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Abstract: We measured the hydrochemical composition of leachate in phosphogypsum stock
dumps and the surrounding groundwater in Mapingchang Town Fuquan City Guizhou Province

analyzed the pollution source of groundwater by principal component analysis and then inferred
the geochemical process of karst groundwater under the influence of leachate leakage by
PHREEQC inverse modeling. Results showed that the leachate was strongly acidic. EC of the
leachate was as high as 8750 S * cm™'. The main pollutants were TP SO,” and F~. The
leachate characteristics were mainly related to the wet phosphoric acid process. Facaidong ground—
water ( G1) was affected by the leakage from phosphogypsum stock dump TP S0,> and F in
which were much higher than the prescribed limit of GB 3838 —2002 and GB/T 3838 —93.
Longjing groundwater ( G10) was probably influenced by the surrounding factories ( phosphate
fertilizer factories and abandoned ordinary superphosphate factories) . Both sites showed increa—
sing SO, and decreasing HCO,” and the hydrochemical type became SO,-Ca. The rest of the
sampling sites were HCO,-Ca type mainly from the natural geological waterwock reaction. The

results from PHREEQC simulation showed that leachate speeded up the water—rock reaction and
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karst development. After PO, and Fe entered groundwater system

Fe( OH) ,

the hydroxyapatite

and vivianite would be formed under certain reaction conditions.
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Fig.1 Hydrogeological condition and sampling sites in the study area
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Table 1 Water chemical parameters of the leachate and groundwater
pH EC TH K* ¥ Nat Mg® F ¢~ N0y~ S0, HCO;” TP PO Fe Mn
Gl 59 1370 517.12 839 10324 2310  62.05 1241 3.04 2098 437.54 8728 18640 15531 1.938  0.403
G2 7.5 550 28050 251 6735 1.86 4632 017 194 1396  21.34 28262 004  0.02 0017  0.006
3 7.6 410 21802 258 9476 277 1376 048 245 3644 6038 21612 007 005 0011 0017
G4 7.5 640 312.87 241 9452 473 2765 061 138 1627 7865 241.06 004 002 0015  0.004
G5 7.4 610 36518 1.83  93.65 293 3136 027 110 1194 4403 31171 003 001 0012  0.004
G6 7.5 790 41453 247 10276 213 6257 029 221 2858  69.34 40730 007  0.04 0018  0.002
67 7.6 700 35071 215 9720 627 3839 055 102 5801  64.64 26599  0.04 001 0017 0.0l
G8 7.2 920 43625 291 14325 1690 18.64 024 1336 5093 13746 31587 0.0  0.06 0.034  0.002
9 7.5 770 379.99 227 9849 855 5247 038 182 4791 7462 34496 011 011 0015  0.001
G0 74 1530 83598 1588  180.24 2998 8248 274 405 3424 69949 11637 055 055 0.025  0.019
Gll 75 640 290.17 216 10385 571 2148 089 548 2314 5899 25353  0.03 001 0051 0035
GI2 74 1040 28430 1047 11410 1385 41.87 032 1109 4043  86.63 33249 006  0.04 0042 0019
G13 7.4 810 34874 2843 11698 21.16 1859 033 17.87 5073 8731 28677 045 039 0052  0.017
Gl4 15 620 29235 2018 6728  7.53 2525  0.62 2517 678 4526 23690 009  0.03 0035  0.000
Gl5 6.8 710 35334 836 10206 1046 3580 052 580 1673 10177 26599 020 019 0.032  0.009
Gl6 7.9 600 28524 390 8547 1262 3625 036 320 2531 4627 26599 0.1  0.07 0019  0.003
G17 7.3 600 28425 234 8430 205 3415 034 08 2800 4695 28677  0.05  0.02 0040 0.005
G18 7.5 600 30004 240 9839 272 2732 024 042 244 7442 27846 040 003 0.023 0.010
G19 7.6 580 30597 048 7047 117 2815 022 0.6l 8.08 4024 23690  0.09 005 0.018  0.001
G20 17 560 27892 080 9389 096 2170 020 1.02 1152  37.38 27431 011  0.03 0019  0.006
21 7.4 640 31189 235 11166 255 1615 015 096 1393 6672 29093 001  0.00 0.020 0.001
62 15 470 21779 378 8439 203 837 020 120 3321 3708 203.65 010 008 0020 001
623 7.8 500 26155 992 9570 7.9 990 022 527 5603 5868 19950 0.4 0.0 0.018  0.001
SLY 25 8750 330423 16593 12512 574.84 717.15 40679 3401 2610 181559  0.00 4986.78 4703.80 40.420  9.230
"G SLY .~ pH EC uS * em™ mg* L',
o 4 Mg™ >Na*>K" > Gl  Fe.Mn
Ca™ Mg** . Na' 717.15 m
574.84 mg * L™ o R
PO, >S50, > F*> ClI"> NO,~ PO,> .
SO,” \F~ 4703.79.1815.39.406.79 Mg™ . Ca™
mg * L7 PO,-Mg - HCO, .S0,” 90%
Fe.Mn.Cu.Pb.Zn.Cr.Ni. As ( 3) HCO,-Ca
Fe  Mn 40.42. (Wuetal. 2009) ., Gl
9.23 mg * L' . G10 S0,* HCO,~
2.2 S0,-Ca
1 23
GI( : ) ~G10( o
) 2.3
pH EC Gl G10
o I ( GB 3838—2002) . o
I ( GB/T 14848—1993) o
. G1  TP.SO,” F~ 186. 39. Gl AA’
437.54.12.41 mg « L 931.95.1.75. Gl T,f —
12.41 . GI10 o
TP.SO,” F- 0.55.699.69.2.73 mg Gl
L 2.75.2.79.2.73  (  2). ( 4A-A" ). G10
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Fig?Z Spatial distribution of characteristic pollutants
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Fig.3 Piper diagram showing the chemical composition of
water samples
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Table 2 PCA loadings of variables of significant principal
components

1 2 3
pH -0.853 -0.171 -0.047
EC 0.482 0.839 0.202
TH 0.301 0.881 0.012
K* 0.108 0.221 0.905
Ca®* -0.063 0.882 0.207
Na* 0.390 0.700 0.534
Mg 0.299 0.765 -0.176
F- 0.952 0.224 -0.026
cl- -0.010 -0.059 0.929
NO,~ -0.285 0.376 0.301
S0, 0.844 0.523 0.034
HCO,~ -0.698 -0.073 -0.114
TP 0.952 0.081 -0.043

6.30 2.54 1.65

(%) 48.44 19.53 12.70

(%) 48.44 67.97 80.67
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Fig.4 Geological section map
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Table 3 Inverse modeling results
()
( Calcite) CaCOy -3.358x107°
( Dolomite) CaMg( CO3) , 2.269x107
( Fluorite) Cal, 3.470x107°
( Gypsum) CaS0, * 2H,0 1.770x10™*
( Hydroxyapatite) Cas( PO,) ;OH -2.617x107*
(Fe( OH) 5(a)) Fe( OH) 5 -2.378x107
5 . ( Vivianite) Fes( PO,) , * 8H,0 -2.773x1077
Fig.5 Plot of loadings for the first two components with (CO(g)) o, -

varimax normalized rotation mol « L'
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