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Fundamental considerations on nitrogen pollution
of groundwater and its causes

HasgE—*, EfRE*
Shoichi KUNIKANE*, Yasumoto MAGARA*

ABSTRACT; The statistical data of municipal water supply were analysed to assess
nitrogen pollution of groundwater in each prefecture of Japan. The weighted mean
concentration of nitrate plus nitrite nitrogen in groundwater for all over Japan was
1.33 mg-L“l in 1970 F.Y., 1.10 mg-L-1 in 1975 F.Y. and 1.28 mg-L~! in 1980

F.Y., and no abvious trend was found. The weighted mean concentration of shallow well
water for all over Japan was about 1.6 mg-L"1 in these three years which was always
higher than the concentration of any other groundwater such as deep well and spring
waters.

To compare with the above result the mean nitrogen concentration in groundwater was
estimated supposing that nitrogen loaded the ground from such sources as domestic waste-
water, chemical fertilizer, and livestock and poultry wastes would be uniformly diluted
with effective rainfall. The estimated mean nitrogen concentration in groundwater for
all over Japan was 2.00mg.L'l,which was approximate to the actual weighted mean
concentration of nitrate plus nitrite nitrogen in. groundwater. From aspect of
contribution to groundwater nitrogen pollution, chemical fertilizer had the largest
proportion, and livestock and poﬁltry wastes the second largest, and domestic wastewater
had only a negligible proportion. The actual and estimated nitrogen concentrations in
groundwater in each prefecture did not always agree with each other, and the reasons were
discussed.

KEYWORDS; Groundwater pollution, Nitrate nitrogen, Water supply, Estimation, Nitrogen

source
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Table 1 Current status of nitrogen pollution of groundwater
used for municipal water supply in Japan

F. Y. Item Deep well Shallow well Spring Othersl) -Total
—
Abstracted w;t;r volume 2,097 647 309 283 3,336
(x10°n°. a™1)
Amount of nitrogen
1970 abstractedz) (kg'd-l) 3,037 1,000 164 232 4,433
Mean ni;;ogen cg;lcen:- 1.45 1.55 0.53 0.82 1.33
ration”’ (mg-L )
Abstracted wgc;r_ \_nilume 3,299 1,129 393 367 5,188
(x107m”.d ™) .
Amount of n;;rogen 2,999 1,875 357 488 5,721
1975 abstracted (kg-d'l)
Mean nitrogen concent~- 0.91 1.66 0.91 1.33 1.10
tation3) (mg-L_,l)
Abstracted wgtgr r;lume 3,161 1,532 425 242 5,360
(x10°m”+d ™)
1980 Amount of ni;;ogen 3,446 2,566 517 346 6,875
abstracted (kg.d'l) .
Mean nitrogen concent- 1.09 1.67 1.22 1.43 1.28
rationd’ (mg-L-l)

1) Including those which are reported only about the result after mixing water from

duplicate types of groundwater source and those whose types of groundwater source
are not defined

2) Abstracted due to groundwater abstraction; nitrate plus nitrite nitrogen.

3) Weighted mean concentration dividing the amount of nitrate plus nitrite nitrogen by
the water volume
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Fig. 2 (a) Relationship between water

volume and amount of nitrate plus nitrogen

abstracted from groundwater by municipal

water supply (1975 F.Y.)

Code

1 Hokkaido ' 9 Tochigi 17 1Ishikawa
2 Aomori 10 Gunma 18 Fukui

3 Iwate 11 Saitama 19 Yamanashi
4 Miyagi 12 Chiba 20 Nagano

5 Akita 13 Tokyo 21 Gifu

6 Yamagata 14 Kanagawa 22 Shizuoka
7 Hukushima = 15 Niigata 23 Aichi

8 TIbaraki 16 Toyama 24 Mie
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Fig. 2(b) Relationship between water volume

and amount of nitrate nitrogen abstracted
from groundwater by municipal water supply
(1980 F.Y.)

25 Shiga 34 Hiroshima 43 Kumamoto
26 Kyoto 35 Yamaguchi 44 0Qita

27 Osaka 36 Tokushima 45 Miyazaki
28 Hyogo 37 Kagawa 46 Kagoshima
29 Nara 38 Ehime 47 Okinawa
30 Wakayama 40 Fukuoka

31 Tottori 41 Saga

33 Okayama 42 Nagasaki
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Table 2 Per capita nitrogen load of livestock and poultry wastes

Amount of nitrogen
E'S
‘Livestock Annual amount of excreta per capita_l Nitrogen excreted per capita
(wet weight t-y 7) %

and poultry content Per year | Per day —

F Urine Total t % -

eces n T ota (we ) (kg-y~1) (g-d-1)
Dairy cattle 10.8 5.5 16.3 58.7 161

0.36 — o
Cattle 4.2 2.2 6.4 23.0 63.1
Pig 0.8 1.3 2.1 0.63 13.2 36.2
Broiler 0.036 - 0.036 0.598 1.64
— 1.66
Chicken 0.055 - 0.055 0.913 2.50
*) Based on a survey by Ministry of Agriculture, Forestry and Fisheries

DEDE S LTRDEBZSHERBRICET 5L E~OEFXRAREL» S, TLFhOBMHER MY OEEA
R (UTTR, ThEEXANEREES) 2HE L, ITKOBEREEZ S LT, ANBEEAEER
%@&méc&m,?fuﬁ#gwﬁﬁutwétﬁbfééoéem,iﬁmﬁ?é%ﬁﬁﬁ%&#%ﬂ
TARIPOERBEEEHEEL ko CNIKEELTE, BMAKR» SERBIC L BHABE I LI LTRD - K EE
WRILOBMAERCIELT, LHEOARNMSAZKAERSN, COKO—BBMTRELD, BOSERKE
BAHBERELI, TDEH
KIng, 2®ENRcs
HEHMTAROERFRME

Table 3 Proportion of the amount of nitrogen loaded the
ground to the total amount of nitrogen generated

DEREDEDTH 3 h 4%, Source Proportion loaded the ground D
WESTHLEMTEBEE Disposed
.. . e e = Human individually
ALNL, ¥ f—' FLUEA | pomestic |excreta reTained 1n 0.952 x 0.7 = 0.665
Hicky, 2Ec->0vToO wastewater rural area
EHRAFRLE 7}(@’}’?&&@% Domestij: wastewater ' 0.3 o
o SEEHEOFEREN excluding human excreta .
BWE I T /KO ERER Chemical fertilizer 0.73)
b#ELK, 1B, BRES Cattle 0.952) x 0.7%) = 0.665
11 Livestock
U D31~ 48T D F i fE % :thz:ultry Pig 0.752 x 0.7% = 0.525
Mutoe T OO EH Poultry 0.952) x 0.7%) = 0.665
E A E U C IS o - —
L% H - 1) Subtracted the proportion of plant uptake
o° 2) Proportion of the amount of nitrogen reclaimed in rural
3.2 @ERALLUIKIH area to the total amount of nitrogen generated; applying
ot " the same value
TAREGIRBL & D R for human excreta as that for cattle and poultry wastes
Table 4 3 PO XS 15 3) 1l-(proportion of plant uptake, 0.3)
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Table 4 Nitrogen load on the ground from each specified source and its
contribution to nitrogen concentration in Japanese groundwater

Estimated contri-
Nitrogen load ) Areal nitrogen 2) bution to nitrogen
Source on the ground load on the ground concentratign in
(x103t-y_1) (t,km-z,y-l) groundwater>)
-1
(mg-L ™)
Human 16.5
Domestic excreta
36.2 0.10 0.08
waste water Domestic
wasterwater
excluding 19.6
5)
human excreta
Chemical fertilizer6) 533.7 1.41 1.19
Livestock Cattle 112.6
and poultry | Pig 65.9 329.3 0.87 0.73
7
wastes?) Poultry 150.8
Total 899.2 2.38 2.00

1) (the amount of nitrogen generated)x(the proportion of the amount of
nitrogen loaded the ground shown in Table 3) 9

2) Assuming that the total land area of Japan is 377,708km

3) Supposing that the total amount of nitrogen loaded the ground is
uniformly diluted with the water volume of annual mean effective
rainfall over the land area(4494.49 x 10%m3)

4) Human excreta disposed individually and collected night soil reclaimed
in rural area; based on '"Waste Management in Japan 1980 F.Y."
(Ministry of Health and Welfare)

5) For the population not served by sewerage system; based on ''National
Census 1980"(Prime Minister's Office) and "Sewage Works Statistics 1980
F.Y." (Japan Sewage Works Association)

6) Using the carried-in amount in 1979 fertilizer year; based on a survey
by Ministry of Agriculture, Forestry and Fisheries

7) TUsing the livestock and poultry populations; based on 'Chikusan Kogai
Taisaku Zensho 1979" (Keiran-Niku Information Center vo.)
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Fig. 3 Distribution of nitrogen Fig. 4 Distribution of nitrate plus
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water supply (weighted mean concentration
by using abstracted water volume; based on
"Water Works Statistics 1980 F.Y.™)
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