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THHA4 GEE FHFE WEHE FIRFE

(BRBEXRY, §8 266003)

RE 1995 FRu TR HFHEY R TR MBEENEE, KPR AR BET xRk
EMRM A REAKREMRE, HLNET 18 G FIEY (15 8 MEE, 7 RS, 2/
FEE, | POB)NARERER, &REY, ZFEBTEEN 152%. FlEn 18 igEsl
YR I 2.78 X 107°—6.9 x 10" °m’, ERFEHHN 0.9%—31.3%, BAEKMNAHN /B
TR RO S, EH, FERERR, BENE.

XKegis  BEHRIEY RER REET

Bi 7K ¥ % .4 (Hydrophobic Organic Chemicals, HOCs), A REMILEMER, K
SR, ZERFHEYPEYEE, XEBRKEE LEEBKS HOCs MER. iR
VAR 3 A SR WA M (Kuhn et al., 1990). Hik, #E2EZCIANAR, FiFEYR
HAREZwHAEYE LRI EZEREZE (Rice et al., 1973; Swackhamer, 1991). {HE,
HEr R BRI G / B BB AR 8 3 40 R 1 B (Rice et al., 1973; Fisher et al.,
1983).

Wang % (1993) WK A R-BEEERE T o MigERiray A xmA, L
BRARAR / WEEHE / MERHLRER., EHEME, AXBCETHEAREREN
MEFH, MHFHEYARRIRE ML, BERHBET /B REGARARE,
HERZFTFENET 18 MEHERFIFAYWARRER, AR HEHEYHAREERS
A BERERTFZHMERXREE T HEM.

1 B

Khr L, KRR EY MR R T RS HO 4 F, Fir-ER RS Bronsted BME
RE R (Hecky et al,, 1973)5KETYRE (WEAY. K 1%) (Wang et al., 1991)
AL, XEE, WA MR E KL Z /N BB s iR b

e . {MOH}{H"} B
M-OH =M-OH+H" K" = “Pior T (1-1)

Mo ap g MOTHHTY .
M-OH=M-0"+H" K="=l oy (1-2)

oo, KPR Kl BB BB #8G IMOL } A1 {MO ™ 14 5 S0k R I AR R B R . 1%

* IR ARBFEESTHTE, 493762715, LB, B, HAETI960E 6 B, #HiR.
WHRHB: 19954298 38, BZHM: 19974F 38 18H.
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ERME HWKE{H' ) 5% HEE [H']X R HP8 Boltzman 75 #2:

{H"} = [H"]exp RT (2)

HAPERNBER F=96485C/ mol; EE/RSEEH R=8314(Pa-m’) / (mol - °K); 7
o R (°K). R HE Gouy—Chapman® 2 # 18 (Chapman, 1913), B & H B fiy M
KEBMEE oS NETREZREBAMETBAEE, NA:

n=tolGr)- [C5) ]
RTe

0.5
. ~ . 1 . qO qO Az, - 10
H = —_ s = — = — = — ¥ = 6.
Hy, a z( e ) b 5 o, 7 AN RN HEERe=623%x107"°C/

(Vem); THBKNTEFRE (—MEFKI=701mol/ m’); z WP HEFREHFH
#; NAMBEEE ANERESRERMmMY); ARENMHREER @/ fk); g mk
H . BT g, = F((MOH,} — {MO"}), 7 pH < pHpzc if, ¢ = F{MOH,}, fi#&
pH>pHpze i}, ¢ = — F{MO™}, Hw“+7f“ - "2 HAKIE, BMRE, pHpz
M FRA R S

1/2
27
"= F(IRTE) @
nyj
.1 m{MOH," } m*{MOH, }’ 03 3
¢0—2+bln[ N +< TeYE +1) ] (5-1)
) 1 m{MO~} [(m*{MO™}? 03
1/)0 = E In |: NA + ( N2A2 + 1) ] (5—2)

B X {M}, = {MOH,} + {MOH} + {MO~}, MFEXH+ 4 pH < pHpzc i, HI#HITHR
BENEARTRE{M"}={M}, = {MOH,} + {MOH}, i ¥ pH > pHpzc if, B %5
FTRHENRARTEE (M L ={M}, = {MOH} + {MO"}. %

L _ (M}, — (MOH; "]

A {MOI_IZ+} (6_1)
(M7}, - {MO™})
*= (MO (©2)

Hrp i g BET 72 (Gu, 1982) 4 {MOH," } B [H* 125kt ZR#AT LA RIAT KA (M ™},
% (MO~} B [OH™ 12 4t i £ 4T 05 BN AT SR 48 (M7}, AR U5 2 BUR 07 & (6-1) A
(6-2)3k73 Y/ Y, %4F 131 LRI, A LR R DR R A T T 7
FILUTF TR
Y, = Ka/;ulizm {leoi‘lz } 3 2m{r\/[()l‘k }(m {1\/[201—2[2 } .\ 1)0,5 Y :|
N°A4 NA NA

(7-1)
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1 [27 MO~} m{MO™} m {MO ™ }? 05

B=Ka’;'[ NE T ( N A? H) H] (772)
HEHRPURTTH ZBE KT, FE -1 (7-2) 77 4 B 1k K -
int 2 2 print 3 p-int

Y, = K ———= {MOH, } + ——3 2Az {MOH,"}* —N—}—g {MOH;" }’ &1
1 2m{MO~} 2m*{MO"}* w’'{MO™}®

2T K™ K™NA KiN'A  K'NA (8-2)

EHE, R (B-DEB-2) 3 ¥, — (MOH, } IR ¥, — (MO~} i & #47 = ST & i 4l
AR KAG 4.
2 X%
2.1 W&EHEH Br &) M BT8R 4™ 8 LRH-250G % g R, BHE
EHEM. XEE Fsher Scientific 2 )4 7= i Accumet 925pH 7. 3 E Cole—Parmer 2 7
EFERESHRNBEAHEREE.

BRI AREFHEATL A8 HCL(H ), B ZWKREH 29 0.1mol / L
W, RIJLK Na,CO,(GHHrdt) brsE S5 & M.
22 H¥FEHEY BRI 18 PR H WM IR WA Y (RUT5 S FhaRE, 7 FhEESE, 2 b
¥, 1 ﬁ‘f_[ﬁ) FAREMBMESEERFHELRERM, AR EI MK
W& 1.

F1 OEEEREMERAERLE, aemmmﬁmgﬁw

Tab.l Equivalent radii, surface areas of marine phytoplankton cells and their variation coefficients

p—— %ﬁﬂiﬁé %ﬁ;]f;‘l TREK

(x 10 'm) (x10"m /1) (%)
Nannochloropsis oculata 3.01£1.0 2.78 1.4
Chlorella marine 40x1.0 298 44
Nitzschia closterium 40%1.0 3.08 ) 14.6
Chlorella stimutaphora - 5.72 7.9
Phaeodactylum tricornutum Bohlin 5515 13.2 1.5
Chaetoceros sp. 6515 18.6 9.1
Chaetoceros ceratosporus 322 2.5
Unidentified diatom 40.2 15.4
Skeletonema costatum Gneville 6.510.5 59.8 293
Dunaliella salina 76.7 31.3
Nitzschia angularis 13.5£2.5 80.2 2.5
Amphidinium hoefleri 113 9.0
Dunaliella salina var. 140140 125 9.6
Zooxanthella microodriatica 171 9.2
Platymonas subcordiformis 9.5%1.5 156 12
Pyramidomonas sp. 298 8.1
Rhodosorus marinus 324 0.9

Dunaliella viridis 690 4.8
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Fig. 1 Plot of surface acid amount of the marine phytoplankton cells {MOH;} versus [H']
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23 HEFE WKBAREGIEA N 32), @it 045pumIEET I8, &, MAE.
B BERTERSHEEBTE (F/2EFRBEI). AR HC Y pHZ 0k 8.1 AER K
. BT HFEEYERONERVSE, #7 KB (160T 4t 2h).
24 Fik B —ERBKE R EMBEMT 1 000mBERB S, BFCEEAS
SR, RERBEHGIT, BEAN6000Ix, EREHY 120120, THEE MMENAE Y
BIAERESL, I8 pH It RN pH 3L, FAERKBBIEEE KSR (pH —&H
9—10), WL (EZEE < 25.3kPa) (Parsans et al., 1984) /5 F47H 200ml I8 & 1
FEE, FAT A 200ml BEAE RS, 4 BIFE A B E R R B AR HCLIE K
(0.098 2mol / L) E Z /K pH AT, /R84 H* 1T fE 8 i 40 M 8% 3 A 40 4 oy Bir 5|
EERE, BRMEEE 20s Rt RHERBE pH. AWHEYESNRBENEZR, TS
BB (EERERAR 20—30C), T STTFHTHE FTRENEGEESBELRY
710—20C), MT 25CTHITHE. Xk, BIRBERESSHRBERZ ZW AT
Y REBRE (MOH, }, &RNE 1 iR,
3 ZR5itig

18 Fh VR Y BRI < i 2%, D {MOH, }BE [H™ 1 A b i LR LI 1, R BRI & ih
REPEUH BET 77 # (Gu, 1982):

[H*]
b—_
{MOH)} = {M*} H7l, (9-1)
o T(1———[H+])(1+—[H+] b—1>
[, TR
19
[H*]
[H*], 1 pb—1 [H'] N
[H+] - {M+}Tb+ {M+}Tb [H+]O (9 2)
{MOH,"} l_fli—*T>

Hep, [HY] MR (M*} 8 [HY]L b 5B R EHE AR R0 8. 5 #2 (9-2) »
BB E M2 (B DT & la, MasRE (M. R, AR (E-DKRE Y, BHRIE
R (8—1) X ER i 5 M SR AT = o RYERLE, WIATSRAB RIS MR EE R, 4R 0LE 1.

WEE®Rn=06%KY, BRETENESFHEYRERMYLTREEEN152%. hHE
1A, T LR PrEn 18 PR ety (48 s Fhag B, TR RESE. 2R SR, | Fhax
%), HAMRREHEN 278 X 107°—6.9 x 10 °m’, ZERFZHEN 09%—31.3%, W HKH
3 40 Jf 3% v AR R I 58 55 2R KN BUF S A0 i R /A 56, B A LA R AR K 4
23ANMER, REARTH IR, XKW, BZEKNAN / BF TR
BRI, ENKEH, FHFRE&WA, BERE.

2 % X W&
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DETERMINING SURFACE AREAS OF MARINE PHYTOPLANKTON
CELLS BY ACID-BASE TITRATION METHOD

Wang Xiulin, Ma Yanjun, Li Jiliang, Yu Weijun and Sun Hanzhang

(Ocean University of Qingdao, Qingdao 266003)

Abstract In 1995, the acid—base titration method for determining the surface arca
of marine phytoplankton cells was improved, in which the modified BET equation was
used to estimate the maximum surface acid amount {M*}_ by fitting the surface acid
amount {MOH,"}  to [H”]. Estimate of {M*}. with the modified BET equation is
more feasible and reliable than measurement by the back-titration technique liable to
under or overestimate of {M™},. The acid-base titration technique to measure {MOH,'}
of phytoplankton cells is based on the assumption that the hydrous cell walls have
carbohydrates or other structural compounds which can behave as surface Bronsted
acid-base sites due to coordination of environmental H,O molecules. The improved
method was applied to 18 diverse phytoplanktons species (including 7 diatoms, 2
flagellates, 8 green phytoplanktone and 1 red phytoplankton) maintained in seawater
cultures. For the species examined, the surface area of individual cell (A) ranged from
278 X 107*m’ for Nannochloropsis oculata to 690 x 10™*m’ for Dunaliella viridis.
Measurement accuracy was 152%(n = 6). A values of marine phytoplankton may
relate to, but is not dominated by, the cell size. Furthermore, A values were
approximately 2 to 4 orders of magnitude more than the geometric surface area of the
cell, assuming that the phytoplankton cell is a smooth ball. This suggested that marine
phytoplankton A determined by the acid—hase titration method may reveal the actual
surface area of marine phytoplankton cells in seawater. Preliminary study showed that
the improved method may be more promising and accurate than light/ electron

microscopic measurements for coarse estimation of the surface areas of phytoplanktons
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only if the cell walls behave like a Bronsted acid—base site due to the coordination of
environmental H, O molecules. In addition, the method has merits, such as use of
simple equipment, convenient operation, and easy dissemination. It is useful for study
on the quantitative relationship between bioconcentration of HOC in marine
phytoplanktone and their surface areas.

Key words Marine phytoplankton Surface area Acid-base titration
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GBFSEBY FEHR)EN

CBESHEY ¥WERAFHEREANSFERNTE, BRARERMEAWS
g, FREMNIMERILZR, UEFRER BRVIRKE, MESEFRPTRR, MR
R ORM R B2 U BIEIRS; REERERNEIFEMR. PERBA
A& FER, RERETFFEESE, UATREAAWRREREK, ATABHEXRHE S
H,

CBFESHIEY =W, FBENBEASOEREASERNZEARTIY, DIHREEMPTR,
FAEMAFRIE X E, RBERMAMR. FEAMRERRENEE, B EKBEE
NP %, b2, MY Y. AYFSFR RS ER, BRIRHE. iR
. WEFHEAR, AR, R, FAREM. FEHE. BEREN. BIEERHE,
ST RAMEMFRIE T RAFERXANHARER. HHHFTERAWAMLL, FARE
HEXEWMBILX, BFUMETE. BEIRIGEX,

CEHESHEY FMESFRAEMERANIBIL, URkHANE. BEREARB¥
EERMITH, BRERUXTH, EREZESRYPIME., HAZT AT EWHRBR,
FEAB A F AR AR BB, T EE RO LR B SRS S R E .
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