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Abstract: This study researches the Songtao River basin, which is located in the core area of so called “Manganese Triangle Area in
China. Statistical method was utilized to analyze the 18 water quality indexes of 17 monitoring sections in Songtao River obtained
from year 2011 to 2019; emphases were made on contaminative features, spatio-temporal variations and source analysis of the major
contaminants in Songtao River, e.g. NH3;-N and Mn; the ecological risks of characteristic pollutants in Songtao River were evaluated
by quotient method and safety threshold method respectively. The results show that Songtao River basin is mainly polluted by NH;-N
and Mn, which are positively correlated at the level of P < 0.0001denoting a homology. Wastewater from the electrolytic manganese
enterprises and leaching liquor from the landfill are the dominant sources of NH;-N and Mn. The spatio-temporal variations of
NH;-N and Mn are basically the same, and their contaminative degree in major monitoring sections is closely related to the spatial
distributions of electrolytic manganese enterprises and slag landfills. On the time dimension, the pollution in Songtao River basin has
gradually declined yearly while the case for Muchi River, a branch of Songtao River, is on the opposite. Regarding aquatic organism
exposure, two evaluative methods were applied to estimate the effects of the two major toxins on Songtao River water. The quotient
method demonstrates the acute and chronic toxic effects as 10.37% and 44.93% for NH;-N, 69.81% and 77.89% for Mn; While the
safety threshold method denotes the acute and chronic toxic effects to be 5.6% and 24.33% for NH3-N, 34% and 90% for Mn. A
significant variation was noticed between the evaluations of the two methods. The quotient method was more conservative, which
shows double risk levels of safety threshold method assessed for the NH;-N chronic and acute toxicity and Mn chronic toxicity. The
current water quality standard for Songtao River is higher than the safe concentrations of NH3;-N and Mn, which brings an
“unprotecting” condition for the aquatic organisms in Songtao River. We suggest that the investigation on aquatic species in the
Songtao River, the collection for toxicity data and the experiments on biological toxicology should be carried out, and the water
quality standard of characteristic pollutants in Songtao River should be optimized as the scientific basis for formulating the regional
water quality standards, which in turn to realize the differentiated risk management and ensure the ecological safety of water
environment.
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Fig.1 Locations and distributions of the study area, electrolytic manganese enterprises, tailing landfills and sampling points
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Table 1 List of monitoring section settings on the main stream

and tributaries in Songtao River basin
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Table 2 The descriptive statistics of surface water quality

indicators in Songtao River basin

KRR WoME KME B bR BRARN
JKHR(C) 5.0 29.5 15.4 7.8 0.506

pH {8 7.2 8.4 7.6 0.2 0.026

R4 (mg/L) 7.1 9.5 8.4 0.4 0.048
AR R (mg/L)  1.100  3.500 1.730  0.523 0.302
S (mg/L) 0.010  0.900  0.068 0.129 1.897

S (me/L) 0.070 0350 0172  0.053  0.308

AR (mg/L) 0.025 153.000 2.705  7.144  0.833
Hil(mg/L) BDL - - - -
¥ (mg/L) BDL - - - -
fili(mg/L) BDL - - - -
fifi(mg/L) BDL - - - -
K(mg/L) BDL - - - -
#(mg/L) BDL - - - -

ANYE (mg/L) 0.004  0.016  0.001 0.003 3.000
Hi(mg/L) BDL - - - -

HAH)(mg/L) BDL - - - -
AP (mg/L) BDL - - - -
ffi(mg/L) 0.001 35400 1.708 1360  3.687
1 :“BDL 2 7R T A W B 1 00 438 B (8 HH B ): 47 (0.001L); £¥(0.05L);
fifi(0.003L); fi#1(0.007L); 7K (0.00005L); 4% (0.001L); 45(0.01L); &AL ¥
(0.002L);Bi 4k 41(0.005L).
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Fig.2 Plots of accumulative frequency for ammonia nitrogen and manganese in Songtao River surface water
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Table 3 Correlative matrix of the surface water quality

indicators in Songtao River basin
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Fig. 3 Correlation analysis between ammonia nitrogen and

manganese concentrations

2.3 PRI Hh 2 K s SRV P I 25 AR 5 K75

LR ERT

K4 AR RIS R K AR S RN IR I 2 A
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Table 4 Ecological risks of ammonia nitrogen and manganese

in the freshwaters of Songtao River basin using quotient

method
AR %

B4

o W At it A
WQC(ug/L) 1000 6000 94 39.1
To A 55.07 89.63 22.11 30.19
AR i ﬁ)ﬁk[ﬁi 39.316 10.20 18.55 29.02
EL181(%) " : ' : :

A 5.77 0.17 59.33 40.79
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Table 5 Statistic distribution parameters for the toxicity of ammonia nitrogen and manganese to aquatic organisms
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Fig.6 Cumulative probability distributions of exposure concentrations and toxicity data of ammonia nitrogen and manganese in
freshwaters of Songtao River
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Table 6 Detailed cumulative probability distributions of
exposure concentrations and toxicity data of ammonia

nitrogen and manganese in Songtao River freshwaters
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