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Abstract

In the context of multiple global stressors, aquatic ecosystems are increasingly affected by combined
pressures such as heavy metal pollution and eutrophication. To investigate the interactive effects of
arsenic (As) contamination and eutrophication on primary productivity and their seasonal variations,
an outdoor controlled experiment was conducted. Two nutrient levels (low and high) and 16 arsenic
concentration gradients (0~1000 ng/L) were established. The dynamic changes of total nitrogen (TN),
total phosphorus (TP), and chlorophyll a (Chla) in the water were compared and analyzed using a gen-
eralized additive model (GAM) to examine the effects of various environmental factors on chlorophyll
a. The results showed that arsenic concentrations remained stable across treatment groups through-
out the experiment, while TN, TP, and Chla concentrations exhibited clear differentiation. Among indi-
vidual environmental factors, nutrient level had the most significant impact on chlorophyll a (Rz =
0.7429, F = 9.815, p < 0.001). Arsenic (RZ = 0.3937, F = 2.6117, p < 0.001) and total phosphorus (R2 =
0.3829, F = 1.7558, p < 0.001) also demonstrated highly significant independent effects, while total ni-
trogen showed a significant independent effect (Rz = 0.1803, F = 1.5434, p = 0.02). These results indi-
cate that nutrient level was the key limiting factor for phytoplankton growth in this experimental sys-
tem, while both arsenic and nutrient (N, P) inputs served as important drivers regulating algal biomass.
The response patterns of chlorophyll a to arsenic differed across nutrient backgrounds: in the low-nu-
trient group, chlorophyll a showed a gradual increasing trend with rising arsenic concentrations,
whereas in the high-nutrient group, it exhibited an initial increase followed by a decrease. This sug-
gests that the ecological effect of arsenic is modulated by background nutrient conditions. The interac-
tion between arsenic and nutrients had a highly significant effect on chlorophyll a concentration (Rz =
0.79, F = 36.86, p < 0.001), with a magnitude substantially exceeding the independent effects of each
environmental factor. These findings indicate that the effects of arsenic and nutrients as individual
stressors on chlorophyll a concentration are not governed by a single mechanism. This underscores
the need, in the context of multiple stressors, to pay simultaneous attention to the independent and
potential combined effects of nutrient inputs and toxic pollutants on aquatic ecosystems. The study
provides insights for water environment management and policies related to composite pollution risk
assessment.
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Table 1. Experimental concentration setup

F 1 KERERE

BLEIRE (ug/l) RE TR HE IR
0 1,2 18,19
10 3 20
20 4 21
40 5 22
60 6 23
90 7 24

120 8 25
150 9 26
200 10 27
250 11 28
300 12 29
350 13 30
450 14 31
550 15 32
750 16 33
1000 17 34
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Figure 1. Experimental procedure flow chart
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Figure 2. Graphs showing changes in water quality indicators with arsenic concentration (a: arsenic concentration, b: chloro-
phyll a, c: total nitrogen, d: total phosphorus)
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Table 2. Generalized Additive Model (GAM) analysis results
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