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Table 2 The concentrations of Dissolved Black Carbon in different water areas
DBC/( wgC/L) DBC/DOC /%
NE Pacific and S Pacific - 4 ~ 22 BC O0C "“cC 2
Delaware River 125 + 32 5.4 £ 1.9
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Delaware lower estuary 192 + 83 8.0 = 2.5 -
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North Atlantic Deep Water 12.53 + 1.97 2.1 13
Suwannee River 352.8 0.90
Amazon influenced 3.6 0.38
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N. Central Pacific 1.08 0.13
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1 CTO375. ; ESIFTACR-MS. ; HPLC-BPCA. BPCA ; GC-
BPCA. BPCA
;@ ( . ) DBC
DBC B DBC DBC
DBC DBC o
DBC DBC
DBC . . @ DBC
BC DBC o
5
DBC DBC( DOC DBC) .
ODBC PAHs ( PAHs)
( ) : @DBC PAHs DBC PAHs DBC
. @ DBC DBC
N DBC; 3DBC DBC DBC
BC BC o BPCA BP-
BC N 0 CA. B BPCA
( BPCA) DBC BPCA .
BPCA DBC
DBC 16) . @ DBC
DBC (1.08 ~44 400 pgC/L) DBC
4 DBC DOC DBC DBC
0.1% ~50%; ®DBC DBC . 6
DBC DBC DBC
DBC . DBC . ®  DBC
DBC CDOM DBC
o DBC

:@® DBC



12

1333

11

12

14

15

16

(References) :

Goldberg E D. Black Carbon in the Environment M . New York:
A Wiley-nterscience Publication 1985.

Masiello C A. Black Carbon in Deep-Sea Sediments ]
1998 280(5 371) : 19114 913.

. Science

Masiello C A. New directions in black carbon organic geochemistry
J . Marine Chemistry 2004 92( 1/4) : 201-213.

Han Yongming Cao Junji. Black carbon in the environments and

its global biogechemical cycle ] .

Geology 2005 25(1): 125432.

Marine Geology & Quaternary

2005 25(1): 125432.
Penner ] E Eddleman H Novakov T. Towards the development of
a global inventory for black carbon emissions J . Atmospheric En—
vironment Part A General Topics 1993 27(8) : 12774 295.
Kuhlbusch T A J Crutzen P J. Toward a global estimate of black
carbon in residues of vegetation fires representing a sink of atmos—
pheric CO, and a source of O, J . Global Biogeochem Cycles
1995 9(4) : 491-501.
Forbes M'S Raison R J Skjemstad J O. Formation transformation
and transport of black carbon ( charcoal) in terrestrial and aquatic
ecosystems J . Science of the Total Environment 2006 370( 1) :
190-206.
Flores-Cervantes D X Plata D L. MacFarlane J K et al. Black car-
bon in marine particulate organic carbon: Inputs and cycling of
highly recalcitrant organic carbon in the Gulf of Maine J . Marine
Chemistry 2009 113(3/4): 172481.
Ziolkowski L Druffel E. Aged black carbon identified in marine
dissolved organic carbon J .
37(16) : L16601.
Hedges J I. Why dissolved organics matter C //A Hansell D A
Carlson C eds. Biogeochemistry of Marine Dissolved Organic
Matter. San Diego: Academic Press 2002: 1-33.
Hockaday W C Grannas A M Kim S et al. The transformation

Geophysical Research Letters 2010

and mobility of charcoal in a firedmpacted watershed ] .
Geochimica et Cosmochimica Acta 2007 71( 14) : 3 4323 445.

Hedges J Keil R Benner R. What happens to terrestrial organic
matter in the ocear? ] . Organic Geochemistry 1997 27(5/
6) @ 195212.

Stubbins A Niggemann J Dittmar T. Photodability of deep ocean
dissolved black carbon J . Biogeosciences 2012 9(5) : 1 661-
1 670.

Dittmar T Paeng J. A heat-induced molecular signature in marine
dissolved organic matter J . Nature Geoscience 2009 2( 3):
175479.

Dittmar T Koch B. Thermogenic organic matter dissolved in the
abyssal ocean J . Marine Chemistry 2006 102(3/4): 208-
217.

Sun Changying Duan Zhibang Zhang Siyuan. Lumlaeseence of

Lanthanide Ions( III) and Yttrium ( III) Arom atic Carboxylate

17

18

19

20

21

22

23

24

25

26

27

28

29

Solid Complexes J . Chinese Rare Earths 1995 16(3) : 3641.

J. 1995 16(3) : 3641.
Wang Yan. Research progress of carboxylic acids coordination
compounds J . Applied Chemical Indusiry 2011 40(3): 519-
523. . J.
2011 40(3): 519-523.
Stubbins A Spencer R G M Chen H er al. Illuminated dark—
ness. Molecular signatures of Congo River dissolved organic mat—
ter and its photochemical alteration as revealed by ultrahigh preci—
sion mass spectrometry J . Limnology and Oceanography 2010
55(4): 14674 477.
Guo Weidong Cheng Yuanyue Yu Xiangxiang et al. An over—
view of the photochemistry of marine chromophoric dissolved or—
ganic matter J . Marine Science Bulletin 2008 27(3): 107-
114. .

I 2008 27(3): 107414.

Dittmar T. The molecular level determination of black carbon in
marine dissolved organic matter ] Organic Geochemistry
2008 39(4) : 396-407.
Kim S Kaplan L. Benner R et al. Hydrogen-deficient molecules
in natural riverine water samples-evidence for the existence of
black carbon in DOM J . Marine Chemistry 2004 92( 1/4):
225-234.
Hockaday W Grannas A Kim S et al. Direct molecular evidence
for the degradation and mobility of black carbon in soils from ul-
trahigh—resolution mass spectral analysis of dissolved organic mat—
ter from a fire-impacted forest soil J .

2006 37(4): 501-510.

Organic Geochemistry

Mannino A Harvey H R. Black carbon in estuarine and coastal
ocean dissolved organic matter J .
phy 2004 49(3) : 735740.

Ziolkowski L. A Druffel E R M. Quantification of extraneous car—

Limnology and Oceanogra—

bon during compound specific radiocarbon analysis of black car—
bon J . Analytical Chemistry 2009 81(24): 10 15640 161.
Ziolkowski L. A. Radiocarbon of Black Carbon in Marine Dis—
solved Organic Carbon D . TIrvine: University of California
2010.

Ziolkowski L. A Chamberlin A R Greaves ] et al. Quantification
of black carbon in marine systems using the benzene polycarboxy—
lic acid method: A mechanistic and yield study J . Limnology
and Oceanography: Methods 2011 9(4) : 140-149.

Kim 8. Structure and Reactivity of Dissolved Organic Matter as
Determined by Ultra-high Resolution Electrospray lonization Mass
Spectrometry D . The Ohio State University 2003.

Kim S Kramer R W Hatcher P G. Graphical method for analysis
of ultrahigh-Resolution broadband mass spectra of natural organic
matter the van krevelen diagram J . Analytical Chemistry
2003 75(20) : 5 3365 344.

Kim S Simpson A J Kujawinski E B e al. High resolution elec—
trospray ionization mass spectrometry and 2D solution NMR for

the analysis of DOM extracted by Cg solid phase disk J . Or-



1334

27

30

31

32

33

34

35

36

37

38

39

40

41

42

43

ganic Geochemistry 2003 34(9) :1 3254 335.

Stenson A C Marshall A G Cooper W T. Exact masses and
chemical formulas of individual suwannee River Fulvic Acids from
Ultrahigh resolution electrospray ionization fourier transform lon
Cyclotron resonance mass spectra J

2003 75(6) : 12754 284.

Analytical Chemistry

Visser S A. Application of Van Krevelen’ s graphical-statistical
method for the study of aquatic humic material J . Environmen—
tal Science & Technology 1983 17(7): 412417.

Koch B P Witt M Engbrodt R et al. Molecular formulae of ma—
rine and terrigenous dissolved organic matter detected by electros—
pray ionization Fourier transform ion cyclotron resonance mass
spectrometry ] Geochimica et Cosmochimica Acta 2005 69
(13): 32993 308.

Koch B P Dittmar T. From mass to structure: An aromaticity in—
dex for high-resolution mass data of natural organic matter J .

Rapid Communications in Mass Spectrometry 2006 20(5): 926-
932.

Koch B P Ludwichowski K U Kattner G et al. Advanced char—
acterization of marine dissolved organic matter by combining re—
versed—phase liquid chromatography and FTACR-MS J . Marine
Chemistry 2008 111(3/4) : 233-241.

Schmidt F Elvert M Koch B P et al. Molecular characterization
of dissolved organic matter in pore water of continental shelf sedi—
Geochimica et Cosmochimica Acta 2009 73 ( 11):

33373 358.

ments J .

Humphreys ] M Chapple C. Rewriting the lignin roadmap J .
Current Opinion in Plant Biology 2002 5(3): 224229.

Cope M J. Physical and chemical properties of coalified and char—
coalified phytoclasts from some British Mesozoic sediments: An
organic geochemical approach to palaeobotany J . Physics and
Chemistry of the Earth 1980 12: 663-677.

Baldock J A Smernik R J. Chemical composition and bioavail—
ability of thermally altered Pinus resinosa ( Red pine) wood J .
Organic Geochemistry 2002 33(9): 1 0934 109.

Hammes K Smernik R J Skjemstad J O et al. Characterisation
and evaluation of reference materials for black carbon analysis u—
sing elemental composition colour BET surface area and C
NMR spectroscopy J . Applied Geochemisiry 2008 23 ( 8):
2 1132 122.

Kendrick E. A mass scale based on CH, = 14. 0000 for high res—
olution mass spectrometry of organic compounds J

Chemistry 1963 35(13) : 2 1462 154.
Hughey C A Hendrickson C L. Rodgers R P et al. Kendrick

. Analytical

mass defect spectrum: A compact visual analysis for ultrahigh—
resolution broadband mass spectra J .

2001 73(19): 4 6764 681.

Analytical Chemistry

Haumaier L. Zech W. Black carbon-possible source of highly aro—
matic components of soil humic acids J . Organic Geochemistry
1995 23(3): 191496.

Trompowsky P M Benites V.d M Madari B E et al. Character—

ization of humic like substances obtained by chemical oxidation of

44

45

46

47

48

49

50

51

52

53

54

55

56

57

eucalyptus charcoal J . Organic Geochemisiry 2005 36( 11):
1 4804 489.

Hernes P J Hedges J I. Determination of condensed tannin mono—
mers in environmental samples by capillary gas chromatography of
acid depolymerization extracts J . Analytical Chemistry 2000
72(20) : 5 1155 124.

Bhatia M P Das S B Longnecker K et al. Molecular character—
ization of dissolved organic matter associated with the Greenland
ice sheet J . Geochimica et Cosmochimica Acta 2010 74( 13) :
3 7683 784.

Stubbins A Hood E Raymond P A et al. Anthropogenic aerosols
as a source of ancient dissolved organic matter in glaciers J .
Nature Geosci 2012 5(3) : 198201.

Douben P E T. PAHs: An Ecotoxicological Perspective M
John Wiley & Sons 2003.

Elderfield H Schultz A. Mid-ecean ridge hydrothermal fluxes and
the chemical composition of the ocean J . Annual Review of
Earth and Planetary Sciences 1996 24:191-224.

Simoneit B R T Fetzer J C. High molecular weight polycyclic ar—
omatic hydrocarbons in hydrothermal petroleums from the Gulf of

California and Northeast Pacific Ocean ] .

try 1996 24(10/11) : 1 0654 077.

Organic Geochemis—

Simoneit B R T Lein A Y Peresypkin V I et al. Composition
and origin of hydrothermal petroleum and associated lipids in the
sulfide deposits of the Rainbow field ( Mid-Atlantic Ridge at
36°N J . Geochimica et Cosmochimica Acta 2004 68( 10) :
22752 294.
Dong Chunming. Study on the Prokaryotic Diversity and PAH-de—
grading Bacteria in Deep-Sea Sediments of Lau Bain Hydrother—
mal Vent Field of Southwest Pacifi D . Wuhan: Huazhong Agri—
cultural University 2009. . ( Lau
Basin)
D . : 2009.
Artok L Su'Y Hirose Y et al. Structure and reactivity of petrole—
um-derived asphaltene J . Energy & Fuels 1999 13(2): 287-
296.
Fu Bin. Study on Synthesis of Perylenequinone Natural Products
D . Beijing: Peking University 1999.
D . : 1999.
Guggenberger G Rodionov A Shibistova O et al. Storage and
mobility of black carbon in permafrost soils of the forest tundra e—
cotone in Northern Siberia ] . Global Change Biology 2008 14
(6): 13674 381.
Clairotte M Adam T W Chirico R et al. Online characterization
of regulated and unregulated gaseous and particulate exhaust e—
missions from two-stroke mopeds: A chemometric approach J .
Analytica Chimica Acta 2012 717: 28-38.
Maruf Hossain A MM Park S Kim J S et al. Volatility and mix—
ing states of ultrafine particles from biomass burning J . Journal
of Hazardous Materials 2012 205/206: 189497.
Chughtai A R Jassim J A Peterson J H et al. Spectroscopic and

solubility characteristics of oxidized soots J . Aerosol Science and



12

1335

58

59

60

61

62

63

64

65

66

67

Technology 1991 15(2): 112-426.

Decesari S Facchini M C Matta E et al. Water soluble organic

compounds formed by oxidation of soot J . Atmospheric Environ—

ment 2002 36( 11) : 1 8274 832.

Tritscher T Juranyi Z Martin M et al. Changes of hygroscopicity

and morphology during ageing of diesel soot J . Environmental

Research Letters 2011 6(3) : 2-40.

Glaser B Haumaier L Guggenberger G et al. Black carbon in

soils: The use of benzenecarboxylic acids as specific markers
J . Organic Geochemistry 1998 29(4) : 811-819.

Yarnes C Santos F Singh N ez al. Stable isotopic analysis of py—

rogenic organic matter in soils by liquid chromatography-isotope—

ratio mass spectrometry of benzene polycarboxylic acids J .

Rapid Communications in Mass Spectrometry 2011 25 (24):

37233 731.

Brodowski S Rodionov A Haumaier L et al. Revised black car—

bon assessment using benzene polycarboxylic acids ]

Geochemistry 2005 36(9) : 12994 310.

Hammes K Schmidt M W I Smernik R J et al. Comparison of

. Organic

quantification methods to measure fire-derived ( black/elemental)
carbon in soils and sediments using reference materials from soil
water sediment and the atmosphere J .

Cycles 2007 21(3): 1-8.

Global Biogeochemical

Yang Xiaoqing Huang Kama. Investigation of key problems of in—
teraction between microwave and chemical reaction J . Chinese

Journal of Radio Science 2006 21(5): 802-809.

2006 21(5): 802-809.

Berger T A Deye ] F. Separation of benzene polycarboxylic acids
by packed column supereritical fluid chromatography using metha—
nol-carbon dioxide mixtures with very polar additives J . Journal
of Chromatographic Science 1991 29(4): 141446.

Khaled M'Y McNair H M. Capillary zone electrophoretic separa—
tion of isomeric benzoic acids using cyclodextrin  J . Journal of
High Resolution Chromatography 1996 19(3): 143-450.
Schneider M P W Smittenberg R H Dittmar T et al. Comparison
of gas with liquid chromatography for the determination of benze—

nepolycarboxylic acids as molecular tracers of black carbon ] .

68

69

70

71

72

74

75

Organic Geochemistry 2011 42(3) : 275282.
Schneider M P W Hilf M Vogt U F et al. The benzene polycar—
boxylic acid ( BPCA) pattern of wood pyrolyzed between 200 C
and 1000 °C J . Organic Geochemisiry 2010 41( 10) : 1 082—
1 088.
Haumaier L. Benzene polycarboxylic acids—A ubiquitous class
of compounds in soils J . Journal of Plant Nutrition and Soil
Science 2010 173(5) : 727436.
Liao W Christman R F Johnson J D et al. Structural character—
ization of aquatic humic material J . Environmental Science &
Technology 1982 16(7) : 403410.
He Jinxin. The Chemistry of Dyeing M . Beijing: China Textile
& Apparel Press 2004. . M .
2004.

Dai Minying Zhou Chennian. PAHs in seawater from Bohai Bay
1983 7(4): 2627.

J. 1983 7

J . Marine Sciences

(4): 2627.
Cao Zhiguo Liu Jingling Luan Yun et al. Pollution characteris—
tics risk assessment and source apportionment of polycyclic aro—
matic hydrocarbons ( PAHs) in sediments and water of the Luan
River China J . Acta Scientiae Circumstantiae 2010 30(2) :
246-253.

N J.
(2): 246253.

2010 30

Liu Yan Zhang Zulin Hong Huasheng. Distribution and sources
of Polycyclic Aromatic Hydrocarbons( PAHs) in the surface sea—
water of the Western Xiamen Harbor J . Marine Science Bul-
lein 1999 18(4): 3843.
( PAHs)
J. 1999 18(4): 3843.
Yang Qingshu Lei Yaping Ou Suying et al. Vertical distribu—
tion composition of polycyclic aromatic hydrocarbons in water
column from Guangzhou Channel in the Pearl River J . Marine

Science Bullein 2008 27(6) : 3443.

. 2008 27(6) : 3443.



1336 27

Research Progress of Dissolved Black Carbon in Seawater

Huang Guopei' > Chen Yingjun' Tian Chongguo'
Tang Jianhui' Pan Xiaohui' Wang Yan' Li Jun’

(1. Key Laboraiory of Coastal Zone Environmental Processes Yantai Institute of Coastal
Zone Research Chinese Academy of Sciences Yantai 264003 China;
2. University of Chinese Academy of Sciences Beijing 100049 China;
3. State Key Laboratory of Organic Geochemistry Guangzhou Institute of Geochemistry
Chinese Academy of Sciences Guangzhou 510640 China)

Abstract: Dissolved black carbon ( DBC) is a series of intermediate products from black carbon ( BC) degra—
dation. It is an important part of dissolved organic carbon pool which relates to oceanic carbon budget and thereby
plays a key role in global climate change. DBC is probably the main component of chromophoric dissolved organic
matter which can absorb solar radiation and change the optical environment of water and then influences the func—
tions and structures of aquatic ecosystems. It is also an organic coordination center which can easily form complex
with metal ions and then influences the fate and toxicity of metal pollutants. For these reasons DBC has received
more and more attentions in recent years and some basic knowledge on DBC is available for us. However (DThere
is still ambiguity in qualitative DBC so that DBC is a terminology more than a definition specially to describe a se—
ries of complicated compounds which consists of condensed aromatics as parent core and substituted with hydrophilic
groups ( mainly carboxyl) . 2BC degradation is not the only source of DBC other sources are urgently needed to
be confirmed. 3)The quantification of DBC is a great challenge for the high polarity of DBC and the complex matri—
ces which are difficult to be separated with DBC. Using benzene polycarboxylic acids ( BPCA) as molecule mark—
ers is a prospective method for the measurement of DBC but there are still some problems that needed to be
solved. @The data on concentrations of DBC are sparse and varied in a wide range making it difficult to estimate
the pool and cycle period of DBC. This article summarizes the research progress in molecular level identification
sources migration and transformation measurement methods concentrations and spatial distributions of DBC. One
of the key points is the present status and problems of BPCA method. Finally some suggestions are provided for
further study.

Key words: Dissolved Black Carbon; Molecular structure; Measurement methods; Benzene polycarboxylic

acids.



