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Abstract The: pollition sourge- identification methods basé( on traditional water (ua lity monitoring and pollutantdischarge loading typically require a high frequency of
monltcﬁng and generate a Tevel of _uicertainty in the identification yesults, owifig totheir limitations on the accurate and quaititative assessment of pollution source
1dent1ﬁcauon mlgralwﬁ and transformation. This study combined mﬁTnvanale stam‘u:al analysis and stable isotope technology to identify groundwater pollution sources in a
typical mulup]e land-use area of the Chengdu Plain. A positive matrix factorization (PMF) model was adopted to reduce the interference of mass environmental factors on
source ideqtiﬁcation and to determine the main factors influencing groundwater quality. Subsequently, a Bayesian stable isotope mixing model was developed to quantify the
apportionment of each pollution source to groundwater nitrate (NO; ) with the consideration of hydro-chemical and land-use information. The results showed that the
concentrations of NO; , NO; , NH,", Mn, Fe, SO3~, and C1~ in groundwater of the study area exceeded the standard to different extents, presenting spatial variation. The
main form of inorganic nitrogen in groundwater was NO, . In general, concentrations of groundwater NO;~ were the highest in vegetable fields (9.29 mg+L™" on average) ,
followed by livestock and poultry breeding farms (7.66 mg+L™") and arable land (7.09 mg-L™"), whereas concentrations of groundwater NO; in industrial areas were the
lowest (2.20 mg-L™"). Groundwater quality in the study area was affected by geological processes, agricultural activities, hydrogeochemical evolution, and domestic and
industrial discharges. Agricultural activities were the main contributor to the increase in groundwater NO; in the study area. Chemical fertilizer (32% ) and soil nitrogen
(25% ) contributed greatly to groundwater NO, in agricultural areas, whereas sewage (28% ) and atmospheric precipitation (27% ) contributed most groundwater NO, in
industrial areas. Thus, the combination of multivariate statistical analysis and stable isotope technology could identify groundwater pollution sources and their apportionment
effectively, providing scientific support for the prevention and control of groundwater pollution.

Key words: groundwater pollution; source apportionment; PMF model; stable isotope ; land use
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Table 1  Statistics of groundwater quality indexes in the study area

bINGE w/ME R S PR BREE/ % MAKEbRE R /%
T 13.8 28.5 21.3 4.7 22 / /
DO 2.5 9.2 5.43 1.79 33 / /
TDS 100 563 348.75 62.01 18 1000 0
pH 7.02 7.90 7.32 0.18 2 6.5~8.5 0
Ec 746 1083 845.93 103. 61 12 / /
Eh 11 373 3.23 62. 36 32 / /
NH, 0.19 3.23 0. 88 0. 49 55 0.5 83.21
cl- 1.34 210. 40 46. 54 18.78 40 250 3.70
NO; 0. 002 1.90 0. 65 0.23 36 1.0 8.59
NO;y 0.02 22.35 7.22 5.14 70 20 3.08
S03~ 60. 48 486. 48 162. 52 66. 38 41 250 8. 64
Na* 2.56 124.55 38.59 30. 64 79 200 0
Ca?* 4.30 69. 90 42.13 18.23 43 757 0
Mg 0.09 4.89 2.52 1.36 54 150 7.41
Fe 0.000 3 1.88 0. 10 0.19 188 0.3 7.41
Mn 0.000 1 1.16 0.07 0. 15 217 0.1 27 16
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Table 2 Source composition spectrum and source contribution rate of PMF model
- TS IR TR/ %
oK kbR . - -
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
TDS 42.29 50. 14 85.57 54.02 90. 68 13.11 15.54 26.52 16. 74 28.10
NH/ 0 0.50 0 0.40 0 0 55.68 0 44.32 0
Cl- 24.89 0.93 6.22 10. 10 0.16 58.83 2.20 14.71 23.88 0.38
NO, 0.18 0.07 0 0.37 0 29.99 11.25 0 58.76 0
NOy 0.33 6.10 0.99 1.31 0.16 3.73 68. 59 11.19 14. 69 1. 80
S0%- 92.72 42.92 0 0 19.09 59.93 27.74 0 0 12.34
Na* 0 32.82 0 8.01 0 0 80. 38 0 19.62 0
Ca®* 13.62 2.58 38.27 0. 805 5.79 22.30 4.22 62. 68 1.31 9.48
Mg** 0 0.20 1.90 0.14 0.59 0 7.09 66.99 5.02 20. 90
Fe 0.04527 0 0 0.03106 0 59.31 0 0 40. 69 0
Mn 0.00209 0 0 0 0.01610 11.50 0 0 0 88.50
100
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Table 3 Main physical and chemical indexes of groundwater
i p(NH, )/mg-L=" p(NO; )/mg-L~" p(NO; )/mg-L~! 8"80-NO5 /%o 8"N-NO;3 /%o JH 2 A
1 1.25 0.47 7.01 2. 426 11. 146 Ak
2 1.54 0.63 8.77 -2.689 9.105 Bk
3 1.35 0.55 4.47 5.359 14. 261 b
4 0.65 0.52 9.67 4.251 8. 364 b
5 0.58 0. 61 1.52 3.629 10. 508 Wit
6 1.46 0.21 9.02 5. 141 7.769 B
7 0.71 0.7 0.2 3.999 12.528 it
8 0.27 0.55 12.56 4.121 8.39 boiRii)
9 0.92 0.63 10. 56 -0.458 10. 365 Bt
10 0.26 0. 47 16.77 -0.596 6.392 B3]
11 0.73 0.44 -1.954 7.75 Bt
12 0.95 0.57 3.395 7.346 Bt
13 0. 64 0.79 -1.777 8.81 B
14 0.38 0.52 2.379 8. 666 5
15 0.97 0.51 1.647 10. 663
16 1.02 0.73 10. 957 16.517
17 1.06 0. 54 -1.323 v 9.57
18 0.35 0.8 4.913 Ls T3
19 1.32 0.65 -2.182 77| 14002
20 0.39 0.56 3 9{1"7 ﬁﬂ, | '|\ 551368
21 0.76 5.83 L ] 19263
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Fig. 3 Spatial distribution of land use type, groundwater NO; concentration, 8°N-NO; , and §80-NO; in the study area
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