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Abstract: In order to identify sources of nitrate in groundwater from the wastewater irrigated area, the southern part of
Shijiazhuang City, 5 soil/wastewater samples from potential contamination sources and 19 groundwater samples were collected
for chemical and nitrogen isotopic analyses. Irrigation wastewater has relatively low 8'° N value of 4. 0%, and soil applied with
commercial fertilizer and beneath animal waste piles has 8" N values of 1. 4%, and 12. 4%, respectively. The distribution of
8" N values of sediment from about 30 m-thick vadose zone beneath the vegetable growth plot only applied with animal wastes
shows that NO; ~ derived from animal wastes has transported to the lower vadose zone with the mean ¢ N value of 10. 9%..
Sediment samples collected from the thick vadose zone beneath the farmland only irrigated with wastewater indicates that the
deep vadose zone below the soil layer has narrow range of §'°N values with the mean 6" N value of 5. 7%;. Groundwater from
the wastewater irrigated area has NO;~ concentration ranging from 52. 6 mg/L to 124. 5 mg/L with a mean value of
79. 72 mg/L, and 6" N values of NO; ™~ ranging from 5. 3 to 8. 3%, with a mean value of 7. 0%, except a sample from a deep
well. 6" N values of groundwater from the wastewater irrigated area are higher than those from the deep vadose zone beneath
the wastewater irrigated area, which indicates that other sources with higher §"° N values contribute to groundwater NO; . The
other sources are mainly human and animal wastes. NO; ~ in groundwater from the wastewater irrigated area are derived from
irrigation wastewater accounting for about 76% and from human and animal wastes accounting for about 24%, respectively.
Wastewater irrigation and human/animal wastes management should be strengthened to prevent groundwater NO; ~ contamina-
tion in the wastewater irrigated area.

Key words: nitrogen isotopes; nitrate contamination; groundwater; wastewater irrigation area; the thick vadose zone; hydroge-
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V5K REW I — P DL R R ML 0% 3. H R A
25 50 NMEFZEA 2000 F hm? (1 hm? =10 000 m?)
AR b A P A A B B 43 Ak B 6 5 K 2 AT HE TR
(Qishlaqi er al. , 2008), Hr 3 [ 75 7K # Bk i X
361. 84 3 hm? (LA 1998 4F31) . o e [ & i 10 1o AR
(1 7. 3300 (R TEA A LR . 2004). X 2635 X F=
B TER AL T7 R AP iy B X it s 4= 5
PR L 5 X R TS X AT U A T
DX L7 R 8 DX B A Tl i X R TS
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VEVIIRAERT 5 19 NP K S5 SRt R A LY. (H
Je TG KW EA &GS & A B, KIS
SEIG RN RO T KIS g R NO,— J5 8 ()
BH,1989; 22 RIAEE 1997 Kass et al. » 2005).
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IRHER R A 2200k AR T5 7K 7 3% [l B 35
M 75 7K THE TR P T AP T A0 0 1 R - B ) B
REWFTERI] AR R 25 QRPN A 3T R
(Kreitler and Jones, 1975; Heaton, 1986; Herbei
and Spalding, 1993; Spalding et al. , 2001; Choi et
al. » 2007). AS[ER IR A IR BA 4 A A E A7
FRHE. Q075 9L I AR - HEK ) 8 N AE AL AE 0~
5%0s EHEEHLE — 3%0~5%0, S FEAH 10900~ 25%,
FE7K 7%:~15%.(Fogg et al. » 1998). R KA
AAFIE Ok B TS YL IR IR IR 36 it 484 iy Ak A,
KRG - A 407 83 W R R R A8 AR 45
& SRR . B AV 3 i 2 1 TG 4R i Bk S O
T AR AR AR LA BILBI A BRI o NO;— 32
AR N NO, — \NON,O F1 N, (48 2. 3 F 1
() FR)E 2R A3 PSSOV . 25 (— 40 %0~ —5%0) » i LAfi 5%
P IR ER Y 0" N B K 3] 3k 2k Hoys G 5 i) &R AL
FRHIE. B A AR R O R K SRR ER T G
PRI, 5 5 T LR A 0T R K P AR S
AR . &R 2= o AT R B rs A A FH Y 33 )
(Koba et al. , 1997; Fryar et al. , 2000). FE % Al
ARAE TR 4T . i IR Eh v B R e, T 6" N (RS
(Delwiche and Steyn, 1970; Mariotti et al. ,
1981).
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Fig. 1 The sketch map showing study area and sampling sites
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Table 1 Results of analyses of nitrogen isotopes and inorganic

nitrogen for potential sources of contamination

v o IORE R E 0" Ny/air NO; NH, *
: H R /

GELES (m) (%) (mg/kg)  (mg/ke)
HETS RET5 7K +4.0 65 mg/L
FEMET 35 1.0 +12.4 134. 50
HE AL - 3 1.0 +1.4 72.50

it JBE A i £
oot 11.5~28.0 +10.9 66. 21
SXin L]
VAR A -
e 1.0~28.0 7 43. 96
ALY e

Hevs sk NH, T (9 6 N AE 4. 0%, X AME AR
MR A 4 — R R E A K15 1 (E (2. 700
(Chen et al. , 2006) &, Ji R AT BB 215 K o0 A Fa
FE R & T ). AR A S K (490~ 19%0,
Xue et al. s 200D A - X AME AL . 7T BE S B 175
7K H TV B AR R AR 6 95 K TR A P S it T I i 2%
HETF 4 1 m AEE NO, 18 8 N B4R 51 1. 4% 71
12. 4%0, 33X B8 43 9% ZEAL T 0 ~ 5% Fi 5l ) 28 fif
10%0~25% ML AIE IR N (Fogg et al. s 1998).

ALt JF FES P % 3 o L DX VRS 20 S LR )0 N
FNO; &R (8 22) Bon. B T R L3R
JEHEBAKALAE Byafi 4 07 NAE KA S NO,~ & 481k
— 3, RN i 5% S R AE X+ 182 T AR
S WA SR B REACVE AL LA 7E 11,5 m
DL FAAH R T 6~8 m EB AR, 0 N (A /N, AF
’”STT: 6. 0%0’\/8. 8%021‘5]’1/}]{5 7. 5%09ﬁﬁ7£ 11. 5 m
DU AT 0 NAERK, BB TE 8. 7000 ~13. 1,2
[i] , BB 10. 990, WK H 2R NO; 785 B
K CYHBRJZHL TR 7K L 6. 8%0) IIBK S T B s B3] T
. AL 1L 5 m AR £ 28 m ) NO, 1 6N
PIEA IR A 3 o A# T K NO; ™ 19 8N fH,
WRZAE A 10. 9%, 3X AN E VR £E 2K H 288 NO,~ 1 3t
HE I 10%~25%0 N (Fogg et al. , 1998).
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NO; ™ gl B (& 2b) Bow, B TR 255,
S NHBEVR B AR IRAR /N, H5 NO;— i o (R =
0. 000 3), 487~ + 48 )2 F AR IRF ALy B A sl AR 2D
KA RASAAE . A DA 10 oF N R
K HEEBETG K NH, #4000 NO; 19 0" N {H, W%
B4 5. 7% 515K B(EARIE . W] 58 S BT 7K i VPR
B I AR R AT 55 R . AE A b X V5
BENO; 1y o NAE AR, tndt s F= 515 HE X 1
NO; (96" N{E Jy 3. 1%0~5. 6%0, dt 5% & iE 5 3
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Fig. 2 Distribution of 8" N values and NO;
sediment collected from the thick vadose zones
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X435 NO; #y oPNAEFEAK, S —4. 8%~ —1. 9%,
(HRZEHEFN2042,1992) , IR B Tl 5 7K B4 5.
2.2 Tk NO, ™ iR E G B RHF I

T KA 2= FVR R R A3 A 4 2R (R 2) R,
TGUE X N LR K NO,s ¥ FEAE B FE 14, 05 ~
124. 50 mg/LZ ], fAIRAE 14. 05 mg/L H AR IR
105 m (IR F, % TDS & fil CL & ARG, 5
NZF B2 KSR % 2 LT K R 2 25
e AR B NO;— W FE AR 5, A8 7E 52. 6~
124. 50 mg/L Z [a], ¥J{H 79. 72 mg/L, i K{H
124. 50 mg/ L BLAE ¥5 #E K H v 1 3 Ak KOt
NO;~ #& J& 24 66. 80 mg/L, T i Tk H] /K b #E
45 mg/L, ] WLy5 X T A A R 3 15 Y 7™ . 15 78
XA AR 5 T X A 3t T KK I NO, ™~ #e B
AR 4390 R 87. 18 mg/ L i1 80. 00 mg/ L, 7 &5 V5 1
X K NOs— He B 8 ik, A8 b 76 28, 93 ~
51. 19 mg/Lz|f].

HR K NO;, ™ (1 6% N gl /(& 3) B,
8" NAH T X 45V DX AR V5 0 X Hb T /K AR k. 75
X MR K NO;™ 19 0% N {H 85 K, 48 1k 16
5. 3%0~8. 3%z ], HEBR A 52 15 YL R 41, HAth -
IXME A 7. 0%, 15 HEIX L iF i R 7K NO,— 1 6 N
HE . ZALAE 7. 6%0~9. 7%z 8], {E M 8. 9%..
FEVSTE X R LTS HE X LR K NO,— 9 6 N {H %%
1% ASARTE 6. 2%0~T7. 9%z 18], ¥IME K 7. 2%0. 515
VEE DX P {ELAF T i ST 15 VB DX b 7K 2 S5 VE 1 5%
M) 5 376 5 75 78 DX R i 7K NO, — (19 0 N AR b 7E

9. 4%,~10. 8%z 1) ¥I{E M 9. 9%, %58 ¥5 HE X (E
W 3G K.

T HE XL 5 X R T B DT i MR K
NO; ™ 19 0" N {HAE M3/ s AAELERE NO; ~ ¥R
RT3 T R 32 TR I A DXl T 7K A A sl AR 2
K RAEARAE FH. JHL R T K b s i 40
(1.2~5. 97 mg/L) , J& EAL IR BT, A FI] F IR 48 Al
TAERI KA. A0 R KB n(NOs ™) /n(CL) JEE
IRHAR B s BRT5TE DX — G WO09-5 [ n(NO; )/
n(Cl ) FU(E L 1 (0. 65) Fb, HAEE S 19 n(NO, )/
n(Cl ) HABAHIE (3 2) 3878 A sAR D K A I A
TEAEH.
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WF5E Xt T K& A s AR & AR s A E R
S0 WU T K NO, ™ R R 26 Bt v
RIFME R I 7K NOs ™~ 5 YL i8R0, tmirid 2
NG YR N ARIE R AR 0'° N 434 w] A, 7E
ERTFEE R TRmERE Rk ATGYE NO; -
[ 0" NAEAFR A s 1 i A T ARk UGS » 52
R/, o N Efa . B MR A & NO,—
HEAML T K B G — BRI s AR, H 0V N HH RE
BIIE AR 7K A 75 YL TR Y 0 N . Rk, A 75
DXHE T KB 0% NAE 5 F AR A X B 4775 YL U
.

VSHEIX LR /K NO, i1 6" N (7. 0%0) %875
HEA H 482 F R A TR (5. 7%00) &5 . ik
Y5 HE X R 7K NOs ™~ A 1k ok BEB 5 K, 8
O N B H g 1 H At 5 YL R TR & &R A, KINA
LI 20 g HE O AR S8 A X 43 A1
W TG 78 35 (1 HETS B3 5 ZF AL A0 B SR AL DX, T
HEAS 5 2R AL 3 26y YL YR T I 25 R 24, D RS
HEDCH T 7K NO; ™~ 2% | EBE R I5 K FSE A, A
FHSAMERA Ty BT Ak 5505 YL U5 r o5 1 1), 4R kTR
B i TC AL o3 BUE T 2R E LT 7K 3 TS K
O N LIS A H 32 AR DU 1 1
{H 5. 700 #EA ML T /K Y ZEME 0 N {H ISR AR X
WLk A R i A A T R 08 N A 5k
11. 5 mPA FESAEE 10. 9%,. SREFE S 191 HF0
I T K T W — S K24, TRERKZ, BT
PR AT HCEATRIME 7. 0% RIS HE X Z 15
Yuhh Tk NO,~ 1y 6% N {H. F 4 1R & 7 e
7.0=XX5.7+(1—X)x10.9, A[J}EHEF5HEX
IR 7K NO; Sk BB TS5 7K NO;— Jr di [ e i) X oy
76% Mk B AW RINO, 524 %, 0 WL, V53 X b
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Table 2 Results of chemical and nitrogen isotopic analyses
‘ ‘ ] s 15Ny NO. e fit4E DO TDS - n(NO;z~
PR MR kw0 B SO0 REED N
V5 X1 i
W09-1 2009-5-13 fREH: 50 9.4 39. 92 / 7.06 609 172. 70 0.13
W09-2 2009-5-13 LRI 50 7.6 48. 60 5. 97 7.1 554 132. 70 0. 21
W09-3 2009-5-14 B &3 50 9.7 87.18 2.8 6.91 695 178. 70 0. 28
TR A
W09-4 2009-5-14 B &3 80 7.7 86. 06 / 7.01 815 223. 60 0. 22
W09-17 2009-5-13 A& 90 6.3 75. 00 / 7.2 767 187. 50 0. 23
W09-5 2009-5-15 EEFis 105 8.0 14. 05 2.85 7.47 285 12. 38 0. 65
W09-6 2009-5-14 B &3 60 5.3 84. 86 1.7 7.01 812 192. 80 0. 25
W09-7 2009-5-14 B &3 50 6.4 69. 82 1.2 6. 82 847 224. 70 0.18
W09-8 2009-5-14 A H: 60 6.8 82. 60 2.83 7.02 807 192. 80 0. 25
W09-20 2009-5-15 EEFis 60 7.5 124. 50 3.34 7.14 809 232. 50 0.31
W09-9 2009-5-14  FHIKIE 90 8.3 66. 80 / 6.98 688 166. 30 0.23
W09-15 2009-5-15 B &3 60 7.2 75. 20 2. 36 7 709 178. 00 0. 24
W09-16 2009-5-15 EE-Fis 100 7.1 52. 60 2. 66 6.99 622 156. 70 0.19
5 XTI
W09-18 2009-5-15 B &3 50 7.6 80. 00 1.87 7.08 615 182. 20 0. 25
W09-10 2009-5-14 EE-Eis 60 7.9 51.19 / 7.17 581 157. 50 0.19
W09-19 2009-5-15  FPHKIE 120 6.2 45. 60 1. 86 7.11 615 159. 20 0.16
W09-11 2009-5-15 B &3 60 9.4 40. 44 / 7.15 612 146. 80 0.16
W09-12 2009-5-15 B &3 60 9.5 39. 87 2.0 7.13 545 130. 20 0.18
W09-13 2009-5-15 EE-Eis 45 10. 8 28.93 3.28 7.17 453 103. 70 0.16

515N(%0)

5 HE XL

V5
Hu R 7K KR 7 1n]

K3 Rk NOs— (1 6 N 43
Fig. 3 6" N distribution of NO; ™ in groundwater

75 e DR i

TR NO; FZOR HH#EBRT5 K H 2R A AR
FEMEA NO; o 1/4.

TS A A IX MR K NO, T g 60 N fE
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SR IX BRI A 8 R AT X BB R AT XA, A2
NGBS S AL PN

3 AN
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B 95 7K ER b B AR AR 3 15 KR A i M B itk e
13 NO;~ Fk A 2h 268 NO;~ 19 6 N K75 7 st
RUESR . 2 ANEZ AT NO; ™~ 1 0" N 43 #r
FoR TG IX A2 MR AU TR NO,— 1Y 6N
A 5. 7%0 AU IREIE A B SR R X R B 2S5 A R
ASHTURRY NO; 1 0% N ¥{E 10. 9%,. X P 11
JZ TR SR K AR RO AR .

TSHEDXHL N 7K NO,— 15 94 ™ 5, B — BRI 4, B
A BRI T 7K NO, — e B IR K AR . 15T X
R 7K NO; 75 445 = 2R 1 15 K FIZE M0, i
2y 76%. 5 B 24 %, 5T X R K
NO; B — 1, U AUR BN 15t - (1) 2% 11
15K HE. NOZAR 48 1E Y 75 KR 75 I8 & 7Rl 405
E I, 2 0I5 K RV NO; 3l i Sl i
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