$35% HI1W E7 R = Vol. 35, No. 11
2016 4F 1A ENVIRONMENTAL CHEMISTRY November 2016

DOI:10.7524/j.issn.0254- 6108.2016.11.2016032305
EIM, B, B, S5 IR b X R T A AR A ML IS M RERAE )] FREE L2, 2016,35(11) :2269-2278.
WANG Chaoyang,ZHAO Chen,OU Jiaqi, et al. Spectroscopic characterization of dissolved organic matter in snow samples from some typical regions

of Beijing[ J |.Environmental Chemistry,2016,35(11) ;2269-2278.

tETESMXESERAFEEENE SRR
EHM A B KAEF ETH ERET MR

(AL TR AT HIK R G SR B HE WA 0%, JEaT, 100044)

W OE N UMBES A YL (DOM) BIRHE SR T AL RTTR R X 7 RS X RS R AL R Y DOM
PEFT TN WOEHE | = ARSI PGS R AL S5 SRR, A [F] X T vh i i AT LA ( DOC)
JEARAHLHEANTR] 33k AT BE -5 [ 5 B 1 DX T S O [ A7 O FE AR Al i DOM. 57 MR 23 1 i A1
FAROER K RRRAEE N BEEY B, SR AR BB, 32 E Y B B TRl 5Ot W, DOM
FFE ALY AT VA S, P AR REAT S R SR 2 305708, & A A W SRR 26 Wy o F e e
L rh DOM SGIEAE BURAT B T7E— BTS¢ DOM 55 HE A7 35 Yy =2 (] B AR ELAE T, S A5 2000 T e 25 B (i 1
K.

KB WA, BB, AT WO, SETOOEE, RO

Spectroscopic characterization of dissolved organic matter in
snow samples from some typical regions of Beijing

WANG Chaoyang ZHAO Chen 0U Jiagi CUI Jingrui WANG Chongchen ™" LI Jungi
(Key Laboratory of Urban Storm Water System and Water Environment, Beijing University of Civil Engineering and Architecture, Beijing, 100044, China)

Abstract; To investigate the characteristics of dissolved organic matter ( DOM) in snow, snow
samples collected during two snow eventy at typical sites in different districts of Beijing were
characterized by UV-vis spectroscopy, three-dimensional fluorescence spectroscopy and synchronous
fluorescence spectroscopy. The resulis revealed that the concentrations of dissolved organic carbon
(DOC) at different sites varied widely, which might be attributed to the different nature of
underlying surface materials. DOM in snow samples was composed of organic compounds with lower
molecular weight and less aromatic structures, which can be possibly attributed to small amount of
fulvic acid produced by biological activity. The information obtained from synchronous fluorescence
spectra showed that some protein material and aromatic compounds were also found in the DOM. The
investigation of spectroscopic properties can facilitate further insight into the interaction between
DOM and co-existing pollutants, and also can provide basic information on the efficient utilizations of
Snow.
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spectroscopy, fluorescence spectroscopy, synchronous fluorescence spectroscopy.

X FRAR TR 7K S WG AR Bt v 08 Ak 27 803 A7 4 A R 00 S T R st 8 v Y 22 T4 BB 3R
— IR RIS o3 B A I R R BR T IEAILRL AT, T L% 25 25 i v B TCHILRTA HILEH 43 LA S RS 4D 22
MRS CRBHE = FK) (P fe B =2 IR IR 1 2R 20, B o L i i 7
AEEE .

WIRIEA HLYI (DOM ) 76 S 45E R dE T 0.45 pm JERE AUV MRS AP | S KRR IR AT+
HErp ) —Fh R WAL Y R T B IR RS AL A P TR SR AR E AR KIS 20 R TR
JEEFE T AE K IR DOM AT LAZE & /K VR o i 45 Fi i ey, w2 HOaE B A ML AR 33 1k R AR 0 mT )
FHEST FFRlE s pH 80P Ve 45 A/ 88 G AR T AR i + 8 o Ak 2P B . DOM. VB RS WL
(R LA G A, X ARG PR EL G 3 STk R, DOM 38 i X6 A M SR i 2 J2 SR
BEAZ S i, 2B R R /K pH | BB LB 2 RSO 3 B (B 4156 Fenton S ) %1 I F KX
DOM HBF5E 3= B AE vh T8 I ZE B 8 ) 9t ( Humic-like substances, HULIS) Az 7K & V£ 6 #LoK ( Water-
soluble organic carbon, WSOC) ,{HSE R IFAfE5E &£ KA B A HLLL 20 TR B AR5 % R AR
7K DOM Hg#F 58 B4 o T R ZK B AR RN /K, 21 Zhao 2517V 42 40- AT WO | = 4E9006% i3kt
T (e SRR €3 - S 5 - DO AT A T s ) JB 3 % G S T 3 A4 LR X AR A T K P Y DOM #E AT 3R
i, SR TN K 1 DOM F Ak 2 4 1, 2504 R JEAS T #0025 B R B R 52 . Santos 55 I HDEIE R0 5T
ANFZETTH KT DOM ()25 RFIE.

AWFFEAESETT K DOM HYBIFSE 7 200 BE A i v 19 DOM. A TGS PEBERAE , LU HT RS DOM 1Y
AN 3T R TR ORI T )20 %€ T4 R R ABEFE B vh DOM 5 H A7 35 Je ) 2 [] 1Y)
AHEAEH], SR IS R 5 0 A 28 PR 500 B2 it B R

1 B BL5 J7: ( Materials and methods)

1.1 A AT AL 5 %

I RAE 2015 AR5 — 035 (2015 4R 2 J 10 H) FISE 5045 (2015 48 2 7 27 H) B R
FEHD S A AEAL T PE I X (FE A A) (FE B X (FEAB) AP (FER C) B (FER D) P IX (K
FUE) SIBIX (REA F) RIRIX (REA G) JERVEIK (RE AL H) K (B 1) IS (RES 1) Sl X
(FEAUK)  BACRAE A B WA 1 IR AR CBRORCR SR AE A PR SRS K BRR)Z 17 5 DUk e SR
R R RIS SRV JECAE A IS S TR AL
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Fig.1 Map of location of the sampling sites



11 FRIPHAE AU RUHTR Mo X R T P A B G P RE R AT 2271

KA EREEE R F AL, LRI 0.45 pum JEAE R UE 1 U8 J5 O FE 5 BT UKAE 4 C DL PRAE. N
PRUERE S A 850, Z0FE 4 d S8 BOW AR 58 A0-RT DL (UV-vis) D6 | =28 29O001E (EEMs ) [R50k
TN DOC ¥ A FE AR A E . FH Origin 8.0 X = ZE5E 15 ] v it v o 80 S0 AR it M) 50 S0 A 2 B, AT
G X G TEAE 5 10 T, 2t 28 LA BRI bR B2 U, = ARSI BRI TE A, +10< Ay, <
2 A, =20 FRIFE RN S
1.2 Wik

SEEOHT, TA BB S S LSS 7E 0.1 mol - L' 9 NaOH AR 30 min, 4R 5 FHZ5 WK bk, BB 1E
4 mol - L™ 1) HNO, I M i1 24 h, $5J5 LA 4K gk FITAEE Jena multi N/C 3100 #LEA HLEK 73 4
G 2 VR P E A HLBK (DOC) |, AT FR AR 22 /N T 3% 5 /KRR THOEFEN 1 em A TE @ IILA 55
Perkin-Elmer lambda 6508 #4¢4h-A] UL 736G FETHPE 200 nm % 800 nm P il A X DOM #4758 4h-7]
DRSO H , LU 4K (18.2 MQ-em , Millipore ) 7E4S A% B8 ; I Hitachi F-7000 /& R 8E 5666154
M He = 45 e S BON  BUROEIE N 150 W GHIRAT , PMT HLJE 700 V58> 110, 473
Ap =5 nm, Ay, =5 nm, WA AR 3 3, F453 R 1200 nm-min™" |, S IEE A, = 200—550 nm
R Ay, = 250—550 nm, OGN H A IE, BRSS9 3 W RIS A, =350 nm AT Ay, =
450 nm AbBYTECHR B 5 WSO CREFIRTE A 250—600 nm , BUE E K 22 (AX = 30 nm) , F3# )E
4240 nm-s”'.

2 R 51718 (Results and discussion)

2.1 TR RIEA YR E

DOM REMUE ZRGE 1 pH , I AT A T 43 8 1A HILIECAR , 52 000 4 Ja B9 A Ve A JEE 1921 | e 2 X L VR TR
v o 4 R I TE RS A L A T SR A L T S () DX R B 1 00 47 e 5 A ot e A BB
(DOC) W EEINIE] 2 iz, ANJR] X4k ) DOC e BEREATLAE B, e WA [R] i X R SR T v DOC 1935 8 HoA 22
SbE N 2 AT R "SR A B D 1 RAES ) DOC WK BEU . & T2 — %S | 7E B F RAE A
AR T28 — Tl id O BORAE AT A M BV B S J) 300 O RS IR 3 R B, A (B D T SRAE S T AR X
T E F AR 23 Del F0 R el L] Rl B DXL 8. el sk mT AN, 7 58— KB I, A 35 DR P 8 ARG 5
Wyt =5 A ML (AR T DX M 3 2 D f T v (0 7 YRR B T ) 2% AN AR DXOR, K A B 2 e
WL T —#5r DOM AR, R HAB N R FEO A LTS R ot — 2 BUR , 5 R RE b
H DOM 143 B RH RS 575 — YR B 5 78 O i 24 el 0 SR el s X ] il AR A i B DX (HL ph T bkt 7 5 i AR
R BETRALIG B AT 28 K AR T8 B TR A5 /0, B — UK 25 Rl A (bR A 25 B AT 85 DR 5 T ) % R
PEYIMAAT RN UE , PR R P T XHZIX 82 b DOM 4535 By (5 B o, 452 IX 25 0k
DOM [ B R AIG, T 2R KBS R df R DOC W LA T2 — IR R S5 AW SEFE TR dl o DOC ¥R BE 275
20 mg- L7 PL b S AT RESE O AR fE T — D ZALRYEA S RO B R B A T — AN ER B
VeI T ) s S (A WL S e 5 R R i 2
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Fig.2 DOC concentrations in snow samples from different regions of Beijing
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2.2 ERAM-AT WL

LEHR-] WO (UV-Vis ) BB R B3 I 9 BE R 43 A PR 00 AN 40 & €6 1 Bl €6 P 9 R AIE | 50
PSR FRAE DOM Y95 B LR EE ) A (s A WL (CDOM) S DOM h HLAT S i M A0 20, ZERRAG
PRy i T AR (0, I HAR BRI K A B0 2 A I 9 3 1 0 T S R A Y AL R A Ol 2
JT, BRI LRt R AT Resk H T —Se B I (Y & A SO R R & B 1A (in 2 R B B R 2
ng| e RN EE S ) 1)

AHIEFE o 7 B 5 A i 1 8 -] LIRSS an R 3 TR, 5 B SR B 0 R AR N KRR A IR
v FIEL A 1 R 88 T8 TR R AR 2070 T A e i A B R 5 DR R 38 T i g T R A1 R
H (AP HL (CDOM ) Ak 220 A nT gk 1 AR AN (1) 26 Kb A (B i ) i g 4
AT DTS < 240 nm BB WROGRE | (H o T Al IO o X R ma g K Rl e a3k (7
AW ST 37 B AL A RS R AR v BE JE 4351 0.8—9.3 mg- L' 1 0.5—12.4 mg-L™") ; ZERZHIE M T,
MK T 550 nm BB E EOIROCREAR /Na LT Y RIS ST BT A 45— 20, BT LS Ah-A] I
i i K5 2 240—600 nm. T A T RESAE 240—400 nm [8) A —ANEE R /N JE 16 X 2 il T A
MEERR m — o« B FRRES A .
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Fig.3 UV-Vis spectra of snow-samples from different regions

(a) the 1% snow event;(b) the 2" snow event

TEIERIR REL(S) FTH LR H] DOM ZEAS R K A0 T W bosiede , HABUE 1 R/ 5 A4 A i v
JA Ak, S fHIE rT4RHE DOM 143115 B AR50 240—400 nm Ak 1 Wi 3 BT AR Ltk s/ —
e [l ) 5 B R OIS ARRE R A S, =X (1) A (2) FivR .

a, =a,e’ + K (1)

a, =2.3034,/1 (2)

Hrr, Ay AZH WAL (300 nm) K ZAPRIEE G BT RSE, A, BEKHN A (nm) JEFHR [(m) T
MG RE. % B3] 300 nm AR IRISCR AT R RAE DOM 9 F Btk 300 nm A& %K

PRI AL i DOM 1 S (7543 90 8.17—61.32 um ™ H1 32.47—63.49 ™", %1 4 v {8 3 51
493354 pm ' 14510 ™' BT H ETFFEXT D00 KRR 7K B S5 o DOM [ RAE /D B Hu 2570 X
U TR TP AR HLVR EE ( DOC) RAESN, 7615 M REFAE )y T I F 53 i R TE o8 R &R | oA
WESE TP A T B SR IS HEA 7T LL. YR 435 T R A A A 11 DOM LI bR R HL S (MG KT8
R K KIRTNZKAY S {E, 40 Miller 25120045 55 E AL % S48 K F AR L REBUA RKIRTZK S {4 18.9+
2.8 wm™' ;Patricia S.M. Santos ¢ 5 45 o B g % AR MK T S (B 11.6—22.7 pm™", A
15.9 pm™"; Zhao 25 7 AR T AT K B S (E 6 FE 45K 13.22—17.94 pm™' [ 15.43—19.68 pum ™' il
7.99—16.3 pm™", XF 7 A A 43 51K 14.59 16,71 ,13.64 pm™'.S {5 DOM (1443 F 2 A o6 itk
] LR IR S i DOM B 5/ M4 i
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AHFFERIA SUVA g0 (BE S LE 280 nm AL AW FE (R L DOC 93 BE (D) U S 34 DOM B 55 75
RRLEE FEH SUV A A SUV A, A H5 Bt SR N (1) ZE TR m BN R 4T, T4
BB AAE 280 nm b (U5 143 F R AR BTG AT DL ) 5 (2) HOE W08 A7 16 T R SR K A o (1 7
J, UNEE PR ER R B 745 WP AN A BRI, T 280 nm AbEII IS E A 22345 AR BIFSE 8 — ORI AR —
VR RE A ) SUVA BI(H 42514 0.14 L+ (mg-m) "1 0.17 L+ (mg-m) ', ¥/NFH G R MURE P T
SUV A Y3, 1. McElmurry 250 A5 M X BRI AR KT BUAR LT K Hh SUVA L, 2090 H 2.21
2.84 2.29 L+ (mg-m) "5 Zhao 5" MAFILHITH IR AEE X 7-9 A BT K551 K 5.63.7.06
14.35 L (mg-m) ™", F W1 TTRE 5 ) DOM ELA BAR ) 35 Mg 7
2.3 =4EPOLLE

SO (EEMs) 1T LUTIK X SR SRBERE ARt DOM ORI A & (LI RO S5 PR ) WA LY
CTE WAL B AN R 1 7R R S5 R i h SOGIE A T FE A B AL T Ay, = 210—250 nm FT A, = 300—
380 nm P (] 4) , IR RESL TP DOM 7 2% (U 3RR 7 RS2 1 2SI

R =HEIOOCREH AR WA DY EIE R

Table 1 Three dimensional fluorescence spectroscopy technology of common organic spectral peak recognition'*!

B I» 2R RO P TR K S FRAE AR
Fluorescence component Excitation wavelength/nm Emission wavelength/nm Characteristics

D 2Nl 270—275 305—310 FIEIR , ] REHE 2 R 0 4 R

Ffo iR ) < 240 .270—280 340—380.,330—370 SN , T REHE 7~ /0 it 1) 4 R

R H iR < 240,330 400 420 LT AT B K H

HeE HLR ) 230—250,310—330 320—350,410—450 W TR

K P k4 240(300) 338 SR , PEIERHIE S (0 SR AHZE L
Sl 250(320) 370 e R EZ WS FIE

SIAZBICHEEL(FL) JEFE AT B0 (HIX) AL FE £ ( BIX) % 3 M5 bR LAE— 85T DOM HRIR,
Ha gk (3) —(5) Fiw.

FI=F 150/ 500 (3)

HH fiso T foo TR BR B A = 370 nm B, 996 K& SFHOERELE 450 nm 5 500 nm Ab B 5¢ 658
Hefs

HIX =H/L (4)

K H 5 LA A, =254 nm B, & 8K FE 435—480 nm 5 300—345 nm I BN 986
55 B ARUOME (SO (E) B R
BIX =f350/f 130 (5)

Hefg

W RE S Y 2 DB 2 iR N2 2 al LIFB 3], A 6 SRRk S A [/ — 3 b il 3 4
WNAEERA —E W25 (HARER EARRL, RIS F DOM B USRS 65 2 2%, % F—E B9 X380 5
HSE YR SAIXS — 3. McKnight' 35 H 26 68 B0 (FL) (A5 & HIR S AR LM M 56, Sk B Bl VR RN A= 4 R
DOM [ FUAE 3200 1.4—1.5 1 1.9. 058 7% 5 A FE 6 DOM 1 FI {535k 1.8 F11.75,
X BTE 4300 1.6—1.9 Al 1.6—2.1, R IAREEFE M - DOM EZSRIETHRUEY , H BA BARN 5 &
PELERE 2 AL TR B0 (HIX) 2 A L) b 6 58 o e AR B AL R I S B K= R T
FEM Y HIX BN T 4 R AR EES 0 DOM &5 AL FL B, 2 A sh= 421 375 1Y BIX
A RITE 0.79—1.45 F1 1.00—1.36 {EFEIN , HZH8IE 1.0—1.4 Z 6], £ ES R P DOM 324 )75 30
AU N
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Fig.4 Three-dimensional fluorescence contour spectra of snow samples from different regions
(a-1)—(h-1) the 1* snow event; (a-2)—(k-2) the 2" snow event
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K2 AR KBFEDRERH DOM ZOLIE %L

Table 2 Fluorescence index of DOM in snow samples collected from different regions

B FI HIX BIX
Sample B—biE e HT PR B T
1*' snow event 2™ snow event 1™ snow event 2™ snow event 1™ snow event 2™ snow event
A 1.98 1.88 0.51 0.90 1.05 1.00
B 1.79 1.81 0.70 0.95 0.79 1.17
D 2.06 1.77 0.58 0.81 1.22 1.36
E 1.80 1.76 0.66 0.97 1.45 1.30
F 1.73 1.80 0.73 1.16 0.91 1.20
H 1.70 — 0.91 — 1.18 —
1 1.89 1.92 0.65 0.91 1.37 1.17
J — 1.70 — 1.08 — 1.05
K — 1.72 — 0.89 — 1.22

2.4 [FIEHSOLE

TR G DR SO R SIS, FI2E 2 iE e 4h 2 45 M B RE RIS B, (A 5 2 hi g
T B2 IR ) ARG I AE 5 OGS BBl R 250—600 nm , BUH E K 22 (AX = 30 nm) |, 138 3
9 240 nm-s™'.250—308 nm MRS BN 22 EE 28 I IX ( PLR) |, 5 8 1 B 28 o A5 & M4k
BYIAETER X5308—363 nm BV XN R E BRIX (FLR) , 526 BRI Y b 3—4 MR 2
IR AT 2—3 ALY R AR AR B 254 A 5617 5363—595 nm (RS IXFR S B R 25 )
JEIX (HLR) , SR IS Y Aty 5—7 D ORINGEF I 22 3855 IR I A7 A0 4 50 VR W 5 it 1) ) 25
ek A 5 TR, 78 270—290 nm 330 nm A B A9 206 | B ARG BE R[] HUR R B AR — BRI
EL A B AT, 7 270—290 nm FY9EGIE R 2R (06, 5 S RERD DOM Hr i 2k (2 A 56

- () " (b)
5000 —A 5000 | — g
—B B
—D D
2 4000 E = 4000 —E
3 —_ ; £ ;
L Q
E —H k= —H
5 3000 S 3000 R
Q | 3]
g 5 —K
3 2
o
% 2000 5 2000
= [
1000 1000
0 | i | 0 A . —d |
300 400 500 600 300 400 500 600
Wavelength/nm Wavelength/nm

5 AT
()F—5%; (b)) R G%
Fig.5 Synchronous fluorescence spectra of snow samples from different regions

(a) the 1% snow event; (b) the 2™ snow event

W SERE T E 3 DX (RE AP IR IX K BRR X SRS YI X ) 2L 5 3 AN X 2¢
R BE I A FL AN 3 7w , 2 AN SRAE S B RE S FE 3 AN X 0 2 R B T 7 B A LEARARL, e
PLR 7GR A 5 F2HR, 5900 MR AY 70%—80% , Vi WS8R (1 i 28 Il A5 B Ak &4 & DOM
(4 AR5 FLR N 10%—20% , 3281 DOM 1 & 4 5/ (25 5 BLRR , OF B S5 i & 3—
4 DNHEIRI L IR T5 T R A 2—3 NSRBI R B A RIS I e 45487 HLR T 5 20 e 5%—T7%,
TR AR D BTSRRI I, o P & 5—7 DRI Z 355 & 12 Rl B e ik iy 4%
WCHE—2B00E T 5 7h-1] WEiE i 434

Zi b AR SCRES AR ) DOM I Zhao 257 5T YL st AR H /K (A AL RS IREE T 5 )
B DOM AH{EL, #FEA & 2 41 AR DOC ¥R BEAR, (HAH L FAb mt i AR i Wi 7K Hh 9 DOM, B2 19



2276 B2 5% 1k 2 358

DOM B AT AR 7 BS54 , B 700N X il e -5 A FRIERBE A SR AL T R B S il A2 .

F3 AR XFETFEG D DOM 1 3 96 XSGR EE L B

Table 3 Ratio of three fluorescence area/fluorescence intensity of DOM in snow samples collected from different area

=3 PLR/% FLR/% HLR/%

Sample 1™ snow event 2™ snow event 1* snow event 2™ snow event 1™ snow event 2™ snow event
A 83.91 68.05 11.59 24.25 4.50 7.69
B 83.76 65.08 12.01 27.97 4.24 6.95
D 85.44 75.98 10.98 19.67 3.58 4.35
E 76.38 65.86 19.05 29.07 4.57 5.07
F 76.05 58.56 13.98 28.85 9.97 12.59
H 83.46 — 11.57 — 4.97 —

1 78.96 72.99 16.74 20.37 4.31 6.63
J - 74.18 — 19.81 — 6.01
K — 72.34 — 21.30 — 6.35

3 %52 ( Conclusions)

(1) 78 X SR 6 82 A 23 Bl FURBE P 5 P 7 [ 5 R b DOC 6 B 32 B AN [R] B9 22 R R A
AJRES T RAE DX B A BT AN [

(2) EHh-n] UL A = AESOE G R WIFET AL A B DOM 23 T8/, 3 A B 1 57 B JE 454 5
Fr AN EEON RO IR IR LIRSS H B, (R 28 B A 5 AR X /b, 32 2R R
TAYIE S, I T TR BB

(3) R R VIZEE A2 A5 AL S W 2RSS h DOM 1) 2 2R 73 s DOM. Hp &5 A /b
MR HUR , JF HHA M rh & 3—4 DI IR 57 B I ffy 2—3 D ILHEICR (A R 7 TR 254 5
FAAE D BB IS IR, OF B S 5—7 DRI Z 3557 5 2.

(4) B FRETAEZAH RSP I G IRF A A €, 3 RS G W A DT B ST Be W iy 9 a3
BERYFZI.
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