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BE AIXWARTHERATEY(FEL-EH 2-ZHAN L8] EE I RENER TEE
SROCABEMTRBENE . 25 1-F0M - ERERKE TREHRYEE M REMEK,
BRI R ER 2 B ETRE T THRMBI ALK 1288 2385 1N
96hECse%> B2 98.06.11.87.13.39 f1 6. 95mg/L. HR K FTEPHHERESENLSBEN
Bt A KRR, TSR XSEMER XN A RENE MR TR AR . 2
EREEY S EEARFEKOMHEESMHEN GE WER, ETREEGRETHR
8 PR B A ZR AN 1251008 R 50 /N B 3 A R R SR B, VO v G MR s S AR B, (R Y 2-
EBMMENFERBERRAK, BREEREFNRELRRETH - FEEERRBREAR
W59, (ERE A R AT, PR IR R B B 7, HRR R B AR
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FEREMEDERFIE RS, AT AT Tl 6% G K
FEEP, WA FREMBG I, REFRKFELRAFEAERAMGEY. 2R
LKAEBEAFRRETEYOEEDD ERAMNBRKEEAS, KBHEEER
TR AR AR R T A KR B AR M EYNERFTEENY, T HEFEHBOEY
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BRI FEERREMEWENNZIFFR(PAH) Wi MAE M FHERY, B X
SFEHT T REHE, M FERNBUEBMTAREL  EXENKEESRENMRE
FE REEIEEER, AXEEDY AR KRS EEYRE O, . BNE KR4
MR LT BEREWKESRENEHNIIE. B, FRERKMEY X ERYGEHE
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BT — AP EREEMRGIRE TR AR TH BB 2-BHA 1- %8
AERERHAK HERSR CEBEATIGRENE W, LA AR T ER RSN
PLE 3 A T KPR ISR .
1 HHEfE R
1.1 EHRHEIESRF BB/ DRI (Chlorella vulgaris Beij ) P EB 2K EEY TR
PRk K R RAK NS EC) R BERRR (L G ) oy %
HKAERMEIZR IS5 B 22+ 1C, pH 6.8, SE4E 24h Y1, J IR F 3000
+200lx, B EIE R, BREMBIH =K.
1.2 &Y RHEH 2, 1-Z8,2-2%8, 1-FK, BHSFTE. & T RHERT
K, B E = R E TR (DMSO) TE B . b % DMSO XM EARBH TR T, EX
ERETEHE DMSO 1ERBEFBKE .
W E S ERIRE, WL 1, 10,50,75 M 100mg/L K EHTHELR . 85
WELRIRENR.
#.10,25, 50,75 M 100mg/L;1-2%8: 1, 2, 5, 10 1 20mg/L; 2-2 % . 1, 5, 10, 25 #0
40mg/L;1-ZR%:0.5,1,2,5 fl 10mg/L.
1.3 BHEANE FEROEBEKPIKEE 10°~10° A/ml HIAEZRAHY, &
ANRBEERE R STER. NEREHE I, 88 24h BUR, B ILERH B0 #1740 4 i %, R ae
W E MW TE 650nm HIBOLE, BV AR S REEZ AR AXWTF:
y=0.877+69.14x , X B y HAME(10° 4~/ml);x H 650nm £t (1em) Y BREE ;R
BARKEITEBERER®LKL), ARNT .
k= (InN; = InNg)/(T; = To), F o No 1 N, 3B ARG T, B B0 40 fa &g, DAME R
BT B ECsfH.
1.4 BEAMHSESEONE NEEXMHERSERASENERES, Fmiss. B
824 BL 20ml 3, 4000r/min, B0 10min, & L&, EEEMA Sml NEE, 845, 2
FE 4b 4148 24h. B4 51T 663nm F 645nm i < 409 S IR MY ROEE . MIBARK .
Ca=12.7A¢53 — 2. 69Agss
HEENEE  HWER.
EMEHEE a SEHF, MEERORAERNEHARTE. FTENHFR T
WMTF - R—EBWER, BOEE, 7 oSCH 240, ZEE REESHRTEHNXEZLAR:
y=0.596 +46.946x (10 ’mg FHM/ml ), y HEAME FE;x 2 650nm
b (1em) B9 TR SE1E.
1.5 HEXSBEFFRBENRNT JISTCEREMEFTIRE LN EEBFEOTE
Mg, MEHERERABR MR R ED. BREF BT F 2 4 250ml A9 BE B4 510
AEWE 20ml, TS MABEFRERIE, KB, ~HETREL —HETFERL, HE 24h
B UERREWER ERAGT, BREHEME Y ERYE LS EANBER. RERHA
T, BRAUHEATOERAE A, R E & B AT B g PRI B K #E .



462 X &£ &£ ¥ % R 23 %

2 GRfSH

2.1 EREREAFTEHINE/NRREE R0 R BiE

2.1.1 DMSO*4# I"#ELKHYH
1 DMSO MR/ BREE REENER
Tab.1 Effect of DMSO on the growth of Chlorella vulgaris

DMSO W B HE /P REEEREE (L)
(V/V) 24 48 72 96 120 168 240
bog:i] 0.420 0.235 0.248 0.280 0.224 0.207 0.191
0.067% 0.440 0.248 0.242 0.272 0.221 0.205 0.190
0.1% 0.414 0.248 0.260 0.267 0.220 0.221 0.193
0.2% 0.437 0.246 0.262 0.297 0.238 0.214 0.187

DMSO BN BT AR B R /DNEN . EEX LR, =MKRERK DMSO Xt HiE /D
REWEKRFTEW(E ). EXRPHEAN DMSOKER 0.067% .
2.1.2 ERZArAHMERIRELEGY S

#(E )M 1- 258 (E 2) 58 /N ERIEAE K o w0 K9 B (RS @ /D BRI A
. 25 [ 7E 00 8 A RO MR BE (10 F0 25mg/ L) T, MAE KM WA ZF : 10me/L HEK
4Rt IE P9 (48h), AT A KRR BIEA B A9 (R 3E, Bl (120h) A2 4 U818 ; T 78 25me/L 4,
EEARALBE, 2B (MhNARALEHER. MKELN 1-2E8 (1 M 2mg/L) N EE
MRS, HEAEEDREYER. BREAEN 1 XN RYERFTHARHW
#1, 100mg/L AZE7E 24h A £ K E R TR 83% ; WTE 20mg/L1-ZEM P EKEXE
K, EEREXEARELERL 5% . PR R0 31485 o 1 R B TR/, T2
HFHR/DOIEE L 1- BB 2).

24 24
20 20
Ei6 B6
€ <
"‘3 12 ':_O' 12
B ﬂ
2° 2 °
& 4 4
0 0 24 48 72 96 120 144 168 0 0 24 48 72 96 120 144 168
Bl (h) B8] (h)
H1 FEtEGE/ DR K Ko M2 1 ESMEE R ERN TR
Fig.1 Effect of naphthalene on the growth Fig.2 Effect of 1-naphthol on the growth
of C. vulgaris of C. vulgaris

2-FEBMES 1-FRIE - IMRAMNENER, ENEEMREVERERBR (R
2),2-FEBERLERRE TEHRIA L REA LR IE (E 3), IEE 1mg/L, LEHY
BEHmHBE—ANXR, MTEREEEARNMERAEE (R 2). 1 REEBREEQ.5 7
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1mg/L) A, (28 /R A, 96h JE MR A, Bk E T AR H 0 B Ay M Hl 1
(A 4). 5 2- 2580, 1-ZE R n 1R L BB (B RE 4 T A BT IR, (B8R K, H 96h 19
B H 24h B KA 35%.

14 11

[y
N

b
(=]

[=a)
W

MpaR(10° t/ml)
o

MM (10° 4/ ml)
W

4 924 48 7|2 96 120 1 024 48 T 9% 12
BfE(h) Bf 8] (h)
H3 2-Em s REERTE 4 1 EEMEEPREERGER
Fig.3 Effect of 2-naphthol on the growth Fig.4 Effect of 1-naphthylamine on the growth
of C. vulgaris of C. vulgaris

B2 RRASTEDIWE/ DR EC,ofH

Tab.2 ECs of naphthalene and its derivants toxicity to C. vulgaris

A [E B ] 58 /N BR¥ T ECsofE (h)
24 48 72 96 120 168 240
#* 31.68 64.27 80.13 98.06 106.38 152.68 —_
1- %8 6.63 8.82 10.34 11.87 12.38 17.78 16.03
2.5m 73.33 59.15 18.35 13.39 11.18 —_— —_—
1-ZE 10.74 11.95 6.84 6.95 5.16 o —

2.2 RERAGEYHEH/MRRHER S REORE

30
28
= 26]!-°
* .-
00 241

22{|-
< 20
18
-3
¥ 14
12
10

8

6 4
0 24 48 72 96 0 48

BE (h) &4 {5 (h)

Hs ZHMUENRETER 2 SRHTLWA e 1-ZEBEENRERFR 2 TERIHW
Fig.5 Effect of naphthalene on chlorophyll a content Fig.6 Effect of 1-naphthol on chlorophyll a content

72 96

of C. vulgaris of C. vulgaris
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HWMEEPNRENZE SBMNEWMETRIREEEN(1~20mg/L)FAHE (B
S) EIREMHZE (.27 Smg/L)FHRE a FBER Y BHHEIN(24h, 551310 45. 82,
28.85F119.63% ). T @i ¥k B (10 A1 20mg/L), MM E R a SENAHBH TR, 2h 25
HIREE. £MNREN 1-ZREMEEENREOTEE a 74 (H o). M BEER
BT R, S UL 48h HE, MK D54 17.4.40.0.35.1.42.9 1 62.0% . 96h, 1]
BTHRRYERE.

2-EW (A7) 1-ZHR(E )X EHRE a (AL, X HEHREK 2 FERAHINH.
M RE Sk EERFHH BN %R, T 0 H R E B AR InEE, 2-FH A
1-25 /% 96h M) 4y B13K B 20.5.23.3.36.3 1 51.8% K& 44.2.51.0.77.6.78.8
83.8%.

19 28
17 24
® 15 % 20
o o
EZE 316
1 =
¥ ¥s
7 4
5 0
0 24 48 72 96 0 24 48 72 96
B8] (h) B &l (h)
M7 2-ZMxEENREMER . FEMTW M8 1-FEATHEDRBETER « SENEE
Fig.7 Effect of 2-naphthol on chlorophyll a content Fig.8 Effect of 1-naphthylamine on chlorophyll a content
of C. vulgaris of C. vulgaris

2.3 EREFTEHXHEB/DERESREHRM

IR BRI (1,2 # Smg/L) IR E/DERBHE S IR A, 96h BG83 B4 B L Xd
HRAMIRT 34.9.22.8 F17.6% ; BB (10 1 20mg/L) XA MM SR E, BHEE
RHERIER, KA BREMBBERZHIE K, £ och SXRAML, LERENZRER
HE.

1-Z2BBR T 1mg/1.(24,48 1 96h) & Smg/L(24h) B A REMF RIS, HAE
LWRET, BEFEACREE. SN F ML 1-288 X L5 58 E wl b KR
(] SE < T 55, 25 1 40mg/L HTE 24h R TREZRN 12.5 %M 13.6% ;T 96h 9K 6.5
M9.5%.

2EMERLTHIRET, HFMEWICEBE(E 1), EEENEMHEKFEARE
BB T M. MEH 40me/L HEMFIVEH—EBR, B RBIIER.

- EREENMRETHRS LB N RENHSEBE, ERIAL B FHRE KX
£,96h MR B F1 8 :17.0.38.7.51.7.60. 6 T 82.5% . 1-25 et 6 & 38 B it L 58 7 A
b L)
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3.6
3.2
%738
g 2.4
i 2.0
g 1.6
4o 1.2
R 0.8
0.4 1.8
0 24 48 72 96 0 24 48 72 96
BY ] (h) B 8 (h)
Mo B/ BRENSBER LW F10 1-BWEXEE AR BEATR
Fig.9 Effect of naphthalene on intensity of photosynthesis  Fig.10 Effect of 1-naphthol on intensity of photosynthesis
of C. vulgaris of C. vulgaris
4.2 3.2
—~3.6 2.8
?3.0 §2.4
B2.4 329
Wi s
g w 1.2
1.2 %o,
Ro.6 Ro.4
0. .
0-0 0 0 24 48 72 96
BYTE] (h)
A1l 2 ZEEEE RS REHE W B12 1-FESEHENMRELSBREOZWE

Fig.11 Effect of 2-naphthol on intensity of photosynthesis  Fig. 12 Effect of 1-naphthylamine on intensity of photosyn-

of C. vulgaris thesis of C. vulgaris

2.4 ERETEDIEB/NBCRTUE R

EEBLREKET, L E/DEREHTFRERT FHRPERIES, FHRE 2K KEWE
(B 13).1-ZBBE T 78 10mg/L B B0 55 3538 /N BR3E A9 PP IR IR B Ah, AR B VR BE B 09 P IR
EIn3&, H b 2mg/ L HIGIEE K, 48h AP RIBE R X RAR 2 f%. Sme/L 4 96h 5t H
TR 5T B Y, I RE R 10.0% . ik B A9 2- 28 B (25 0 40mg/ L) {2 i3E 3 A PF IR, K9k BE X
B TERIRE M WK, 1,5 1 10mg/L AF 44.6.43.4 F1 17. 1% 49340,

1-ZE R MY PR IR IR B, B (4h) BB, HERBESREERFMHR &—
MR 7 ; BB (48 F1 72h), o0 ok B 4310 okl 75 T R Ak, TR 1K ¥4 JBE 4L O 30 ) 4 PR T 4R R I3
BE(96h), Bk BEANIERBELTEE TXEA  Smg/LHIRT 5.2 %, 10mg/L &
T 89.6 %, RKEAHMMHBER LA RE.
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1.6 0.75r
. 1 ™
¥1.2 g 0.55
? 1.0 E 0.45)
: 0.8 : 0.35
‘ § 0. § 0.25
®o.4 ¥ .15
<
0.2 0 24 48 72 96 0.05 0 24 48 72 96
B (h) B (h)
B 13 FEHE AR PRIEABE RE B 14 1-Z5E0 S /)N DR O 1 3 B A R
Fig.13 Effect of naphthalene on intensity of respiration Fig.14 Effect of 1-naphthol on intensity of respiration
of C. vulgaris of C. vulgaris
2. 2( 0.56 =
~ 2.0 = ~0.52
Wi iy ]
21.6 o TomOL 30.48
o 25
B4 o amn Bo.44
= 1 - 2 S
= 1.0 W 0. 40
* g.g ¥ 0. 36
LW % 0.3
02— 72 9% o~ 028
BT (h)
B 15 238 X 30 )RR R 3 4 Y 8 16 1- RS0 /) RS OR R 36 B B R
Fig.15 Effect of 2-naphthol on intensity of respiration Fig.16 Effect of 1-naphthylamine on intensity of respira-
of C. vulgaris tion of C. vulgaris

3 it

ERFNYBHEZBPHEREN, —RAVBRHESENGTURALE S BN, FH
R A R AEREN. Cax $EIE AR B REF LR ERAS I EWERE L, B
MAAREREREN, FRAKFEETTHBETERM M T REEDEORE, N
EYEAS BBENRF S AR, HE AR RO X5 El jay " BF R &9 DMSO 34158 /P BRI
FI2E £ A A BEYE A D). Hess! 19 49 DMSO Xt 4% 3 ( Chlamydomonas eugametos ) B BE VL
TR WARAREDMSOKRERT 1% AR KA 2B A IMH .

EAEREZAEXNREH 6dECs N 33mg/LI1Y, 5 A LW My 45 R, 5IEC,,
106.38mg/IMHEA 3 F RELRAMGMERTERRFTE. TH 1-ZHKH 6dEC,y N
4.6mg/LUM, 5 LB SAECs,S. 16me/L AHZE TR K. 2EH 1- 258 75 5 ok B B R 4 3 1
Ek, XRATER/DRBEBURERM 1-FBMENERNORE, MTEEKENG TR E
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EHAEKTRE. 25/ - ERBUESEEN AN RBTRD, TEEHF()EE/PREY
LY, (2)FM 1- BB SR, G)EWRER, (4) N H B i1 2.
FWM - HENBEEEMEER TR, RO T 228 - ZEETHEAMNE, KR4k
FAERE=DHEEER, AENGERYESHEEESE.

B R A E D ERE N EEERBR, XEHYRE SHEA R EM, T
REEANIHBNRANYELARBEHENEERLOREN, RIEESIYBEEWE
ERE FRENEDEE R (12600) TR E S HBMH — M EEFE . Shubert
S Y WA F VN EZ AT CHRBR . (1) BEE kB8 3 H 1
M BURE SR (2) ERKRERERYE, BREN®ER; 3) EFNYEEZDE
PEHUR, AR, ERERELERK 4) EEREHEERE MEURARZE
FORAE;S) EARMMKETEANRAERER (6) ERRENERME KRR
R (7) MENE LR, '

P2 B AT A X B N R A K TS R S RS EE R, TURR, &
BEREREZIMH, EEZFRHEEAMKET, EHEX MEEBEWE TR, CERBE
BERY MEEMHEE MEBTHRMOEEATHRARERBIOBE . AT LIX RN
X R AEY I ERDRBEE KA RETINHETRE a WER, AT EREE
SR B SEHLAY . Pandey ' TERRF 5% SR ME GG B 00T, RIS E TR K 2 AR, T
kA ER.

ALK H, FEEE(1~20mg/L), 1-Z583(0.5,1 1 2mg/L), 2-258 (25 Ml 40mg/L) X% 1-
M (10mg/ L)W ERT, il /DEREE AR BRI K RS BEEIS10 T R e A L5 3
P EEAR P B ER, AR K. REE AR REETES— RFIXEN
BRI B R HLAI D) RS R A AR AR E B R R X B LIS R
MPIHEGRMER. HEETROURETEBVISRYERT, RIBCE R 7EH, HiRrE
SR, T b — R P AR ILE A B oh EF R R ER.
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THE TOXIC EFFECTS OF NAPHTHALENE AND
ITS DERIVANTS ON CHLORELLA VULGARIS

Shen Guoxing, Yan Guoan and Yu Xin
( Department of Environmental Science and Engineering, Wuhan University, Wuhan 430072)

Liu Yongding, Song Lirong and Xu Lihong
( Institute of Hydrobiology, The Chinese Acedemy of Sciences, Wuhan 430072)

Abstract In this paper, it was studied that the effects of naphthalene and its derivants
(naphthalene, 1-naphthol, 2-naphthol and 1-naphthylamine) on growth, chlorophyll a con-
tent, intensity of photosynthesis and respiration of C. wuigaris. Naphthalene, 1-naphthol
and 1-naphthylamine in low concentrations stimulated the growth of Chlorella vulgaris, but
these chemicals in higher concentrations inhabited its growth significantly. 2-naphthol inhab-
ited the growth in all concentrations (1 to 40 mg/L) tested. The ECsq of naphthalene, 1-
naphthol, 2-naphthol and 1-naphthylamine were 98. 06, 11.87, 13.39 and 6.95mg/L., re-
spectively. The toxic effects of naphthalene and its derivants on chlorophyll a content and in-
tensity of photosynthesis were stronger than those of growth. Naphthalene and 1-naphthol in
low concentrations, intensity of respiration of C. vulgaris were of stimulative effects, but at
higher concentrations, the intensity reduced. On the contrary, 2-naphthol did not affect in-
tensity of respiration of C. wulgaris. at low concentrations, the intensity increased signifi-
cantly. 1-Naphthylamine reduced respiration intensity of C. wulgaris, but then increased

slowly.

Key words Naphthalene and its derivants, Chlorella vulgaris, Toxicity, Chlorophyll a,

Intensity of photosynthesis, Intensity of respiration.



