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Abstract: [Objective] The leakage of leachate from a landfill can cause severe groundwater
contaminations. Characterization the spatial distribution of the landfill-derived contamination
plume is crucial for site remediation and pollution investigation. [Methods] In this paper, a typical
case of groundwater pollution investigation at a landfill in Hubei is combined with the
implementation of a six-layer groundwater multilevel sampling well (-6 m. -8 m, -10 m. -12 m,
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-16 m. -20 m), and 14 sets of groundwater chemical samples as well as other hydrogeological
survey data to reveal the hydrogeochemical spatial distribution of the contaminated groundwater.
[Results] The results indicate that the concentrations of most ions in groundwater such as TDS,
COD (Mn), Mg*, HCO3 and CI' decrease linearly with increasing vertical depth, thus indicating
that surface rainfall infiltration and anthropogenic pollution are the controlling influences on the
shallow groundwater. The concentration of NH,", NO3, NO,,, Mn, Ni and other ions increases
linearly with increasing vertical depth, reflecting groundwater chemical field under the control of
natural geological condition and water-rock interaction. In addition, the correlation coefficient
matrix analysis characterises the stratified distribution of groundwater chemical components, the
correlation coefficient between the groundwater sample from the U-tube groundwater multilevel
sampling well and other conventional shallow boreholes decreases from 0.984 to
0.566.[Conclusions]The conclusion indicates that the novel groundwater multilevel sampling
technology has the ability, to characterize the hydrogeochemical spatial distribution of
groundwater along the vertical depth of the geological layers, to differentiate and reveal the
impacts of natural geological factors and human-made pollution, thus to identify the spatial
distribution of groundwater plumes. In a word, the groundwater multilevel sampling technology
could provide quantities’ data and accurate guidance for site-scale groundwater pollution
remediation and risk management.

Key words: groundwater chemistry; spatial distribution characteristics; groundwater multilevel
sampling and monitoring; soil and groundwater contamination investigation; domestic waste
landfills; hydrological survey engineering; Hubei Province

Highlights: (1) Innovate and apply the U-tube groundwater multilevel sampling and monitoring
technology, and characterize the hydrogeochemical vertical distribution of the contaminated
groundwater based on its data; (2) Explore the multilevel characteristic analysis methods of
contaminated groundwater.
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Fig. 1 Hydrogeological profile and groundwater flow field of the Anlu Landfill site
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Table 1 Stratigraphic and lithologic around landfill site
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Fig. 2 Distribution of the groundwater monitoring wells at landfill site
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Fig.3 Working principle of the U-tube multilevel monitoring well
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Fig. 4 The Piple diagram for groundwater chemistry
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LT A 7K 53 2 B R R KA 2 5 0 R K I 2 B AN, T R
IR EHAR IR BERE BBt/ ARFVELE, Bl — 038R T /K20 43 35 It Hh 2 1 ) 7K
JEE AR A PRI o T L3 T A DR R R 0t — 20 SR AE B B A e SR ISR (178 R B b T 7Kk A
20 43 % 1R 43 AT P AE 5

X HIEAE DX 5 M R K RE S AT Pearson AHOGHEREFE AT, HHOCRELAE 0.6 LA Loy
FHSG, a1k 3 BT o AHOCHERE MR A BT SR, 5 B 7K 0 2 1] FA A 5 &R AU7E 0.913-0.997,
Ha7n T bR AN R T KA 253 5 18] 43 A TR SEAH DA o 1T 7K 40 25 B I & 22 1]
AHDG RECH 0.566-0.984, I 7K A 2 4H 7 It b J2 2 ) 2R P 22 S5k oA A DR P T /N PR A
fiEo BEAb, MR 7K 2 I 55 8 R0 4038 2 T (R O P I 3 2 [ U P A K PS4 (IR
B, 450 0.87 (HEYE-6m) | 0.78 (-8m) | 0.65 (-10m) . 0.50 (-12m) . 0.38 (-16m) .
0.22 (-20m) o Hb 7K 43 J2 W 350 = 2 R KAk 23 s 5 R0 7K I 0 B B A DG,
M RECRT 0.65, X2 HTHUF /K Z MR ZEAL (6-10m) #6500 R L5 2%
7K Qh 5 WAKFEZLRGIK, 5 b 7 0 2 1) Pt ™ A S 7 T B 30 KR AR A [
—IKPEEE . iR R KA E I R R AL (12-16m) A RK, SEZEHEN
FRIBAKIKA S5 XA, SZHRNIBTS YU 5/, SO R R 2 5. PRI

n ERTR, AKAGZ 3 A O R B TR G A MK SOOI, RAE T 3 R KA 20 5 2
6] 73 J22 A3 ATHRFAE, B 1 45T 1 T 7K 43 R AR SR ) b 2 AN [RI R B2 b 7K A 25 B0 (4 2%
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Table 2 Statistical table of groundwater chemistry from the Anlu landfill site

R K —FLAN RS 2 M AL I
&R AR Bz HBEE EEIN= A= e . . . o 532 S FE I H:
(-6m) (-10m) (-16m) % M ROME R TR Kb SEEH AR
pH 7.30 7.17 7.17 7.19 8.44 7.3 7.92 90.78%
COD (Mn) 8.09 7.47 5.35 7.09 0.439-0.577 3.33 0.74 1.52 0.099 466.45%
A A 1730 1650 1570 1632 0.359-0.387 1070 258 450 0.065 362.67%
K* 3.26 3.04 2.72 3.00 7.47 1.04 3.96 75.76%
Na* 284 272 220 258 0.091-0.225 66.23 17.4 343 752.19%
Ca?* 201 190 200 193 184 16.1 58.7 328.79%
Mg?* 112 104 103 104 110 8.98 328 317.07%
NH," 0.032 0.064 0.098 0.080 - - - -
cr 510 472 490 485 0.453-0.484 324 8.56 69.5 0.228 697.84%
S0,” 123 132 121 128 88 16.6 46.6 274.68%
CO,% <0.5 <0.5 <0.5 - - - - -
HCO4 930 880 747 841 479 154 225 373.78%
NO; 0.094 3.04 17.5 6.67 67.7 0.27 346 0.425-0.705 19.28%
NO, 0.013 0.039 0.072 0.055 3.72 0.002 7.92 0.69%
Mn 1560 2980 4200 3380 0.936-0.97 - - - 0.099 -
Sr 3800 2830 1930 2587 1980 319 682 0.065 379.32%
Ba 506 394 292 367 174 38.8 710 515.90%

TE: B pH BRI, Mn. Sr. Ba f47 4 ug/l, HAHN mg/L
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Table 3 Correlation coefficient matrix table of groundwater chemistry from the Anlu landfill site

ALW1 ALW2 ALW3 ALW4 ALW5 ALW6 ALMJ1 ALJC2 ALJC3 ALMJ4 ALJC5 ZKWO03 ZKWO04 ZKWO06
ALW1 1
ALW2 0.972 1
ALW3 0.904 0.978 1
ALW4 0.797 0.916 0.978 1
ALW5 0.699 0.846 0.938 0.989 1
ALW6 0.566 0.741 0.864 0.948 0.984 1
ALMJ1 0.823 0.745 0.620 0.482 0.366 0.211 1
ALJC2 0.876 0.790 0.661 0.512 0.389 0.230 0.962 1
ALJC3 0.895 0.801 0.668 0.513 0.387 0.225 0.970 0.987 1
ALMJ4 0.874 0.786 0.653 0.506 0.383 0.219 0.980 0.969 0.981 1
ALJC5 0.918 0.814 0.677 0.518 0.389 0.221 0.925 0.951 0.974 0.974 1
ZKW03 0.864 0.778 0.648 0.503 0.382 0.220 0.988 0.969 0.980 0.996 0.962 1
ZKWO04 0.870 0.781 0.650 0.503 0.380 0.219 0.987 0.971 0.988 0.993 0.963 0.997 1
ZKWO06 0.923 0.814 0.679 0.516 0.385 0.221 0.913 0.955 0.980 0.954 0.988 0.948 0.957
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BARSkE, BT RKS E RN —fL2 Z R 4R, TDS. COD (Mn) | Ba. Sr.
K+, Na's Mg®. HCOs'\ CI5 ko B8 I i Bt 2 V% B O34 Bnig il /s o SR /K 4k 2%
B8P VR R B T 1 M JE VR BE LR MR N B 2R 0P 6 T, TDS. COD 3R -5 b2 T (R TR 2 67
MR R R R JRRTE T HRI5 ReBOS IR BE & W B B L2 R IE R VR (R 4%,
2004), [t 2R BN K 28 EFE A (Preziosi et al., 2019). %L %R R EW/K M T K S
KAFEN . HFK RECAW L AR RE, — RS T HRERNAZ RN RNIEEG
uxt T KA 2520 53 (1) 34 5200 (Zhan et al., 2017).
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Fig.6 Icons from the groundwater multilevel monitoring wells decrease with the depth
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Fig.7 Icons from the groundwater multilevel monitoring wells increase with the depth
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