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Abstract: With the increasing pollution of plastics, especially microplastics, the phthalates (PAEs) released by
them had received widely attention. The interaction mechanism between PAEs and marine ecological environment
was explored in this paper. Butyl phthalate (DBP) was used as representative, and laboratory simulation methods
were used to study the changes and correlations of physical and chemical factors such as DBP, chlorophyll A,
nutrients and total organic carbon (TOC) under different DBP concentrations. The results show that there is a
negative correlation between chlorophyll and DBP with different DBP concentrations (0, 1, 3 and 8 pg/L). In
addition, there is a significant difference between the measured chlorophyll with and without the addition of DBP.
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DBP may play a major role in the interaction between DBP and phytoplankton. Correlation analysis of physical and
chemical factors, such as DBP, chlorophyll a, nutrients, TOC and salinity, indicates that the effects of DBP on
phytoplankton may be indirect. DBP can change nitrite and nitrate in the environment by affecting nitrifying
bacteria and denitrifying bacteria, thereby affecting the growth of phytoplankton. The change of DBP content in
water and suspended matter indicates that the effect of phytoplankton on DBP may be attributed to the physical
adsorption of phytoplankton residues. This study provides important reference value for further research on the
migration of PAE in the marine environment and its impact on the marine ecological environment.
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(1), a4 DBP & 7e5 3 d SR M BL BTG 2 5 d A B R (1.44~2.96 pg/L) 2 d PR
FPFHPIRZS.
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WA AR R B PR 855 rh N, DBP A7 458 53 1Y) = i FiC 28 BRI B/ B K 1, TR L A0 2 By 2 7% 21 UL ) 36
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XF £ 41 DBP HEAT B (6 1) ,DBP ¥ 3, 8,0 pg/L I, & 411 22 57 8.3 (p = 0.004<0.050,
p=0.003<0.050, X4l ) ,DBP ¥R 1 pg/L B4 5 0 wg/L A2 5125 7 A 538 (p=0.197>0.050 , XU |
Bitis DBP ¥ B (1) 5L B 4 o DBP ¥ B A 728 Ak e B8 28 7 A8 K, AT D 7K A4 25 [ % DBP (1952 i) i 2 vk
JERTH A R AEX 4R a 19 0B Hrr (32 2) ,DBP RSN 3 we/L 205 O pe/L B9 4H 1) 25 55
e 3% (p=0.000<0.010, 3U)) ,DBP ¥&EEH 1, 8 5 0 we/L £H 5125 H A B3 (p=0.354>0.050,p =0.056>
0.050, X)), fHARBE _EA BT 22,3 4, 0~3 pe/L M2 52 F e i 3,0~ 8 pg/L ALk Z ,0~
1 pg/LIA 25 %A R 2.

%1 K4 DBP BEM 27454

PRPIREES e WSRO % BREM e pmma s GO
(ne/L) A T I
0~1 -0.230 733 0.659 158 0.170 194 -0.595 763 0.134 296 -1.356 14 0.197
0~3 -0.194 667 0.218 584 0.056 438 -0.315715 -0.073 619 -3.449 14 0.004
0~8 -0.414 733 0.455 690 0.117 659 -0.667 086 —0.162 381 -3.525 14 0.003

£ 2 BrtgEa REWEFSAN
DBP ¥ JiZ/ W ERPR 0 95% BAFIX[A]

(ug/L) HE i - e R K e ¢ 1 BE df Sig. (L)
0~1 0.115 400 0.465 770 0.120 261 -0.142 535 0.373 335 0.960 14 0.354
0~3 —-1.589 967 0.582 599 0.150 427 -1.912 600 -1.267 334 -10.570 14 0.000
0~8 0.277 093 0.514 097 0.132 739 -0.007 604 0.561 791 2.087 14 0.056

2.2 A[E DBP iR ERIIAET DBP Fn# L B FRIME X ES T
TELEZSIREE N, T I A AN S A0S 1 T2 A A 22 DR 2R (8 R A 1 2402 9. % DBP 5 3045
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T AL F-2E1 T Person FHSCPESMT (F23) , N3 3 AT LLE H 23 pwe/L 94151 DBP S6EERER S IEAE,
SEAEIRER 5 B AR (p=0.593<0.010, X)) ,8 we/L p94H 5 DBP SfgREh &2 W35 (ARG, 5 WA
R AR S A 5 (p=-0.561<0.010, WU ) .3xX 2 20 i /R AN [k B2 DBP X il i £k 5 WA PR 3 A AN [m] 52 i
1 wg/L L5 % DBP 5 REER R S A% i & IEAH ¢ (p = 0.78<0.010, XUfill) , 5 COD 4k B A% (p =
-0.807<0.010, X fil] ) .
% 3 DBP R K4k 2R3E B T 69 Person 547
DBP W/ (ng/L)  REEGEh  AEMRER  WRSERE: &Sk BMLBE N cop By i

1 0.780" * -0.105 -0.003 0.394 -0.252 0.252 -0.807* " 0.086 0.365
3 0.090 0.285 0.593 " 0.442 0.183 0.661** 0.016 -0.124 0.441
8 0.350 -0.561" -0.077 -0.058 -0.420 -0.355 -0.600 " 0.262 0.155
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XK 4 R a 5EREER 51T Person AHICHE T (R 4) , N3k 4 IR TTLIE H1:0 pg/L 1Y
A itaR R a HRERRER SR W3 OAHOC  HHOC R B (p=-0.792<0.01, U , 1 pe/L B4 R ER 5
MR a B RUAHIE (p=-0.639<0.05 , XU ) . fif: i 56 WA 400 114) 2B AR TR WS i, T4 3R a DU Ry 77
TR Y A= Wi 0 T 248 , PR UG Ak s R PRI A ) 1) A K BB TH AR RE R B, | Rk IR ER VR J 25 B PR i AT ) B8 i 1)
ThEs MR, =% 2 BRI SE B, X S R TSI 7 X 2 455 R DBP 54K a fI KR
AL 43R a 7 3, 8 pg/L AR T SHHIREL 22 IEAHDC(0.419, 0.153) , 5 RS EREL 437 52 1EAH & A 17 A
5(0.284, -0.239) , XA A RESE DBP TE/K A s2m N Joz i At iy, TR0 ok N IR LT, 7K
) N JCERE N IR, BARIR FEARGEE YR HAT 4R a 5 IOHUA  TCHLBEAFE AT C
(R [F]IN), DBP 553 2 AR 3-8 B B ARSC P, Ui DBP R REi I X 2 S TR MUE 48R a 1Y & & DBP
55 COD fAAEAREME(-0.807, —0.600) , 4% a 5 COD JoH] W AH G, U] DBP BEAZ 28 /K 14 Hh i 7K
JBT, B FKAR B S M) BT 5% S AN R o G PR R S 4 R a.

# 4 Chl-a Rl /KA 3715 B T 49 Person 547

DBP ¥R BE/(pg/L)  AERREE  WHERER  WRERREE A TEHL COoD BIEY HhE DBP
0 -0.792** -0.658+  -0.528 -0.729*  -0.591  -0.120  -0.594  -0.664"
] 1 -0.639*  -0.085 -0.393  -0.730"* -0.074 0324  -0232  -0.667"" -0.568"
ez 3 -0.494 0.419 0.284  -0.777"*  0.337 0.234  -0.727"* -0.699**  -0.132
8 -0.469 0.153 -0.239  -0.200 0.331 0.187  -0471 -0.244 -0.510
2.4 EmSTH

FARIRI M T 3T i3 5 B DBP ¥R EED O we/L (5, Mo F 19 5THR A 44.864%
LGRS FRER Ak A 5 AL TR By B TTRRR Y 28.350% , 6055 T ALBE RIS ER L, AT N
JERS IR P PRI 9 S 1 e/ L B SRR U R A By R TTRRR Dy 40.911% , [ R4 5
THWUE TR T, TR N24.659% , 17 1 COD F1 DBP, AT N 2 A HILBON 7K S5t 52 0.

DBP W0 1 we/L BYZHBI Ptk il 4 DM, F,, By, Fy, By aTRURBeS 15 B 19 86.935%.
o ¥y BITTRRR N 40.911% , [RIRREL & T4 IS IR 483 Fy IO TTERRJy 24.659% , 1% 1 COD il DBP, [k
A BB K BRI 5 1y o B a0 B o5 LUK, N PRI ) A T A By R IR ER L E R,
RVRCE AR B TR o AR AL P OUA 1 e/ L B0 4P 4R 5R a [RIRERRER 2 35 TR, 9
Sh 2 AL B IR AR (BRI SCHE I AR AEXS DBP SREE N T A BEA T 20 i, & B DBP RIRERRER
AR RTE 1 e/ L B2 2 b ARG AR S, B aT A5 4 1 /L (9 DBP XK A A= My AT KRR R0

DBP 20 3 pg/L BRI e i 3 A ERr, Fy, ¥y, Fy BERE B I T (5 50 81.733%.F, Ay 5T
KRy 46.864% , 15 TLIUE IR R EIFWIAI TOC _LABIRAIEAT, JEIRYI, R a [ARERRER TG 1Y)
FRSRAE , 5500 AL RMER AR BE Ab BREE AT AR R DX, 7E I 2 v DB Xt it SR 2 Ui AR AT B R ) R, 3 ik
MRAERAE ¥y T PANRERC 1 2 I E G F, DTk N 23.016% , 4055 T DBP MNEASARE: ,3 pe/L HIEH
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() DBP 530 fif§ iRk 22 2 2 IEAHDC , U 00 DBP 8 2k b 28 7K A r 118 S0l 792 5 ke 8 R s i /K 5 15 4, T 7K
DA B I TR 6 PT DA F AR i A T A AV TR i, E TR 4 3R a (78 AL, R AE e IR R F, 1Y
TUHKEE N 19.662% , 76 COD AT R A, & A HLTUS 4, 767K A COD AT D) i e ids S A BILA 1)
B, M3 a [A] COD i 35 IEAHSE (p<0.05, XU ), 5z e H 1056 30 (] DBP X V2 W AE 990 — 7 1 410 1 1
F A IR E T R A

DBP ¥ h 8 we/L AL it th 3 A~ E 8y, F, Fy, Fy GRS R F-15 21 84.242%.F, 95T
kAN 42.229% , FERERRER IV AHARER (2 EE \TOC 4R B AT BRI B AT, K A v (8 SR W 05 F, 1 STk
KKy 25.886% , FEAS IR R . TCAHLEE . COD . DBP  JTCALA A5 ¢ = W 2R Aer , Ry AR 05 ) J 5 s 1) TR %
16.127% AVAEEIFY) F A B BT, R Fy ZIFH YT AW 8 neg/L S5 dirh, b4t K
a 5% PR T B0 A G PE AR, I DBP Sjitifiedh . COD £ 5 25 i M ¢, 485 My 20, F, B STk Ny
25.886% , 47 1 fifiREL JCHLEE .COD \DBP , YE LYk BE T DBP 3l i 5 i SV il BR R 5% 1k 1y fil§ R £k 3% — 1
AR K.

%5 B ERSBETFOMN

F Iy
WEENF poict 1 ug/L 3 p/L 8 pg/L
Fl FZ F3 l:‘1 F2 F3 F4 Fl FZ F3 F1 FZ F3

Mg a  -0.868 -0.281 0297 -0.835 0.164 -0.129 0.172 -0.810 -0.125 -0.326 -0.490 0.382  -0.632
TEERER 0.840 0252 -0.210  0.727 -0.491  0.203 -0.124  0.692 0.042 0.163  0.796 0.128 0.143
ftimREh 0.602  0.619 0.029  0.165 0.021 0581 0.746 -0.667 0.639 0.015 -0.479 0.630 0.506
DIZTT7EN 0.796 -0.200 0.494 0701 0.592 -0.115 0.022 -0.368 0.732 -0.351  0.903 0.379 -0.056
A 0.946 -0.314 -0.024 0927 0271 -0.061 -0.083  0.855 0.449 0.131  0.899 0362 -0.139
T 0343 0.895 0.032 -0.060 0.165  0.667 -0.641 -0.646 0.495 0.461 -0.297 0.777 0.232
TOC -0.455  0.871 -0.014 -0.954 0.022  0.163 0.048 -0.920 -0.066 0.316 -0.863 0.353 0.224
COD 0.288  0.451 0.629 -0.261 0916  0.007 -0.133 -0.495 0286 0.615 0276 0922 -0.029
BEY 0.423  0.050 -0.846  0.151 -0.099 0717 0.014 0719 -0.188 0.428  0.367 -0.274 0.618
b 0.906 -0.391 0.097  0.892 0263 -0.096 0.064  0.849 0357 0.135 0907 0.124 -0.182
DBP 0.607 -0.746 -0.186 —0.080  0.176  0.807 -0.282  0.176 0.807 -0.282

TIHk R/ % 44.864 28.35 16.129 40911 24.659 10.855 10.51 39.055 23.016 19.662 42.229 25.886 16.127
ST HEkR /% 44.864 73214 89.343 40911 65.570 76.425 86.935  39.055 62.071 81.733 42.229 68.115 84.242

3 3tk
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IR DBP FEJCAE o 1 DL 7 B A RO B 1A BE 58 R, R BE, AR 5 DBP A fi
F B IR OR SE R s AP K PRI DBP AR Bl ke 1, 2E K PR P Ar BUR L S5 ) 1)
BRI IORR AR AT A B, SR I AERERS 1 DBP i SEAE A B s 2 d INFR] P RS
WRHE Y 36% ™, AT LA VAt B W A7 A2 DBP [ 1 3 2 P 3. DBP A (300 V7 1 28 7 A 3 [ ef
S K Ve Y R Rt 27 A IR A P SRS 4R X DBP [ At TR F 502 W 1 L R e i e
PIBET G = 4, G WAL A TR ) — SR 9 A AL T A R, 5 A AR AR AT TR W1, 3R
S5 WA 3R TS 0 ) S P R I 5 0 T ALV P RO PAESs AT A 20 A i T 3 1 800, OF FLBA
SRR S I A A T [, — MR BE Y DBP XS R AL 1 1) A LR ™ AL IR, 0 A AL 20 T P A 1
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PRI ) DBP ANREXS A= 417 HE AL, B SR AR WL REXT DBP 7 AR AR IO )52 0V T, oot 26 1h 4 i
A —JZ IR MR, X LT3 B8 A0 2 1A 8 A ) PRI M R 2 T RE AT, AN ] 38 240 J 3% 1
WIRER R AR I FLEEF R R pH MR, A 2 T A W R, B LR T i Aol 34
R ] 2 (8] AR ELAE 0, ANTRIBE X DBP 1) 5 SR BE T AN R]. AR B BT o5 193 B 0 o B o L B AN,
HE A R A Al SR I S D R R , DAL, 7K rpads JsU ) o o 62K 56 #5 . A= W 9 DBP (14
ISR SE U, T 2 A P R, WCRE T DBP i) A e HAE R 20 ML IR T 780 ik i
AT U DT R , 0 LM EW 1950 V5 DBP Sk F B K A4, DBP [ fige 1) m ] 7
WA 55 AP RS RBETCEY DBP B Wy B W RS , 2EAT T — 22 B R SR oh T A B 550 421G, DBP 5
IR BB, &, A ARSE TG, SRR %, DBP AR Wi L 56 R8 R R BB E A BIKAR h , BE
Bk PR i) DBP B2 Tt , DBP 3G T HAMAEE (49 4= 9. K A A 826 U B A ) A A= 0, S ek
DBP JEATRES , DBP 15 1852 B G AR W A A ) 1A 52 .

4 ZEib

D) FEIRSTH , DBP 5 P A W7 A6 36 AR E M O BIL, AN [R50 DBP 777645 A [ i) W2 ff 1 AT, DBP
P BEIE AN R TR R AR BE AN R, A AP AH LA T f DBP Rl R R 32 4 .

2) DBP XFIF AL 15 W AT REAT A4 RI4E 2 00, DBP G4 X6 A b B SCAF AR BT PR B2 T, o A5 30 358 Hh 1
TR R NS RRER A LR A A, HE TSN P e AL A A I

3) KA R TEYI DBP 5 i AR AR U SR W A 0 %0 DBP (¥ 52 0 AT B8k 11 7 U AR 5 4K 1) 0 3 A
TEH.
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