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(1. Gollegerof Geology and Environment, Xi’an Umvelblty of- Smence and Technology, Xi’an 710054, China; 2. State Key Laboratory of
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Environniental Chemlstry and Ecotoxicology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China; 3. Institute of Environment and Health, Jianghan University, Wuhan 430056, China)

Abstract ; Short-chain chlorinated paraffins are persistent organic pollutants, and chlorinated paraffins were widely used as sizing agent
in the paper industry. In order to investigate the levels and risk assessment of short-chain and medium-chain chlorinated paraffins in the
paper mill plant, the surface soil and soil of different depths were collected. The concentrations, congener group profiles of short-chain
chlorinated paraffins ( SCCPs) and medium-chain chlorinated paraffins ( MCCPs) in soil were determined by two-dimensional gas
chromatography coupled with electron capture-negative ion mass spectrometry. The SCCPs and MCCPs concentrations were 42-3 853
ng-¢”' and 34-2 091 ng-g™'. The chlorine contents were 59.9%-61.9% and 48.7%-52.8%. The concentrations of SCCPs and
MCCPs were different in the soil collected in different sampling site. The concentration of SCCPs and MCCPs were relatively higher in
soil of sewage treatment area and coating area. The CP levels in soil from the paper mill plant were at a high level compared with those
in other regions. C,,Cl, , and C,, ;5Cl; were the main congener groups in most soil samples. The results of principal component analysis
showed that the CP52 commercial products may be sources of SCCPs and MCCPs in the soil. The risk quotient (RQ) for SCCPs and
MCCPs were assessed in soil of paper mill plant. The results showed that the RQ values for SCCPs in soil ranged from 0. 01 to 0. 73
which are the medium risk, and the RQ values for MCCPs in soil ranged from 0 to 0. 07, which are the low risk. The human exposure
values of children and adults are lower than TDI [ 10 pg- (kg+d) ™' ] in both cases. The health risks caused by non-dietary exposure
under paper mill area are low.

Key words :short-chain chlorinated paraffins ( SCCPs) ; medium-chain chlorinated paraffins (MCCPs) ; soil; paper mill plant; risk

assessment
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RQ = MEC/PNEC (1)
A, MEC /R AEE M & & (pg-g™'); PNEC %
TN TR TCRLN 5 (pgeg ™).

N AR 38 3 55 BRI R Jo MR AT 3k 7 o % 6 A A2 DA s
) IX A EIY CPs A H 228 (T 0 (2) M
A3 FATHEDST AP S B X Rk
1.

F1(2) R0 (3) RBRIEN B REE

Table 1 Meanings, units, and values of the
parameters in formulas (2) and (3)
HfH
JLE PN
0. 1813 0. 053

s

Ry, SDOBARE/ g-d™!

o T FUIREERI L

¢ N % ) 12/24(50% )

8/24(33.3% )

SA Uk FEE A/ m? 0. 115[%] 0.215[%]
AF  RFEE R B g m ™2 2[38] 7038

ABS I RE(TERA) 0. 147401 0. 141407
BW Pk /kg 15039 58603
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BT G0 B R B A X m(68 5 - 2J2O><

10° ngg O jil.%CPsiF’:rl:m(10184~.
18244ngg )%nmﬁrcpsifﬂﬁiv\]“{,(zw

‘£ 54><105 ng-g ") R SCCPs 175 by Ay
?Z%E.”Z (39 ~1609 ng-g ") . T5KHEBEIX (305 ~
1450 ng-g" )™ B4 TR X" (37.5 ~995.7

4.40 x 10° ng-g ") FIKZE CPs £ X N L4 rf
MCCPs &5 (337.8 ~4388.4 ng-g ') fHE T4
(127 ~1969 ng-g~ ") FEOLTRX™ (15.1
~739.6 ng-g ") FIERIT = FMPHLIX " (2.1 ~1530
ng-g~') T MCCPs & . C AP IMIE N 21
X AR IX /5 5 X+ 3 SCCPs Fll MCCPs 75 1 i 3%
T AR MELR) LIS & IR E =
X - SCCPs &K FH 79 ~ 948 ng-g™',
MCCPs &1 7KFH 20 ~ 1206 ng-g '™ FiHFHLIX
PN GIRZN A e s SRR /N N AR 3 i e B
DL K #h +3EH SCCPs & /K %4 ND ~ 615
ng+g”' ,MCCPs % it /K-F 1.95 ~ 188 ng~g ”_4‘”

I A DX AN [ b 28 Y (A 45 AR AR %aﬁiﬁ%.u%ﬁ
M) 13 S€CPs 1 & K E K 7,00 ~ 541
ng-g ' %%mz@wﬁﬁﬁﬁimﬂ%)mi
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ARIE -4 SCCPs AMMGEPs & fthu A X (e e
SBIX (B HARAL ) HBEESCOPs Sk < 0.9
~317 ng- P fﬂ&@ulﬂ:(amamm)i%qﬂ"’
SCCPs 2 7J{%Eja <078 ~417 ng-g '/, Im&?ﬂ

- b R FH 2T (B bR Bl S A A 1L A b
5By L 3gE R SCCPs K4 3.0 ~35 ng-g™!,
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WAL X322 3 SCCPs M2 MCCPs 5 Hith 1 X
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Table 2 Concentrations of short and medium-chain chlorinated paraffins in the soil of the paper mill area

B Cl% -SCCPs Z Cio Z Cyy Z Ci Z Cis Z SCCPs  C19% -MCCPs Z Cu Z Cis Z Cue Z Cpy Z MCCPs
/% ng-g™' /ng-g™' /ngeg™' /ngegT! /ngeg” /% /ng-g™' /ngrg”' /ngeg™! /ngeg”! /ngeg”!
sl 61.4 22 10 5 4 42 50. 6 29 42 25 20 115
s2 61.2 44 18 8 4 73 49.4 9 23 10 6 48
S3 61.7 85 40 17 10 151 48.7 22 63 36 17 137
s4 60. 6 981 442 326 329 2078 51.8 511 608 328 232 1679
S5 59.9 771 868 1053 1161 3853 52.8 907 423 352 408 2091
S6 61.4 28 15 9 6 58 50.5 50 89 42 28 209
s7 61.2 42 17 9 7 76 50.2 24 32 17 11 122
S8 61.1 58 26 16 12 112 50. 6 11 13 7 4 84
S9 61.9 21 14 8 5 48 50.2 32 52 25 14 161
S10 61.3 31 14 7 4 56 49. 1 35 68 37 22 34
FERGE SCCPs Ko MCCPs 1E 1 38 v il & B 25 1k ~2091 ng-g™'),SCCPs & MCCPs & & 7£ S6 KA

B, X S5 K S6 KA RIFRIZ (0 ~20 em) (2 (20
~40 cm) KIRJZ (40 ~60 cm) H3EH CPs & =K

LRI oy A R T oA, S5 SRR, SCCPs K
MCCPs & 5 7E S5 RS MR Z P2 LIR)Z 35

FRAR ALK (SCCPs ; 48 ~3 853 ng-g ™', MCCPs:; 161

AL EE /N (SCCPs: 56-112 ng-g~', MCCPs; 34 ~
209 ng-g~'). S5 RAE S H SCCPs f MCCPs (1) H5 i5
SEYHIIERZ, /9 N3 85312 091 ng-g ™', {H
Bl # R B 34 I, SCCPs & MCCPs ) 25 2 il 5 32
I, W] S5 RE HIERTREZ B X CPs 15 YL A5
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Table 3 Concentrations of SCCPs and MCCPs in soil of different regions
AR W FE /g ! H X s 515 ik
. ) SCCPs: 68.5 ~2.20 x 10° s
BT IR X MCCPs: 507 ~4. 40 x 106 AM, [33]
SCCPs: 1018. 4 ~1824. 4 ,
CPs 47T MCCPs: 2 028.0 ~2 074. 8 Kt [32]
CPs /=T SCCPs: 2.8 x10* ~5.54 x 10° WA, E [41]
SCCPs: 39 ~1 609 PR
A MCCPs; 127 ~ 1 969 3, [42]
15 K HEBE X SCCPs: 305 ~ 1450 e, [34]
_ SCCPs: 37.5 ~995.7 o
feTHix MCCPs:15.1 ~739.6 L9, [4]

e SCCPs: 1.9 ~236 e el
BRI = A MCCPs: 2. 1 ~ 1530 BRI =AM, h [12]
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R MCCPs: 20 ~ 1206 =, [43]
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NE Hi, ! *‘)ﬂ ° b | =
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. i “dﬂ' “.“‘
ORI MR PR SCCPs. 3. fy35 it : 46"
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+4Erf SCCPs MM S = R b X )+ 1k i
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M C,o-CPs 5 20.0%.C,,-CPs 5 22.5% .C,,-CPs 4
27.3% Hl C,,-CPs 5 30.1%. )2 Mg )2 1 8
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Fig. 3 Principal component analysis factor loading diagram for eight carbon congener groups in the soil samples
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