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Table S1 Nominal and actual concentrations of the growth inhibition tests using macroalgae

K>Cr, 07 3,5-DCP Diuron Simazine
Conc. (ug Cr/L)* Conc. (ng/L) Conc. (ug/L) Conc. (ug/L)
Species
P Actual R Actual R Actual R Actual R
0, . 0, 0, 0,
Nominal G - (%) Norlmna G - (%) Nominal G i ) Nominal G i (%)
0 d 3 d cometric 0 d 3 d cometric 0 d 3 d cometric 0 d 3 d cometric
mean mean mean mean
control <0.3 <0.3 <0.3 control <3 <3 <3 control <04 <04 <0.4 control <2 <2 <2
SC <0.4 <0.4 <0.4 SC <2 <2 <2
Uhva 250 267.1 250.7 258.8 104 500 565 354 447 89 1 1.06 1.08 1.07 107 10 9 10 9 91
aragoénsis 50 536.3 511.9 524.0 105 1,000 1,059 1,088 1,074 107 2 240 197 2.17 109 20 16 16 16 80
1,000 1,130.7 1,065.9 1,097.8 110 2,000 2,456 2,381 2,418 121 4 3.84 3.82 3.83 96 40 31 35 33 82
2,000 2,207.3 2,047.5 2,125.9 106 4,000 3,941 5,226 4,538 113 8 8.80 7.76 8.26 103 80 66 61 63 79
4000 44457 41349 42875 107 8,000 7,761 9,516 8,594 107 16 1573 1433 15.01 94 160 109 107 108 67
0d 7d 0d 7d
control <0.3 <0.3 <0.3 control <3 <3 <3
. 2,500 1,719.3 2,269.1 1,975.1 79 250 249 25 79 30
Undaria
pinnatifida 5,000 4,454.7 4,615.3 4,534.3 91 500 444 74 181 36
10,000 10,417.7  9,599.3 10,000.1 100 1000 933 318 545 54
20,000 20,575.2 18,386.4 19,450.1 97 2,000 1883 1,139 1 464 73
40,000  40,944.1 37,967.2 39,427.6 99 4000 3,525 2.809 3.147 79
0d 7d 0d 7d 0d 7d 0od 7d
control <0.3 <0.3 <0.3 control <3 32 7 control <04 <04 <0.4 control <2 <2 <2
SC <0.4 <0.4 <0.4 SC <2 <2 <2
250 225.7 202.7 213.9 86 250 281 61 131 52 0.5 0.48 0.53 0.50 100 50 26 47 35 70
Ectocarpus
siliculosus 500 4717 4152 442.6 89 500 560 106 243 49 1 099  1.08 1.04 104 100 75 91 83 83
1,000 959.1 846.1 900.8 90 1,000 1,000 454 674 67 2 2.14 2.20 2.17 108 200 161 160 160 80



2,000 19152  1,684.7 1,796.3 90 2,000 2,183 1,784 1,973 99 398  3.62 3.80 95 400 252 296 273 68
4,000 3,748.5  3,689.1 3,718.7 93 4,000 4356 3,068 3,997 100 7.51 891 8.18 102 800 512 581 545 68
0d 10d 0d 10d

control <0.3 <0.3 <0.3 control <3 <3 <3

250 225.7 2119 218.7 87 250 281 7 46 18

500 471.7 4299 450.4 90 500 560 33 136 27

1,000 959.1 857.0 906.6 91 1,000 1,000 306 554 55

2,000 19152  1,816.3 1,865.1 93 2,000 2,183 1,656 1,901 95

4,000 3,748.5 39143 3,830.5 96 4,000 4,356 3,388 3,842 96

K,Cr,05, potassium dichromate; R, recovery; 3,5-DCP, 3,5-dichlorophenol; a, the concentration is shown as chromium concentration.



Table S2 Water quality parameters for the inhibition tests on growth and sporangia formation of

macroalgae using potassium dichromate, 3,5-dichlorophenol, diuron, and simazine

T e oo
Growth inhibition tests
Ulva aragoénsis 194+£19 7.8+0.1 31£0° 311
Undaria pinnatifida 142+ 0.0 7.9+0.0 33+0 S4+£2
Ectocarpus siliculosus 12.7+£0.1 7.8+£0.0 32+£0° 631
Sporangia formation inhibition tests
Ectocarpus siliculosus 12.7+£0.2 7.9+£0.0 33+£0 81

Data are expressed as means =+ standard error; a, Data are without freshwater tolerance values.



Table S3 Nominal and actual concentrations of the sporangia formation inhibition tests using Ectocarpus siliculosus

K2Cr207

3,5-DCP

Diuron

Simazine

Conc. (Cr pg/L)*

Species

Conc. (ng/L)

Conc. (ng/L)

Conc. (ug/L)

Actual R Actual R Actual R Actual R
0, 0, 0, 0,
Nominal G - (%) Nominal G i () Nominal G i () Nominal G i o)
0d 1d eometric 0d 1d eometric 0d  3d eometric 0d 3d eometric
mean mean mean mean

control <0.3 <0.3 <0.3 control <4 <4 <4 control <04 <04 <0.4 control <2 <2 <2

SC <04 <04 <0.4 SC <2 <2 <2
Ectocarpus 250 210.1  206.6 208.3 83 250 286 220 250 100 0.5 06 04 0.5 95 50 54 55 55 109

siliculosus

500 4452 418.2 431.5 86 500 477 419 447 89 1 1.1 0.9 1.0 103 100 113 113 113 113
1,000 986.1 904.3 9443 94 1,000 930 799 862 86 2 2.0 1.7 1.8 91 200 207 227 217 108
2,000 1,866.0 1,606.5 1,731.4 87 2,000 2,330 1,928 2,120 106 4 5.0 37 43 108 400 385 417 401 100
4,000 3,686.9 3,406.4 3,543.9 89 4,000 4,126 3,454 3,775 94 8 8.9 8.1 8.5 106 800 639 849 736 92

K,Cr,05, potassium dichromate; R, recovery; 3,5-DCP, 3,5-dichlorophenol; a, the concentration is shown as chromium concentration.



Table S4 Parameters for mass spectrometric detection of analytes

Compounds RT ESI Quantification Confirmation Confirmation
(min) mode MRM1 MRM?2 MRM3
3,5-DCP 5.3 - 161.05 > 125.00 161.05 > 35.00 161.05 > 89.00
Diuron 4.4 + 233.05>72.10 233.05 > 46.15 233.05>18.20
Simazine 3.2 + 202.10>71.15 202.10 > 68.10 202.10 >43.15
Atrazine-*C; 43 + 219.05 > 177.05 219.05 > 98.05 219.05>70.10

3,5-DCP, 3,5-dichlorophenol; RT, retention time; ESI, electrospray ionization, MRM, multiple reaction

monitoring.



Table S5 Species included in the acute and chronic toxicity concentration levels, collected from the United States Environmental Protection Agency Ecotox database

(https://cfpub.epa.gov/ecotox/)

Chemical Species Species Group Media Type Dg:}t]ison Endpoint Effect Conc. (mg/L) Source Pub;is:rtion
3,5-DCP Cyanobium sp. Algae Salt water 3 EC50 Population 1.71 Ecotoxicology25(10): 1751-1758 2016
3,5-DCP Desmodesmus subspicatus Algae Fresh water 3 EC50 Population 0.94 Arch. Environ. Contam. Toxicol.19(4): 518-522 1990
3,5-DCP Desmodesmus subspicatus Algae Fresh water 3 EC50 Population 532 Environ. Sci. Technol.18(9): 713-718 1984
3,5-DCP Desmodesmus subspicatus Algae Fresh water 3 EC50 Population 6.1 Environ. Sci. Technol.18(9): 713-718 1984
3,5-DCP Desmodesmus subspicatus Algae Fresh water 3 EC50 Population 6.67 Ecotoxicol. Environ. Saf.54(3): 346-354 2003
3,5-DCP Lemna aequinoctialis Flowers, Trees, Shrubs, Ferns Fresh water 4 EC50 Population 1.5 Ambio28(2): 152-155 1999
3,5-DCP Lemna aequinoctialis Flowers, Trees, Shrubs, Ferns Fresh water 7 EC50 Population 4.89824616 Environ. Toxicol. Chem.23(4): 1074-1079 2004
3,5-DCP Lemna minor Flowers, Trees, Shrubs, Ferns Fresh water 7 EC50 Growth 1.808 Environ. Toxicol. Chem.34:2104-2115 2015
3,5-DCP Lemna minor Flowers, Trees, Shrubs, Ferns Fresh water 5 EC50 Development 12.11113776 Bull. Environ. Contam. Toxicol.79(5): 499-503 2007
3,5-DCP Myriophyllum aquaticum Flowers, Trees, Shrubs, Ferns Fresh water 7 EC50 Population 0.695 Environ. Toxicol. Chem.34:2104-2115 2015
3,5-DCP Myriophyllum spicatum Flowers, Trees, Shrubs, Ferns Fresh water 14 EC50 Growth 34 Ecotoxicol. Environ. Saf.97:32-39 2013
3,5-DCP Raphidocelis subcapitata Algae Fresh water 3 EC50 Population 0.89 Bull. Environ. Contam. Toxicol.55(6): 922-928 1995
3,5-DCP Raphidocelis subcapitata Algae Fresh water 3 EC50 Population 1.79 Ecotoxicology17(3): 165-171 2008
3,5-DCP Raphidocelis subcapitata Algae Fresh water 3 EC50 Population 2.13 Environ. Toxicol. Chem.17(6): 1091-1098 1998
3,5-DCP Raphidocelis subcapitata Algae Fresh water 4 EC50 Growth 2.3 Jpn. J. Toxicol. Environ. Health34(4): 343-349 1988
3,5-DCP Raphidocelis subcapitata Algae Fresh water 4 EC50 Growth 2.3 Environ. Toxicol. Chem.7(10): 847-854 1988
3,5-DCP Raphidocelis subcapitata Algae Fresh water 2 EC50 Population 3.1 Environ. Toxicol. Chem.25(8): 2208-2215 2006
3,5-DCP Raphidocelis subcapitata Algae Fresh water 2 EC50 Population 32 Chemosphere30(11): 2103-2115 1995
3,5-DCP Cyanobium sp. Algae Salt water 3 NOEC Population 0.625 Ecotoxicology25(10): 1751-1758 2016
3,5-DCP Lemna minor Flowers, Trees, Shrubs, Ferns Fresh water 7 NOEC Growth 0.625 Environ. Toxicol. Chem.34:2104-2115 2015
3,5-DCP Lemna minor Flowers, Trees, Shrubs, Ferns Fresh water 5 NOEC Development 0.9780192 Bull. Environ. Contam. Toxicol.79(5): 499-503 2007
3,5-DCP Lemna minor Flowers, Trees, Shrubs, Ferns Fresh water 7 NOEC Population 1.25 Environ. Toxicol. Chem.34:2104-2115 2015
3,5-DCP Myriophyllum aquaticum Flowers, Trees, Shrubs, Ferns Fresh water 7 NOEC Growth 1.8 Environ. Toxicol. Chem.34:2104-2115 2015
3,5-DCP Myriophyllum aquaticum Flowers, Trees, Shrubs, Ferns Fresh water 7 NOEC Population 32 Environ. Toxicol. Chem.34:2104-2115 2015
3,5-DCP Raphidocelis subcapitata Algae Fresh water 3 NOEC Population 0.38 Bull. Environ. Contam. Toxicol.55(6): 922-928 1995
K,Cr,07 Anacystis aeruginosa Algae Fresh water 4 EC50 Growth 0.389 Report NO.;1188]:{;11\23&11\;?;1(12?1&;12?;12l%gP;blic Health 1981
K,Cr,0 Anacystis aeruginosa Algae Fresh water 4 EC50 Growth 0.389 Rep.No.R85/083, NatlAInstAPglblic Health Environ.Hyg.:26 1985
K,Cr,0 Chlamydomonas reinhardtii Algae Fresh water 3 EC50 Population 0.8128 Chemosphere38(14): 3329-3338 1999
K,Cr,04 Chlorella pyrenoidosa Algae Fresh water 4 EC50 Growth 0.354 Report No.51188]:{;1\2?&11\;?;(12?1&;;32:1%f7P;blic Health 1981
K,Cr,0 Chlorella sp. Algae Fresh water 1.8333 EC50 Population 0.00000232 Chemosphere37(13): 2665-2676 1998
K,Cr,07 Chlorella vulgaris Algae Fresh water 12 EC50 Population 0.88 J. Appl. Phycol.19:701-710 2007
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Table S6 Acute and chronic toxicity values of potassium dichromate to algae and plants.

Species ECsoand LCso (png/L) N Species NOEC (pg/L)

Stephanodiscus hantzschii 0.51 1 Chlorella sp. 0.00010
Chlorella sp. 0.95 2 Gracilaria tenuistipitata 40
Euglena gracilis 117 1 Raphidocelis subcapitata 49
Galdieria sulphuraria 141 2 Lemna minor 50
Gomphonema parvulum 150 1 Lemna gibba 100
Navicula seminulum 187 1 Ectocarpus siliculosus 431
Nitzschia linearis 208 1 Ulva aragoénsis 524
Lemna aequinoctialis 285 2 Skeletonema costatum 1,000
Scenedesmus pannonicus 318 1 Cyanobium sp. 1,760
Desmodesmus subspicatus 350 1 Gracilaria sp. 2,200
Chlorella pyrenoidosa 354 1 Lemna aequinoctialis 5,884
Oscillatoria agardhii 354 11

Microcystis aeruginosa 389 5

Anacystis aeruginosa 389 1

Parachlorella kessleri 575 1

Gracilaria tenuistipitata 600 1

Synechocystis sp. 650 2

Raphidocelis subcapitata 650 1

Selenastrum capricornutum 760 1

Chlamydomonas reinhardtii 813 1



Chlorella vulgaris 880 1

Ulva aragoénsis 956 * 1
Lemna gibba 1,148 1
Scenedesmus quadricauda 1,590 2
Stichococcus bacillaris 1,642 1
Ectocarpus siliculosus 1770 * 1
Synechococcus leopoliensis 3,308 1
Undaria pinnatifida 3400 * 1
Spirodela polyrrhiza 3,500 1
Cyanobium sp. 4,610 1
Skeletonema costatum 14,700 1
Lemna minor 26,980 1

EC50, the 50% effective concentration; LC50, the 50% lethal concentration; NOEC, no observed effect concentration; N, number of data. * Toxicity values are in
the present study. The geometric mean was presented the species for which the toxicity values had been previously reported (Table S5).



Table S7 Acute and chronic toxicity values of 3,5-dichlorophenol to algae and plants.

ECsp and LCso NOEC

Species (ug/L) N Species (ug/L) N
Undaria pinnatifida 422% 1 Undaria pinnatifida 79* 1
Ectocarpus siliculosus 814%* 1 Raphidocelis subcapitata 380 1
Myriophyllum aquaticum 1,537 2 Ulva aragoénsis 447* 1
Ulva aragoénsis 1,620* 1 Ectocarpus siliculosus 450%* 1
Cyanobium sp. 1,710 1 Cyanobium sp. 625 1
Raphidocelis subcapitata 2,097 7 Lemna minor 782 2
Lemna aequinoctialis 2,711 2 Myriophyllum aquaticum 1,800 1
Desmodesmus subspicatus 3,219 3
Lemna minor 4,679 2

EC50, the 50% effective concentration; LC50, the 50% lethal concentration; NOEC, no observed effect concentration; N, number of data. * Toxicity values are in
the present study. The geometric mean was presented the species for which the toxicity values had been previously reported (Table S5).



Table S8 Acute and chronic toxicity values of diuron to algae and plants.

Species ECso and LCso (ng/L) N Species NOEC (pg/L) N
Apium nodiflorum 0.00026 1 Chara vulgaris 0.00050 1
Chara vulgaris 0.35 1 Myriophyllum spicatum 0.0 1
Coccolithus huxleyi 2.3 1 Apium nodiflorum 0.1 1
Gomphonema sp. 3.0 1 Synechococcus sp. 0.2 1
Ceramium tenuicorne 34 1 Nitzschia pungens 0.3 1
Navicula sp. 3.7 1 Coccolithus huxleyi 0.5 1
Thalassiosira pseudonana 43 1 Chlamydomonas reinhardtii 0.8 1
Chlorella pyrenoidosa 4.5 3 Gracilaria tenuistipitata 1.3 1
Chroococcus minor 4.7 1 Ectocarpus siliculosus 1.8% 1
Myriophyllum spicatum 5.0 1 Entomoneis punctulata 2.0 1
Nephroselmis pyriformis 5.8 1 Nitzschia closterium 2.0 1
Skeletonema costatum 5.9 1 Ulva aragoénsis 2.2% 1
Fragilaria capucina 6.0 2 Chlorella pyrenoidosa 2.3 1
Ankistrodesmus sp. 6.0 1 Chroomonas acuta 5.0 1
Dictyosphaerium pulchellum 6.0 1 Cryptomonas sp. 5.0 1
Ectocarpus siliculosus 6.0* 1 Gomphonema gracile 5.0 1
Nitzschia pungens 6.6 1 Oocystis naegelii 5.0 1
Chlorococcum sp. 7.1 2 Planothidium lanceolatum 5.0 1
Synechococcus sp. 7.8 2 Desmodesmus subspicatus 7.0 1
Spirulina platensis 8.5 1 Raphidocelis subcapitata 9.4 1
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Cyclotella meneghiniana
Porphyridium aerugineum
Chaetoceros gracilis
Chlorella sp.
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Stichococcus sp. 1,500 1

Craticula accomoda 1,572 2
Nitzschia palea 1,602 2
Gomphonema parvulum 1,791 2
Sellaphora minima 2,606 1
FEolimna minima 4,236 1
Hormosira banksii 5,408 2
Pyrocystis lunula 19,000 1

EC50, the 50% effective concentration; LC50, the 50% lethal concentration; NOEC, no observed effect concentration; N, number of data. * Toxicity values are in
the present study. The geometric mean was presented the species for which the toxicity values had been previously reported (Table S5).



Table S9 Acute and chronic toxicity values of simazine to algae and plants.

Species ECSE:;%;“CSO N Species NOEC (pg/L) N
Spirulina platensis 6.0 1 Chlorella fusca 37 1
Oscillatoria sp. 82 1 Skeletonema marinoi 50 1
Gomphonema sp. 34 1 Cyanobium sp. 13 1
Anabaena flosaquae 36 1 Ulva aragoénsis 16 1
Selenastrum sp. 49 1 Ectocarpus siliculosus 35 1
Lemna aequinoctialis 56 1 Myriophyllum spicatum 50 1
Chlorella fusca 64 2 Vallisneria americana 58 1
Vallisneria americana 67 1 f;gj;ﬁggfgs 75
Ankistrodesmus sp. 87 1 Elodea canadensis 83 1
Chlorella pyrenoidosa 88 3 Glyceria maxima 83 1
Ectocarpus siliculosus 88 1 Persicaria amphibia 83 1
Hormidium flaccidum 9 1 Chlorella vulgaris 100 1
Navicula pelliculosa 90 1 Pontederia cordata 300 1
Scenedesmus quadricauda 99 2 Typha latifolia 300 1
Ulva aragoénsis 102 1 2{;; ré;)li Z)Z fum 1,500 1
Cyanobium sp. 105 1
@

Chlorococcum sp. 126 2
Encyonema gracile 145 1
Anabaena circinalis 160 1
Lemna gibba 167 3
Lemna minor 176 3
Stichococcus sp. 200 1
Raphidocelis subcapitata 228 %
Gomphonema gracile 288 1
Scenedesmus acutus 321 2
Eunotia sudetica 330 1
Ulva pertusa 378 1
Lemna sp. 422 1
Chmdomonas 501
Cryptomonas 500 1

pyrenoidifera



Isochrysis galbana 500 1

Microcystis aeruginosa 500 1
Plasodan 59 2
Skeletonema costatum 600 1
Chlamydomonas geitleri 746 1
Cyclotella sp. 800 1
Scenedesmus sp. 1,498 1
Chlorella sp. 2,072 2
Chlorella vulgaris 2,174 1
Dunaliella tertiolecta 2,361 2
Anabaena variabilis 7,400 1

EC50, the 50% effective concentration; LC50, the 50% lethal concentration; NOEC, no observed effect
concentration; N, number of data. * Toxicity values are in the present study. The geometric mean was
presented the species for which the toxicity values had been previously reported (Table S5).
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Fig. S1 Effect of (a) diuron and (b) simazine on the area of the germinated zoospore of Ulva aragoénsis
for 3 days. C and SC indicate the control group and solvent control group, respectively. Asterisk

(*) indicates a significant difference (p < 0.05) from the control. The error bar indicates the

standard error (N = 4).
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Fig. S2 Effect of (a, b) potassium dichromate, (c, d) 3,5-dichlorophenol, (e) diuron, and (f) simazine on

the area of Ectocarpus siliculosus plumules for 7 days (a, c, e, f) or 10 days (b, d). C and SC

indicate the control group and solvent control group, respectively. Asterisk (*) indicates a

significant difference (p < 0.05) from the control. Error bar indicates the standard error (N = 4).
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Fig. S3 Effect of (a) potassium dichromate and (b) 3,5-dichlorophenol on the area of plumules of Undaria
pinnatifida for 7 days. Asterisk (*) indicates a significant difference (p < 0.05) from the control.

The error bar indicates the standard error (N = 4).



