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Pollution Characteristics Analysis in Shallow Groundwater of Typical Farmland

Area, Southern China
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Environmental System Engineering, Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: To analyze the characteristics of shallow groundwater pollution in farmland ecosystem in south China and geochemical
behavior of major pollutants in the environment, taking the typical farmland in Taihu River Basin as the object, combined with
conventional analysis method of the water quality, fluorescence spectrum technology and multivariate statistical analysis method, the
characteristics of the water chemistry in shadow groundwater and the distribution of the dissolved organic matter and the heavy metals
were studied. The reasons for all the phenomena were researched as well. The result showed that, water body in the study area showed
the reducing atmosphere, the main chemical types of shallow groundwater were HCO;-Ca-Na, and compared to the contents of NH; -N
and NH, -N, the concentration of NH, -N was higher. Dissolved organic matter of the shallow groundwater was composed of humic
acid, tryptophan and tyrosine. And they were mainly derived from terrestrial and biological source. The distribution was affected by the
flow direction of the surface water supplies and groundwater. In the detection of nine kinds of heavy metal elements, the average
concentrations of Fe and Cr were higher than the national groundwater environmental quality in class I standard. And the contents of
Fe, Cr, Mn, Zn elements at some points exceeded the standard. The results showed that fluorescent organic matter characteristics
could better reflect the status of shallow groundwater pollution, in which the kind of protein-like substances was closely related to the
ammonia nitrogen. The heavy metal elements Cu and Ni were associated with the dissolved organic matter and they were mainly
complexed in small molecular fluorescent organic matter.

Key words: natural water chemistry; organic matter; heavy metal; fluorescence excitation-emission matrix spectra; shallow

groundwater; Taihu River Basin
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Fig. 1 Location of the study area and sampling sites
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Table 1  Basic physicochemical parameters of surface water and shallow groundwater
R ol ORP EC ) cl- 803~ F- HCO; Na* K+ Ca* Mg+
/mV /nS-cm ! /mg-L"! /mg-L~! /mg-L~! /mg-1"! /mg-L™' /mg-L7!  /mg-L7! /mg-L~!
Sl 7.85 -31 402 27.69 10. 31 0.39 309 38. 80 0.38 47.26 10. 24
S2 7.46 -33 633 38.90 33.84 0.18 298 30. 26 0.21 69.71 17.70
S3 7.76 -37 454 23.50 29.58 0.29 265 34.12 0.37 39.75 10. 19
S4 7.74 -48 520 34.67 51.39 0.38 310 37.00 0.27 43.41 18. 54
S5 7.71 -39 833 51.63 62.34 0.31 223 42.32 0.44 61.56 13.01
S6 7.87 -45 536 25.42 23.18 0.23 210 32.18 0.38 38.11 17. 04
S7 7. 66 -46 694 51. 66 64. 88 0.34 230 37.40 0.40 59.52 11.79
S8 7.75 -23 486 24.32 15. 86 0.51 199 36. 00 0.42 27.25 16. 84
S9 7.68 -29 555 19. 63 20. 69 0.41 209 43.29 0.45 35.71 18. 41
S10 7.71 -35 602 29.79 55.65 0.52 212 44.10 0.39 55.68 11.81
S11 7.65 -39 522 16.93 10. 35 0.29 201 47.10 0.52 50. 25 19.33
S12 7.51 -41 542 30.92 40. 04 0.42 187 55.59 0.45 52.76 19.33
S13 7.33 -31 664 45.86 103.2 0.43 195 39.20 0.39 61.42 11.73
NCB 7.11 -5 780 135.2 78. 10 0.58 176 45.30 0.44 39.14 10.97
TGYH 7.21 -16 701 83.76 67.35 0.71 189 43.20 0.61 36.23 21.97
XLCH 7.67 -10 667 90. 69 125.8 0. 65 175 47.00 0.78 42.00 12. 16
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Fig. 2 Concentrations of different forms of nitrogen and organic matter in water
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WY X% 2 4 T K 9 P e 4 Jim vk B i 4 1t
ik, WU AEN, S ELEEXRZH
K F R B R . Fe > Cr > Mn > Zn >
Al> Cu > Ni>Pb>Cd, HH Fe il Cr 19F 9k
S h 444,15 pg-L7'H1105.23 pg-L°', @& T
b AR, 7 H Ath T 4 & 09 - B0 3/ T bR HEAE.
FH4JE Zn, Cd, Mn, Pb, Al Ni il Cu By & 78

S RBIE T 50% , F W5 S A 4R 0 4 A
AR KZES. W TFKT Fe, Cr, Ni % ®EVR
X7, RBIX H 7K & A H A7 AR s, oAb 4 R
JCE PR T 17 AR X 4 k. 530
Ak 3 Bl XA e, A 5T X M R UK EE 4 R TS iR
PR X B 03 i B b R K PR B R T 2 A
HEVFM ,Fe, Cr, Mn, Zn A &@F AR, 1M AL, Ni,
Cu, Cd, Pb HFF & bR

x2 MERXEMTRKESETLERE

Table 2 Heavy metal concentrations in the shallow groundwater of the study area

— bi54 5/ -3 i 2 " (R AR
LR /ugj':f ! /png- L{E ! /Igi-gf‘ /Egﬁ -1 ERER Zf{f ! f/zf
Al 37.2 2.13 11.03 10. 57 95.83 200 0
Cr 145 73.2 105. 23 22.73 21. 60 100 61.54
Mn 318 1.19 90. 88 120. 34 132. 42 100 30. 77
Fe 642 156 444.15 128.53 28.93 300 84.62
Ni 3.05 0.54 1.32 0.82 62.20 50 0
Cu 3.7 0.73 1.86 0.99 53.23 1000 0
Zn 308 0.18 43.68 89. 76 205. 47 1000 15.38
Cd 0. 125 0.001 0.02 0.033 136.93 5 0
Ph 0. 607 0.036 0.16 0. 165 98. 34 50 0

1) i R /K FREE i T 28R (GB/T14848-9 ), LA AR EE R S ME(E 4l , 38 2858 I FAE W IR /KK IR B T | Rl ik

PAFERIFSE 03 Gl o0 M R K 8 4@ e
R RYAHOCHE, AT 7 — i R BE S e s ok . X
WF9E X 45 A 15 4 Jm IEAT A DG MR A0 BT, 45 SR 3k 3
fias. LRI, Zn 5 Cd, Ni 5 Cu 7706 B 3 1EAH
X, Cr 55 Mn | Cu 25, Fe 5 Ph 70 %
FHOG , BABHBIF Y 2 o0 2 I R IR R B A7 o0 A7 76 3t

FRHE. EAMEEN Zn 5 Pb, Cd HA ML
BRAE2APERR Y Zn | Ph A R EGYORIEE Tolk A 7
SR, FEAE LA B A 25 AL RE (4 il FH 20 HR AR G ARG
B REBE S Cd Mg E RIS 0.4 ~0.6
mg-keg " MAPEF XMW D Cd W& = Hik 1.4
mg-kg ™. Zn F1 Pb AE RNz 0 T & &
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b Sl R B2 S A AR 1) Zn M1 Ph, X LEFE{E
VENFERETHE T A 1, FERE K B3 8l R HEA KR 155
HROKPS AR | AR D AR X IZ A
5, 25 ERWIDHE XM R K Zn 55 Pb, Cd 2
NGBS HF5EIX Fe, Mn HAR 32 22K IR
AP, — 07 R AR AR TS K A L3R

IR R MR K AN S 38 50 - S v A R R T K
AL R T A T R R 55— 7 T D
FEIX BT R AF BT 8, K2 B oy | AR A
BT 7K AR SR R B b A SR A MR AR B
AR EA EEAEH . MRS X M R K Cr
FRbR R Tl A =5

£3 XEMTKkPESEMNHEXMED (n=13)

Table 3 Correlation of heavy metals in shallow groundwater (n =13)

Al Cr Mn Fe Ni Cu Zn Cd Pb
Al 1. 00
Cr -0.088 1. 00
Mn -0. 148 0.654 " 1.00
Fe -0.326 0. 409 0.022 1. 00
Ni 0. 362 -0.359 -0.230 -0.271 1. 00
Cu 0.290 -0.662" -0.538 -0.153 0.773™ 1. 00
Zn -0. 161 -0.347 -0.283 0. 146 -0. 156 0.399 1.00
Cd -0.014 -0.447 -0.139 -0.082 -0.018 0.452 0.904 ** 1. 00
Pb 0.429 -0.175 0. 190 -0.634" 0. 455 0.363 0. 030 0.217 1. 00

1) # FIRFE 0. 05 K (RUM) b2 AHIE, # + FIRTE 0. 01 K- (U ) b 4F i A5G, IR

2.4 IRZHUT K HE YY1 B B R A3 b

Hu T KA AL 0 2 A AL R RAE 1T BE XS M R 7K
O BAL PR 7 A B . XIS DX VR 2 M R K Y
ANFALFE AR AT A OCHE B, S5 R R (£ 4)
pH {E5NH, -N | NO,; -N&H# 2 AH5¢, 5NO, -N&
BERMAMI(P<0.05) , SHREFHIRA 5> C1 2 IEAH
X REAA RO, H 5RO R4 n 2 1Y
FHSEPE R B R R 44> C3. A Al WL, NO; -NAI
REA(OER) W&, Wi T /KK pH TR
TRIZH T KK ORP 5 NH, -N | 285 5l iR 12 45 5 1F
2, M5 NO, -N | NO, -NE A5G, 20 L /K 3A
Be i AR S B K b = R A B e
SR AL B L . R E T K EC
5 DOC, NH, -N, KJFF MR C1, KA C3 %

A, T 5NO; -N . NO, -N | K@ E R €2 2 iFH
X, KRB F A WY M 25 KT
096 W B Ak, NH, -N A AL [ NO; -N
NO, -N¥ALJT KR T EC 233K, )2 F Ky
DOC ¥ B 59 6 M A HLY . NH, -N X NO, -N¥ JiE
PIRIEMK, 5 C1, C2 XS EEEFEEML, 5
C3 MU A M i IE ARG (P <0.01). B4k, %
JeHEA Y &R S NH, -N A R 5 IE A G, Horp
C3.Cl 5NH;-NE#H W EFIEME LidgRE
W00 B B T AR b S5t B A M DL
(2 i il oM 2O AL 2 8 mT AR 4 e i
KR DOC 4Lk, BEAM A ML L R E A
Yy 5 NH, -N %5 Y)AH ¢, 0] 0] 68 47 76 B AR % 4k

F4 RBEMTARESHEXES (n=13)

Table 4  Correlation analysis of different parameters of shallow groundwater (n =13)

pH ORP EC COD DOC NH;-N  NO;-N  NOj-N c1 2 3
pH 1.00
ORP -0.136 1.00
EC ~0.509  -0.137 1.00
COD -0.240  -0.366 0.363 1.00
DOC 0.096 -0.110  —0.367 0.255 1.00
NH; -N -0.263 0.472  -0.089 0.353 0.439 1.00
NO; -N ~0.629% —0.087 0.181 0.362 0.292 0. 165 1.00
NO; -N 0.038  —0.448 0.290 0.180 -0.227 -0.474  -0.050 1.00
cl 0.262 0.268  —-0.339 0.215 0.646*  0.742* -0.139  -0.343 1.00
2 -0.279  -0.201 0. 108 0.283 0.566*  0.523 0.231  -0.184 0.281 1.00
3 ~0.049  -0.099  -0.303 0.212 0.729*  0.677% 0.230  -0.229 0.735™  0.687*  1.00




12 4

S A SRR B X P T K T e

4687

A I S AT G A AL A RN AR T LA S e
EHF KPR AE B A B X E AL TR K
R E SR TR | R S RE A
FEEER 2 oY X R R R K T A Ok
PEFA LY 5 4 o0 R vk BE A AR S 21T 43 B, 445
FH(WFES) , #F/KE DOC 5 Cu, Ni, Mn, Cr f§
FERGRANCH: | M5 HAl T E A SRS, R
KR HLA R E S Cu, Ni MR 2 IEHM
Kotk , N TR ER A 5> C2 5 Cu, Ni 2

FAEMIE, M5 AL, Ph A9 IE A G5 T Hof e
g5, BRICZ AN, HUF KA Cr, Mn, Fe, Cd, Zn 5
B CH AT B A CE. DL RS R R, R X
R KRS Cu, Ni EELSTE DOM |, H5/My
THHIRL A BE ) 5, 5 E A WL FEAE R
IGER  HMELARERE , S HEE G 5 1 4 R s R A A
FAE AR X, T A 5% X8 R bR fE B Cr,
Fe, Mn . Zn 52 FJ0 1 35056, PR HL 7= A= 110 JRUBS:
IS SES

R5 REMBTAREEENYENSEEESRTRKEBXMEIN (n=13)

Table 5  Correlation analysis of fluorescent organic matter relative content and heavy metal contents in shallow groundwater (n =13)

Al Cr Mn Fe Ni Cu Zn Cd Pb DOC Cl c2 C3
DOC 0.040 -0.492 -0.509 0.025 0. 549 0. 544 0.025 -0.032 -0.218 1.00
Cl1 -0.224  -0.366 -0.352 -0.211 0. 068 0.071 -0.178 -0.165 -0.348 0.646" 1.00
c2 0.220 -0.360 -0.149 -0.256 0.875™ 0.663" -0.223  -0.090 0.454  0.566" 0.281 1. 00
C3 -0.218 -0.344 -0.182 -0.187 0.436 0.393 -0.029 -0.049 0.018 0.729™ 0.735" 0.687" 1.00

3 it

(1) BIFFE XK AR 52 340 S 451 v 2 b TR 7K Ay ok
fR2E2K Rl HCO,-Ca - Na, NO; -NT5 3 i by ™ 5
KK AL £ 5 HCO,-Na - Ca, B & & 8 3%
R TR K, ANH, -N Ry =25 5.

(2) V)2 H /K b B ZOEIEA HLAYY i i P8 A0 2
Yy IR ST, T2 B0 R SRS BH IR | 2 (0 R Ak
s SR , B K AN 25 K b T AR G 7 1) % AT AL 1) 43

AL

(3) )2 H T 7K 9 FhEE 4 )& i Fe Al Cr 193
LN HI N 444,15 wg- L7 A1105. 23 pg-L~' 1
MoK IR A M2 hRE. F8 43 1 R 7K sSALHY Fe
Cr, Mn, Zn fF{ERBPRILGR , A 5 46 )8 51585,

(4) 38 XD CIEA B A8 £k 43 BT AT 34T I
Wi KK FCREE , Ferh 248 11 928 A 7T AR I
BRNH," -NT 4R, Cu Ni 2040 S5 PEA DL
PR, EHR/ N IO LA P
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