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Spectroscopy and Spectral Analysis
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0.45 5 0. 22 pm FLAZEM MK EEG IO IR, LT H
B-id g5 818 BC DOM ZE—FM TR &Y, TEHEE
BT, R ARSI B L A 2 RS R RE AT

C—C, —COOH, —OH Z)*, H4r 78 4 fi U Fl #%
JE L R AGAIR BC DOM BIFREETT R , A5 B %t Hor 141
JMZEFHEA T RGO, T3 T8 1943 o i PR AE 2 %o
FREE DOM 320 R UL B — Bl A a4 B8
DOM 43 T4 )7 ik 5 547 B g AR R (g, Hop
AT U TSR TR AL o B R R GERAEAT 5T,
DEETTZ N T R BE KRS HEARTY L BROKT . KR
PMe.s " DOM 43 FHE4 50 1 43 G B RRAE . SR H A
T BC DOM ({43 F 4143 B AH R 52 L s A, Rk
ST BUEFH R BC DOM 4> F &4 9E i MR IEF R B A
T EBEMRIERE X,

AHIFFE AT [ 77 2 5 K A R ARl 8 5 -RE AT (RO
WA (PO A IEEL , 43 3IFE 300, 400 1 500 °C 24 i ik
&R e, B AR AR EAS 3] BC DOM , BEG
BIERARANE I >5, 1~5 fI<<1 kDa =M/ TRYMHY . R
FHEAHUBRATAL, SHM-1T WS, =4k 5 k1% -F
TR TR ZERT BC DOM K H - 443 1) 5
ik B HEA T R G, A SOK A BTk — 2 T f# BC
DOM (95> TR H M AEEFFRIE , A UHERG AL BC DOM 3
BiAT A AR T SR A .
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1.1 HREHE

VIRERE RS 2 A AL W Ry il 4 2 W e ) Do, R
AR IS, S FER A M)A JE WL w5
WREFFZ A RK GG SRR A RESE ARART 2 d,
TE 75 CRULT , AL , 1F 50 HifiEamE48 s M.
KPR A THRE AR A E sl . BRI« AR
20 g FHAEY TR GG, RS0 B, JF S At
JETES SR AR A . e A TRLEE 4390 S 300, 400 Al
500 C, FHRRHERH 5 °C « min ', FREEEY 4 h, AR
HMEZRG , BRI B, i 100 B 55 439
BEMRAT . RERF RGP R S 2 BIARIE S RXORT PX (B
X AR R AL IEEE 300, 400 F1 500 °C),
1.2 DOMIREIRBIRES AR

R TS 03 B A 38 A BV EE (W /v Ot A e 5 B 4l
KIATIRE , O T HEERED# , 7630 °C, 150 r » min
S TR 24 h, SRIGTE 4 000 r » min~' F &0 15 min, F
TG 0. 22 um K ZRIEML , SIS A% DOM | F]
FLEA HLER 73T AU DOM (9 A Al (DOCH AT
W

K FH Millipore-8050 U JE AR X A= 4 ¢ DOM #4743 F
DR, BIEFIHT , B DOM i) DOC Fi B =E 20 mg -
L A AR I S % . B30k (11 ], Bk 2%
A HIA0 mL DOM & FREIEM P, Bot@id 5 kDa i
UEHR , AB YRR BN 8, 43 B AR ML e 4 R T

W, FBIE A E 40 mL, i B Ry ok bR SR It 1
kDa , WCHE e 4 R IE W, A58 DOM #Y 3 Fh 7 T 2%
By, AFE>5, 175 FI<<1 kDa 14y, GRIETLEY) R DOM
EICIRR/ GImi i O X 0
1.3 {5 Hh

K FH S UV2600 22A0-AT WG (U V-Vis DSOS A9
& DOM [y UV —vis JCIE AT E . 3 F D 200~ 700
nm, YEHL as 278 DOM H & P AR & 20 B B/
EsZAE DOM [ARXT 43 F i) L 1 SUVA 250 (L« mg
mDFAE DOM W5 FEE Y, THEAIN (H—X @)

s = 2.303A21 /1 1)
FE Ao
B Ases @
SUV Az — A2 3)
cl

K O—3LGHF , as JEWK N 254 nm AR EL, A 2
PN i FEIRIAY , ¢y DOC HE , [OGIKE,

K F H A7 FA600 BIBSHGRESONE DOM 19 =4
T (EEM), 3% (Ex) &S (Em )3 K 3731508 B4 9% h
2007400 A1 290~~520 nm , FAGE] PR E N 5 nm , FIHHH
J¥J9 12 000 nm » min ', PMT HLJE N 700 V., F 2GR
RS R KBRS AR HU YT EEM 35 BT T4,
SIARIIARBES (FRDXT A Y 5 DOM (95 CRHE 17 %
BT, AR He 2 WIFE AR . FF DOM-EEM % &3] 73
6 NI, HIE LRSS (A, Ex 200~275 nm, Em 3807~520
nm), JEREEAZE (C, Ex 275~400 nm , Em 380~520 nm). ki
RAOERZE (S, Ex 2007250 nm, Em 330~380 nm). EAK
AR (T, Ex 2507300 nm» Em 330~380 nm). i %
W2 (D, Ex 2007250 nm , Em 2807330 nm). Bk A
25 (B, Ex 250300 nm , Em 280~~330 nm),

MR T 3 R ECRHEFEEL , WFETOETEE (FD, B AL
FEECCHDOFA: YRR 50 BIXO, AR St 4)—
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43 DOC W& R 1 s, I AR L, S4REETE
3007~500 CZ Al , FEFT ARG M x DOM th<<1, 1~~5
F>5 kDa #4319 DOC & #4350 1.0~4.8 A1 0.1~3.1,
0.3~2.1F10.1~1.4,0.4~2. 1 f10.04~1.8 mg » g ', Bl
HRREEE TR . BC DOM B4 DOC & it S B K 1)
Fag , SRTBEST A R R A Y B g SRR G S R —
HY | FEIN &L T- DOM AR FEAR Y i , R
Wi R ALFRBE BB DOM 4T 40 4 & B AL . Rl
Xt BC DOM 454 4315 241 43 ¥ A s U R SR R .
TR BUARIR , B 2R R3S, BC DOM 43+
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Fig.1 The DOC content of molecular weight fractions in DOM

derived from Dbiochars produced at different
pyrolysis temperatures
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WA SRR WA 225 BB L AR A, 500
CTFH%3¢ BC B i DOM dEH /b, ULBHIZIREE T3 BC
BALH ., B E AP R RAR
it WA [F) 243 B2 BC DOM 143 F 15310
ATFFE S FIH DOC FI aesi SEFRAE DOM A4 HLAR AL {601
GR, BARZSE LK 2, LA DOC H K 2(a)], ANIFI ZLA 5
THREFF A FE BC DOM ¥ DOC 7E<<1, 175 FI™>5 kDa 4143
HRA A A 429 ~60%% , 1626 ~23% F1 23% ~29% ,
AT WA Z4#R 5 T BC DOM B DOC FEAMETE /N T
TS (<1 kDa)H , Ui A R Bl A T A5 A AT B
/N DOM ™ EEEAYR RS TR 1 DOM 285 ik
PIFIH, BRI BC DOM it il 28 48 v 23 il o 7 (0 U
Ph st 3F B 2(b) ], AR5 IR T REFTFIHE3E BC DOM (1)
RORTE<1, 17~5 F1>>5 kDa 20 20 A5 4350 kg 4% ~
27% L 8% ~ 9% F1 26% ~ 81% , 1% P500 LAk, H 4y BC
DOM "k (A F BT T4 5 5 kDa)dr, R
i DOM EZ LIS FIRA A F, Bk
P, ZUIE X T RS AT BC DOM 04 T8 2015 s i A i
Z 5 HREXTFHEZE BC DOM R4 Fib s s i e, i
El 2 (a, b)A[EH 500 CTFHE3E BC DOM H1 175 kDa 414311
DOC Fl ast B 43 L334T SEZEBEIN L 1I>5 kDa 2H 5335 5k 2 ik
A, T R A% 2 BC DOM LA 17~5 kDa ZH40 4N
F. B—T0, A 1 AR 2 8RB, BC AT LB E
SR KB T/ DOC FiE 4y T8 kK all , (HEkH
BRI T R RGN,
(b) a2s4
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Fig. 2 Distribution of MW fractions in biochar DOM determined
(a): DOC; (b): ax

2.2 BC DOM 4 F=4H 45 #I UV-Vis HIZ4F1E
ARIZHRIREE R REFFFIEZE BC DOM 40 F RN A
HF DOC A IEHI Y UV-Vis Jei%nE 3 (a—f) iR, BC
DOM FHAYFHEH 300 UV-Vis 230 250 59 6T 4R 1E
HoN B3 BE 5% 1 38 0 T 2 T R AR, £ BC DOM
AT KA A R DA 55 ki L S SRR
SEHRIAR BC DOM 4 UV-Vis JEREFHEA . K P500
LIS, BC DOM H>>5kDa H 1~~5 <1 kDa ZH/rE A F i
HIETRICRAE . 5 s 8551 —30, B E S FRA VA D2

BC DOM [ EZWOCHEY BT, P500 43+H DOM [y UV-Vis
R I 25 B B R AR S 5 3 BC R DOM 19 & 6 b A Hh 28 43
FHRABNE,

AN 246 IR T FE AT FE 3% BC DOM W oy T & 94l 4y
B E /B SUV Awsi SPAREFAE N 4 Ga , DTN, B /B
fE DOM S FHIVNIFFIESEL , B /E{E8KEYH DOM 4
FAEHUNY A QOB I, A2 BT R RIS 2%
BC Bt DOM M4 F AN B /E K/NIFRIH —5
B, RO 20T C>5 kDa)><<Hp T (175 kDa)<fi%>
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Fig. 3 Specific UV-Vis spectra normalized by DOC content for MW fractions from biochar DOM

FiE (<1 kDa), 5REW B /EWAE4E~R BC DOM K4
FRAME, (EARE R AYJE 300 Al 400 C R AFFF IS 2 BC
DOM /Y B /Es{H22 5% AR, (HZHKT 500 C R BC
DOM . S5FATRIRE LS R —5",

10+ (a) Ez/E3
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Fig. 4 The B /E (a) and SUVA:zss (b) values of

MW fractions of biochar EOM

SUV Az 4675 DOM W25 B PEA T F =R/, SUV Az
HARK R FH RS L , PR, AR
%% BC DOM 9 SUV Aest (43 AGAE 1. 94~3.13 L » mg ' -
m ' Z0E] A G)ORE R (400 F1 500 °CHZR BC B
Y DOM AR IR B i 1 5 A5 B A4 8, 5 SRR
AR -, 1 2007500 C il %= B RESE, AJE BC
DOM B H IR 25 R, 45 R 2R W 24l BE X T BC
DOM H43F K/ B AL L3 oA F s, 5o

Fidlsrms , AFZYRIEET BC Bl T & DOM 1
SUV Az (EI I — B #, B 43§ 5 kDa)™>
HarFit (175 kDa) > K4 F it (<1 kDa), %455 B /E
ZER—F, AR SUV Ass (H 0] 4 84578 BC DOM H14>
T/ A RRE, (AR A, 400 1 500 °C 2GR
JEN , FEFREZE BC T 40T DOM 19 SUV A [HB R
T BEMER , (R ET 300 'CF BC DOM H
SFEHAS C5 kDa), WAM ., 143 F 8 A~5 kDa)BC DOM
AR [FIRE R, X ee 2 R SRR BC BRI
E TR T DOM 210 AR & 8 £ 05 A e
¥y, B At n] B I ASFERE2E BC DOM (95T 4154544
AR R EMNZES , REZHIEE T , FFF BC DOM K=E4T
1 C>5 kDa)#43 SUV Awst (B3N 55 THESS . FRUIFEFT BC Bk
HEE i DOM HAT 3 Z (95 F 250 . SR1M . 3435 BC
DOM ffIAr T8 (<1 kDa) 43 SUV Awsu (HE1 5 FREFT , 36
BIREEE BC BERCH B9k F& DOM HeREFFEA B m iy &
B R, N[ 2 A A 5 ORI A5 8 BC RIS 43
T DOM HYZL RS HA B3E 25

2.3 4>FE BC DOM iy EEM it 454iE

2.3.1 EEM *i#

EEM 1% [ 7] 45 %% 52 i BC DOM #9956 4 ot 40 il 4%
fiE S L300 CREFFRIBEZE BC B DOM K H T4
SR EEM SRR (E 5), I 5 nTE  , REFF ARG BC
DOM - FEHSH EEM GG 2Tk DoM, HALE
FEZTF T BC DOM KHAF gl sy EEM Y B 2L py 4R
fiE, %45 W] BC DOM & — F 43 5 40 BIORE B 45 00 1) i
SR Z , R AN [R] I B 5 A 3 5 55 4 A ) g K AR
A S, JUEAE A { AR IR AR B O R A
R, MIESHILARREA B DOM {9 B " 254, {1
JERER R AT A3 R RO R 2 R 2

T FRIGIEXUARTR 3 it —4 e s ff b T AR 28
B DOM (4 2 A AE S, a A R B, REAT RS 26 BC
DOM N H/F T4 I A, €, S, T, DAl B XA
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TR o5 FIRG 4306 ~54% , 2226 ~35% , 10% ~17% , 5%
~1000 4 1% ~ 4% F1 1% ~ 206, SEF VLR E AT (A A1 C)
J& BC DOM FZEA4) ST 4 B o T 2828 1 o b (UG 8 & (6 5
W25 (SO Er AT SR RTIHGE TS REve . A
JB . WBHIAEY) BC DOM B 901 5t LA IS J 48 5T oy 32 0 40 1k
FRAE—80 1 A, s R R ARRIZE B BC DOM K H:

DOM >5kDa
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DOM 5 H 7 TF& 4/ BB ML B4 AL, FRIESE BC
DOM &KLY IR R, B —Jr i . AFZERIRFF
BC DOM FH#5E5e4 B =5 kDa 25 FAE T2 1 B i 25 0%
%% BC DOM , HIFEFF BC DOM HA T W& 2R/ T4
14, 5 SUV Az 7 Begh 51 —25
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Fig. 5 The typical EEM spectra of MW fractions of biochar DOM

545 M FRLERMIERTE L, & BRI (A),
JEFEFRIS (CORMIRIE (. Z RS (S )72 BC DOM 1Y EZHN
Y, FIH FRI E—2E W T BC DOM B—2¢ a2 7
R FRAS I G o (&8 6), HIE 6 nEH, fHFF
FIEZE BC DOM MIZSEHBR (A, CFI SHFF>5, 1~5 F1<<1
kDa 1537 5 B 43 He A9 59% ~ 7006 F1 22% ~28% , 14%
~30%% F1 24% ~40% , 7% ~31% Fl 37% ~48% . HULAT A,
FEFT BC DOM & T RE AU E WA RN £,
M3 BC DOM [0 TR o EE UMK E @R RDE
SR ., —Jr T, 2R X BC DOM 43 T4
ooty RN A BB W, BEE 2R TR, R
#F BC DOM =5 F1 15 kDa H4 & B RS HUBFHIR IS /31
100% [ll%??isfp:ffr

‘
:
80% { 11

i B

i . |
| Ll i
E R EE R IS
B . 1 Ju \"[\

60%
40%
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0%
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R300
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6 [E BC DOM HEZZH R 5> FE S T HF1E
Fig. 6 The distributions of fluorescence components for
MW fractions in different biochar DOM

S —E R S, <1 kDa MRECE (0 & IR IEL150 4
WEREAR, M S , #2E BC DOM H>5 <<l kDa (&
R FIRI R (0 2 RS T et B = 3 2 3
AR R 3R, Tl 175 kDa FYJE BB 50 Sk N TG
ZEHZEW], BC DOM "1 1~5 kDa M2 G4 Bt 40 43 I Fa 8 1k
FHXT R , <1 kDa BYZ Y BT A2 E PR .
2.3.2 FI, BIX #= HIX

F 1 B/RARFEZER BC DOM 53 T8 941 /3 i e i 4
AEZH(FL, BIX A1 HIX), FI, BIX fil HIX Al A R38R DOM
F55 75 B A R 1 — B, FI=C1. 4 B BIX<20. 6 5
HIX>>10 B, B0 DOM J5 % & Fs s A Re 5 & 5 24 FI>
1.7 8% BIX>>1 8¢ HIX<<4 i, 32B DOM 757 &A@ s ik Az
BERARS ", R L AT, ARZER BC DOM K H T4
A3 FL. BIX A1 HIX fH43I7E 1. 71~3. 67, 0. 63~ 1. 57 Al
2.527~12.50, &M BC DOM T % DI#AIC I35 7 B A A A E 7
AGFREE A HLTZEAL, B P500 LI4 , #8FF BC DOM K H 4>
FHRAS RS BC HAAELM FI A BIX EFIE S HIX
l , RS T & A8FF BC B A9 DOM g2
BC HATBEE 1905 B B R S AL R B, 50— 5 T, AR
BC DOM " 43Fit 4 73 i ZEOURE S B BN — 8 1 40 1
g, Hodr, F1AIBIX 3648 2 UK F & (<1 kDa)>
AR Q5 kDa)> E 4T i C>5 kDa)sH i fa . i HIX
50 BT R AR Ar F 8 (<1 kDa)<<tHf 4} F 1 (1~~5 kDa)
<{@4rF i C>5 kDa) A s, XL LRI SL = i
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Table 1 The FI, BIX and HIX values of MW fractions in different biochar DOM
B /C 414 IKREREFE LS
FI BIX HIX FI BIX HIX
300 DOM pux 1. 7520. 00 0.7240.01 6.9840. 04 2.53+0.00 1. 2540.00 3.17+0.01
<1 kDa 1. 9640. 22 0. 78+0. 02 3.65+0.71 2.7940.06 1.42-40.05 3.024+0.13
1~5 kDa 1.96+0.02 0. 80£0. 03 5.05+0. 65 2.47+0.04 1.1840. 00 3.83+0.05
>5 kDa 1.71£0.02 0.6740.01 9.25+0. 31 2.314+0.01 1.1340.01 3.47+0.16
400 DOM pux 1. 8040. 00 0. 712£0. 00 11.36£0. 04 2.9640. 00 1.3740.01 4. 6840.02
<1 kDa 2.13+0.06 0. 752+0. 03 3.144+0. 85 3.674+0.04 1.5740.01 5.124+0. 40
1~5 kDa 2.00+0. 07 0.74-+0.01 8.5140.52 2.824+0.03 1.2140.01 5.62+0. 34
=5 kDa 1.78+0.01 0.7140. 00 13.91+0. 48 2.46+0.00 1.1240. 00 5.77+0.19
500 DOM puik 2.0140.03 1.0140.01 7.95+0. 14 2.554+0.01 0. 78+0. 00 12.50+0.01
<1 kDa 2.21+£0.14 0. 66+0.02 2.5240. 50 2.9340. 04 0.94-+0. 04 8.33+0. 60
1~5 kDa 2.0740.04 0.89+0.01 5.4440. 09 2.44-+0. 06 0.637+0.01 9.93+0.09
=5 kDa 1.97+0.01 1. 0940. 00 9.50+0.52 2.414+0.01 0.69-+0.02 11.61+0.76

Iy e AR T2 W EAT 8 07 B 0 e 8 A A P A B
g3 HAL 24 B 2 2%,

3 4 i

(ORI HABIEK: BC DOM 438 <1, 1~~5 FI>>5 kDa #H
4%, LA DOC 1t 300~ 500 “C 24 fff i B ™ RS AT A% 25 BC
DOM 7E<<1, 1~~5 FI>>5 kDa 243 A/ A0 23 51 g 42% ~
60% , 16% ~23% Fl 23% ~29% ; L asi it , 4345 3 Fl 43 3
kA% ~27% , 8% ~49% 1 26% ~81% ., 45ELFEH] BC DOM
# DOC EZ 3 MTE<1 kDa 25} , MR Yl E B3 fE>
5 kDa #4147,

(2)E: /E M SUV Az BEARLFE 7R BC DOM 43T =4l
SEYA AR R, 400 A1 500 °CTF BC DOM F>5 Fl1 15 kDa
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Abstract Biochar (BC) returned to soil will release amounts of dissolved organic matters (DOM ), which can change soil-
DOM’s content and chemical properties and then have important impacts on their environmental behaviors . The molecular
composition and structures of BC DOM would determine their complex environmental behaviors . However, the studies on
chemical composition , especial on molecular weight (MW ) separated fractions , are still limited . In this study, two types of
biochar were firstly produced by pyrolyzing rice straw , and pig manure at different temperatures (300, 400 and 500 “C), and
then DOM therein was fractionated into three MW fractions , including <<1, 1™~5 and =5 kDa, using ultrafiltration method .
Subsequently , the content and optical properties of MW fractions were investigated based on dissolved organic carbon (DOC),
ultraviolet-visible (UV-vis) spectra, and excitation-emission matrix spectra combined with the regional integral protocol (EEM-
FRI). The results showed that the proportional DOC distributions of <C1, 17~~5 and >5 kDa into bulk BC DOM were 42% ~
60% , 16%6 ~23% and 23% ~~29% . respectively . The corresponding distributions on asi were 4% ~27% , 86 ~49% and 26%
~81% . These results suggested that the major OC species in bulk BC DOM were portioned into <1 kDa fractions , whereas the
major chromophores were partitioned into ~>5 kDa fractions . The =5 and 175 kDa fractions in BC DOM produced at 400, and
500 ‘C were generally contained higher MW and aromaticity than those at 300 ‘C. The >>5 kDa fractions within rice straw -
derived BC DOM contained more aromatic structures than pig manure-derived ones , while the <1 kDa fractions within latter
ones contained more aromatic ones . It was worth noting that MW fractions in rice straw and pig manure-derived BC DOM almost
exhibited similar EEM spectra characteristics , indicating that BC DOM were complex organic compounds with a chemical
continuum . Additionally , EEM spectra showed that fulvic-like and short-wavelength tryptophan-like fluorophores were
predominant in MW fractions within rice straw - and pig manure- derived BC DOM , respectively . With increasing MW fractions ,
fluorescence index (FI) and autochthonous index (BIX) of DOM decreased , while humification index (HIX) increased , implying
that high MW fractions enriched organic matters with high aromatic and humification degree . The study enhanced our
understanding of the molecular composition and structures of BC DOM , which could also provide beneficial references for

accurately evaluating environmental behaviors of BC DOM .
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