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Progress of research on the burial efficiency of organic carbon and its influencing factors in
lacustrine sediments

HAO Shengtun, ZHOU Aifeng, ZHANG Xiaonan, WU Duo, YIN Liying
College of Earth Environmental Sciences, Lanzhou University, Lanzhou 730000, China

Abstract: Background, aim, and scope Lake ecosystem is one of the most significant carbon pools on the earth.
In recent years, burial carbon efficiency of lakes plays a key role in global carbon cycle, which has been paid more
and more attention. In this paper, we summarized the physical, chemical, biological, and anthropogenic factors
that affect buried carbon efficiency of lakes. Accordingly, we explored carbon stock and carbon cycle of lakes in
response to the burial efficiency of organic carbon. Materials and methods A comparative study of the carbon
burial efficiency in lacustrine sediments from different regions of the world has been conducted in the collection,
screening and sorting of published literatures, covering a number of research cases and obtaining the conclusions
of series. Results The results show that the impact on organic carbon burial efficiency mainly includes the
following aspects. The effect of atmospheric temperature on lake organic carbon burial efficiency varies with time
and place. It is now widely accepted that as the temperature of the atmosphere increases, the decomposition rate
of organic carbon is accelerated and the release of CO, from the lake to the atmosphere increases. However, There

are regional differences that the regularity of the organic carbon mineralization rate increases with increasing
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temperature. The variation of precipitation variability and intensity, the climate areas such as humid areas and arid
and semi-arid areas have noticeable effects on the organic carbon storage of lacustrine sediments. As the variability
and intensity of precipitation increase, organic carbon dissolved from land to aquatic ecosystems will increase.
Compared with lakes in wet areas of eastern China, especially shallow lakes, the amount of organic carbon in
lakes is much larger in arid and semiarid regions. The physical and chemical factors influencing the organic
carbon burial efficiency of lakes mainly include lake water type, organic carbon source and content, oxygen
penetration depth, dissolved oxygen concentration in bottom water, oxygen exposure time and lake nutrient status.
The carbon burial efficiency of lacustrine is affected by the organic carbon source. In many lakes, the respiration
from the input of dissolved organic carbon (DOC) is stronger than that from the buried organic carbon in the lake.
Relatively short oxygen exposure times and high levels of terrestrial organic matter contribute to organic carbon
burial, while relatively long oxygen exposure times and low levels of endogenous organic matter accelerate
mineralization of organic matter and thus hinder organic carbon burial. On the one hand, the burial efficiency
of organic carbon is related to the depth of dissolved oxygen and oxygen, and the less oxygen in the bottom
water is, the more favorable is the storage of organic carbon, the higher the organic carbon burial efficiency, the
organic carbon burial efficiency and the organic matter source and sediment oxygen exposure time is closely
related to the exposure time with the increase in a linear downward trend. Biological factors on the organic carbon
burial efficiency mainly include types of organisms in the lake, lake basins within the vegetation coverage. As
the biomass of lake increases, the organic matter content of photosynthesis increases, and the deposition rate
of organic carbon in lakes will be accelerated. However, organic carbon will be decomposed and mineralized
by microbe during in the process of deposition. The burial efficiency of organic carbon is not necessarily
increased. Human activities include land use change, non-point pollution of farmland in lake basins, intensive
agricultural development, the development of tourism in the surrounding area of lakes, the rise of urbanization.
All human activities carried out in the lake and its catchment areas due to human needs have implications for
the burial of organic carbon in lakes. The change of land use patterns has been considered as one of the most
important human activities. Discussion The organic carbon in lacustrine is related to the research of physics,
chemistry and biology. It belongs to the popular component of climate change, and there is a close relation among
them. Among the many influencing factors, climatic factors have significantly influence on the organic carbon
sequestration efficiency of lacustrine sediments. The impact of human activities on the organic carbon burial of
lakes is becoming more and more increasingly, and the ways of impacts are diversified. With the urbanization
of lakes and the rise of tourism, the change of land use pattern has a dramatically impact on the organic carbon
burial of lakes. Conclusions In this paper, the factors influencing the organic carbon burial efficiency of lakes
are reviewed, which is of great significance to the study of lake carbon cycle and its role in global climate
change. Nevertheless, the extent of the impact of how much, the specific impact of the process mechanism and
what kind of human action should be taken are not further investigated. Recommendations and perspectives
There have been problems with limited regional, seldom impact factors, and with lacking of systematically,
more limited to observation, and the understanding of mechanism in the study of burial efficiency of organic
carbon. Further research can be strengthened from the following several aspects: (1) Carbon burial efficiency
of different research should be carried out under different environmental conditions and regions. (2) Under
the background of global warming, exploring carbon burial efficiency in response to warming and how its
variation feedback to the climate change. (3) Quantitative analysis of buried carbon efficiency of the whole
earth’s physical and chemical biological process should be carried out, to establish relevant models. (4) How is
the impact of human activities on the organic carbon burial effects of lakes? Can human beings take appropriate
measures to sequester and store carbon emissions from human activities, depending on the size of carbon burial?

Key words: carbon burial efficiency; carbon cycle; organic geochemistry; global warming; carbon pool
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B TARRUE EROBRITBEAAE L, HorP: a 355 X (TB) (y=7.41-020x; r=0.75; P=0.005); b.558mREHIX (MX) (y=7.77-0.37x;
r=0.74; P=001) ; c. ZRILFWIX (NEC) (y=8.52-0.07x; r=0.09; P=0.77) ; d. WHGHHILEBIX (EP) (y=12.50—0.20x; r=0.58;
P=0.08) ; e ZHEEMIX (YG) (y=934-026x; r=0.72; P=0.01) ; f fEBAMSK SR (»=9.95-038x; r=0.92; P<0.0001) .
Temporal variation patterns of carbon accumulation rate at 1000-year bins of lakes in (a) Qinghai-Tibetan Plateau (y=7.41—-0.20x; r=0.75;
P=0.005); (b) Mongolia-Xinjiang Plateau ( y =7.77—0.37x; r=0.74; P=0.01); (c) Northeast China (y=8.52—0.07x; r=0.09; P=0.77); (d) East Plain
of sub-tropical China (y=12.50—0.20x; »=0.58; P=0.08); (e) Yun-nan-Guizhou Plateau (y=9.34—0.26x; r=0.72; P=0.01); and (f) The whole China
(¥=9.95-0.38x; r=0.92; P<0.0001). Error bars are standard error (S.E.) of the mean.

B TAE N WA DL & A2t Hob g s I X (TB)  (p=3.01-0.04x; r=0.66; P=0.02) ; h. S&8 & E# X (MX)
(»=0.50—-0.01x; 7=0.69; P=0.01) ; i. A JLEFBW X (NEC) (y=0.63-0.23x; r=0.79; P=0.002) ; j. W HAH 45 F il X (EP)
(y=130-0.05x; r=041; P=025) ; k = 5@ X (YG) (y=049-0.02x; r=0.71; P=0.09) ; L H [& i1 & 49 & = 25 1k
(y=4.29-0.002x; r=0.03; P=0.92) ,

Temporal variation patterns of sediment organic carbon content at 1000-year bins of lakes in (g) Qinghai-Tibetan Plateau (y=3.01—0.04x; »=0.66;

P=0.02); (h) Mongolia-Xinjiang Plateau (y=0.50—0.01x; »=0.69; P=0.01); (i) Northeast China (y=0.63—0.23x; r=0.79; P=0.002); (j) East

Plain of subtropical China (y=1.30—0.05x; r=0.41; P=0.25); (k) Yunnan-Guizhou Plateau (y=0.49—0.02x; »=0.71; P=0.09); and (1) The whole

China (y=4.29-0.002x; r=0.03; P=0.92). Error bars are S.E. of the mean.

BTN LHEIADIBIERAZE L, b m fBGERBIX (TB) (y=0.49-0.02x; r=0.87; P=0.0002) ; n. Z5H=EEBIX (MX)
(y=0.49-0.01x; r=0.69; P=0.01) ; o. ZRJLFHIX (NEC) (»p=0.63-0.02x; r=0.79; P=0.002) ; p. W HHFAFF I X (EP)
(y=1.30-0.049x; r=041; P=025) ; q =5t AKX (YG) (y=049-0.15x; r=0.71; P=0.01) ; r. tf [=#H0 80 & &2k
(y=0.64-0.03x; r=0.88; P=0.0002) .

Temporal variation patterns of sediment accumulation rate at 1000-year bins of lakes in (m) Qinghai-Tibetan Plateau (y=0.49—0.02x; »=0.87;

P=0.0002); (n) Mongolia-Xinjiang Plateau (y=0.49—0.01x; »=0.69; P=0.01); (o) Northeast China (y=0.63—0.02x; »=0.79; P=0.002); (p) East

Plain of subtropical China (y=1.30—0.049x; 7=0.41; P=0.25); (q) Yunnan-Guizhou Plateau (y=0.49—0.15x; =0.71; P=0.01); and (r) The whole

China (y=0.64—0.03x; = 0.88; P=0.0002). Error bars are S.E. of the mean.

B TARRE BROBIOBE R . AL BRAVOBE RS TL (Wang etal, 2015)
Fig.1 Temporal variation patterns of carbon accumulation rate, sediment organic carbon content,
sediment accumulation rate at 1000-year bins of lakes (Wang et al, 2015)
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Tab.l Study on carbon burial in lakes abroad
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K2 APWRTURER . AT R, MR . ARG R 58D
TURUZ AR E R (Sobek etal, 2014)
Fig.2 Mass accumulation rates (MAR) of organic carbon (OC), the C:N ratio, "°C, and
0" N plotted against the age of individual sediment layers, as derived from the *'°Pb
chronology of each lake (Sobek et al, 2014)
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Tab.2 Surface-sediment organic carbon concentrations, atomic C,, /N, ratios, and 0" C, values (PDB) that reflect differences
in delivery of organic matter with increasing distance from shore in Lake Victoria, East Africa (Talbot and Lzrdal, 2000), and with
greater water depth in Pyramid Lake, Nevada (Summarized from Tenzer et al, 1997)

Sampe location TOC/% C/N(atomic) o Core/ %00
Swampy margin 35.9 16.4 —20.6
100 m offshore 38.6 17.5 —20.5
Lake Victoria 200 m offshore 31.2 12.3 —20.5
300 m offshore 27.6 16.1 —20.6
400 m offshore 12.1 11.6 -19.6
20 m depth 0.6 6.7 —24.9
30 m depth 0.9 9.4 —24.9
40 m depth 1.3 7.4 —24.5
Pyramid Lake 50 m depth 1.6 10.8 —26.4
60 m depth 22 9.8 —26.1
70 m depth 2.5 9.3 -27.9
90 m depth 2.9 9.1 —27.5
100 m depth 3.6 8.7 —27.8
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OREE . RJZ/K AR SRR | S B TR A
BB AR E FROUAE, X EEHAL N R AR
PGB SUTRRE S . WA R KIASERS . O VA
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XA LR & i () R /NG 72 A —E 52 ( Downing
et al, 2006; McDonald et al, 2012) . /K pH ¥
AR MR AL 2, Finlay et al (2015) &
Pk 2 A AR S R KA AR pH TS,
HoR 1R CO, AR, H A AR R
SSBESEAE G CO, I Zsie (K 3)
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FRELR R

a. Surface water pH; b. Total inorganic carbon (TIC) concentration; c. log,, partial pressure of CO, ; d. Chemically enhanced flux of CO, . All time

series are unweighted means and s.e.m. (n = 6). Samples lack during late July to September in 2000. Mean p., of the atmosphere (370 patm) is

indicated in ¢ with a horizontal dashed line.

B3 IR R AN I K I B 2 pH Fil CO, il AT A8 4L 5] ( Finlay etal, 2015)

Fig.3 Temporal changes in summer pH and CO, flux in six hardwater lakes of central Canada (Finlay et al, 2015)

WA KRS AL B ST R A /NP — 3 [X
T P TR A MR & i, SEEA AR
TR PERA HLIRI R i S KR 28 | R/ NI A
TR B AH 2 PE (Clow et al, 2015) o WD
B HURIEA PIRFANEZ 43, PTRA LK £ 2
R AE Y DG EAE R R N AE A LT, SN
BT LR LA VE X ik A=, b bt
TR =N A A AR E A LT, A
IR ACRAZ A HLRR IR RS2 R , ZEVT 2,
GG ARAT ML A 0 AT AR A IR AE 2L LI
DAL P LR T 7 A B A i o 3K — R R
HA =R EZE L, /MR PR 1A
Ui FH 7 A A FLTOR U5 Tl i AE 25 R G2 R B U5 A 1L
e, FEHINAF AT AT A HLAR 2 DI
SO — A BB R A OB A LK )
EA DU AL I R W Bl U ML A R A

RERZ— DI PR, 2R3 8010 H
£ 5 i NCP ( net community production ) g, P:R
(ratios of photosynthesis to respiration ) [J{E/NT 1
( Urban et al, 2005) . WF5% A& BOAH X 54 A0 S0
DGR R 5 2 s ARl A= A HLSUA B TR ALRRHET,
T AFDRT R 1 40 A< IR DG IR ) R 25 3 %) 9 A A AL
)2 A LB A AT B AT FLAR I ( Sobek
etal, 2009) . A Bk A — 5 T 5 % i A
S ARNBEREA R, KEKABLD, B
AT AHPIRIGELE, APLERILERF S (Sobek
etal, 2014) ; Jj— A PLEBSEERCE 5 A VLR
R SRR SR CI T 25 DA DG, BERR G ]
IR 2k TR (K 4)
Sobek et al (2011 ) BFFE T T2 A5 N 19
LR, XF [ — TR A [R) 57 B A BB RS
RHATX LT, RIS A FALE B DT Y)
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FHLG, IR AT 22 580K, FERNAERRAL
A BE T A A BB Sk 15 Sy i A R S T
SIS [B] A DTRR N 7 HAT HLAG R 3 2
MIMSIE T iX — 5. 5 8RB G A] &
Py JORE %) Ja PR RRAE AR e, A8 LA R 52 52 1) i
LRIV 8 A LAl S 2% v U A A o R

HERYE, BEFRAENO M TERNE L0
KRR KA AR, FHNAEAYLR S
1R E (Dean and Gorham, 1998 ) ; & &5 72 KA
AR /Y CO, e A, AW 24
15, SR AR BN B KR CO,
5, JFHAR S R 208 AV A —E
(R 5 U AR AR BILA TN 98 R 2 A A= B £
( Pacheco et al, 2014) . KIAL T KB AR LS
FAEE SR BB Alchichica 1), B4 n] HEHR
i 1] T~ ORLA HLBK 1) RS 447 (Alcocer et al,

2014; Clowetal, 2015) .
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TR
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230 B B R R N IRGUIRYD 5 S50 RV 3R B IR TTCRR Y . S22 i
TEBTRW (520 B B2k EIH, OCBE = 61.2-16.7 x log (OET ) ;
R =081; p<0.0001; n =14, B AHEETUBIA BB BLR
HEABEERE A EIHE & (Hartnettetal (1998) )

Open circles represent sites receiving sediment from mainly
autochthonous sources; closed circles represent sites receiving
sediment from mainly allochthonous sources. The solid
line shows the linear regression for mainly allochthonous
sediments (closed circles), excluding KI-IN (see Discussion):
OCBE=61.2-16.7 x log(OET); R’ = 0.81; p<0.0001; n=14. The
dashed line gives the relationship for marine sediments according to
Hartnett et al (1998).

K4 27 DARBRIATURYI A HUBRHLECR (OCBE )
HEABOLE (OET) BISCHRIZ (Sobek etal, 2009 )
Fig.4 Plot of oxygen exposure time against OC burial
efficiency for the 27 different lake sediments
(Sobek et al, 2009)
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A LA MR A R EZ R, 68 DT
R AT DA BB IR A AL e i, S5k
[ If, CaCO; 1Y 43 fifk o 23 (S VA UAR W A LB 1)
TR, AU SR SUIRWIRE A HECR,
Fif 7 42 14 U6 2N 11 84 0 ( Thompson and Eglinton,
1978 ) . {HJ& Meyers (2003 ) % BLAL 3 Tk WE
B2 0 B 55 48 K 5 il A6 T B i vk B 3 v i 2 1
R T B AT AL 5 L B R R A LT
5 B AR, Meyers WAk oK) 1 il K 45717 R S 9 40
R PR IA rh, A K TR kB DA R TR
B, — 7 SRS G X R T A A L, DL
R A HLBTIR D5 53— 7 T K DR 32
D) 81 s RN = e B VR 1 2 S| WA R
&, EREGTRYh, o 0R & B A HL
JBT 118 B LR A P R B0 2 TR AR ML it A7 18—~
% A (Kell et al, 1994; Rothman and Forney,
2007 ) , {H/Z Sobek et al (2009 ) A 4ok
PRAFE M BEE T AT T AR A A BILAS A SR A A K
T RV E A . ERR SR 1k 2= XA 2
T PETURR YA LR B i 2 i I . UL
TR 1 Ja P e R A ) o A BILAs %) i HE RO . AR
7 (Bengal fan ) AYAHURZES G . TR B
5 AR 2 e, 70% — 85% A HLER A 2 15 A8 A Bl
BT, BXFTRACO, Kud, Hogw 45 il i £
4, (Galy et al, 2007) . 8 HJE K, Galy % )it
IR R by, T E S hE L R
ARG, R RG AR MR I
R SARAA AT 2158 HUAR ST BUSOR I A e 1F
TE— D K, i Z 35 BRI & Lz sl in el 1
PR RR RS, B T A AL R, RRAR T
KA CO, 1y & &, DRI M T2 s R RUBE | X%
S AR AR BN, R . W)
PR b g2 ol 5 A A Bl v R A AL P B RICR
AT AR P 1) SRR 8 BT AL 7 SR B%
I, Wy PR D TR A W Ve A B AR o  Ti AHE E
HRVEH (Hilton et al 2012; Galy et al, 2015) .
6T w4 B R R R, A g B R AT B LA 2
T B IE SR Rk BN T DR, X — RS
i R U B AR oA ML 0 A= 1k T LU S —Fh CO,
MR FET (Hilton et al, 2015) o
Brit =z 4h, WIE 22K A9 M ek Ak 27 A
FH A B b 35K T 27 8 A ok 38090 A AL ffk 2 5 2550 248 A
of —SEHESE, L PR WA L AR T B AT
BRI IR S =25 DURY ik A
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[] 57 2R 118 v I 55 B 25 52 Wi A BIL A H A% % . Bl
IFil {57 28 A8 4 5 I {1 i PR 46 B 4 °CL RLR I,
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WA AT ML 5 it 1 v I SO 4 2 7 AR
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PR AETE b o
23 EYEER

WA ML A A7 1 g — 2R B 7E 42 3K
WHENCARRIREER T ZIAAT, BT S BxXFh
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A= PR I A AL B S R 1) S ) AL 6
iR Sl REA B 7/ N1 IR i N B e S A B e 4K
B, T WNAMCE Y B B B A LR 1) 53 i
PR A R AN A AE T BB — AR
S IIARRAE P A AT, WA AR R, O
SAER A LR & B2 38, WA Bl
B () DA R R 2 ke, E2 A MLBRAE DU 72
rh FGURR G #2352 BN U o i S04k, AL
R LB R AN — REHE N ( Sobek et al, 2009) . 1
TR, MDA S, W b i f
B A8 LT S ML A TC L R AL B 72, A
BLYD I IR S50 i 3 R 53 P B, 77 BR B B
S IR AR AR A AE T 17K v 1 52 3 HL e A LK
AN (A PLR, BE2R5E) F CO,, NH;,
H,S SF T ; 7 ABBe: WEERN N AL
S BE AT CO,. H0 SR IRk fE o PRI
AR EA R IR A W 2, AU P BERE A
ff A I TCHL, A MR HRRCR IS /N A PR
B A T A W o AR T RS2, SR HT
TP AL Sl “COo,, AP ESE *C, s
S E 4 CC, TR 2 el PC il A L
[, SEmEICHLERA L, H PC/PC TR 2%
(O’Leary, 1988) . Gniibiyfiie g5 — A ki,
PSP R HTE 0 TCHUBRAE B, T JeHL
WA E S PC Y, FrLLESHYIN 6°C s
Hahn. O AR R RS A 4 B AE B 251 T
WIFAHIRE, Bl AR N0 Wik, 7R
S AAE F 0 3 R rh B A PR AR ARG, SR AR IR
HRAY O N Bk 238 i, 6N B, 6 B AT
H PR ER B A N, FEORIE T e A
2575 7K B HERL ( Teranes and Bernasconi, 2000 ) .
TS 35 S () 8 [ ST, T M T R
WA LRI, o — PP i R W KIS R AL T4 B2

BRI AR, R TCAIL A B AR i £
4 0PN AEI N, 6 C ARSI R T U A
B = b o B e A A B R 1 PC S TH
FERE, 55 =i B LA b DX ] LA AR 7 ) 4
=, AU A PR K AR — A kIR,
TR RSB, AL A I & 6°C,
24 ANZEEDH

HI B ZE B0 I R 1 B0 JL-F-AR 20 25 18k [
Kol HIERMME TR NN, AH
PRI 25 70 A W A A 1 o 1 B 5 0 i 2 1
AR, T AR XX R B 4 Bk AR Ak o 7R
I A IKAR W . RATS W DO R LA B b B
i 722 A 18 i) 7 AF 5T B R Bk 22 (Post et al, 2009
Callaghan et al, 2010) . 1 A 2555 501 76 9
1A M R B A7 B — )T shx ia A
BLAS () S ER A 5 i b b R O S A
— BN A X A FLR S ) fe R i N 2T 3l
Z—o TE 19 ety i, I 3R AR Hb 1)
Al M 5% AL i A5 - e phhnsig, 1 HEWk e Bk
WEZNERE, FEWINAHRER TREE, I
K i A HLBT A9 A= 7= 5 388 i ( Schelske et al,
1998 ) o AT Gl o2 it A I, AR 2 I ] d;
A —Fpy5 G5 =2, IWITE I I A FH A TR TS G
SN A DL ) & it SO TR . AR,
Wi 2 A A b DX 28 B AR i A A, A 25 A AL
fEHREE LG, ETREE #EROK . HT KA
SN A, 25100 FREE I B A . SRR
A it NE DA S 5 5 o0 38 Bl 2 A% T o AL T3
A G 3, O R EOIN A PLaR
BN —PEZEFEA (Van Oost et al, 2007 ) .
WA B A A7 S 38 INAE T B3, Al R 291k &
J&, AR 0 1] 1A% 5 Al A7 (A5 ) T e i
T WA FE 3 el 2k Gn L Al Tt i, AR
T 7 3 ) HE ke A5 7 A i e ol ¥ e 23 %o 1 A=
SRGHEZM (Quinton et al, 2010) , At
PAL B b A1) FH 00 228 A g A e B2 1 B JE 95 3
M 116 A/ NREIRA AT BLAR B i A7, EF AR AR S
[X. B OCAR ( Organic carbon accumulation rates )
BIHEAE 1950 4FJ5 4 TV 92 5 2 AN B 3 i i
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R A 18 0 ) DR A 2 AR PR R T AT RE R st R
T R AR AR K BT, 90IA A 7 T AR

HET A 158 HL AR H 58K & A 25 4k ( Anderson et al,
2013) (&5) .
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Fig.5 Relationships between contemporary C accumulation rates and selected limnological variables
(total phosphorus, total nitrogen and chlorophyll a; n=97, 74 (after three extreme outliers being removed) and 95) and
percentage agricultural land-use in catchment (n=52) (Anderson et al, 2013)
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KAt (Wangetal, 2015) .
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