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Abstract

In this article, three kinds of common agricultural waste straws are used as materials, and the eu-
trophic water body of the outer ring greenway in Minhang district of Shanghai is taken as the test
object. On the basis of in-situ remediation, the removal efficiency of nitrogen and phosphorus by
three ferric chloride modified products of straw biochar is studied. The study found that the phys-
ical characterization of the three kinds of straw biochar changed significantly after modification
by ferric chloride, and rice straw biochar was the most notable one, as its surface functional group
richness, specific surface area, porosity and pH value all changed to some extent. The results of
in-situ remediation test show that the three kinds of straw biochar modified by ferric chloride are
able to effectively reduce the concentration of nitrate nitrogen, ammonium nitrogen and calcium
superphosphate in eutrophic waterbody, showing a good remediation efficiency of eutrophic wa-
ter body, with rice straw biochar displaying the most significant improvement. In conclusion,
straw biochar modified by ferric chloride can play a good role in the restoration of landscape wa-
ter systems in small watersheds, and provide a low-cost and energy-efficient alternative to im-
prove the eutrophication condition of urban landscape waters.
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1. 518

SR JCHGE SRS IE AT Tl A, ARSI B E IR oL H ™ (1] [2]. BT
R, W WAYERS WETEE. MYBERESE R s S Gk, DB
SR BRI AE R . AN I4ED A RS — RS 3] [4] [5]. PRIk, B MhmlRRE A4 2
MRRRABEE MR UL 10 45, AEWPRIEN—FMREG2 fLIEVER AR, #Z B T8 B TR R AR e R
ZH[6] [7] [8]o EMImRAIE iz, EEHRARNFEAT R FFMA PRABURR IR T A, d1 T AW il 46 i T
SR B SREIRG, WA R E LN, ERERIR -, B TR E IR RN, AT KR
KB RIA A AFRBE PR B 2L [9] [10], BRARABE R, Kk, XA BT P R
oAb,

XHEP BRI H A TE SR BRI IAE DUR = AN 7. 1) BEEY R A, L AE
oYt EAHE R ARV S [11]; 2) INAEYR FLEE KR DhREVE B RE LA -2, 31 e [ Y 5 o 2 i i
BB EREAI[12]; 3) HINAEWI R R 1L fAr, FRARZEIR pH, B AR KR pH DU s B R RCR[13].

BB S EE AN R R REAT v 2R W (0 SR A 0] BERCR B TE, PRI, AR ST B Al ox I AT 3R
FAOW R FFAEFF AT JAC RS, DA A /N S0 IR KR R B 2 70, B3 iy s /i
SRR SR TR AE 46 7

2. MRE7%
2.1 FFRIBESEMIREIE
KRG NEREFT R E IR #A8 FL1(31°62'38 N 120°86'30"E), T KAGHT K £ V1. 76 J 381 iy v [ o}

DOI: 10.12677/br.2022.111011 82 )5


https://doi.org/10.12677/br.2022.111011
http://creativecommons.org/licenses/by/4.0/

Rk, &R

B 4145 AR A0 1 (28°27'36 "N 117°07'28"E), A R N 4 UWCEIE SR FT, LIkt fa L e
A T 5] 3EAT [ 52 2515 (400°C) N IREUB AR N T = FhASFFAEW R 905 MK RE(R) ZNE(W). EK
(M).

2.2. Wkt

FERYT I A R T, S 80 HIfik M s ALk, HERFRI— & I &t i i 0 2R o =i
1 mol-L™ [ FeCly ¥ (k% i #: HoAy 0.56:1), HLARHEFEIIA], 4 105°CHET 5 B A KA 5 3l 4 v 400°C
FBbe 2 he FZRTBR/KIEVR R M, BRI RSB SU Aok, — P E AR MRS FT AR WDk 5 /KA
(RC). /NE(WC). Ek(MC).

2.3. EWIRBACE BN E

W Ewm pHy LR SALEHR LR, fUARRL LR, PR, PI%E. pH
ME: 0.5 g EMm T, IAEBETK, +sKE N 1:20, $#E% 10 min j5#E 0.5 h, {5/ pH it
ME . AFH TR HriX(Vario ISOTOPE CUBE)MI AR 1) Cv N H & i X $Zk6E1E 4% (Horiba
7021-H)Wl & A=W 1) O Fr & o A R LU 3 T AR d ik B 2R AR I s 4 (TriStar 11 3020 Version 3.02)#ll5€ - A&
VR FRTH H e A1 4546 38 5 4 B AR e 21 AP (Nicolet 380) 73 BTl & -

2.4, INEIS R A EIRIE

R I XAT X AR SRIE /N SO KB AT TR RS, 75/ MRS AN b1 B 3 FioAS [ Se A= P ok b 2
KA E FE BT E AR B TR A E (A 1) E 1(b)), BAMIEAEDZ 20em, & 1.6 m, BKEE
291.0m, JEHHLNJEIRREL) 30 cm, FFMHEBEEHEANSIEAEDIR 5 kgo WAL R BRSMKAEREAT
PR HR(RC) NERERT ALY R B FE(WC), FRAEFT AV R AEFE(MC), #4701 A, 3 RARKIENL
SN R /NX B Ao AR E 1), E 1(b).

] = KIS R898m?, YRIE 1.6k
B AN KA AL,

W HR s g R

B AR AT X

(@) (b)

Figure 1. (a) Test area and point design (blue area is the test area); (b) Engineering design of in-situ remediation soil leach-
ing column
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2.5. RIRSREKFEZE M

pH. COD. #A&%. Hff. 25 R 1d. 4d. 7d, DL, B0 3 RRERBER L
JZKEE 100 mi, A [EISEEG S, pH SR pH iR, COD R A HQ (F15 R datb 2 W G471 5, F8
RMRBOLIESER G, SRR 7 G AT B A B AT, B & 1 K@ G BETH#E4T DOgoo 06
FEM

2.6. IR

P ses 2/ b E T 3k, SREBRNPIIE £ FrifEZ(SD). K H OriginPro 8 Fil SPSS 18.0 X ¥z idt
1rgeit Kl B

3. &R
3.1 BRI

SRS AR IE DU A S ) Bos BB HIR AR M, KRG AN FORFEFF RSO E AP 85
AROPE EL R AR 430038 0 12.85% . 8.41%- 8.07%; T FLIHIAR 70 534 1 14.05%. 19.9%. 10.06%; HfLIHI
R TALARAR L PR FLEE A 4R T o, ST/K R R f K 91350 FE 43 Sl 34 0 24.14%. 20.78%.
21.43% (03 1 fioR). (E=FhichEEmRd, HA KRR % 8 KT 1 glem®,

=EFFREF AR 20 SRS, pH SR IK, KRR EYIR N E, FRIRL 1.7 A Bhr, /b
F 5 EKEYIR pH WA FTFE. AR 7, C ARl BEIK, FRIEELAE 5% A, N &E
BRKFREAREAT 2 4h, ok 2 Fisba ATk, H A1 O e BT s, SRIC R B m2) 1% A7 .

3.2. BUMEEIIR FTIR L9

it e L P AR L AN I SE I = A SR A MR B A AR AL 2 B EE S R R AE AR Y
TR (K 2). 75 3400 % B, 2800~2950 I Bt 2200~2400 # Bt 1600~1700 I, /KEEFEFF AR A
BRI A, AR 400~500 B, 1000~1100 B L, NEREFEA @il . 3400 P B i
BRIy T IR B G0 £ (W W 0 -OH 4 A2l SHEE[14], I KR ARS AT AE VDR A £ & (10 H.O B RERISE .
PR 2900 A5 PRI ISC I Ay i ek B R B e -CH RI-CH, X AR S AERT B4R B 51 AL, = 1EHAL Y
B AU, FFICHIR 2R . 1600 Y BRI A AR BT BRI AEIE X, =R B R S R
IEY. TEAAE 1000 247 (WSO N . TE. BEE C=C 45 X -OH T #hE R Al A i,  H5 Rk
JiA K

Table 1. Physical characterization of various biochar and modified biochar

1 BXREMREZMEEMIRIIERIE

R RC w wC M MC

EL 2 TH L mPlg 49.71 56.1 39.86 43.21 42.23 45.64
MALTER m?g 24.98 28.49 19.14 22.95 21.06 23.18
LA mPlg 17.88 23.89 12.57 15.87 13.57 15.32
FLAERL em®lg 0.038 0.041 0.031 0.032 0.029 0.033

AR cm¥g 0.010 0.011 0.009 0.017 0.012 0.011
FEIFLAE nm 3.56 3.32 3.29 3.51 3.15 2.98
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Continued
FH#E glom® 0.87 1.08 0.77 0.93 0.84 1.02
pH 5.21 6.93 6.13 6.72 5.89 6.45
N (%) 0.69 071 0.68 0.62 0.73 0.65
C (%) 54.25 49.13 56.78 51.86 59.21 52.37
H (%) 3.15 4.26 3.31 3.98 3.33 4.17
0 (%) 6.57 7.92 6.78 7.53 7.01 7.44
1000 .
5 g . ; )
™ 60 a - S ‘
501 /9 g
| g <
40,
4000 3000 2000 1000
B

Figure 2. Ir spectra of three modified biochar

2. ZFhE IR AL SM I E

3.3. 7k{k COD ¥ &

IR A 75 S (COD) & it il 5 MR 1R 14 A% . 7R 28 16~19 RENAPAPIRAE(E 3(a)), Fifit
Y] DUIE 25 PR COD IREE, PRIREES5H21 50%, 437 F#1K 45.6% (RC). 43.5% (WC). 40.7% (MC).
= BB A R e 6k BT T USCIR 2 PRI 43 i) 19.21 # 0.24mg-L ! (RC). 20.76 + 0.34 mg-L™* (WC).
20.83 + 0.33 mg-L * (MC).

3.4, KIFESA LR

IR EEASBU(NHG ) 25 Bk B0 BRSSP B B K 35, =Rl A P e B8 AE 56 16 K /e A7 1k BRI
BRRAS(E 3(0). 40 B E % E B MRE R NH; Wk 4bF 3,53 £ 0.19 mg-L™* (RC). 4.08 + 0.28 mg-L™*
(WC). 3.93+0.15mg-L™" (MC), 7Kfk NH; & gk %] 39.32% (RC). 19.74% (WC). 27.41% (MC).
3.5. IK{EB AR

IR ST (TP) IR 22 B = A e A W A T 22 5, RC ALFRAE S 10 Rk B ERIRAS (K 3(c)), &
F4sE7E0.138 £ 0.009 mg-L Y, & F KT WC 417 0.203 + 0.007 mg-L ™ 2 MC 4- ¥ ) 0.197 + 0.008 mg-L*.
AN AL BRI BEMS BB K AR TP W 4E AR T 0.2 mg-L L fiiE . RC ALFRHA Eb WC A1 MC Ab FH B Bl (g%
G- 1 B I
3.6. 7K{E pH TAL

JKAR pH 2L FF 5 5 B et AR B & pH 1 5E (K 3(d)) . K EWI46 pH EALT 7.93 £0.19~8.15 +
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0.23 X ], et AEYIRALEE, RC ALFRAES 16 RFFKE 6.56 + 0.23, JF1EFH 5 R W N fa e 7
IR PEE . WC FT MC AL H 3 3] B pH £ 0.7~1 /4N BAfr .

55 NH4+
—A—RC ——WC —8—MC
5
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Figure 3. The concentrations of COD (a), NH; (b), TP(c). pH (d), Mean + SD
[# 3. 7k{k COD (a). NH; (b). TP (c). pH (dikRE Lk, FHE + tofEE

4. ¥ig

RN B E TR R AAE E ISR 2 —, (AR A K 4 B R O R, % UK,
ANREAR G 1) B F BCE U T VR P AE TR, DR s R AR AN i s SRR P R S5 7 T2 I [15] . AR ST 45
SR B S AR SO AR R T DU SO I AR Y R DB, AR T TG R, IX T e TR B
FEFALBR A I Z AN ST IS AR B S 8. 2 W L R AR E G T S A B AS B A, 7
PEAEYR & R, RIS, B R A R A R T E R R A RS, AT
PEm YR PO AR E M . B PRAR 16145 K A R L0 AN BRI, iR R Ak T DUGE K AS A o
-OH, -CH3, -CH,-, -C=0 [HR A4 &R, X 5AH FTIR G5 AH EAEUE, B H 170k R
FEAPIR I S EIE 73X — W o MDERRRIE 52 A T S A RAE AR IRV, B4R PR 110 BH 12 25
T WTECEIKAR pH, TR 2 AR K AR S R 3 T AR AR

BB RGBS BTN FE IR R, &2 WA RS R IUKEE R A, SRR
L E G R EVIRFIH A S 2 LA REE, 75 B A R YA S RN . S5 B [LT] I

DOI: 10.12677/br.2022.111011

86 )5


https://doi.org/10.12677/br.2022.111011

Rk, &R

FRIVNEREATEYI R G R OG G, R E RS AR B3, KRR AW B & i 2L ik AR R
0.521 mg-g™ LF+%E 10.1 mg-gt, A FER UL H,PO, N EEL SRS . 25 =181 R KRB
ERAEMRE TSNS, TERT UL Fe-O N EERMAHM B Re L, KIESE M 73K AR %
(I B R, fR AT LA R 1.747 mg-g™, EEIRPR T ONER I AES — 2 50 T 22 M . BE17 5 N 1
FRIFETE YR G =P E RS E, FLBREE IR & 2.8%~319.2%, X RS EUM B KW P e 771k %) 8.82
mg-g ", FTIR ZLAMGIEIEN T H AR T B G ) S 1.

S AR B E TR KB B RCRIE R A 2, Hort, pH AR 46 00 70 31 2 B iR 2 % [19].
FES T SO, KRR RIS B3R FEORIE T @ W A RS g, O SO K AR %
YESS, fEEEFRWVIN, EB o RmVRIR RIS, RS YIRA R KRR R BE, Hi/NARIEE K
RISk BAR L K, pH KT T K, R0 M BTG BE I A m K AR IR G, A=
B S 4 AL SR PR [20] 0 S5O AR R B T 3R T 5 P LA B RE A IO LE, 3 S8 ) pH 38 B 1 R R
TEARAIR BRI BRME . A SO, =M AR R & SRS E A BURM pH 5l #NK
WX, AR BWRE s E IR KR B R BRIt PR 5 4 A g i M B SS R P, DRI L RE S B[R] 58 i | 8 TR AL
IKARHIEE

B EREF 2 B A e B e e AR R B TR A S 2R BN, LR R I Sk MBS 5538 7 %
AHANE, ASCH, FKFEREFTER O A= R A S 5 (R U 22 B Ak, FTIR R RS gkt s, AT
N2 AR B RS54, $0A 5 s i FLAFR R LU R T, X AT AR BT /K FEREFT A% B S mti B A 1
M5 5.

5. &hig

1) WBRAL L FTIR ZL5h o #r, RUIGE @Akt e, = FhH WAERE RS AT A B AR DA
AMAELER AR FLBRE BRI, R 5 1R RE M 454 o

2) JRALAE LRI EIE T =M SR M AR W 140 e 7s H BT PR SR8 25 Rk, KRB R AT et A
PRSP JE BRI pH BEIN 2 JT iR T B BE R 45 H M BRAL, B oI A B R E .

3) BRECIERSFT AW R AT LA A AR SRR T /N AU S = 8 TR AR R IR B R N & ik b Rz —

E&WmE

b AR A A BR A w) S RHTIR H ST SO0 KIRAE YR A ) 6 1A R G R BOR K M
FAHFF 55 (19JCSF-13)
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