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Toxic effects and ecological risk assessment of the organophosphorus flame retardant TCIPP on soil organisms. ZHOU
Guo-rui', QIAN Miao-miao’, MEN Shu-hui', GAO Fu*, ZHANG Yi-zhang'™*, YAN Zhen-guang' (1.State Key Laboratory of
Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China;
2.Technical Centre for Soil, Agriculture and Rural Ecology and Environment, Ministry of Ecology and Environment, Beijing 100012,
China). China Environmental Science, 2025,45(10): 5848~5857

Abstract: Tris(2-chloroisopropyl) phosphate (TCIPP), a widely present organophosphate flame retardant, poses potential ecological
risks due to its persistence and bioactivity in environmental media. However, in China, soil safety thresholds for TCIPP have not yet
been established, primarily due to limited toxicity data. In this study, standard toxicity tests were conducted on five terrestrial plants
(Brassica pekinensis, Brassica rapa var. chinensis, Triticum aestivum, Cucumis sativus, and Solanum lycopersicum) and one
invertebrate species (Eisenia fetida), to evaluate the phytotoxic and ecotoxic effects of TCIPP. By combining our results with
literature data, the predicted no-effect concentration (PNEC) of TCIPP in soil was derived, and an ecological risk assessment was
conducted for TCIPP in Chinese soils. Results showed that B. pekinensis, B. rapa var. chinensis, and S. lycopersicum exhibited the
highest sensitivity (root elongation and/or germination rate) to TCIPP with a no-observed-eftect concentration (NOEC) of 80mg/kg,
while wheat 7. aestivum (germination rate) showed the least sensitivity with a NOEC of 320mg/kg. The growth NOEC for E. fetida
was determined to be 1mg/kg. Using the species sensitivity distribution (SSD) method, the calculated PNEC value of TCIPP in soil
was 0.035mg/kg. Environmental monitoring data revealed that TCIPP concentrations in soils across different regions of China ranged
from 0.01 to 444ng/g. Risk quotient (RQ) analysis indicated that TCIPP poses a high ecological risk in industrial areas (maximum
RQ = 12.57), whereas agricultural soil showed relatively low risk.

Key words: TCIPP; species sensitivity distribution; predicted no effect concentration; ecological risk; soil
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Fig.1 Effects of TCIPP on germination rate and root elongation of Brassica pekinensis, Brassica rapa var. chinensis, Triticum
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*P<0.05

TEAR AR i 5 5% 41 (<80mg/kg) 1, & 2 iR W Fh 11
R 2 FIARA K3 R 52 1) 53 5 0 (P>0.05), 4K 1M1 4
TR THLTE 2 160me/kg S LA LIS A7 Kl F b
T LB AR 5 (P<0.05), H B AT i 78 (5]
=3 R N R U 2 ok R, T E R R A
Xt TCIPP FRINH 5 Ut 2L oS B3 i A 1

LR NOEC ¥4 80mg/kg, i 7 t 4 TCIPP
(10 v FEE RO TRD R ) K 1 2 AR R 2 22 7 T 3R I
B BT 52 P (NOEC=160mg/kg), {H AR 1 K 35 A
NOEC {H [FIF£ Ky 80mg/kg, 3% B R K& & 1L F2E n fig T
S S AT LB BEL IR 70 14 5% T R AR /N 22 R B
R TCIPP iy 52 P, 3L % ZF % NOEC fH ik Z



10 4] JEI S5 A HUBERLIATT) TCIPP X 1A W R R A4N 5 2 2 XU PP A 5853

320mg/kg, 2 K BUBPIFI 4 £ 8 R /N AR AR A
KIgbr b H A AHBI U, & NOEC H 44
160mg/kg. M F5 1 2% i LU B 35 i b, SR M0 AoAR fif
KA RO Wl 2 T R 2E#R(P<0.05).

TCIPP {EAMA NI BRasnf HoA K o™ A4
BRI RN A FE LA 1 52 PRI A BIF 500 52, 1 AT i
Az AR AR A S, LA I %) TSI 56 v B, >4 |
B LN e 70 B e AL i 3L AR AT R e AT R,
AR 7 52 IR AR LR S P WA e it K
R o b J% 5% 24h Jo T 80%HIAMATE RIZ S fig
71, 3R B L L. 6] 2 g TCIPP X s 152 Mk ]
A KA s mT, 2 R TCIPP 2 52 iR 5 ik 2
2mg/kg N, BV 6 0 2 400 1 AR 22 o i R A4 K
(P<0.05), HoA= KA NOEC X% 1mg/kg, i) 24 % &
YR JE >8mg/kg I, TCIPP i iy | ) 44 B 410 o R A 5
T 20%LL L, U TCIPP X iz sl ity A= 4 401 BH 2 AH

TR R, T3S %t TCIPP B 4 UK, iX th 55
— B UL 35 s W Ll R S G R
E%E‘J;j\:i/\gﬁ[?ﬂ].

30 b = KEMHIE %
25 L
*
20 T
* *
15 b
g
. 10 |
g °7 /
o}
5k +//
210 F
15 \ \ . . . . .
Kl (K2 1 2 4 8 16
TCIPP # ¥ (mg/kg)

B2 TCIPP Xl i1~ 52 sl A AKAm il ) 5
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Table 1 Ecotoxicological effects of TCIPP on soil organisms
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Table 2 Comparison of TCIPP exposure levels in soils different regions

75 Hi X h 7 fH (ng/g) ¥ {E (ng/g) 3 [l (ng/g) HH KREIT ) KU
1 2R 0.13 0.51 nd~3.4 A 2019~2020 lzzj
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. N [41]
3 R — 1.51£0.21 — K 2020 il
4 R — 4.76+1.98 — HEeX 2020 [41]
N [42]
5 TR — 17.6 — TalkX 2017 i
6 EUN — 7.82 — N 2017 [41]
7 TR — 4.29+1.40 — ZRERX 2020 [40]
8 TR 0.43 0.42 n.d.—0.86 A 2019~2020 [40]
N . [41]
9 TR — 6.20+5.60 — [ERIAES 2020
. . [42]
10 TR — 9.08 — ENIAES 2017 3
1" Tk 13 33 nd-172 LA 2016 [41]
12 R — 7.27+3.64 — B EX 2020 [41]
- . [42]
13 TR — 7.34 — Ja REX 2017 1
14 yNid 5.43 6.44 2.24-24.1 & H 2019 [44]
BT R 45
15 7zj4b ;E . 3.59 442 0.95~16.4 AR H 2018~2019 431
. 40
16 Figa 1.12 1.23 n.d.~3.03 A 2019~2020 [40]
17 H nd. 0.17 n.d.~0.95 A 2019~2020 [40]
18 I 7R 1.22 1.53 0.25~5.02 A 2019~2020 [40]
19 ] 0.52 0.78 n.d.~1.86 A 2019~2020 [46]
20 il 0.2 0.1 n.d~1 & H 2011 [46]
21 T 3 6 1~16 FikX 2011 [46]
22 T 1 2 n.d.~14 Ja I X 2011 [40]
23 il 0.2 0.78 n.d.~5.09 A 2019~2020 [40]
24 g 0.46 0.49 0.08~1.14 A 2019~2020 [40]
25 b 0.03 0.16 n.d.~0.6 A 2019~2020 [40]
26 IR n.d. 0.41 n.d.~2.89 A 2019~2020 [40]
27 NE] 0.58 0.9 0.07~5.33 A 2019~2020 [40]
28 bie|n 0.74 1.57 0.33~5.65 A 2019~2020 [40]
—_— [40]
29 i) 0.33 2.45 n.d.~24 A 2019~2020
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ST HhX HAzfE(ng/g) “FEMH (ng/g) i [l (ng/g) B! SKAT I R] K5
30 REEa 0.14 0.47 n.d.~1.78 A< H 2019~2020 i
31 LR 0.86 1.44 n.d.~4.43 AR H 2019~2020 [40]
32 VWi 0.71 0.79 0.04~2.04 AR H 2019~2020 [40]
33 L 0.94 1.52 n.d.~7.77 AR H 2019~2020 [40]
34 L 0.136 1.04 <LOD~4.64 ) 2019 [47]
35 L 57 111 3.25~434 TakX 2019 [47]
36 L <LOD 0.197 <LOD~1.63 AR H 2019 [47]
37 A n.d. 0.38 n.d.~3.90 EZ 2020 [48]
38 A 0.79 7 n.d.~49.57 EZ 2021 [48]
. [40]

39 S 0.55 0.69 n.d~1.73 AR H 2019~2020
40 T — 29.6+41.8 4.02~280 EZL 2018 [49]
41 TH 0.07 0.01 n.d.~0.07 A H 2019~2020 [40]
42 TH 0.06 0.48 n.d.~1.91 A H 2019~2020 [40]
43 TP — 22 13.8~30.1 a5 2019 [50]
44 (5310} 0.15 0.78 n.d.~5.48 AR H 2019~2020 [40]
45 %R 0.82 0.12 n.d.~1.08 AR H 2019~2020 [40]
46 i n.d. 12.31 n.d.~69.97 EZL 2020.8 [48]
47 v 0.03 0.16 n.d.~0.79 AR H 2019~2020 [40]
48 TRBA 15.3 29.4 1.3~209.3 ) 2017.9 [51]
49 | 4.06 3.45 n.d~8.61 AR H 2020.8 [48]
50 | n.d. 0.38 n.d.~3.90 AR H 2021.1 [48]
51 | 1 1.04 n.d.~2.79 AR H 2019~2020 [40]
52 Kt 8.58 8.86 MLD~16.8 A H 2017 [39]
53 Kt 378 444 34.9~1370 Tk 2017 [39]
54 Kt 29.1 55.7 5.39~176 Tk 2017 [39]
55 Kt 0.31 0.54 n.d.~2.85 A H 2019~2020 [40]
56 [l 0.62 0.65 n.d~1.37 AR H 2019~2020 [40]
57 B 0.18 0.02 n.d.~0.18 AR H 2019~2020 [40]
58 =E 0.25 0.52 n.d.~3.47 AR H 2019~2020 [40]
o [40]

59 WL 0.2 0.24 n.d.~0.79 AR H 2019~2020

" — " RSO AR B, U nd. "t SRR AR
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Fig.4 Comparison of ecological risk level of TCIPP in soil

from different regions
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