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Spatial distribution, origin, and health risk assessment of
nitrate in groundwater of Cenozoic basalts in Zhangbei
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Abstract: [Objectives] In order to identify nitrate sources and health risks in groundwater of Cenozoic basaltic
rock in Hebei province. [ Methods] The basalt distribution region in Zhangbei county is selected as a typical study
area. Based on hydrochemistry and isotopes data of 45 groups groundwater samples, the distribution
characteristics and origin of nitrate in basalt groundwater were studied, the health risk of nitrate in groundwater
was evaluated using the health risk assessment model . [ Results]The results showed that the average concentration

of nitrate in the groundwater of the study area was 86.08 mg 4, The nitrate concentration of 26.6% of the
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sampling sites exceeded the limit value of the 11l grade groundwater quality in GB/T 14848-2017 (The Quality
standard of Underground Water) (20 mg 1.); The nitrate pollution of different land use types varied greatly, and
the content of nitrate in urban areas was the highest, followed by irrigated land,with forests. grasslands or dry land
not exceeding the standard.The sources of nitrate in groundwater was mainly manure and domestic sewage, and
the next was chemical fertilizer leaching;The health risks of nitrate exposure through skin contact among the
population in the study area were at acceptable levels, while the health risk of nitrate intake from drinking water
was higher, and the contribution rate of nitrate intake from drinking water accounted for 99.23% of the total risk,
which was much higher than that from skin contact route.The health risks of drinking water intake and skin contact
in children were significantly higher than those of adults.The health risks of groundwater nitrates to children in
75.55% of the sampling sites exceeded acceptable levels. [ Conclusions] From the perspective of water supply
safety, it is recommended to increase water purification equipment in high-risk areas to reduce human health risks
Key words: Groundwater; nitrate; basalt; stable isotope; health risk assessment; hydrogeologic survey engineering;
Zhangbei County; Hebei Province

Highlights: This study systematically analyzed the distribution and origin of nitrate in groundwater of Cenozoic
basalt area in Heibei province; It were assessed the health risk of nitrate in groundwater and suggested on safe
water supply.

About the first author: HE Jin, male, born in 1980, Doctor of Engineering,senior engineer with the rank of a
professor, engaged in the research of hydrogeology and water resources; E-mail: hejing007105@126.com.

About the corresponding author: MA Xuemei female, born in 1990, engineer, engaged in the investigation and
evaluation of groundwater resources; E-mail: 247523354@qq.com.

Fund support: Supported by the project of China Geological Survey (No.DD20190259).

][]

1 5]

THER Eh (NOg ) 1E AR FUK A —Fh B AL E by, BV m AL RS VSR KR 5
3 H RGN AR RIS YRR T (ZEFESE, 2019) o BT AROLARBE AR £ B A RTYS K FROAT
AT 3R E R KR AT 7K R AR 75 4 H &)™ # (Xing et al., 2013; Zhang et al., 2015) .
MK HT NOS RIS 227 KK UL & 8 IR R B R 1 XU, T F R 26 2 i
o PR 7K 2 N\ A i B T IR R RRE AR U B R e kI 41 B IR S
(Brikietal., 2017; Guetal., 2013) .

bR K PR ER ER SRR o S A, REAFE RS LIRS AR R LA
K. RAIEEL. BEIHGENNFE (Buetal, 2016; SRS, 20200 . EHAANEE
2 K BRI KA S0 BT RN B7R BREE DT J M N /K B IR s TR 98 CAmiri 45,
2015, A%, 2020; fRiEFESE, 2018; RHHASE, 20200 . Wl Musgrove & (2016) X3 [H
78 5 5 AT M5 VA R K TR I, K TSR £ R BRI T LA IR FIAGER . B
(2018) %5 F )T G it 77 iEAR B T VLD J5E 35 U A FL B R 7K AP 2 3k (4 43 A RFAE B
MR 2, RILEHRI AL, AN KRR 3h & R k. XU BTEFSE (2017)
P R Z R A LA I R B T 75 8 DRyt T~ DX R 7K P i R 3k 5 36 L L AR S5 7K Y
HESU R ARG . 2EF RS (2019) Ay B M B8 s /K It b i R 6 PSR L5 &5 0l 35 N 205



A K. EFF TR b, [P 23 2 R A Ty 2 B2 2 DU R b Bl 255 /K 2 B0 e T bk
A G EKZ, X THE X, Rl X el T /K h iR SRl et 5t - R b

kI E AR E N S R R R 2, 6T RBC AT A% 0 X, TR D R SR R 77
THEe X FIAE AR B S HEIX, 0 603 1 A /K IR 75 R AR A PR B S P AT 55« 158 9 3K B UL [
Z, EATEENETS, MR /K BEIR RN JE T g o L8 P 40 A A K TR AR AR 2
ZRE, R, B2 & it 2 rUE REBRFLIF /K T4 o X A AR K s R 7K A7k
KPR, HH TR BKETT 5 B [X 9 KR 500%LA (8 2%, 2022) . JT4ER, HT
LA IR DO R F R % SR PR TR (0 TG, 3K b5 2 U 40 A0 DXt T 7K Hh R e 3 75 e 1)
H % S HL IR 56 & Bl AR RN 44.3%, ik nlik 78645 mg Lt (REEE %5, 2020) .
H AT, m B ER 2h A 3 B /K0T 28 A 1] R 28 06T 224 i B4 e DA S AR K 22 4 ) Bl
I, HERRIRA X P 2 b K PR R B R, DA T SR (A B XU, o T 15 ok iR
TRABEANIOK 22 A 0L AT B8 BB S S o AR SO iF 72 5K A B 20 R Hh R 7K A R A
AR R AR B AR A R, RIS 20T KA ST [RIAL 3R 4T 25 5 148
AR T DX HL R K H IR R DR, St b KSR B REAT (R ST, kb Bt K IR
G2 A R 4 A OKIR AR A4 3 -

2 HRER%E
2.1 FRXER

BRFE X A A sk R Ok b B8ipy, HELCA 2650 km?e M8 4k EoyR b,
P 38 L X B AR N 1650 m,  JLFSIEIRST IR 2028 1400 m. BF 78 DX & T ORR PR 2 XU A
X, ¥R 393 mm, 2% & 1850 mm, H IR HCA 2900 h, *FH5 Xk 2.4~5.5 m/s,
ERRI 1.2~35 Co XNKRERE R =G #%E FEMHR, BONEF R,
TSN, 280 HEtE T e

X PR AE DU X aUE 2 58 T B g S i 45 (L s AN FE IR &t SR FEAE
50~300 m; SZFTAIETESNFM, Kl B AL B g LR, R B 2 MR RRE,
FAEAETRMEDTRY (E 1. B 2) o XK S KR mEEA—3, 52
FE AL, KA SRR A KA MK, Rk, BEBREIAK, HET R F R %R N .

BT X R R P 28R 2 B0 0 ke, bt AR HRS A R B b, Forp, ML
AR, DAPMEALEE . #E32. SHRRSEICREACRAEY 3 PRORE b = 50 A 7E L 39 4 R G
IR X, R 2R A A T ORI A . 2004 AERLSK, AR R
FACKEE 7 LR, SRR IR SRR, XN FERE AR, k. Lo, FNE

FFTTHR



2.2 HERREST

2019 4F 8 A Fikdb B Zra /0 A X REEHN F/KFER 45 20 OKIFR B R BN A
P kIF) « RAREK 2 241, HURKCREE ST 1o R ACREERS, IR K B 5%
BRI g K, SR A4 2K 5 A (HACH sension-156, USA)ILIZ#RBUK F /KR . pH
. W 5% EC SRS EL, FELIRIRRE G, REUKFE 3 (250mL ZR4
LI LR 0.45 pm VEGLIERESK, o —AMAGEER, BRI pH<2, T
BT, HoR 2 AR JERE AR A7 (2 5250 5 F TR B8 F A A AR e R R, REEE G
7RI R o AR A AT R 7 S b TR SR 0 S E AR AR S, o Na'
K\ Ca®* Mg™" S KM 7 WS e 147 I (contrAA300, {EHREE/AF]) 5 HCO;
COF KA E /M Mi%s CIv SO Brfl @ F il (883, HiL- @A) AT
B> NO3 I R A0 66 B vk 34T I8 (TU-1901, b5 i Al A 71D 5 Wi i 84k (TDS)
R BETAEHATINGE o A7 2 MR AEAZ TV R S0 BB 7E s L 58 i, 0 D A 90 SR
MAT253 AR [RIAL 2 AN, K B2 3 0 +1.0%0 F1+0.1%0,  HE 25 5 K H SMOW Frifi
TR

41° 30'N

41° 20'N

41° 10N

41° 0O'N

| I I I
114° 20" E 114° 30" E 114° 40" E 114° 50" E

(o] ferd2 [0 o]« pA® B e []7 [o]
L BRI R ACRAE A
LR A 2 BRI R, 3R LR A 4B 5 AT,
6— LRI ALL: T FAIRI: 8 FACREE S

4



Fig.1 Location of groundwater sampling sites in the study area
1—Holocene; 2—Quaternary and Neogene; 3—Neogene basalt; 4—Granite
5—hydrogeologic section; 6—Basalt buried boundary; 7—Groundwater flow direction; 8—Groundwater
sampling point
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Fig. 2 Diagram of hydrogeologic section in the study area
1—Holocene silty sand; 2—Holocene clay; 3—Upper Pleistocene sand gravel; 4—Neogene mudstone;
5—Neogene basalt; 6—Cretaceous sandstone; 7—Surface water; 8—Groundwaters level; 9—Groundwater flow
direction
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Fig. 3 Piper trilinear diagram of hydrochemical parameters of groundwater in study area
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Tablel The statistic characteristics of hydrochemical and isotopic data in water sample

i ‘ IKAE: BRI AL F R b
i GiitE oH DS DO Na’_ K" c:f*_l Mngl HCOy cr 3042:1 NO; Br 5%  &H
(mgL™) (mgL™) (mgi”) (mgL™) (mgi™) (mgL™) (mgi™) (mgi~) (mgi~) (mgi™) (mgLi™) (%) (%o)
/MY 745  334.08 2.15 14.25 0.89 29.24 26.42 140.15 44.28 2252 47.49 0.05 -9.87 7291
\ SN 9.00 2449.05  11.12 473.12 5.42 300.75  132.08  859.18 62091  312.07  621.11 0.21 -8.68  -65.21
(iff) S 828  1329.30 7.02 163.57 2.54 157.03 71.71 34352 28178  166.77  290.89 0.09 922  -69.73
PRk 2 052  744.34 2.58 158.33 1.85 108.04 37.03 226.36  198.87 98.35 230.82 0.06 0.34 2.51
FREAK(%) 6.27 55.99 36.80 96.80 72.92 68.80 51.63 65.89 70.58 58.97 79.35 60.59 3.65 3.60
e/ ME 7.70  204.55 2.45 13.86 0.52 16.74 11.82 152.34 16.00 11.41 0.20 0.02 -11.09  -83.36
L IZPN| 8.90  1904.22 10.35 407.52 9.32 181.79  159.55 708.65  599.75  419.92 121.11 0.26 -9.03 -70.74
(n=15) FEE 8.30  939.98 5.82 181.72 3.35 67.62 62.16 ~ 35277  256.68 14644 2593 0.12 991 -74.97
PRk 2 0.46  556.75 2.63 133.37 2.46 46.75 42.53 175.89  206.86  120.44 32.15 0.07 0.48 2.75
LREB(%) 554 59.23 45.13 73.39 73.50 69.14 68.42 49.86 80.59 82.24 123.99 61.62 4.87 3.67
e/ME 750  192.90 1.13 9.40 0.96 40.29 12.05 134.06 8.14 12.00 0.61 0.01 -1158  -88.33
» BXE 8.60  1567.15 9.54 297.33 8.67 79.44 150.03 47849  404.40  380.46 41.92 0.13 995  -72.39
ﬁi@ﬁ) FIME 8.09 44551 5.02 5455 2.26 60.74 33.61 251.87 70.86 69.31 22.79 0.04 -10.70  -78.91
bRt 0.38  374.02 2.88 80.51 2.19 11.42 37.74 106.90 10592  104.75 12.99 0.03 0.54 5.75
TR R 4.70 83.95 57.48 147.58 96.87 18.81 112.31 42.44 14948  151.13 57.02 67.00 5.03 7.28
B/ME 8.40  437.05 1.59 22.88 1.35 26.99 19.79 231.55 55.66 36.80 7.50 0.02 -1053  -80.10
. BXE 8.90  1841.60 8.58 507.53 4.19 89.44 88.84 511.85 65140  310.83  261.93 0.33 -8.98  -67.87
72(”{):“;? FME 852  907.35 4.88 167.74 2.64 58.59 55.54 380.28 20155  117.03 95.72 0.10 955  -72.27
bRt 0.15  448.87 2.41 152.92 0.98 2477 21.67 95.62 185.62 86.90 73.31 0.09 0.52 3.53
BREAM(%) 176 49.47 49.46 91.17 37.24 42.28 39.02 25.14 92.09 74.26 76.59 95.09 5.41 4.88
7K 1 74 23.01 - 1.44 0.68 3.25 0.93 10.85 2.35 3.14 0.41 - -410  -23.60
7K 2 6.4 11.38 - 0.26 0.37 2.01 0.19 5.64 0.41 2.35 0.22 - -13.90  -103.50

TE: n=REARECR, RHEETINE
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1—Urban land; 2—Forest grassland; 3—Irrigated land; 4—Dry farm land; 5—Surface water; 6—Groundwater
sampling point and nitrate levels (mgL™)
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Table2 Correlation coefficient between nitrate and other ions in the groundwater samples
pH TDS DO Na* K* Cca® Mg* HCOy (ol} S0~ Br

NO-3 -0.182 0511* 0.297* 0.067 -0.007 0.852* 0.277 -0.054 0.335* 0.306* 0.258
VE: P 0.01 A CGRID EREMIC. *7E 0.05 K (UMD &R

X R K PP AR 5 A B T REAT MR T (R 2) , REURERELS Ca®t Al TDS £
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HAFEM . BB 8K R A o % A SRV RIABUCE 28, 0 R I f . WA
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IR I RZ AR NGB . 456 DO 5 NOJWREEM KRB LLEH (K 6a) : 4
H R KA T REFREE (DO<2 mg L™ , p (NO3) <1 mmol L%, BhINy 28 5 R A I R AL A
FH s R TR 2 vk B A% (Gillham et al, 1978) ; 24 DO 7E 6~10 mg L™ I, 53.1%[11 3 T 7K ke
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Fig. 6 The relationship between dissolved oxygen or groundwater depth and nitrate concentration
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I FH SRR E A2 T AR I T K b RIS (BF5 2246, 2017: JAARSE, 2019)
WRIEHL T K 0°0—0"H R B HT (B 7). &b TSRS (6~9 H) S54EF
e (10 H~REFE 5 1D BB FTR R R UK 40T, BEEH 2t R /K A e ek
NBINE . AR N =AM T A K R i S KAE i, 60 (HIN
-11.58%0~-9.95%0, ¥I1EH -10.70%0, FEiT AR Z= R ME/KFE RO R I TTAOIRES, @ TR
DL BB 2 A T B IL X, J& THU R KRS X, Hh R KA 2R B (k1
HCO5-Ca Mg A, FAMESRUE S AW FE X g HR R i b =5 /K BRI T 7K o TITZH 22 DL
XAEER N, 5°%0 HIBN-9.87%0~-8.68%0, LLEEEIT TR KA MEKFE S, W2 MK
WA A5 TR I SRAE L (19 DO JME N 7.02 mg L7, $23T 25°C H & /K R A 48 4 ( DO=8.25
mg L), SR X R KR A IR BT K NIBAMARHE . 114 KSR 2 AR ) s 2,
e 5"%0 AT T AL 0], %R s 23 1A 0 AR VG R s RN RIS 244 1%l 22l R 3%
2E,
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Fig. 7 Relationship between hydrogen and oxygen isotopes in groundwater samples

—100.00
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al.,2010) o 3 A AR B ik BE (R R R SR AR FE I &8s+, R LA & NOg/CIEL
AR SUPIRE - AT ] 8a AT S, W FLIX £ 66% [ AR BN 40%0 1) 52 H A s CIBE /R
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AR ST, MEIEFE S 24T I ATHE R KAMNA X, R KRR, AR S &, K
WELUEFUNE, AR TRSRE S, BRRM N K28R by i & 0 7 &
AR . [, BFFEIX A 100% IR 609% F 5 HURE s i CIEE R IR KT 1 mmol/L,
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N & A CI/Br ELEARNT K, —M7E 300~800 2 [1], [KULA LAFIF CI/Br5 NOs 2% &
Kt X I (Koh etal. 20100 o RG] 8b 2 Hrah 5, Il DXRE s R 437K
GEHL CI/BroKT 1000, FE7%iZ X gt T AR 25 3 2ok B A5 7K . 18 BF AR A 44T,
YREE A b B 2y /K Be AT Hh R K AR X, Hh R KIS LA N, BRI RIS R E S,
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Fig. 8 The relationship between NO,/Cl and Cl or CI/Br and nitrate concentration

3.4 THBREL B AR XU BRI T4

ARIRR ] USEPA HE 7 g £ FRE JRURS VAN RSE R SR 8 S VP X P b /K B IR oot T B At
JRRE I 35 508 o PR AR SRR BE AN H BN T S AL, R BRS04 T [ B i I 2 40
MFHX R RE (R . EHARAAR (D ~ @ iHHEHI FESBUERERED .
HISL I, BT K R R A TR T AR B R 2 HI>=1 i, BB R0
ARG S v, BB AR A3 K L X [R5 (R 4D« AGTOK

BTN H RE AN 1.229 mgkg' d*, H 25 A& 0.0028~8.873
mg kg At G SRR AR N AR Bh H R EE RN 0.010 mg kgt A, HESE A ETEH
2.28X10°~0.0709 mg kg™ d™*; JLELUAKR RN M H R FEHE AN 11.067
mg kg d, HREHFEGEE 0.0257~79.857 mg kg d; 4R KB NRY ER £ H B 5 &
YIME N 0.073mg kg™t o, HEFEFIETEE 1.71X10°~0.532 mg kg™t o, @R ZHEN
NARHIH IR 3 & Bt 2 e IR Bl A 2 s i MR 2, T EE H B R AEE Y 99.219%~99.33%,
VAN X 4 & Bk A R SR E R4, R Bl AT id ) & SRR AR/

IS HT AR R 51 I A B A R XU S () AT I (181 90 mrn, fESKALBAESE 2

Fh SV B — A A B R U i i, BRI L HI F530> ) =ik 8.944 F1 80.389, it K
T R P B, 338 B B Y kil 122 2K S K TR 4 4 v g R XU, %1 ) L 8 i
M faHFRRET R, HIXEe XIS T AV iE 3 5mZ R XFIN 1 JE AR B AR X, b R /K A8
TR, NG EARSGR I AR, HAR X g B AR A B o BRI, B ACEE ik DX sk
DAHARERAR 2, e 223K R B s R AR SR & R KR, 8 G Bk
R BRI IR R 1N N A SR P R IR <
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Table3 Factors, description and assumptions for health risk assessment

‘ WU o

ZH FLAL L& BN SR
D (MRS %7 &E) mgkg'd! 1.6 1.6 USEPA, 1992

C CHHRR#RIRE) mg Lt Sl S ARHFF

DI (HBHEANE) Ld? 1.8 2.0 AT
ABS (BRI RED - 0.5 0.5 M E5F, 2013
EF (BEEEME) day year 365 365 USEPA, 1992
ED (&I [a])D year 6 30 USEPA, 1992
BW (fkE) kg 35 70 USEPA, 1992
AT (HUIA ) day 365ED 365>ED USEPA, 1992
SACK RFEE AR TAD cm? 12000 16500 X E4E, 2013
Kp (BEREE RED cmh’? 0.001 0.001 USEPA, 1992
EV (Peigsize) - 1 1 Yang, 2012
ET (st fa) h day™ 0.5 0.5 Yang, 2012
CF (45 Lem? 0.001 0.001 Yang, 2012

R 4 HIREBANFRFESE T X LEMBRARBUEXK R

Table4 Non-carcinogenic risk of nitrate for children and adults in drinking water and Dermal contact

41° 10' N 41° 20 N

41° 00' N

pathway
o ORI H BT & B ke s H S5 257 = Wi S R TR
e i TIHE S FEIE Y SEME
N 171X
JLE 0.0257~79.857 11.06 0.073 0.0259~80.389 11.141
105~0.532
) 2.28X
LN 0.0028~8.873 1.229 0.010 0.003~8.944 1.239
10°°~0.0709
z z
.f (8) BAKAR f (b) LR

41° 20' N

41° 10 N

41° 00' N

T I
114° 20° E 114° 30" E

114° 50’ E

T T
114° 20' E 114° 30" E 114° 50’ E
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Fig. 9 Spatial distribution of Non-carcinogenic risk of nitrate for children and adults in study area
4 g

(1) kA B ZaE R K P ER BRI 18 0 86.08 mg L™, 26.6%HHF IR Bk 5 Bt
R KB EARAEIISRKARRAE, EARIERDy 1.02~7.05 . MRS 4 FEE T THREMT
K, KA ZRR DLER L) CI HCO;—Na Mg Al HCO; Cl—Na Mg A E.

(2) ANJF) LR S AF T Ml R /KRR Bh & B BRI ZE R B35 . ST . KRt
Hih N K NOSWRIER s, A AR AL AR, NOs RIS KM & IR & NS
S K NOg WA, 2 M FAEEHAE, NOs RIS T2 NLRIIE. 32T /KE)
JigAt, BRI BB, XA R K BRI R B AL R PARH AR S BN

(3) i i R KR AN 45 B, N LB I KN A AR R 6 25 27070l
0.0028~8.873mg kg™ d™ A1 0.025~79.857mg kg™ d™, 5 HHEARK 99.21%~99.33%; JLEZL
IR BN AT 12 s 18 g A PO TR e DRLRS 4  25 vs TN, 0 D O 9.00 5 A1
7.50 1% o AR DX I by AR AL AEANA 2545 FH &, BN AJOK BR B it 40 #4107k
8 G R 2 AR A IR 0 0 N A4S SR PR f B RS
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