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RE SBE—MHENSRONAESEEERNNOFTTE. BHENEFEERERESE
KEBAEWAEBEET —HHAN. L 045umBEE BB KERS, £—ERETHESR
Ih(E A BT, 2 EWE S, BT pHEHF HEHEMEAH , BEENE S REAR. R
¥ pH Z{EApH, . it ApH,,/ApH, . Wttt B BP AT Rk AR AR 1 E R A TIF
W BB KN, FHoh, BRI T %7 B K # K3

Xia KEEA KREE FHERN HgRE

ERSES  P1342

ERRAHBENARSBIEN SR (AN . EELR. RAF) HBHERRERNE
R, BRE AT EETEARERE NEA KBNS H R (Rueness, 1987). 1fEHR
HWHFR AN ENEHEESEN (Axelsson er al, 1987). MR EXFEE (TEHR
4,1994). HELREXYW, LG EXEMHRERRBAEAM A RN IE, BUOEGER
ENNAE YR, XEATEFARUEREZRSRYNEFEALS, EFRAILE
A P 2 SR B AR, BRI 6 B4 3 3R A0 R/ WT A D AR 15 B 4 b oK B o B 2 M U Y 18 4.
Fe A R W E — AR, XTEMABEMNS Wenkler il E %, b T EMNE—
LR EH AL KM Wenkler B3 BN E B, BOL S EREN R HZBIRH.

AXEH—MEFNESELENRAERNE pHENERRZEELEERE
R /N BT VAT B MR B BT B, R R T R B KA E AR E
1 ##L AEREKREERE
1.1 #MRS5HZE

L3 P BT A M B R % B (Enteromorpha linza) ML A 5 (Ulva pertusa Kjellm).
MR EEKYBRETD KT A, EHEIERAE LRH2SOGREYIEFRB T RETHB )
AT, 6 IR BE 40 50001, IR E 0 20C . pH WU E A pHs-3c 40 B B B it (AT IL
WHALAST ).
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BEARRFRPERBIEFRO KRB GEBHFR T KT, BB 1.0g —, 4HET
100ml & OEEFE M P, SR B W28 0.4SumIE BT SR MK, =5 B E., #H. B2H,
F—FREMCREMS TSR 1h, WE Q. BIM pH EHIHHEHZMAPH, = pH,, —
pH u- AIFEFETEMEHITERAD. R pHEZEApH,,, WApH ,/ApH Bl
¥ BRI AE X S BT UE, I E R TR B KN,

AT AR SO B A W R ik L SC R B, SETE RSO 250ml, BRI A BE 2.5 (R
F001g ¥ /mi¥gK), URIEER EBHB KA TR E HMBRE. BEEH
Wenkler %€ (#5528, 1986). E&BSREMBELRLE AL KKEB P T, BHEA
0.45pmfit JEE KK, § 2 Rk KEFE EFREHENEHE 8g/LBK. EiR (18—
22C), B 40W (8 32) HEATHRH (A0 8 0001x), B R AR S FEEEXR 6—8h, J/HE L N
12/12,

1.2 KEEKE
1.2.1 MR RCFHE]  BENIKKHAWBKEER, BKOBE [4K5:
[4lk] = C(a, + 2e,) +[OH ] - [H*'] + X (1)
A C, = [H,CO,] + [CO, * aq] + [HCO; ] + [CO " IAKARM B H bk, Yy AHEER
PR (nBERe L. AR L MR EL ) SRR TR,
a, = ((H'V/K +1+K/[H']) ! (2)
a,= (H'F/KK, +1+[H']/K)™' (3)
K KA B ABMBRER KN —RM R EER, MR EKEE ) MRE (DHEK
GirE 8%, 1981),
¥ EBAUBEETXE—IHANEBKERS, HBREHETXRELE (FIF
W)VER:
106CO, + 16NO,” + HPO.™ + 122H,0 + 18H" = {C;;H,;;,0, N, P} sgu, + 1380, (4
KA EFFR) FFERRTEL 0" SR " Fw, WE (DR, X648 (SFR) RIS/ (4K 7] 53 51
B
[AlK] o, = Cr) (@) + 20,)) + [OH 1) — [H" ], + X, (5)
(4K, = Cry (@), +2a,,) + [OH7], - [H"], + X, (6)
e tERARER, CHBEMK, MERE. pH X [4AkHBAE; FREBREMNRZ., @)
A, B EH N KT ER AL 106molCOKBUL 18molH™ , HEAFEI B P AWK LBEA
PR 8, I CaCO, T IE R (B pHEAREKF, B0 pH < 9.0), WiZid B4 FB
[AIK] F+ % 18mol. # 4% (4) AR 7 1 K EFEEFFR, WA 106molCOBEBANM K, I
% 18molH™* , BME [Alk]F#4& 18mol. MR MFLL AT K —FARN.

([AIK) ) = [4lK] ) / (Cppy = Cpy) = — 18/106 = 4 )
WMENMERE - BASEXREEEBENNEGER. BBRERS S5 ER. BHT
AFE—MIIEERD ZEMBEAES 10%—20% (pH A 0.5—1.0), @ AKH B2 -Eik
B 2 100pumol/Lit, # FBUEAR B ZE K3 210—420pmol/L. X (7) AIEEKR
WU H) B A 36—72umol /L, T ¥ K I BERREE — A 2 A5t 1.0pmol/L, BIfE £ MFER
WABHBE=ARREE, Bt ()R XA E R 28, FHFBHELRG)—(7)H



2 THER%E: —HFMESRITRN KGR ERRLAH T & 201

RCF = = (Cpy= Cr)) ! Cry
= {[(a,, +2a,,) — (2,4 + 2a,,)] + [([OH™] , - [OH"] )
—([H* ], ~H" I/ Crg} [ (@), + 2e,, — A (8)
M (8)R AT I, RCF BAE (FFR)EAIBNAR S /AL (B E L
ERERPRASZEMABRNE SR, KEMFERREM RCF > 0,pH |, > pH s FRIEA &£
BfRZ. RCFR#KpH, S _EMUKEEC,, BRE.RE.ZHARIBRELERZ
pH, i BR 4, TE 18 K € (B0 C, (M1 pH i 5E ) . A AL TR E — R RIR T, RCF {12
A (BFR) 1E R 5 18K pH B BB %K.
122 EEMxEHERK RCFMEER  BEMLEN RCFEEEED N K. KHNE
we = AR, 256X GRIERSE, 1989) A
lgk, = 13.720 1 — 0.031 334T— 3 235.76/T— 1.300 X 10 ° X TX §+ 0.103 28*°  (9)
IgK, = — 5371.9645 — 1.671 22T — 0.229 13S ~ 18.380 2IgS
+ 128 375.28/ T+ 2 194.305 5lgT+ 8.0944 X 107 *X T

X S+ 5617.111gS/ T—2.136S/ T (10)
¥ (2). (3). (9). 10)RA (8)X, BIAIH+HE 1 RCF. 0.5
BRESEEEKY—BEFELEE, B T=293K. g; [
S=30.pHy = 8.0.Crq, = 21X 107 mol / L, 38,
Redfield HAEE 4 = — 18/106, HELERLE 1 k¥ 1 = 01
%1 ITHUEE. 0
BB, T B EHEEAHEE C, e
S. A T.pH, AT i+ ® A # pH, T8 RCF ), HE# 1 6 7 8 9 10 11
51 4T 00 X B AR X 4R 2 v 1 B R P 1 T o
PR LA A 3 b 3R B % oA 3 AL 3K RCF MW, A1 RCF-pH, #%
%%[jﬂ,?@ 1. Fig.] RCF-pH,, curve
F1 HEHEELHYRCFHAR
Tab.l Factors affecting the relative change function RCF
[ R R pH HxHRE
g2 71K S Cro  pHo A 8.0 8.2 8.4 8.6 8.8 9.0 (%)
1 293 30 0.002 1 8.0 —18/106 O 0.027 0.061 0.10 0.16 0.21 /
2 293 30 0.002 4 80 —18/106 0 0.027 0.061 0.10 0.16 0.21 0.0
3 293 33 0.0021 80 —18/106 O 0.028 0.064 0.11 0.16 0.22 39
4 288 30 0.002 1 80 —18/106 O 0.024 0.055 0.095 0.14 0.20 7.7
5 293 30 0.002 1 8.0 -9/106 0 0.029 0.066 0.11 0.17 0.22 6.0
6 293 30 0.002 1 7.8 —18/106 0.021 0.048 0.082 0.12 0.17 0.23 20.0

L, BRI E C( . BKELE STHRE T3 RCFRE MM/ (R 15 2.3.447
BiE), RELRFHEWALUATHE, 4 —RE—BAKRERE (SUBE) 5 EHERR
B S, BN - REYENKAEERE M SHE (R LRI &R, 8K+
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BRIEMMAESHES). #@)KXFEL NO, i, 4= - 18/106; B FRFE W NH, .
106CO, + 16NH," + HPO; ™ + 108H,0 = {C,H,,0,, NP} su + 1070, + 14H*  (i1)
W A= +14/106; % CO,E E B A HEEEF LA FAL, W 4 = 0CHEMWE, 1981). B
R 1B SATHEET N, 43 RCFEMBARK,
R 15 6 fTHIE LA KE pHE (pH,)) X RCF 8 M. 51 pH, MZHE K.
123 RCFMMMEEERHXE  HE)R:

RCF, = - (Cru) - CT(O))/CT(O) (12)
X E R, BT 4 55 B
RCF ), = — (CTU)E! - CT(O))/CT(O) (13)
RCF g = — (Crmsa - Cr(o))/CT(o) (14)
M (13) (14)%%:
ARCF(,) = RCFme - RCF(:)H =~ (Cm)e - Cm)s)/cm) (15)
SRAL C ER, MIREHRER.
ARCF, = RCF ,,, = RCF ,p = — (Cm)e - Cr(c)aa)/cr(o) (16)
(15) (16) = A HHBR
ARCF(i)/ARCF(c) = (Cm)s - CT(i),H)/(CT(c)E! - CT(c)H) (17)
T 3 X Bk ) R 4L 2R (BB & E %K)
PROD, = —dC, /dt= - (C, ., — Cr.me) /Al (18)
Tt B, B SR AR AR § BAE o, WA,
PROD , = = (Cr(y = Crpqy) /At (19)
EiR (18, 19)HBRFHLE A (17) R ET 45
ARCF,/ARCF, = PROD,,/ PROD , (20)

B2 (20) /T W, ARCF , /ARCF (AR T AR KR, KRABKE [ /hE A 3 T o B
HEH 58 BARCF /ARCF B RAR X A 5.
1.24 pHAMMLEERM KA  LRELIEY, ARCF,/ ARCF R A H
B, HI,#E L, AERE LRAM BAESER ZEGD. BIM pHAE, BRI HHE M
MG®EE, HELFRE, RCFA Cpy. T.S.pH, A pH R, EBRBURT pH, St B %
Crop T S- A pH 9. T.S pH R E RS, 8 H R C,,. . SXT RCF MR/, Lki
L AT 458 B € —ME (0 0.002 1mol/L, 293, 30), M A LWE ., B AEZEFHEEEH,
mERAERETEE, L (DF. 4= - 18/106, X 2 E Redfield tL{H (i F| %, 1974) 145
HESTHAREBHEFRAFIEYH — M E SRS EAERAMEH. S8 4THE
(NAETLREE, BXRFERER T AR I~ R EEER R, REM L
PRI RAEAR X IE & BRI T . AL, #ATIEBIALHE,

HE 1 AJLLES], RCF — pH B — KM 2R, (BZE LR =Z & HIM pH T (7.8—9.0), AT A
AR RALHE, BIBE

RCF=b+kxpH (b kHEX) (2D

R

(pH,,,, = PH )/ (PH,, — pH, ) = ApH,/ApH,, = ARCF ,/ARCF (22)

(O
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&4 (20) X5
ApH,,/ApH,, =~ PROD,,/ PRODT,, (23)

(23) AR, WELBRAMBALSEMREE . R pHIEHHHApH,,/ApH ),
BV E IR RS RO S ER, XRBAR T ERKAEKEE,
1.25 FEMERWEHE HEREIAEFH. AT EER. KRLAZLENR,. &
ML AR Y AARK —#; TRLBPEENEARE, K pH, NMEHE
<9, pH,BHFRTHHET 8, H#MET WA, T & NaOH W, B ys & 1 7T, pH,
< 8HT, HMATHERK, EUNKRELESSIBRARE, BERFRAAEIEK, B
1h A%, =% pH,, < 9. RERIKL5E pH FHB2 R 74 CaCO,, XK 4 KAER
A, XRATEAA RGN 55—, BES YL 2 R X [k =E BRI,
2 ZR5iTe
2.1 AERE Cd** Hg' WAL AEMBIERN

U FH R EIRER T AFRMKE C* (0.0.0.2. 1.0. 5.0, 10.0mg/L) # Hg** (0.0.
0.05.0.20.0.50mg /L) 3t L. 2 i) B HE R R, B 70 W8 A A0 SC 05 36 W 58 09 3 (DU AH 2o O & B R
SRANEENEMHEMN A ERBTHE, URIEAXFE. B2y A AaENE

120

80 I

40

ADOG; /ADO (%)

0 2 4 6 8 100 2 4 ¢ 8 109 40 80 120
Cd(I)/(mg « L~1) Cd(I)/(mg » L-1) ApHe /ApH @ (%)

2 cd* LA EAFANER
Fig2 Effect of Cd™ on photosynthesis of Ulva pertusa Kjellm
—O— 1d; —@— 2d; ---A--- 14d

WX R, B 2a RWMEEHEWHEAN S EE(ADO ,/ADO )5 C& WEHX R, B
2b R A U7 1 H S8 I A X6 & 3 3 (ApH,,, /ApH, ) 5 Cd** B X R, R I A
MR-, . (1)0.20mg/L Cd** 7 4d AXFLAZEEA T FHER R, 14d UE A A
FHMEL (2)1.0mg/L C** £ 4d 3 FLA A T /R A B EHRR, I Ccd’* L AZER 96h
BB B ETE 0.20—1.0mg/LZl8); 3)Cd* " E R K, BHAR, HRERIF LK, FHR
PR, B 2c WM TEMELE, TREBFH B, B3R He' ' SfLAazEmEs
LRER, E3a RUEENER, E3bERAXEMNER, BEMRBHEANE 2, .
(1)0.05mg/L Hg’* *fLAZEL 7d 33K W B HEH AL (2)0.20mg/L He'* & 4d ¥ 5%
LA R YR, Bl He® " 5 FL A 2EH 96h B M BI{E7E 0.05 —0. 20mg /LZ
B G)Hg*  WERLA, BHAR, FRETEAK, EHERLGAE. B3 RERTERE
FRGLE, AERAT RIFH—BUE.
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30%

ADOG> /ADO (%4)

Hg(II)/(mg « L~?)

Hg(Il)/(mg » L™1)

40 80 120

ApHen /ApH) (44)

B3 Hg' M AEHEAERANER
Fig.3 Effect of Hg" on photosynthesis of Ulva pertusa Kjellm

—O— 14, —@— 2d; ---A--- 7

2.2

FRARBEMEER Co®* IR E W E BB

XTAREEMEEY C* NEEFENFENE, FEYTERREE KK

120

ApH /ApH ) (W)

H4  ANEWEMESWET ST RN
Fgd4 Toxicity of copper on Enteromorpha linza
B4R L3R 2. 0.20mg/L Cu™ 5 3. 0.20mg/L
Cu” +EDTA; 4. 0.20mg/L Cu™ +8— 3 Atuls v,

5. 0.50mg/L Cu™
B .a%8h; bA10h; cH20h; d¥48h

EFEHEEEFAN KRR (TER
%,1994; BEEH %, 1998), HEELiE N
(Do WMEEWE AR MRBREFH, 020mg/
LCl* M ERHAEHFM 0.50mg / L
CU M ERENEAFZEREILL; (2)
RafmAT O WE®REHEE M,
B FEERE T HEM, EDTA Al &AL
B Cu B4, s-E E ek ] B Cu®*
RIBE M, {2 EDTA Ml 8- B M sk A 5 xf
HELEE. REAXNEHEAFEEZHM
JFHEAETF . EDTA R Cu TR T KBRS
Yy, BLIE & E X Cu MR, T 8- &
WS Cu’* AIJE SR E R &9, 0 (2

H)Cw " WEB., AFENX LR EENFHT TEHRR, SRNE 4. ZEARY
T EREFR, WA — NI T 475 30 AT S,

i

s %

TEMHERG SHEEATLRRMNITE. SNXRIAGETHRINLER DT
FORE, TR B XS, EBOA T,
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NEW METHOD FOR EVALUATING TOXICITY OF HEAVY METALS
ON MARINE MACROALGAE

YU Zhi-gang, ZHANG Jing, SHI Feng-yan!, Wu Chao—yuan''
(College of Chemistry and Chemical Engineering, Ocean University of Qingdao, Qingdao, 266003)
¥ (Institute of Estuarine and Coastal Research, East China Normal University, Shanghai, 200062)

t (Institute of Oceanology, The Chinese Academy of Science, Qingdao, 266071)

Abstract A new method for evaluating toxicity of heavy metal pollutants to marine macroalgae
was developed. According to this method, macroalgae which lived in heavy metal contaminated
waters were cultured in 250ml airtight bottle filled with 0.45pm membrane filtrated seawater for 1
hour, then pH of culture medium in light and black bottles were measured. The value ApH, / ApH
= (pH(migm - pH(,)black) / (pI—lmhghl - pH(C)blmk) (i and ¢ denote experiment and control samples
respectively) indicates the approximate relative photosynthetic rate. It can be used to evaluate toxicity
of heavy metal pollutants to marine macroalgae. Using this method, the toxicity of Cd** (0.0, 0.2,
1.0, 5.0, 10.0mg/L) and Hg’* (0.0, 0.05, 0.20, 0.50mg/L) on Ulva pertusa Kjellm were tested and
compared with the results obtained from traditional method i.e. the dissolved oxygen method; the
results are comparable. It was found that the 96h threshold concentrations of Cd** and Hg** on the
toxicity of Ulva perwsa Kjellm are 0.20—1.00mg/L and 0.05—0.20mg /L, respectively. Using this
method, the effect of Cu’* and its chelators on Enteromorpha linza's growth were also studied. The
result shows that Cu’* has a large effect on the growth of Entermorpha linza. The growth is
inhibited when the concentration of copper ions is higher than 0.20mg/L. The toxicity of copper was
changed significantly with the existence of EDTA or 8-hydroxy quinaldine in the culture medium.
The chemical speciation is an important factor affecting toxicity of heavy metals, Due to EDTA
inhibits while 8-hydroxy quinaldine enhances the absorbarnce of copper by Entermorpha linza, so
EDTA alleviates the toxicity but 8-hydroxy quinaldine significantly exacerbates copper toxicity to
Entermorpha linza. These results are quite comparable to the results obtained by using weighting
method. The aquatic chemistry principle of this method was discussed in detail.

Key words Photosynthesis Marine macroalgae Toxicity Heavy metal

Subject classification number P734.2



