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Abstract Chlorinated organic compounds are difficult to degrade and highly toxic, and landfills are important
gathering places for chlorinated organic compounds. To evaluate the uncertain risk of landfill leachate
contaminating groundwater with chlorinated organic compounds, a groundwater sample was collected from an
informal landfill site. Combined with the collected data on the composition and concentration of chlorinated organic
compounds in groundwater near 13 landfills in 6 countries including China, Germany, the United States, Spain,
Poland, and Norway, a risk assessment model was used to assess their health risks. A total of 41 different types of
chlorinated organic compounds, categorized into 10 classes, were identified in the groundwater near the landfills
studied. The chlorinated cycloalkanes pose the highest carcinogenic risk, with all measurements surpassing 107, far
exceeding the tolerable limits for human exposure, and presenting significant health hazards. The F-53B of
chloropolyfluoroalkyl ether sulfonate has the lowest carcinogenic risk, between 10 and 107, and has a possible
carcinogenic risk. The non-carcinogenic risk of chlorinated alkanes is the highest, among which the non-
carcinogenic risk value of a-hexachlorocyclohexane (HCH) exceeds 1, more than the acceptable level for human

beings. However, chlorinated organic pesticides such as propiconazole and permethrin have the lowest non-
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carcinogenic risk, and their non-carcinogenic risk value does not exceed the acceptable level for human body.

Greater emphasis should be placed on risk management strategies for specific chlorinated organic compounds,

namely y-HCH, chlorobenzene, and 1,2-dichlorobenzene. Various methods, including oxidative dechlorination,

reductive dechlorination, and co-metabolism dechlorination, can be employed to expedite the dechlorination and

degradation processes, ultimately eliminating associated risks.

Key words chlorinated organic compounds; groundwater; landfill; health risk assessment
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Fig.1 Layout of groundwater sampling points
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Table 1 Landfill Site Information
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Table 2 Pollutant related parameters in the risk

calculation process
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Fig.2 Carcinogenic risk of chlorinated organic compounds in

groundwater of landfill sites
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Table 3 Composition and concentration of chlorinated organic compounds in groundwater of landfill sites at
home and abroad pg/L
&Sl 159 BEAR  WeEETEE ¥ifE Hb A Bl e
oA 26 ND~I1 740.1 237.85
L PISAHCLE 26 ND~735.6 129.27 FEEBE s AR PEPET BE LR X SCHk[16-17]
iﬁgjﬁ F-RAH L bE 26 ND~17886.4 3116.93
i pINRIRC it 39 ND~7051.5 533.06 575 ~I-£Kgigﬂiggtt)ﬁﬂzﬂ £ SCHR[1L, 16-17]
e/NEHIP O HE 8 7.3~1030.7 565.83 PP BRI e e X SCHR[17]
S 5 ND-32730 5384.09 %m@%ﬂfﬁﬂlll Eéﬁ;ﬁfg%ﬂg@h rf SCHRES, 17%6]\ SEEL
1,3- 250K 8 0.1~188 101.36 PEPEAF % L e T R K. SCHR[17]
14-— 50K 15 ND-~3 895 822.02 R E S HEM | PIPEA B L e X SCHRS, 17]
12- 50K 35 0.1~2068.1 317.97 PUPEABE e e X Hh i g SCHR[17-18]
%‘iijﬂa 1,3,5-=4% 8 0.1~13.9 5.59 PIHEF BRI B X SCHR[17]
LRAECE s 0761316 o152 PHEF B LR A K . o T SHR17-18]
1,2,3- =5 35 0.2~101 18.58
1,2,3,5-PUsE 8 0.8~39.8 21.4
1,2,4,5-P05 A 8 0.3~38.3 28.34 [ R AR [ SCHR[17]
FEAR 8 0.2~7.8 2.85
2- G I A4 8 0.1~271 160.23
35 8 0.1~4 704.2 2263.06
%E[Vﬁf;% 2,6-— Al 8 0.1~65.2 33.34 PEHEFBE LR e X SCHR[17]
; 2,4- 55 8 0.1~327 163.84
DY SA 8 0.2~778.4 227.13
IR IR 49 0.2~3.1 0.000 58 b < SCHR[10]
—RA LI 7 ND~2 0.39 e [ b % HLIR N SCHR[8]
S 1"1-4/‘%\%% . B 2488 232.08 FE AR SCHR[13]
e RA1L2-ZHOH 13 ND~4 0.62
W1 2-—H K 26 ND~280 62.95 2 AR NN | Hp VTR () SCHR13]. S0
=& 31 0.1~150 21.51 T FE IR 2 R SCHRIO]
— & H e 8 0.1~2.5 1.975 PPEFBE e e X SCHR[17]
A 7 ND~0.89 0.25 e [ b % HLIR N SCHR[8]
P =T 40 ND~19900 498.34 FPEVESR . TR (SE) SCRR[27]. SR
KLaY UG AbR 12 0.1~4.2 1.16 HEVLIR SCHR[27]
B 27 ND~912 39.07 'ﬁﬂi%[#&thﬁﬂé‘%ﬁ REJI. SCHik[17, 26, 28]
1,2- ke 17 ND~33.5 3.37 FE I EPE LM L rp VLR (S SCHR[12] S
1,1-— 5 2 Tk 13 10~69 38.69 Ryl SR il SCHRI1L]
SAE 1,2-1’;&4%‘ 13 ND~280 0.15 T SR
L1,1- =% 2Bt 13 15~378 169.77
[z 13 ND~0.25 0.04
SR 13 ND~0.61 0.05
ﬁﬂfh “ SN 13 ND~0.13 0.01 IR Lk
T 13 ND~0.1 0.01
SAAHLELY %ﬁgﬁﬁiﬁ%ﬁﬁm 15 0.2~5.01 1.56 Hh T SCHR[14]
FE TEHE 4 ND~7 2.75 S HENSHZYM SCHR[12]
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Table 4 Daily exposure levels through oral intake and skin contact pathways mg/(kg-d)
e —_ Z LA Bz ik He Al
FAAE FME R ME R /M RME
a-NEA DL 7.93 3.33x107 58.00 2.45%x107° 1.03x1077 1.79x10°
SNHIRC K 431 3.33x107™ 24.50 1.33x107° 1.03x1077 7.58x107°
A Bk SNHI O LE 1.04x10? 3.33x10°* 5.96x10? 3211072 1.03x10” 0.18
VAN EINRA 17.80 3.33x10™* 2.35%10? 5.50x107 1.03x1077 7.27x1072
eNAA T 18.90 0.24 34.40 5.83x107° 7.53%x10°° 1.06x1072
RS 1.79x10? 3.33x10°* 1.09x10° 39.57 7.35%x10°° 2.41x10?
13- 250K 3.38 3.33x10° 6.27 1.14 1.12x107° 2.11
1,4- 250K 27.40 3.33x10°* 1.30x10° 12.70 1.54x107 60.10
1,2- 250K 10.60 3.33x10°7 68.90 4.61 1.45x107 30.00
Ay 1,3,5- =5 0.19 3.33x10°7 0.46 0.16 2.78x107 0.39
1,2,4-=40K 5.38 2.53x107 43.90 3.07 1.44x107* 25.00
1,2,3- =50k 0.62 6.67x10°° 3.37 0.52 5.56x10° 2.81
1,2,3,5- DU 0.71 2.67x1072 1.33 125 4.67x107 2.32
1,2,4,5- UG 0.95 1.00x1072 1.94 1.65 1.75%1072 3.40
FER 9.50x10? 6.67x107° 0.26 0.28 1.98x10 0.77
254519y 5.34 3.33x10° 9.03 1.34x1072 8.36x10°° 2.26x1072
3-G 75.40 3.33x10°7 1.57x10° 0.19 8.36x10°° 0.39
AMAEIEY 2,6-— Al 1.11 3.33x10°° 2.17 0.21 6.33x10* 0.41
2,4-—5 b 5.46 3.33x107° 10.9 1.09 6.63x10°* 2.17
() 7.57 6.67x107° 25.90 3.40x107° 2.99x107° 1.17x1072
I EZ NS 1.93x10°° 6.67x10°° 1.03x107* 2.54x107" 8.77x10°* 1.36x10°
—H LI 1.30x1072 3.33x10° 6.67x1072 6.22x107* 1.60x107° 3.19x10°7
L1-Z& K 7.74 6.67x10? 16.30 0.22 1.87x10°* 0.46
At RA1,2- I 2.07x1072 3.33x10°* 0.13 1.63x10° 2.62x10°° 1.05x1072
Wi 1,2-— A L 2.10 3.33x107* 9.33 0.17 2.62x107° 0.74
=& 0.72 3.33x10°7 5.00 6.65x10 3.09x107* 0.46
— & b 6.58x1072 3.33x107° 8.33x1072 1.80x107° 9.12x107° 2.28x107°
ATk 8.33x10°° 3.33x10™ 2.97x107 2.45%x10™ 9.80x10°° 8.72x107™
=P 16.61 3.33x10°* 6.63x1072 0.94 1.88x107° 37.37
AMbere .
Py S AR 3.87x1072 3.33x107° 0.14 3.87x107° 3.33x10™* 1.40x107
ZRLK 1.30 3.33x107* 30.40 4.53x107 1.16x10°° 1.06
1, 2- 5% 0.11 3.33%107" 1.12 7.40x107 2.20x107 7.37%10?
L1-Z5 Lk 1.29 0.33 2.30 1.91x1072 4.93x107° 3.40x10
Sk 1,2- "R Bk 5.00x10° 3.33x10°* 9.33 1.04x10°° 6.94x107 1.94x107?
LL1-=H ZHt 5.66 0.50 12.60 7.45x107 6.59x107* 1.66x107
R 1.33x107 3.33x10°* 8.33x107 2.13x107 5.32x10°° 1.33x10°°
AR 1.67x107 3.33x10° 2.03x1072 1.41x107 2.82x10°* 1.72x10°°
AHLALRE )
SR 3.33x10°* 3.33x10°* 4.33x107 6.21x10°8 6.21x10°8 8.07x107
TR 3.33x107™ 3.33x107 3.33x10°° 4.54x1078 4.54x10°° 4.54x107
SAENE AL Tt S AR L F-53B 5.20x102 6.67x10°° 0.17 4.36x107 5.59x10°8 1.40x10°
AR TETHE AL 9.17x107? 3.33x107* 0.23 6.76x10° 2.46x10° 1.72x107?
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