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TIVE, VJ=ZVRIRVEF M) TLD
(TULWREICSIRABEE

—fEYRO7 I VE, JINVEBOEER—
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T WiE O E 2 OKERTEF Y Y ABWETHIE LY VWRERIL Y S VBRO T A XRE FERE

BT 5 h5mE RITLE.

Bk E 320nm 0% X b 7 3 vERIE (430~500)nm {TiF W RIEEH 2,

NY =y ALK VYERF P Y v Al 400nm RCEBBAEERZE T3 VRERT. WihbEEEE
WPHY C—ED W WhkBEL2RT. MEDERO AR Y =V AR VERF P Y v A LELNO

WALy P ARRTEED,

TAREEE VS=vAARVEF LI VA CHBRELT 2R L.

400nm, 500nm @ 2 EAZ AV WhkBE2EE T 5 & 30k b o 10 ppm AR O 54 23 [ E B T
i, KB X0 MINECERLZVESHO T S v, 7ARBRYERET, BEILERETE L.

RIRK R OJEFE B XA OGRS O e & o
MEER L SRR U ORISR EmETH Y, BB
HLEETHD. — ey I VER, U S = VALK VR
b Y a T CIRHEME OB BIIRIEEES A X
NTWBD), Fiebhb, 73 VEROKEREF F Y v aK
B (pPH9 OWITA~<=27 + it (200~700)nm iz, v
P = v AR VEEF F Y A DFRNIT (200~460) nm (o
B, TR LB CERE DO BT HRINAS 2 b
NERYT., ZOBE, V=2 vAARVEEF ) v AR
500 nm TIE & A ERINE R I LoD 275 nm,
500 nm O 2 PROBEE R WE LCHlE L RNERT
X%, Lhrl, ZOFHERY F=vALKVEEF Y Y
L DEEENE L EELRTHARD 5.

Almgren BTV = VALK VEEF PV P ARD 7
3 VB O EEESEN 310nm FiEc X, ThPh
390 nm, 490 nm BEAREELETAHFELRTH -
EERFIAL, ¥KbOHRIE V7 R OEEYE D
FUVHERE LT - 7289,

AFETITY = vAALRVEEF VY DA, ) S =y
BB 7 3 VRS DU\ IEERSM R PRI ERE L,
TR0 BREWE O Hinc #A Uiz, 2 oRER,

*ERKE BT EMILE LS KRR R AT /NE T
3-4-1

320 nm O X b 7 3 ViEE (BH) 13 (430~500)nm 1=
7 e Pt W KRR, XY V= v R v vE
b Y v Ak 400 nm i WEBAFEREYR T &, RO
TR D 7 L RERD Y S = v Rk VEEF R Y Y A
EBEUDT CHEARZ P ARRTZ ERMoT. £2T
400 nm, 500 nm o 2 FEA T, BEWEY
IOHH L7 3§ VEE, v ARBRORE I\ AREEDE
BHENL L.

2 BRI EEROFHR

TIVEEMEK K XV AFLLET I VEE (7
$vEs No. 1, G :25.329, H:3.419%, N :0.519)
BOBRRIOSME LT 3 VER (RIRFFSEEHS ch s 5
WRFIREE) BKEML - P Y YA IEMEL, FHWMBR E2H
WT W, BB LAY IvER (73vEg No. 2, C:
23.859,, H :3.159, N :0.91%) 2o V3 L5
r—2 —hiZEFELZIORFEALEL. WTFhigEHD
FED X IO LAKERBETH -, X, &
NMELEC BRMEEELL D #l, BRLA 73 v
(PR LWEEMEALL.

Y= AARVERF U A, U S =y WEILER
K.K.#®y S=varkvgr+ v va (G:23.019%,
H:4.60%, N:0.11%) BO'Y 7/ =v2uwihd i
FTB2Ei, YYIFLFIr— & —RICERELER
L.

TIVE, V=V AARVEBF LYY TARKY S =
vizWFhd 12.5mg 2RO x5 L, 0.1M kgfhr
FU YA 2.5ml TEs L, KT AR S0ml R,
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250 ppm i HE R FHELL 7.

PEER F = — & - 0.25ug BEEE ¥ = — +/ml 1IN B
BMEBRZFARL, duEEEFHOEy T4 v DD
R L.

FVWCORBEREE @ BEISEIC Y H S WIRdEEEE 204 AU
(I0W 2%/ v35v7) 2EAL:. pH oA
VYRGB HEEMBM Y S AEW pH A —% — M-5 BT X »
.
AB: KAEBEME BT 5 B E LTRDO3IED
FINEA, MELZ 110°C, SEMERL-LOZHAV
7z

BHEL : KRS AR TRAERTHERLATWE
FEMEoECEY 10 EIRGLA 100 2y 2o Pl
KT .

BRI M5 YRS - : 38°38'N, 138°37'E, ki 1500m X
DERIR L cHE 2 MyEC8ERA LA 100 2 5 3 2 Bl
LEofacy.

HA&# = 7 — 2k : 42°35'N, 135°29'E, sk R 3620m
THREL<27 —- 6lcm BXx 0 (27~29)cm o4 %
A7 VHELTHREEE, MOakT4ERALAHT
v,

3 EEREUHRN

3.1 —ERIRIE

ZIVEE, V= VALK VEET Y Y AHDL LY
Z'=v®d 25ppm NFE Sy REBEHKE Y, 0.1M
EDTAKEK 4ml, 1M EefEv- + Y w AKEEHK 2ml 0
%, 0.1 M KBt + vV v akFER < pH % 91388,
Ry 25ml L35, Z OBECOWTEE TR R
#%iz, 320nm Fhtdic X H 0.25pg/ml  FifEF = — 2
MR 2B, 73 vE:500nm, Y 7= v ALk v
itV A :400nm, UV 7= v :420nm =BT 5T
VIEEREE R BIET 5.

3e2 (FIVEERFHOBE

3e2:1 EhiR ¢ [(FVNERRY P L TR
CEh Yy r=vankvEEr by va 30ppm, 73 v
f2 8ppm RV 2ppm 0 F FhkE, FUVHAR2 b
CRAIE) #flE LicR % Fig. 1,2 Rt

73 vER (BRI, PAY) 13(300~410)nm D jEEH#C
Ve— N A2 g, ¥ (430~510)nm &% 2
V= Pl b A~z b g {Fig. 1, (1), (D'},
BRIK PR 7 3 v TR LI, Az b
ML FE LCHER RO bhicn*, chboxz b
A MO T A e, €7 3 vEREE (2 ppm,
BREIROPH) oBEBEIZOWTEIE, TuwkAr<s L
FRIE LIEREE Fig. 2 wRLk. Fig. 2 X b 05
ok, 73 vEEX 370nm B L v 430n0m iz,
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Fig. 1 Excitation and emission spectra of humic

acid and lignine sulfonate (uncorrected)

Excitation: (1) Humic acid 8 ppm, emission 500 nm,
(2) Lignine sulfonate 30 ppm, emission 400 nm, (3)
Humic acid (Yodo River), emission 500 nm;

sion

Emis-
(1)’ Humic acid 8 ppm, excitation 320 nm,
(2)’ Lignine sulfonate 30 ppm, excitation 320 nm,
(3)’ Humic acid (Yodo river), excitation 320 nm;
Fluorescence intensity was set at 90 div. vs. 0.25pg/
ml quinine sulfate standard solution.

o 410 nm DFEFETHFET S & 480nm W b ¢ 5 io bk
KEEEETHFCHE2HHT 5.

Fig. THigR (1), (1) DA<=z b iz 7 § VEEDPRE
M8ppm LA EFWID, ZHHTNTDARY b LR,
ETHT = FIRAR7 b LTEEIRL O LM
HIhs, V7=varkvBEF Y v aik Fig. 1
FB2), ()" wRLicX S, FTuwlA<=z o
BAEETFHF 320nm, (400~405)nm 125 %,

3.2.2 pH QES, BETt 7 3 v (No. 2)
By 7= vALK VEEF M) Y AR OWT pH D
G i B TR A R Y Fig. 83 1wR.
W4 & bic pH 8.5~9.5 £ C—E o2 O
WERENEB LN, 73 vERRO) 7= VA Ak VEBEE
% (pPH 9) oL TRERRE(LERCL o5, Fig. 4
R & S EEROE RS (1 ~24) BRI CER
EoBERDdbhitsot. Lal, (2~3)HEK
B2 L VCHBEORDER LI

3623 DIVE, UTZURLKRVEBFRYIDLD

* 7 3 vEE No. 1, No. 2 BROE/ VY, A
CHESE DL I VBT VWRBE I Ch
RS, 7 IvEE Noo 1 oruvwhigEs 1 &
Lict &, togvwhkgELIchfhiotsh
ThHotc. 73IvE No. 2 (0.13), @il
(FHA 0.23, CHA 0.23), BRI~ Wiky (FHA
0.17, CHA 0.10). Zo k5T 73vEWRTOR
BIZXI WA Y AR KRER VD, T
KEREREZELLLERLDT, X7 I VERBRER
7 3IvER No.l oiyvwbilE 2 EHITRD .
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Fig. 2 Excitation and emission spectra of humic 0.5 1T W2 4 6 W

acid solution (concentration: <2 ppm un-
corrected)

Excitation——(1) Humic acid (No. 1, B form) 2 ppm,
emission 430 nm, (2) Humic acid (No. I. B form)
2 ppm, emission 480 nm, (3) Humic acid (P form),
emission 430 nm, (4) Humic acid (P form), emission
480 nm; (1)’ Humic acid (No. I, B
form) 2ppm, cxcitation 370 nm, (2)’ Humic acid
(No. 1, B form) 2 ppm. excitation 410 nm, (3)’ Humic
acid (P form), excitation 370 nm, (4)’ Humic acid
(P form), excitation 410 nin

Emission

Ees ER 73 vEE (No.l: BEYKOY 7/'= AL
RV U Y AR —RE RO o TRER Z KD
7o 73 VENL8ppm FTC,XNVY = A K VEEF b
V7 44k 25 ppm F TOPRE &P HEREE & OlECiLE
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Fig. 3 Effect of pH of humic substance on fluo-
rescence intesity
(1) Lignine sulfonate 20 ppm, 320 nm/410 nm, 70div.
vs. 0.25pg/ml quinine (IN H,SO,) standard solution;
(2) Humic acid 8 ppm, 410 nm/480 nm, 55div. wus.
0.25 pg/ml quinine (IN H,S0O,) standard solution

Time, h

TFig. 4 Relationship between elapsed time and
fluorescence intensity
and/or humic acid

lignine sulfonate

(1) Lignine sulfonate 20 ppm, 320 nm/400 nm, 70div.
vs. 0.25pg/ml quinine (IN H,SO,) standard solution;
(2) Humic acid 6 ppm, 410 nm/480 nm, 55div. wvs.
0.25 pg/ml quinine (IN H,SOy) standard solution

it B 0, BB TS £22 DNTRHE L CE
BTED, cofds Fig. 1 XD 4505 X S5 cliis o
Hu¥eAa~2 b AR 500 nm i BT 5 VREREIC
KEVWENDHD., FZT 320nm OIEC 2 R4 HHFER
L, 400nm ¥ 500 nm @ 2 JEE O\ IEHEES
HREL, ROLICLTC2HakEANERT S &5
TE5.

F—EhiEpE 320nm OXMEg i X% 400nm KO
500 nm 2313 BV HHERR TR L hA (L) TREh

5.
Ip (5000 = k1Cnars +£2Cnas
Irson =k1'Cnars+42'Cra ooveeemeeeee (1)
o, Ip WEVKEHRES, Crars KU Cua e €

MY ZF=vALKV/BFr Y oA, 73 VEBOREY,
ok k) B ks By I FRTERY F= v AT VRS
P A, 7 VEED RWRCET S 1 ppm AURTT
WEHREE Th D, WER LD k=2.8; k,=2.5, k/=
0.65, ky'=3.3, L offikefyrc. KX (1) Lol (2)%
L, Yy = v AL VS Y A Ky 3 ViR Noo
WM ERTH S ENTES.

IF(uo)kz' _IF(uoo)kz
kxkz' "‘kzkl' ’

CN&LS =

IF(tmo)kl~ 1F(4oo)k1'
= cereernnne (2
Cua koky' — koky! (2)
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D = VALK VEEF LY A LT 3 vBREET A
BEO ARAREEY #H8lL, LRoFETHEHRS %
EELIEEAL Table 1-1 iRl 73 VEEEN
Sppm % TT 2 KofaEs 10ppm Zi#kz fou 3k
(Table 1-1,No. 1~6) =W Cik AT X ©IZITHE
FTREFRBMBEYRT. 73 VBROY 7= vALK VB
7Y U ARBMRIIEER X ) Th£h 8ppm, 25
ppm ¥ TIEFECHIE TE 503, MBS OEES 10 ppm
2B EPRFERDEDS D IZBENED D
% OD=0.13:% : 10.6%, OD=0.02:2.2% .- L
WO WREDOEEEZRTY. P2z 320nm D
BEaBRORKE 0.1 LIF, Tibba@E®mE 10
ppm (HA+NaLS=10ppm) oOR¥ Tl zh b0
TG IE FWCERES ET LB KER RS
(Table 1-1,No. 7~10). Fici>b, KLY V= v A
WERVEEFFY YA LT I VBROEED 10ppm LT
F+HFERLCBR (73 vEB>0.5ppm, VYV 7S=v=an
ARVEEF LU A>1ppm) CEBALTHERES.

Simultaneous fluorometric determination
of humic acid and lignine sulfonic acid
sodium salt in synthetic sample

Table 1-1

L Smpde rona et Qo
NaLS$S HA Nal.S HA D :320nm
1 5.0 0.5 4.9540.0; 0.4,4+0.03 0.027
2 5.0 1.0 4.9,40.03 0.97,+0.0, 0.038
3 5.0 2.0 4.654+0.2, 2.03+0.1, 0.065
4 5.0 3.0 4.6440.05 2.8;4+0.0; 0.080
5 5.0 4.0 4.454+0.09 3.734+0.1; 0.102
6 5.0 5.0 4.04+0.23 4.7340.1, 0.127
7 5.0 6.0 4.1340.1¢ 5.3;,40.1, 0.146
8 5.0 8.0 3.7,4+0.0;4 6.9:4+0.0, 0.187
9 15.0 8.0 10.25+0.44 6.641+0.14 0.226
10 20.0 8.0 13.9540.13 6.3;34+0.1, 0.246

Nal.S : Ligine sulfonic acid sodium salt; HA : Humic acid;

¥ n=3~5

H#D7-51c Roffael SOMKHEED 1wk b v v
M, V7/=vALsvEEF LY Y ARFREER (71 v
B :500nm, ) =vALKYEEF Y YA : 2750m
DWW EOBKERE) LiciEy Table 1-2 107
Table 1-2 X h 5% X 51, BEREETIE—#cY
F=VANKVEEF Y T A, 73 VEBBOEREIMEM
#RL, SPEOBERMIC L RTFHEBWRHS. K
WCHBRIMEBED ) 2= v AAK VT VY 7 AT Y
TVBERIER, »ORBEIL ERTELHETER T,
%.

KAGAKU Vol. 28 (1979)

3024 -\ OT7 IVE, 7LEBORSTER
WEShOBHEE I KBIET Y ) Y AR R Y v
Mo bV 2B ERACTOHR LGB R OEER O

7iIVRBRE I AEBCYERE TS, ThbD T I v
B, 7LUEEEY 3230 EEAYFH LCEE L.

Table 1-2 Simultaneous spectrophotometric determi-
nation of humic acid and lignine sul-
fonic acid sodium salt in synthetic sample

Sample taken

No. (ppm) Found (ppm)t
o~ 3
NaLS HA NaLsS HA

1 10.0 10.0 9.26+1.7; 10.39£4.24
2 10.0 30.0 9.5g+1.0; 28.954-2.8g
3 20.0 10.0 18.62+1.5¢ 10.35:£3.7,
4 20.0 20.0 18.73%1.45 19.76£2.0;
5 30.0 10.0 27.09+2.8 13.3;+6.5¢
6 30.0 30.0 27.41£1.7; 31.2343.04
t n=3

1) fonBEhhHl 7 ¢ v, 7 A RBORE, Tk
A7 B

REH DIJFIED v X D sl sE U7 iR OKmg(k > b
VU AW OBEYE) ROEEH (e ) v
F P U Y AT ORENE) o7 2 v QENE
X ohh, BRE: PR, s QEIE £ X b #h
Y ok, v x-~<2 bk Fig. 1, 2, 5 mid.

100

o
=
T

Fluorescence intensity

400 500

Wavelength, nm

300

Fig. 5 Tluorescence spectra of humic substance
(uncorrected)

(1) Free fulvic acid from Yodo river
sediment, emission 395 nm, (2) Lignine sulfonate 20
ppm, emission 400 nm, (3) Lignine 10 ppm, emission
410 nm, (4) Combined fulvic acid from Yodo river
sediment, emission 410 nm; (1)’ Free
fulvic acid from Yodo river sediment, excitation 320
nm, (2)’ Lignine sulfonate 20 ppm, excitation 320 nm,
(3)’ Lignine 10 ppm, excitation 320 nm, (4)’ Combined
fulvic acid from Yodo river sediment,
320 nm;
0.25 pg/ml quinine sulfate standard solution.

Excitation

Emission

excitation

Fluorescence intensity was set at 90 div. uvs.
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wmow BHE, A, ®ll: 7 3 UHg,
Fig. 1 %0* Fig. 2 X o305 X 5cKEDOPHE 7 ¢ v
BitBR » 1 vE (No.l, No.2) FEMOBE, T
AR AERRT. EEER SRR O 320 nm i
IBF VR~ v AR (395~400)nm} (1Y
F= VALK VTP Y P ADTWERR2Z P, X
HEEH o VAEBOIT A7 b (KR + 415 nm)
XY F=vorhke—1L, Fig. 5 #ifg (D' @) @'
BB AERENFRFR 3950m, 400 nm, 410 nm
EBERLTWS. fto THBAY OGS 7 v AR
Y= VAARVEEF P Y A (FUERRAEE : 400
nm) HE LT 3:-2.3 OHBERIVEETHZ ENT
&5.

i) ZeWEHbo 7 1 vE, TAFEBOMBIEOCE
=

ToWBEBRARR O RNERIE O R & Fig. 6 R
Tihebb, (0.1~0.5)g OBERHEIE 50ml HEOL
—H—kEDh, 0.1M KEE{LF F VY v ABHK 10ml %
Mz, EIEAAE=YF v — bTHAA—- LKA L
T 30 RS, BE#E 2000 rpm T 20 o3 fEbEO
DT R, W ESE LERT O vEEE 7 L ERE
HHEWREE, ch¥ 25ml cFRT 5. %I 0.1 M
ey vEEF YA I0ml BNz R YRk =Y 7
v— b THA— L, BOKE LT 30 pRngk, &
HipmEOoEEL, a0 r s vRE 7 VARER B
w1E, KTLE 25ml L35, mlioEE L EEi Y
WA A BBR—ERE {(I~)mlp 2R L, 0.1M
EDTA ¥¥# 4ml #inz pH # 9w, 3-2.3 oF
gk 7 vE, 7AFRBERRRERT 5.

VS = AR VEEF U AD T X D M ER
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Finely powdered dry
sediment {(0.1~0.5)g}

| 0.IN NaOH 10 m!
Boiling water bath, 30 min

Cooling

Centrifugalizing 2000 rpm, 20 min

|
Residue
0.1 M Na,P;O7 10ml
Boiling water bath, 30 min

Solution

Fluorometry

Free humic acid (FHA)
Free fulvic acid (FFA)

Cooling
|
Centrifugalizing 2000 rpm, 20 min
|
|

Residue

Solution

Fluorometry
Combined humic acid (CHA)
Combined fulvic acid (CFA)

Fig. 6 Flow diagram for humic substances-
in sediment

4 OB S ViR 7RO

EINEE, HABHEIE 7 —9% v 7 AR OB
‘i ounT, K k bR v 2 vEE, v ARBRRT
ARy 2 VB, T AEEEY ERLICFERY Table 2
IR,

Table 2 X h 55 L 51, 3EOEHELhOKAR
WWE (72— 3 vEBR) Fo7 s vEEmiT (8.3
~21.8)% EA7e, WhoRkT oW T H ERER
LARED ED HEENAE . 3-2:3 RO3-2.4 1R L
72X v, ABIEHEYEOSGELRY 7 $ VB 7 AR
fit=1:1~10L%80Y 7= vALRVEEF V7LD
BT T AR EIFET D 7 3 VEEOFBBKCOWT

Table 2 Humic substance contents in sediments dried at 110°C

Humic substance found (ppm)

Sample

Sampling location taken FA Total HA
(g) FHAt  CHAftt FFA} cratt  FaAF FEAY ot (,}f)*s
0.10 5.1 3.5 84.6 4.4 8.6 89.0 27.6 8.8
. 0.10 5.1 3.8 105.3 7.0 8.9 112.3 121.2 7.3
(e e Hirakata- 0.25 6.7 49 89.7 4.9 116 94.6 106.2 10.9
Ohashi, Osaka) | 0.25 5.0 3.8 100.0 4.6 8.8 104.6 113.4 7.8
asht, Lsa 0.50 2.5 3.2 105.6 5.9 5.7 111.5 117.2 4.9
1.00 6.2 4.3 82.5 5.7 10.5 88.2 98.7 10.6
AVCragC:I:Std. dev. : 9.0, +1.83 100.034+9.95 109.05+8.9, 8.3g
. 0.10 0.8 2.0 7.8 2.1 2.8 9.9 12.7 22.0
zigiggigg“ S 0tk 0.20 0.6 1.8 7.3 1.6 2.4 8.9 11.3 213
water-depth 3690 m)’ 0.25 0.8 2.1 7.8 1.7 2.9 9.5 12.4 23.4
epth 0.50 0.6 1.7 7.6 1.3 2.3 8.9 11.2 20.5
2.6,+0.0;  9.3,40.4; 11.99£0.6¢ 21.8
0.10 5.0 3.3 43.5 2.9 8.3 46.4 54.7 15.2
?gggfg’lgayl%%?']g 0.20 4.3 2.6 42.8 2.3 6.9 45.1 52.0 13.3
Srater-depth (1450~ 0.20 5.6 3.3 42.6 1.9 8.9 44.5 53.4 16.7
];gor ]P 0.20 5.1 3.5 46.3 1.9 8.6 48.2 56.8 15.1
S0)m 0.20 5.5 3.0 o1 2.3 8.5 46,4 54.9 15.5
8.2,40.75 46.1,£1.43 54.3,+1.7g 15.2

+ FHA and FFA were determined by the extraction method with 10 ml of 0.1 N NaOH solution. 1t CHA and CFA were determined
by the extraction method with 10 ml of 0.1 M Na,P,O; solution. Total HS: Total humic substance
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AT 2 R X < IR R C &, KA E O
AT LTV 5. RAEPOBHYE DORELIK S IE
Nifc W ci 2T FHA+CHA=9.0,+1.8;,
FFA+CFA=100.0,+9.9,, 4 HS=109.0,4+8.9, * &
. L, BARE =27 R R0 X 5 i T ol
—RAR oW T B E O RAED D s EEERER
FHA+CHA=2.6,+0.0;,, FFA+CFA=9.3,40.4,,

4 HS=11.94+0.6, TEE XL 73 /B, 7/LAREE%
R E B C & .
5 % @
TN, W CEY RO BHEYWE Y KEL - )

Ay ey VR Y Y ARETHIM L, BRI 0N
WHEEMo 7 2 vEE, 7AAEBO pH 9 OB % 320 nm
THh#E L, 400 nm F ot 500 nm DI EERERIE LT
73V, 7AARBEYRIRER TSR BT L.
AL (100~500)mg DA AT ppm F — & —
D7 I VEE, 7ARBRYBEREE L SERTE LD,
W IRY R e KR O R O R fE
ThHAh.

X &

61, 24 (1963).

2) E. Roffael, K. Schaller : Whl.
100, 417 (1972).

3) T. Almgren, B. Josefsson :
76, 19 (1973).

4) T. Almgren, B. Josefsson, G. Nyquist : Anal.
Chim. Acta, 78, 411 (1975),

5) REMZE— : “LEBHEBMmOLE”, p. 44 (1977),
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Simultaneous fluorometric determination of
humic acid and lignine sulfonate; Determination
of humic acid and fulvic acid in sediment. Shozo
MaTsupa, Keizo Hirakl and Yasuharu NISHIKAWA
(Department of Chemistry, Faculty of Science and
Technology, Kinki University, 3-4-1, Kowakae,

Paper Fabr.,

Svensk Papp Tidn,

KAGAKU Vol. 28 (1979)

Higashi-Osaka-shi, Osaka)

A fluorometric method was described for the simult-
aneous determination of lignine sulfonate and humic
acid. The fluorescence peaks of lignine sulfonate and
humic acid due to excitation at 320 nm have intensity
maxima at different wavelengths (near 400 nm, 500
nm, respectively). The concentration of lignine sulf-
onate and humic acid were determined by a dual
wavelength procedure from the emission at 400 nm and
500 nm. Fulvic acid in the extracted solution from
sediments was also determined by the dual wavelength
procedure, using as the reference a standard solution
of lignine sulfonate which gave the similar emission
peak as fulvic acid. A typical procedure was as follows.
Free humic acid and free fulvic acid in sediment {(0.1~
0.5) g} were extracted with 10 ml of a 0.1 N sodium
hydroxide solution, and the combined humic acid and
combined fulvic acid in the residual material were also
extracted with 10 ml of a 0.1 M sodium pyrophosphate
solution. Four milliliters of a 0.1 M EDTA solution
and 2 ml of 1 M sodium acetate buffer solution were
added to the extracted solution, and pH of the solution
was adjusted to 9.0 with sodium hydroxide solution.
The fluorescence intensity of the solution was measured
at 400 nm and 500 nm depending on excitation 320 nm,
and calculated by following equation.

IFIOOkzl - IFGOka IFE"kl _ IF(O.k!,
klkz, - kzk1' ’ klkz, - kzkll

where [Ip,5 and Igg, are the relative fuorescence
intensitites at the two wavelengths; Cnars and Cya
are concentrations of lignine sulfonate and humic acid;
k, and k,” are the lignine sulfonate constants at 400 nm
and 500 nm, and %, and £, are the constants for the
humic acid at the two wavelengths. This method was
applied to sediment samples containing less than 10 ppm
of two humic conponents. Precision of the method
was studied using a mixed standard solution of lignine
sulfonate (5.0 ppm) and humic acid (1.0 ppm), and
the recovery was 989 (c.v. 0.6%) and 979 (c.v.
29,), respectively.

CNaLs= Cua=
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