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Characteristics and driving factors of fluoride in groundwater in
different urban functional area of Lanzhou city
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(1. China Institute of Geo-Environment Monitoring, Beijing 100081, China; 2. Technical Centre for Soil,
Agriculture and Rural Ecology and Environment, Ministry of Ecology and Environment, Beijing 100012, China)

Abstract: High-fluorine groundwater is a potential threat to ecological environment and human health. The source
and distribution of fluoride in groundwater in urbanized areas are complicated due to the double influence of
geological background and human activities. It is of great significance to identify the characteristics of fluorine in
groundwater to ensure the safety of groundwater.This study analyzed the environmental characteristics and main
hydrogeochemical processes of high-fluorine groundwater in different urban functional areas of Lanzhou city, the

largest industrial city in the arid region of Northwest China, based on the mathematical statistics, ion ratios and
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saturation index analysis. Then the influence of human activities on the migration and enrichment of fluoride was
revealed. The results show that the p(F') in the groundwater in the study area ranges from 0 to 4.8 mg/L, and 13
high-fluoride water samples exceeded the standard of groundwater quality Class III (1.0 mg/L), with an excess rate
of 20.3%. Under the influence of intensity of human activity and sources of human input, the distribution
characteristics of fluorine in groundwater in different urban functional areas are prominently different. The
fluorine content of groundwater in the Xigu Petrochemical Industrial Zone is the highest, with the 47.4% of high-
fluorine groundwater. While in commercial residential areas and new urban areas the fluorine content is relatively
low, with the 7.1% and 9.7% of high-fluorine groundwater, respectively. The high-fluorine groundwater in the
study area is mainly SO,* Cl=—Na and Cl*SO,—Na type water, which is low in calcium, rich in sodium and weak
in alkalinity. The dissolution of fluorinated minerals, precipitation/dissolution of calcite and dolomite, cation
exchange between calcium and sodium on the surface of clay minerals, strong evaporation and salt effect are the
main hydrogeochemical processes of fluoride enrichment in groundwater in the study area. Urbanization and
industrialization lead to the further deterioration of natural high fluorine water, the industrial wastewater leakage
from petrochemical leads to the further dissolution of fluoride in the formation, which is an important driving force
for the enrichment of high fluorine groundwater in the Xigu Industrial Zone. The study provides basic information
for the fluoride migration and enrichment in the high fluoride background area with human activities.

Keywords: Lanzhou valley basin; groundwater; fluorine; origin; driving factors; ion ratio; urbanization
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Fig.1 Groundwater sampling location and fluorine concentration distribution in the study area
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sallEuS| F TDS  EMEE  pH  HCO; SO cr K Na’ Ca*  Mg"  COD
/M 0.49 1130.0 4850 73 213.0 59.5 124 3.1 1480 903 63.1 1.1
HRRAE 475 340300 76450 7.8 8720 96760 13163 468 95460 7210 1419.0 18.0
mi%[; RSN 1.35 105282 26425 7.5 4404 32086 34128 179 2803.5 3666 448.0 33
LRV DA(EN 0.96 68750 22500 7.5 4025 23680 2058 161 13620 3748 334.3 22

5 BB % 77 97 74 2 45 86 111 60 108 52 82 114
T/ME ND 474.0 2310 7.1  186.0 125.0 39.6 5.0 64.2 59.9 19.8 0.8
B SSUNE] 1.05 97850 39085 83 8520 25175  3507.0 468 20650 639.0 5620 210
iﬂ‘iﬁiﬂ)‘m FHME 0.51 2517.1 10915 7.6 5003 812.8 5782 142 4747 2394 148.5 29
GRIDAL:D 0.42 15945 8775 7.6  541.0 4773 2375 95 261.0  228.0 1183 1.4

BREELS 63 98 84 5 36 88 156 84 113 65 97 182
TR/ M ND 260.0 186.0 73 1250 30.1 243 22 203 415 17.5 ND
_ BRI 3.94 27250.0 7281.0 82 6430 8347.0 111540 404 69200 9575 11875 3.7
?ﬁfﬁi FEME 0.55 42151 12891 7.7 3033 11959 12366 9.4 9742  244.1 165.6 12
ERIOALE 0.33 1501.0 8180 7.6  250.0 323.0 3290 63 163.0  184.5 70.2 0.9

BRFE% 134 153 123 4 44 155 190 97 172 91 157 83
FoME ND 260.0 186.0 7.1 125.0 30.1 243 22 203 415 17.5 ND
At HRRAE 475 340300 76450 83 8720 96760 13163 468 95460 9575 14190 210
(n=64) FE 0.57 2 060.0 9563 7.6 3380 755.5 4463 93 4593 2335 132.0 1.4
LRV DA(ED 0.78 5717.9 16477 7.6 3825 17096 17386 129 14080 279.3 245.6 22

BERFR% 110 137 103 3 47 129 165 83 157 74 125 151

T BAES R BAHIpHIG A, HALTE R A BT R (p), B0 me/Ls NDFRK TAR R, T ND RO B
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