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EEMX MHBKESZRNEIR 2K,
8. 8.8 . WxHITESN
REE BEE

(R ik i B R e BT > S i)

RE HEBHRX 18 MABEKEXEPTETHREENIR (POM) @ (POC), &
(POH), % (POO), & (PON), Fi (POS) MR « (Chl. o) WERIIT 74T, K
POO THEELTESNNEENE, %R N, POC, POH, POO, PON, POS HEH RN
F 138—8 370pg/L, 13.7—926.1ug/L, 31—2 623ug/L, 14—1 265pg/L, 1.9—49.7ug/L

ZM[E, Chl. a SENMMNT 0.31—96.75pg/L Z[d], POM LERAREFEALAN C/0=3.7,
C/N =8.5, C/S =369, H/C = 1.4, H/O = 5.4, H/N = 11, H/S =577, O/N = 1.8,
0/S =71, N/S = 38, BAFKTLERIS Redfield AR, S 136CO, + 16NO; + HPOI~ +
0.550%2" + 85H,0 + 19H* + fEE —>C1aeH 5005, N, P,S, s + 188 » O,

X@i|A MmO KE BFERAENER B 2 H A m

KRR BF BN E AR LY RN EELSBU R KA EhgEd & A7 52 H
(Riley et al., 1971), %k Redfield(1934) SiTFHEEYZ TR ARIG, Fleming (1940)
EHASTEFEDSEESIMZ C, N, P JFHZ M, BFIE 106:16:1, R Re-
dfield ratio (Redfield et al., 1963), {H Goldman % (1979) jA2§ Redfield ratio R&
FERHEEMERERERN T ERFE, ELRREMEBWTHFAXISBE R E G FER
(Mezel, 1974, Fichez, 1991),

DEBREFFNENDOTNETEE RAFRHTEEBX 18 MHHEKERE
i, T BB AN TR A AR, KT RA L, i B A ILESY
FR e ZHWXR,, HSITAMTEREL R,

1 ZBG*®

REHSANE 1, KELIEELE: (450°C) 2 B A 4 7845 (Whatman glass mi-
crofiber filter, GF/F) I8, B EREAE A ERLBDDIHELE 3h, DIFEE CaCO,,
RIG BHE—AKEZMIREEA 450°C HRPEE 3h ZBRAVR, MENE, fitE
STEERZBAZEA LECO CHN-932 BK.E.%. MRS ETON, SaHPK.
- HEE, FIRNUREBELIE. HREK ¢ IEYE{ (Turner model 100-05R)

WREEHA: 199247 28 B AM: 199248 A31H,
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Fig. 1 Sampling lakes and reservoirs in Taiwan
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2.1 POC, POH, POO, POS, PON %k Chl. ¢ &8  RHWXHEHEKEEKZBNE
BB (POC), FRAHE (POH).BRAHLE (POO), B AHLE (PON), Bk Al
B (POS) 3 ROV FHEKIREBRELUIERRI ov £R) MMEEK ¢ (Chl. o) &
BETFH 1, AEITR,BBEEEAE Y POC §EEL 8370pg/L, Chl. a H24 13.26
ug/L, BHELLEX 631.2, LR POC/Chl. ¢ HufE 35 (Redfield et al., 1963)
EB%L, SWFERE, Chl. ¢ AXT POC EHEREK, B/x POC SEHIFHEFHED
¥ ER (Sarvala et al., 1982), 763 EEE A FAEE M, SH I EHM T W%, b
WiHBEAEYRN POC SEREAEIKRE, BE{# POC && 6500ug/L, Chl. a« HX%
96.75ng/L, WELLE (67.2) BEETIFHHEYILLE (35), #ik POC AR SEHER
E AT o

1) &IFE> 1992, SEHXMHKESZHRALEZE S 2.8, BxRITET, BEuflA2Ea0R
BRI, 181,
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#z1 a&8AKEXRK POC, POH, POO, PON, POS, Chl. a SBRETRE cv
Tab. 1 The contents and variation coefficients of POC, POH, POO, PON, POS,

Chl. @ in surface water of lakes and reservoirs in Taiwan

SRR POC cy POH cy POO cy PON cv POS cv Chl. a
(Mg/L) (%) | (Mg/L) (%) | (he/L) (%) | (Mg/L) (%) | (Mg/L) (%) (ug/L>
= A 445 17.1] 104 1.5 121 12.6 35 10.6 3.4 26.5 1.56
K 175 5.8 14 31.1 nd. — 14 23.2| n.d. — 0.31
T 573 3.0 | 148 9.2 591 30.6 224 10.6 | 23.4 39.6 8.58
Wt 3351 1.2 356 4.2 787 3.1 366 16.9 | 23.7 7.1 22.63
BEW 439 6.8 | 146 — 1 1 400 — 98 5.4 6.6 42.0 1.01
BikEE 281 5.8 32 8.6 76 1.2 36 20.3 5.1 36.0 4.06
Bk B 1155 11.0 | 153  17.4 672 41.2 169 15.2 | 13.9 36.4 10.92
K 146 6.5 40 — 405  — 33 3.0 1.9 9.9 11.50
OHE 4914 1.2| 640 3.3] 1876 9.0 560 4.7 { 21.5 19.7 39.01
A AE 138 3.2 43 — 41 13.6 24 5.2 3.1 15.6 1.17
I E 8 370 4.3 | 926 4.01 2623 38.1{ 1265 8.4 49.7 45.3 13.26
FA K EE 459 2.5 38 27.8 118 36.3 90 4.7 5.3  16.8 5.77
=3¢ 9 244 3.6 — — 31 — 34 4.1 3.5 0.0 1.90
th E i 1341 6.1 — — S — 202 4.6 | 21.4 14.2 82.00
Bl A RE A e 1661 2.4 | 550 — 576 — 309 0.4 39.6 13.6 —
X 54 572 4.1 92 6.3 219 3.0 57 20.5 5.1  34.0 1.56
e 6 500 8.4 | 888 13.2 | 1 643 18.1 378 11.3 | 41.2  56.0 96.75
e E 3158 5.8| 231 — 297 33.1 416 22.7| 22.6 19.5 37.45

2.2 POC, PON 7 POS ZHIMIKRAR  HBEEH 18N A % K i & 2 POC %
PON,POC ¥ POS #1 PON Xt POS fEE&LM:EIADAT(E 2) Ll r? RREHHXR
B SE R-BBERZAMNNESE; » RREANEG €, N, S 43ifkE POC,
PON, POS [y& & (umol/L), HRXARMT:

C=85N~+160 r>=1084 SE=1001 =a=18

C=369.0 S§—27.4 =073 SE=1582 a=17

N=3835—24 r2=067 SE=6.88 n=17

HE 2 7). POC/PON LtfE2% 8.5+0.01(0.1% ), S THE LR ERFZ BiFEY >

POC(ymol/L)

800 . " y . 800 : : r 100
C=85N+16.0 // o C=369.05~27.4 ° sol N2=_38.3372.4
600F 2% =0.84 {1 600} »*=0.73 1 7°=0.67
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Fig. 2 The relationships among POC, PON, POS in 18 lakes and reservoirs in Taiwan
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POC/PON th{f 6.6 (Redfield et al., 1963), &#A7AKER,KRELCHSN, L TH
JHhER, BEMAKR, —BME, EFINTREBNERSFLRLZARMERN PON, H
LREREFMZEFUNTRE, BINTERERSNEDERKIRWET (Copin-montegut
et al., 1983), HILAMs POC/PON Lb{Ei 5 Redfield ratio AR, K34 PON
X B EFWEEY, R SRR A Z KL &Y, EARAAERE (Parsons et al., 1977),
XL R SRR, S¥MTROLE,. SB#AKER POC/PON LFIHIA
W, 2R AR A KRBT RN 2, TR R TR AR K BIR, A K2 iEsh#
e, R BLE W K EARE R R, BlanskEZ POC/PON LLEKRZMNT 5—8 ZiH, BN
HEREEDEmEKR, EOMEBERE POC/PON FE,BEH Chl. ¢ KENRE, B
ik, #{=# POC/PON T RE3ZIFIFE MMM EZ N, KFFK R POC/PON LLEKXRT
1, TRZHABEED R ARBYRE W, ihEEaEyREEY&EK, POC/PON
PeE R, R BT AR A Z SR EY, 3 POC/PON LLENL 7.7,
Matrai % (1989) ZEFENME (Southern California Bight) H1§ POC/PON = 8.4,
POC/POS = 224, PON/POS = 28, POC/PON Lt{g5AMwER LKL, POC/POS,
PON/POS NI AMAKLERERK, HEEMETFTENHEE 0% FESH B ER
(Blair,1979), fi— M EAKR S N/S EbEMNT 12 #7117 /8 (Dijkshoorn et al., 1967),
RIS EHZ N/S LLELSATEART N/S Hfl (Stewart et al., 1983), KHik,
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Fig. 3 The relationships of POH with POC, POO, PON, POS in 18 lakes and
reserviors in Taiwan
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Fig. 4 The relationships of POO with POC, PON, POS in 18 lakes and reserviors in Taiwan

Matrai ZJi il 2 PON/POS tL{H 27, 54 F 2 PON/POS [L{f 38, MrREHET
POM rh PON/POS Hhi, % 7T HERIEH SHIH POM T &kl EIERFTE R
2.3 POH, POO ¥ POC, PON H1POS Z[AIMXEKE K KFEHZ POH X POC,
POH % POO, POH % PON, POH %t POS (& 3), POC % POO, POO *f PON
A1 POO %f POS {ERHEIADIT(E 4) ZRAXMT:

H=14C + 37.0 r?=0.88 SE = 0.13 n=16
H = 5.40 + 33.0 rt=10.72 SE = (.94 n=15
H=11.3N + 70.0 r?=0.70 SE = 2.00 n=16
H = 576.5§ — 27.0 r?=0.83 SE =729 n=15
C =370+ 6.0 r2=0.74 SE = 0.60 n=16
0= 17N+ 125 rt=10.70 SE = 0.31 n=16
0=17128+73 r? = (.52 SE = 18,5 n=16

LB XM /K B EiF#: POM 2 POH/POC = 1.4+0.13 (9.3%), BRERTMA
HIFF SR, JLRFEREBEM: POM 2 POH/POC = 1.69 (Gordon, 1970), KALAF
PEJTHEM: POM ¥ POH/POC = 1.6 ZA5(Martin et al., 1987), BB EHLEREE
K, B8R kR POH/POC = 1.8 (Dyrssen, 1977), XA HER K A KFEAR
KR ZE R

48 Redfild ratio N:P = 16:1 FIkE AR gL & # 2 POC/PON = 8.5, POC/POO =
3.7 1 POH/POC = 1.4 BIE>Z,#15:

PNIS=1

136C0O, + 16NO7 + HPO?™ + 0.580%" + 85H,0 + 19H" + gt E—
Ci36H 1305 NP1So.5 + 1880, (1)
B (1) &, AOU/APOC = 1.4 (AOU FxEMEHARE), AOU/APON = 12, KX

SEEE> AOU/APOC #53% 1.3 (Ichikawa et al., 1975); KSE#Z AOU/AOC = 1.4
(OC H RGN SEFF=EY CO,) (Chen et al., 1979); REFEMEIEHFEZ AOU/
AOC = 1.2—1.65 (Takahashi et al., 1985); ZRILAFFHEZ —AO,/APOC = 1.6 K4
(Martin et al., 1987); JbAE#EZ AOU/AOC = 1.2 (Chen, 1990); B4 AOU/
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AOC=1.4" AWI5EREL LIREER. MEEE Crater Lakes M3 AOU/ANO;
= ~16%, BETANKAER, THREZWEAFY, LENERKBREEF, mA
Wz ERENEESE AR, £h S BRI 5%#, EAM AOU/APON
Eb B Ko

WHEBRTTES: POM RIBEKARDEIDZ E4E, EUERRARRER. K.
F A& B (Honjo, 19805 B, 1991), DY MALTESWINAENE, RHFREXR
DITCR WL B B, ST SR S AT, RIEKRFEER Sargasso Sea SHTIZHHEMY
(Honjo, 1980) Lbik,iZWEM Y C:N:0 = 8:1:2, S5AFITER—5,

% (1) XA ITR, f1 Honjo HF%# R, POC/POO = 3.7, POO/PON =
1.8 L, 85T POM LLo,

2.4 POC, PON 5 Chl. ¢ 9% & ¥ POC z PON %} Chl. a ¥EZM:EIT44T,
WFT LB 43 4T TS oA R, TR ZEIRWEAE 0k s POC/ChL. a 1 PON/ChL. a fgth#,
&R R RE @K, POC 1 PON 75K hi&E,

AWz POC/Chl. o WWE(ERHINT 12.7—631.2 2, HHHETEZ, ES
DLENRS T 2: 453t , & B R A4 3 (R (L 1538 e fa A h IE BT, FE4-1)~ POC/
Chl. a HLfEH 106+12.2(11.5%) (r* = 0.86), PON/Chl. a Eh{Ei412+1.28 (9.7%)
(r*=0.89), % POC, PON % Chl. a MXHRE, R FTKIFS M HFEKZ POM
SRERFEMERE R, BRTREEYELMANE2 POC/Chl. o KX 35
(Redfield et al., 1963), AMREREHES ,XEENREFHM AT & A NRBSR
e/, B I BRI & B K A B LI RO 22 5, AT AR R R0 & M I e s 2
ERERAR, FHEDHERE, REFUNEERARET X, EAMESHBK, EK
FWE YA A, POC/Chl. a hfEH{E, EBAEMX (bloom area) LIJh, POC/
Chl. ¢ LLESE, EEERAIARE TIRB YRS,
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Fig. 5 The Relationships of POC, PON with Chl. 4 in most lakes and reserviors in Taiwan

1) Chen C. T. A., 1992, Continental Shelf Reasearch (submitted).
2) McManus, J., 1992, The chemical and physical limnology of Crater Lake, Oregon, Ph. D,
thesis, Oregan State University, 128pp.
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3 4
3.0 AXHRSFEBHX 18 NFEAKRE POM 45, SHENZHEYEKERR
F, REHREYRENESR, (f POM TE&BERKAE K,
3.2 POM B.FETEEFBE POC/PON=8.5+0.01 (0.1%) (r* = 84), Lt Redfield
ratio = 6.6 &, W REE A MFHIE RRBIMEA SE RS RBYEFE, POC/POS =
369+58.2 (15.8%) (2= 0.73), PON/POS = 38+6.9 (18.1%) (r* = 0.67),
3.3 POM i SHENTEMAETEEFHEFS POH/POC = 1.4+0.13 (9.3%), PO.
H/POO = 5.4+0.94 (17.4% ), POH/PON = 11.3+2.0 (18.2% ), POH/POS = 576 +
72.9 (12.6%),
3.4 AXEELMSEN POO, &84 POC/POO = 3.7+0.6 (16.2% ) (#* = 0.74),
POO/PON = 1.8+0.31 (17.2%) (#*=0.70), POO/POS = 71 £18.5 (26.0%) (r*=
0.52),
3.5 BMBZHEELILE,BA Redfield ratio N:P = 16:1, {RERXMEIL, EHLS
BAIAERRY:

136CO, + 16NO; + HPO?™ + 0.5S0%” + 85H,0 + 19H"* + =& —

CISGH190037N16PISO.5 + 18802

3.6 FMEKEZRFEEYEKEBAR, %R POC/Chl. ¢« WEMER, KB
#iH POC/Chl. a = 106+12.2 (11.5% ) (r*= 0.86), MELEBTLRFEFH 7 IZiEE
WILL(E (35) &, TR E AT AT S BB MRS, PON/ChL o HhiEH 12+1.2
(9.7%) (r*=0.89), B POC F1 PON %f Chl. a ZHEEMRE, K ¥4 4 H K A
%7K POM SR E EH ETER,

g ® X ®
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Blair, G. J., 1979, Sulfur in the Tropic, Muscle Shoals, Alabama, International Fertilizer Developme-
nt Center.

Chen, C. T. A. and Pytkowicz, R. M., 1979, On the total CO,-titration alkalinity-oxygen system in
the Pacific Ocean, Narure, 281: 362 -365.

Chen, C. T. A., 1990, Rates of calcium carbonate dissolution and organic carbon decomposition in the
North Pacific Ocean, J. Oceanogr. Society of Japan, 46(5): 201—210.

Copin-Montegut, C. and Copin-Montegut, G., 1983, Stoichiometry of carbon, nitrogen and phosphorus
in marine particulate matter, Deep-Sea Res., 30: 31—46.

Dijkshoorn, W. and van Wijk, A. L., 1967, The sulphur requirements of plants as evidenced by the
sulphurnitrogen ratio in the organic matter, A review of published data, Planz Soil, 26: 129—
157.

Dyrssen, D., 1977, The chemistry of plankton production and decomposition in seawater, /n Oceanic
Sound Scattering Prediction, ed. by Andersen, N. R. and Zahuranec B. J., Plenum Press, pp-

65—84.
Fichez, R., 1991, Suspended particulate organic matter in a mediterranean submarine cave, Mar. Bio.,
108: 167—174.

Fleming, R. H., 1940, The composition of plankton and units for reporting population and producti-
on, Proc. Sixth Pacific Sci. Cong. Calif., 1939, 3, pp. 535—340.

Goldmanr, J. C., McCarthy, J. J. and Peavy, D. G., 1979, Growth rate influence on chemical compo-
sition of phytoplankton in oceanic water, Nature, 279: 210—215.

Gordon, D. C. Jr., 1970, Some studies on distribution and composition of particulate organic carbon



36 s B 5 W #& 25 &

in the North Aclantic Ocean, Deep-Sea Res., 17: 233—243.

Honjo, S., 1980, Material fluxes and modes of sedimentation in the mesopelagic and bathypelagic
zones, J. Mar. Res. 38: 53—97.

Ichikawa, T. and Nishizawa, S., 1975, Particulate organic carbon and nitrogen in the Eastern Pacific
Ocean, Mar, Biol., 29: 129—138.

Martin, J. H., Knauer, G. A., Karl, D. M. et al., 1987, Carbon cycling in the northeast Pacific, De-
ep-Sea Res., 34(2), 267—285.

Matrai, P. A. and Eppley, R. W., 1989, Particulate organic sulfur in the waters of the southern Ca-
lifornia Bight, Global Biogeochem. Cycles, 3(1): 89—103.

Mezel, D. W., 1974, Primary productivity, dissolved and particulate organic matter, and the sites of
oxidation of organic matter, In The Sea Vol. 5, chapter 18, ed. by Goldberg, E., Wiley-Inte-
rscience (New York), pp. 659—677.

Parsons, T. R., Takahashi, M. and Hardgrave, B., 1977, Biological Oceangraphic Processes, Pergamon
Press (Oxford), pp. 332.

Redfield, A. C., 1934, On the proportions of organic derivatives in sea water and their relation to
the composition of plankton, I/n James Johnstone Memorial Velume, Liverpool, pp. 177—192.

Redfield, A. C., Ketchum, B. H. and Richards, F. A., 1963, The influence of organisms on the co-
mposition of sea water, In The Sea, Vol. 2, ed. by Hill, M. N., Wiely-Interscience (New Yo-
rk), pp. 26—77.

Riley, J. P. and Chester, R., 1971, Dissloved and particulate organic compound in the sea, In Intro-
duction to Marine Chemistry, Academic Press (London), pp. 182—218, ’

Sarvala, J., Kairesalo, T., Koskimies, I. et al., 1982, Carbon, phosphorus and nitrogen buggets of
littoral Equisetum belt in an oligotrophic lake, /n Lake and Water Management, ed. by Ilma-
virta, V., Jones, R. I. and Persson, P. E., Kluwer Academic (Hague), pp. 41—53.

Stewart, J. W. B., Cole, C. V. and Maynard, D. G., 1983, Interactions of biogeochemical cycles in
the Grassland Ecosystems, In The Major Biogeochemical Cycles and Their Interactions, ed. by
Bolin, B. and Cook, R. B. Wiley-Interscience (New York), pp. 247—269.

Takahashi, T., Broecker, W. S. and Langer, S., 1985, Redfield ratio based on chemical data from
isopynal surfaces, J. Geophys. Res., 90 (C4): 6 907—6 924.



L EMEE: SEHMXMRKERRBRANRZHR. & & A MR TR 37

STOICHIOMETRY OF PARTICULATE ORGANIC CARBON,
HYDROGEN, OXYGEN, NITROGEN AND SULFUR
IN LAKES AND RESERVOIRS IN TAIWAN

Being-Ta Huang, Chen-Tung A. Chen

(Institute of Marine Geology, National Sun Yat-Sen University, Kaohsiung, Taiwan)

ApSTRACT

Suspended particulate organic matter (POM) from eighteen lakes and reservoirs in
Taiwan was collected and analyzed for the first time for particulate organic carbon
(POC), hydrogen (POH), oxygen (POO), nitrogen (PON), sulfur (POS) and chlo-
rophyll ¢ (Chl. @¢). POO was measured directly in contrast to the traditional method
of substracting POC, POH and PON from POM. The concentrations of POC, POH,
POO, PON, POS and Chl. a range between 138—8 370pg/L, 13.5—926.1pg/L, 31—
2623ug/L, 14—1 265ug/L, 1.9—49.7ug/L and 0.31—96.75ug/L, respectively. The cor-
relations among C/H/O/N/S/Chl. a are C/O = 3.7, C/N = 8.5, C/S =369, H/C
— 1.4, H/O = 5.4, H/N = 11, H/S = 577, O/N = 1.8, O/S = 71, N/S = 38 (mo-
lar ratios) and C/Chl. @ = 106 (by weight). The correlations lead to a stoichiome-
tric model that can be represented as:

136C0, + 16NO5 + HPOZ™ + 0.550%" + 85H,0 + 19H*+ energy — CiseH 005 Nys.
- P,S, ;s + 1880,

The POC/PON and POC/Chl. o ratios are higher than the Redfield ratio (6.6),
and the ratio in phytoplankton (35), respectively. The higher values are attributable
to a higher proportion of detritus in field samples.

Key words Lake Reservoir Suspended Particulate organic matter
Carbon Hydrogen Oxygen Nitrogen Sulfur



