52 B iy i A ESSA .
PRI, Lol o AR ks 5 0 i R JRE 46 B8 vk 24 T RE A
E—E R BRI, R4 th BT EAR ) TSSA ERR,
FEARBE AR HEHT 1Y ESSA Bl , I Hk =5 =iy
WE. BESR R T 2 2R LR, 55 2 61 Y ESSA
W BN R A 0, BVE — 8 2 PG 3% , DA
NP S - RUNy T e R BUD QN A 2 T e = LR NN
PRPERE ) 22 3% 5845 A Y ESSA

2 Mg ik
2.1 BiZFHMAIEET

K3 B IF 3R A ESSA 24 500 m*/m?, A1)
N T MBBR L2 B IR 2 AR, B A5 8] T AT
IZINAT . B K3 BRI AR O S, AR AR T RES

27, e 6 Tt A [ 26 20 14 8 7 AR (AR UCARac
C1~C6) R HIEMREIE L ESSA . Hi, C1 o liar
KL A AR, FH LA T A 12 DN 7 A
ESSA (HERE, C2~Co A TFIG I BIT 8K . kg
7734 €3 4y SPR- 1T AL, €4 2 SPR-TT A, C5 51
WLER i B2 505 SPR- AR [, C2 1 Co Ay T 7R WA 1Y
HAE TR HAR, £ 2R BT R R LR 1,
R REKREBZHEHNAIESH
Tab.1 Specification of different types of suspended

carriers
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Fig.1 Schematic diagram of test device
2.3 XK ERIS

B850 4 IR S AR SR s AT I A B s 4T
B3 E B, Ris 1T 112 d, LU A4 Tt 2 1Y 5 =X
LRGBS 3o s AT A T DO>6 mg/L,

« 31 -



%38% %34

OE 4 K HE oK

www. cnww1985. com

TRBETE 20~22 CZ ], HA S B2 2 iR o
®2 ETHEROSEIEE

Tab.2 Parameters control in operation stage

BAT | | KR Btk
o | BEKT R |, s
i H %ﬁ/(LJB FUkEE/| HRTA | &AH
d (mg-L™) fi/(g+d™)
JaBh | 40 | 20—140 70 21.6—3.1 | 1.4—9.8
I B Ao
R s 140 70 3.1 9.8
B4
1o B fif
e 27 140 100 3.1 14.0
S L]

2.4 HHAE

A= AN R - DA BN 2 BEAILEE X 50 >4
JEE I A, ZEIR/KI U8 3 R LA LB 3R TH 24 T, 48
Je AR TR AR 7E 60 °C T HET 12 b, BUH AT
PSR H B = 5 PR E BT AR TR IE ) m;
QB BT PR S 1807 AT 10% Fh FR v i
PEFEIZ I 12 h, 2R J5 28RS U8 3 Wk, TR 10%
) NaOH B P I HER 1 12 b, BL B A Y BRIV I
U TE VL, 2R )5 4% P R OHE T8 2R &, B I7 25
KFEC A my. AW ASH IR (1) A5

Ag = M (1)
50
LRI ESSA AL
C'f - Ccff
ESSA = ( )X ¢ (2)

ARL; % (0.018 x ¢)

K € K RHE , mg/L; Coh KRR
WP, mg/L; Q ALK F R, Lid; ARL B IR A K3
Y T s (LLEEIT) , ¢/(m?-d) ;0. 018 4 LN #%
BRI, m* s o B SRR AR

SRR AN FG ) 40 6 , DO (pH {E
53 91 % H E+H CM448 2 Z: 350K i 43 i AL Fil WTW
Multi3430 2 Z 50K B 5 Hr S E .

3 #R5T#
3.1 EWENESZFHRENENLREAR

N A TEA I B s A TR I 2 iR . O
R PR K R R R I B A TR K
B sl 3, RAEFE TS, F AR FEIE, 4% I N 4%
B PR — S0 BR K34, AR BT AR 1 ESSA
B3R RO S v Jr A 2 1 B 2 DA K3 bRk A T
W, 8178 dJ5, & RS KA E LI T Pk
FEAIG, RSN #  24 A K BRI 51 90% LA I fiF ik

F AT ILF] 0. 26 g/(m?-d) o Bl 5 IT 45 32 T k7K
TR, RO BT AR BE A K AR
1 T+, (AAR PR SCRE IR 5 BN AR, U B R S
A E REAR FHROR B 0s . 1247 16 dJF RN #RAY
LR M AT T 55 0.62 o/ (m*-d) . N TIRRER
gL inte e , B K Z ARG IF A 2 TR
PETHHE K L R AR B AT — Bew RS F R
SHUR SB[ B, 3247 40 d 5 HE K A
F140 LA ) HARME . BER, 277 2 A Ok 2S 2%
S 4% RO A K AR EE R E T 1. 0 mg/L, R
gritt MRz T

! =

4 ot o A s s e are |
30 40 50 60 70 80 90 100 110
t/d

B2 &KRMBHIETHR
Fig.2 Operation effect of each reactor

TEAR A fT B AT, 25 22 581 52 B i 7K 2 AL A
499. 86 g/d, R1 I i (19 20 AL 22 BR 283K 5] 99. 54%,
AR M A M 2. 18 o/ (m*-d) o HH T C1~C6 H Ak
TF 3K 1 ESSA #4958 i 2 8 br , i R BB T
R2~R7 IHHALPERE , 735112 9. 82.9. 33.9.83.9. 81,
9.84.9.26 g/d, i1 45 2|1 ESSA LK 3. Fifi J5 #5 il
ARG AE B K S E R P2 5 2 100 mg/L, &
Guik A s AT, PR K Z A Tl 14, 68
o/, BARGUTY 1. 495 . TEIX B Bt , Bl 4 32F 7K A7 A
T, & R RE WA TS, (Hl T
KRG ESR, R T HKEARAERK
K, H AR R2 R7 [ by i tH 7K B8R A, Y 7K 2R
PR T 5 mg/L, Hoax O #5845 K ZZ A TE 5 mg/L
PIE . Rses i rilln, R1 VA0 s A8 L BRR A 2
99. 04% , AL 4 3. 23 o/ (me+d). [AIHEREE
R2~R7 1 5¢ B fif 4k ¥ 68 2 3 4 14,52, 13.37,
13.62.13.32.14.32.12. 82 g/d, i1 55 15 3 f) ESSA
VL3, I3 AT IR EAR A 25 0F T, B C2 AN
CO A, H Ay B R AR 1) ESSA M 52 25 5 5 b5 51 5L
ARHFF 5 C2 . C6 [ ESSA AH X i 22 43 51 F1 5. 0% .

« 32 .



www. cnww 1985. com

R H S RSB ARA RO A @A AW EN TR

%384 %34

-5.5%. TER AT 207 8RN ESSA SCME
PIIE F AR5 18, C1~C6 Y ESSA A1 X} 1 22 7 5 K
-0.2%. -8.0% . —6.3% . -8.5% . -1. 6% —11. 8%,
C1 5 MBBR T. 223 FL 07 FH A K1 RSB IF A4, e
SRR AR fr i 2 5 B 7, L ESSA W
H LA 500 m*/m®, (]2 5030 1 >R F AR P i ) Ak
TRERAR ESSA B4 bk .

1000 B ESSAFR S

R E (L
i

m s G

800

600

400

ESSA/(m?-m™)

200

0 <1

G2

C3 C4
R IARZE Y
E3 R.S5H%E FNUFHSZFHMAESSA
Fig.3 [ESSA of suspended carriers under low load and

high load

M 3 AT LA FEAR G 55 L B CLIY
ESSA 52 {555 T h5-5{H , C3.C5 A ESSA il 5 i m§
1 TAR AN, A8 F AR Y ESSA M {5 ¥4I%
TARSMH . C2H1Co By ESSA I 5 I 22 58 K , ik 5]
T 5% UL b A s g 5540 R iz B4k sy R8T
8% LA I, B FE S BRI FH sl R v, 3 R B 7 2 A
() ESSA b5 5 (B A7 F — 2 i iR 22 , N B 1k 52 B 1o
I ESSA AN F 30 H K BARI . C3~C5 BARTE
I A7 fof 518 F A9 ESSA T 8 (5 S AR S EAH2Z A K,
EAE i Tur 20 N B T A K i 22 , U B %
N 5 (A V)4, 4% 2 A0 BV AR R RE ISR 1Y) ESSA
Wbz Al . X — M A TG T K, FEK AR
JERZALT 70 mg/L, ARG 25048 T 19 ESSA I 7 25
TR T8 FUAE TR TS K A TR . 534 aT LA
L IEARA A2 AN KO T , b5 217 28
TR ESSA A3, L (B ) BEAIL. SR AR
K ESSA W £ V7K, fg 6 5 38 BBl s ik R EE 1
A PRVERE L RENE A TE K )RR g bR AR AR
Prdemt . X e R, RERAE T KK,
VT 38 022 4> Z2 850, AT R #b i B ff 45 10 T
IF 3R ESSA MY RRAK . 25 Bl 1, SR AR Wik I s
BRI AR ESSA HAA —E 3L brm .

C5 C6

FEANRE AT V7 AR A i WL 4 mT LA
B SBEFREZEHTER SEAEESH
A= JC I R AR AR, TG T e TR A —
BV R WA HE K AT B AR R R
TN [RVRR B B3, A B R A A ESSA — & 1
BT Bl A W (B s, A 0 T A A R 1
WELS it 7 OO\ ZE 30 A7 25 P 32 84 UL ), A 0 s I
JEE B IR SR 114 L ] A 2 U 1 L AR ) AR AN LA B
SR ESSA I FAR

0.12
ool o s
100w g i
A 0.08
<_
=
ﬂﬂ\E&F 0.06
£
4+ 0.04
0.02 I I
0
K1 Cl C2 C3 C4 C5 (00
BRI

B4 J[ERUBRZFHENENME

Fig.4 Biomass of different types of suspended carriers
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Fig.5 Effect of biofilm thickness on mass transfer
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