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Identifying the Sources of Groudwater NO; -N -in/ Agricultural Region ‘‘of
Qingdao . Y W
KOU. Xirll—yuélf #DING Jun-jun', LI_.AYUE;_Z'}I'O.HgI'Z'*-; "MAO Li-li', LI Qizua,o"—zhen1 . X{J Chun-ying' , ZHENG Qian's™"
ZHUANG Shan' ' 4 a1 2 P

(lL~Key Laboratory of Dryland Agriculture ,J" MiTlliStFy 'llof Agriculture, Institute of Enyironment and Sustainable Development in

-

Agriqnlturgﬂl, Chinese'AcadeLmX of Agricultural Sciencles, Beijinlg.-“m(_)081 , China; 2. Environmental Stable Isotope Laboratory, Chinese
Acadt?;my L)f? Agri¢tltural Sciences, Beijing 100081, Cﬁ:ina)"“_._:_.-"’f

Abstract/ To increase crops yields, applying large amoaﬁt-s of fertilizers has become increasingly common in agricultural regions,
resulting’in NO; -N groundwater pollution. Agricultural non-point pollution is the main source of groundwater NO; -N pollution. To
ensure drinking water safety and quality, it is crucial to clarify the sources of NO; -N pollution in agricultural regions. In this study, 35
sampling sites were randomly selected in the Qingdao agricultural area in 2009 and 2019. The spatial distribution of NO; -N
concentration was analyzed by the inverse distance weighting method (IDW). The nitrogen and oxygen isotopes were used as a tool to
trace sources of NO, -N and the SIAR model was used to quantify contribution proportion of pollution sources. The results showed that
the concentration of NO; -N (average) in groundwater in Qingdao has been reduced from 38.49 mg-L™" in 2009 to 22. 37 mg-L™" in
2019, but it is still higher than the maximum allowable concentration of NO; -N in drinking water set by the World Health Organization
(WHO). The NO; -N concentration gradually increased from south to north both in 2009 and 2019. The cross diagram of §”N-NO;
and 80-NO; show that the main sources of NO; -N in groundwater in Qingdao are chemical fertilizers, soil nitrogen, and manure and
sewage. Water isotopes indicate that precipitation was the main source of groundwater in Qingdao. The SIAR model results indicated
that the contribution of each source ranked as follows; manure and sewage (47.42% ) > soil nitrogen (27.80% ) > chemical fertilizer
(14.32% ) > atmospheric nitrogen depositions (10.43% ). From 2009 to 2019, the quality of groundwater in Qingdao has been
improved, but NO; -N pollution still cannot be ignored. According to the results, prevention and control should be made to ensure the
safety of drinking water and the sustainable development of agriculture.

Key words:5"N; 8°0; NO, -N source; SIAR model; agricultural area in Qingdao
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Table 1 ~ Water quality characteristics of groundwater samples in Qingdao agri;:ululiral area .‘,‘.-’.;‘ 4
- oG Nos-N(2009 ) ONGTAN  ar- ; SIN-NO; g"0-NOT © §Y0H,0 aD-H, 0_" . ﬁﬁ ﬁ;
/RS gm /mg-L 7 [1 /mg-L*! #/mgal. /%o o o W\ /%o P
QD425 | 7.81 1156.40 27.10, | /] 2900 47 9.13 2,13 4 /18704 ~9761 -60. 92 Y
Qb426 1 8.42 4 | 917. 40 30.801 4/ 60" 13.44 6.00 22/ 85 =9.69 —63. 8%t Y
OD427!  8.08— /1429.40 46.90 T 27700+ 1414 2.36 20101, @ -9.76 -63.73 el g
QD428 8,01  2073.30 90.70 | J 187.20 [ 38.08 0.47 .f 2342 N 917 -60.00 G/
Qp447 . 8l86  656.50 1290 |/ [l1s,70 1 8.20 7.89 | 4 12487 -9.27 -59.62 Y
QD448 | f18.78 £7522.70 25.30 1800 3,29 3.74 -1:83 ~9,28 -55.71 G
QD449 7096, 118240° 48.60 30,50 |_A7. 47 13.21 14.72 ~9.25 -55.10 Y
QD450 #47.97  |852.00 18.90 6.2 381 11.84 5.71 -8.61 ~52.66 Y
QD451 | 8.46 “587.00 22.50 22.20 4.21 8.59 0.92 -8.72 -54.05 Y
QD452 8.23  1118.50 22.10 2720 10.04 17. 14 27.41 — — ¢
QD453 8.02  753.80 37.10 10.90  12.63 13. 41 3.13 -9.01 -56.73 Y
QD454 7.88  473.10 7.86 2.62 6. 43 19.27 37.02 -8.83 -54.34 Y
QD455 7.95  677.70 22.40 16.70 7.41 10.78 4.94 -8.81 -55.66 Y
QD456 7.90  1711.00 30.40 3520 26.67 8.42 20. 44 -9.23 ~61.46 G
QD457 7.95  1527.70 77.90 33.30 1841 4.00 3.63 -8.29 -52.58 G
QD458 8.38  503.40 20.20 19.70 6.67 9.11 3.45 -8.86 ~57.80
QD459 8.00  619.70 41.40 14. 80 8.63 13.42 2.59 -9.01 -57.65 ¢
QD460 8.18  1210.70 32.30 39.70  11.98 7.69 9.40 -9.79 ~64. 81 G
QD461 8.70  236.10 6. 85 7.00 4.06 11.35 21.27 -9.60 -58.55 Y
QD462 9.10  224.40 7.82 2.64 1.89 9.70 11.97 -6.42 ~42.24 Y
QD463 8.17  1087.70 26.90 1240 15.57 29.03 14. 00 -9.10 -53.38 G
QD464  8.25  670.50 44.50 22.20 8.91 14. 09 3.95 -8.91 -55.88 Y
QD465  8.63  675.60 31.10 16.70 6.51 2.92 1.85 -9.30 -61.13 G
QD466 8.73  1492.80 58.60 37.00  22.69 12.58 1.34 -9.42 -59. 44 G
QD467  7.67  1304.70 114. 00 1910 31.91 3.09 5.97 -7.81 -45.19 G
QD468 8.91  1220.80 40. 60 30.40  11.63 13.20 4.95 -9.35 -58.16 Y
OD469  7.77  1193.00 13. 80 3.20  15.88 3.15 16. 28 -9.23 ~59.84 Y
QD502 8.02  715.60 19. 10 31.20 6.04 16. 04 10. 06 — — Y
QD503 7.85  595.30 12.70 13.50 7.55 6.84 5.63 -9.21 ~60. 03 G
QD504  8.00  865.50 33.80 2290 14.01 9.01 12.75 ~9.60 -62.27 G
QD505 7.70  1942.60 161. 00 46.20  12.47 1.68 -2.54 -8.81 ~54.56 ¢
QD506 7.87  781.10 31.60 2320 10.67 6.20 17. 64 -9.28 ~60.94 G
QD507 10.17  1929.20 32.50 29.90  23.29 3.51 3.16 -9.37 ~60.90 G
QD508 7.84  1302.50 42.10 27.40  25.08 6.97 3.66 -9.94 -66.55 G
QD509 7.88  4648.10 45.70 12,60 111.12 19. 56 15.92 -8.48 -54.16 G

1) G FRMEMK, Y FRKK s —F7R B EE ;. BRNO; -N(2009) 2y 2009 4F R , Foaxh 2019 4R KRR
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Table 2 Groundwater quality classification in Qingdao agricultural area

. HAREE FEASL FEARES /% IR/ % 5YEIK/ %
/mg-L"! 2009 4E 2019 4F 2009 4 2019 4F 2009 4% 2019 4E 2009 4% 2019 4E
I <5 0 2 0 5.71 — — — —
M2 5~10 3 2 8.57 5.71 — — — —
m 10 ~20 5 12 14.29 34.29 22.86 45.71 — -
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