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Figure S1. Transformation of movement data in the developmental neurotoxicity assay. 
Zebrafish were semi-statically exposed to 4.4-80.0 µM ADONA, PFOA, PFESA1, PFHxA or 
PFHxS, 0.2-3.1 µM PFOS, or DMSO as a vehicle control (0.4%) daily from 0-5 dpf. At 6 dpf, 
larvae were assessed for developmental toxicity. Morphologically normal larvae with inflated 
swim bladders were subjected to behavioral testing. QQ plots are shown for distance moved 
during each 20 min period (light or dark) with (A, D) unadjusted single value imputations, (B, E) 
square-root adjusted single value imputations, and (C, F) square-root adjusted data with multiple 
value imputations. Data points that were below the limit of detection (LOD) (0.135 cm) in the 
light (red dots) or dark (blue dots) periods are indicated. For all chemicals except PFESA1, 14-23 
larvae were tested per chemical concentration and the same DMSO control larvae (n=394) were 
used. PFESA1 was tested separately (n=35-40 per chemical per concentration; 339 DMSO control 
larvae were evaluated). 

Figure S2. Relationship between LOD values and time or chemical concentration. Zebrafish 
were semi-statically exposed to 4.4-80.0 µM ADONA, PFOA, PFESA1, PFHxA or PFHxS, 0.2-
3.1 µM PFOS, or DMSO as a vehicle control (0.4%) daily from 0-5 dpf. At 6 dpf, larvae were 
assessed for developmental toxicity. Morphologically normal larvae with inflated swim bladders 
were subjected to behavioral testing, square-root adjustment, and multiple value imputations. The 
number of data points that were <LOD (0.135 cm) in the light period were plotted against (A) 
time or chemical concentration for (B) PFOS, (C) PFHxS, (D) PFHxA, (E) PFOA, (F) ADONA, 
or (G) PFESA1. An inverse trend between time and measurements <LOD was observed. A more 
modest inverse relationship between chemical concentration and measurements <LOD was also 
observed for chemicals that caused light-phase hyperactivity (i.e. PFOS and PFHxS). For all 
chemicals except PFESA1, 14-23 larvae were tested per chemical concentration and the same 
DMSO control larvae (n=394) were used. PFESA1 was tested separately (n=35-40 per chemical 
per concentration; 339 DMSO control larvae were evaluated). 



Figure S3. Changes in movement of zebrafish exposed to ADONA, PFOA, PFESA1, 
PFHxA, PFHxS, or PFOS. Zebrafish were semi-statically exposed to 4.4-80.0 µM ADONA, 
PFOA, PFESA1, PFHxA or PFHxS, 0.2-3.1 µM PFOS, or 0.4% DMSO daily from 0-5 dpf. At 6 
dpf, larvae were assessed for developmental toxicity. Morphologically normal larvae with inflated 
swim bladders were subjected to behavioral testing. Changes in movement across the light (A, C, 
E, G, I, K) or dark (B, D, F, H, J, L) period are shown. For all chemicals except PFESA1, 14-23 
larvae were tested per chemical concentration and the same DMSO control larvae (n=394) were 
used. PFESA1 was tested separately (n=35-40 per chemical per concentration; 339 DMSO control 
larvae were evaluated). Data were square-root adjusted with multiple value imputations for non-
detects. A mixed model was used to assess global dose-related effects on mobility, and each 
group was compared to the control group to determine significance (p<0.05). 

Figure S4. Estimated differences in movement of zebrafish based on mixed model 
predictions for light and dark period data. Estimates for light period data were based 
differences in movement between time period T20 and T10. Estimates for dark period data were 
based on differences in movement between time period T40 and T30. Each point for a given 
chemical corresponds to a different test concentration. 

Figure S5. GenX Free Acid Stock Degradation. 20 mM GenX Free Acid stocks were prepared 
in 20 ml glass vials. Fresh solution was retained in the glass vial and a subset was added to a 
plastic microcentrifuge tube. Samples from plastic and glass containers were collected and 
analyzed immediately afterwards. Stocks were stored at room temperature in the dark. Samples 
were collected and analyzed 24 hr later. 

Figure S6. Changes in movement of zebrafish exposed to GenX Free Acid diluted in DI 
water. Zebrafish were semi-statically exposed to 4.4-80.0 µM GenX Free Acid in DI water as a 
vehicle control daily from 0-5 dpf. At 6 dpf, larvae were assessed for developmental toxicity. 
Morphologically normal larvae with inflated swim bladders were subjected to behavioral testing. 
(A) Changes in movement across the light period or (B) dark period are shown. 17-21 larvae were 
tested per chemical concentration and 161 control larvae were used. Data were square-root 
adjusted with multiple value imputations for non-detects. A mixed model was used to assess 
global dose-related effects on mobility, and each group was compared to the control group to 
determine significance (p<0.05). 

Figure S7. Estimated differences in movement of zebrafish based on mixed model 
predictions for light and dark period data. Estimates for light period data were based 
differences in movement between time period T20 and T10. Estimates for dark period data were 
based on differences in movement between time period T40 and T30. Each point corresponds to a 
different test concentration. 

 

 

 



Figure S8. Changes in movement of zebrafish exposed to aliphatic sulfonic acid PFAS. 
Zebrafish were semi-statically exposed to 5.5-100.0 µM PFBS, 3.1-56.0 µM PFPeS, 3.1-31.4 µM 
PFHxS, 1.7-9.8 µM PFHpS, 0.5-1.7 µM PFOS, or 0.4% DMSO as a vehicle control daily from 0-
5 dpf. At 6 dpf, larvae were assessed for developmental toxicity. Morphologically normal larvae 
with inflated swim bladders were subjected to behavioral testing. (A, C, E, G, I) Changes in 
movement across the light period or (B, D, F, H, J) dark period are shown. For all chemicals 
except PFPeS, 14-25 larvae were tested per chemical concentration and the same DMSO control 
larvae (n=327) were used. PFPeS was tested separately (n=21-22 per chemical per concentration; 
186 DMSO control larvae were evaluated). Data were square-root adjusted with multiple value 
imputations for non-detects. A mixed model was used to assess global dose-related effects on 
mobility, and each group was compared to the control group to determine significance (p˂0.05). 

Figure S9. Estimated differences in movement of zebrafish based on mixed model 
predictions for light and dark period data. Estimates for light period data were based 
differences in movement between time period T20 and T10. Estimates for dark period data were 
based on differences in movement between time period T40 and T30. Each point for a given 
chemical corresponds to a different test concentration. 
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Supplemental Figures 

Figure S1: Transformation of movement data in the developmental neurotoxicity assay. 

Zebrafish were semi-statically exposed to 4.4-80.0 µM ADONA, PFOA, PFESA1, PFHxA or 

PFHxS, 0.2-3.1 µM PFOS, or DMSO as a vehicle control (0.4%) daily from 0-5 dpf. At 6 dpf, 

larvae were assessed for developmental toxicity. Morphologically normal larvae with inflated 

swim bladders were subjected to behavioral testing. QQ plots are shown for distance moved during 

each 20 min period (light or dark) with (A, D) unadjusted single value imputations, (B, E) square-

root adjusted single value imputations, and (C, F) square-root adjusted data with multiple value 

imputations. Data points that were below the limit of detection (LOD) (0.135 cm) in the light (red 

dots) or dark (blue dots) periods are indicated. For all chemicals except PFESA1, 14-23 larvae 

were tested per chemical concentration and the same DMSO control larvae (n=394) were used. 

PFESA1 was tested separately (n=35-40 per chemical per concentration; 339 DMSO control larvae 

were evaluated).



Figure S2: Relationship between LOD values and time or chemical concentration. Zebrafish 

were semi-statically exposed to 4.4-80.0 µM ADONA, PFOA, PFESA1, PFHxA or PFHxS, 0.2-

3.1 µM PFOS, or DMSO as a vehicle control (0.4%) daily from 0-5 dpf. At 6 dpf, larvae were 

assessed for developmental toxicity. Morphologically normal larvae with inflated swim bladders 

were subjected to behavioral testing, square-root adjustment, and multiple value imputations. The 

number of data points that were <LOD (0.135 cm) in the light period were plotted against (A) time 

or chemical concentration for (B) PFOS, (C) PFHxS, (D) PFHxA, (E) PFOA, (F) ADONA, or (G) 

PFESA1. An inverse trend between time and measurements <LOD was observed. A more modest 

inverse relationship between chemical concentration and measurements <LOD was also observed 

for chemicals that caused light-phase hyperactivity (i.e. PFOS and PFHxS). For all chemicals 

except PFESA1, 14-23 larvae were tested per chemical concentration and the same DMSO control 

larvae (n=394) were used. PFESA1 was tested separately (n=35-40 per chemical per 

concentration; 339 DMSO control larvae were evaluated).  



 



 



Figure S3: Changes in movement of zebrafish exposed to ADONA, PFOA, PFESA1, PFHxA, 

PFHxS, or PFOS. Zebrafish were semi-statically exposed to 4.4-80.0 µM ADONA, PFOA, 

PFESA1, PFHxA or PFHxS, 0.2-3.1 µM PFOS, or 0.4% DMSO daily from 0-5 dpf. At 6 dpf, 

larvae were assessed for developmental toxicity. Morphologically normal larvae with inflated 

swim bladders were subjected to behavioral testing. Changes in movement across the light (A, C, 

E, G, I, K) or dark (B, D, F, H, J, L) period are shown. For all chemicals except PFESA1, 14-23 

larvae were tested per chemical concentration and the same DMSO control larvae (n=394) were 

used. PFESA1 was tested separately (n=35-40 per chemical per concentration; 339 DMSO control 

larvae were evaluated). Data were square-root adjusted with multiple value imputations for non-

detects. A mixed model was used to assess global dose-related effects on mobility, and each group 

was compared to the control group to determine significance (p<0.05).  

  



 

Figure S4: Estimated differences in movement of zebrafish based on mixed model 

predictions for light and dark period data. Estimates for light period data were based 

differences in movement between time period T20 and T10. Estimates for dark period data were 

based on differences in movement between time period T40 and T30. Each point for a given 

chemical corresponds to a different test concentration.  

 

  



 

Figure S5: GenX Free Acid Stock Degradation. 20 mM GenX Free Acid stocks were prepared 

in 20 ml glass vials. Fresh solution was retained in the glass vial and a subset was added to a 

plastic microcentrifuge tube. Samples from plastic and glass containers were collected and 

analyzed immediately afterwards. Stocks were stored at room temperature in the dark. Samples 

were collected and analyzed 24 hr later. 

  



 
Figure S6: Changes in movement of zebrafish exposed to GenX Free Acid diluted in DI 

water. Zebrafish were semi-statically exposed to 4.4-80.0 µM GenX Free Acid in DI water as a 

vehicle control daily from 0-5 dpf. At 6 dpf, larvae were assessed for developmental toxicity. 

Morphologically normal larvae with inflated swim bladders were subjected to behavioral testing. 

(A) Changes in movement across the light period or (B) dark period are shown. 17-21 larvae 

were tested per chemical concentration and 161 control larvae were used. Data were square-root 

adjusted with multiple value imputations for non-detects. A mixed model was used to assess 

global dose-related effects on mobility, and each group was compared to the control group to 

determine significance (p<0.05).  

 

 

 

 

 

 



 

Figure S7: Estimated differences in movement of zebrafish based on mixed model 

predictions for light and dark period data. Estimates for light period data were based 

differences in movement between time period T20 and T10. Estimates for dark period data were 

based on differences in movement between time period T40 and T30. Each point corresponds to 

a different test concentration. 



 



 

Figure S8: Changes in movement of zebrafish exposed to aliphatic sulfonic acid PFAS. 

Zebrafish were semi-statically exposed to 5.5-100.0 µM PFBS, 3.1-56.0 µM PFPeS, 3.1-31.4 µM 

PFHxS, 1.7-9.8 µM PFHpS, 0.5-1.7 µM PFOS, or 0.4% DMSO as a vehicle control daily from 0-

5 dpf. At 6 dpf, larvae were assessed for developmental toxicity. Morphologically normal larvae 

with inflated swim bladders were subjected to behavioral testing. (A, C, E, G, I) Changes in 

movement across the light period or (B, D, F, H, J) dark period are shown. For all chemicals except 

PFPeS, 14-25 larvae were tested per chemical concentration and the same DMSO control larvae 

(n=327) were used. PFPeS was tested separately (n=21-22 per chemical per concentration; 186 

DMSO control larvae were evaluated). Data were square-root adjusted with multiple value 

imputations for non-detects. A mixed model was used to assess global dose-related effects on 

mobility, and each group was compared to the control group to determine significance (p˂0.05).  



 

Figure S9: Estimated differences in movement of zebrafish based on mixed model 

predictions for light and dark period data. Estimates for light period data were based 

differences in movement between time period T20 and T10. Estimates for dark period data were 

based on differences in movement between time period T40 and T30. Each point for a given 

chemical corresponds to a different test concentration. 


