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Fig.1 Schematic of the circulating water tank

1.2 £YRAEMNIELERNNE

A W) T SERLZE R, B B4R 2 3 em B
TR, 840 BIF S Bk A, 12 200 H 5 ; Bl ALY
R A E AL 3 em (BRA , LRSI RIS HET
FAEE, AT HOHE AR 5, T X

LRI X I 2 S GIEGH1T 24k
SEIRAT ST 5 0 PR S G e B R TS A
s SEURE B 3 (8 T 42 B 3l b SR AR S AL 2 A
A3 B A 0 o EUR A A 114 L 2R T AR B AL o
1.3 EYBRRERSKENHTRR

SHARTEE ) R ORI VR OK BE D, B T 0
T4 ASEE S 1 O AW B R R R
S B 12 4 500 mL BEARSF A A BLC.D 4 4,
LB 3 AT, 1 AR TP 8 1 300 mIL AT
157K (SRS s & S A s il s AU B vk o 4
mg/L; 38 1 Wl R — S0 4N {6 1 W 1R 3h T i vk
0.4 mg/L) B TFEK(25 °C,60 r/min) FIEH. A
R0 BRZRL , A= W) 3t e EURHIRS N 2 2% X3 HE A o
WERESTI ' SEI A LR R I L3R 2, % UK
s AR W 7 e Ak W I K R i IR
(Temperature, T) .pH . H 5% ( Conductivity, o) .
22 ( Total ammonia nitrogen, TAN) | 51 % ( Total
nitrogen, TN) V& fift P4 1E #5152 £5 ( Orthophosphate,,
PO, ) 1.5 # ( Total phosphorus, TP) , BL{&J5 1
JUE

x1 KEEFEUERZE"

Tab.1 Determination method of water quality index

JK B8 #5 Water quality index

M %€ 77 15 Determination method

T.pH.o
PO,*"
TP

NO, ~-N
NO, " -N
TN

TAN
ALK
COD

JHAKBGI A YST BHDE SR BT
BT
AR
P YNG9, 1)1 27
PY AN /5) 55,1 27

I BRER AR AAL- SN OOL 5
2RIk
PR TG 5 13 78 0
o R AR B

SEU 2 Oy A ) T SEORL A ) R 2 S e A
S SER R 12 DRI KAR 0 ABLC.D 4
A, BB NPT, A AU IR MRS T SE 5
LR A LA IRV B IR I 20 ¢/ L, %%
IR 20 FAKHI 30 L AKK, £
JEERE BB (3L 58 d) 2 I 43 Jn S8 A B A 2 /L vk
JEGREF 10 mg/L IRII/NIRFT (L FREF 150 me/
Lo YIRPRMEARN 2 500 1 24 o e vk L o AR AR K
SPIHAL T AR E ARSI, U I AR MR A K R
BE1S °C Fe AT, #e BEOK RS Bl a2 0y 3 A7)
B SR 4 me/ L YRR B % 25 W I, A
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Tab.2 Specific settings for the biochar substrate experiments
A= W) o e SRR i
LIS A4 FR o RSN Addition of substrate/ ( g/L)
Experiment name Device Experimental water A4 B4 C 4 D4

Group A Group B Group C Group D

R BB R RIS 4 mg/L HRNT

Pk
Nitrogen reduction experiment of the biochar substrate 500 ml. 4 J5K! 0 5 15 4
AW B SEURHER WS 45 , 0.4 mg/L &BENT
Phosphorus removal experiment of the biochar substrate 500 ml. Beff Bk 0 10 15 20
A= BRSO A W IR R S R AL TS I SR 0 4 mg/L HRNT
Experiment on optimum addition of Ammonia nitrogen TEHKEH w3, 0 5 10 20

in biofilm on the biochar substrate

B 150 mg/T.

TE = L. 7K R R S B o) K (AR R e e O 4 g/ L, S35 RN LTS 7K 5 2. AR RN 1 AR — S b o) A e 1
FRER BN 0.4 me/ L, flTR S BN TG K 3. F KK AP B 2 AL SR R R R B R B 4 me/L Gl BN IR T K (A
JE2 150 mg/L, il #53E AATI5K.

Notes: 1. Add appropriate amount of ammonium chloride reagent in pure water to make the water ammonia concentration at 4 mg/L to prepare
nitrogen-containing artificial sewage; 2. Add appropriate amount of sodium dihydrogen phosphate reagent to pure water to make the water
orthophosphate concentration be 0.4 mg/L, to prepare phosphorus-containing artificial sewage; 3. Add ammonium chloride reagent to the tap water
to make the ammonia concentration of the water body at 4 mg/L, and the sodium bicarbonate to make the water alkalinity at 150 mg/L, to prepare
nitrogen artificial sewage.

£3 ERXILZEREEE

Tab.3 Specific settings for filler comparison experiments

20 /L HOEHR A

S SR 0 Sz KA Types of 20 g/L filler added
Experiment name Device Experimental water A4 B4 C4
Group A Group B Group C
] L =7k 7 ST — e
gi[[ijr;r\nt‘tl{l%zﬁjlkhje:{Zf;ii?ifﬁﬁflerem fillers in purifying KA y Tg/L FAALS 7 MR BE AR
ficial scw KT BRIE 150 me/L ok} P
artificial sewage
ENCIREERE e 2 R O 4 -
Experiment on the effect of different fillers in purifying pond  fFFF/K 4 3 FEF 15 K Jc RS B A

wastewater

Bk #

T 1 R AR A ot S A B R (R PR B U B R EE 4 my/ L 35 45/ IR T RDK AR A 150 meg/ L, il #4535 RA TG K

Notes: 1.

Add appropriate amount of ammonium chloride reagent to the tap water to make the ammonia concentration of the water body 4 mg/L,

and the appropriate amount of baking soda to make the water alkalinity 150 mg/L, to prepare nitrogen artificial sewage.

SCHG 4 A [RISEORL A IR B 15 K SBOR S5
SEG 3 SR BROKAR S S KA, R A
WK (AR 1. 47 mg/L SR 0. 14 mg/L fiff
A.0.14 mg/L B 2.07 mg/L {2274 E 22.09
mg/L), B A i 2 I, 0 Ak o T A R
( Chemical oxygen demand, COD) ,

R AN

Vi = (G =€) /1 (1)
Vi AR RGER ,mg/ (L - h) €, N5 ¢/
AR R ; C, AR IR R R R 50 BT
A1
1.4 HiEsH

SER G R AT Excel HEATSEHE, 52 80 (i

F-BE + FRifE2E (Mean + SD) JEA 7R, By Origin
2017 A7 LK 44, ] IBM SPSS Statistics 26
1T ANOVA FLK 2 Ty 225047, P <0.05 Ry 2 57
PE

2 ZERAI

2.1 EYRREMNELER

HRAE X TR AH S BT 4 SR 456 X B9t
i T s B B A P T R SR B 39. 3%
1) —EALREFN 31,1 % PIRRIRES (£ 4) , i85 A b
SRR R FE ALY

x4 EEUFERSRGE

Tab.4 Main chemical composition and proportion

EE% . Si0, CaCO4 (Nag ¢sKg 14) (AlSi;0q)
Composition

Sr0, CaMg(CO;3), CaFeO;  Sr3Fe,Oq 55 Al, O

i b Proportion 39.3% 31.1% 13.8%

4.7% 4.0% 2.8% 2.3% 2.0%
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e P AE A B 5 B U MR A AR PR A —
Ho WRRMAEBEHSZ AN R UKL
AR IEAR B 2(c) 1o SFHZRUKIRFRE
7£20.02 ~22.23 C, SXIAM L, LR AN
pH ¥4 fr BT AR (P >0.05) , WA 2(d)
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S,
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B} iE Time/h
(d)

A AN AR R I B 2. AR RABRHASINE 5 ¢/ Ls C 2. AR RARBURHAS I 15 ¢/L; D 4. AR ORIk

Ui 45 /Lo

Group A. Control group; Group B. Group with 5 g/L substrates; Group C. Group with 15 g/L substrates; Group D. Group with 45 g/L

substrates.

& 2

EMRRENBEEEAIEPER(a) 2E(b) BRE (c)# pH(d) HZETL

Fig.2 Dynamic changes of ammonia nitrogen (a), total nitrogen (b), electrical conductivity (c) and

pH (d) in the ammonia nitrogen reduction experiment of the biochar substrate
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JRCA TE WA TR £ R0 e o A 2 I 1) 2% A
THOLINIEL 3 PR, S50 4 (B .C.D 41) M IERER £h
LGB J S 3 e (R T X R (A ), HL
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s AR . 7245 120 h i, B C D 4 IE#ERRER
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S S
N 3

IEBERR AL R B IR
Mass concentration of
=4
w

orthophosphate/ (mg/L)
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BtE Time/h
(a)

EBEREWRE
Mass concentration of
total phosphorus/ (mg/L)

LBRFIM 09 80. 15 % 89.95 % 94.12 %, .
o G R 7 A A 5 T A R o kT A
HAR—3, SR I TR KT DR R AR E A 21, 22 ~
22.89 C.
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3

S
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0 20 40 60 80 100 120
] Time/h
(b)

A AN BRIFR R IR s B 4. AR BORSEDRHAN N 10 ¢/Ls C 4. AR Y BRASERHR N 15 ¢/Ls D AL AW B IA

BHA I 20 ¢/Lo

Group A. Control group; Group B. Group with 10 g/L substrates; Group C. Group with 15 g/L substrates; Group D. Group with 20 g/L

substrates.

B3 AYRAER BRI R IERERL (a) ARBE(D) MEIET
Fig.3 Dynamic changes of orthophosphate (a) and total phosphorus (b) in

phosphorus removal experiment of the biochar substrate

2.2.2 YR RIURH A YIRS AR

LR WM T R, SCI A A 2 [A] R A ROR
25 (P <0.05) , % B4 2 2% = IR IF 6
H ST A T S5 3 2 e 2, 0 3 46 i 2 ) Jo e S}
IR R F S (P <0.05) IR TR
AR G AR iR e [ 4 (a) ] 7E5E 14 /D
Bf, D R 2B R IEE97.37% , FE A R EF L
$0.29 mg/(L - h), %522 /N, C 4 KRR
5 96.95% , B R LK 0.17 mg/(L - h), 4 30
INEE B E R AL F] 97.75 %, HAEL N 0.13
mg/ (L« h),

M4 (b) BT LA H b HE2E 0l e vk
T AR Ak, Bifi 25 52 56 21 0 60 TR R A R AR

X ROEFD IV i S0 A J3E 4% STG T v 8 e (L PR A1
FHHZ A ZEF L (P <0.05) . SoiE D WA
Bk B AESS 10 /N TF 2084 (3. 92 £ 0. 30)
mg/ L, SR R, 7E5 26 /)N i 2= AR AR K P
JERISREE . #E C.B B 22,30 /Nt
TRV TFUG T B A 5205 R 19 22 A
Bl 4(c) o, 3t AR AR E , LB 2 Rl BT,
D HAERIRIE(E R R E o A4 R
NFRETE3.89 ~4.92 mg/L, TR EZEER (P >
0.05),F4(d),

£ b FE W BORIECRHAS I O 20 o/ L i A=)
NEE R RSORS00 B P P B (I 48 T
i, I UG A SE B 0BRSS It 427 20 ¢/L
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SED 3 rus X5y
85 i § 5
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®5 g 2 58; 5 n=3;SE
%] 8 0 5
82 4 28
1
0
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
BIE] Time/h B [A] Time/h
(c) (d)
AL AT BUASERH I X TR s B 2. A BAIECRHES N D 5 ¢/ L C 2. AW BOAIECRHER AN D 10 g/Ls D 4. AR B SRR}

BN 20 /L,

Group A. Control group; Group B. Group with 5 g/L substrates; Group C. Group with 10 g/L substrates; Group D. Group with 20 g/L

substrates.

B4 EYMRIGEHEMEESESMAMEIBFER(a) JTHE (D) HER(c) MEE(d) HHELK

Fig.4 Dynamics of total ammonia nitrogen (a), nitrite nitrogen (b), nitrate nitrogen (c) and total nitrogen (d)

in the experiment on optimum addition of ammonia nitrogen in biofilm on the biochar substrate

2.3 AREHERNEKBENHERR
2.3.1  NTI5KEBCR 1 H A
WE 5 (a) s, £ FOR IR B8 LT 0%
A AGRP L H Y BT X IRAL (P <0.05) , 52
65 21 S U e VR P Y R B ATOK T JE PR R -
55 14 /NI B IS A L BRFIAF 97. 37% , 54
RHEAEZ)H 0.29 mg/ (L« h) ;55 46 /i, C 4 %
%5k 5] 95.69 % , %2y 0.08 mg/ (L« h),
S 2 Vi 280 et v B ) A Ak R A3 O o
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Thes B 1 AR, 45 2 2 ) 22 5 3 (P <
0.05),85(b) . Joi B 2B AF 2050 vk BE 7E
55 10 /NI T (R, AR5 TG T R, 75 34 /)N
R BRI RS . 13 C 417E5E 34 /)
o T2 I e S 6 2 i SO R RE 2 A
B XA W EJH(P <0.05),B A7E 5] kg
AR RFFRE, B 5 (¢) o A ALER PR ERE
TE3.74 ~4.69 mg/L, TR FEH(P>0.05), K
5(d)s



2 #9 SO A P B A ) S SRR A B R B A 1 e 435
5 —m— A% Group A —e—BZl Group B—A— C4 Group C 5_4—A££erpA+BéﬁerpB+dﬂerpc
N 4_
<2 52
w58 ME
bl e 3
nﬁg% ﬁggo 1=3;SE
&8 HEE
“go‘ﬁ Mo-.—« |
®Ec g8 2
BoE Eos
[} %UJ--—!
s :
o 45 1t
=
Q
+ _ E . —— T &

00 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
FFiE Time/h
(@

= A%H Group A —e—BZH Group B—4— C4H Group C

HEREIRE
Mass concentration of

nitrate nitrogen/(mg/L)
w

2
1
00 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
FFiE Time/h
()

00 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

B} E] Time/h
(b)
6 =A% Group A —e—BZ Group B—A— C4 Group C
5.
B
N
mEE 4f
X%
Nﬂﬂgé" 3t
R%(%E ; n=3;SE
1 S -
‘%?‘S
48 |

0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
i} /8] Time/h
(@)

A ORI AR IR B 2. BSNAE W) BAIRORE s C 4. BSINERAT AR

Group A. Control group; Group B. Experimental group with added biomass carbon membrane rack; Group C. Experimental group with added

gravel and quartz sand.

BS5 AREMNALSKEKEROMAFER(a) , TRHEE(b) W& (c) MEE(d) HBHEE

Fig.5 Dynamics of total ammonia nitrogen (a), nitrite nitrogen (b) , nitrate nitrogen (c) and

total nitrogen (d) in the study on the effect of different fillers on the purification of artificial sewage

2.3.2 G KRR 1 H AR

Xof HE AL ) 2 280 0 2 VA IS ol T R R AR £ 5
FaGE , AW i e SR AR A A7 i AL PR R
RORZE S W3 (P <0.05) PR A AN B>C >
A AW A AR WAL R, B 6 (a) .
B C W 2 %2 2800 it vk B o 2 A RIS ARk
FFE ] 23500 4 h F10 h B2 58 R Bk
0.35 mg/(L - h).0.13 mg/(L + h), W i
R E TR

Xof HEZH TG HH S 72 A, S 56 201 il 26050 o vk
BTt e Bk (AR G IR RS e, 4l
[F) 22 5 4 3 (P <0.05) [/ 6(b) . B.C 4 Lfi
RUTTR VR B A3 0 FE SR 8 /INEE 14 /N T F A

SRIG VT B 755 18 /NI 30 /NI R AR AR K
IR RR AR E o S50 A A U R MR B R R
FHR G R e Al R 22 2 B 3 (P <0.05) , &
6(c), B MmAFRBWREREA1.71 ~2.58
mg/L,TGREZER(P>0.05) 8 6(d),

M6 (e) ATLAE i, S50 4% 241 Ak o
2R E (P <0.05), XHRAFELE(22.47 +
0.33) mg/L, B2 42 /N, B 20 N H) 45 1Y
(22.09 +0.28) mg/L %} (20.64 +0.57) mg/
L; C 20 W IR Y (22. 46 £ 0. 28) mg/L [N
(18.66 +0.23) mg/L, C AMFEIRKTF B 411
R o
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Fig. 6 Dynamics of total ammonia nitrogen (a) , nitrite nitrogen (b) , nitrate nitrogen (c),

total nitrogen (d) and chemical oxygen demand (e) in the study on the effect of different fillers

on water purification of breeding wastewater
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Study on the capability of the new biochar substrate for nitrogen and
phosphorus removal

SHI Wenzhi'*, JIANG Haofei'*, LI Kang'*, CHE Xuan’, LIU Xingguo®, LIU Liping'*

(1. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China; 2. Centre for
Research on Environmental Ecology and Fish Nuirion of the Ministry of Agriculiure and Rural Affairs, Shanghai Ocean University,
Shanghai 201306, China; 3. Fishery Machincry and Instrument Research Institute, Chinese Academy of Fishery Sciences,
Shanghai 200092, China)

Abstract; The biochar substrate is a new type of filler. In this study, we detected the physical properties of
biochar substrate, and investigated the effect of adsorption biofilm in treating artificial wastewater and pond
effluent compared to gravel quartz sand group. The results showed that: (1) the main components are SiO, ,
CaCO, and other carbonates and oxides, which are non-toxic and harmless, and the specific surface area of
the biochar substrate is large (8.92 m’/g). (2) when the water temperature is around 21 °C, the more
substrates added, the more significant the effect of reducing nitrogen and phosphorus. When the added
amount was 45 g/L, the removal rate of ammonia nitrogen at 159 h was 91.58% ; when the added amount was
20 g/L., the removal rate of orthophosphate at 120 h was 94.12% . (3) at water temperature around 15 °C,
when the addition amount is 20 g/1., the ammonia nitrogen reduction effect of the group of biochar substrate is
better than that of gravel and quartz sand, but the effect of gravel and quartz sand in reducing chemical oxygen
demand from pond sewage is better. In summary, in addition to its own ability to reduce nitrogen and
phosphorus, the biochar substrate has a stronger ability to attach biofilms, has better water purification
capabilities, and has a good potential application.

Key words: biochar substrate; biofilm; substrate; constructed wetland filler
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