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2E T 1992—19934FH 'H-NMR, C—NMR H IR ZHE AR X R E 48715 0
KA (1992 ST 50T K PR B3R ) A BE A (b 2 4 BRI 45 A AE b AT B 38, 3F
S5RACEMESEFERY PR ERATE LR, S5RRY, IRA'H-NMRIEERER, BKE
HEFEMEHELEYEAR, A CRNKERSHE, HHSMELD. R NNE HA
# BC— NMR SR H & RBMMH S B IR, 33.2%; IRIRER. &K, 16.3%;
ZREK, 33.7%; FEBRMEETHK, 7.5%; REMKER, 9.3%.

XKEin  MmKEHEE EAR ST

WKBHEERER. MEMRARE - MHESE RN EYBRLFE TR, 5FiEY
MM, RENSMER, BENYMEESHIUYEEEEVNER. ATHEMER
BB S5EHPREROBEST, KB BRLLEH M ARG, FEE, Bl
B, S FEBROIT RGN AN EETENSEWAE T —E T, HEARL 2 E g
AT BAERAGT (PRIRIES, 1981), Xt —E B 5 K B MR £ Bt B
HAARMERNEL UEAEHETENWYWHEXRR AT, 4 XN H
'H—-NMR, “C—-NMR IR % E AR E KB AR EA AR, WA FZE
RS FRBRE AN S BETRAENMI, LU RES A TERIE Mg K A
RREAEBEPRIEREGREREER 22 KR,

1 #R5R*®

1.1 FR KEHR: T 1992 48 GDX - 102 # g N 5 3T 5 15 /K b I 8 B
BHRRE, ERRBARER T, 2% vEKEHE (HA). BKEER (FA) K
ZENEAYY (ES) (LM, 1982). WHFHYEHEA (HA): M 0.1 mol/L
NapP,0,# 0.1 mol/L NaOH REBNFHBMEERAEREHARY KRG, BE
WM R AR (FE%, 1987). MAEHEEAER (HA): Rt ERBHART 2
HOH &, HEEAFRH,

1.2 ¥ BHEMHEE: $FSchnitzer (1974) WBHEEHEATE, K i1gB
MEH S (K, BRI P AR B R AR ) B E30ml, 1.0mol/L
NaOH B¥H. i 15ml, 2.0mol/L AgNO,BH, FHEE FUBHRBEEMIEL
WILAILTTE TR, FO (3500 r/min, 20 min), HHER 15ml EEKGEREHRS
OREEBR. BIEEBEA 100 ml HEHHHEF, WA 50 ml HEFM 10 ml BH &, &

* A BARFEERBIINE, 49070274 5. =iitid, B, HAETF 1963 4 30 A, Bibt.
WRHHA: 19938 12 A28 B, #%HM: 19954 6 A 20 .
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REBHES EZRTHERY 96 h, BREMBAEFRL Y, FREBRBERTRE®
A=A, AR A 100ml — & P i, WEBBEREEZNA
WUER T, MAEMEE LY AR ALY,

'H—- NMR i#5#7: L8R AE L Bruker AC —80 B NMR X 47, X2 THEH
5 80 Jkk, AFETWME. M30mg EAFELMAFRANEMBER, 250%
#TF 1.0ml CDCI, #1 1.0 ml DMSO —d, %, X TMS JH4xR, idF'H- NMR A,

BC— NMR #MT: (U TAES% % 20 JEdk. 3K 200 mg 2245 P BEALF R B 264k
M EFEHEES BT 1.0ml CDCL A 1.0ml D,0 #, 43I TMS il DDS X Wiz,
FRTFWEICRC - NMR HEHE, - ‘

AT BRRTRERAER YA | mg, FIBUMER/GIA 200 mg KBr, fFEEH
5], BR, ST IR - 440 L5068 LIRS EIE.

2 ZRMITE '

2.1 LAMRUOLE  SBRERRIAARKOEEE (Bla) £, ERENFIERIK
X% 1720 cm ™' BHEAEEARY. 2980 —2850cm ' HAEMiik C—H HERSH
Wi, =FEEEBHR( %K FA, ¥K ES FIFTE Y HA) BxRBUEERE, X
e HA BRSO iR 5, (U — PRI, REDGHEETENE HA SAEZ IS
Wit, H/C HERE. 1620 cm™' BIFFI BB, =G o FEHE i g 2R 555,
1720cm ™ RIEHFESR, ERXBERE—NH, MXAE HA BFERRKRR, 5
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Fig.1 Infra—red spectra of various humic substances before .(a) and after (b) methylation
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1720 cm ™' FEEURIREME, 1540 cm ™' HHEMRUCRES FREFLRET (H 0%,
1987), WHTFY HA, /K FAELZXEAEKBAORE, ZRHSEEZHNE K,
XA HA BB 5, XHEZHKEERD. 1080 — 1040 cm™ R WA 2 B
C—O fhRE#3 (Senesi et al., 1987), #7K FA, %K ES MUTIRY HA # F &
Wk, TXALE HA MRUERSS, RABHERBEES TP SEEENEHE.

HBHRAERRENE, BT Sy ERHT T HEENEHME, 2585 FEmM
B, HEEEARIRREETUED, FEMAE (B 1b), 3400 cm™' 4k OH R
SRBEW /N 2960, 2850 F1 1440 cm ™ ALEE M B C—H WK, £1700—
1600 cm™' KA BEEh. 1715 cm ™’ BMHRERYIE K, FNHEREE 1625cm ' 4
WU 5 AT BEAK. 7E 1250 cm ™' BEIEA — N EEE C— O RUHFM R, KiLH#
HA §FHEREL, LS KBHRE. ‘

FELE, —COOH #¥4kX — COOCH,, {HifE FBA W 3 400 cm ™' RICH,
BAXEBTREEY, CTHERATSEERESBREENARTIEELY HT
A, FIZLE 1600 cm™' XA R BAS, M 1720 cm™' RSBk E, o
RER RIS SR S HBERKM 1630 cm™' BE 1 720cm ™', BCOO - HH2 A
JEHE 1720 cm ™! FFHE 4. 1380 cm ™! g — B BIA AR C —CH, EXFRAE I 30 19 4%
IERdk, RS, HENOLIERPHEL, WHBERPRX g EEMRELX,
2.2 'H-NMR ¥ JLRBHFEN 'H- NMR #E LK 2a. 0x 107% 2 TMS (I
FEmEL), 0.5 —2.0x 10 TERIMNKN R F ERZB & E I, K 0.5 —
1.6x 10-¢ BEIMBUTISB R M XHEHE PR TRREMEK. 1.6 —
20x 10 Rk g IAERASHBMHENFE THREMNBRK, 2.5x107° &b
DMSO—-d, B Rt t%, 7£ 3.0 —6.0x10° WEARMEH KR, TEL
—OH, —COOH, —NH % ERARBEN SIS MBI KM Z 8 L HEUY kP&

b
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Fig.2 'H-NMR spectra of several humic substances before (a) and after (b) methylation
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i, TKAIRME—MRTE 4.7 x 107° BHE (BRIEH, 1981). WA DO 5B M iR
SHEESHE, WEKFAM3.S4x 10 RKHEBEE3.7x 107, XEHTERES
D,0 #fTR#EZ B4 HDO, FUIER B MK, YHEMNEENKG, EHNE
/K FAR 'H-NMR ¥, 3.0 —6.2x 107¢ 5 B /& & weg 0 m K 5 % 30,
3.54x 10 WRIHE B £ 4.14x 107°°, XATEERMIKEMK)S, 4 FRIEBEEEK,
SEALFRL, F'H AR 2 E KT, 6.0 — 9.0x 107 3 FH WA Rk
BEERTF, BHEBHENSEFEWE /LD, FUERTGEEN =SB/ R R BRTF
%%ﬂﬁm%%,WMQﬁHAEﬂﬁ@mﬁ%EMﬁWHWWW%,%%HkﬂHA
HEHERENFTEHEN, IRIHESH SR,

P AE TR FH AL 7= S AT T CDC,, BBLAE 2.5 x 1078 KT DM SO B s T
#, 'H-NMR i&R% %Eﬁﬁ%(@zw mH B F5IA —CH, {3286 S 85t 38,
WETE ARG, R BATE SR, HHBNENR 3.0 —3.7x 107 JEE KK
BogRE R, HaRBULINRE, B TFEEE M mEE. BhEEAEURLEYHREA.
K EMEN o — B EMETF, 45IAT —OCH, FE LR BIE IR, M85 N
A DO J5, EFWEH H-NMR i, kﬂﬁmuﬁxi WS E e 8 R,
TIER EFLE.

BHE'H-NMR ERPEEHTSER, iTEELTNHNERIITE L. FEX
B, iR HAMEESSRIE 2R 2.62, LLEBEBERNZLELRES, Wi
S5H., RMAENERSSEUETEFEEAR, X8EBEIR X% HE83 TiFL.

£1 HEERPEEENENESE (%)

Tab.1 The relative contents (%) of various hydrogens of several humic
substances and weathered coal

o fEmEE A EE. A KMESE FEL "
BB gs—30x107) (3.0—4.75x107%) (6.4—9.0x107°%) FEE /A
K FA 27.47 67.38 5.15 0.19
%K ES 35.67 61.34 3.00 0.08
TLERY HA 18.48 74.56 6.96 0.38
R HA 19.76 28.52 51.72 2.62
F2 HAKIMAEREARDELBB0EY SRS
Tab.2 The comparison of relative content of various carbons of
humic substances in seawater and weathered coal
BHER K BRI % BRER ) BB AT
WRINED o cncHh# B BB Wkpoy, S0%  ERFER U0
%5k ﬁ?ﬁiﬂ) 6.1 —47.3 47.3—66.0  66.0 —108.0 108.0 — 150.0 150.0 — 167.0 167.0 — 187.0
FA | BafE 346.52 170.59 351.85 74.72 3.37 97.58
EE (%) 33.2 16.3 33.2 7.2 0.3 9.3
iﬁfiﬂ) 6.1—42.0  42.0—66.6 81.0—108.0 108.0—150.0 150.0 —170.0 170.0 — 187.0
Kb

HA | BSHE 68.85 85.52 74.36 346.02 72.70 18.30
A& (%) 10.3 12.9 1.2 52.0 10.9 2.8
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Fig-3 BC—-NMR spectra of humic substances from seawater and weathered coal
2.3 ®C-NMR i  ¥/KFAFRKLHE HA B °C- NMR EA (B 3) B ER
THREBEHFENARIHE, BKFAEO—47x 107 BEAER—RFXERES, A
B G A ISR BRARIE, W KUALAE HA JMZE 108 — 150 x 10 ¢ S A RSR R Y, HEA%
HFHRERIRE.

BC— NMR EEZX A NNE (I#EEME) SRR KK rh &5 i (6] 89 77 L BRERN,
BAREHB/AONOE (BBRALN ) Mz, B nT AR R g i FR 4B X S A8 o R
FIRMBREFHSREESENMGE, SRILE2. NE2TTEL, BK FA MR
BHAMEZRER (BKLEY) MM SEHHRE HA MEH2 345, M5 &K
MR E B RALE HA B9 1,8, XBELERBY IR ERTHEEREFHEHEYE,

3 &g

BKBHRFERIEFFEMNIBNR, BRSO LEMAR, FELEWK
L. FRGUFEEWETCHFEHRMBXAEBHENEEER. "C-NMR
TG REY, WMAKBERS FHERBROMA BN BBITEK, 33.2%,; IEMKE
. AR, 16.3%; ZEERK, 33.7%; FERMELAFTEFR, 7.5%; REMBEK,
9.3%,
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STUDIES ON THE FUNDAMENTAL CHEMICAL
COMPOSITION OF HUMIC SUBSTANCES IN SEAWATER

Gao Hongfeng, Cao Wenda and Ji Minghou
(Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071)

Abstract The fundamental chemical composition and structural features of
the humic substances (HS) in seawater (collected from Qingdao coast) before and
after methylation were investigated by using 'H—-NMR, “C-NMR and IR
spectroscopy in 1992 — 1993. Comparative studies on the HS from weathered coal
and marine sediments were conducted. The IR spectra showed that the HS in
seawater are mainly composed of aliphatic compounds, and also contain some
peptides, polysaccharides and less aromatic components. However, the HS from
weathered coal contain more aromatic components and the HS from marine sedi-
ments contain more peptides. According to the integral areas of absorption bands
in '"H—NMR spectra, the ratio of aromatic to aliphatic hydrogen atoms of the
HS in seawater was calculated to be 0.19, which conformed with its high
aliphatic and low aromatic feature shown in IR spectra. The "C—-NMR spectra
with the use of NNE technique indicated the relative contents of various carbon at-
oms: aliphatic carbon (CH,;, CH,, CH and C—)(6.0 — 47x107%) 33.2%;
aliphatic carbon linking oxygen or nitrogen (47 — 66 x 107¢), 16.3%, polyhydric
carbon (66 — 108 x 107%), 33. 7%; aromatic carbon and ones linking oxygen
(108—167 x 107%), 7.5%, as well as quinone and carbonyl carbon (167—187 x107°),
9.3%. These results provide important scientific bases for the simulated synthesis
of the HS in seawater and for research on their formation process.

Key words  Humic substances in seawater ~ Chemical composition Structural
feature



