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T N AAS AL TR A I R R RE A8 A 45 R
AHLEPERTT, TR IMERRE 1Y . B0 MR AN
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KA ERILER B R A O, BRI 3 MR K B
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KRN SR TR ARV o sk b 5 i %

SRR AN AL e AR A S S =R

AL LIRS , 32 0 T FiAE K F R e R A =
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B 1 22 IS A, — LR et e LAY &, ELIB S A
AR5, DR Y5 e Yk T R By 4 B T S A B S 2
o MK TS Y B Bt 2R S T, R
PR AN 5 M R e s Y DR A L 28 M T
K SR IR BT R AR A RE. PRL,
R 7K =R P HR A R 5 28 (NOS-N) 35 e ]
SRR Rk =0 ViR, A s
PRIERE b IS YL IR T 7 1 SR A A AL ST
-k B (CMB) F3) | R g [ 3 2 1 (SIAR) T
T SE R A TR (PMF) |8 L o J B P Al
A O R e AT, {H R AR BEIX 43 R — 2
V5 YV 1 5 Y 1 2 S5 R RS Y 14 TR
e Fasi [ 21 ol TR s 4 1 s s , 16
b BN FER AR L0 s | R
s L10) ppp g S8 BSIE A T PMF 5 6 1l — b 357 700 90
AT 32 AR 1 PR T 3 R D T840 7 T o
T i B AT (4 B L. ERT PMIF 280 75 b
AR =R YRR 7 T IO BRI S DA,
LI AT ST A RRR A

R A EAR S S S A S 2 AR
et RIS Y DI R R R LR AS K
TR AE 1 5 HOKFREE H NHL-N B IE B % U406,
o 0 T 4 SR A T LI = 4 R U
SRS TG — R 5 . 2 M3 T
LR 32 R it B ok B T 1) 5 AL A i S 43
BB, BT i AR T AL 244 8, BT Ak
BRI, AR A AR, O 25 TR E
YRR L. UL SRR AL, AL B S R
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SABrisE V2 AR SCE I SRS T R R I
TR A i X3 J2 R K = A e, BRI AR
TS (ICP-MS) M e Mo /K P H 4 8 TR & i,
KA S g5 eds i ) SRS X sk
AU T YR TR B e AV, B S
SR ATRRE, IF R Pearson AHOCFREL. E L
353 Mg e MR 5T DX T 7K b =/ SRR, I
K PMF BB = &0 A5 ) TR AR AT 0 12 i
B, LA A i 48 3l DX Ml R 7K 19 25 & R 2 LR 2
A

1 WFRTTE
1.1 WX

TR TTAT X X & SRR VLA AT, (7 Tl
TR, WS B AL R T A R S Y
Ty A i 1 2 KU o K SCHbB B AA  , ZR AR
FANILAZ IS B, P4 R A A TR A A Jb 8
o BT Hb AL PSSR 4 AL 3 BT, K SCHb T AR A
X SR Bk A4y £ A EUAISFLBUK | wE
JE A ALBR BUK A RBUK . S F
JEH T KAk 227 HCO,-SO, BIAT 15 i i X
KA 227 HCO5-Ca A, /7] L HCO5-Ca*Na
R VAR b DXV SRy A ROT T EL A AR 1 1 T R
FEIX, HAlb K s b IX A 4E K RS0, (S H
R 93.229%, 1R 7K BT EAREL T, AHA Sl b DX TR K
H AL NO; . Ni, 8 & & 50, 5 80 T K T &
N E
1.2 PESCRES N

R IKAE R AEARYE GPS ABFRE 17, ZEIHEAE T
T, FLE I, R AR EAKOKEE 40 . FKAY
JT IR A BRIK S ALBR-2E RO, SR A T 2 7R R
K, FARZ AR BRI R KR, ELAACRAE S
B 1o iR KRR b ISR A B AR A 74 B (b T 7K A
T ARFIE Y (HI/ T 164—2004) K (MR K 20 Hr 77
25 2 3B KRR SR SRR AF ) (DZ/T 0064.2—
2021)HERE o 43 AR A OK BT & A e <AH T
W ST 1 Y (HIT 195—2005) . K Bt A R 25 A
I S 2 F OO 1S ) (HI/T 197—2005) K&
KB EIRER I AR TS0 B 2% ) (HI/T
198—2005) 5 T /K P2 & . WA IR Eh B A IR
R SR Gl N K B4 B 7 vk 55 5134y EAk .
FALY . IRALY | SRR ER P AR ER AT 2 B T (0
2 )(DZ/T 0064.51—2021) I % b T 7K H A R 46 L
AE T BT (Hb R KB M s 46
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80 4> A1 . M., 455 40 AN ICE RAYINE R A
LB TR TSR ) (DZ/T 0064.80—2021) & #b R 7K
H1 Mn, Cd. Pb. Zn, Cu. Co., Ni &)@ ITE; (M1 F/K
JEAHT T AR 11 &R 4 B e S AR K-
FHEIETEVE Y (DZ/T 0064.11—2021) I 72 Hb T 7K rh
(R (R K BT i 58 26 848 R A I A2
B R TR 56 EBETE ) (DZ/T 0064.26—2021) il 5E
HRIK R
1.3 A EERH

S FIROETEL (BY5 GMA 3376, gt
Mo BT A e A A BRAA D) 5 B A (B 1CS-
3000, 3£ [ Dionex 2~ H] ); HLIEFN G 45 B A BT
(#15 iCAP-RQ, F%[F ThermoFisher 237 ); XA JF T
I (AFS-3100, It EEAUEF A BRAF]) o

F BT WA R AN (st ; R
HEYI(PLgat); SR TRIREL . AR . MR
ToK M, Tod R B FKAE, DL ik Jerek vt s,
¥roharpral, W B E AL AR A RA R . W
TR+ B bR MEAS £ 1 7 (0.500mg/mL ) | il B £h &b
WA 2 E (1.00mg/mL) .
1.4 AR RS 1A

SRAE S M A SO AN A vk B R,
Hi T A rR e = G 1 T A ) S R (b KO
FrifE Y(GB/T 14848—2017) . (H F /KI5 YL id 2 PEM
F o AT B R R ) (DD 2014-15) DU (b
Jo ™ 52 56 = 0 T A B A ) (DZ/T 0130—
2006) FZLR , Xof DN aed AR A T 4 T R I e A 1
20 NFE LA — R, B B I AR
AR E S L bRUEYIT  SC86 % A MR W
il JBT e 5 0], TCARAE) ISR FRE b B A A 45
il o SEIRE A FHB/NT 2 507 R B, B S SR
AR LR AE 80% ~ 120% 22 [A), S22 8 5 FEAH
X i 22 (RD)IITE 15% LU o A3 5 12 FE A 1 R
100%. A . WAsREE MR+ 2352k A5
T W WSO 3 3 D o 0 E AR TR R B A
0.020mg/L, iR R A J7 154 H PR A 0.006mg/L, MV fif§
R ER A VA Y BRA 0.003mg/L, Hb T 7K AR 5 B4l <
AU AN, TR R A R T
BT oE, TiEgRE 1.
1.5 BEHi
1.5.1  Fdskb g

K F WPS Office 2016, SPSS 22.0 #4711 T 7K
hESRT . BEEREE . B AR SRS
M, KF Coredraw X5.0 A4S 2 F /K« =207 &

A
1.5.2  T5URHEPHAN ik

WS i s e ok 3 Bz v TR ER
BEPPH G, 1% 7 AN R4S AN H Y
TS YRR, 1 H REAE A B TSR A s AN < =
MPAEE R LR 15 Y de 5, ORI = AL
MIZEETT YR, (b R 7K B EARIE ) (GB/T 14848—
2017) R 2K Ak 2z 20 43 b 4, 6 T 4R v
AR AE & T A K . AL =& M
KK BRAE M BR e, THE N 25 G 15 Yt 8, S AHN
(1) SRR EHE B X B, RO PT A3 20 E 5% . Horp
Tl mRER & 257K FRAE 20mg/L, Z A 0.5mg/L, iR
A 1.omg/L, AR N Mg B 25 505 Y g BUE, 1%
7 2 VO R R KIS Y . TSR AMERRR, B
ZAEARXT H T KIS 7= A BTG YR . A
RIS ) 28 S A o oA ] B A5 50, PF 93 MR NS o
1.5.3  V5YoRIEPEM AL

PMF 4% 5 2 iy Paatero Z57F 1994 4E | W4 1,
FIREAS L B I AR A 1 3 A 85 152 25, FF A R ik

1 RERINABUR RIS RS T

Table 1 Statistics of recovery rate and relative deviation.
S T [l i e S A T A AR (i 22
(80% ~ 120%) (<15%)

Mn 90.9% ~ 110.6% 3.40
cd 89.6% ~ 113.6% 2.40

Pb 85.0% ~ 105.0% 5.10
7n 85.6% ~ 90.2% 12.6
Cu 83.0% ~ 95.0% 11.4
Co 84.0% ~ 94.0% 11.2

Ni 82.0% ~ 89.0% 11.8

As 97.0% ~ 107.0% 4.10
Hg 85.0% ~ 98.3% 14.5
NO;-N 82.1% ~ 96.0% 11.0
NH;-N 83.0% ~ 89.0% 11.9
NO,-N 82.2% ~ 92.0% 13.4
F 82.3% ~91.1% 13.2
ClI 85.0% ~ 92.5% 12.4
SO;” 83.0% ~ 90.0% 13.0

F2 PIBLETGRIGEO R 1

Table 2 Nemerow comprehensive pollution index classification

standard 19 .
WP 5 . WP &5 .,
VoYL AL YT YL RE VoYLt Vo UL RLET
R F TG YL YRR R F TG YL YRR
F<0.8 I Kisge ||425<F<72 N EHEIGH
080<F<25 I  #JEI5Y F=72 Vo EEGY
25<F<425 M hEGHR

— 811 —



55 4 1] oo

i

2023 4E

http: //www. ykes. ac. cn

it PG PR I 9 20 i 4 AR S 2SR, R A 2 0 B
SR, T TR RE A R PR DT Rk R . T
JE iR AR AR X AR RS0 o P DR A B (R ik
FERE gy APRISIITE R £) RIS ZZHEFE e

p
Ci,= Zgikfkj"'eij (1)
k=1

KD C N i A RFERALSE j D ITER R
G A K ATEXTES § DFES P DT £, A kTR
JCE j IR EE; e, AR B IR2EH M, W LU i B b R
O Ws/MERTTR . O METFRE T
n m ei. 2
0-33(%)
K2 u, A i DFES TS R TR AR E B,
AN R B SR AR R R YR 4 J7 R FR (MDL) |
W MR AR 2R A A . R ITTREE K
T MDL, A Bl # LT =05

(2)

uw;ﬂmwﬁ@ﬁﬁxﬁ%aﬁfuMmf

(3)
A0, K gk LA A AN
;= 0.1C;; + %MDL (4)

2 WERXHE KR =R/ R g R

X R AR BIBFFEIX 40 {3 R K BE S P = R0 &
53 4 BT B I i A TR, e Min
8 FIZE ND ~ 3.20mg/L 2 [a], 5 (R 7K 5 B o )
(GB/T 14848—2017)F M 2K F5hxF kb, T ~ M2
K5 L 40%, Cd 45 8 FiEE 42 J& & i ¥ 4E 10 fi5 4
PRI, T ~ M2E7K 5 100%, BIE 1 F & i
£ 0.029 ~ 0.69mg/L Z [A], C1 % i Bl 7E 0.0027 ~
310mg/L Z[a], T ~ M 287K &7 kb 97.5%, 1 4R pi
KB CURIAR, HBFRR 2.5%, SO; S L FIfE 0.46 ~
433mg/L Z[a], T ~ MK f7 tb 95%; 2 2R ik
FErp SO B HEAR, #ARE 5%,

K =R R ARSI R 3 PR, e
b DX T K R =AU A Sl AR AR A
K HR 1009%, K i KAE 8 123.05mg/L, F- Y {H
15.27mg/L; 24 A WA R 77.5%, K I 5 K AE N
3.91mg/L, ¥ ¥ 0.33mg/L; 7 A4 MR £h & & i &
90.0%, 6 I fz K AE K 0.65mg/L, F-#4{H 0.12mg/L.
5 (b F K B bRAE ) (GB/T 14848—2017) Hr M2 /K
bR % L, i R ER U AR R 20%, B K (H 8 bR
— 812 —

3 WXk =R S RS
Table 3  Statistics of ammonia nitrogen, nitrate nitrogen, and

nitrite nitrogen contents in groundwater.

e ﬁﬁ@iiéﬂ %j Mi&:ﬁﬁ

[ZEEN [==E [=EEN

R Al (mg/L) 123.05 3.91 0.65
#5/MA (mg/L) 0.021 NDORAEH) NDCRAEH)

FH4{E (mg/L) 15.27 0.33 0.12

T 2= 28.56 0.79 0.26

A5 5 Z240(100%) 1.87 2.42 227

(CHb T /K T i AR ) (GB/T

14848—2017) M 27K (mg/L) 20 05 1.0

i 2.52 3.66 2.43

913 6.47 13.66 5.94

Tt #(%) 100 71.5 90.0

AR (%) 20 12.5 0

6.18 1% ; B A MR TN 12.5%, i KAEHr 7.8 1% -
SIF PRk R U TG AR A A5

5 FA IS I35 L A SCHR X LT 0, S IX
K R £ % R B B e L P B R T
SEEEAE T R AR BT S T K PR R R
R S (85 S PR 2 R IS gt
F A - B M R 7R R K R BB T (A IR £k A
2.29mg/L, A 0.40mg/L) Ay 38 £ & 2 %, # i F 11
oK1 S (YRR R A 4.66mg/L, 2 A 0.22mg/L) %y
20 5K 4 7%, g R 52 4 U pr g R
AR BT AL« =0 A bR N
FEE A EEE— B 15 P K = R X R )
S0 R AT S R XM R K S AR A
MK 12 R AR R R A A R K A4 Y AR I,
PR H X R S R IR T = R R,
i TR R A 2 5 F = b A A M. 5
A 70 43 b XK L, V4 0 X R e T A
RS | e | 1 Y Pl e | 11 5 A SRRk g
B D RUR ST R K 24 sp R A, R A
PMEL IR T AU 5 AR LB S X % 22 M Tl b T 7K
FRER S M. T IX 2 0 R T S
JH 303 T K A R A, R R B )
HAR B T2 WNARL 1 ek A R S
T AR B 107 4 5 A 397 b X G R K e e
(50mg/L) "0, ¥R K UG T I RE 13 55 7 4R
FRRE X 528 M i T K R R b A LY
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3.1 MRk =R TG QSR

X Bt R Ak K B B is e AT 2 R A T
R FH T KT L R K TS YA S R
— A T S 5 ISR AT R . B ) i
PP T B SR RO A HLYS e B0 X
H V5 30 VA K 3 ST R R B HEAT TR 40T . &
T DOl SR PO 25 A 5 S BOEEAR T iRk
R I I T 4 R s e Ve
I B2 T P A 0 5 15 A BT (R KB A A5
HURFFSY T 8T USRS K A« =0 K T TR Y
V5 YL S I 28 1] A3 AR5 KUK

7RSSR Y PRAMES £55 515 e F B0 P8 M X 3%
R TR SR YT UL 4, K 43T
a5 BT, A8 DXV 2 M T KRE T s e 252
T 95 Y 210 2% op B 3 e i BE 0k 374, i Lk
92.5%, IV w5 LA RS ECh 34, St
7.5%, Jo V 9™ Fi5 YLK, FRBAMFIE X T /KR
SRS YRR AR OERR, A TR SR A R X
SR KKK B B eSS KT T KK 2

%4 WIRXHTRNMD SR TS R8P PSS R
Table 4 Evaluation results of Nemerow comprehensive

pollution index in groundwater in the study area.

WIBDERTI ey gy TR
EH(F) TR (1) (%)
F<0.8 I ESEES 26 65
0.80<F<2.5 Il BREEE Y 10 25
2.5<F<4.25 m pEE TS Y 1 25
425<F<72 v BEEY 3 7.5
F=72 \ JEEE G Y 0 0

3.2 WX =R 2 5 A RHIE

WF9E XM T /K PR A & R A S O
SEREh A B A SRR AN 1 a % ¢ s

X b (R 7K B bR ) (GB/T 14848—2017) 1
KR =ERME AT, la P AASERET T ~ M
FK 354, VJEIK 34, fii T S3. S5, S10 4b, V3
K24, S BIEF ST, S27 &b, 40 AN RAEE S, IV
K AT EE 7.5%, V 28K &7 b 5%, & R B EARR AT
12.5%, asi@)spAi b, 1 ~ 2K EEEP TR X
AIALHR . PUER . AR L g, IV K oA TR X
WLV KRS SN ST R AT B RE
(3.913mg/L), v FHFFE X Hut X, B R 2L AR 2 (] 4347
R PR

1o HEfRER AV IIK 1 AN T S12 4b, V&
KT A A1 F S6. 89, S11, S20, S36. S38. S39 fikk,
SMEIVIOK S H 2.5%, V280K i L 17.5%, R ik &
SEBARRATT 20.0%. AWM L, T ~ M2k 32
L TR X A S ARE AL, VKA T
X HB, V2K S36. S38. S39 i TAF 5T X PGB, il
R Eh A & R B EE S6(123.05mg/L) M WK E
S9(106.97mg/L) ¥ FHF 58 X L X I, S20 s5 037
FAFRFLE W AR R F AT X AR 2 8] oy
A b LB VAR TR L L VA R R IR o
A7, WO DX Sty 1 R A e I

Kl e M, 5t X WASERER A0 T ~ MIK,
25 10) A0 AL, S0 R R VA8 Tl 3 S B b i P
IR
3.3 MU RAKe =R IR
331 ERVECRGEH

CERCBRIE R DGOSR K SR S E
4 I JBH B 2Z A0 (R A G S A in A AT o 1P et
ap LR R W, AR LR A TR RE 1 S
FOKIASE T NH,-N (975 B DA G, 7K NH,-N %
WK, MASENELSBHAE Y. AR E
B, CIAE A H AR AR 2 IR SE B T, A2 /K3
S B | b2 B Ve R s e, S EOR JE T
NI BT 7= A i A 1 T K DA N B 2 45 i+
e NO;-N 5 CI BAHBIRE R 7 1>

AR SPSS 22.0 2748 i AT A X IFSE
X 40 bR KBRS R =R S E AR LB PR
SEMBAE A TAHSCHE ST, S HT A SR IR 5.

Pearson FH ¢ 2 50 T VAL 9 40 8088 2 5 15 &
LRk 2, R VEAR GRS, Pearson AH G 2 Bk Bk 22
UE 1 (ZRPEIB I, IEA ) B—1 (ZRMEsis, HAH2e) .
— BN <0.3 TEAISEME, 0.3 ~ 0.7 5540, >0.7
W EA B A AR et L0 g s i Rk e =AY
5 4 )8 2 8] ) Pearson AH ¢ 2R B8 HE 2 H, flFRER
A5 Cd. Co. Ni 2 8] 1 Pearson #H 3¢ 2 % 43 5| )&
0.370. 0.329. 0.319, ¥JKF 0.3, [RIEFE 0.05 7K (AL
i) ik d AR DG, RIIEIREL A S Cd. Co. Ni BA7
—E MR, W AE R E A5 Co M AHC R8N
0.327, H7E 0.05 7K AU ) f 7 & 35 AH OC , 2 A
S48 Z MRS, ARG X Rk =&
5 Co Wk A SR T REMI I . b Tk =
A5 B8 2 [A] 1Y Pearson AH ¢ R ECEHE T, AR
HAS CI. SO WIS RS54 0.605. 0.897, H.
[FEFZE 0.01 7K OBUI ) 8 71t & AR 5%, WA Al R &
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 (0.10~0.5mg/L) :
(
(

1 (0.5~1.5mg/L)
>1.5mg/L)

—_
250000

— ||e

z Z|le
&
£
P

2.0mg/L)

.0~5.0mg/L)

i (5.0~20.0mg/L)
~30mg/L)

30mg/L)

1 : 250000

RARAE 0.01mg/L)

1 : 250000

A5 Cl. SO; BIE Fth HA —a M RENE . A K
T AH IR AN 5 BB T IeAH M . 48 2 (Rl AH
KEEHE A, Pb, Co. As. Mn ZJA] . Ni 55 Hg #J4H
KRZFIKT 0.3, B L E 4R Z 0 EHA—ER
IR TE . BAES T Z A A A SR v Jn €L SO 2
B I AHOC R ECh 0.796, KT 0.7, I FE 1 A A
AR AR e, EBLZE 0.01 ZKSF (AU | 5B
[ RS 5 AT LUE Y, “ =R P Z 18], SR e,
FUIRICVE IR 122
3.3.2 KT PMF BB RSk IR B

F 7 PR R - 43 BT A AR, 2 R FH AR DG B R
P X 22 A AR S AT AR A DT S St AT AN [ PR 58
FESR TSGR TRk 0 L i Y AR
E S 4 PR 2 Hr i (PME) R 51 1 5% 25 4 s o
P DX RT3 T A AT A P e R

SR A3 AT IS H DX R K R =R BRI, AR S
SR FH I 8 [ R - 40 B AL 8L (PMF) X M, Cd., Pb,
Co. Ni, As, A . HMREHA . AR EA . CI.
SO; 45 B o3 UE A7 U8 f A o A5 K B UG S A EPA
PMF5.0 B F 5, S8 Tl RV AR IR | A3 KR
Ko F AR PR 2 R TR L U ZE R AR R R K =AY
KR . “ZRKE S E Y P 2N “Strong”
(SIN>1), FI A it I 46 KR53 B 2576 -3 ~ 3 Z [l
ZER L 6. WILIE Y, &0 H A 2R R 1y
KT 0.5, FO{E 5 SEIE L AE (P/O) X [R] 0.775 ~
0.896, Y42 T 1, Uil PMF H5 584 fit 5L it A 45 SR %
PRAES AT, DU A 5 R R E . PMF B fif
B b 7K v = 20 B A R A R YR 0 T AL
K2,

Bl 2w, AT 1% Co, Ni, fiffiR £k & . CI Al
SO; % & & MY AR BTHRR ALK, 43 511K 5] 89.13%,
76.48%. 69.26%. 68.7% 1 68.9%. [F#}, Co, Ni &
FME H 0.58ug/L. 3.51pg/L, C1 HI SO &V
{8} 58.51mg/L F1 54.50mg/L, 8 F-ZH7E 1.12 ~ 1.54,
KU Bs T REZ 3 T ARG, ok >
WF5E 2 W1, ZK AL 25 F85 b o) it 2 K T R 6 5K TR G 48 7R
YEHL, CLYE I ARX RS E TR, W WA B A 16 TS
IKFN 28875 YK AR I VE L, v LA S50k 53

m?xgi E(S).01~0.1mg/L)

LR EAE (0.1-10mgl) K PR B Eh35 e B T RESRUR . — RSO0 R, MR
AR Lok [ RS HTR N kR AR i A AR,
Tk [ AR Tk e g 22 B,
AR RS BRI ARSI . A H 2k
W I Tl A R TR S B X S 7K R R
B0 3

Bl B RACRRERR « =R S B R 2
Fig. 1 Schematic diagrams of groundwater sampling points and
“three nitrogen” content in the study area. a—ammonia

nitrogen; b—nitrate nitrogen; c—nitrite nitrogen.
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Table 5 Pearson correlation coefficient of heavy metals and negative ions in the groundwater.

44 Mn  Cd Pb Zn Cu Co Ni As  Hg NO¥N NH;-N NO,N F  CI' SOj

Mn 1

Cd  -0.166 1

Pb 0.151 0220 1

Zn 0.086 0.191 0.172 1

Cu 0.085 —0.037 04697 0.196 1

Co 0.380° 0.196 0423 0137 0.112 1

Ni  -0.026 0.103 0.191  0.155 0.009 0.400" |

As 0302 —0.160 0396 —0.135 0.020 0326 0031 1

Hg -0.103 —0.047 —0.090  0.005 0.014 -0.016 0385 —0.103 1
NO;-N 0304 0.370° —0.038 —0.204 0060 0329 0319° —0.146 -0.117 1
NH;-N  0.059 -0.107 —0.055  0.040 —0.067 —0.138 —0.157  0.106 —0.075 —0.132 1

NON 0181 -0.146 —-0.101 —0212 -0.028 0327° —0.095 0.167 0.003 —0.169 —0.033 1

F 0.082 0.195 0.189 05097 0080 -0.029 -0.195 0.312° —0.116 —0.287  0.193 —0.009 1

CI —0.051 —0.049 0.169 -0212 0.106 0.440™ 0485 0087 0198 0.605" —0.122 —0.098 —0.098 1
SO;  -0.157 0244 0.044 -0236 0.104 0376° 0288 —0.041 —0.024 08977 —0.153 —0.182 -0.157 0796 1|

TE: O IORTE 0.01 KU _EREARR, “*7FRIRTE 0.05 KGR LB EATR.

o MR =R b SR RS S B A ) OHEF1 o2 mET3 BET4
Mnrn% 100 ] ] ]
90
Table 6 Fitting results of measured value and simulated 30
predicted value of three nitrogen and heavy metal —
contents in the groundwater. SF gg
) b
ST R i i P/O 40
Mn 0.672 10.139 0.369 0.894 ;g
Cd 0.901 10.667 0.548 0.779 10
Pb 0.605 5.161 0.237 0.802 0 S = o2 8 5 9 Z 7 Z o ke
Co 0.870 ~10.208 0.856 0.804 = © = © < ko b 98
Ni 0.557 75.286 0.786 0.781 G
As 0.733 45.310 0.812 0.870 My 1—EH-TIEEE: WF2—ARE; HF 3—RILHE;
NO;-N 0.749 -1.193 0.752 0.775 B 4—EER
NH,-N 0.797 0.186 0.756 0.896 B2 25T PMF B8 K70 ok« =/ R BRI S
NO,N 0.750 0.114 0.756 0.887 BRI BIRkAR
cr 0.773 -10.369 0.835 0.791 Fig. 2 Contribution rate of each factor based on PMF to the
SOy 0.531 —9.631 0.921 0.809 distribution of three nitrogen and heavy metals in the
groundwater. Factor 1—Living-industrial compound
HF 2 X]L Mn. Pb. As. Eﬁﬁ@&ihh Co E/‘J*HXUL source; Factor 2—Natural source; Factor
SRIAFE] 60% LI, 18 NO;-N Bk, FoAl T ZAEB 3—Agricultural source; Factor 4—Domestic source.

LK B A 975 52 R BN (0.26 - 0.58). LY
4 MY LB 51 P, As A T ayfiy  EPIBR, LA e ARSI NRN

0.648mg/L. 3.76ug/L, 25 5 AN 1Y 0,99, 152, WA BIFERILNO, N Z AR ML
SrRHTE 2.24pg/L. MIEHZE W, As 5 Sb e D EﬁﬁD&i&ﬁktP]Mﬁ@&ih z%@ﬁﬂ??ﬁm
?&Hﬁﬁﬂﬁﬁﬁﬂﬁﬁéi%% BB FRARINE,
HERAL AT N 0 M3 A )2 S T A R - 3%} Cd. Pb Ay A XF 53 ik 2R 4 51l ik 2
TR K, AAVFREHNI M Cr SRR 65.4% K 68.7%, Xt As i A X 51 ik R ik 3] T
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18.4%, Cd & & F-Y¥M{E A 0.017ug/L, 28 7 R EH
231, AT 3XTEE BTk KT =& 5T
Bk, R F 3ok IES “ =R KRR TC HEAHC
HF 3 FZLl R0 Cd. Pb 1 X IV AS R 15 2™ A
(Bl . 9T I Cd 3 A7 e FAL AR Fne 25,
— T LU AR ShikR e 0 Pb 1Bk
AR, Cd BRIE shrbrE ooz, AR, BRE
RaEm LA As Y, BAERFE X A/E R B R4
DX, AR I Bl 43 I A 3 Bk TR A
DX S T 7K P 4 S Y 2 R TR, R4 R ) A I i
PR LR U 43 A o

HF 4 X2 A B AR DTERR IR H 61.2%, A B
57 FM] NH,-N 2 54 06 5 e g g s (220, % 5
FIAE S PE B4 S48 Y, As. NH,-N Fl Cl HA R &
FIFH S SRR YE . ASIFSRH As K C1U I = ZR IR
FHWE N TV E ST, FIEEEE T 3 Rl E shxf
As JCH 4@ B2, HEDTEAS Hb X R K bR
BRGSO AR PR B R AR

25 AT, BFSE XM R K A =R S Y
K AAETES T E AR, A Skl A =g sh &
HUR, Pt — 2 F WIS Bl 2 1 TR 18 L X Hl T 7K
W SRV R AR AR R A . R K SR S
() 43 A7 AT 11, A PRk TS Y di e A o A TS X
O DR, % I 2 A 3 R T T 3hase h R ik, S
PR Eh BTG Y FEORIE T AT 5 Tk & A TR B TR by
ZEHR B, EAIS YA S K I AR S 4R
FHIC, R R A bR 1w A s T AL, RIAAET S Tk
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Distribution Characteristics and Source Analysis of “Three Nitrogen” in

Shallow Groundwater in Hailun Area of Heilongjiang Province

LI Lijun, LIU Qiang
(Shenyang Center of China Geological Survey, Shenyang 110034, China)

HIGHLIGHTS

(1) The nitrate nitrogen and ammonia nitrogen were the nitrogen pollution components in groundwater in the study
area. The water pollution evaluation grade I -1l water accounted for 92.5 %, and the pollution degree was
relatively light.

(2) The spatial distribution of “three nitrogen” shows a trend of high in the middle and low in the distance. The
nitrate nitrogen and ammonia nitrogen pollution points are mainly distributed in the central area where there are
intensive human activities

(3) The compound source of life and industry is the main source of nitrate nitrogen pollution in the study area, and

agricultural production is the main source of ammonia nitrogen pollution.

Detemination of three
nitrogen by GMA

Spatial distribution

Nemerow pollution
evaluation

o

Multivariate
statistical analysis

Source analysis by
PMF

Collection of samples

Detemination of trace
elements by ICP-MS

ABSTRACT

BACKGROUND: With the increase of population, urbanization development, the large discharge of industrial
wastewater and the excessive application of agricultural nitrogen fertilizer, the problem of “three nitrogen” (nitrate
nitrogen, ammonia nitrogen, and nitrite nitrogen) pollution in groundwater has become increasingly serious. Due to
the slow flow, weak alternation degree and poor self-purification ability, the nitrogen polluted groundwater is
difficult to rehabilitate and the repair cost is high. It is of great practical significance to carry out prevention and
control from the pollution source. With the concealment, complexity and hysteretic groundwater pollution property,
it is difficult to conduct the source analysis of nitrate in groundwater. Positive matrix factorization (PMF) model, as
a new type of source analysis model, has more interpretable and clear physical significance in terms of factor load
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and source factor score. At present, the application of the PMF model in the source analysis of “three nitrogen” in
groundwater media is rarely reported, and the research in this field needs to be deepened. Gas-phase molecular
absorption spectrometry is a practical analytical method for nitrogen compounds with high accuracy, wide linear
range without color and turbidity interference. This method does not require chemical separation, and uses few
chemical reagents and innoxious reagents. At present, this method has been widely used in the analysis and

determination of water quality, nitrite nitrogen, ammonia nitrogen, nitrate nitrogen, total nitrogen, and other substances.

OBJECTIVES: To identify the source and distribution characteristics of the “three nitrogen” in shallow

groundwater in the Hailun area.

METHODS: (1) Determination of “three nitrogen” and other elements in groundwater samples. With GPS
coordinates, the 40 shallow groundwater samples were collected in Helen River Basin and Zaying River Basin. The
collection and preservation of groundwater samples were performed in accordance with the environmental standards
HIJ/T 164—2004, HJ/T 195—2005, HJ/T 197—2005 and the ecological industry standards DZ/T 0064—2021. The
quality control of the “three nitrogen” test in groundwater was based on the requirements of the national standard
GB/T 14848—2017, the technical requirements for analytical quality control of groundwater pollution investigation
(DD 2014-15), and the specification of testing quality management for geological laboratories (DZ/T 0130—2006).
Each batch contained twenty samples and the test process of each batch was equipped with laboratory blank,
reference materials, laboratory duplicate samples and quality control of external monitoring samples. All of the
laboratory blank results were less than 2 times the detection limit of the method. The added standard recovery rate of
the sample matrix was between 80%-120%, with the relative deviation (RD) of the laboratory repeat samples under
15%. The qualified rate of external quality control sample was 100%.

(2) Analysis of detection data. Statistics and analysis of “three nitrogen”, heavy metal content correlation and
principal components in groundwater were carried out using WPS Office 2016 and SPSS 22.0. The spatial
distribution map of “three nitrogen” content in groundwater was obtained by CoreDRAW X5.0 software. The Il
class water criterion in Standard for Groundwater Quality (GB/T 14848—2017) was used as the criterion for
drinking water source and industrial and agricultural water. The Nemerow pollution index was calculated and
compared with the corresponding grade standard index. The PMF model was used to identify and quantify the

contribution rate of each nitrogen source to comprehensively judge the source of “three nitrogen”.

RESULTS: (1) The contents of “three nitrogen” and other elements in the groundwater samples in the study
area were determined. According to the contents of “three nitrogen” and related parameters shown in Table 3, the
detection rates of the nitrate nitrogen, ammonia nitrogen and nitrite nitrogen were 100%, 77.5% and 90.0%,
respectively. The maximum detection content of nitrate nitrogen was 123.05mg/L, and average content was
15.27mg/L. The maximum detection content of ammonia nitrogen was 3.91mg/L, and average content was
0.33mg/L. The maximum detection content of nitrite nitrogen was 0.65mg/L, and average content was 0.12mg/L.
Compared with the 1l class water criterion, the nitrate nitrogen over standard rate was 20 %, with the maximum
value 6.18 times; the ammonia nitrogen over standard rate was 12.5%, with its maximum value 7.8 times; the nitrite
nitrogen did not exceed the Il class water criterion. The content of Mn was ND-3.20mg/L, and the proportion of Mn
in I-1II class water range was 40%. The contents of 8 heavy metals including Cd were within 10 times the detection
limit, with 100% 1 -1l class water. The content of anion F~ was 0.029-0.69mg/L. The content of anion CI™ ranged
from 0.0027 to 310mg/L, with the 97.5% I -1l class and 2.5% over standard rate. The content of SO;~ was 0.46-
433mg/L, with the 95% 1 -1l class and 5% over standard rate.
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(2) The pollution and spatial distribution of groundwater were studied. The results of Nemerow
comprehensive pollution evaluation showed that the pollution degree of “three nitrogen” in the study area was
relatively low. The proportion of unpolluted samples, mild pollution samples, heavy pollution samples and serious
pollution samples was 65%, 25%, 2.5% and 0, respectively (Table 4). “Three nitrogen” spatial distribution is shown
in Fig.la-c. Samples with ammonia nitrogen content ranging in I -1l class water was mainly concentrated in the
north, west, east and central; the IV class water samples were concentrated in the middle; the class V water samples
were concentrated in the center. Fig.1a shows the trend of high ammonia nitrogen in the middle and low ammonia
nitrogen on both sides. In Fig.1b, I -1 class water samples of nitrate nitrogen were mainly concentrated in the
central, east and north, with the IV class water in the middle and the class V water in the west. The samples with the
highest and sub highest nitrate nitrogen content were located in the center of the study area, radially distributing
along the Helen River Basin and the Zaying River Basin. The nitrate nitrogen content was high near the central area,
with the low content far from the central area. The nitrite nitrogen in Fig.1c was I -1l class water. The spatial
distribution of the nitrite nitrogen shows the trend of high in the north and low in the south along the Helen River
Basin.

(3) Multivariate statistical analysis and source of “three nitrogen” in groundwater were studied.
Multivariate statistical analysis of Pearson correlation coefficient showed that nitrate nitrogen had some homology
with Cd, Co, Ni. Nitrate nitrogen in groundwater was significantly correlated with Cl~ and SO;~, while ammonia
nitrogen and nitrite nitrogen showed no correlation with anion. Sample detection data imported into EPA PMF5.0
software for PMF source analysis, and the industrial source, agricultural source, living source and natural factor
source were taken as the four source analysis factors of “three nitrogen” in the groundwater in the study area. The
PMF source analysis results are presented in Table 6 and Fig.2. The main sources of “three nitrogen” in the
groundwater in the study area were the compound source of living and industrial source, which further indicated that
human activity was the root cause of “three nitrogen” pollution in the groundwater in Helen area. According to the
spatial distribution of “three nitrogen” in groundwater, the highest point of nitrate nitrogen pollution was distributed
in the center of the research area, with the relatively developed human life and industrial activities in this area. The
ammonia nitrogen pollution samples were related to the dense human activities in the middle of the study area. The
over-standard area of nitrate nitrogen was higher than the ammonia nitrogen, which indicated that the compound
source of living and industrial source was the main factor affecting the “three nitrogen” content in the groundwater

in study area.

CONCLUSIONS: The nitrate nitrogen and ammonia nitrogen are the nitrogen pollution components in the
groundwater in the study area. Compared with the water index in groundwater quality standard (GB/T
14848—2017), the over standard rates of the nitrate nitrogen and ammonia nitrogen are 20% and 12.5%
respectively. The groundwater quality with pollution evaluation grade I (unpolluted) to grade Il (moderate
polluted )accounts for 92.5%, which indicates relatively light pollution.

The spatial distribution of ammonia nitrogen in the study area shows a trend of high in the middle and low on
both sides. Nitrate nitrogen and ammonia nitrogen pollution samples are mainly distributed in the center of the
intensive human activity research area. The quantitative analysis results of the “three nitrogen” PMF analysis model
show that the compound source of living and industry are the main source of nitrate nitrogen pollution in the study
area, and the compound source of living and agricultural production is the main source of ammonia nitrogen
pollution. Combining the situation with the source of the “three nitrogen” pollution in the research area, the project
of the “three nitrogen” pollution prevention can be carried out to strengthen protection, sustainable development
and utilization of groundwater resources in the Helen area.
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