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Investigation on Risks and Present Situation of Groundwater Pollution in Northwest Regions

GONG Zheng, YU Qi, WANG Xian, SHI Jun, DENG Huiping "
(College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China)

Abstract With the acceleration of urbanization in the northwest regions of China, the issue of groundwater pollution has becoming
increasingly severe, and the quality of groundwater environment directly affects the industries and life of local people. Lots of
researches regarding to groundwater pollution of these regions have been studied, however relatively macroscopical overview and
regularity summary are needed. Therefore, the situations of various pollutions of groundwater that not meet the standards in the
provinces and autonomous regions of these areas have been investigated in this paper. Based on detailed survey and with reference to
Standard for Groundwater Quality( GB/T 14848—2017) and Standard for Drinking Water Quality( GB 5749—2006) , the security risks
of water quality should raise attention. Meanwhile, the causes of contamination, the sources of pollutants, and management measures to
be taken in each region have been analyzed in this paper. In the light of natural factors such as climate conditions, topography and
geological structure and human factors such as agricultural irrigation, industrial discharge and excessive exploitation, the regional
patters of various risk and the water chemical characteristics of various contaminations in groundwater have been summarized.
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Tab. 1 Limits for Groundwater Quality Indices

b BRAE/ (mg-L7™")

TDS 1 000
NO;-N 20
NO;-N 1.0
HA 0.5
So¥ 250
F~ 1.0
ar 250
TH 450
Cr® 0.05

R B2 0. 002
Fe 0.3

1 0.08

Mn 0. 10
As 0.01
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Tab. 2  Groundwater Pollution in Different Regions of Gansu Province

g AL E S5 3CHk TABFEEA BRBH  BoRME/ (mg L) TABRKREARR
=N ZEN [4] 2011 4 F 2.5 11.8%
2T hEIX [5] 2012 4F NO3-N 209. 10 51.2%
2T BIX [6] 2012 4F. Fe 45.21 62%
2T WX [6] 2012 4F Mn 2.269 55%
R T X [8] 2013 4 S03” 1 106. 70 38. 64%
R B X (8] 2013 4F NO3-N 41.37 18. 18%
v REH [10] 2009 4F—2013 4F TDS / 14. 69%
T 2 [20] 2011 4F—2015 4% TDS 12 685 /
W A1 I [20] 2011 4F—2015 4F Fe 4.55 /
KA X [11] 2015 4F NO;3-N 283.32 17. 6%
IS Je X [13] 2014 4 F 2.0 29.17%
IRBHTT R R [14] 2018 4F TH 2050 /
FRBAT IELLT LR [14] 2018 4F TDS 3020 /
FRBHTT ELT R A [14] 2018 4F S03” 1 660 /

PR BH I AR [14] 2018 4 TDS 1910 /
PRFHTT HKE B [14] 2018 4F S0y 1210 /
PRBAT M EINF R [14] 2018 4F TDS 1080 /
PRBH T TR PR [14] 2018 4F (o 0. 064 /
EE) X [15] 2016 4 TH 2154 33.33%
SR T X [15] 2016 4 TDS 3 580 27.78%
R T X [15] 2016 4F S0y 760 27.78%
EEN IR AR A [16] 2015 4—2016 4F: TDS 10 367 29.91%
EEN) R AR b [16] 2015 4F—2016 4F cl 4889.0 /
R T SRR 74 [16] 2015 4F—2016 4F S03 2853.0 /
R IR ZR 23 [16] 2015 4F—2016 4 NO3-N 127.19 /
HEEN) IR AR A [21] 2018 4 TDS 5439 28.57%
AR SRR A [21] 2018 4 S0T 1482.0 45.71%
IR T R IR G [21] 2018 4F Fe / 22.86%
EEN) R AR A [21] 2018 4 Mn / 40%
IR T S5 0 T X [19] 2013 4f TH 1 430 58.18%
e B AR X [19] 2013 4 TDS 2 620 56.36%
IR T BT X [19] 2013 4 S0%” 519 52.72%

NO,-N F I ARAI MR o FEECIRIN R AR vk Bede s ), A2 AT Hs R /K K RS 4r, b3

~

JEE AR R R TR WA AR, S B SOT M R B U Kk R s

— 120 —



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 41,No. 3,2022
March 25th, 2022

R3 CTRIE AR XA X T KI5 O

Tab.3  Groundwater Pollution in Ningxia Hui Autonomous Region

o G AL 2% ik JEBARAY HHRE  FRE (mg L") T KR AR R
RN R [22] 2019 4F F” 5.89 30%
BT EIlIR [25] 2009 4F As 0.177 70%
RN P [24] 2017 4 I 2.368 13.9%
RN RN 5L [23] 2018 4F TH / 56. 1%
BRI IR DA [23] 2018 4F ar / 42.4%
HI T B JE [23] 2018 4E S0y / 63. 6%
I EYIIR [23] 2018 4F Fe 47.6 59.24%
RN PP [23] 2018 4 Mn 4.53 54.56%
AT KX [29] 2010 4¢ TH 811. 159 30. 77%
AT LT KR AKX [29] 2010 4% TDS 2 290. 95 38. 46%
AW I KERAX [29] 2010 4 cl 655. 88 38.46%
VL iini) KX [29] 2010 4 So¥ 664. 25 46. 15%
AL KX [29] 2010 4 NO;-N 0.1 23.08%
AW LT Kk H X [29] 2010 4 F 1.66 30.77%
FABTH Kb [31] 2011 4F TH / 87.5%
B3N] e [31] 2011 4F DS / 37.5%
e8It E [31] 2011 4F BA / 50%
P8 Ei [31] 2011 4F. Mn / 56.25%
E8i) TH R TIT [32] 2019 4F DS 1 602. 89 /
F T ik [33] 2011 4F TDS 10 900 82.28%
e it £ [33] 2011 4f F 14.7 87.39%
[ T JEH X [34] 2016 4F TH 1351.7 37.5%
[i] i T SN IX [34] 2016 4 TDS 2119.3 37.5%
[ Jg T JEHI X [34] 2016 4 S0y 918.6 37.5%
[é] i T JELH X [34] 2016 4F F- 1.8 37.5%
1 S5 T JECHI X [34] 2016 4E Fe 0.5 25%
[ J vl =S [38] 2012 4F DS 4120 /
BV [ [38] 2012 4F F- 2.4 44%
[ S T [R5t [38] 2012 4 DS 8338.6 66. 67%
[ JL vl =S [38] 2012 4F o 1750.3 60%
[ Ji T #H [38] 2012 4 S0y 3904.0 86. 67%
V) =S [38] 2012 4F F 2.2 60%
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Tab.4  Groundwater Pollution in Different Regions of Qinghai Province

Hu & i T B Z:7% 3Lk VRFAE 5y SYIH R/ (mg-1L7") JEW KR R AR 3R
AR VL2 [39] 2018 4 TH / 40.91%
AR R ei) [39] 2018 4 TDS / 36.36%
R ZR T sl [39] 2018 4§ (ol / 22.72%
AR 4 4, [39] 2018 4E S0¥ / 40.91%
TRV S R TR M Sesk AR [40] 2018 4F TDS / 51.30%
PGS TR A 16 M SRR [40] 2018 4F (ol / 42.23%
TRV 52 by R 1 TR N SEIRARH [40] 2018 4E S0¥ / 53.37%
TRV S R RN SeoR A [40] 2018 4F F / 27.72%
TEVE S R F RN SekoR A [40] 2018 4F I / 11. 14%
T U A 6 M PAEE [41] 2013 4F TDS 1978.5 23.81%
TR TR 19 1A M S A [41] 2013 4 As 0.035 4 52.38%
HEALRUE B I M g B [43] 2014 4 o 33.8 35.29%

4 AEFBHBEK AR AR A
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Tab.5 Groundwater Pollution in Inner Mongolia Autonomous Region
b G TR 3k PTG WYIME R/ (mg-L7) TR AR
W A T I R 23 [44] 2006 4F- TH / 34.48%
I A i W1 R 2 [48] 2013 4F DS 6 258 31.2%
W R A Tl I IS e £ 4 [48] 2013 4f cr 2232 27.1%
LIRS WP e 2 [48] 2013 4 NO;-N 121.3 10. 75%
I T WP 1 5 4 b [48] 2013 4F F” 20 37.2%
W A i W R 2 [48] 2013 4F Fe 12.8 41.7%
WP A i P I o 73 [48] 2013 4F. Mn 1.37 31.5%
IS R Tl I R 23 [50] 2012 4E—2017 4E As 0.428 27.11%
W A i R A i [49] 2014 4F cr 920 /
W R T T ERFRZE I [49] 2014 4 S03 659 /
W A T et [52] 2013 4F F 7.2 /
IR R T e [81] 2014 4 NO;3-N 368 /
W A Tl W 34 o 2 [53] 2013 4F ar 2 654 44.12%
W AR T A 45 [ 2R T [53] 2013 4F F- 7.2 79. 41%
I T IV 34 54 2 35 [53] 2013 4 Mn 0. 88 35.29%
£k T B [54] 2013 4F TDS 3041 /
23k BIX [54] 2013 4F cl- 1 056.5 /
£33k WX [54] 2013 4F S0y 1304.07 /
(@Bt X [54] 2013 4F NO3-N 403. 81 /
23k BIX [54] 2013 4F. F 4.27 /
AR [ vayis [59] 2009 4E NO;-N / 17.24%
AT ELbRA T [59] 2009 4F F / 51.72%
WAL BIX [82] 2006 4F- F 2.2 /
WAL BEIRIG L X [62] 2012 4 NO;-N 5.33 27.63%
WAL FHRID X [62] 2012 4F Fe 8. 19 75%
WL BRI HLIX [62] 2012 4F Mn 1.86 90. 79%
LT FHR I H X [62] 2012 4 As 0.07 10.53%
b ie 2 i SRR Z W 4 [64] 2014 4F cr 2199 /
SRR Z SRR Fa [64] 2014 4 NO35-N 203. 23 /
ShRZ W SRR Z I A [64] 2014 4 F 15.50 /
SRR Z T SRR Z W 4 [83] 2016 4F TH / 24. 04%
SRR Z SRR Z A [83] 2016 4F TDS / 26. 02%
IR Z Wil BRIR 2 A [83] 2016 4F S0% / 23. 06%
IR 2 IRPIRR T [65] 2012 4E NO;-N / 22.22%
SR Wi L A [65] 2012 4F F / 22.22%
SRR 2 BE A1) [65] 2012 4F As / 10%
SRR Z i LR [84] 2012 4 NO;-N 86. 4 26.32%
WA TR T AL DL /R Feg JE [66] 2010 4F F- 2.8 30%
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Mg g5 iIDAS 230k TEBRAEAR HHWE  FRE (mg L") B KA R AR A
A8 DL/R T TN LT [85] 1999 4 F 2.12 100%
A2 DR T TN HL T [85] 1999 4= As 0. 0167 50%
A4S DR T i 25 [69] 2013 4 NO;3-N 111. 60 38.98%
L SR T B T [73] 2011 4F As 0.721 60%
L & /R T L i T [73] 2011 4F I 1. 290 48%
B E UK LK) =yis [70] 2014 4 F” 3.36 /

L SR T EMie=s [71] 2005 4 As 0. 658 70. 6%
L & /R T L 1R R I [86] 2019 4 DS 36 473.6 /
B SR T REE VRS 3 [86] 2019 4 cl 20 031 /
B2 SR Tl REIE VRSl [86] 2019 4F NO3-N 172.7 /
LR 2 ETIX (87] 2015 4F TDS 2 361. 44 20%
S FETX [87] 2015 4F ar 576 20%
LY 2t il [74] 2013 4F TDS 1273.74 25%
LR 2 e 250 [74] 2013 4f F- 5.6 83.33%
13 % g A 1l ISRy [75] 2004 4F- NO3-N 360 /
Bk BRI R [76] 2016 4F AR 4.88 66. 7%
BRI A BRI AT [76] 2016 4F F- 1.45 27. 6%
B s B R [76] 2016 4F Fe 0.68 46.7%
B i Bybak e [76] 2016 4F Mn 1.86 80%
B i I L e (78] 2017 4 NO3-N 67.09 65.22%
i 7 38 1 BIX [79] 2013 4E—2016 4 S0% 1 610 50.38%
[TE N3] et [88] 2019 4F TDS 12 140 /
(DA Eletrsil [88] 2019 4F ar 9 100. 89 /
I pr] LM [88] 2019 4F. A 126. 62 /
BT et [88] 2019 4 F~ 46. 18 /

BRI TR g, Sk Z 7K AR 2 B0, A 4
FRABORILE K B R BSORR b AU
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AR R P RE X, 2 I ) 40T 55 22 1R A B
BB, MR AT R SRUR AR U [ Bl

SRR AR IR R M T KA IR ER 5
e TN BEREAL 2L, 2 R R K A AR 4 75 Yty 3
BRE AL A7 R IR TR T2, AR RRERATAT AR X
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Tab. 6  Groundwater Pollution in Xinjiang Uygur Autonomous Region

Hh 2R Tl TR Z:7% 3CHk JABFAEA HHRTH  BKE/ (mg L") R MK e AL AR SR
- AT I 2 A [92] 2014 4 TH / 30%
LIRS} 4 2 A [92] 2014 4 DS / 32%
T I 7 2 b [92] 2014 4 S0¥ / 38%
LT <ai] I 7 7 [92] 2014 4 NO;-N / 22%

T W 2 [95] 2014 4 cl 1595.2 20%

T 2% 2 [95] 2014 4F S0¥ 1074.0 20%

e 2% A [95] 2014 4 NO;-N / 34%

T 2% 43 Hh [95] 2014 4 F- / 14%

B 5 575 Hi X RN} [97] 2005 4E S0y / 57%
o 5 55 b IX. B 5 5T [98] 2013 4 DS 2 996. 34 27.27%
AT 5, 95 4 X b 58 5 T [98] 2013 4 cl 809. 98 22.73%
B 5. 55 b X Bl 52 5 T [99] 2017 4F As 0.098 7 26.7%
o] 5 75 1 X o 5 55 1l [96] 2018 4F F 7.0 63. 4%
B 5 75 b [X. B 58 5 T [127] 2018 4 F 6.1 83%
o 5 551X e H [97] 2005 4F S0% / 27%
i 5 53 il X e [97] 2005 4E F / 60%
B 5. 55 b X B PL AR B [97] 2005 4 TH / 70%
o] 5 55 3 IX. B B4 S [97] 2005 4F S0% / 70%
Bi 3 3% X B L E [97] 2005 4 F / 57%
i 5. 55 b X LR [97] 2005 4F: DS / 40%
Bi 3 2374 X Fl B £ [97] 2005 4E F / 17%
I X TR 7 35 [103] 2014 4 TDS 3404.0 75%
T 3 X T EEAT 3 35 [103] 2014 4F F- 5.80 62. 8%
R b X T EEA 35 [103] 2014 4F Fe 4.579 55%
IV EH X R HE YR 3 38 [103] 2014 4 Mn 4.114 40%
R 11X T EEAT 8 35 [103] 2014 4F As 0. 043 5%
PE il X PSR4 b [105] 2015 4 TH 1237.0 23.94%
SE IR X IR A [105] 2015 4 TDS 3 881.0 16.9%
Bl b X VA8 A 4 [105] 2015 4 S0y 2082.0 32.9%
PA il X PSR4 b [105] 2015 4 o 4.70 14. 08%
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(#£5%0)
e TEANOL 27 30k PR A WHHRGH B/ (mg L) PRI LA R R
PE il IX. B9 b [105] 2015 4 Fe 3.57 26.3%
AT Hh X W A4 X [108] 2014 4 TH / 61.1%
AT b X AT b X [108] 2014 4 DS / 66.7%
AT Hh X -3 IX. [108] 2014 4 cl 9279.0 50%
0 -3 X - X [108] 2014 4 S0y 3940.0 83.3%
AT b X AT Hh X [128] 2014 4 I 1.46 11.5%
AT Hh X W A4 X [111] 2016 4 F- 8.70 22.2%
0 -3 X - X [110] 2017 4 Fe 5.965 36. 8%
A1 X A1 X [110] 2017 4 Mn 2.898 76.5%
e -4 X 0 - X [110] 2017 4 As 0.034 11.8%
AT b X AT b X [107] 2019 4 NO;-N 1.21 1.6%
AT Hh X AT Hh X [107] 2019 4 HA 77.78 3.3%
10 -3 X WES JI T 37 38 [129] 2016 4F Fe / 29. 6%
AT b X WES Z TR YA 35 [129] 2016 4F Mn / 33.3%
RNV USR] RS0 i 9 [112] 2016 4E Mn 0.297 10. 45%
EE IR AR M TR ) 9 [112] 2016 4F Ni 0. 109 10. 45%
EEEmE s HE M - AKX [115,130] 2014 4F TH 2 699 66.7%
EEIEEL AR FHE- AKX [115,130] 2014 4 DS 776. 60 55. 6%
EEIEEGARM  FH-LRMX [115,130] 2014 4F S0% 893. 10 77.8%
EEEmE S AR FRE-HARMIX [115,130] 2014 4F F- / 33.3%
EHESEZEN AARN  HE-EARmKX [115,130] 2014 4F Fe / 22.2%
WNEEYv e QUSR] BEA [114] 2014 4 F- 3.00 4.8%
ELE RS H AN BEA [114] 2014 4 Fe 1.747 11.9%
W07 USR] BEEM [114] 2014 4 Mn 0.381 4.8%
WNEEYvE USR] RE [131] 2016 4 NO3-N 28.73 28. 6%
RNV SUNSREL] BEM [132] 2018 4E TH 723. 85 44. 44%
WNEEYvE QUSR] RE [132] 2018 4 DS 2015. 16 44, 44%
EE RS H A M BEH [132] 2018 4 ar 549. 12 50%
I BiAM BEE [132] 2018 4F S0¥ 704. 12 55.56%
ARG BT HIAR M Z P 3 [119,121] 2017 4E As 0. 401 88.7%
PRI EE 5 E RN EERINT N80 [120] 2019 4 ¥ 6. 407 28.41%
ARG BE 5 IR M AL 27 [124] 2014 4 DS 3193.8 18.19%
PR EE 5 EAR N PHELA [124] 2014 4 TH 1 260. 0 24. 68%
PHELIA B 58 FIR N PR BLA25 [124] 2014 4 S0% 1220.0 20.78%
A WX [125,133-134] 2014 4F TH 692. 81 17. 86%
AR WX [125,133-134] 2014 4 SOy 409. 59 14.29%
FaRUIEET) WX [125,133-134] 2014 4F NO;3-N 41.09 /
AT X [125,133-134] 2014 4 F 1.54 17.39%
A X [125,133-134] 2014 4F Fe 0.42 4.3%
A WX [125,133-134] 2014 4F Mn 0. 176 8. 7%
AT WX [125,133-134] 2014 4F As 0.049 1 34.8%
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Tab.7  Groundwater Pollution in Various Regions of Shaanxi Province

e TEYNL S 3k VA0 HHRBH  BRME/ (mg L) VAR KR AR R
[E-) X [154] 2005 4 TH 845 50%
(R WX [154] 2005 4E TDS 1725 29.17%
[E-9i) X [154] 2005 4 Cr® 0. 061 12. 5%
[E-i) H A [140] 2010 4F NO;-N 294. 67 80. 26%
JRBA T e [141] 2010 4F Cr® 0.088 46.15%
SR BH T il [142] 2015 4F F- 2.5 30%
R T ] [142] 2015 4F Mn 0. 488 10%
T WM X, T35 X % [143] 2011 4E TH 1450 68%
T WM X | T 25 X % [143] 2011 4E TDS 2 343 44%
NI FEIN X | T35 X% [143] 2011 4F S0y 897 40%
a1 FEIN X | T 26 X4 [143] 2011 4F NO;-N 482. 50 56%
)1l WM X | T 25 X %5 [143] 2011 4E Fe 1.017 20%
HR T R [ 145] 2014 4F S0y 1 452. 900 /
THFT TR [145] 2014 4% F- 4.78 52%
THRFTH Kip 8 [155] 2020 4F F 30. 66 93.67%
THRTH 1) [147] 2014 4E—2016 4 F 5.4 50%
TR £ [144] 2017 4F TH 3767.53 /
HrT En [ 144] 2017 4 I 5.25 72%
HFT il [148] 2019 4 TDS 8 478.00 /
HET il [148] 2019 4 cl- 2261.70 /
THRE T En [148] 2019 4F S0% 2 745. 00 /
THFITT 2T [148] 2019 4 NO;-N 141. 49 28.57%
HEZE T & [149] 2012 4F TDS 2 868 38.89%
SEZZ T i) [149] 2012 4 NO;-N 345 25%
SE LTI & [149] 2012 4 F- 1.16 5.56%
ST 2T [149] 2012 4F Fe / 8.33%
HELZ T 2T [149] 2012 4F Mn / 11.11%
ST R [156] 2012 4£—2013 4F Cr'* 0.268 28.95%
fibkTiT b pUR=S [150] 2011 4¢ F 4.50 /
thrbk T S [151] 2017 4 TDS 1727.78 /
bk b SRR [151] 2017 4 ar 458.88 /
T b SuR=Y [151] 2017 4F S0y 415. 84 /
LGN SURY [151] 2017 4 NO35-N 86. 00 /
B £ [153] 2008 4F NO;3-N 182.4 /
B ) [153] 2008 4 F 2.88 /
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