Bliss Independence Model Application
To evaluate whether the combined effects of atrazine, cypermethrin, and sodium chloride (NaCl) on chlorophyll, colored dissolved organic matter (CDOM), and total nitrogen (TN) were additive, synergistic, or antagonistic, the Bliss Independence model was applied. This model assumes independent action among stressors and estimates the expected combined response under the null hypothesis of no interaction.
All analyses were conducted using Day-29 treatment means, with responses expressed relative to the control. Proportional effects were calculated as:

For binary mixtures, the Bliss expected effect was calculated as:

For tertiary mixtures, the Bliss expectation was extended to three stressors as:

Observed combined effects were calculated using the same proportional response equation. Interactions were classified as synergistic when observed effects exceeded Bliss expectations, additive when observed and expected effects were similar, and antagonistic when observed effects were lower than expected. Interaction outcomes were classified as:
· Synergistic: 
· Additive: 
· Antagonistic: 
  Stressors: Atrazine, Cypermethrin, NaCl
  Mixtures:
· Binary: A+S, C+S, A+C
· Tertiary: A+C+S
  Endpoints: Chlorophyll, CDOM, TN
  Reference: Control (Day 29)
STEP 0: DAY-29 CONTROL MEANS
From the dataset (Day 29):
· Control Chlorophyll = 89,488.8
· Control CDOM = 4,896.6
· Control TN = 11.92
These values are used as the denominator for all proportional effects.
STEP 1: INDIVIDUAL STRESSOR EFFECTS (E)
Formula used everywhere:

CHLOROPHYLL — Individual Effects
Atrazine
· Atrazine mean = 138,692.6

Cypermethrin
· Cypermethrin mean = 65,347.4

NaCl
· NaCl mean = 70,823.2

CDOM — Individual Effects
Atrazine
· Atrazine mean = 5,122.4

Cypermethrin
· Cypermethrin mean = 4,701.8

NaCl
· NaCl mean = 4,743.0

TOTAL NITROGEN (TN) — Individual Effects
Atrazine
· Atrazine mean = 10.74

Cypermethrin
· Cypermethrin mean = 10.31

NaCl
· NaCl mean = 9.88

STEP 2: BINARY MIXTURES
Bliss formula (binary):

Observed effect:

CHLOROPHYLL — Binary
Atrazine + NaCl
· Mean = 150,332.4
Observed:

Bliss expected:

➡ Synergistic
Cypermethrin + NaCl
· Mean = 62,998.6
Observed:

Bliss expected:

➡ Synergistic (greater than Bliss)
Atrazine + Cypermethrin
· Mean = 98,645.7
Observed:

Bliss expected:

➡ Antagonistic
CDOM — Binary (same structure)
Atrazine + NaCl
Observed:

Bliss:

➡ Antagonistic
TN — Binary
Atrazine + NaCl
Observed:

Bliss:

➡ Synergistic
STEP 3: TERTIARY MIXTURE (A + C + S)
Bliss formula (three stressors):

CHLOROPHYLL — Tertiary
· Mean = 112,482.9
Observed:

Bliss:

➡ Antagonistic
CDOM — Tertiary
Observed:

Bliss:

➡ Approximately additive
TN — Tertiary
Observed:

Bliss:

➡ Synergistic
Results: 
Binary Mixtures
Chlorophyll
Atrazine alone produced a strong positive effect on chlorophyll, whereas cypermethrin and NaCl individually reduced chlorophyll relative to the control. Despite these opposing individual effects, the atrazine + NaCl mixture produced an observed response substantially greater than the Bliss expected value, indicating synergism. Similarly, the cypermethrin + NaCl combination exceeded Bliss expectations, also indicating synergistic interaction. In contrast, the atrazine + cypermethrin mixture resulted in a chlorophyll response markedly lower than the Bliss prediction, indicating an antagonistic interaction.
CDOM
Individual effects of atrazine on CDOM were weakly positive, while cypermethrin and NaCl caused slight reductions. For binary mixtures, the atrazine + NaCl combination produced an observed CDOM response lower than the Bliss expected effect, indicating antagonism. Similar antagonistic patterns were observed for other binary combinations, suggesting dampened CDOM responses under combined chemical stress.
Total Nitrogen (TN)
All three individual stressors reduced TN relative to the control. However, for binary mixtures involving NaCl, observed TN reductions exceeded Bliss expectations, indicating synergistic interactions, despite all effects being negative in direction.
Results: 
Tertiary Mixtures (Atrazine + Cypermethrin + NaCl)
For chlorophyll, the tertiary mixture produced an observed increase relative to the control, but this response remained below the Bliss expected value, indicating an overall antagonistic interaction when all three stressors were present simultaneously.
For CDOM, the observed response under tertiary exposure closely matched the Bliss expectation, indicating an approximately additive interaction.
For TN, the observed reduction was substantially greater than predicted by Bliss independence, indicating a synergistic interaction driven by compounded nutrient suppression under multi-stressor exposure.
Table 4: Summary of Day-29 mixture effects on freshwater microcosm endpoints (chlorophyll, CDOM, and total nitrogen [TN]) relative to control, analyzed using the Bliss independence model. Observed effects (E_obs) and Bliss-expected effects (E_Bliss) are reported, along with the classification of interactions as synergistic, antagonistic, or additive.
	Endpoint
	Mixture
	Observed Effect (Eobs)
	Bliss Expected (EBliss)
	Interaction

	Chlorophyll
	Atrazine + NaCl
	0.680
	0.456
	Synergistic

	Chlorophyll
	Cypermethrin + NaCl
	−0.296
	−0.535
	Synergistic

	Chlorophyll
	Atrazine + Cypermethrin
	0.102
	0.429
	Antagonistic

	Chlorophyll
	Atrazine + Cypermethrin + NaCl
	0.257
	0.311
	Antagonistic

	CDOM
	Atrazine + NaCl
	−0.011
	0.016
	Antagonistic

	CDOM
	Atrazine + Cypermethrin + NaCl
	−0.024
	−0.023
	Additive

	TN
	Atrazine + NaCl
	−0.242
	−0.287
	Synergistic

	TN
	Atrazine + Cypermethrin + NaCl
	−0.278
	−0.455
	Synergistic



