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Fig. 1 The site of cryoconite incubation in field on
Laohugou Glacier No. 12
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K2 A 250 mL 9 T 56 I 5 1 BB — A, (8
FE P UK AR R KB 29 3 em T2 180 g, AR5 218
T KN FE AR T RIK 29 150 mL, 35 4796 25 0 5 1
%o M RIFERE IR 0 K (D,) .6 K (D,) .9 K(D,) 118
K (D) FT I3 35 BU_1 JZ2 K RE 24 50 mL 25 A i S 3
T 0 B B SRR, R TR SR = Ay
BT o [R) 2 12 1) 155 3% 00 Hh &b 28 DK 1 326 T A2 O i /K
50 mL gk 285 5%, IARAT B 7EASE 0L il IX 2 1w vk 2k
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PR S % B2, AR MOt E I C . H.ON.S.P
ST C U DOM A9 i 8 AL 2 f5c 7 B (R 4
JGE, FT LA F DOC [k 5k R 1IE DOM ik B
DOC ¥ J& 15 1 1] UL 15 43 A [m) — 35 5 B B 1
Tl 4 BE IR A TS ST 1A A BUOR F 8 o B
G307 -

2.1 DOCHHE

{di 7% |5 Elementar JG Z 23 H14Y Vario EL #£47
B i DOC (43 Al . K 10 mL 2o 38 47 () W AR R
ainFH 100 pL 10% £R W2 #E 1 72 ik (pH=2) 2B TCHLAk
Rk , DOC 2k FI NPOC (Non-purgeable OC) J5 ¥ , #f
i E ABRBEAE F T (850 C) ik (P Ak S5 #5 C 5¢
AR CO,, J5 S AR 4 L 21 S A6 T 2 I A5 3]
DOC YR o AR5 JIT F AR 14 S 488 — iR &
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C AR AR IR 25 <1% o
2.2 ESMEESHNE

DOM [ 48 40 AT U W52 Wse 5t 33 14 10 o R FH &8
UV-2410PC 40 AT WA EE 3, DU 2l KA Ry 25
F, 3R S 7E 190~900 nm A (9 W2 6 A, Fr €5, 1L
KHS em B AT LA A IR 58 U5 | 18
23690 nm % 700 nm Z [] {1 35 W S B R 5 OF R
B b IR, SR 5 T8 2 2 (1) I ' A 5 1 A i
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a(l)=23034(1)/L (1)
AL R A DOM A1 5 LKW i
AR (BT X HATAY L L ELAE A S em) |, F5 40 2500
2.303 /& 10 19 F AR X ERE .

DOM ik k5 (§) J2& F 45 38 i =X (2) R 5 4
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FGTE R

a(2)=a(i)e" ) + k (2)
KH kN ERSE GBI A S I Sy 5
S 0000 2 BV AY FLAA
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2.3 ESI-FT-ICR MS & #7ill
2.3.1  [EMAEHR

FE 5L 7E #E1T EST FT-ICR MS 43 Hr 22 Bif , 38 355 [#]
AHZE UM DOM #E 47 4 4 JF B £ JCHLER | [A] I ik
FIVRE i Ab AP BR 58 4 —FE A 28 IR S R4tk ),
T WO Ak B R R ORA  HEANE TS Y . AR AR
U 225842 1 PPL /VEE (500 mg, 6 mL) , A5 UNF
FH = A5 A AR £ 35 4 W s Ak /M (PPL) , P
AR 2l K e e R, B S pH=2 (9T
PR AT W R R T 2 pH=2 2 47, SR I i 44
150 mL B KR 5 LA 1 mL - min™ A9 38 & 2818 3@ 13
TEACGE () PPL AL T, R ff fh 80 1 LLS |, ] pH=2
YR A 7K M AT - 3 WK, P9 5 mL 2245 9 R i
FEF, IV J0 T 25 7 950 506 00 33 4 1) B 3 /N v
e o B AT R 0 VR 1 B 3 /N T LA X
JI W ) DOM #E 47 AR B, B %2 R gl 4
T BB BN 5 G PR A L& LA BT R I
2.3.2 ESI-FT-ICR MS /3t

P4 B AHZEICAAE 5 1 mL 2545 19 R s i,
i ESI & T J& (Bruker Daltonik GmbH, Bremen,
Germany ) , EST H BV 1E 7 58 A X35, 4t e
W% 55 B T AL B AR S 2E ABCA 9.4 T % FT-ICR MS
(Bruker Daltonik GmbH, Bremen, Germany) #1743
B, J5 fr HE O RS 915 B2 150~800 Da, 3% &1 fill 100
WA AR L (R KT 6 T A o 1 5
A EI| Excel £l 2= v, 1 FH 26 1 5 16 5 52 3 == 91
K1) PetrOrg O™ A #E 47 7 F i+ . AT
A 9 °C U HL 0 VN LS PC L M0 AT di KR
T4 W E H30.60.20.3. 1. 1.1 F1 1, &4 [Ff7
K C PO F S o FAMA G LT

J T B X FT-ICR MS B 45 S k47 2007, 36
{112% 1l Van Krevelen [ (VK &)™ 3318 T &1k
F8 4 (modified aromaticity index, AL )" ™', VK
SEH N O CIF M EUUEA H.C I
{ELRE R — ZE I 1%, Hoir O/C A (B M A Ak b, H/C 1Y
NP ALAR, EZA DI 2E A5y (L3R 2R L 2K
K ONREIE 7RI BT IR TR ) #
FLAT R RE 1) O/C R H/C, R I, £ VK I iR A 254k &
WA HAR e 1 8. AL 2% DOM J5 Ak i
B —A~ B i, HA AR
Al =(1+C-0. 50-S-0. 5[ N+P+H])/(C-0. 50-N-S-P) (3)
KF:C.H.O.N.S.C.0 F1S 535 530 TR i
2T R W R

AL, >0.5 L J<0.67 25 EFERALEWY, AL, >
0. 67 WJE TEZA I ALEW . AWF5E P HF
1) UL DOM 4 4y 1 4k & W oy 25 7 ik I
T(ERDY,

F1 o HALE T R S (FT-ICR MS) 2047
THEN R AL SRR P2
Table I The classification method of compound classes

used for categorizing FT-ICR MS molecular formulas™”

E YA Iy ehRife
EES 0/C<0.9, 1. 5<H/C<2.0, N=0
Egies 0/C<0.9, 1. 5<H/C<2. 0, N>0
LLES 0. 9<0/C<1. 0, 1. 5<H/C<2.0

ARSI AR L)
A (5 ik 1L )
Ik

EZIPaSES

0/C<0.5, H/C<1.5, AL <0.5
0.5<0/C<0.9, H/C<1.5, Al  <0.5
0. 5<AI <0. 67

Al >0. 67

3 #FR51TiR

3.1 k4 DOC K B 7 8 p AT D0 WR iz S i 25 4k
ST

UK AR 1) B 8% % L R v B B A B ] Y
i, vRAR K AR DOC e i 5 I e B AT TH s 1922 4k
A E 2(a) 1, B vk 2k DOC By 7 13. 41 mg-
L'(D,) , 9% 6 dJ5 W #F PR £ 4. 47 mg- L7 (D)
(P<0.05),3i 9 dJa R £4.95 mg-L'(D,) , #55%
GERFSE T 2 6. 71 mg-L(D,,) (P>0.05), Hi¥
W11 (D, & D) , T8 fif vk s A7 78 KA s 1
=1 DOC, i H B K A KA bl S AE e DR 0
FER ™, TR 8 4 DOC ZEsR ZU A OERRVE FH T &A=
ek, S 2K A KB DOC B JE 30 PN 3 %
ik HFEP (D, ED,) , KA TER; F7 o f2
DOC A4 ] F| FHPE I T AR, v A K RS il Hh i
TSR A DOC B8 & 46 s vk v i F SR
A= AT N B TR, N BRRE JC LR % AL A AL
B, Bk 2 F R K IR B v, S BORE 3R s vk
JKFER DOC MR RS T 5 -

A 32 X AN [R) 355 37 B[R] vk 2B 7K B o DOM [ 48 41
AT LGS M 2 B 2(b) ], B fif vk 2 (D) H 1)
DOM 7£ 300~350 nm 1 5] PN A7 B 8. iy IR A 0, 3 —
W A g 7 2 TR L 3R 2 HE 1R 25 1K 5 ) (mycosporine-
like amino acids, MAAs) [ 8L I K004, MAAs J& /4
KAE AR AR IR EL N AU Y (A0 T 25/
PHF TR BB A 5P IR A B D R e 28 ) =k
) — SRR A B 40 G0 32 SR AN R AL B
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Fig. 2 Changes of DOC concentration and UV-Vis absorption spectra in cryoconite water samples under different culture time

T R 1 A A 1 DX T TP A R B R
6 dJ& , VK42 7K BE 1 DOM 7E 300~350 nm yi [l P4 1) i
WU 2, A ZE 250~400 nm Ab A W s, H Wl (s
BN SR 9 A, VK2R KA H DOM 7E 250~400 nm
22 [E) 8 W W (B i T, 35 5% & 18 d B, vk
7K kE Hh DOM 7E 250~400 nm f4 W2 S {8 FH s LA 1 A8
TR, 15 8 1 A v ok 2R K RE Th BT WO Y
DOM ¥ i S SRR 5 T i A8 fh i

M1 VK22 DOM [ HRAE 28 AN G B SUVA,,, &
L, B 30030, vk2k v DOM 9 SUVA,, L 0.35 L+
mg-C' m" (D) i FEFFEMAE0.08L-mg-C"*m”
(D) (%2), ¥ 75, SUVA,,, B & TR E0.50 L
mg-C'-m™(D,,) (P<0.05) ,iX —AE{b R B 15 5% 5 1]
DOM 1 BA WOCPE LA ) & i W 3 n' . Ol
TR A S M BUE T LA — e TR L RAEA
25 DOM PSR IE , S,>1 MR /R A (.25 DOM 1] fig J&
UEPE B DOM, Tfif S,<1 W /"4 .25 DOM 1] g &
SRR DOM™ . 3R IR A, vk 2 DOM
1 S N 1.93(D,) i & PR 2 0. 57(D,) (£ 2) , K W]
DOM 34 Y 20 87 ph P U DA T [ SR R DR A%

#2  AFEEEFREEIKAEKEF DOC . SUVA,, .S,
AR AL 2 BT
Table 2 The DOC concentration, SUVA,,,,S, and AI_,
for DOM samples isolated from cryoconite

water samples in different incubation time

Rz DOC/ SUVA,,/

iE (mg-L™)  (Lemg-C'»m™) S Al
D, 13.41+2. 71 0. 35+0. 05 1.93+0.03 0. 15+0. 17
D, 4.47+0. 94 0. 08+0. 01 0.73+0.07 0. 16+0. 16
D, 4.95+0. 82 0. 19+0. 02 0.79+0.02 0. 16+0. 17
D 6.71+3. 88 0.50+0. 16 0.57+0.01 0.20+0. 19
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3.2 k& DOM & F4H K FA SR 43 #r

ESI-FT-ICR MS 5 L /R (& 3) , B R 1245
KN e vk i (D) DOM 70 T4 £, T84
TNEZE(25. 88%) (2 kS (20. 11%) R AEHK LAY AS
T A4 25 (31, 83%) il iy A8 Bk LU 9 AN A IR 2
(18.12%) , [FII & A D i 1Y 05 1226 (3. 34%) (2 3
78 25(0.59%) LA KM AL A 47 (0. 13%) (% 3) .
iz B[R] 0 R AL vk 22 o DOM 19 43 F A 750 28
(F4), K BLUE & vk 22 v DOM (1 3 B4 1 21 i &
CHO 24431 (39. 69% ) Fll CHON 25431~ (49. 30%) ,
[ & A /> & B CHOS (7.75%) #1 CHONS
(3.26%) 2531, Hrisf vk 4> v CHON 2843 7 & 5 4%
T 50% , 1 BH B ff vk 22 v () DOM 2 A 1R & 19 2B )
AL

AR, VKA JE VKN R Py dE 2R
LXK R IE R EE . A
FEA 12 5 vk 1T fif vk 22 H DOM IR 2 (25. 88% ) Al
ZKZ5(20. 11%) 1Y & &, LU BB vk 22 DOM (1))
TR R A S=1.93 (S,>1) , 1 B 58 £ vk 242
DOM F 2L A vk A BRI S P s s> Rl
ZRVA 125 0K HAL T R T R LRI, P2
P& FLOR 2 b 1 35 s v 3 T VD8, P R 5 SRR R
[ 0 | o33 1y NI T A B A v s o 3 /B et
AL VK2R DOM 1 81 Bk U5, 32 2204 I B fif
AN S Sl N T (1= W 1 o I N (| e
(31. 83%) Fll iy S ok b B AN AR AR5 (18.12%) , f1
AR T 2 DA S o A A e U s TR T
R AL 2 vk 00
3.3 k& DOM & FHEMENFFIES

DOM ) {2 20 iUZE A B Rt B v e A= T
W[ F3, Kl 4(a) ], WD, 2D, ZIEMG
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Fig.3 Van Krevelen diagrams for the mass spectra of DOM in cryoconite water samples from different incubation time

K3 ORIFFEFRI A PR KRE T DOM (9535805 5 4R CRIFE &9 20 i

Table 3 The number of total molecular formulas identified, the number and percentage content of molecular formulas assigned

to each defined compound class for DOM samples isolated from cryoconite water samples in different incubation time

- = P s
3% DOM ERATH  ZREDTH miiiﬁiﬂ ;zziii FREDTE ZHITRENT BRI TH
WA s (A E D) QR is . . (H &) Banda) (HEE)
(A7) (QEpic i)
D, 3714 961(25.88%)  747(20.11%) 1182(31.83%) 673(18.12%) 124(3. 34%) 22(0.59%) 5(0. 13%)
Dy 3102 1052(33.91%) 530(17.09%) 1074(34.62%) 340(10. 96%) 95(3.06%) 5(0. 16%) 6(0.19%)
D, 3967 1253(31.58%) 513(12.93%) 1207(30.43%) 778(19. 60%) 155(3.91%) 49(1.23%) 13(0. 33%)
D 4500 945(21.00%) 574(12.76%) 1 696(37.69%) 940(20. 89%) 253(5.62%) 72(1. 60%) 20(0.45%)
K4 AFEFRI VKK DOM -2y 70 B A7y 54U CR R R A5 90) i
Table 4 The average molecular weight, the number and percentage content of molecular formulas composed different
element DOM samples isolated from cryoconite water samples in different incubation time
IR PR CHO 21 (H 7r i) CHON/} 7 (/i)  CHONSZ» T (/i)  CHOSZFT(H/rihh)
D, 391. 86 1474(39.69%) 1.831(49.30%) 121(3.26%) 288(7.75%)
D, 382.87 1563(50.39%) 1 244(40. 10%) 0(0) 295(9.51%)
D, 398.01 1.841(46.40%) 1541(38. 84%) 91(9.29%) 495(12.47%)
D 393. 25 1821(40.47%) 2122(47.16%) 135(3. 00%) 422(9. 38%)
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The evolution characteristics of dissolved organic matter in cryoconite during
ablation season on the surface of a typical continental glacier of Tibetan
Plateau: a case study at Laohugou Glacier No. 12

FENG Lin"?, XU Jianzhong®, ZHAI Lixiang™’
(1. Aba Teachers University, Wenchuan 623002, Scihuan, China; 2. State Key Laboratory of Cryospheric Science, Northwest
Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000; 3. University of

Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Cryoconite is black or brown spherical aggregates on the surface of glacier ablation areas, which is an
important sink for microbe and dissolved organic matter (DOM) accumulated in supraglacial environments.
Therefore, cryoconite plays an important role in glacier mass and energy balance, and biogeochemical cycle (es-
pecially the carbon cycle). During the ablation season, the concentration and characteristics of supraglacial
DOM changes dynamically which are influenced by the environmental conditions and microbial activity. This
study characterized the evolution of DOM from cryoconite throughout a 18-day in situ incubation experiment in
the ablation zone of Laohugou Glacier No. 12 and applying comprehensive analyze method as follows: dissolved
organic carbon (DOC) analysis, UV-visible spectroscopy (UV-vis) analysis and electrospray ionization coupled
with Fourier transform ion cyclotron resonance mass spectrometry (ESI FT-ICR MS) analysis. The results show
that the concentration of DOC in cryoconite water decreased significantly from 13.41 mg-L™" to 4.47 mg-L"'
during the early incubation (from day O to day 6) , but then gradually increased to 6. 71 mg C+L™" during the late
incubation (from day 6 to day 18). The value of SUVA,,,, which was used to analyze the effect of the coupled
‘ photo-biological’ influence on the light absorption of DOC during the incubation period, was also decreased
firstly and then increased significantly, indicating both of the concentration of DOM and the content of light ab-
sorbing compounds increased during the long-term incubation due to the light and microbial affect. The changes
of DOM composition analyzed through EST FT-ICR MS suggested that during the whole incubation period (from
day 0 to day 18) the contents of peptides and lipids were reduced, while the contents of unsaturated, aromatics
and condensed aromatics were increased. The changes of unique DOM composition in day 0, day 6, day 9 and
day18 revealed that the composition of DOM in cryoconite continuously transformed from aliphatics and pep-
tides to unsaturated, aromatics and condensed aromatics by the coupled ‘photo-biological’ transformation.

Key words: Tibetan Plateau; Laohugou Glacier No. 12; cryoconite; DOM; evolution characteristics
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