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Abstract: As a typical arid oasis in northwest China, economic development in the Turpan Basin is heavily dependent on
groundwater. In this study, hydrogeochemical mechanisms controlling groundwater boron (B) enrichment and associated health risks
through an integrated approach combining hydrochemical analysis, isotopic tracing, and UNMIX receptor modeling were
systematically investigated based on 6 river water and 49 groundwater collected in the study area. The results indicated that: (1)
surface water in the study area was neutral to slightly alkaline, while groundwater ranged from slightly acidic to slightly alkaline;
groundwater B existed in a mixed form of H;BO; and B(OH),, with H;BO; being the dominant species. (2) Groundwater B
concentrations ranged from ND to 4.26mg/L, with 24.5% exceeding China's drinking water standard (1.0mg/L, GB5749-2022).
High-B groundwater (mainly CI-SO4-Na-Ca type) exhibited significant spatial heterogeneity, clustering in the Gaochang District
downstream of B-bearing river. (3) Groundwater B enrichment originated from mountain rock weathering (dominant source),
supplemented by anthropogenic inputs (wastewater/fertilizers), with surface water infiltration being the principal transport pathway.
Key controlling processes included pH-dependent speciation, cation exchange, competitive adsorption, dissolution of evaporite, and
the mixing, with significant variations between aquifers. (4) The UNMIX model identified four factors: surface water infiltration
recharge (36.6%), carbonate-silicate dissolution (21.8%), evaporite dissolution (21.6%), and industrial/agricultural activities (20.0%),
with boron primarily originating from surface water infiltration recharge (56.0%). (5) The order of vulnerable segments of the
population in terms of risk posed by B in groundwater was: infants > adult men > adult women > children. in the arid region of
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Table I Exposure factor parameters in risk assessment model
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Table 2 Physical and chemical characteristics statistics for surface water and groundwater

pHfi ORP EC R (mg/L) [ 437 25 (%o)

- (mV)(uS/em) TDS K' Na° Ca®* Mg® €l SO7 HCO; TH H,Si0; B NO; &H "0
I/ ME 746 66.1 149.0 750 0.15 11.70 24.10 3.40 7.00 22.00 90.00 79.00 4.10 ND 2.47 -69.95-10.72
BAM 805 1352 462.0 2300 197 2640 6020 20.40 25.00 106.00 194.00 209.00 13.50 0.65 7.24 —49.83 —7.93
SWV=6) ¥ 7.69 1043 2975 149.0 0.59 16.05 41.15 935 12.00 52.00 110.00 143.50 7.02 0.01 4.44 —61.13 -9.58
SEE 773 99.9 2997 149.8 0.89 17.10 41.48 9.47 1433 54.67 125.67 14233 8.08 0.16 437 —61.04 —9.54

BEER%) 0.0 - - 00 - 00 - - 0.0 0.0 - 0.0 - 00 00 - -
B/ME 687 846 2900 1450 0.76 20.50 30.10 2.40 21.00 48.00 89.00 90.00 18.70 ND 4.45 -86.93-11.88

B 7.68  155.8 3441.0 1721.0 4.08 486.40 280.90 50.90 877.00 686.00 232.00 875.00 34.17 1.34 60.27 —62.06 —9.45
SSPA(N=12) i { %L 743 1160 973.0 557.0 1.67 84.55 7125 19.50 191.00 166.00 129.50 255.00 23.73 0.64 14.05 —69.55-10.37
SEME 7360 1149 1359.8 6754 1.82 14532 99.52 23.13 232.08 218.25 132.92 343.58 23.66 0.59 22.58 —72.66-10.61

B %) 0.0 - - 167 - 250 - - 333 417 - 333 250 250 692 - -
BAME 641 319 3300 1650 057 2340 22.10 240 1400 57.00 89.00 70.00 13.26 ND 2.93 —71.30-10.50

B 7.82 1702 6514.0 3261.0 16.48 1010.20 551.80 213.00 1131.00 2124.00 414.00 2255.00 27.64 2.00 121.16 -49.62 ~7.76

MSPA(N=21) i {i %k 7.09  111.6 1006.0 564.0 2.69 73.50 92.30 24.30 121.00 173.00 183.00 360.00 20.83 0.75 9.21 -64.33 —9.83
SEME 7.4 1067 14642 7844 3.87 175.02 125.88 44.90 238.24 377.24 191.67 499.14 21.73 0.71 21.51 —61.97 -9.37

AR R (%) 4.8 - - 190 - 143 - - 238 286 - 286 143 238 476 - -
BAME 679 247 3100 1250 0.17 3420 1400 1.20 1500 5200 44.00 40.00 1733 ND 1.84 -79.60-11.28

R 847  148.1 2072.0 1035.0 3.47 152.00 216.70 60.60 345.00 592.00 325.00 791.00 30.76 4.26 41.14 —57.97 —8.84
MSCA(N=16) % 731 77.6 771.0 323.0 1.59 70.85 72.20 14.00 107.00 118.00 161.00 255.50 23.16 0.01 5.59 —71.37-10.60
P 732 813 8657 4143 1.68 83.62 79.96 19.16 114.81 173.19 168.44 278.63 22.58 0.65 11.25 —69.50 -10.34

WIEE%) 0.0 - - 63 - 00 - - 63 188 - 188 125 250 375 - -

FRAH 6.50~8.50 - - 1000.00 - 200.00 - - 250.00 250.00 - 450.00 25.00 1.00 10.00 - -

ARk A (R KT FRAE) (GB/T 14848-2017) 20 (AE3EAK 7K TAERRHEY (GB 5749-2022)H
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