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Supplementary materials

Table S1. Seawater solubility of naphthalene, phenanthrene, fluoranthene and benzo-k-
fluoranthene at 25 °C and 35 g salts/kg.

Compounds Solubility References
Naphthalene 2.2 g/ 100g [1]
Phenanthrene 7.1 g/ 100g [1]
Fluoranthene 2.6 g/ 100g [2]
Benzo-k-fluoranthene <lg/L [3]

Table S2. Tukey’s test used to indicate the significance level between PAHs different concentrations
and control (0 mg/L) on nauplii after 24 h and 48 h of exposure: * <0.05, ** p <0.01, ** p <0.001, ****
p <0.0001. n.s. = not significant.

24h p-value 48h p-value
NAP 0vs. 0.015 >0.9999 0vs. 0.015 >0.9999
0vs. 0.032 >0.9999 0vs. 0.032 0.6632
0vs. 0.078 >0.9999 0vs. 0.078 0.6632
0vs.0.11 >0.9999 0vs.0.11 0.0048
0vs.0.26 >0.9999 0vs.0.26 0.0048
0vs.0.41 >0.9999 0vs.0.41 <0.0001
0vs.0.76 >0.9999 0vs.0.76 <0.0001
0vs.1.45 0.6632 0 vs. 145 <0.0001
0vs. 4.23 <0.0001 0vs. 4.23 <0.0001
0vs.10.1 <0.0001 0vs.10.1 <0.0001
0.015 vs. 0.032 >0.9999 0.015 vs. 0.032 >0.9999
0.015 vs. 0.078 >0.9999 0.015 vs. 0.078 >0.9999
0.015 vs. 0.11 >0.9999 0.015 vs. 0.11 0.6632
0.015 vs. 0.26 >0.9999 0.015 vs. 0.26 0.6632
0.015 vs. 0.41 >0.9999 0.015 vs. 0.41 <0.0001
0.015 vs. 0.76 >0.9999 0.015 vs. 0.76 <0.0001
0.015 vs. 1.45 0.6632 0.015vs. 1.45 <0.0001
0.015 vs. 4.23 <0.0001 0.015 vs. 4.23 <0.0001
0.015 vs. 10.1 <0.0001 0.015 vs. 10.1 <0.0001
0.032 vs. 0.078 >0.9999 0.032 vs. 0.078 >0.9999
0.032 vs. 0.11 >0.9999 0.032 vs. 0.11 >0.9999
0.032 vs. 0.26 >0.9999 0.032 vs. 0.26 >0.9999
0.032 vs. 0.41 >0.9999 0.032 vs. 0.41 <0.0001
0.032 vs. 0.76 >0.9999 0.032 vs. 0.76 <0.0001
0.032 vs. 1.45 0.6632 0.032 vs. 1.45 <0.0001
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PHE
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0.41 vs. 145
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0.76 vs. 10.1
1.45vs. 4.23
1.45 vs. 10.1
4.23 vs.10.1
0vs.0.21
0vs.0.71
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0vs. 2.26
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0.21 vs. 2.26
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<0.0001
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<0.0001
0.0048
0.0007
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<0.0001
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>0.9999
0.032
0.032
0.6632
0.6632
>0.9999
>0.9999
0.1212
0.0027
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
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FLT
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>0.9999
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>0.9999
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Table S3. Tukey’s test used to indicate the significance level between PAHs different concentrations
and control (0 mg/L) on adults after 24 h and 48 h of exposure: * <0.05, ** p < 0.01, ** p <0.001, ****
p<0.0001. n.s. = not significant.

24h p-value 48h p-value
NAP 0vs. 0.015 >0.9999 0vs. 0.015 >0.9999
0 vs. 0.032 >0.9999 0 vs. 0.032 >0.9999
0 vs. 0.078 >0.9999 0vs. 0.078 >0.9999
0vs.0.11 >0.9999 0vs.0.11 >0.9999
0vs.0.26 >0.9999 0vs.0.26 >0.9999
0vs.0.41 >0.9999 0vs. 041 0.9171
0vs.0.76 >0.9999 0vs.0.76 0.9171
0vs.1.45 >0.9999 0vs.1.45 0.0025
0vs. 423 0.9171 0vs.4.23 <0.0001
0vs.10.1 0.9171 0vs. 10.1 <0.0001
0.015 vs. 0.032 >0.9999 0.015 vs. 0.032 >0.9999
0.015 vs. 0.078 >0.9999 0.015 vs. 0.078 >0.9999
0.015 vs. 0.11 >0.9999 0.015 vs. 0.11 >0.9999
0.015 vs. 0.26 >0.9999 0.015 vs. 0.26 >0.9999
0.015 vs. 0.41 >0.9999 0.015 vs. 0.41 0.9171
0.015 vs. 0.76 >0.9999 0.015 vs. 0.76 0.9171
0.015 vs. 1.45 >0.9999 0.015 vs. 1.45 0.0025
0.015 vs. 4.23 0.9171 0.015 vs. 4.23 <0.0001
0.015 vs. 10.1 0.9171 0.015 vs. 10.1 <0.0001
0.032 vs. 0.078 >0.9999 0.032 vs. 0.078 >0.9999
0.032 vs. 0.11 >0.9999 0.032 vs. 0.11 >0.9999
0.032 vs. 0.26 >0.9999 0.032 vs. 0.26 >0.9999
0.032 vs. 0.41 >0.9999 0.032 vs. 0.41 0.9171
0.032 vs. 0.76 >0.9999 0.032 vs. 0.76 0.9171
0.032 vs. 1.45 >0.9999 0.032 vs. 1.45 0.0025
0.032 vs. 4.23 0.9171 0.032 vs. 4.23 <0.0001
0.032 vs. 10.1 0.9171 0.032 vs. 10.1 <0.0001
0.078 vs. 0.11 >0.9999 0.078 vs. 0.11 >0.9999
0.078 vs. 0.26 >0.9999 0.078 vs. 0.26 >0.9999
0.078 vs. 0.41 >0.9999 0.078 vs. 0.41 0.9171
0.078 vs. 0.76 >0.9999 0.078 vs. 0.76 0.9171
0.078 vs. 1.45 >0.9999 0.078 vs. 1.45 0.0025
0.078 vs. 4.23 0.9171 0.078 vs. 4.23 <0.0001
0.078 vs. 10.1 0.9171 0.078 vs. 10.1 <0.0001
0.11 vs. 0.26 >0.9999 0.11 vs. 0.26 >0.9999
0.11 vs. 0.41 >0.9999 0.11 vs. 0.41 0.9171
0.11 vs. 0.76 >0.9999 0.11 vs. 0.76 0.9171
0.11 vs. 1.45 >0.9999 0.11 vs. 1.45 0.0025
0.11 vs. 4.23 0.9171 0.11 vs. 4.23 <0.0001
0.11vs. 10.1 0.9171 0.11 vs. 10.1 <0.0001
0.26 vs. 0.41 >0.9999 0.26 vs. 0.41 0.9171
0.26 vs. 0.76 >0.9999 0.26 vs. 0.76 0.9171
0.26 vs. 1.45 >0.9999 0.26 vs. 1.45 0.0025
0.26 vs. 4.23 0.9171 0.26 vs. 4.23 <0.0001
0.26 vs. 10.1 0.9171 0.26 vs. 10.1 <0.0001
0.41 vs. 0.76 >0.9999 0.41 vs. 0.76 >0.9999

0.41 vs. 1.45 >0.9999 0.41 vs. 1.45 0.1347
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PHE

0.41 vs. 4.23
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0.76 vs. 4.23
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0vs. 4.23
0vs.7.48
0vs. 48.7
0 vs. 98.6
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>0.9999
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>0.9999
>0.9999
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>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999

0.41 vs. 4.23
0.41 vs. 10.1
0.76 vs. 1.45
0.76 vs. 4.23
0.76 vs. 10.1
1.45 vs. 4.23
1.45vs. 10.1
423 vs. 10.1
0wvs.0.21
0vs.0.71
0vs.1.15
0vs.2.26
0 vs. 3.45
0 vs. 4.23
0vs.7.48
0vs. 48.7
0 vs. 98.6
0vs.223.4
0.21 vs. 0.71
0.21vs.1.15
0.21 vs. 2.26
0.21 vs. 3.45
0.21 vs. 4.23
0.21 vs. 7.48
0.21 vs. 48.7
0.21 vs. 98.6
0.21 vs. 2234
0.71 vs. 1.15
0.71 vs. 2.26
0.71 vs. 3.45
0.71 vs. 4.23
0.71 vs.7.48
0.71 vs. 48.7
0.71 vs. 98.6
0.71 vs.223.4
1.15vs. 2.26
1.15vs. 3.45
1.15vs. 4.23
1.15vs. 748
1.15 vs. 48.7
1.15 vs. 98.6
1.15vs. 223.4
2.26 vs. 3.45
2.26 vs. 4.23
2.26 vs.7.48
2.26 vs. 48.7
2.26 vs. 98.6
2.26 vs. 223.4
3.45vs. 4.23
3.45vs.7.48
3.45 vs. 48.7

<0.0001
<0.0001
0.1347
<0.0001
<0.0001
0.1399
0.0027
0.9199
>0.9999
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.9998
0.9998
0.9998
0.9431
0.0231
<0.0001
<0.0001
<0.0001
>0.9999
>0.9999
0.9997
0.1266
0.0002
<0.0001
<0.0001
>0.9999
0.9997
0.1266
0.0002
<0.0001
<0.0001
0.9997
0.1266
0.0002
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FLT

3.45 vs. 98.6
3.45vs. 2234
4.23vs.7.48
4.23 vs. 48.7
4.23 vs. 98.6
423 vs.223.4
7.48 vs. 48.7
7.48 vs. 98.6
7.48 vs. 223.4
48.7 vs. 98.6
48.7 vs. 223.4
98.6 vs. 223.4
0vs.0.29
0vs. 0.81
0vs.2.14
0vs. 4.41
0vs. 991
0vs.20.4
0 vs. 45.6
0vs.91.6
0vs. 179
0 vs. 325
0.29 vs. 0.81
0.29 vs. 2.14
0.29 vs. 4.41
0.29 vs.9.91
0.29 vs.20.4
0.29 vs. 45.6
0.29 vs.91.6
0.29 vs. 179
0.29 vs. 325
0.81vs.2.14
0.81 vs. 4.41
0.81 vs.9.91
0.81 vs.20.4
0.81 vs. 45.6
0.81 vs.91.6
0.81 vs. 179
0.81 vs. 325
2.14 vs. 4.41
2.14vs.9.91
2.14 vs. 20.4
2.14 vs. 45.6
2.14vs.91.6
2.14 vs. 179
2.14 vs. 325
441 vs.9.91
441 vs.20.4
4.41 vs. 45.6
4.41vs.91.6
4.41 vs. 179

>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
0.3681
0.3681
0.3681
0.3681
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
>0.9999
>0.9999
>0.9999
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
>0.9999
>0.9999
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
>0.9999
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

3.45 vs. 98.6
3.45vs. 2234
4.23 vs.7.48
423 vs.48.7
4.23 vs. 98.6
4.23 vs.223.4
7.48 vs. 48.7
7.48 vs. 98.6
748 vs. 2234
48.7 vs. 98.6
48.7 vs. 223.4
98.6 vs. 223.4
0vs.0.29
0wvs. 0.81
0vs.2.14
0vs. 4.41
0vs.9.91
0 vs. 20.4
0 vs. 45.6
0vs.91.6
0vs. 179
0 vs. 325
0.29 vs. 0.81
0.29 vs. 2.14
0.29 vs. 4.41
0.29 vs.9.91
0.29 vs.20.4
0.29 vs. 45.6
0.29 vs.91.6
0.29 vs. 179
0.29 vs. 325
0.81 vs. 2.14
0.81 vs. 4.41
0.81 vs.9.91
0.81 vs. 20.4
0.81 vs. 45.6
0.81 vs.91.6
0.81 vs. 179
0.81 vs. 325
2.14 vs. 4.41
2.14vs. 991
2.14 vs. 20.4
2.14 vs. 45.6
2.14vs.91.6
2.14 vs. 179
2.14 vs. 325
441 vs.9.91
4.41vs. 204
4.41 vs.45.6
4.41vs.91.6
4.41 vs. 179

<0.0001
<0.0001
0.4558
0.0017
<0.0001
<0.0001
0.4558
0.0017
<0.0001
0.4558
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
>0.9999
0.0006
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0006
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.8354
0.096
0.0035
0.0035
0.0035
0.0035
0.0035
>0.9999
0.8354
0.8354
0.8354
0.8354
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BKF

4.41 vs. 325
9.91 vs. 20.4
9.91 vs. 45.6
9.91 vs.91.6
9.91 vs. 179
9.91 vs. 325
20.4 vs. 45.6
20.4vs.91.6
20.4 vs. 179
20.4 vs. 325
45.6 vs. 91.6
45.6 vs. 179
45.6 vs. 325
91.6 vs. 179
91.6 vs. 325
179 vs. 325
0 vs. 0.016
0vs.0.41
0vs.0.78
0 vs. 0.98
Ovs.24
0vs.5.3
0vs.10.4
0vs.19.5
0vs.41.7
0 vs. 84.6
0.016 vs. 0.41
0.016 vs. 0.78
0.016 vs. 0.98
0.016 vs. 2.4
0.016 vs. 5.3
0.016 vs. 10.4
0.016 vs. 19.5
0.016 vs. 41.7
0.016 vs. 84.6
0.41 vs.0.78
0.41 vs. 0.98
041vs.24
0.41 vs. 5.3
0.41vs.10.4
0.41 vs.19.5
0.41 vs. 41.7
0.41 vs. 84.6
0.78 vs. 0.98
0.78 vs. 2.4
0.78 vs. 5.3
0.78 vs. 10.4
0.78 vs. 19.5
0.78 vs. 41.7
0.78 vs. 84.6
098 vs.2.4

<0.0001
>0.9999
>0.9999
0.3681
0.0441
<0.0001
>0.9999
0.3681
0.0441
<0.0001
0.3681
0.0441
<0.0001
>0.9999
0.0083
0.096
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
0.1357
0.1357
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
0.1357
0.1357
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
0.1357
0.1357
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
0.1357
0.1357
>0.9999

4.41 vs. 325
9.91 vs. 20.4
9.91 vs. 45.6
9.91 vs.91.6
9.91 vs. 179
9.91 vs. 325
20.4 vs. 45.6
20.4vs.91.6
20.4 vs. 179
20.4 vs. 325
45.6 vs. 91.6
45.6 vs. 179
45.6 vs. 325
91.6 vs. 179
91.6 vs. 325
179 vs. 325
0vs.0.016
0vs. 041
0vs.0.78
0 vs. 0.98
0vs.2.4
0vs.5.3
0vs.10.4
0vs.19.5
0vs.41.7
0 vs. 84.6
0.016 vs. 0.41
0.016 vs. 0.78
0.016 vs. 0.98
0.016 vs. 2.4
0.016 vs. 5.3
0.016 vs. 10.4
0.016 vs. 19.5
0.016 vs. 41.7
0.016 vs. 84.6
0.41 vs. 0.78
0.41 vs. 0.98
0.41vs.24
0.41 vs. 5.3
0.41vs.10.4
0.41 vs. 19.5
0.41 vs. 41.7
0.41 vs. 84.6
0.78 vs. 0.98
0.78 vs. 2.4
0.78 vs. 5.3
0.78 vs. 10.4
0.78 vs. 19.5
0.78 vs. 41.7
0.78 vs. 84.6
0.98 vs. 2.4

0.8354
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999
>0.9999

0.9176

0.1357

0.0026

0.0026

0.0026

0.0026
<0.0001
<0.0001
>0.9999

0.9176

0.1357

0.0026

0.0026

0.0026

0.0026
<0.0001
<0.0001

0.9176

0.1357

0.0026

0.0026

0.0026

0.0026
<0.0001
<0.0001

0.9176

0.1357

0.1357

0.1357

0.1357
<0.0001
<0.0001

0.9176
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0.98 vs.5.3 >0.9999 0.98 vs. 5.3 0.9176
0.98 vs. 10.4 >0.9999 0.98 vs. 10.4 0.9176
0.98 vs. 19.5 >0.9999 0.98 vs. 19.5 0.9176
0.98 vs. 41.7 0.1357 0.98 vs. 41.7 0.0026
0.98 vs. 84.6 0.1357 0.98 vs. 84.6 <0.0001

24vs.53 >0.9999 24vs.53 >0.9999
24vs.10.4 >0.9999 24vs.10.4 >0.9999
24vs.19.5 >0.9999 24vs.19.5 >0.9999
24 vs.41.7 0.1357 24vs.41.7 0.1357
24 vs. 84.6 0.1357 24 vs. 84.6 0.0026
5.3 vs. 10.4 >0.9999 5.3 vs.10.4 >0.9999
53vs.19.5 >0.9999 53vs.19.5 >0.9999
53 vs. 41.7 0.1357 53 vs. 41.7 0.1357
5.3 vs. 84.6 0.1357 5.3 vs. 84.6 0.0026
10.4 vs. 19.5 >0.9999 10.4 vs. 19.5 >0.9999
10.4 vs. 41.7 0.1357 10.4 vs. 41.7 0.1357
10.4 vs. 84.6 0.1357 10.4 vs. 84.6 0.0026
19.5 vs. 41.7 0.1357 19.5vs. 41.7 0.1357
19.5 vs. 84.6 0.1357 19.5 vs. 84.6 0.0026
41.7 vs. 84.6 >0.9999 41.7 vs. 84.6 0.9176

Table S4. LC50 and 95% confidence intervals (IC) calculated after 24 h and 48 h of naphthalene
(NAP), phenanthrene (PHE), fluoranthene (FLT) and benzo(k)fluoranthene (BkF) exposure on both
nauplii and adults. The data were expressed in mg/L. n.a.= not available

Nauplii Adults
24h 48 h 24 h 48 h
LC50 IC LC50 IC LC50 IC LC50 IC
NAP 1.73 1.52-46.28 0.40 0.21-90.38 0.11 0.02-12.06 44.31 5.81-268.12
PHE 444 3.66-56.76 3.07 1.32-81.01 n.a. n.a. 1.68 1.35-234.09
FLT 1.30 0.45-107.5 0.09 0.01-99.1 32.03 0.10-120.08 0.77 0.10-103.67
BKF n.a. n.a. n.a. n.a. 28.67 0.5-36.67 6.12 0.05-48.72

Table S5. Data of expression levels in adults exposed to NAP, PHE, FLT and BkF, were reported as
a fold difference (in red up-expressed genes; in green down-expressed genes) from control (repre-
sented by adults of crustaceans reared in SW without contaminants) for 48 h. Fold differences
greater than + 1.5 were considered significant.

Naphthalene Phenanthrene Fluoranthene Benzo-k-fluoranthene

Stress hsp26

hsp60
hsp70
COXI

COXIII

-2.16
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Table S6. Data of expression levels in adults exposed to NAP, PHE, FLT and BkF, were reported as
a fold difference (in red up-expressed genes; in green down-expressed genes) from control (repre-
sented by adults of crustaceans reared in SW without contaminants) for 48 h. Fold differences
greater than + 1.5 were considered significant.

NAP PHE FLT BKF
Stress hsp26 -1.81 270 0.95 123
hsp60 0.42
hsp70 0.67
COXI -0.82
COXIII -0.83
Development/differentiation HAD-like -4.4845
tep
UcCp2
CDC48

Gene name A. franciscana H. sapiens
heat shock protein 26 hsp26 HSPB1
haloacid dehalogenase-like hydrolase HAD-like CECR5
heat shock protein 70 hsp70 HSPA4
chaperonin-containing TCP tcp MKKS
mitochondrial uncoupling protein 2 ucp2 uceP2

heat shock protein 60 hsp60 HSPD1
Cytochrome c oxidase subunit | coxi MT-CO1
Cytochrome c oxidase subunit Il coxii MT-CO3
Cell division control protein 48 CDC48 vcpP

Figure S1. (A) Interactomic analysis by STRING (https://string-db.org/). The network graphically
displays the relationship between genes. The biological relationships between genes are indicated
by different colours. Known interactions: reported by database = light blue and determined experi-
mentally = pink. Expected interactions: gene proximity= green; gene fusion = red; genes with similar
pattern =light blue. (B) Human gene names and the corresponding A. franciscana orthologous genes.
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