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Contents of carbon, nitrogen and phosphorus in dissolved organic matter and
humus in brownish spring waters in Hokkaido, Japan

Keishi TAKANO"*’, Eiji UCHINO", Naoki AOYANAGI"

Abstract

The springs of brownish-colored water called “moor hot springs” are force-pumped to the surface in various
regions in Hokkaido, northern Japan. The color is due to the presence of dissolved organic matter, mainly humus, in
water. The carbon, nitrogen, and phosphorus contents of the dissolved organic matter and humus were determined
for the brownish-colored spring waters collected from seven regions in Hokkaido. The DOC, DON, and DOP
concentrations ranged from 0.31 — 6.2 mmol L™, 0.004 — 0.80 mmol L', and 0.001 — 0.060 mmol L", respectively.
Humus was extracted as hydrophobic acid using Supelite DAX-8 resin. The concentrations of carbon, nitrogen and
phosphorus in the hydrophobic acid ranged from 0.15 — 3.5 mmol L, 0.004 — 0.24 mmol L", and 0.001 — 0.021
mmol L”, respectively. The concentrations of hydrophobic acid carbon were higher than those of hydrophilic acid
carbon at the six sites. This implied that hydrophobic acid was main component of dissolved organic matter in
most springs. Compared to the surface waters, DOC concentrations showed a wider range and the proportions of
hydrophobic acid carbon to DOC also showed a wider range. These findings suggest that DOC and hydrophobic
acid concentrations have remarkable variation among brownish springs in Hokkaido. In addition, the C:N and C:P
ratios of hydrophobic acid were distributed across a wider range than those of the surface waters. High C:N ratios in
DOM and hydrophobic acid were found at sites where well depth was shallowest. Spring water from deeper layers
had a longer retention time in the ground. This suggested that for shallow springs, hydrophobic acid was solubilized
from the source of DOM, such as peat, recently. Spring water at one site had remarkably high C:P and N:P ratios in
DOM and hydrophobic acid. Detection of dissolved inorganic phosphorus indicates that mineralization was activated
from organic to inorganic phosphorus. The C:N:P ratios in DOM and hydrophobic acid varied among the sites,

suggesting that this ratio may be used as an index to provide a unique profile for each of the brownish-colored springs.

D HBESEENERT T 060-0819 bvEEiLIRATALKIL 194712 TE  Hokkaido Institute of Public Health, Kita 19 Nishi 12 Kitaku Sapporo,
Japan, 060-0819
B  Corresponding author: Keishi Takano, Email: takakei@iph.pref.hokkaido.jp
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BEICEALERBRIT-AVREBR L ETHh, BESHTBELTWS, FRORKE, FIER
BRI OBHEYE Th 5, ILEEOTHIRICBEE T 2BEREZER L, BEGEY L OEHEYE DR3E,
ZHRRRY VIZOWTER L, BHEAEREIRE, BHRABEBERRVCBTFEERE) VRBER, e
#10.31 — 6.2 mmol L", 0.004 — 0.80 mmol L' &% 1}0.001 — 0.060 mmol L" T -7z, JEMPEIX, Supelite
DAX-8 BRI & o THU/KEBMRS & LTI Lz, 20OKE, EREKC) VEER, 20015 —
3.5 mmol L™, 0.004 — 0.24 mmol L & TF 0.001 — 0.021 mmol L' THo7c. CHUIRDOERT, BRACHEERMERR,
DHORBREDR, FAKMERRBELV VEL, BEVWEPBEABRMOTERRS THD LTFREN
7. FIKE L OB T, BEABRKIZRERASIEL, BUKEBRIERS BRREDBEFERRKEITE
DIEESEVERBRICH -7 &2 D, BHEEBRKELRVBEVEDEEENERICELZ LR
BRI, BICHBIRROEBEFAERY KL OBKERBMERS DRE « BRI, REKOZNLICEEL
TEWKERNICHY, BREELI EXATREINT, B OTEEN/NIWIRR TIRBKMERBRIER S DR
% ZREBELELS, BEOREVWERBRKTIBEWVERICD 72, 2D &1L, BEDOKEXWERRT
B TICRZEL TP O ORERMARL, BEMEORREPKENT &, BEO/NIWRRTE, /&
HEYEBTRRED» DEH L Tr L BRI AR TRV 2 TR T340 TH 5, HHIERTII,
BEABYROBKEBERS DRE )V VEHEROER  JV VERPR Y EL Tz, ORRETRERF
ERY) VRRHENTWDZ b h Y, BHEAEEY) OEREAERICEATHWS Z EBEEI N,
AR THLMZ LIIEENOBBRRICEENI A ORSE  BF: ) VHREILICEATEY,

ZOEERRRET OFEYMELBER LR THERICRI EE2ZLND,

F—T— R BAER, KR ER ) Uk, BETEY, BEEWE, BokERBRERS

(2017412 B 5 HZ%AF, 201842 H 16 H 32 H)

T LI

BAacEA LIRS BT, BEERR) TERIREL
AHLTEY, Zhbix, LBETIE IE—VRIER],
R TR TBE I TW5, BRIERE LTOHE
RERERICEZESINTWRNWE, RER22D LT
HEVoRBEEINTNS, 20D, HEMNR
HERRWNZ L b dY, ZLOREMAFICEESINT
W5, LHREOANRBEEERZL, BAERRFAEETH
B EERD, LEEEEL L CQRROFIADHE L E
FRELREBEL TS,

BAEBROEST BEAHEY ODOM) ThHd 7
IVEBRIINVABRTHERIND BEYECERET S
(Kumada, 1965), 7 3 VgL 7 VARBRIL, BEAEY T
IBKEERE RS (HphoA) & LTHHE I, 475
AT LT 7 Y VEIE 2 RV I8 ig ~DOWRIBLE 217
5Z LIV RAIEINTWVWS (Peuravuori et al., 2002) ,
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TEORFEAKOEEYE OBIE I T 2HER, 73
BERINVABOMEZAOMCTIENE LTESEL
FERINTWD (F) %X Wang et al., 2009; Jayaganesh and
Senthurpandian, 2010), HIT/KZMBEE LieHELH B
2 (Bl 21X Grgn et al,, 1996; RE D, 2009), BRICHE(L
LEBEFEAERY BN,
BRAPOBHEDEL, BEWEEZ, T CEETOR
RPBRPOEBR L EZ B TWS (Jardine et al.,
1989), k% (), BF N) KOV ¥ P 4EHO
FERERTRERTHY, BROZALOEFKIZLE
FizB i 2 A fER TELT B, CNPEIZIDOME
HphoA DY BILFH R CAEY RSB HET DD
DIEBEO—2ThHY, &< OHEECHEBEMETHER SN
T3, BEIRRERER E L TDOM & U HphoA D C:N:P
EERDBZLIZLY, FOERYERR, HEETON
R R O EBICART 2MEMORBRE L BEHET S
T ERBENDOEBE IO, BT, HFEKE ORERIZ X



LEEATEHT 2 BEERRCE ENIBRFABMER VEEYET ORE, ERKVY V58

D, 1RR7KD DOM & U HphoA JERRIC B¢ 5 4 Bt % BA
LPCTEDATREMEY D B,

FEHBERNCBIT2BERROHBHIHFIIFNS
(2005) KL ->THEINTVWE, ZhET, Fhbo
8% ® DOM K (' HphoA DHEEIC DWW TH LT T
BHT, BATABMCETMAIBOTZLNE
Bbhd, AFETIE, IEENTHIRICELT 586
BIRZ X% & L, DOMK ("HphoA ®C, NEU'P#E
LEFLEZRIEL, BREX OFEY OREECBEED
IR X D HIFOK & DEHEZALNICTHZ L2 EH
& Lz,

MR EFE

RRFRHRER

201443 A 225201642 B £ Tlz, db¥EERERDO3IE
R, LB P RO 41B R, £ 7TERABZER L (Fig.
D, BRABHIETRVACIVMEBETHELZLD
TEHHE IR REROFRERH SER L. 28,
2 TORKFEHIIME L TR LT, WER EEHOFM
ALERE LTV n, BOBHRER & [FIREIC , pHIZIERIE % A
Wil BIEIC K0, RIBIIEREREF % AV CRIE L,

B2 4T

BE L 7218 5% 3 BHE Whatman GF/F 7 4 /v # — (GE
Healthcare Bio sciences, Uppsala, Sweden) Z VT A1 L,
BRI LTz, 7238, 475 iX Standard methods
(APHA, AWWA, WEF, 2012) X LR DT EEIRET (RE
B ERRER, 2016) AL,

/‘

°
140

s I\ .
ok 45
Sta. 77
Sta. e Sta. 1
Shil e
Yuni [ ] W, Sta. 2
Sta. 3

7 ¥ StaaT— «
Sta. 5

Fig. 1. Sampling sites in this study. Sample collection was carried
out from March 2014 to February 2016.

B 1. ABHREUEAT. SUBHRERIX 20144E3 A 225 20164E3 AT
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REE/KFREIRFEL, ABZTLT, 7vxs Ly —n
JY—r- AFNLy RIRAEEFREZHAV, 0.1 mol L'
HCISRIC X DTEIC LV EE LTc. REEREBRFRILIRE
KRBIRFRBRE, pHRORBEERP ORI L, BfF
mPgiRFE (DIC) BEIIRBIKRBIRBREE & KBIER
FEEDAETELE, 7TUE=THERIIAKSIKE
#, AV F7 2/ —VETER L, MR O HHE
HERIANA 7~ NI TBRICEVEE LR, &
FHEKZSR (DIN) BEIZ7 v E=THEREE, B
MR EMEBEERBEDS TR L, BEER)
v (DIP) ZEV IF VBTV E=ULEL—T XA
CUBICIABEICI Y ER L, TR TBRER, K
Bk REBIRZ T1.0 mmol L', 7 U E=7HZEHET0.004
mmol L', A K& OB A ER M 22 3% T 0.004 mmol L™,
DIP T0.0001 mmol L' T&H -7z,

REA#HERSE (DOC) XIRRFE%HCITpH 21
FEL, BRREBLEFEHLDOZEL TR L CTERRES
BWH L%, TOCH#HH (TOCV CSH, SEHUER)
TEE L%, BERESR DIN) 37 A IVEHTT
WEEE S V) 7 AEEIML, 121 °C, 303 EEME L 7218,
HLOBBEEIC IV ER L. BFRY » (DTP)
VRERREES U U ABEINL, 121 °C, 303 EEME L7215,
DIP: AU FEETER LK, BEAHEESR (DON) #
EROBEHEE#EY ~ (DOP) EEIX, DINBERY
DTPEED L DINBER UDIPEE .2 ZhENELFIN
Tskdiz, EETEREIX, DOCT0.025 mmol L', DTN
T0.001 mmol L', DTP T0.0002 mmol 1" T~ 7z.

HphoA O ¥t & BI%E

HphoA i Thurman and Malcolm (1981) ®—3E D347
FIEICESWTER L, FA AU HERBEETH S
Supelite DAX-8 (Sigma-Aldrich) % 0.1 mol L' NaOH{&#&
WCAHRBL, s Lz, 228, NaOHERIZ—HEIC
FHYT = avilEoTH LWERKERB L, =
ORIgE Y v 7 AV —HIHFEZRAWT, JRICA ¥ /) —
v, TEr=F IV, VZFNZ—TNVERRAEZ ) —
NTENFN24REMEE Lz, TiELe@IgIxD 7 A
(BE&Z12mm, £X150mm) 2%, 4 AR, 0.1 molL"
NaOH A & Milli-Q 7k % ##i3 1 mL min"' T4 3252
Biz@ L7z,

WKIZ, Whatman GF/F 7 4 V& — T4 LB RAR
100 mL % HCl TpH 2 /IZFH%& L, Supelite DAX-8 g0 7
AIZPHEE D mL min” TE L%, 0%, 50 mL 0.1 mol
L' NaOHK % ¥ 0.2 mL min” TH T 2D HAEH 5



a2 5 S

i L7z, [ L7z HphoA 2 %%90.1 mol L' NaOHVAWRIL
HClI CTpH 7ic9F0 L, Milli-QK% AW TA2E100 mL &
L7z, T @ HphoAERDRI, EFRKWY i, DOC,
DIN K U'DTP LRI U HEIC Ko TEE L.

S

A CREHER 21T o IR R FHIX, Sta. 5ZERWT
500 mEBZAEETH->T, RiIEIESta. 6 X7 8320
CRGOWEGLIR T, #1240 CUETH o7z, pHIZLT
D|JBTT NI VANTHENTRY, 74—87DOFHEANT
»HoTc (Table 1),

4 H#1 5T, DIC K U'DIN D F o3 REEAFRERKE
EOT7 v E=THERTH >, DIC, DINKRUDIP#
EilxEhFh, 1.2—27 mmol L', 0.005— 0.80 mmol L™
K (X< 0.0001 —0.17 mmol L' DEFHTH -7 (Fig. 2).
Sta. 7{Z&V T, DIC, DIN & NDIPJRE 2 TS DH R
IV bEL, BICDINK UDIPAZEH L TEBEL R L.
XHRAIZ Sta. 2 TiL, £ TORESMOHF X Y K2 -
7z,

DOC, DON X% U'DOP# & i = #v £ h, 031 —6.2
mmol L', 0.004 —2.3 mmol L" }%7*0.0010 — 0.060 mmol
L'O&EHTH o (Fig. 3). TNHLE2TORED Sta. 7
TEHLTEL, oML St 7D¥XESUTOBRET
» o7z, DOCKUDON X ZFHE4Sta. 4 LN Sta. 5 THe
YIEWEETH Y, DOPIESta. 1, 2, 3% N4 T0.002
mmol L' A FOEBE TH - Tz,

DOM D C:N it Sta. 2I2BWTHLE L, KiTSta. 5
BEPoTz, BBBEWETH->DIESta. 17257, CP
HixSta. 3 THRLE S, b EL-72DILSta. 7 TH o7z,
N:PiidSta. 1 THRLE L, Sta. 5 THROHE, -7 (Table
s

HphoAICHXT % [k, BERE W) VREIXEhEN,

1. VBRI OB E.
Table 1. The profiles of sampling station in this study.

ol i
1 23 Feb. 2016 1000 55.5 79
2 25 Jun. 2015 800 51.6 74
3 4 Mar. 2014 1200 40.2 8.7
4 10 Dec. 2015 1350 43.6 8.2
5 23 Feb. 2015 136 431 7.6
6 24 Sep. 2014 1300 18.1 8.1
q 18 Feb. 2015 500 17.2 8.3

0.15— 3.5 mmol L, 0.004 — 0.24 mmol L™ % T} 0.0007 —
0.021 mmol L' D#EFATH -7z (Fig. 4). KEBEE NI
bE Ao DIZSta. 7T, Sta. 1, 2% 1041%0.3 mmol L'
UTOEVWEBETH Tz, BREEPRLEPSTZOX
Sta. 6 C, Sta. 28R b{E1 o7z, U VEBERK LSNP
72DiXSta. 7T, Sta. 1, 2RN4THRBIEP T,

HphoA D C:N thid Sta. SICRW TR bE 272, 1084
TOPNEVEZRRLZDIXSta. 3RN672 -7, CPIIX
Sta. 3 TCEbLE L, Bb{EIro/ZDILSta. 7T TH -7z, NP
it Sta. 3THRLEL, 10LLTDO/NSWEZF LD
Sta.2, SEONTTHo7 (Table3).

DOMH IZ & £ 5 HphoADEI & 2 IBET 5729,

30

25

20

15

10

DIC (mmol L)

2.5

2.0

1.5 |

1.0

DIN (mmol L'}

0.5
N

0o LN N ~ N

0.18

0.15

012 r

0.09

0.06

DIP (mmol L'Y)

0.03 -

N S
0.00 KN §

Sta.1 Sta.2 Sta.3 Sta.4 Sta.5 Sta.6 Sta.7

Fig. 2. The concentrations of dissolved inorganic carbon, dissolved
inorganic nitrogen, and dissolved inorganic phosphorus in the
seven springs in this study.

2. {5 RAKFDODIC, DINKLKUNDIP#E,
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Fig. 3. The concentrations of dissolved organic carbon, dissolved Fig. 4. The concentrations of carbon, nitrogen and phosphorus in
organic nitrogen, and dissolved organic phosphorus in the hydrophobic acid in the seven springs in this study.

seven springs in this study.

X 3. {ERAKFDODOC, DON K UDOPEE.

X 4. iR RKH DO HphoA DR, EREUY VEE.

#£2.BRAKFDODOMDCN, C:PEUN:P 3. {RRAKF DOHphoADC:N, C:PK U'N:P
i, e

Table 2. The molecular ratios of C: N, C : P Table 3. The molecular ratios of C: N, C :
and N : P of dissolved organic matter in P and N : P of hydrophobic acid in the
the seven stations in this study. seven stations in this study.

Station C:N C: P N:P Station C:N C:P N:P

1 49 437 90.0 1 14.8 359 243
2 92.5 370 4.0 2 36.8 210 5
3 122 755 62.0 ) 8.7 1600 183
4 10.2 307 30.0 4 129 406 314
5 54.9 137 2.5 3 57.1 290 5.1
6 12.1 204 16.8 6 6.6 220 33.6
T 77 103 13:3 7 172 167 9.1
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Fig. 5. Proportion of carbon concentration of hydrophobic acid to
dissolved organic carbon concentration.

5. DOC I B o D HphoA Hi3R IR TR E DEIE.

DOC 2 £ #1 ® HphoA HED IR FEEDEI G E B LTz
(Fig. 5). #DF5E, HphoA DEIE B K E Do 72 DIk Sta.
ABIVSTHY, TRTNIBBINIY % THoT,
EPEB/NEPoTDIESta. 2040 % TH -T2,

z B

HTF/RKODOM &Rk T 2 B E DEEHICE L T,
Bip o AEBHREEINTWA, B2 iE Leenheer (1981)
X, #HTFKODOMD KEFIXMAEDICT L > TEAS
NicBAEHE THERRINTNEZ LE2RELTWS,
Birdwell and Engel (2010) b %7z, %< OHLFKITON
T, WAEYEH TAER LIZEEY S DOM D EERL S T
HDEHELTNWS, RANCHED» SEH L EREYE
BIRRCHT/KODOM DEERD TH D & 5 HEH
&35 (Zsolnay 1996; Mudarra et al., 2011), 725, H
TARRPLERICEALT, EEHEILTLHDOMDEE
BRATHDbII TNt Bbhad, LrLiaib, db
HEEOBBERICEL T, SEO 7RREF 6 BRI,
JEREYE 3R DRFZEDBSDOC D50 % LA L& HEH TV Z
e D, BEDEBEERLDOMORS TH DT LR
wxhiz,

B & e KERE T ODOMEHEME DEE, FiC
TRAEBHE SN TS, W)k T O—fKH72DOC
BEX004 mmol L' A5, bIEEHBICERLLED
DOT25mmol L' 2222 bbby, BHEMWEITZ
D50—90 %% 55 Z EBHEZINTWS (Thurman,
1985), EEHILHODOCIZTRE X %0.125 mmol L' T
JEHEYE X E D25 —27 %, AR TIX0.025—1.9
mmol L' CIEHMBIZED3T—T3% L |EShHTW
3 (5H B, 1998). A ¥ RES B ARMFICIIT 5 AT
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DDOC TiX, 7KEE500 m & Y #EVVE T0.05— 0.08 mmol
L', 7K# 1000 — 3000 m ®J& T0.03 — 0.07 mmol L' T,
MR EIIDOM D5 —40 % & RS bz = & 238
LEhTw3 (LA b, 2001), EFROFEDFEE O,
FifikEREE LTDOCERIE LTE < DREMZIC
i, TVEREEOKREWEINSI N, LAY, L
LA b, SEO7TERDODOCIEEAEDFHEMEIC X
BIJIADME & g U CIRERA)A <, EIZDOCIZH
% % HphoA DEIG BRI TH o7 &b (Fig. 5),
DOCX°HphoA DEHELPEICE L Z &, RURFAK
XY L DOCEENE L, HphoA DEHE D EVMER
BT LB TIBRINT,

KEa v T KM OEHOR)IRHIC I 1) 5 DOM D
CNEURCPHIZZFNEN27T—37KR 1133 —590 (Hood
et al.,, 2002), 7 ¥~ — 7 {A] O 1k @ C:N:P L i 740:42:1
(Sgndergarrd et al,, 2004) LW OWMER LRI TND,
KVEEE L PR R AR5 & Uik O DOM D C:N
RUOCPHIEZFNFH 12— 18 K TA400— 3100 &\ 5 3
£EnH Y (Aminot and Kérouel, 2004), K IZHEAK LY
HONIFEE L, CPHITEWERICHY 25 Th D,
BAKICBITDTT7 7 M UVBROBHEYDEDOCNEK
CCPIZZENEHT— 14 R 1UN258 —388, /KT Tit
FNENURUTRUZBUT L®EIATWS (MA,
1967), = v F—UREMZARMEORTACEITS 7
JVRERICE LTI, C:NEEA 24 —31, C:PE231067 —
1667 &\ 5 #4523 5 (McKnight et al., 1997) ., AHFFE
EEDOHEIC X ZDOMEB X ONEHEYE F DOCNIL
BLOCPELDIE#Fig. 61T R Lz, 4EDTERRIZ,
DOM O C:N b TiEBEE DRREFFEIC X D8k & gk D
XY bEVIEDfELZ R Lz, DOM®DCPi, 5ER
BHAKDODOM DOE/IMEX Y b/hESVWEEZRLTERY,
WKLY bYAKDEITIEVEEZ R LT, Eiz, #EKDX
5121000 % 2 DE %27 LTIRRI1Z72 5 - 7z, HphoA
D C:N KPR O KT OBHEYE XL D b REVVE
R LTZIRR 8L 0o 7z, HphoA O C:P Hidifik kR Ot
HEARDOBHEME LV LIEVIEDEER Lz, BRER
D DOM K (X"HphoA D C:N fhid, WRE & FRICEILICE
b, ELRCPHIZBW TS #EKDDOMDIEIE E
TIIRWS, BRICERZ LBRRBRI T,

RFKOFEBYEEI, KB LDOABHEERDT
e EAHEED S OCKBANTRETIHEH 77 b
VICEBDEENREZ OIS, DOCHE, DOMIZXT 2
JEFEE S 15 ¥ 5 EIA K% U'DOM K& ('HphoA @ C:N kD
HBICRBWT, RBFFEICI BIRR O BEEEORZEIC



HEEN TBHT 2 BARBRICE ENIBFEERVER CEENE T OKE, ERRVY VEE

LDREAK I D HIERNEERAIC S 2 EMBED bz
Z i, BEBEYE ORBPLHRICEL SN
BREOEWCERT D EEZLNRD,
FHREBZERIZPBEY L > TT v E=TEILS
fREN, FO%, MEYICE YV BHASEREERC
Kb, —F5, BEEBKRIIMEDOIMT L > T B
RERAF CEBREN, AORBECRET S, £0%k
O, HEYOCNITRHAE I RWVELRY, &
BYORBELZRTEMEEL REIh T3, ZhETO
VBIR 24 - T 5 Tk, #P OMEREATTEBY T,
REDERDONDZ LIC L B/NEREDOCNEIEE S
TW2% (Kuhry and Vitt, 1996; Broder et al., 2012; Philben
etal, 2014) . dL¥EEMN OV RMIEE TR S 2 AL R
+, SRR I CIEARREO CNEIE, ThEh
26—98,17 —49 B LU 17 —45 L |EShTWD GERE,
1979) . AW T, FH P OEES IR/ &V Sta. 2 &
WS IZBVT, DOM & HphoA 5T % D#FIC Y Ti
ELCNERRTD LKL (Table 2K U3), REDKE
WHLE T, BEREOCNEL L VIEWERER ST,
HFEOBRE & EFICRRKEZER L TV AEREICENS
HOFREMEDRH DN, BRKOBEY (BICEBHEYE)
BHEBENZEEH L THLORRBENE FRER,
BEDOKRE VSt 3R U6ICBIT B EEI DLV C:N I
BFENEXFTI/RETHE, BEDO/SS WSt 2K
SIZBITSEHYOBEVCNEIE, HRHRITICEEY
BRRPOEHLZ LEFRLTNS, CNILEHF
DT E DEAFRIZ-OVW T Fig. 712/~ L7z, HphoA D C:N
EHF OBE ORICHE R RMEESED LN (AT
< DONEAARBE ST, p<0.05), ZOZ EIEFBRFFD
BWERKE R BITHEV, HphoA DEFEER KX < 2
DILELEXFLTWD, HTAFOT7IVBOEREE
BEWHF LY GBROHFOFREVVERR DD &)
HEbdbh (RE, 1995), Dz ki, 7IvBrE
& & 9% HphoA D C:N 1 & #8 T /KR R D BB 1T Bl
PHBILEXFELTWSE, —F, DOMIZOWTILCN
HEHFOEEIZHBEARD S oz, DOMRKRE
@ HphoA RFEESENE WV Sta. 1, 2B XV 7IBNT,
HEDOES &L CNEPHRAMICHGEL TR LY, Z8b
DHIFITRIT 2 DOM P OB #W T iL, CNL L B
DESERTHERERIOEER DD LBELLND,
HphoA @ C:N tb DE MKV Sta. 3 DFI TR, TRRE N
WEISmETEL TS & G - 461, 1963),
Z DB DOPRIR BRI D HphoA DRFFREE 2B &,
BESE L T AREKE, RREBICHTABIEELT
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REEFPBRHLUTCHFOEETHD 1200 mDEXET
BHLEERZRELOTH D, BAEROBRIT OV
THRFTCHER E2EDEMR A I =X AT ST
o TWRWE, KR ORERE, RRE»LHF OB
Bk T O T K 08 H KE [ 43 HphoA D BREE T8 LT
BEAHDZLERRLTNS,

Sta. 2 TiXDOM & HphoA DCNE R K E S Bl o T
VWr, [EHLA TiXHphoA 28DOMIT 5 B EIE&MR/NE L,
REETHEL T4 % & THAFHRL/NZV, DOM &
HphoANDERSENE LKL, MEBEREENIESE
BEEDEZEDITIZH 575, HphoA & DOM DfRHEIEEE
DEBREVWRZY, CNIIZKERBEVWSRED LN DK
RLipodz, St 2iIDINEBEZIIUY, DICE L UDIP
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Sta. 3O DOM & HphoA i, Mg & LB L TEW
EOCPHENPUPERIN, ZHILEERY I HE
BRY Vv ~DORBREAL TR L EEKRLTWS, &
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Z<OFHREBY VZAEREBRELEREZR IV LEL
DT B L EDN TS (Andriesse, 1988). Wang et al.
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B, UTHE (1979) T X5 &, HEPRBALBIIRR TCP
EREL 2B ERICH D, FEPEATZRKTHCP
EREL 2R D v, ERIEEShThizn,
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8 Y > OO DOM & U HphoA D&V C:PELE L TUANP
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DOBEPRREP TR o b0Oh, BRAREERICE
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Fig. 6. Ranges of C:N and C:P ratios in dissolved organic matter
and humus in this study and previous studies.
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Fig. 7. The relationship between depths of well and C:N ratios
in the seven springs in this study. Circles: C:N ratio for
hydrophobic acid; square: the ratio for dissolved organic
matter; solid curved line: regression curve between the depths
and ratios of hydrophobic acid (y = 8595x %%, 7 = 0.659);
broken curved line: regression curve between the depths and
ratios of dissolved organic matter (y = 2080x°"™, r* = 0.240).
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Thbb, BRAKDTERIMTKBIEEYEICELR
R AEEL ODHBICHBE L, Al EL<aLKEL
RolZ LRFREEIND, Sta. 7 TidHphoA D C:N i
RE IRV, 1000 mEB 2 HEI RO OMOM
BIVEWETSH S, DOMI L N HphoA DC:P B K
NP EEBHIEWMETSH Y, BEZFIC) v %2%£<
BEATNDZ DD, FHEEY L OIKSFTEIIEE
EATWEWEEZ NS, —F T, DIC, DINBXLW
DIPLEWEE TRHEINATEY, ZDZ LiIZIDOMB
X UHphoAD SEINEFIAT O TWD Z L B RET 5.
ZHICBI LTI, DOM B X ("HphoA B EEE THAET
BILT, TNOLDHREPER TH- TS, DHREP+5
ICEATHRWEBYI R E7RELFET I LBHEES
ha,

RIROBIEICIE, [ERREEFE - TKERED
BEVWREETDHZLERARRINTWS (Drzymulska,
2016). AHFFE TH o IR R PDBEH T 5B OKESK
HBEFEXZNLENRRY, ZhEFhOMEO T EFO
EBHODROBELRRD EEZOND. T, &
HEHEDERRE THIRRDOEIXZ < OREERIC X
Y EE X (Kawahigashi, 2013), FICHITASCERE D
AKERXTEOEYMEMFHFHECEZESILD LD
(Boshetti et al., 2014), #E/KTIX, AHREERSCFHRE
U UNBIREICER LI, CNPHA—BBZRL Y R
74—V REPLHAND Z & B#E I TV B (Letscher
and Moore, 2015), IERAK TCOHLREBEERDEWVMILIVE
BERCAEBE) VR ZNTERICER LI, '
R OEBYCEEYMEDENEICEL X 51T D7
B+ EX NS, AP TR, BRFICEHL
72 DOM } ("HphoA D%, BEREKNY VIEENKHK
TRKELRERZ-oTNWHZ &%, DOM K U HphoA ®
CNPHIZDOWT, Sta. 1& Sta. 6 TORIEVMETHD D
DO, HEILL Y FNEFNRER ST EPBEI N,
DT &b, DOM K (NHphoA ? C:N:P k1348 415 ;R [
BEOFBYELBRELZRTERLE L TURTIENTE
rEZBND,

-
—

H O

T DHFFEITALHERE O — BRI FEE TT o2 b DT
BB, B TH > ILRRBE ORI B 2 Teis
WIR R OEHEBERE IRV LET,



HEANTEH T 2RERRICE N OIBRFEBRMEARCEEMET ORE, EREV) Va8

X ®

Aminot, A., Kérouel, R. (2004) : Dissolved organic carbon,
nitrogen and phosphorus in the N-E Atlantic and the N-W
Mediterranean with particular reference to non-refractory
fractions and degradation. Deep Sea Research, 51: 1975-
1999.

Andriesse, J. P. (1988) : Nature and management of tropical
peat soils. FAO soils bulletin 59, Food and Agriculture
Organization of the United Nations, Rome.

FUER - TR - MBS (2005) : dLBEORR
DEEERE.. #5800 MERFIFESKSHBHETE,
p- 50.

APHA, AWWA, WEF (2012) : Standard methods for the
examination of water and wastewater, 22 nd ed. APHA,
AWWA, WEF, Washington.

FHEN - #FEE (1987) : TEPICRITIER - Vv
DEH). KEFETE, 10 :402-406.

Birdwell, J. E., Engel, A. S. (2010) : Characterization of
dissolved organic matter in cave and spring waters using
UV-Vis absorbance and fluorescence spectroscopy. Organic
Geochemistry, 41 : 270-280.

Boshetti, T., Falasca, A., Bucci, A., De Felice, V., Naclerio,
G., Celico, F. (2014) : Influence of soil on groundwater
geochemistry in a carbonate aquifer, southern Italy.
International Journal of Speleology, 43 : 79-94.

Broder, T., Blodau, C., Biester, H., Knorr, K.H. (2012) : Peat
decomposition records in three pristine ombrotrophic bogs
in southern Patagonia. Biogeosciences, 9 : 1479-1491.

Drzymulska, D. (2016) : Peat decomposition-shaping factors,
significance in environmental studies and methods of
determination; a literature review. Geologos, 22 : 61-69.

Grgn, C., Wassenaar, L., Krog, M. (1996) : Origin and
structures of groundwater humic substances from three
Danish aquifers. Environment International, 22 : 519-534.

Hood, E. W., Williams, M. W., Caine, N. (2002) : Yields of
dissolved organic C, N, and P. from three high-elevation
catchments. Colorado front range, U. S. A. Water Air Soil
Poilution: Focus, 2 : 165-180.

SHEE - - BERE - NE—R - F LEE - AHHE
(1998) : EEMBIAR L OWAR) 17K OBETFE#EY
DIE . BEKEHERE, 59 : 53-68.

Jardine, P. M., Weber, N. L., McCarthy, J. F. (1989) :

Mechanisms of dissolved organic carbon adsorption on soil.

177

Soil Science Society of America Journal, 53 : 1378-1385.

Jayaganesh, S., Senthurpandian, V. K. (2010) : Extraction
and characterization of humic and fulvic acids from
Latosols under tea cultivation in south India. Asian Journal
of Earth Sciences, 3 : 130-135.

RELEREER (2016) : LR SITEES. RESH
RIRER, .

Kawahigashi, M., Ono, K., limura, Y., Fujitake, N. (2013) :
Investigations of environmental changes based on chemical
analyses of humic substances. Humic Substances Research,
10:1-9.

EEEER= (1979) : dLEEIC BT SRR B OLFHE
WicB$ 28898 (4. HILBEKFFZIRFLH
&5 1#0, 11:289-309.

Kuhry, P., Vitt, D. H. (1996) : Fossil carbon/nitrogen ratios
as a measure of peat decomposition. Ecology, 77 : 271-275.

Kumada, K. (1965) : Studies on the colour of humic
acids. Part 1 On the concepts of humic substances and
humification. Soil Science and Plant Nutrition, 11 : 151-
156.

Leenheer, J. A. (1981) : Comprehensive approach to
preparative isolation and fractionation of dissolved organic
carbon from natural waters and wastewaters. Environmental
Science & Technology, 15 : 578-587.

Letscher, R. T., Moore, J. K. (2015) : Preferential
remineralization of dissolved organic phosphorus and non-
Redfield DOM dynamics in the global ocean: Impacts on
marine productivity, nitrogen fixation, and carbon export.
Global Biogeochemical Cycles, 29 : 325-340.

McKnight, D. M., Harnish, R., Wershaw, R. L., Baron,
1. S., Schiff, S. (1997) : Chemical characteristics of
particulate, colloidal and dissolved organic material in
Loch Vale Watershed, Rocky Mountain National Park.
Biogeochemistry, 36 : 99—124.

Mudarra, M., Andreo, B., Baker, A. (2011) : Characterization
of dissolved organic matter in karst spring waters using
intrinsic fluorescence: relationship with infiltration
processes. Science of the Total Environment, 409 : 3448-
3462.

ERHE— (1969) : LB OBEERAN ZT>nT.
BT ERFEEZRS, 40:1-59.

RR#HAM (1995) : M T ARICFET D EHEYE DR
& TRUTER & DFEETUREE. M EREYE, 1:
231-242.



BRI

REWAL, & RES, ERZE (2009) : KB R RK
DHTARD O HBEREE L R FEREYE OftE. [RT
F18y 7 2 RBE3E, 15:77-86.

NEFEHEE (1967) : MBKTh DEEHEME. B AMBEERE,
23:27-33.

Peuravuori, J., Lehtonen, T., Pihlaja, K. (2002) : Sorption
of aquatic humic matter by DAX-8 and XAD-8 resins.
Analitica Chimica Acta, 471 : 219-226.

Philben, M., Kaiser, K., Benner, R. (2014) : Does oxygen
exposure time control the extent of organic matter decomposition
in peatlands? Journal of Geophysical Research:
Biogeosciences, 119 : 897-909.

FHEEZ, NFEE (1963) : 5550 1 B RIEHAE
X @I—%235). dLmERTRT, FLIR.

S¢ndergarrd, M., Thingstad, M., Stedmon, C., Kragh, T.,
Cauwet, G. (2004) : DOM sources and microbes in lakes
and coastal waters. In Dissolved organic matters (DOM) in
aquatic ecosystems: A study of European catchments and
coastal waters, M. Sgndergarrd, D. N. Thomas (eds.) : 23-
36. The EU project DOMAINE.

Thurman, E. M. (1985) : Organic geochemistry of natural
waters. Martinus Nijhoff / Dr W. Junk Publishers,
Dordrecht.

Thurman, E. M., Malcolm, R. L. (1981) : Preparative
isolation of aquatic humic substances. Environmental
Science & Technology, 15 : 463-466.

Wang, L., Wu, F., Zhang, R., Li, W., Liao, H. (2009) :
Characterization of dissolved organic matter fractions from
Lake Hongfeng, Southwestern China Plateau. Journal of
Environmental Sciences, 21 : 581-588.

Wang, M., Moore, T. R., Talbot, I., Richard, P. J. H. (2014)
: The cascade of C:N:P stoichiometry in an ombrotrophic
peatland: from plant to peat. Environmental Research
Letters, 9 : 024003.

WREE - PO - RFREA - A= (2001) : #BHF
BT BT AERER L OB EER Y E DU SAE
PICBIT DRI%E. RAWEKFERTE, 55:419-427.

Zsolnay, A. (1996) : Dissolved humus in soil waters. In
Humic substances in terrestrial ecosystems, A. Piccolo (ed.)
: 171-223. Elsevier, Amsterdam.

178


http://www.tcpdf.org

