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Safety risk and prospect analysis of titanium gypsum on soil utilization
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Abstract: Up to now, the resource utilization rate of titanium gypsum is less than 10%, and there is no
application field that can be consumed on a large scale, and soilization may be an important direction. In
this paper, titanium gypsum was proposed as a soil resource, and the safety problems faced by it as a
soil resource utilization were analyzed, and the basic properties and safety risks of it as soil were ex-
plored. The safety risk of titanium gypsum was evaluated by leaching toxicity, its physicochemical
properties and feasibility in soil utilization were also analyzed, and its soil risk and nutritivity were in-
vestigated by Nemero index (P). The results show that the physical and chemical properties of titanium
gypsum are suitable for further resource utilization as soil parent material, and there is no serious envir-
onmental risk within the limit range of 8 heavy metals stipulated in the national agricultural soil and
green soil standards. However, the content of heavy metals such as vanadium exceeds the standard of
organic substrates used in greening and may become new pollutants. In view of the above results, it can
be considered as a soil resource utilization after the nutritional improvement and the elimination of
heavy metal pollution risk. This study provides a reference for the utilization of titanium gypsum as soil
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resources and the direction of large-scale consumption.

Key words: titanium gypsum, solid waste, leaching toxicity, soil heavy metals, resource utilization, se-

curity risk
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Fig.1 Titanium gypsum samples
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Table 1 Experimental group setting for continuous static
leaching safety test of rainwater
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Table 2 Comparision of leaching toxicity of titanium gypsum with the relevant standard limits

TRERTERR I VIS AN
3 o .. - | — i 3 . .. ISR T
(mg'L")

HCu #2.5%10° 100 0.00 EiCu 1.06x10° 1 0.11
pPb *4.2x10° 5 0.00 ELPb 1.04x10° 1 0.10
E.Zn 0.181 100 0.18 E\Zn 4.79x107 5 0.96
E.Cd *1.2x107 1 0.00 ECd 1.2x10™ 0.1 0.12
HMNi 8.6x107° 5 0.17 EINi 2.05x10° 1 0.21
BAs 1.66x107 5 0.03 HAs 1.0x10° 0.5 0.20
BCr 5.6x107 15 0.04 BCr 1.83x10° 1.5 0.12
Cr(VI) #4x107° 5 0.00 Cr(VI) #4x107° 0.5 0.02
J5Se 8.0x10™ 1 0.08 HSe *4,0x107* 0.2 0.00
HHg 4010 0.1 0.40 HiHg 42x10" 0.05 0.84
MBe *7.0x10"* 0.02 0.00 E.Be *4.0x10° 0.005 0.00
HMAg *#2.9%10° 5 0.00 HAg 8x10°° 0.5 0.02
F 2.36 100 2.36 F 2.36 100 2.36
FiBa 2.10x10° 100 0.02 EMn 0.398 2 19.90

pH 8.11 125 pH 8.1 6~9
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Table 3 Leaching toxicity of variable temperature group in continuous static leaching safety test of rainwater
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Fig. 2
tification of hazardous waste

The proportion of continuous static leaching toxicity of titanium gypsum by rainwater to the standard limit for iden-
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Fig.3 Comparision of the heavy metal content of titanium gypsum with the control value of “Agricultural land soil pollu-

tion risk control standard”
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Fig. 4 Comparision of the heavy metal content of titanium gypsum with the technical requirements of grade I and II of

“Greening Planting Soil”

F4 ERZMEXTHEGSNIAFRERRE

Table 4 Existing standards and limits of soil fluorine in various regions of China
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Table 5 Single factor index and Nemerow index of heavy metals of titanium gypsum

BTSRRI ()

i H FHIE 5 Z 8% L
TH: TR T piTZes T piTZes
Cd 1.00 0.52 5.00 5.59 0.95~1.05 0.50 ~ 0.55
Hg 0.18 0.13 7.81 7.77 0.17~0.19 0.12~0.14
Pb 0.43 0.10 6.67 15.75 0.40 ~0.46 0.09 ~0.11
Cr 1.05 0.55 0.92 7.12 1.04 ~ 1.06 0.51~0.59
As 0.59 1.10 1.95 5.19 0.59 ~ 0.61 1.05~1.16
Ni 0.84 0.51 1.71 7.51 0.83 ~0.85 0.48 ~0.55
Cu 1.00 0.61 0.70 7.16 1.00 ~ 1.01 0.57 ~ 0.66
Zn 1.70 1.69 2.81 2.64 1.65~1.75 1.64 ~1.72
Pj ave 0.85 0.65 3.45 7.34
Pj max 1.75 1.72
WS HEE(P) 1.37 1.30
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Fig.5 Comparison of single factor index and Nemerow in-
dex of heavy metal pollution of titanium gypsum
with soil quality evaluation grade in “ Technical
specification for soil environmental monitoring”
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Table 6 Soil properties of dry and wet titanium gypsum

- pH i (ArEtERy), AMURCGEENL A (B E)/ R (e BU VG T = VA o TR V)
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THEAE  18.14 +17.21 +3.97 +8.00 +0.50 +181.67 +0.23  +0.04 +2.62
BEEAT 1836 +17.73 +2.63 +7.00 +0.80 +75.67  +023  +0.04 +2.53
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Table 7 Relationship between saline soil type and plant growth by soil salt content

tHhor(gkg ) LR TR
<0.1 Aehiife SHEYIA T A R
1.0~3.0 it XS ER SR BRI R 1] e 32 B S
3.0~5.0 ik + X ER AU B2 B, (AT ER R OB L FRAE. BIER. sk, ) EE R
5.0~10.0 g HA TR WO, ERZ0 R 28, T EL S BUGRE, J™ HR
>10.0 Medidh+ R WA BT e A, TR AR PR HEA AL

Xt TR A IR B AE S KPP A, 75 2
Z M A5 R I A R 00 [ pH - SR, Bk

6 |3 Tk 8
RERL G
S |-a LHEAVATE —a
&
3
i
T, 4
2.6
T os 02
o L923023, b.03340.037
o) EX e EERiIND
(a) T i

B IR 5 A A IR R A TR bR
M TR DL 6.

220
L] PRk s —
200 ol wpbn s
180 L~ Ehei i :
—o— pHER AR E
160 b —v— HHEEAISURIE
~ —— EHREA TV
o 140 | —e— THER A VIR
120 — |
m\% 100}
- — 182
s 80 +
60 | —
40t =
—
20 + -
0 L miem B g 08
B T AL
(b) FEATFh A

Bo $ABS2EEXRIEEEFRSTRIFENFI R

Fig. 6 Nutrient comparison between titanium gypsum and nutrient classification standard of the second national soil survey

F L RS TR, B B A B e b R SR
B2z, BRI AN E SRR ek s 2
APV SRR, BE T VIR CEFRKERMR)
I, B SRR S TRk B 0 A b A
BUREN T M CEFIRTR) IV R CEFRKFHT)
TR NI, BT ANE BB IR A A
AN T HE, R AT 8 IR R A A TR
BRAEY, ATHRE I 5 77 2 R A B L AR
LSRR XS S5 )

3 &%

1) 38 X5 B A 8 AR 2 A, vT LA e AR R
55 12— T B R IAEAR AR IE T B SEA & 4
Pk, 5ok 7K B TR 2 R R I K E SR IR
EEERNBAEEE. HH, KO FFETHEESES
07 T8 A5 Yt I T GB15618 4% FH Hb + 38 XU i
PEE, FLEEWE I CI/T 340 S&T 11 kbt 45 1) 22
K, VR T BB TR A A5 TR T LA
AT 3G A Bk . (B, T ek



- 100 - W gk Pl K

2024 45 45 4

T RINES SRR s HOw R 15 g 13, OF A
W HamE T A LSRR TS G R 25K, B
PAANIE T I | i, bl 55 11 2Rk -3, LA
Le—FEeAbel  JaBel S5 NSRRI T Jelrbfits.

2)BRATE BERE, SRR R, AR R Y
)73 b Jm TR EE AR A, A B A B ER AR 0 AR
Forp AR 530, B B IO E RS, BRERT A
HMERE FRVEAR BRI 0k T R 1 A X VR
AR, PR O R SERE T, B2+ 20, H
T 2 B Y ER A T U

3 A A E I M SR | E IRk
JE, BRAE B I Tl Bl L TR Ak

B B PR A S A D B S bl A5 T 28 - e Y
T, ] DUSHER A Y (0 AP o, An gy Bt #g 25
AT U AT TSE, FFREAT T 2830 WA Al
ROREARRITRA TR T 2RI STPRACR
T35, TR s i B R R A T BOR IR TR A
T LA LIEERE, HE— RO T S L
P8 o B I o AU TS A, HL T AR K
POF OREE 7/ R VRS =AU ER AN REE S 7 O SRS & ZE N
b HEE IR RS, BRI LAY E SRR b
TEB S| LA TV SRR, B BRI A
B LA # TR AR T RE R A TR
SRIAURSE , PRLHAN T B B IR A VR AR

S75 3k

[1] Wang Jianwei, Ren Xiulian, Wei Qifeng, ef al. Current research situation and prospect for comprehensive utilization of waste
acid from titanium dioxide production[J]. Inorganic Chemicals Industry, 2009, 41(9): 4-7.
(LA, 753, BRI, 25 SRR IR INZE & FI BT T SRR S 2 (7). TEHLER Tolk, 2009, 41(9): 4-7.)
[2] Ji Luojun, Zhao Honglin. Resource utilization of industrial by-product gypsum from the perspective of circular economy[J].
Sulphuric Acid Industry, 2021(9): 1-8.
(LB 7%, LR, MIRFRETE A LR TR 8 BT AT [9]. B2 Tk, 2021(9): 1-8.)
[3] Hu Shugang, Ma Shuwen, Wang Zhijing, et al. Application research on titanium dioxide waste acid and acid waste water
treatment and the byproduct-gypsum[J]. China Resources Comprehensive Utilization, 2003(9): 2—8.
(EAARRI, EARSC, 22, 55 SRR BRI AR BSR40 8 PR (0], T B 35 ER G F H, 2003(9): 2-8.)
[4] Han Ping, Wang Jihua, Pan Ligang, et al. Evaluation of soil quality in suburb of Beijing under field scale[J]. Transactions of
the Chinese Society of Agricultural Engineering, 2009, 25(S2): 228—-234.
(ihoF, 200, WM, A5, AL aURRIX S RO 3BT P4 (1], 4l TR #41, 2009, 25(S2): 228-234.)
[5] Hua Shaoguang, Xu Qingrong, Li Bo, ef al. Study on solid waste discrimination of titanium gypsum in a storage yard[J].
Modern Mining, 2021, 37(12): 41-43.
(FRZR)™, TRDCOR, 280, 45 BEME B0 B IR SR PERIBIOESE (], BURH L, 2021, 37(12): 41-43.)
[6] Wei Fusheng, Chen Jingsheng, Wu Yanyu, et al. Study on the background contents on 61 elements of soils in China.[J].
Environmental Science, 1991(4): 12—19, 94.
(B RE, PRI, R T, 2%, P [ L HEREE T ST [1]. FRBERE, 1991(4): 12-19, 94.)
[7] Liu Danqging, Zhu Mengjie, Tang Lin. Discussion on risk control limits of soil fluorine content in Shanghai[J]. Environmental
Monitoring in China, 2021, 37(4): 128—134.
CAPHS, REE, sk, bty H s b XU A P BRABLERTST (3], PP IEPRISE I, 2021, 37(4): 128-134.)
[8] Liu Qing, Du Zhiyong, Shi Yanxi, ef al. Evaluation on environmental quality of heavy metals in Shouguang city, Shandong
province[J]. Acta Agriculturae Universitatis Jiangxiensis, 2009, 31(1): 144—148.
R, #ER55, A4S, 26, DR 20T LI R ERBE B PPN (9], YOG R 22224, 2009, 31(1): 144-148.)
[9] Gong Zitong, Zhang Ganlin, Chen Zhicheng, et al. Soil reference on the bases of Chinese soil taxonomy[J]. Chinese Journal of
Soil Science, 2002(1): 1-5.
(GBI, SKH B, PR, 45 AP E SRR G0 0 FERT I T2 1 (0], R38R, 2002(1): 1-5.)
[10] Bao Shidan. Soil analysis in agricultural chemistry[M]. Beijing: China Agriculture Press, 2000.
(gt B 3 Al pT (M. JEst: s EAOL ik, 2000.)
[11] Huang Xianfei, Wang Lixia, Gong Ning, et al. Soil fertility characteristics and evaluation of paddy field and dry land in
Jianhe county[J]. Southwest China Journal of Agricultural Sciences, 2020, 33(7): 1510-1516.
(B K, A, 387, 55, G HK H R S RN AR S0P (0], PERIAOL~7#412, 2020, 33(7): 1510-1516.)

g A E



	0 引言
	1 试验
	1.1 钛石膏样品的采集
	1.2 钛石膏的安全性评价
	1.2.1 钛石膏固有理化安全性分析
	1.2.2 模拟西南地区夏季降雨连续静态浸出安全性试验
	1.2.3 钛石膏的内梅罗指数清洁度评价
	1.2.4 分析方法


	2 结果与分析
	2.1 钛石膏的安全风险评估
	2.1.1 钛石膏的理化安全性质分析
	2.1.2 模拟西南地区夏季降雨连续浸出安全性试验
	2.1.3 钛石膏对土壤毒害性分析
	2.1.4 钛石膏的内梅罗指数清洁度评价

	2.2 钛石膏土壤化性质分析

	3 结论
	参考文献

