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Detection of biological toxicity of haze with algae fluorescence
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Abstract : The comprehensive toxicity of haze cannot be evaluated by evaluating each pollutant separately because haze contains
complex components. In order to quickly, accurately and comprehensively evaluate the comprehensive toxicity of haze, Algae
chlorophyll fluorescence method is used to assess the biological toxicity. With Chlorella pyrenoidosa and Microcystis aeruginosa
used as experiment algae, and the haze in the heating period as the research object, the solution absorption method and mem-
brane weighing method are used to collect the liquid absorption haze and total suspended particles haze (TSP), respectively.
The change of fluorescence parameters (Y([[ ), NPQ, qP, ETR, F,/F.) of single algae under the stress of the haze absorp-
tion liquid and the total suspended particulate matter are detected by water fluorescence detector. The results show that
Chlorella pyrenoidosa is more sensitive to exogenous haze exposure, and the fluorescence parameters decreases significantly,

especially that the concentration of NPQ decreases by 46. 3% and 40. 2% under the influence of haze absorption in the two days
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of heavy pollution, while Microcystis aeruginosa displays obvious characterization only in the interference of total suspended
particulate matter leaching solution. Therefore, it is possible that the NPQ parameter of Chlorella pyrenoidosa is selected as an

indicator for haze biological toxicity.

Keywords: environmental toxicology; biological toxicity; algae fluorescence; haze; Chlorella pyrenoidosa;

Microcystis aeruginosa

H 2013 E R R FEEXREHEE  FEH B2 IS 2R T, XEH FEXMIEE 3 AR fEE
K. BEMBEEFERA TERERENATR Y (—BiE PM,), W PM, s BLZR/N RER K JEHR. 5
M ARMAFYRGINMESRE MAEYS , BFE R a9 8 o R Rk BRI, X AR KR
W R AT E AR . T 4080 Y B B 115 e W R 2888 £, SR A% Ge 1 W B4k 2% 43 7 X
A A3 BT B — 15 Y ) VR B F N B R BRI A T5 Yo ) [R) 1 IR A R DO B R DA B 0P A 5 2R M FE MR R AE A
BB RGW I . T A YRR I 7T DL B0 S BR 55 58 15 G 490 1) 3 1A A 0 25 RN 5 DA I IR KM 8 T v
AR RN,

YA RS YRS R —, B E bR E R ARG WIS 6s . T AT LLIE RS B PR s A
F 5 Y F R 5 AR W) 3R B 26 R, LV R BRI e it AE R BE R 5 A D . RIIE S E R, ARG
RN T C R B2 BB Y R H S0 R R ERS I BB R E 53 Y AW B R — E &k
KRR, TRBEX —HERE TR A E LR T Y 30 0 & Y # AA I o7 s™ . 307 B 7e 68 v
BN ZE QL REARKZER K A WIIR LB REIEER R EHRAGRRTEREN
B, B 5 A IE B F 5% 5250 4140 5 m B R BT 58 A R TR A, (5 45 v A 22 PR A1, FE M3 3R ) (R LA
FETE—E B R BRI 9 IS RE R A7 2 2 Wa T 45

FEKEFHERRF  BERXEKEESRZRETREENVIRE=H B A ERB 70 3P
W5E B U R A A R AR A AR W R 0 5 SR EL 7R A A IR P RS R S Ak 2 ) R o L AR R
FRBEAKSF- RS2, 3 P B 4 e /K - L R B R, AR B0 32 B A . A A S 28 0 D 3R 85 05 e i AR
BEFREERAE: DRSS ARUAEFENASRENE M DO HERR LAY EFTRENBE
RE;D AR EAARE B L OB B EYMKEEm, B, EEEHERENEEEYFENTS
~EY.

MR RFEERLEEANRRARHE BT ZHHRMMA. TR RRNEREE L # L BRE-
WATER F 1834 FH R LA, K3 AW LR, MR R AREMBERE W AFR P ONA T4
oz Bt BN R Y AMEE T EE R F IR B T A M, #R AT DU A R AR A A
s R PEH S8 S A 1 BT 32 B0 5 W, DT 75 1 75 e 0 ) 1 8 A6 ) B A i oy A2 ETY) . EULLAFFROY
SFUOTE 2003 WA T LA BREE RIS AHE M E B EE RO E 0, RS R RN, A A ETE 684 nm Al
735 nm Ak By 48 R 926 LA (F684/F735) AT AR A P-4 /K Hh 310 il 5 & 15 FI B9 BR B0 B tE A 46 4 BB BR X
e BE Y K, F684/F735 HU AWM K, HEIEMERXR., TmEILE 2006 4 F] F it 4% K 28 640
B ABIE RN TR, R BR RIS R W, R I GIR B G35 2 Rk B RS R B KL F B
FEHMK R R 0.5 pg/L. BHFEKETFE 2008 4 435I R F TO B 15 37 2 AV 0 7 (B 8K 3R CCCP #5372
SR 5T 1 7K 5% B (Platymonas subcordi formis) Yo & fE B RRIE , 45 R BRI LR E S OC BIE,, R K 1
(PSTD) TR 55 = A TG M AR BB CCCP J5, 6 R G 1 (PSTD b WE B B il . E o
S0 2015 FF AR WY IO IR T ARKEMNE LB E FHEBNTAHEMER 6 iR ek
PES B W, 45 R R DI HE & B 38 B[R] A9 24, PSTT & KOG BB AL RR (F,/F,) T B, BT P i B Bl B[]
Y 3 K T 72 25 38 K

ASCR B (RS R E B3 (HJ 618—2011¢3F 25K, PM,, fl PM, ; il G ERBEDMER
WSO R BB PR URL ) HEAT SR AR, IR B T AR AE 5 B RO RN BB R ORI YR R R I G S BUE
FEX Y1) ,NPQ,qP,ETR, F,/F, % 5 M CS A 2T T4, AT AT LS B e S E R Z 3
B 5 MR PR B, e T MR R E B RS R B N O AR R



%3 BRI, % FHBERT N F YT 307

1 #MBERE

1.1 UES5ZEHH
1.1.1 fus

FEAUZRA KR RSO (FE E R R 2 A AR AL , RACRAES (F 585 5 AR R A IR A A iR
B, N TR CREET R BRI A BRA A RED , R Bt (BE R /R - EAAFRED.
1.1.2 LIS SR RIBFR &M

R A% /N BR BN S U B 2 AP LA X B M B e B U LR E G I RS BT AT E
PRI, BT DAAS LR e X 2 FPEEVE M LI AL IRIE . B A /NEREE A SR B R G T E A B AR

BEBEREMBITHEM BGLL shased , ST HUE 55, BOT SO M B T8 56 . R HRERN
(25+£1.0)°C,EHR 75% RH, I A 2 000 Ix, B [HEE N 12 h(B) /12 h(W) . BAFHFEER, 8 H S
ANTHFHIHHM 2 K M FE U RRALE, REIREBAR,
1.2 XBHZE
1.2.1 FEERYHIRE

1) %5 58 W O A SR 4R

FEEHRRAT, & 20 mL ) FRIBK A RS RS R BOR, E 858, #7 RRBBOR A RE, R
LT [E] Sy 24 h, 15 3 55 58 R SO, I R BT SR SR A B R A a8 R BB L .

2) BETRIURLY W R

TEBRRRT AR RS HIT BB BUR Y (TSP BSR4, RAERE K 24 h, REEHTJE X RAEE
PEATARE , AR 4B B8 45 tH BOARVE R AR AR, 18 i 4 K i9 TSP W R Bk B, R e R R E B = R &
HO .
1.2.2 FEXIBERIOCRON WA AW &

1) 55 %5 W IOV % 8 28 5 S 300N 7 W) Y T

FERHCHE AR R B (B3 3% 5~6 ), IR 5 F FERBORIR AR 1 1 #TRAIHEY AR ES
L GEE AR BB IBD W . BAWMARE 15 min J5, FI/KEEN G Z 50600 EE RS 25630 123
SRR RG 1 R RIEREHE MR (F,/F.) JER G LR IGREH LR (YD) e h T e
R (ETR) G2 K (qP) e E R (NPQ) , UL R B EHIC R M S AH 5 LR ALK KIS EN
Z 5,15 N5 8 RBUR M B S OB S E I BOER .

2) SR T URL ) of B 28 5 S B8R R i 1 W

¥ SR 55 1 UKL ) B B BY W S5 12 ¥ F 100 mL ZE4B /K H1, 30 min J5 i3 U8, /53] TSP Bl . KB B
PR SRR AL 12 5 I AE] 100 mL JEWE T, A8 A0 T % B8 A K R AR, I R R B s A (R AR
KRB B XTI, IREWIER 7K., LRIFHES K E SR EE 0. 1 mL BB, F7F W4 Y SOE 78
BB T FEE, R KR S R 56 & R M R RSO =S4 D R E A E CEY R
FRESEAE T RN ELER.

ST 45 R SR P BHE A B 1 AT BT 4 AT

2 & R

KRR R RR, BREREEE IR 1. FIH 2016-03-04 F1 2016-03-05 1) %5 58 W WO LA K&
2016-03-16 Z 2016-03-18 f TSP 1 H Wi #4752 8 .
2.1 EERWBAMHEHFZRERALSHIZN

F RO FEAB/NRELASHE Y ZWMILE 2. NRPATLIE 55 BB0E X T & 3 &%/ ek
BEHTOCSEIHFMHER R 3 & TOESHMMH R, TR EFBERBOGEMER T YD,
ETR,qP,NPQ fl F,/F, Z8H¥A T, X NPQ THHE . FEBRBBEIHFZMBERIAASHNEN
AEXTEEES (IR 4 TR 5.



308 o BBk % E i 2017 4

A1 2016 %3 A48.58.16 8,17 8,18 B RHHHEZLREHR
Tab.1 Weather quality during the sampling period March 4, 5, 16, 17, 18 in 2016

H 1 AQIE% o(PMz.5) o(PM1o) 0(S02) o(NO2) 0(03)
2017-03-04 245 195 280 67 75 93
2017-03-05 143 60 218 34 47 87
2017-03-16 212 164 277 84 74 79
2017-03-17 209 160 267 80 84 52
2017-03-18 273 223 339 89 104 82

MR AQUISEO RSB ML IIN pg/m.
2 FERKRSTEARIHRERRS G0

Tab.2 Effects of haze-absorbing solution on the fluorescence parameters of Chlorella pyrenoidosa

wHSH
FE S
YD ETR qP NPQ Fy/Fn
ZH 0.616 28.5 0.786 0. 067 0. 796
2017-03-04 0.553 25.5 0.733 0.036 0.761
2017-03-05 0.531 24.5 0.691 0. 040 0.770

%3 FEBRKETEGHADRER LA G I F

Tab. 3 Haze absorption liquid inhibition rate of Chlorella pyrenoidosa fluorescence parameters

i/ %
G
YD ETR qP NPQ Fy/Fn
2017-03-04 10.2 10.5 6.7 46.3 4.4
2017-03-05 13.8 14.0 12.1 40. 2 3.3

k4 FERMRAREBEERLSHNGY R

Tab. 4 Effects of haze-absorbing solution on the fluorescence parameters of Microcystis aeruginosa

wHSH
FE S
YD ETR qP NPQ Fy/Fn
ZEH 0. 406 18.8 0.874 0. 080 0. 463
2017-03-04 0. 390 18.0 0.853 0.070 0. 451
2017-03-05 0. 401 18.5 0.858 0.072 0. 460

A5 FEIOMRATAGM RS Ry I R

Tab.5 Inhibition rate of Microcystis aeruginosa fluorescence parameters upon haze absorption liquid treatment

Wi/ %
G
YD ETR qP NPQ Fy/Fu
2017-03-04 3.9 4.3 2.4 12.5 2.6
2017-03-05 1.2 1.6 1.8 10 0.6

2.2 TSPRH B MEEKEZM
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Tab. 6 Collection condition of TSP in March 16,17,18 in 2016

H 1 SR RERT R/ g RHEE /g RERBERB/L  p(TSP)/ (pg+m™?)

2016-03-16 0.432 2 0.484 5 158 502. 3 329. 96

2016-03-17 0.453 3 0.516 5 160 509. 9 393.74

2016-03-18 0.450 9 0.483 3 159 227.3 203. 48
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Fig. 1 Effect of TSP extract on the growth of Fig. 2 Effect of TSP extract on growth of
Chlorella pyrenoidosa Microcystis aeruginosa

2.3 TSP REHBMMEMHEZREASHHR T

LW HE (1~7 KD, = AAML K AR E A EE K, EAG/DREM MR EBER YD), NPQ,qP,
ETR,F,/F, MEILEETHE TRHERBESHLE 3 ME 4. LEITHRE, S=EAAX T, EAR/DRER
NPQ 15 BT . B 22 0d — Bt 1) 5938 B, % b % 280, J5 3 B /D BREE B9 NPQ AH LSS 3 KT R
AR, BB HASEAHBE N2 A ERETREERBERTEFRYROER SRXFEYRHAR
AN & B A Bk A ¢, d AT PG TSP 82 H 00 28 B 2%/ BR R A KRTH B B I B K

0.68
0.66 0.12 - 31r
0.64 0.10 + ;0 :
0.62 9
~ 0.08 28 I
= 0.60 o =
~ 058 & 006 g 2ir
B~ Z
0.56 0.04| 261
0.54 " 25
052 M 0.02 - 24 L
0.50 P R B T 23 I S R B! ]
012 3456 7 8 0 01 2 3 45 6 7 8
N 35 1/ 35 e/
i ZE H ot 6 H 517 H 2188 e 25 gt 16H o 17H e 18, o= EH 160 ;170 ;~=~18H
a) Y(II) b) NPQ c) ETR
0.88 0.79 —
0.86 [ 0.78
0.84 [ 0.77 -
082 F s
=9 - & :
o 0.80 = 074F
078 - =~ 073F
L 0.72 |
0.76 - 0.71 &
0.74 - 070 | %
072 I | Il I 1 | 1 | 069 1 1 1 1 1 | | |
01 2 3 45 6 7 8 01 2 3 4 5 6 7 8
B 3 et [al/d 3Rt E /d
—#~ 55 H e~ 16 H ; 17H ;-=— 18H, i ZS [ 316 H 5 17H ;~=~18H,
d) qP e) F,/IF,

B3 TSPRZERtEGHIRETEEZLAKG Y h

Fig. 3 Effect of TSP extract on chlorophyll fluorescence parameters of Chlorella pyrenoidosa
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Fig. 4 Effect of TSP extract on chlorophyll fluorescence parameters of Microcystis aeruginosa
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