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Abstract: This study initially measured labile phosphorus (Labile P), soluble reactive phosphorus (SRP), ammonium (NH4+),
nitrite (NO2-), and nitrate (NO3-) in the sediment of Lake Ulansuhai using in situ, self-developed, two-dimensional miniaturized
diffusive gradients in thin films (2D-MDGT) and planar optode (PO) techniques. Additionally, it assessed the distribution of
micro-environmental characteristics such as pH and dissolved oxygen (DO) during both freezing and non-freezing periods.
Subsequently, the combined fluxes of Labile P, SRP, NH4", NO,, and NO; across the sediment-water interface (SWI) were

analyzed. The results revealed significant spatial and temporal heterogeneity in the concentrations of these five nitrogen (N) and
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phosphorus (P) species within sediment profiles (p<0.05). During the freezing period, the average concentrations of Labile-P, SRP,
NH,*, NO, and NO5” were 0.0060 + 0.0050 mg/L, 0.096 + 0.070 mg/L, 2.7 + 0.50 mg/L, 0.15 £ 0.061 mg/L, and 0.48 + 0.48 mg/L,
respectively, which were significantly lower than those during the unfreezing period (0.060 + 0.036 mg/L, 0.15 £ 0.16 mg/L, 24
+1.7mg/L, 0.36 + 0.042 mg/L, and 1.36 + 1.1 mg/L, respectively). Vertically within sediment layers, concentrations of labile P,
SRP ,and NH," exhibited an increasing trend with depth while concentrations of NO; - decreased with depth . In contrast, there
was no significant variation observed in nitrite concentration with depth. Horizontally, higher concentrations of N & P species
were found in northern regions compared to other areas which can be attributed to greater accumulation rates along with intense
reductive processes consuming oxygen. The in-situ exchange fluxes of Labile P, SRP, NH,*, NO,” and NOs™ ranged from -0.32 to
26 pg/(m?-d), -3.9 to 36 ug/(m*-d), -18 to 6.9 mg/(m?>-d), -1.5 to 8.0 mg/(m*-d), and -0.22 to 0.15 mg/(m?*-d), respectively. Notably,
the unfreezing period demonstrated a pronounced release rate concerning N & P which considerably heightens risks associated
with water quality deterioration within this lake ecosystem.

Keywords: Synchronized in situ monitoring; freezing and unfreezing; nutrients; Lake Ulansihai; sediment-water interface
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Fig. 1 Distribution of sampling sites and devices of Lake Ulansuhai
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Fig. 2 1D distribution of pH and DO across the SWI at Lake Ulansuhai
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