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TEE . MR EME A —ZSH BRI 5 o) O 2 U BRI R R AR, 328 /KR S 3 52 6 A (Water-PAM) B 58 T S [R] ¥ J3E
RS LN (polyvinyl chloride, PVC)FIEE PVC 2 H1(0.50 ,100 1200 g- L")kl FERGHES: 3 (Isochrysis galbana) 1) F 2%
. (Skeletonema costatum)F1/NERJE(Chlorella sp.)3 FEFEREE SR 2O, 036 PS Il S Kim T 7 (F,/F,) . PS Il SEPrim ¥+
P (Yield) SEAb 24V K (qP)FI PS T 5t KA AT HL T4 3% 3 S (cE TR, ) A7 Ak | [ I ARG 0 oo i A AR L 25 B e ) | Bk 4 i 4
BRI E &R EE DI 4 TOCSVEHSEHER PVC BHDRIHA K 96 h )1 B3 T, B PVC 32 11k &
BT, T MR B RGO AR LG 5 B (48 ~ 96 hyik B e/ ME , RIUIMGIMER . 96 h Bt BRAGHE S 5 R0 b BB A 0 40 i B B A AE
B PVC 3 H K 200 g- L™ ZbFHZH K 3 B /IME., 351 & % FRZHAY 3.20% F1 11.90% , FE PVC 18 H W k300 X6 1k 252 i 4 3o 0 o O 15
B 4 TOCAEASHEA BE R (P<0.05), BRAEHI &M 4 TS B E R T A, P &KBEOHOLEERS
RO AT A, 72 b EFER A5  A R B AR B A0 M 1 43 SRR PVC ¥R L 100 g-L 7' 1200 g- L b FHAL A5 B
/M, XTIRZ Y 67.90% F1 82.50% , I AAMHIVE . /NRBECEGBET 1N GEAE IS EOM AN %5 724K PVC BT PVC 2 1
TIIE ) 96 h A= AR IZAFFTIESE PVC IR B e & R G A THAEH , SHE S AE S REHA B ERK
KR PVC LR BRS M4 3 U 450 /NI D BRI S 8K
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Abstract: Marine microplastics, as a new type of environmental pollutant, have become a global environmental
problem. In this study, we investigated the changes in chlorophyll fluorescence characteristics (the maximum effi-
ciency quantum yield of PS Il (F,/F,), the actual photochemical efficiency of PS I in the light (Yield), photo-
)) and cell density of three ma-
rine microalgae, i.e., Isochrysis galbana, Skeletonema costatum and Chlorella sp. under different concentrations of
soft and hard polyvinyl chloride (PVC) leachate stress (0, 50, 100, and 200 g-L™") by using water-PAM fluorome-
ter. The results showed that the photosynthesis parameters of I. galbana (Chrysophyta) and S. costatum (Bacillario-

chemical quenching (qP) and the maximum relative electron transport rate (rETR

max

phyta) significantly decreased within 96 h of soft PVC leachate stress, and the decreasing trend got gradually inten-
sified with the concentration of soft PVC leachate increasing. The photosynthesis parameters reached the minimum
value in the later stage of the experiment (48 ~ 96 h), which suggested an inhibitory effect. At 96 h, the cell density
of I. galbana and S. costatum reached the minimum in the treatment group of 200 g-L™' soft PVC leachate, which
accounted for 3.20% and 11.90% of the control group, respectively. Hard PVC leachate stress had a significant
effect on the four photosynthesis parameters of I. galbana and S. costatum (P<0.05). The four photosynthesis pa-
rameters of 1. galbana were significantly higher than those of the control group. The four photosynthesis parameters
of S. costatum were significantly lower than those of the control group. At 72 h, the cell density of I. galbana and
S. costatum reached the minimum value in the treatment group of 100 g-L™" and 200 g-L™' hard PVC leachate,
which were 67.90% and 82.50% of the control group, respectively, showing an inhibitory effect. The photosynthe-
sis parameters and cell density of Chlorella sp. (Chlorophyta) did not change significantly within 96 h of soft and
hard PVC leachate stress. This study confirmed that PVC leachate has a disturbing effect on the microalgae photo-
system, resulting in potential risks to the marine ecosystem.

Keywords: PVC leachate; Isochrysis galbana; Skeletonema costatum; Chlorella sp.; photosynthetic parameters
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BEMFEI P PVC AR B [ 4k 27 B P X e i ok 1)
SEMA R AR WAHICHIE Y AR SCE I 3 FhoAN[] 1] 2 i T
IR BR A0 5 25 ¥ 43 34 (Isochrysis galbana) " il 5
25V (Skeletonema costatum) /)N BR ¥ (Chlorella sp.)
YERSEERXT S, IF /8 PVC 12 A 3 s i 2%
RGP N A A 5 B B RO WS ORI AR
2R IO S HO AN L 25 FE 1Y BC, , IRFEATRIT]2E
AYTCEXT PVC 12 VR A BBURRA: | AT Sy SR 1 v
TR 2 BRI S R S AR .

1 ##l57 % (Materials and methods)
1.1 PVC ¥RENZ ) i &

S BT AR PVC(HE 2 771>30% ) I PVC (48 2
F<10% )P0 F L 16 BH B L HE B2 A BR 28 7 o 2
Ff PVC BIHE 2 ~ 5 mm B R 5= A KB K , 1K
HrRL 3 50,100 1200 g- L7 FETE IR (37
C) MR 14 d, B FE T R 3, 1 38 )5 315
PVC 2 H R (e B RV K SR T R )

1.2 PVC #URHR Wt 16 Fh &l — R R 2L 1Y
5

FH GC7890A-MS5975C %! GC-MS Bt A (3
FE Agilent 23 )2 IR 2y 2P GC-MS J7 846 11
B PVC FItf PVC 32 H (200 g-L™)H 942K — H
FRERZSIGMAR, 1 FIH T 16 PR — H iR iR
BEIHF  ALHE B A BRA R R — 2R RS 15 A Al
SrBUIRAR (35 E AccuStandard 23 A, DA M AR 4 — H
PR — 2R EEFRUE S (f5]E Dr. Ehrenstorfer 23 #]),

1.3 WP S35 07k

S0 BT FH 388 A o0 BR 45 W 4> 98 (Isochrysis galbana)
MACC/HS9 Al 4% i (Skeletonema costatum)MACC/
B129 Fil/NsR#( Chlorella sp.)MACC/C95 , ¥ [ 1 [E
VTR 2 SR T I

SCHGTE 250 mL () = f ke HEA T, BT R 8 SR
SRy 2 FE R Y RS TR R i R PVC FiTaE
PVC =2 AR, 43 0% DL _E 3 R s a4 7 1
SR BRI 3 AN TAT, URER N PVC 128
FIREVE R X BRAH 8 A 1 48 B0AE 1 1 1 1k 2 i 4
PR AR NEREE 2 LA 3.00x10° [ 1.50%10°
F11.30x10° A~ - mL™" 4 FP 2 B2 A LR ) vk
L) PVC 2 W b b A7 i3 Ab B, e 1 57
AR (20 £1) C, #ZOE I OE R E 3 000
1x), $h B 31%0, B RFEBEE RN 3 ~ 5 WK, Ki F= i [i]
Jp4d, Mrid 24 48 72 F196 h e BURE, I E M4 R
YENAS TS BRI 240 M 25 %

1.4 RIS RO AN ML B i

M2 R IO TSEL, A4 PS I Fe ki 17 i
(F,/F,) .PS Il S2pnit 17 4 (Yield) G % 14K (qP)
1 PS I d5e KA XS HL 1% 386 3 A (rETR,, ) I & 2 1R
Liang %55 iy 7 i, BRAE ¥ 4 v F1 /N BR 8 40 it 2% 3
0 R P A R A b 12 , o 1 - 2% 9 A i 2 T D
RO RE:

R1 16 #H4RFE_FELESZE ( PAEs ) I B FiR A& R B R,
HERME

Table 1 Chemical names, abbreviations and purities of
standard materials of the sixteen phthalate esters (PAEs)
R AR #H5 aLRE/%
Number Compound Abbreviation Purity/%
S R
1 DMP =98.00
Dimethyl phthalate
BE S -
2 DEP =99.90
Diethyl phthalate
BRI 5T B
3 DIBP 100.00
Diisobutyl phthalate
PAEHR TR
4 DBP =98.40
Dibutyl phthalate
A H R —-H AR LR
5 BMEP =97.70
Bis (2-methoxy) ethyl phthalate
A H R (4 F -2 i
6 BMPP 100.00
Bis (4-methyl-2-amyl) phthalate
S HIR Q- EE) LI
7 BEEP 100.00
Bis (2-ethoxy) ethyl phthalate
AR R — N e
8 DPP =98.50
Dipentyl phthalate
BRI TR
9 DHXP =99.00
Dihexyl phthalate
ARR R T RGN R
10 BBP =9840
Butyl benzyl phthalate
PR W Q- T S EE) LM
11 DBEP =99.00
Di-(2-butoxy) ethyl phthalate
ROK W RO lE
12 DCHP 100.00
Dicyclohexyl phthalate
AR H R Q-2 ) Ol
13 DEHP =99.60
Di (2-ethyl) hexyl phthalate
AP R TR
14 / =98.00
Diphenyl phthalate
S I
15 DNOP =99.10
Dioctyl phthalate
R St L e o U
16 DNP =97.00

Dinonyl phthalate
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1.5 EC,, HyE

R E B O iR 2R R SR
F,/F, 1 BC,,, R JH X T Ha F1 8K 77 B B4 ) A i %
AR AR B R ECyy 0
1.6 HdEabi

K H Origin(v. 8.5)#E1 T4, FIH SPSS(v. 19.0)
B 35 FHRUR 2 5 22 53 Bl 22 5 EL AT 15 (P<0.05
PR 255 WA &5 R T G T

2 453 (Results)
2.1 A PVC 2 BT ER G #E 4 Bt A 1E A
SR 240 0 255 B (1) 5% i)

Kl 1((a) ~ ()R 2(a) 45 T ER S HE 4 3 &
Y FTRH S 2 850F0 4 A 285 B2 A6 [R] vk B2 4k PVC = i
WS 30 B T FH T AR ke ds, SR 2250 W
5 RR] B PVC IR VRO BE 38 I T] f — 3 58
AR FH (AR T ) o) 2R A5 M 40 5 1 4 TG54
SR A L %% B 34 A B 35 R (P<0.05), R R
PVC 12 B M BEEXT F,/F,, | Yield Fl rETR,,, 5% 10 fi
0 A R R A B R i (R 2), 2
A s B R | B 3K PVC 182 I vk B 1y T BR
SRR N 4 TOGAVE T 2 80R 4 i 25 2 1 5 R R
H(E2), B PVC B (100 ~200 g-L™)
AEHELH Y F,/F, Yield .qP .rETR, 40 % B g 2%
T & 50 g- L' AbBRAH 4 TOGAAE S 50m
Y 2 B 347 200 g - L ABRA IA R B/ MEL, 100
g-L7'"F1200 g- L' AbHLH Bk F M & WO A 1ER S
BB Yield AMYI7E 0 ~ 48 h il %, 2 J5 %18 F
T ABAT B BAR T XA 50 g- L A FRA AT S5,
96 h iF,200 g- L™ Ak HLZH A 200 it 2% R e A1, Houk 2
100 g+ L' AbFRLZH | 43 5] R Xk FREH 4 3. 20% F113.90%

Bl 1((e) ~ () 2(b) 45 T EREHE S L&
Y FVRE JC S 850RN 4 i 235 B A6 R [R) vk BE 4 PVC i i
TS B E B RIPE T AR ka3, SR 22508
SERFW] RE PVC 12 R MR B2 0P S ] Xof R 25
S PRI 4 TG AE FH S B0 240 M 2% B 3594 B 52 )
(P<0.05), =3 52 TAE I (R BE < [a]) %oF 4 0G5 4R
FHBHCA B35 52 0(P<0.05), Hoh B PVC 32 H 0k
JEXT Yield F rETR,, 45200 f5 i 25, JBlp6 B[] % 440
L B I W (R 2), ZH LRSS R BoR, il
PVC &= ME Bk HEGBE F/F, W3S TX)
WEZH (0 3 AN Ab 34 ) 6 1 35 2% 55 Yield , qP Al
tETR,, 478 = W B AL 1100 ~200 g- L") ik ]

KMl B2 T XTI K 50 g- L' AbFREH i
W FEALFRL (100 ~200 g- L") A20 i 35 1 i B T %)
W& K 50 g- L7 AbBRZH (55 2), 72 h B 40025 2 AE 100
g L7 Ab PR Ik B iR/ IMEL, X REALRY 67.90%

2.2 A[FEFPZE PVC B2 O R B A EOE A EH
S BSR4 6 285 5 114) 5 W)

K 3((a) ~ (YA 2(c) 28 T B &t &
Y FHAH OGS B0 4H %% B 6 R R VR B #R PVC 2
T aa B RIVE F T A bk g, SUR 2 22508t
5L B PVC 2 VRV B 3 B ) R — 3 38
HAE R (e B b ) ) % v BB 45 56 19 F/F, | Yield
qP rETR, 120 if % J3 394 B 3552 0 (P<0.05), 1
H B PVC 2 R BEXT 3k 4 WO AR S50
Y6 5 R B 5 e S B 38 B RIS FL/F, | qP
rETR,, AN 5 B B 35 (6 3), 2B R
45K F,/F,, Yield .qP rETR, FIZH %% Fiti
PVC =2 e & T+ R I, ik S5 7E 200 g-
L' AbBEZH A 2 /M, H B K T4 A0 B (35 3),
BEAE WhE R IE L, F,/F, Yield .qP #1 tETR,,, Y75
ST REE FIrR#aE, 96 hIFF,200 g- L™ 4bBRA )
21 60 28 3R 0 e /ML, X IRZAY 11.90%

& 3((e) ~ (W)FIE 2(d)4A H T b B & ot &
YEFHAH DS BOM AN i 2% B 76 R R VR B i PVC 12 H
TS e B [RIVE R B AR fb a3 WU R T 250
SEIRFU RE PVC = H R BE | s st ) e — A8
A A B IR [R] ) Xof v il B 45 86/ F/F, \Yield .qP
I rETR,,,. A4 M0 % 5 3547 . 3 5 0 (P<0.05), 1
W B PVC 2 TR X (ETR,, FO5E 0 i i
EIRRETE E XS 200 b 255 ) 52 i) e 8 3 (R 3)., ZE LK
BESR R, Bk 4 WOGAAE T S804 % 2 1)
TE R FEAbFRZH (100 ~200 g- L)k /M, H W
FAR TR (3% 3), F/F, .qP F1 tETR,, BEMi0
A [A]AE S 08 T R R 45, Yield B ih e Fsf [i) 2B K 5
FIHE FRE, 925605 (72 h),200 g- L7 AL 4
20 % 3 3R B S5 /ML, X HRZH 1) 82.50%

2.3 RRIFRZE PVC BB/ NREOC G E 28
FRIVZH 25 J3E 1 5 T

El 4((a) ~ () HITE 2(e)4h it T /R A 1E
FHOE S HOR AN M 2% 76 R R WR R PVC 12 H T 2
[ s EIVE T AR ke s . SR 220 B s
FH, 3K PVC 12 vk BE X /NERBE W) F,/F, | Yield
F1 QP A 520 (P<0.05) , 38 B [B]%F /NKBE 1) 4 T
GAE IS B 20 i % B YA 52 0 (P<0.05), 5 22 H.
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Fig. 1

Note: F,/F,, Yield, qP and rETR,

parameters (F,/F,, Yield, qP and rETR

max

‘max

Effects of soft and hard polyvinyl chloride (PVC) extract stress on the photosynthetic
) of I galbana

PS1I in the light, photochemical quenching and the maximum relative electron transport rate, respectively.

stand for the maximum efficiency quantum yield of PS II, the actual photochemical efficiency of
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Fig. 2 Effects of soft PVC extract ((a), (c), (e)) and hard PVC extract ((b), (d), (f)) stress on

cell density of three marine microalgae strains

Note: * represents significant difference (P<0.05) with control (100% ).

VEFH (e B2 x BRI AR 3 4R 19 Yield 1 qP A 52 1)
(P<0.05), HoH il af if ] XF Yield F11 qP 4 5% i) Bz
FEFRY, ZERERGERE R, Sk AR 100 ~
200 g-L™")¥ F,/F, .Yield .qP FI rETR,_ {Hfik T %}
HEZH ;200 g- L' Ab 20 1) 200 Bf 2% 3 A T X B e,
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FEL, ZHERIEEIR TR, PVC & TR AL
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Fig. 4 Effects of soft and hard PVC extract stress on the photosynthetic parameters (F,/F,,, Yield, qP and rETR, ) of Chlorella sp.
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Note: The concentrations of DNOP and DBP are 41.05 and 175.70 pg-L™" in the soft PVC extract; the concentrations of
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Fig. 5 Types and contents of plasticizers in soft PVC and hard PVC extract

DNOP and DNP are 97.74 and 56.03 wg-L™! in the hard PVC extract.

R5 PVCEHRX 3 FigEMTE F/F, 405 B 3 830 R BE(EC,, )2 ik

Table 5 Half-effective concentration (EC,,) for F,/F, and cell density of 3 marine microalgae

strains exposed to PVC extract

HAh PVC &l Eiztan ECs,/(g-L7")
Species PVC extract Parameters 72 h 96 h
B PVC B F,/F, 83.55 113.14
FREYR 4 Soft PVC extract A% Cell density 579 446
§ F,/F,
1. galbana il PVC 2 i Vi Ns Ns
Hard PVC extract YL B Cell density Ns Ns
B PVC I F./F, 30.72 6591
T S Soft PVC extract A ¥ Cell density 8739 89.44
S. costatum i PVC Bl F,/F, Ns Ns
Hard PVC extract ML E Cell density Ns Ns
PVC i F/E, Ns Ns
INERE Soft PVC extract UM Cell density Ns Ns
Chlorella sp. i PVC = F./F, Ns Ns
Hard PVC extract 1% Cell density Ns Ns

TE :Ns FnfudliR it

Note: Ns indicates that the data is not detected.
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