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 Abstract ： Shi jiazhuang   City  is the  capital  of   Hebei  prov  ince ， China.  Groundw ater  is  the  m a jor  water 

 supply source  for living  and  industry need  oft  he  city.  Due  to a rapid  increase  ofpopulation  a  nd  develop-

 m ent of industry and  agriculture ， a series  of groundwater  environm ental proble  m s are created.  In the  pa-

 per ， the  situation  of  groundwater  pollution  in   Shi  jiazhuang  city  is  reported.  Based  on  the  groun  dwater 

 chem  icaldata and 15 N m easurem  ent results both  on  groundw ater  and  soils ， the  reason  of groundw ater  ni-

 trate pollution  is studied.
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1　 Introductio n 

 In  China ， especially  in  north  part of   China ， the 

 m a jority  of  the  city ＇ s population  relies  on  gr  oundwater 

 for  drinking ，  agricultural  or  industrial  requirem  ents 

 because  of  lack  of  surface  water  resources.  La  rge  a-

 m ounts  of  groundw ater  resources  are needed  wi  th  the 

 urbanization  and  im provem  ent  of  public  livin  g condi-

 tions.  Since  the  groundw ater  has  been  over － ex  ploited 

 with  unplanned  state ， the  w ater  table  was  going  down 

 rapidly year  after  year.  The  regional  water  ta  ble  draw-

 down led  to  partial  dew atering  of  the  m a jor  aqu  ifer  in 

 the  city.  Many  cities  in  north  part of China  are  also  fa-

 cing  the  problem  of  groundw ater  pollution  at  p  resent.

 According  to the  investigation  data ， the  m ain pollutants 

 include   NO －3 ， hardness ，SO
2－
4 ，Cl－， heavy  m etals 

 and  so  on.

2　 General  Situ atio n  of  Shi jia zhuang   City 

 Shi jiazhuang   City ， with  area  of   72   km 2
， is  the 

 capital of Hebeiprovince ， China ， and  it is a center  of 

 provincial politics ， econom  y and  culture and  a hub  of 

 com  m unications  in   North   China.  The  clim ate  is  sem  i-

 arid ， so  the  tem  perature  difference  between  sum m er 

 and  w inter  is  very big  and  the  norm al  m ean  annua l

 tem  perature is  13℃， historical  m axim um   43.7℃  and 

 m inim um --26.5  ℃.  The  norm alm ean  annualrainfall 

 is  518.6 m m ， but about  70％  rainfall concentrates  in 

J uly  to   Septem  ber.  The  evaporation  is  great  an  d the 

 norm alm ean  annual  potential  evaporation  ran  ges  from 

900 m m  to  1 200 m m .

 Groundw ater  is the  m a jor  w ater  supply  source  f or

 living  and  industry need  ofthe  city ， and  itis intensive-

 ly exploited  from   Quaternary aquifer  due  to  a r  apid  in-

 crease  of  population  and  developm ent  of  indus  try and 

 agriculture.  The  w ater  table  has  been  droppin  g by   1 

 m eter  annually for  m any  years.  Meanwhile ， a series  of 

 groundwater  environm ental problem  s are crea  ted.  Con-

 tinued  low ering  of the  groundw ater  level and  d  eteriora-

 tion  of the  groundwater  quality  are grave  cons  equences 
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 of  the  hum an  activities.  According  to  the  grou  ndw ater 

 m onitoring  data ， the  contents of groundwater  chem  ical 

 m onitoring  data ， the  contents of groundwater  chem  ical 

 com  ponents  in   Shi jiazhuang   City  have  increas  ed  year 

 after  year  since   1959.  Groundw ater  hardness  a  nd  total 

 dissolved  solids （  TDS ）  w ere also  increasing  in  large 

 scale.  The  typical  pollutants in  groundwater  are  Cl －，

NO－3 ，SO
2－
4 ， as  well as  som  e heavy  m etals  such  as 

Hg， Crand  so  on.  Nitrate appears to be  one  ofthe  m a-

 jor  pollutants reaching  groundwater  from  hum  an  activi-

 ties.  So  we take  this  pollutant as  an  exam  ple  ci  ty  for 

 the  study.

3　  Hydrogeolo gic al  Settin g 

 Shi jiazhuang  city is located  in upper ofthe  al  luvial 

 fan.  Groundw ater  m ainly stores  in  the   Quatern  ary sedi-

 m ents.  On the  basis of the  lithologic  property ， deposit 

 age ， distribution  of  aquifers and  hydrodynam  ic  co  ndi-

 tion ， the  whole  stratum  can  be  divided  into   4  aquifer 

 groups （Ⅰ，Ⅱ，Ⅲ  and Ⅳ）， which  belong  to   Q 4，

Q 3，Q 2，Q 1 respectively.

 In  the  study  area ， aquifer Ⅰ and Ⅱ develop  very 

 well.  W e called  them  the  shallow  aquifers.  The 

 groundwater  in  these  aquifers is phreatic w at  er.  The  li-

 thology  of  aquifers is  m ainly  coarse  sand  and  g  ravel 

 with  total thickness  of 34  ～70 m .  Butaquifer Ⅰ has  al-

 m ost  been  dew atered.  So  that  the  aquifer Ⅱ  is  the 

 m ain  utilizable aquifer  atpresent stage  for  u  rban  w ater 

 supply.  The  lithology  of  aquifer Ⅲ  and Ⅳ  is m ainly 

 fine  sand.  W e usually  called  them  the  deep  aqui  fers.

 In addition ， between  aquifer Ⅱ  and  aquifer Ⅲ， there 

 is a continuous  waterproof.  So  that  the  ground  water  in 

 aquifer Ⅲ  and Ⅳ  is confined  w ater.  That  m eans  the 

 recharge  condition  is notso  good  for the  deep  a  quifers.

 For  this reason ， deep  aquifers are not the  m ain  exploi-

 tation  layers for  the  city up  to now.

4 　  Groundwate r   Nitrogen   Pollu tio n  in 
 Shi jia zhuang   City 

　　 Since   1978 ， the  groundw ater  quality  m onitoring 

 has  been  carried  out  continuously.  In  general ， there 

 are about 90   observation  w ells in the  city.  Acc  ording  to 

 the  m onitoring  data  in  different years ， the  statistics  of 

 m ean   NO －3  content in  groundw ater  has  been  done  and 

 the  variation  processes  is shown in   Figure  1.

 Fig.1   Variation  processes  of groundw ater  m ea n

NO －3  content in  Shi jiazhuang  city 

 From   Figure  1 ， it can  be  seen  that  before  1989 

 the  variation  processes  of  groundw ater  m ean   N O －3  con-

 tent  w ent  up  in  w aves.  After   1989 ， the  variation 

 processes  shown  obviously  going  up  w ith  the  ti  m e in-

 creasing.  In  2001 ， the  m ean   NO －3  content in  groundw-

 ater  w as  alm ost  4  tim es  to that in  1978.

 From  the  distribution  of NO －3  content in  groundw-

 ater  in  the  city in   2001.  It can  be  seen  the  conte  nt of 

NO－3  in  groundwater  is increased  from  north  to  sout h.

 In northern ， eastern and  western suburbs ， the  content 

 of   NO －3  in  groundw ater  is  m ostly  less  than   45 m g / L ，

 and  in southern suburb the  contentof NO －3  in groundw-

 ater  is m ostly m ore than   45 m g / L ， and  the  highest  val-

 ue  of NO －3  can  reach   156.7 m g / L.

 In order  to  m ake  the  processes  of   NO －3  pollution 

 clearer ， we  did  a frequency  analysis  about  this.  The 

 result shows that  the  content  of   NO －3  w as  m ostly  less 

 than   20 m g / L  in   1980.  W ells  w ith   NO －3  content  less 

 than   10 m g / L  occupied   39.1％  of the  total  w ells ， and 

 the  sam  e for   NO －3  content  from   10  ～20 m g / L ， and 

21.8％  for NO －3  contentfrom   20  ～40 m g / L.  There w as 

 no  w ell w ith   NO －3  content  exceeding  the  standard  of 

 drinking  water （45 m g / L ）.  Up to  1985 ， the   NO －3  con-

 tent of groundw ater  increased  slightly in  the  whole area 

 and  w as  less  than   20 m g / L  m ostly.  W ells  w ith   NO －3
 content less  than   10 m g / L  occupied   23％  of  the  to  tal 

 wells ， and   50.8％  for   NO －3  content from   10  ～20 m g / 

L， and   13.1％  for   NO －3  content betw een   20  ～30 m g / 

L， and   10％  for   NO －3  content m ore than   30 m g / L.  Up 
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 to  1990 ， the  w ells with   NO －3  content less  than   20 m g / 

 occupied  only   23％  of  the  total  wells  and  m ost  we  lls 

（51.9％）  had   NO －3  content betw een   20   to   40 m g / L.

13.4％  of  the  total  wells had  the   NO －3  content excee-

 ding  the  standard  of  drinking  w ater （45 m g / L ）.  In 

2001 ， wells w ith   NO －3  content less  than   40   m g / L  oc-

 cupied  only   14.7％， and   65.3  ％ of  the  total  w ells 

 had  the   NO －3  content exceeding  the  standard of  drink-

 ing  water （45 m g / L ）.  From  this ， it can  be  seen  that 

 the   NO －3  contentofgroundw ater increased  in  a regiona l

 scale in  the  city.

5　 The   Com  positio n  of 
15
 N in   Groundwa-

 te r  in   Shi jia zhuang   City 

　　28   groundw ater  sam  ples  were taken  from  diff  erent 

 wells.  In the  sam  pling  w ells ， som  e w ere used  for  city 

 and  village  w ater  supply  and  som  e for  agricult  ure irri-

 gation （ Table  1 ）. 2  sam  ples  of  sew age  collected  for 

 m easurem  ent of 15 N .  The  data  of 15 N values  and   NO －3
 values  are shown in   Table  1.

 Table  1　δ
15 N and   NO －3  contents in groundw ater （2002 ）

 Sam ple  No.  location NO－3（ m g / L ） δ
15N （‰）

1  Dongpingle  19.3  ＋3.654 

2  Xibaizhuang   13.5  ＋2.265 

3  Caocun   56.8  ＋7.136 

4  Quyangqiao   47.9  ＋7.226 

5  Angu   43.3  ＋6.416 

10   Zilaishui   22.3  ＋7.430 

12   Beiguan   147.6  ＋4.223 

14   Shilipu   42.6  ＋5.677 

15   Xizhaotong   20.7  ＋5.407 

16   Takou   34.9  ＋3.965 

17   Xiaom azhuang   42.7  ＋5.185 

22   Cheng jiaozhuang   95.6  ＋11.043 

23   Er jianyu   77.7  ＋7.096 

24   Pi jiuchang   39.4  ＋4.826 

26   Zhenzhichang   114.3  ＋7.546 

30   Nangaoying   65.7  ＋8.017 

31   Huaidi   71.2  ＋7.480 

33   Dongliangxiang   99.7  ＋2.365 

35   Huafeichang   42.1  ＋6.006 

36   Nangao ji  44.9  ＋2.162 

37   Gong jiazhuang   44.5  ＋6.200 

41   Hengshan   60.7  ＋11.666 

42   Shangzhuang   113.6  ＋5.380 

43   Datan   79.3  ＋2.164 

44   Yanchang   77.4  ＋11.430 

45   Dieryinranchang   78.2  ＋8.904 

46   Fangbei   99.1  ＋7.110 

47   Liucun   14.9  ＋5.865 

 Through  synthetic  arrangem  ent and  analysis （ Ta-

 ble  1 ）， it can  be  found  that  the  groundw ater  for  the 

 city water  supply has  the  highest  m ean  content  of NO －3
 w ith  value  of 73.1   m g / L ， and  the  groundw ater  for  irri-

 gation  has  the  lowest  m ean  content of  NO －3  w ith  value 

 of 53.9   m g / L.  The  groundwater  for  village  w ate  r sup-

 ply has  a m iddle  m ean  content of   NO －3  with  value  of 

65.4   m g / L.  Thatm eans the  groundw ater in  urban  area 

 is m ore seriously  polluted  by  nitrogen  than  th  at  in  vil-

 lage  and  farm land  areas.  In addition ， the  m ean  content 

 of NO －3  in  sewage  is very low  with  m ean  value  of 0.5 

 m g / L ， but the  content of NH ＋4  is very high  with  m ean 

 content of 82.5 m g / L.  Considering  the δ
15 N values ，it

 can  be  seen  thatthe  groundw ater in the  urban  ar  ea  with 

 values  ranging  from   ＋ 7.1   to   ＋ 11.6   is fam  iliar  t  o the 

 sew age  w ith  values  ranging  from   ＋ 7.86   to   ＋ 9.04 .

 The  groundwater  in  farm land  area  has  the  low es tδ
15 N

 values  betw een   ＋ 2.16   and   ＋ 4.83.  The  values  of 

 groundwater  in  village  area  are lower  than  tha  t of  sew-

 age  and  higher than  thatofgroundwater in  farm  land  ar-

 ea.

6　  The   Com  positio n  of 
15
 N in   Diffe rent 

 Soil ［
1 ～3 ］

　　 In order  to recognize  the  nitrogen  pollutan  t source 

 in  groundw ater  and  to understand  the  reason  of  ground-

 w ater  pollution ， the  sam  ples  in  different soils for 15 N i-

 sotopic  m easurem  ent  w ere collected.  The  solu  tion  for 

 m easurem  ent w as  extracted  from  the  soil using  deion-

 ized  w ater as  the  extraction  solution  and  the  r  atio ofsoil 

 to  deionized  w ater is  1 /10   in  w eight.  Before th  e m ix-

 ing  w as  done ， the  soil was  dried  in  air and  then  grin-

 ded  into  the  powder  w ith  grain  diam  eter  less  th an

0.25 m m ， then  putting  the  deionized  w ater  and  grinded 

 soil into the  glass  bottle ， stirring  them  w ell and  laying 

 up  for   24   hours ， after  that ， filtering  the  m ixture and 

 getting  the  solution  for   NO －3  and 15 N m easurem  ent.

 In order  to know  the  m echanism  of the  groundwa-

 ter  nitrate pollution  in  the  study  area ， we had  studied 

 the  variation  law  of δ
15 N and   NO －3  w ith  depth  increas-

 ing  in differentsoilprofiles  .  Table  2  and   Tab  le  3  show 

 the  results.  Profile  1  is located  in the  cotton  field fertil-
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 ized  w ith  m anure.  Profile  2  is in  the  wheat fiel  d fertil-

 ized  w ith  chem  ical  fertilizer.  Profile   3  w as  d  ug  in  the 

 naturalsoil area ， and   Profile  4  w as  dug  in  cornfield  ir-

 rigated  w ith  sew age.  Allprofiles  w ere dug  to t  he  depth 

 of 4.5   m .

 It can  also  be  seen  thatthe  values  of δ
15 N are rel-

 atively low er  for  natural soil than  that of oth  er  kinds  of 

 soils.  For  natural  soil （ Profile   3 ）  the δ
15  N value  is 

 from   1.6‰  to   ＋ 2.5‰； For  the  m ature soil （ Profile 

1）  the δ
15 N values  are   ＋ 11.2‰  to   ＋ 13.5‰； For 

 chem  ical fertilizer  soil （ Profile   2 ）， the  value  is  from 

＋3.9‰  to   ＋ 4.7‰.  For  sewage  irrigation  soil ， the 

 value  is from   ＋ 7.8‰  to   ＋ 8.7‰.  Besides ， the  con-

 tent of  NO －3  is  also  low er  for  natural  soil than  that  of 

 m ature soil ， chem  ical  fertilizer  soil and  sew age  irriga-

 tion  soil.

 Table  2　 The variations of δ
15
 N and   NO －3  w ith depth in  Profile  1  and   Profile  2 

 Profile  1 

（ cotton field fertilized with m anure ）

 Profile  2 

（ wheat field fertilized with chem ical fertili  zer ）
 Depth （m）  Lithology NO 3

－ δ15N（‰）  Depth （m）  Lithology NO 3
－ δ15N（‰）

0  soil  165.1  13.2  0  soil  197.4  4.4 

0.5   soil  162.3  12.8  0.5   soil  185.2  4.5 

1.0   clay   154.2  13.5  1.0   Clayey loam   197.3  4.7 

1.5   clay   148.4  12.6  1.5   Clayey loam   197.1  4.5 

2.0   Sub- sandy  soil  132.1  11.2  2.0   Sub- sandy  so  il  165.9  4.0 

2.5   Sub- sandy  soil  100.5  11.3  2.5   Sub- sandy  so  il  161.2  3.9 

3.0   Clayey loam   112.7  12.7  3.0   clay   173.1  4.4 

3.5   Clayey loam   121.3  13.1  3.5   clay   182.4  4.2 

4.0   Clayey loam   121.4  12.4  4.0   Sub- sandy  soil  1 61.6  4.7 

4.5   Clayey loam   105.2  11.8  4.5   Clayey loam   165.4 3.9 

 Table  3  The variations of δ
15 N and   NO －3  w ith depth in  Profile  3  and   Profile  4 

 Profile  3 

（ natural soil ）

 Profile  4 

（ cornfield irrigated with sew age ）
 Depth （m）  Lithology NO 3

－ δ15N（‰）  Depth （m）  Lithology NO 3
－ δ15N（‰）

0  soil  56.3  2.3  0  soil  74.5  8.7 

0.5   soil  54.5  1.8  0.5   soil  72.3  8.5 

1.0   Clayey loam   62.4  1.9  1.0   clay   74.5  8.6 

1.5   Clayey loam   61.8  2.3  1.5   clay   72.6  8.4 

2.0   Sub- sandy  soil  58.9  2.1  2.0   Sub- sandy  soil 68.3  7.9 

2.5   Clayey loam   58.2  1.8  2.5   Clayey loam   71.5  7.8

3.0   silt  50.3  1.6  3.0   Sub- sandy  soil  65.4  8.4 

3.5   Clayey loam   52.9  2.5  3.5   Sub- sandy  soil  69.7 8.1 

4.0   clay   54.6  2.1  4.0   silt  64.5  8.6 

4.5   clay   55.4  2.2  4.5   Sub- sandy  soil  69.5  8.5 

7　 Dete rm  in in g  th e   Sources  of  Nitrate  in 

 Groundwate r  in   Shi jia zhuang   City 

　　 Com  paring  the δ
15  N values  both  in  groundwater 

 and  soil ， itcan  be  seen  thatgroundwater  for  city water 

 supply has  the  sam  e value  rang  w ith thatofm anu  re and 

 sew age  irrigated  soil.  From  this ， it m ay  be  concluded 

 thatthe  nitrogen  pollutantsource  ofgroundw  ater for cit-

 y w ater  supply （ in  higher  population  area ）  is  m ainly 

 from  excrem  ent and  sew age.

 The  groundwater  for  irrigation  has  the  little  higher 

 value  range  of δ15 N than  thatofchem  icalfertilizer soil ，

 which  m eans the  nitrogen  pollutantsource  ofg  roundwa-

 ter  in  w ells for  irrigation （ in  lower  population  area ） is

 m ainly from  chem  ical fertilizer  nitrogen.

 The  groundw ater  for  village  w ater  supply has δ
15N

 values  little  higher  than  that  of  chem  ical  fer  tilizer  soil 

 and  lower  than  that  of  m anure  and  sew age  irriga  ted 

 soil.  W hich  m ay  indicate  the  nitrogen  polluta  nts  is 

 m ainly from  excrem  ent and  partly  from  chem  ica  l fertil-

 izer.

 The  naturalsoilnitrate with  low δ15 N values  is not 
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 the  m ain  cause  of nitrate  contam  ination  of gro  undwater 

 in  the  area.

8　 Sum m ary 

 The   NO －3  content  of  groundw ater  increased  in  a 

 regional  scale  in   Shi jiazhuang  city.  The  chem  ical  and 

δ
15 N isotope  investigation  ofgroundw ater and  so  ils car-

 ried  out  indicated  thatthe  nitrogen  pollutan  tsource  of 

 groundwater  for city w ater supply （ in  higherpopulation 

 area ）  is m ainly from  excrem  entand  sew age.  The  nitro -

 gen  pollutant source  of groundwater  in  wells f  or  irriga-

 tion （ in  low er  population  area ）  is m ainly  from  chem  i-

 cal  fertilizer  nitrogen  and  the  nitrogen  poll  utants  is 

 m ainly from  excrem  ent and  partly  from  chem  ica  l fertil-

 izer.  For the  groundw ater  for  village  water  su  pply ， the 

 natural soil nitrate is not the  m ain  cause  ofni  trate con-

 tam  ination  of groundw ater  in  the  area.
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