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Improvement of Biological Pretreatment Performance by Addition of

Phosphorus

Sang Jungiang!, Li Lingzhi?, Zhang Xihui', Wang Zhansheng?(1.Research Center for Envrionmental Engi-
neering & Management, Shenzhen Gradute School, Tsinghua University, Shenzhen 518057, China; 2. Department of
Environmental Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Addition of phosphorus as a novel way to improve the performance of bio-ceramic filter for biological pretreat-
ment of source water was conducted. More bacteria grown in raw water and the BDOC of raw water increased when
50pg/L PO; ™ -P (NaH,PO,) was added alone were clear evidence of phosphorus limitation on bacterial growth. It
shown that about 4.7%, 3.6% and 5.7% more of CODy,, UV254 and TOC from the raw water investigated in the
experiment on the average was removed respectively when 25ug/L PO; ™ -P (H;PO,) was added to the influent of bio-
ceramic filter. The role of phosphorus in raw water and drinking water should be paid more attention.

Keywords: biological pretreatment;bio-ceramic filter ; phosphorus; bacterial regrowth potential ; BDOC
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BERKEKPHATEYEREIYE LYW
HHEARAFRHIFTEEINZ— £ ELHEE
BERAALEKAEREKZRTOMED N KPP MG
Ry HETREMEATR BMEYHERTR
B HLE R BRI LB R 100:10:1 £/™ L {E
fa] —FEFRYEMBRZRSHEREYRERKE
BIRGE, AT\ BTG EN K ERY
MEBRBR.EXAAKES, SHERYRS
BRI, &1 T4 KIr®E A YLk e B X
8w, BT LA — R K o i T A ) B AR R LB
AW E KR HETF, AOCH (BDOC! 1y
REERETX—RI#.

KIALOR , BEE A K FHAERBRASIE
AMWER. AFER, BT RERR T KT K
R AR A K b 4 B B A K32 Bk F 8RR i A9 B
S B F ), kR B R E R
BRELBE W B IR T 10pg/L B, KR RAEDHEK
ARESZRRMBRE. CAFRARA Y &
A Wy 1 R 0 A ) T B b 2 K P B N B% AT LA
REEDFEERREYF RN KFEILY
MIEBRBE. b TREKPRBEN AR
ULIERD pEAL H B P AR B B ERR 1, %
T H 8 5T X K B K AT Ab B A A Y T AL B O
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B.EMBERBGHLALIERA LYK ZEBRECE,
MARRLBIMHEHE. EEFARIAREEZN
A ENEMBAETY, SN REIL T EK
PEIRK 22 o B0 i B 69 B% (H; PO, ) , 5 £E 8%
MAEYWARMGREFER, ARTEY A
B T BOR AT —F =K.
1 RREBEEFHZE
1.1 AYHbEdEEE

HEEE A YHR IER S 4k, Rk
BERELE L. REPEET 2 £ 60k
W, DUEH TR K ERESEABNIE A
(bio-ceramic filter-A, BF-A), /&K & m 25
pg/LE) PO} -P(H;PO,) E# AR ML B
(bio-ceramic filter-B, BF-B).

K K
= e
BF-A X BF-B

M1 RRHEEMN

Fig.1 Schematic of bio-ceramic filters

Mk gk AA VLB BN T R, R A&
190mm, 8 R E 4m, B A NBEREATEEHN
2m, BRI AR R 2~ Smm.

REGBEPRA LKA R, KEAKMNE
FRBEA , A _EFRHE S, 5] B R FE R L8R . M 2
J3 6m/h, SAKHEN0.5:1.

1.2 B AKEKE

HRERAKIEEI FFEAKEK, XK E
BAKEMABEEAREZ L. AR 1LTLUED, &
AKEFHEASERK MERAR . KPHRSE
it FERMEAAKFE, FEBFRYRAIY.

1.3 AW BS5HFE
1.3.1 KESWBBASHE

HK D HEME R EE/KFEWHE A CODy,

TOC. UV254. 0] 4 %) B % 8 i v A/ Pl 8k

(BDOC)E A VLM FEIR A B 588 I St E S R
8. CODy, : RFABMAREBRMIE; TOC: h H
A& E-5000 TOC ) & X W £ ; UV254:254nm
BRKTHENBRCE, /8 LB EREE5E
AR FA = 752 RIS 5 AT 43 6 6 B
E;BDOC: KHEZ 0.45um BT, MA—F
BOKBER 1%)Z3 L1 2um B38BT 38 607K
PEIRKAE R BRI G AP, 78 20C T 15 5% 10d, 3 3%
B/ 8 DOC 2 2 4 BDOC; B Il & % 4058

PLoar L E ..
£ 1WA KB A SRR

Table 1 Water quality of source water

KR H ® A K H ® M
CODy,/mg-L™'  4.1~5.0 | @#% /ug-L"' 20~35
TOC/mg-L ! 6.9~8.5 Zf"‘fﬁﬂlfﬁﬁﬁ <10
Uv254/cm™! 0.075~0.105|| K& /C 10~23
E X /gL <0.2 pH & 7.3~7.8
B /NTU 3~10 DO/mg-L"" >6.0

1.3.2 A5 ¥7 (Biocassay) b i

AR IR ERAMAERKERNRE
B3 W Xt 7K s A DL E AT R B AR AL 4
f# , BB AR U 09 A KOR 2508 B W B A= ) Bl bz
MM BEK P H LY M RBRBCER. FIRAED S
WHEESRBEMNHNEDERKOREFEER, TL
MRE ETHEBRBRXSEDTAEKEHER. &
£ %M X AR B RERY E(6-911.16.17) g A spgg oy
U, REIBRPRAT 2 HEEY T B E
AKPERKKEFHFTEDESHT - AHBFTEK
¥ 1 ( bacterial regrowth potential, BRP) #l
BDOC.

BRP: W4 it 4 ) B4k 3 F0 5 B IR BE U1 3E
SEABFHAKE, MAREBEOHERS, K
PS4l , R 20C HER , 3 5F 54, R /R HK
BEAFLR 2pm BB 38, LAE S K 7 0 B P
FRIZK B, LR K P e e R fE D B R B b %
FrAAKSEES ERLEEF,KPHHABERT D
AR, R KA A e FAA LM EHILE
FEW R KT B, AT 9 20 % 47 38 7K R i 2 )
BRI A9 RAKREE, A 3 A2 oKk,
HWEALTRALCHEOEEEOGERYS, K
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— K B P B W Soug/L M PO -P
(NaH,PO,) ,— M E I #E PO} -P ER M EHL
BB, BN REFMEERRE 2, 55
—AARBE IR H 4, RIS TE 70C MK R iH
F 30min, R HPIE R , L 1:100 M HH A

x2 XOEFMAEMFEMRE pg-L!

Table 2 Concentration of inorganic nutrients added/pg-L ™!

EHMOKEE, RIS, #7200 MiER, 85 3%
10d JE W E K P AE S8, &R LU CFU/mL it.
M BRAFRBEMAE, IS HFERA R2A B
F2U8190 75 20~ 25C FAEK 7d S5 5 . # H
ZEFHTEBIANBAEERKRKRE TRAES

- (NH,),S0, MgS0, - 7H,0 CaCl,-2H,0 KH,PO, NaCl
(LA NH{ -N i) (2L Mg?* i) (Ll Ca®* ) (Ul PO} -Pit) (LL Na* i)
¥ B 970 10 30 50 80

BRHIEEFEEFNTE, T ET R B
HKPAENEE.

BDOC: BDOC £ Jii b J& — % 4 ¥y 5r #7
(Bioassay) F &, CREFKP T EYKRES
PLBRR AW A KR $EF & |&R3E Wi
B . Y LAHE B, G0 SRk b W) LR AR Y0 R A B R
B, MEYEKREZIIRME, AREFR S F AKX+
W] A YR R A VLB, W E 18 B B BDOC &1
FAPEFNATAYERBERIEAILEN Y
B kPR, A WaEe 34 FI A
7K i A A Y R AR A PLBR , X BT 2 BDOC 18
FMERBRTAEMBEMKE. BT ES
M £ BDOC Bf, BB B 3 443 R K 7K B, — 3 B
50pg/L # PO} -P(NaH,PO,), — # & n— &
B ML R 78 W&, TC AL i A 28 B O hn R BE WL R
2,735~ R B AS. B KEM 2
SEATHRE, 43 51 W 2 & S 7K B BDOC f5 iR
i, RARE T 1.3.1 PRTR.

2 RBERES

REKEH 2001 4 8 AW HFLHE K, HE
SERE—EREEIT ERE 6m/h, SKEHN
0.5:1, KB &EF 10C HWHERKMHT,BF-A
BFB iE T8 R — 3, X CODy, I EZBRE KN
14% ~20% . 2002 4 4 H FF 4 7 BF-B Mtk
th &0 25pg/L B PO} -P(H,PO,), %} BF-A
1 BF-B #47 %% Hid 56 .

2.1 EYnthlEgR

B2 A 3 45 -2 5% H E X R K BRP
#1 BDOC 7EA [FI6f B 49 3 kWl 5E 45 5% .

HE2ME3TLLER, ERKKESF

Bn SOpg/L 89 PO} -P RS R XML 5B RIM
BRP #1 BDOC ¥ & F A IH & A6 8RRk K
HLERKKEPHFEMENE S BINE RF
HE i NaH,PO, B3N RMEERK, X B

6

[ FEMRCAR
[ S R (NaH PO
[ o2 iEmEsLE:

BRPX10° / CFU - aL’
(=] Ll ~ (X3 S (3,1

2
WNEFF

M2 R/KBRPEMELR
Fig.2 BRP in the raw water with and without

nutrients addition

3.5
r =1 kiEmi s

o W R (NaH PO,
; L (25D SmEh#
- 2. 5 - e
¥ 2.0, :
S sk
2.

0.5

0.0

2
M2 FEF

M3 R’k BDOCHMELR
Fig.3 BDOC in the raw water with and without

nutrients addition

TRKIBERAFERKMRHE T A TP A
HAEAANBAR , EAGNBEMERLT A
BAMEREEZIIRG, AEESTFAKFH
" YRR A VLBK , F BDOC & F /K P 3LBR i
TEYRBBERERVLERNSE S
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NaH,PO, JG 8 JRK K # #) BRP B E T 50% ~
65% ,BDOCE#RF T 30% ~40% .
2.2 BF-A Ml BF-B B LRz 171800

4 B 7R BF-A 1 BF-B %t L /K 1 CODyy,
B ZBRECR , B 4 B8R DL )R HER , o
1,35 7E BF-B # /K # 35 b0 8% 50 A& 1k B S
—Btitia] )§ BF-A #l BF-B %t CODy, % & 894
KB

HE 4 UER,7E BF-BH#KFEAE TN
Bt6Y ,BF-A 1 BF-B Xt /K § CODy, B 35 BR 3R
#iF] . #E BF-B # K ¥ 0 25ug/L &) PO; -P
(H;PO) G, TAHA B R B BF-B X K 4 #l
Yy 2B E, BF-B Xt CODy, 8 B 4 E 5
BF-A4.0~6.0 " "EBR A, FHEE 4748
43 8. & 1k | BF-B B # K & H,PO, f5,
BF-B X} CODw, B 2 BR 3 2 F B 3| BF-A BK

ST AZRE  —eBFBERE
7.0 [-v—BF-AM] /KCOD, —a—BF-BiHAKCOD, |30
- 6.5 e~ RKCOD, 25

_; 6.0 j"’“".ﬁ‘

BF-B#E 0

20 %
15 8
0¥
5
0

10 15 20 25 30 35 °
NN

0 S

B 4 BF-A 1 BF-B ¥ CODy, BRI R
Fig.4 Removal of CODy, by BF-A and BF-B

5 B/"¥E BF-B Bi# K E B4 S5 , BF-
A 1 BF-B Xf JiK ff UV254 F1 TOC 89 % B 3%
BONE 58T LLE B, BF-B %tk $ UV254
TOC B E BB B E T BF-A,UV254 1 TOC B
ERELSHBRE 3.6 NEHLAEAMSTAES
=8

BREMFABKFHEINY L REKER,
B R EREKF AN ERERESAE
SEELH, ER ALY TEEARZ —
REBRKBKFHTAYRERENY, EXKF
BBRZMERT, 2B EVARREX K S
Wl EYRRBE I RS AR, MERKS R

B Ja , A YK XK R AE YRR AR A B
Yr3e s FI R, AT B 8 42 75 A 9 P b B3 K IR

K o B R AR BT R IR
24
2of . 5o
Lot g
grz_— ? g
Iy
° Uv254

B 5 BF-A 1 BF-B 3 UV254 #1 TOC BRI X Bk R
Fig.5 Removal percentage of UV254 and
TOC by BF-A and BF-B

2.3 itig
P E#RR A LIER X FA KR AR, K
PRERABEAKMBRE E T, R % n s
E.CTUREBEEYWAES KFENYNER
2 RKPLOE, BEEYBAEPOERRSESI
EER, BRMEMTEIYNS , MEDXT TB
MR/ RBE, ERMNZXEFED, A THHYM
EKEBEKTHBRSRULTRENHKTE. 5B
5b,PO; " -P RS B H B 7/ RICR &
B, MABRKTPHBHTEREER K FEILY
HEGRUBREREREE, \TMEKTHEY
Xt XL A B9 BT BB HE , 35 BR b fE 5 4R B8 T R WA
FIEBE 5K BB B — /NS4 20 AT X
WL TFEARREMREEKEK, BFERR
MAEWEKBRHIHEFRTEE.

7E R K A A M R FH B B R = 918 L
T RANBRUREBAY LB KPFNYH
EBRBER-FEFITTHERE B TREY
X BER TR BHR/D, ZEAK S HIN 20~ 30pg/L #
BUUHEMAYRNTR MESSF AN R
BUIREIRILZIN KT ER +4F
UL AR R MBI E AR T HAE
R LHEARFI W, B4R KK R, XK T B
BIRERY, MhIEM A BB H KL TG %k
BRETIELBAEE, BRE 2L KN EBES
BEAIHBAEF(REI).
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%23 RMERAEARSTREERLEBSE
HAk SRE(TP) & /pg- L'
Table 3 TP in the raw water and the effluent of

conventional treatment following bio-ceramic filter/pug-L ™!

™ BF-A+ ¥ BF-B + ¥
pwy BEABK Cumax  BEBEX ik
1 26.3 4.3 50.2 4.6
2 25.4 5.9 49.2 5.5
3 21.1 4.2 48.7 4.4
3 i

38T 43 R B B K B SR K K R v s o %
Ja,JRK K BRP #£ & 50% ~ 65% , BDOC 3 fin
30% —40% ,UEBA T R K P BEXT F 41 B A K
B BR 1 B3 F 1 FH . 7E A= 9 B8 kL 8 i B9 2k K R R
n 25pg/L B PO; ™ -P J& , 4= Y7 B br 3% 3 % JR K
th COD\MEBRFEFHERET 4.7 T4 51,
UV254 #1 TOC BMEBRFLHIE® 3.6 B4
B S5.7AES A RN REKT S, S nsE
AR EA B R KRR ERR
.

2R UL B, 7E7K ToK AT 44 B A A
BB Z R T KR EmMBE, TLUIRR
AP AN KPEVIRRBRRE, HLH
BEREDHLAHEMETHRRMET &
7. A5, FELK K b 38 O B2 B K B R 9 K R
SRR BRIEEEAEN T H FRMIEIR.
ARG R R IAMIEF LT RUBEOI,
BEE R Kb B 2 WK E MR RERAGE
B ATHERATEBRERAKSLBE TS
BPENEAREZREL, FHIRRELEYLRE
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